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Abstract: The incidence of laryngeal squamous cell carcinoma (LSCC) remains persistently high, necessitating ac-
curate prognostic prediction for clinical treatment guidance. By comparing the performance of LSCC models based
on the Surveillance, Epidemiology, and End Results (SEER) database and those constructed from single-center
datasets, this study provides an effective tool for clinical prognosis evaluation. Data from 526 patients with LSCC
were extracted from the SEER database. Univariate and multivariate Cox regression analyses were performed to
identify independent predictors of overall survival (OS) in LSCC patients. Subsequently, patients were randomly
assigned in a 7:3 ratio to the modeling group and the test group. Based on the modeling group data, nomograms
and gradient boosting machine (GBM) models were constructed using R software (version 4.4.1) and their perfor-
mance was evaluated. The testing cohort was utilized to assess the predictive accuracy of the model. In addition,
207 LSCC patients diagnosed at The First Affiliated Hospital of Yangtze University from February 2020 to April 2024
were retrospectively selected as an external validation cohort. Univariate and Multivariate Cox regression analyses
determined that age (60-75 years: HR=1.333, P=0.085; >75 years: HR=2.726, P<0.001), tumor size (HR=1.013,
P=0.035), radiation (HR=7.555, P<0.001), cause of death (COD, HR=3.996, P<0.001), marital status at diagnosis
(HR=1.444, P=0.006), and T stage (HR=1.652, P=0.017) were independent predictive indicators affecting the 0S
of LSCC patients (P<0.05). On this basis, nomogram and GBM models were constructed. The ROC curve showed
that the GBM model had an AUC of 0.747, 0.763, and 0.785 at 1-, 2- and 3-years, respectively. For nomogram
model, the 1-, 2- and 3-year AUC values reached 0.809, 0.782 and 0.811, respectively. Delong test showed that the
AUC values of nomogram were all higher than those of the GBM model (P<0.05). Next, we used nomogram models
for verification. AUC values in the verification cohort were 0.783, 0.786, and 0.801, respectively. The AUC values
for the external validation cohort were 0.795, 0.760, and 0.783, respectively. The calibration curve shows that the
predicted value is basically consistent with the real value. The nomogram model has robust prediction ability and
reliable calibration, and its performance is better than that of GBM model.
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Introduction

Laryngeal squamous cell carcinoma (LSCC) is
the most common malignant tumor of the head
and neck, accounting for approximately 95% of
all laryngeal malignancies and imposing a
heavy burden on global public health due to its
high incidence, poor clinical prognosis and
potential impact on patients’ speech, swallow-

ing and respiratory functions [1]. Epidemiolo-
gical investigations have confirmed that the
incidence of LSCC shows significant variations
across different regions and ethnic groups, with
risk factors including tobacco and alcohol con-
sumption, human papillomavirus infection, and
occupational exposure to harmful substances,
among which smoking and heavy drinking
remain the most critical modifiable risk factors.
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Prognostic prediction model for LSCC

Despite advances in comprehensive treatment
strategies combining surgery, radiotherapy and
chemotherapy in recent decades, the 5-year
overall survival (OS) rate of LSCC patients
remains only 50%-60% [2], and the prognosis
of patients with the same clinical stage can
vary drastically, highlighting the urgent need for
more accurate prognostic assessment tools to
guide clinical decision-making.

Accurate prediction of prognosis in LSCC
patients is of great significance for developing
individualized treatment plans and improving
therapeutic efficacy. Currently, in clinical prac-
tice, the prognosis of LSCC patients is mostly
evaluated by the tumor TNM staging system
[3]. However, the TNM staging system has
inherent limitations and cannot comprehen-
sively cover individual patient differences and
other key prognostic factors. The Surveillance,
Epidemiology, and End Results (SEER) data
contains a vast amount of cancer patient data,
providing valuable support for prognostic pre-
diction studies in LSCC [4]. Single-center clini-
cal data, with detailed patient clinical informa-
tion and follow-up data, can fully reflect the
characteristics of patients in the local area. The
complementary advantages of the SEER data-
base repository and single-center data create
the possibility of constructing a more universal
and accurate prognostic prediction model. The
complementary advantages of the SEER data-
base and single-center clinical data create a
unique opportunity to construct a prognostic
prediction model with both universality (based
on large-sample population data) and regional
applicability (based on single-center real-world
data) for LSCC.

In previous studies, the exploration of prognos-
tic factors for LSCC mostly focused on scat-
tered single - factor analyses or small-scale
cohort studies. However, there is a lack of sys-
tematic research integrating large-scale data-
bases and multi-center data, especially re-
search on constructing LSCC prognostic predic-
tion models based on the SEER database
repository. This research utilizes data from the
SEER database repository to thoroughly investi-
gate the crucial factors influencing the progno-
sis of LSCC patients. Single-center clinical data
were used as the testing cohort for external
verification of the model. Furthermore, few
studies have compared the predictive perfor-
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mance of traditional clinical prognostic models
(e.g., Cox nomogram, a visualization tool with
high clinical interpretability) with machine
learning models (e.g., Gradient Boosting Ma-
chine (GBM), a data-driven model with strong
fitting ability) in LSCC, which makes it difficult
for clinicians to select the most appropriate
prognostic assessment tool in clinical practice.

Against this research background, this study
first utilizes the large-sample data from the
SEER database to thoroughly screen and iden-
tify the independent clinical and pathological
prognostic factors influencing the OS of LSCC
patients through rigorous statistical analysis.
We then take the single-center clinical data of
LSCC patients from a tertiary hospital in China
as the external validation cohort to ensure the
regional applicability of the constructed model.
On this basis, we construct two prognostic pre-
diction models for LSCC (Cox nomogram and
GBM model) and conduct a comprehensive
comparison of their predictive efficacy in terms
of discrimination, calibration and stability. The
innovative value of this study lies in three
aspects: first, integrating SEER large-sample
data and single-center real-world data to real-
ize the combination of population-based re-
search and local clinical practice, improving
the universality and applicability of the model;
second, systematically comparing the predic-
tive performance of a traditional interpretable
model and a modern machine learning model
for LSCC prognosis, filling the research gap in
model selection for LSCC prognostic assess-
ment; third, constructing a high-performance
prognostic prediction model with clear clinical
interpretability, which is more conducive to clin-
ical promotion and application.

Materials and methods
Patient selection

Using the SEER*Stat v8.4.5, the data of
patients diagnosed with LSCC from 2016 to
2017 (the follow-up years: 2016 to 2020) were
extracted from the SEER database.

URL for the SEER database

Official homepage of the SEER Program:
https://seer.cancer.gov/. SEER data access
portal (for data application and download):
https://seer.cancer.gov/data/access.html.
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Prognostic prediction model for LSCC

Sample size calculation was performed based
on the minimum event per variable (EPV) prin-
ciple, which is a standard approach for prog-
nostic model construction in oncology research.
To avoid model overfitting and ensure sufficient
statistical power, the minimum EPV was set to
10, a commonly accepted threshold in clinical
prognostic studies. Prior to patient screening,
we reviewed relevant literature on LSCC prog-
nostic factors and estimated that the number
of potential independent prognostic variables
(e.g., age, TNM stage, treatment methods) to
be included in the subsequent Cox regression
analysis would be 5-6. Accordingly, the mini-
mum required number of survival events (over-
all survival events) was 50-60. After applying
the predefined inclusion and exclusion criteria
to the SEER database, a total of 526 LSCC
patients with complete clinical, pathological,
and follow-up data were enrolled. This sample
size was sufficient to support the subsequent
univariate and multivariate Cox regression
analyses, as well as the construction and vali-
dation of the prognostic models, ensuring the
reliability and stability of the study results.

After screening, a total of 526 LSCC patients
were included as the research subjects.
Information such as the patients’ age, gender,
race, tumor location, TNM staging, tumor differ-
entiation degree, and treatment methods was
collected. The patient enrollment flowchart is
shown in Figure 1.

Inclusion Criteria: (1) Patients with a pathologi-
cal diagnosis of LSCC, and the histological and
site codes are: squamous cell neoplasms
(8050-8089); (2) The primary tumor site is the
larynx; (3) The histopathological type is squa-
mous cell carcinoma (8070); (4) Having com-
plete clinical and pathological information,
including age, gender, race, tumor location,
TNM staging, differentiation degree, treatment
methods (surgical methods, radiation dose,
chemotherapy regimen, etc.); (5) Having a clear
survival outcome and follow-up time.

Exclusion Criteria: (1) Unclear information
about race, histological grading, TNM staging,
tumor size, tumor location, surgical/radiation
therapy status, etc.; (2) Survival time <1 month;
(3) Diagnostic age <18 years old; (4) Only receiv-
ing local simple treatment (such as only under-
going neck lymph node dissection without
effective treatment for the primary tumor and
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other similar situations), which makes it impos-
sible to comprehensively evaluate the overall
treatment and prognosis of LSCC.

In addition, 207 patients diagnosed with LSCC
at The First Affiliated Hospital of Yangtze Uni-
versity from February 2020 to April 2024 were
retrospectively included as research subjects.
These patients also followed the above inclu-
sion and exclusion criteria. This study was
approved by the Ethics Committee of The First
Affiliated Hospital of Yangtze University.

Data extraction

The clinical information of 526 LSCC patients
sourced from the SEER database was randomly
allocated into the modeling cohort and the test-
ing cohort in a 7:3 proportion. The clinical infor-
mation of LSCC patients diagnosed at a single
center from February 2020 to April 2024 was
used as an external validation cohort. Drawing
on the clinical information from the SEER data-
base, univariate Cox analysis was performed to
identify factors linked to overall survival (OS),
and multivariate Cox analysis was utilized to
determine the independent predictive indica-
tors for LSCC patients. Nomograms and GBM
models were constructed, and ROC curves and
calibration curves were plotted.

Outcome measures

Primary outcome measure: Overall survival (0OS)
of LSCC patients, with 1-, 2-, and 3-year as the
predefined time points for all outcome indicator
measurements.

Secondary outcome measures: Discriminative
ability, calibration degree and predictive stabil-
ity of the prognostic models, all assessed at
the above 1-, 2-, and 3-year OS time points.
Discrimination Indicator: The model’s discrimi-
nation was evaluated using the ROC curve and
AUC. The AUC value ranges from 0.5 to 1, with
values closer to 1 indicating stronger discrimi-
nation. The AUC values for the nomogram
model were calculated for the modeling cohort,
testing cohort, and external validation cohort,
respectively. Calibration index: The calibration
curve was used to evaluate the calibration
degree of the model. If the calibration curve
coincides with the 45-degree diagonal, it indi-
cates that the predicted survival probability is
consistent with the actual survival probability.

Am J Cancer Res 2026;16(3):1198-1214



Prognostic prediction model for LSCC

Initial data extraction/collection

Data extraction from
SEER database for
LSCC patients
(2016-2017)

Retrospective collection of LSCC
patient data from the First Affiliated
Hospital of Yangtze University
(February 2020-April 2024)

/

Inclusion criteria (pre-screening)

)

[

|

Pathological diagnosis of || Primary
LSCC: Histologically || site
classified as squamous cell || identified:
tumor (8050-8089), || The tumor
specifically squamous cell || originated in
carcinoma (8070) the larynx

Complete data: || Assessable survival
Possesses information: clear
comprehensive survival outcomes and
clinical and || complete  follow-up
pathological records

information

) 4

Exclusion criteria (re-screening)

A

[

Missing Survival time
baseline data <1 month

Diagnosis age || Only local
<18 years simple treatment

\ 4

Those not excluded enter the final cohort

\ Final enrollment

SEER database
cohort: n=526

Single-center validation
cohort: n=207

4

Total enrolled patients:
n=733 (approved by the
ethics committee)

Figure 1. Patient enrollment flowchart.

Model validation: The C-index was calculated
through 500 repeated Bootstrap resampling to
evaluate the model’s discriminative, calibration
stability, and accuracy.
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Statistical analysis

Measurement data were described as mean *
standard deviation (the rank sum test was used
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Obtain clinical data of patients from SEER database

¥

Screen and include indicators related to OS

¥

Perform univariate analysis

¥

Conduct multivariate Cox regression analysis

/

Construct nomogram model

Draw ROC curve of nomogram model

¥

Compare AUC of nomogram model and GBM model

N

The AUC of nomogram model is better

¥

Yes: Internal validation of nomogram

¥

External validation of nomogram
model using single - center data

-

Draw calibration curve of nomogram

¥

Determine the superior model (homogram model)

Figure 2. Research flowchart.

for data that do not conform to normal distribu-
tion), while count data were presented as case
numbers or percentages (Use the chi-square
test was used). Statistical analysis was per-
formed using R software (version 4.4.1). A two-
tailed P-value <0.05 was considered statisti-
cally significant.

Univariate and multivariate Cox analysis were
conducted to identify prognostic factors inde-
pendently linked to the OS of LSCC patients. In
the univariate analysis, factors with P<0.05
were included in the multivariate analysis. The
multivariate Cox analysis adopted a stepwise
forward method to identify independent predic-
tive indicators. Univariate Cox proportional haz-
ards regression analysis was used to screen
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Construct GBM model

potential prognostic factors
for overall survival (0S) of
LSCC patients, with hazard
ratios (HRs) and 95% confi-
dence intervals (Cls) calculat-
ed. Variables with P<0.05
were included in multivariate
Cox regression analysis using
a stepwise forward method to
identify independent prognos-
tic factors. The proportional
hazards assumption was veri-
fied by Schoenfeld residuals.
Adjusted HRs and 95% Cls
from the final multivariate
model were used for subse-
quent model construction.

The nomogram and GBM
model were constructed using
the independent predictors
identified through multivari-
ate Cox analysis. Nomogram
is an intuitive visualization
tool. By converting the regres-
sion coefficient of each inde-
pendent prognostic factor in-
to the corresponding points,
then summing up the points
of each factor to obtain the
total points, and finally pre-
dicting the survival probability
of patients according to the
total points. The ROC curve
was utilized to validate the
model’s performance. The De-
long test was employed to
compare the AUC differences between the
GBM and nomogram models.

Results
Characteristics of LSCC patients

The research flowchart is shown in Figure 2.
This study encompassed 526 patients sourced
from the SEER database and an additional 207
patients from a single center (Table 1).

Age: Among the patients in the SEER database,
those aged <60 years accounted for 28.14%,
those aged 60-75 years accounted for 54.94%,
and those aged >75 years accounted for
16.92%. Among the single-center patients,

Am J Cancer Res 2026;16(3):1198-1214



Prognostic prediction model for LSCC

Table 1. Characteristics of LSCC patients

SEER Single-cen-
ltems patients  ter patients  x2/Z P
(526 cases) (207 cases)
Vital status Alive 257 (48.86%) 100 (48.31%) 0.018 0.893
Dead 269 (51.14%) 107 (51.69%)
Survival months 40.25+22.08 39.58+22.34 -0.319 0.810
Age (years) <60 148 (28.14%) 64 (30.92%) 73.096 <0.001
60-75 289 (54.94%) 110 (53.14%)
>75 289 (16.92%) 13 (6.28%)
Sex Male 396 (75.29%) 135 (65.22%) 7.542 0.006
Female 130 (24.71%) 72 (34.78%)
Race Black 79 (15.02%) 0 (0%) 651.283 <0.001
White 429 (81.56%) 0 (0%)
Other 18 (3.42%) 207 (100%)
Combined Summary Stage Localized 236 (44.87%) 102 (49.28%) 5.218 0.074
Regional 223 (42.40%) 70 (33.82%)
Distant 67 (12.74%) 35 (16.91%)
Grade Recode | 84 (15.97%) 50 (24.15%) 45.444 <0.001
| 304 (57.79%) 78 (37.68%)
Il 135 (25.67%) 64 (30.92%)
Y 3(0.57%) 15 (7.25%)
Primary Site 320/321 481 (91.44%) 173 (83.57%) 23.225 <0.001
322/328 223 (4.37%) 30 (14.49%)
329 22 (4.18%) 4 (1.93%)
Tumor Size (mm) 23.76+12.97 24.53+13.07 -0.712 0.563
RX Summ-Surg Prim Site Operation 71 (13.50%) 156 (75.36%) 265.927 <0.001
Unoperated 455 (86.50%) 51 (24.64%)
RX Summ-Scope Reg LN Sur Yes 15 (2.85%) 38(18.36%) 53.243 <0.001
No 511 (97.15%) 169 (81.64%)
RX Summ--Surg/Rad Seq Preoperative or postoperative radiotherapy 35 (6.65%) 27 (13.04%) 7.832 0.005
Others* 491 (93.35%) 180 (86.96%)
Radiation Agree 520 (98.86%) 188 (90.82%) 29.133 <0.001
Turn down 6 (1.14%) 19 (9.18%)
RX Summ-Systemic/Sur Seq Systemic therapy and/or surgical procedures 35(6.65%) 20(9.66%) 1.936 0.164
No systemic therapy and/or surgical procedures 491 (93.35%) 187 (90.34%)
COoD A 401 (76.24%) 147 (71.01%) 2.146 0.143
B 125 (23.76%) 60 (28.99%)
First malignant primary indicator Yes 441 (83.84%) 52 (25.12%) 232.577 <0.001
No 85(16.16%) 155 (74.88%)
Total number of benign/borderline tumors for patient O 524 (99.62%) 205 (99.03%) 0.940 0.332
1 2 (0.38%) 2 (0.97%)
Marital status at diagnosis status 1 363 (69.01%) 135 (65.22%) 0.982 0.322
status 2 163 (30.99%) 72 (34.78%)
Median household income <$60000 346 (65.78%) 154 (74.4%) 5.086 0.024
>$60000 180 (34.22%) 53 (25.60%)
T stage T1-2 281 (53.42%) 108 (52.17%) 0.093 0.761
13-4 245 (46.58%) 99 (47.83%)
N stage NO 340 (64.64%) 124 (59.90%) 19.969 <0.001
N1 68 (12.93%) 40 (19.32%)
N2 114 (21.67%) 33 (15.94%)
N3 4 (0.76%) 10 (4.83%)
M stage MO 519 (98.67%) 205 (99.03%) 0.163 0.687
M1 7 (1.33%) 2 (0.97%)
1203 Am J Cancer Res 2026;16(3):1198-1214
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Staging of disease |

103 (19.58%) 42 (20.29%) 1.016 0.797
110 (20.91%) 39 (18.84%)
156 (29.66%) 68 (32.85%)
157 (29.85%) 58 (28.02%)

Other * includes No radiation and/or no surgery; unknown if surgery and/or radiation given; Radiation before and after surgery; Sequence unknown, but both were given. A

is relatively favorable or uncertain for prognosis: Alive, Colon excluding Rectum, Hypertension without Heart Disease, Hypopharynx In situ, benign or unknown behavior neo-
plasms, Kidney and Renal Pelvis, Larynx, Non-Melanoma Skin, Other Cause of Death, Other Diseases of Arteries, Arterioles, Capillaries, Other Oral Cavity and Pharynx, Prostate,
State DC not available or state DC available but no COD, Symptoms, Signs and lll-Defined Conditions, Tongue, Trachea, Mediastinum and Other Respiratory Organ; B is relatively
unfavorable to prognosis: Accidents and Adverse Effects, Cerebrovascular Diseases, Chronic Obstructive Pulmonary Disease and Allied, Diseases of Heart, Diabetes Mellitus,
Other Infectious and Parasitic Diseases including HIV, Pneumonia and Influenza, Septicemia Esophagus, Lung and Bronchus, Miscellaneous Malignant Cancer, Pancreas,
Stomach Suicide and Self-Inflicted Injury. status 1: Married (including common law), Single (never married); status 2: Divorced, Separated Widowed, Unmarried or Domestic

Partner. COD: Cause of Death.

those aged <60 years accounted for 30.92%,
those aged 60-75 years accounted for 53.14%,
and those aged >75 years accounted for 6.28%.

Combined Summary Stage: In the SEER data-
base, localized lesions accounted for 44.87%,
regional lesions accounted for 42.40%, and
distant metastases accounted for 12.74%.
Among the single-center patients, the corre-
sponding proportions were 49.28%, 33.82%,
and 16.91%, respectively.

Tumor size: The mean tumor size of patients in
the SEER database was 23.76 + 12.97 mm,
and that of single-center patients was 24.53 +
13.07 mm.

Radiation: In the SEER database, 98.86% of
patients received radiation therapy, and 1.14%
refused. Among the single-center patients, the
corresponding proportions were 90.82% and
9.18%, respectively.

First malignant primary indicator: In the SEER
database, 83.84% of patients had a first ma-
lignant primary tumor, and 16.16% did not.
Among the single-center patients, the propor-
tions were 25.12% and 74.88%, respectively.

T Stage: Among the patients in the SEER data-
base, 53.42% were in T1-2, and 46.58% were in
T3-4. Among the single-center patients, 52.17%
were in T1-2, and 47.83% were in T3-4.

N stage: Among the patients in the SEER data-
base, 64.64% were in NO, 12.93% were in N1,
21.67% were in N2, and 0.76% were in N3.
Among the single-center patients, 59.90% were
in NO, 19.32% were in N1, 15.94% were in N2,
and 4.83% were in N3.

Staging of disease: Among the patients in the
SEER database, stage | accounted for 19.58%,
stage Il accounted for 20.91%, stage Il ac-
counted for 29.66%, and stage IV accounted

1204

for 29.85%. Among the single-center patients,
stage | accounted for 20.29%, stage Il account-
ed for 18.84%, stage lll accounted for 32.85%,
and stage IV accounted for 28.02%.

COD (Cause of Death): In the SEER database,
category A accounted for 76.24%, and category
B accounted for 23.76%. Among the single-cen-
ter patients, category A accounted for 71.01%,
and category B accounted for 28.99%.

Category A (relatively good prognosis or uncer-
tain): Alive, Colon excluding Rectum, Hyperten-
sion without Heart Disease, Hypopharynx In
situ, benign or unknown behavior neoplasms,
Kidney and Renal Pelvis, Larynx, Non-Mela-
noma Skin, Other Cause of Death, Other
Diseases of Arteries, Arterioles, and Capillaries,
Other Oral Cavity and Pharynx, Prostate, State
DC not available or state DC available but no
COD, Symptoms, Signs and lll-Defined Condi-
tions, Tongue, Trachea, Mediastinum and Other
Respiratory Organ.

Category B (relatively poor prognosis): Acci-
dents and Adverse Effects, Cerebrovascular
Diseases, Chronic Obstructive Pulmonary Di-
sease and Allied, Diseases of Heart, Diabetes
Mellitus, Other Infectious and Parasitic Di-
seases including HIV, Pneumonia and Influenza,
Septicemia Esophagus, Lung and Bronchus,
Miscellaneous Malignant Cancer, Pancreas,
Stomach Suicide and Self-Inflicted Injury.

Marital status at diagnosis: In the SEER data-
base, status 1 accounted for 69.01%, and sta-
tus 2 accounted for 30.99%. Among the single-
center patients, the corresponding proportions
were 65.22% and 34.78%, respectively.

Status 1: Married (including common law),
Single (never married); Status 2: Divorced,
Separated Widowed, Unmarried or Domestic
Partner.

Am J Cancer Res 2026;16(3):1198-1214
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Table 2. Univariate Cox analysis

ltems HR 95.0% CI P
Age <60 <0.001
60-75 1.431 1.052-1.946 0.023
>75 2.808 1.962-4.018 <0.001
Sex 1.248 0.937-1.664 0.130
Race Black 0.732
White 0.898 0.645-1.249 0.522
Other 0.765 0.343-1.703 0.511
Combined Summary Stage Localized <0.001
Regional 1.634 1.250-1.703 <0.001
Distant 2.959 2.091-4.187 <0.001
Grade | 0.123
Il 1.405 0.969-2.036 0.073
1 1.633 1.091-2.446 0.017
v 1.765 0.424-7.35 0.435
Primary Site 320/321 0.114
322/328 1.706 1.012-2.875 0.045
329 1.219 0.683-2.177 0.503
Tumor Size 1.03 1.020-1.039 <0.001
RX Summ-Surg Prim Site 1.017 0.719-1.439 0.923
RX Summ-Scope Reg LN Sur 1.132 0.560-2.287 0.730
RX Summ-Surg/Rad Seq 1.053 0.741-1.496 0.772
Radiation 3.829 1.580-9.283 0.003
RX Summ-Systemic/Sur Seq 0.802 0.514-1.253 0.333
CcoD 4.585 3.5682-5.869 <0.001
First malignant primary indicator 1.446 1.072-1.948 0.016
Total number of benign/borderline tumors for patient 0.898 0.126-6.398 0.914
Marital status at diagnosis 1.42 1.105-1.823 0.006
Median household income 0.995 0.773-1.280 0.967
T stage 1.845 1.450-2.349 <0.001
N stage NO <0.001
N1 1.809 1.285-2.547 0.001
N2 1.808 1.369-2.390 <0.001
N3 1.432 0.355-5.783 0.614
M stage 1.457 0.543-3.911 0.455
Staging of disease | <0.001
Il 1.506 0.974-2.329 0.066
1 1.93 1.293-2.882 0.001
v 2.892 1.962-4.265 <0.001

COD: Cause of Death.

Univariate and multivariate analyses

The univariate Cox analysis results, derived
from the SEER database, indicated that vari-
ables including Age, Combined Summary Stage,
Tumor Size, Radiation, COD, First Malignant
Primary Indicator, Marital Status at Diagnosis,
T Stage, N Stage, and Edition Stage Group

1205

Recode were significantly correlated with the
OS of LSCC patients. (P<0.05, Table 2). The
outcomes of the multivariate Cox analysis
revealed that predictors such as Age, Tumor
Size, Radiation, COD, Marital Status at Dia-
gnosis, and T Stage were independent predic-
tors influencing the OS of LSCC patients
(P<0.05, Table 3).
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Table 3. Multivariate Cox analysis

ltems Coding/Reference category HR 95.0% Cl P

Reference: <60
60-75
>75

Age (years)

Combined Summary Stage

Reference: Localized

<0.001
1.333 0.961-1.849 0.085
2.726 1.836-4.046 <0.001
0.182

Regional 0.795 0.506-1.249 0.320
Distant 1121 0.630-1.995 0.697

Tumor Size (mm) Reference: continuous variable 1.013 1.001-1.025 0.035

Radiation Reference: No <0.001
Yes 7.555 2.947-19.370

COD Reference: A <0.001
B 3.996 3.083-5.179

First malignant primary indicator ~ Reference: No 0.094
Yes 1.308 0.955-1.792

Marital status at diagnosis Reference: Status 2 0.006
Status 1 1.444 1.111-1.876

T stage Reference: T1-2 0.017
13-4 1.652 1.093-2.495

N stage Reference: NO 0.084
N1 1.758 1.122-2.755 0.014
N2 1.633 0.918-2.907 0.095
N3 1.650 0.366-7.437 0.514

Staging of disease Reference: | 0.144
I 0.295 0.061-1.420 0.128
I 0.275 0.076-1.003 0.051
v 0.242 0.050-1.179 0.079

COD: Cause of Death.

Construction of the nomogram model

Utilizing the independent predictive indicators
derived from the multivariate Cox analysis of
patients in the SEER database, a Nomogram
model (Figure 3) and a risk forest plot (Fi-
gure 4) were constructed using the modeling
cohort.

This nomogram integrates variables such as
age, tumor size, and radiotherapy, along with
their corresponding scores. The total score is
the sum of the scores for each variable, and the
1-, 2-, and 3-year OS rates can be derived from
the corresponding total score.

In the forest plot, each factor corresponds to
the estimated hazard ratio (HR) and 95% confi-
dence interval (95% CI). For example, for the
age factor, the model-derived sample size was
N=366, with an HR of 1.8, with a 95% CI of
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(1.38-2.3) and P<0.001, indicating that age is a
significant factor influencing the risk outcome.

Construction of the GBM model

When building the GBM model, Cox partial devi-
ance was tracked to assess how model perfor-
mance changed with the number of iterations.
As depicted in Figure 5, the Cox partial devi-
ance decreased as the number of iterations
increased.

The green curve represents the Cox partial
deviance during the model training process. It
decreased rapidly in the early stage of itera-
tions and leveled off at approximately 500 iter-
ations (referenced by the blue vertical line in
the figure), indicating that the model had basi-
cally converged at this point and subsequent
iterations had limited impact on improving the
model performance.
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Figure 3. Nomogram based on the modeling cohort. COD: Cause of Death.
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Figure 4. Risk forest plot based on the modeling cohort. COD: Cause of Death.

The black curve represent the Cox partial devi- downward trend was relatively gentle and grad-
ance of the model on the testing cohort. Its ually stabilized after a certain number of itera-
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survival rate in the model. The
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calibration line closely aligns
with the 45° diagonal, indicat-
ing a high degree of consis-
tency between the model’'s
predictions and the actual
survival outcomes.

Modeling plot: The scatter
points and line of regression
approach the 45° diagonal,
indicating that the Nomogram
model’'s prediction of 1-year
OS rate for LSCC patients has
a certain degree of agree-
ment with the actual data in
the training cohort, demon-
strating good fit between the
model and the modeling data.

T T T T T
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Iteration

Figure 5. The Gradient Boosting Machine (GBM) model.

tions, reflecting the performance change of the
model during the generalization process.

Evaluation of the predictive efficacy of the
model

In Figure 6, the ROC curves showed that the
nomogram model had higher AUC values than
the GBM model at 1-, 2-, and 3-year follow-up
time points. The nomogram’s AUC values were
0.809, 0.782, and 0.811 in the modeling
cohort; 0.783, 0.786, and 0.801 in the testing
cohort; and 0.795, 0.760, and 0.783 in the
external validation cohort. The GBM model’s
AUC values were 0.747, 0.763, and 0.785. The
Delong test confirmed that the nomogram mod-
el's AUC values were obviously higher than
those of the GBM model (P<0.05).

Evaluation of the calibration of the Nomogram
model

The modeling cohort’s C-index was 0.726, sug-
gesting the model can effectively differentiate
samples with varying risk levels and has strong
discriminative power. The C-index for the test
cohort was 0.803, while the external validation
cohort recorded a C-index of 0.780.

Figure 7 illustrates the calibration of the pre-
dicted 1-year survival rate versus the actual
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' Test dataset: The scatter

points and line plots are close
to the 45° diagonal, indicat-
ing that the model maintains
good predictive accuracy in
the test dataset.

External validation: The scatter plot and the
approximate line-diagonal relationship indicate
that the model has extrapolation capability in
predicting patient survival rates from external
single-center data.

Discussion

In recent years, with the advancement of big
data and machine learning technologies, the
construction of prognostic prediction models
based on data warehouses has become a
research hotspot [5]. This study established a
logistic regression (LR) model for the prognosis
of LSCC using the SEER data warehouse and
validated it with single-center data, aiming to
provide a reliable prognostic assessment tool
for clinical practice.

Univariate and multivariate cox regression
analyses

In this research, various factors independently
linked to the OS of LSCC patients were identi-
fied via univariate analysis, including Age,
Combined Summary Stage, and Tumor Size.
Additional multivariate analysis indicated that
Age, Tumor Size, Radiation, COD, Marital Status
at Diagnosis, and T Stage serve as indepen-
dent factors affecting OS. Consistent with pre-
vious studies [6, 7], our findings confirm that
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Figure 6. Receiver operating characteristic (ROC) curves for the predictive performance of the models. A. ROC curve
of the GBM model; B. ROC curve of the nomogram model; C. ROC curve of the nomogram model in the testing co-
hort; D. ROC curve of the nomogram model in the external validation cohort.

age and tumor-related indicators (T stage,
tumor size) are core prognostic factors for
LSCC, which further validates the rationality of
our variable selection and the reliability of the
study results. As an important prognostic fac-
tor, age may be associated with the patients’
physical function, treatment tolerance, and
tumor biological behavior. With increasing age,
the immune function of patients gradually
declines, which may render tumors more prone
to progression and metastasis [8]. Tumor size
directly reflects tumor burden, and larger
tumors often have higher invasiveness and
metastatic potential [9]. Whether radiation
therapy is used and how it is administered
notably affect patient outcomes. An appropri-
ate radiation therapy regimen can effectively
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control tumor growth and improve patients’
survival rates [10]. COD is closely related to
tumor malignancy and the treatment efficacy.
Marital status reflects patients’ social support
systems to a certain extent. Good social sup-
port may help patients better cope with the dis-
ease and treatment process, thereby improving
the outcomes [11]. The T stage directly indi-
cates the extent of local tumor invasion and is
a crucial factor in assessing outcomes.

Construction and evaluation of the Nomogram
model

The Nomogram model, developed using the

independent predictive indicators from the
multivariate analysis, offers clinicians a visual
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Figure 7. Calibration curves for the predictive performance of the nomogram model. A. Modeling cohort; B. Testing cohort; C. External validation cohort.
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and convenient tool for prognostic assessment.
Through the Nomogram, clinicians can calcu-
late the total score according to the specific
characteristics of patients, and then predict
the 1 to 3-year survival rates of patients. The
risk forest plot clearly shows the hazard ratios
of each factor, enabling clinicians to intuitively
understand the influence degree of each factor
on the prognosis of patients.

The GBM model and the nomogram model
exhibited different performances. The AUC of
the GBM model at 1-, 2-, and 3-year were 0.747,
0.763, and 0.785. The AUC values of the nomo-
gram model in the 1, 2, and 3 years in the mod-
eling cohort were 0.809, 0.782, and 0.811,
respectively. Based on the Delong tests, the
AUC values of the nomogram model at each
time point were significantly greater than those
of the GBM model, demonstrating that the for-
mer had superior predictive performance com-
pared to the latter. Notably, the predictive accu-
racy of our nomogram (AUC 0.783-0.811) is
consistent with or slightly higher than that of
Nomogram models reported in previous LSCC
studies [12, 13], which confirms the validity of
our model. The slight advantage may be attrib-
uted to our combined use of SEER database
and single-center data, which reduces selec-
tion bias and enhances the representativeness
of the study population. Results of further test-
ing illustrated the AUC values of the testing
cohort of the nomogram model at 1-, 2-, and
3-year were 0.783, 0.786, and 0.801. According
to the internal testing data, the nomogram
model can stably predict occurrence of events
at different time points, suggesting a certain
degree of reliability. The AUC values of the
nomogram model at 1-, 2-, and 3-year on the
external validation cohort were 0.795, 0.760,
and 0.783, respectively. There were some dif-
ferences in values from the testing cohort.
These values from the testing cohort, however,
still remained at a high level. This indicates that
the nomogram model also demonstrates a high
level of generalization ability in external sam-
ples independent of the modeling data, with a
good ability to predict event outcomes over 1-3
years, further confirming the practical effective-
ness and robustness of the nomogram model.
Combined with the results of the modeling
cohort and the comparison with the GBM model
(the AUC in the modeling cohort was higher,
P<0.05), it fully demonstrates the superiority of
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the nomogram model in terms of predictive
performance.

The calibration curves showed that in the mod-
eling cohort, testing cohort, and external vali-
dation cohort of the nomogram model, the cali-
bration between the predicted 1-year OS rate
by the model and the actual survival rate was
good. The scatter points and the broken lines
were generally well-aligned with the 45° diago-
nal, indicating that the model has good calibra-
tion and reliability in predicting the 1-year 0OS
rate of patients in different datasets. This
means that the survival rate predicted by the
model is relatively close to the actually observed
survival rate, which can provide clinicians with
relatively accurate prognostic information.

Comparison with relevant foreign studies

In recent years, numerous foreign studies have
also been dedicated to constructing progno-
stic prediction models for LSCC. For example,
Hu et al. [12] constructed a prognostic model
for LSCC based on the data of a large can-
cer center, using multivariate analysis and
machine learning algorithms, and verified the
model through internal and external validation
cohorts. This study is similar to ours in that
both focus on the accuracy and generalization
ability of the model. However, there are differ-
ences in the included prognostic factors. Li et
al. [14] included some gene expression data as
prognostic factors, whereas our study con-
structed primarily the model based on clini-
copathological indicators. The difference in
included factors is mainly due to the data
accessibility: gene expression data are not rou-
tinely recorded in the SEER database, and its
high detection cost limits its clinical applica-
tion, which explains why our model prioritizes
easily accessible clinical-pathological indica-
tors to ensure practicality, consistent with the
clinical needs of primary medical institutions.
Although gene expression data can more deep-
ly reflect the biological characteristics of
tumors, the high cost of acquisition and detec-
tion limits its popularization in routine clinical
applications. In contrast, the model of our study
is based on easily accessible clinical and path-
ological information, making it more clinically
practical. Wang et al. [15] adopted a different
modeling method, using deep learning algo-
rithms to analyze the imaging data of LSCC
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patients and constructed a prediction model.
This model has achieved good results in pre-
dicting the recurrence and metastasis of
tumors. However, the interpretation of imaging
data are subjective, and it has high require-
ments for equipment and technology. The
Nomogram model of our study does not rely on
special imaging equipment and can conduct
prognostic assessment through simple clini-
cal data, making it more suitable for popula-
rization and application in primary medical
institutions.

Analysis of the mechanisms underlying prog-
nostic factors

In terms of prognostic factors, there are some
overlaps but also differences between foreign
studies and this study. Most foreign studies
regard factors such as age and tumor staging
as important prognostic factors, which aligns
with the findings of this study [6]. However,
some foreign studies [16] also emphasize the
influence of the human papillomavirus (HPV)
infection status on the prognosis of LSCC. LSCC
patients with a positive HPV status often have
a better prognosis, and the mechanism may be
associated with the changes in the biological
behavior of tumor cells caused by HPV infec-
tion. In this study, due to the limitations of the
data source, the HPV infection status was not
analyzed. Future studies can further incorpo-
rate factors such as the HPV infection status to
improve the prognostic prediction model for
LSCC.

The impact of age on the prognosis of LSCC
patients is complicated. As people age, their
body immune system gradually declines which
includes the reduced function of T and B cells
and his immune surveillance ability also gets
weakened [17, 18]. This allows tumor cells to
evade attack by the immune system of the
organism and facilitates tumor growth and
metastasis. Older adult patients, in addition,
often have multiple chronic diseases that co-
exist. Such diseases may be heart disease, dia-
betes, etc. The presence of comorbidities may
affect patients’ tolerance to treatment modali-
ties, such as surgery, radiotherapy and chemo-
therapy and, consequently, prognosis [19]. The
relationship between tumor size and prognosis
is primarily because of its invasive and meta-
static abilities [20]. Larger tumors might have
higher microvascular density [21], which sup-
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plies more nutrients and pathways for metasta-
sis for the tumor cells. The proliferation rate of
tumor cells is equivalent to the size of the
tumor. Cells in larger tumors divide more rapidly
compared to smaller tumors. This makes it eas-
ier for their cells to break through the basement
membrane, penetrate through tissues, and
metastasize further to other organs via the lym-
phatic and hematogenous pathways [22].

The mechanisms by which radiotherapy has a
positive impact on the prognosis of LSCC
patients mainly include directly killing tumor
cells and activating the body’'s immune
response. Radiotherapy destroys the DNA of
tumor cells through high-energy rays, leading to
the death of tumor cells [23]. Furthermore,
radiotherapy can induce tumor cells to relea-
se tumor-associated antigens, activate the
immune system, and enhance the ability of
immune cells to kill tumor cells [24]. Radio-
therapy can alter the tumor microenvironment
and inhibit tumor angiogenesis, thereby sup-
pressing tumor growth and metastasis [25].

The impact of marital status on the prognosis
of LSCC patients may be associated with so-
cial support. Married patients typically receive
more emotional support, financial support, and
daily care. These supports can help patients
better cope with the psychological stress and
physical discomfort caused by the disease and
improve the patients’ treatment adherence
[13]. At the same time, good social support can
also regulate the patients’ immune system and
enhance the body’s resistance to tumors.

Research limitations

While this study has yielded certain outcomes,
it still has some limitations. Firstly, this study is
mainly based on retrospective data, and it has
the inherent limitations of retrospective stud-
ies, such as data missing and information bias.
Although some measures were taken during
the research process to minimize the influence
of these biases, they cannot be completely
eliminated. Secondly, due to the limitations of
data sources, this study did not include certain
factors that may influence the prognosis of
LSCC, such as HPV infection status and molec-
ular biological characteristics of the tumor.
These factors warrant further exploration in
future research. Additionally, the sample size of
the external validation set in this study was rel-
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atively small, which may affect the generaliz-
ability and applicability of the model in larger
populations. It is necessary to further expand
the sample size of the external validation set in
future studies to verify the reliability and gener-
alization ability of the model.

Conclusions

The prognostic nomogram model for LSCC con-
structed has significant clinical application
value and great potential for widespread pro-
motion and application, bringing positive im-
pacts on the precise treatment and prognostic
assessment of LSCC patients.
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