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OPEN A nomogram to predict
postoperative overall and cancer
specific survival in patients with
primary parotid squamous cell
carcinoma: a population based
study

Xudong Liu'-3, Jincai Xue®:3, Fang Dong?, Xingyue Wang?, Youxin Tian?, Qinjiang Liu?,
Jun Wang? & Yunsheng Wang*™*

Primary parotid squamous cell carcinoma (pPSCC) is a rare salivary gland neoplasm. Due to the low
incidence of pPSCC, there is a lack of clinical studies with large samples. The aim of this study was to
identify prognostic factors and develop a nomogram for predicting overall survival (OS) and cancer
specific survival (CSS) of pPSCC, with the goal of guiding clinical decision making. We identified eligible
pPSCC patients from the Surveillance, Epidemiology, and End Results (SEER) database. All patients
were randomly allocated to either the training or validation cohort in a 7:3 ratio. The X-tile software
was utilized to determine the optimal cut-off values for age at diagnose, regional nodes examined,
regional nodes positive, and tumor size, and changes continuous variables into categorical variables.
Univariate and multivariate Cox regression analyses were used to identify independent prognostic
factors. Based on the identified variables, two nomograms were developed and validated to predict
the 1-, 3-, and 5-year OS and CSS of pPSCC. The accuracy of the prediction was evaluated using the
C-index and calibration curve. Decision curve analysis (DCA) and receiver operating characteristic
(ROC) were utilized to compare the nomogram with the American Joint Committee on Cancer (AJCC)
stage system in order to assess its superiority. Furthermore, two risk stratification systems were
established based on the constructed nomograms. From 2000 to 2019, a total of 2,187 pPSCC patients
were screened from the SEER database. The incidence of pPSCC showed an overall upward trend,

with the highest incidence in patients aged 71-80 years. The 495 patients with pPSCC ultimately
identified from the SEER database were randomly allocated into a training cohort (n=348) and a
validation cohort (n=147).Five independent prognostic variables were identified for OS, including

age at diagnose, distant metastasis, AJCC stage, type of surgery, and tumor size. However, six
independent prognostic variables were identified for CSS, with the addition of regional lymph node
positivity as an additional variable. Nomograms of OS and CSS were established based on the results.
In the training cohort and the validation cohort, the C-index of OS and CSS was 0.679, 0.677, 0.650
and 0.650 respectively. Calibration curve demonstrate that the predictions of 1-, 3-, and 5-year survival
probability models for OS and CSS were generally consistent with actual observations in both the
training cohort and the validation cohort. Our nomogram demonstrated a superior clinical net benefit
compared to the AJCC 7th version, as indicated by DCA and ROC analysis. Additionally, patients were
stratified into low-, middle-, and high-risk groups based on the nomogram risk score. The Kaplan-Meier
curve demonstrated significant differences in survival among the three groups. In this study, new
nomograms and risk classification systems were successfully developed to predict the 1-, 3-, and 5-year
OS and CSS of pPSCC patients, which has good accuracy and superiority and can help doctors and
patients make clinical decisions.

Keywords Parotid gland, Squamous cell carcinoma, Prognostic factors, Nomograms, Overall survival,
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Parotid gland cancers (PGCs) account for approximately 2% of head and neck malignancies, with an annual
incidence ranging from 6 to 11 cases per one million people'~. According to the current World Health
Organization (WHO) classification, PGCs are categorized into 24 histological types®. Parotid squamous cell
carcinoma (PSCC) is a rare and aggressive malignancy, which often presents at an advanced stage with nodal
metastases’. The prognosis for PSCC is poor, as previously reported 5-year survival rates have been less than
50%®. PSCCs are typically the result of metastases from primary tumors located outside of the parotid gland’. The
incidence of primary parotid squamous cell carcinoma (pPSCC) accounts for 1-3% of all parotid malignancies,
and diagnosis of pPSCC relies on thorough exclusion of metastatic origin from any other primary malignancy®®.

The current understanding of pPSCC is primarily based on small cohort studies and lacks evidence from
large populations. The SEER database offers a natural advantage in its integration of tumor cases, providing
accurate, comprehensive, and standardized case information. As a result of these population-based advantages,
the SEER database facilitates the establishment of rare disease cohorts and effectively promotes research on rare
diseases!’.

Due to the heterogeneity of tumors, they should be treated as separate entities. The American Joint
Committee on Cancer (AJCC) stage system is commonly utilized to predict the long-term survival of cancer
patients'!. However, AJCC stage does not account for individual patient factors such as age, gender, race, tumor
site, surgery, radiotherapy and chemotherapy. As a result, it has certain limitations in making personalized
predictions. Therefore, there is a need for an optimal model with improved predictive performance, and the
nomogram proves to be a satisfactory tool for addressing these issues.

Nomograms are a visual representation of a complex mathematical formula. They utilize biological and
clinical variables to graphically illustrate a statistical prognostic model, which in turn generates the probability
of a clinical event for an individual'2. Currently, the nomogram has been demonstrated as an effective method
for predicting survival outcomes across various types of tumors'®. However, to the best of our knowledge, there
are still no reports of using a nomogram to predict the survival rate of pPSCC. Therefore, our study aims to
establish a reasonable and effective nomogram to help predict overall survival (OS) and cancer-specific survival
(CSS) in patients with pPSCC.

Patients and methods

Patients selection

We utilized the SEER*Stat 8.4.3 program to access and retrieve patient data from the SEER 18 database. All
patients diagnosed with PSCC (ICD-O-3 histologic types: 8052, 8070, 8071, 8072, 8073, 8074, 8075, 8083, 8084
and 8085) between 2000 and 2019 were identified. Exclusion criteria were as follows: (1) Parotid squamous cell
carcinoma was not the only tumors; (2) patients who had no complete information; (3) Survival time is less than
1 month. Finally, a total of 495 patients were included in this study, and the selection flow chart is depicted in
Fig. 1. Since public and anonymous data were utilized in accordance with ethical guidelines, neither informed
consent nor approval from an ethics committee was deemed necessary.

Data collection

Clinical characteristics data, including age at diagnose, sex, race, tumor grade, laterality, distant metastasis status,
AJCC stage, type of surgery, radiation status, chemotherapy status, regional nodes examined, regional nodes
positive, tumor size, survival time, cause of death and survival status were collected from the SEER database
for analysis. The X-tile software (Yale University, New Haven, Connecticut, USA) was utilized to determine
the optimal cut-off values for age at diagnose, regional nodes examined, regional nodes positive, and tumor
size (Fig. 2). The optimal cut-off value for age at diagnose was 77 years; the optimal cut-oft value for regional
nodes examined was 23; the optimal cut-off value for regional nodes positive was 4; the optimal cut-off value
for tumor size was 28 mm. Given that the AJCC 6th edition of parotid gland tumor closely aligns with the AJCC
7th version, it is appropriate to convert the AJCC 6th version into the AJCC 7th version. This study ultimately
adopts the AJCC 7th version. In this retrospective study, the primary research endpoints were OS and CSS. OS
was defined as the time from the primary diagnosis to the date of death from any cause. CSS was defined as the
time from the primary diagnosis to the date of death specifically attributed to pPSCC.

Development and validation of the prognostic nomogram

The patients were randomly divided into the training cohort and the validation cohort, consisting of 348 and
147 cases, respectively, in a ratio of 7:3. In the training cohort, univariate Cox regression analysis was conducted
for each variable to identify potential prognostic risk factors. Subsequently, multivariate Cox regression analysis
was performed based on these prognostic risk factors to determine independent prognostic factors in patients
with pPSCC. Based on the independent prognostic factors, nomograms for OS and CSS at 1-, 3-, and 5-year
were constructed using the “rms” package in R software. First, the concordance index (C-index) was utilized to
assess discrimination. Additionally, calibration curves were constructed to evaluate the agreement between the
predicted survival probability and the observed probability. Finally, DCA and ROC were used to compare the
predictive value of our model with that of the AJCC stage. In contrast to ROC, DCA can also be utilized to assess
the net clinical benefit of clinical outcomes at various probability thresholds.
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Fig. 1. Flowchart for selection patients with pPSCC.

Risk stratification

Based on the constructed nomogram, the total risk score for each patient was calculated. X-tile software was
utilized to determine the optimal cut-off values for the total risk score. According to the optimal cut-off values,
the patients were categorized into low-risk group, medium-risk group and high-risk group. Kaplan-Meier curve
and log-rank test were employed to compare the difference in survival rate between different groups.

Statistical analysis

All statistical methods were conducted using SPSS 26.0 (IBM Corporation) and R software (version 4.3.3). The
optimal cut-off values for all continuous variables were determined using the X-tile software. The Kaplan-Meier

Scientific Reports | (2025) 15:6774 | https://doi.org/10.1038/s41598-025-90480-8 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Larger Low Population
- o
5 z & z
3 ] 2 s
E 2 E )
H g = g
3 3 3 H
3 2 < 2
& @ £ @
2 2
S E]
T ED T
s 20 .
Age atdiagnose Regionalnodes examined
Larger Low Population F o G Larger Low Population H »
5 z &] z
3 s 2 s
E 2 E 2
£ Py 3 g
3 3 3 5
£ ] g g
13 @ £ @
2 2
5 38
o) En 0 T £
Regional nodes positive Tumorsize
Larger Low Population
= 105
B z 1 z
2 e 2 S
E 2 E B
S e 5 e
B g § g
b 3 3 =
€ 2 - 2
€ @ & @
2| g
8 E]
= mm = o
O o EZ) 0 EX E3]
s

o043
points points

Fig. 2. Estimation of the appropriate cutoff value for age at diagnose (A,B), regional nodes examined (C,D),
regional nodes positive (E,F), tumor size (G,H), total risk score for OS (LJ) and total risk score for CSS (K,L)
by X-tile analysis.

method was utilized to calculate the survival curves, and the disparity between the curves was assessed using the
log-rank test. A p-value <0.05 was considered significant.

Result

Baseline patient characteristics

From 2000 to 2019, a total of 2,187 pPSCC patients were screened from the SEER database. the incidence
of pPSCC showed an overall upward trend, with the highest incidence in patients aged 71-80 years (Fig. 3).
According to the inclusion and exclusion criteria, 495 patients with pPSCC were ultimately identified from the
SEER database. The samples were then randomly divided into a training cohort (70%) and a validation cohort
(30%). Clinical variables for patients in the two cohorts were compared, as detailed in Table 1. A chi-square test
was conducted on the clinical information of both cohorts, yielding P values>0.05. The results indicated no
significant disparity in clinical information between the two groups.

Cox regression analyses of variables for OS and CSS

The relationship between clinical features and prognosis of pPSCC was analyzed using univariate Cox
regression. The results revealed that age at diagnose, distant metastasis, AJCC stage, type of surgery, regional
nodes positive, and tumor size were significant prognostic risk factors for OS and CSS (P<0.05), as presented
in Table 2. Furthermore, a multivariate Cox regression analysis of clinical variables based on the identified risk
factors demonstrated that age at diagnose, distant metastasis, AJCC stage, type of surgery, and tumor size were
independent prognostic factors for OS in patients with pPSCC. Age at diagnose, distant metastasis, AJCC stage,
type of surgery, regional nodes positive, and tumor size were also found to be independent prognostic factors for
CSS as shown in Table 3. According to the results of multivariate analysis, patients with younger age of diagnose,
absence of distant metastasis, lower AJCC stage, local parotidectomy, and smaller tumor size demonstrated
improved OS outcomes. Additionally, based on the results of multivariate analysis, patients with younger age
of diagnose, no distant metastasis, lower AJCC stage, local parotidectomy, fewer positive regional nodes and
smaller tumor size showed improved CSS outcomes (Fig. 4).
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Fig. 3. (A) Annual patients of pPSCC from 2000 to 2019; (B) Incidence of pPSCC in patients of various age
groups.

Construction of the prognostic nomogram

The nomogram was constructed based on the identification of independent prognostic factors through
multifactor Cox regression analysis, with the aim of predicting 1-, 3-, and 5-year OS (Fig. 5A) as well as CSS
(Fig. 5B). The Nomogram is capable of converting the correlation coefficient of each variable into scores ranging
from 0 to 100. The total score is calculated by summing up the scores of each variable. By drawing straight lines
from the total score scale, one can obtain the probabilities of survival at 1-, 3-, and 5-year. The nomogram for
OS demonstrates that age at diagnose and distant metastasis exert the most significant impact on the survival
outcome of patients with pPSCC. Distant metastasis and AJCC stage are key factors influencing the prognosis of
patients in the CSS nomogram. In comparison to the OS nomogram, the influence of age at diagnosis on patient
prognosis is notably diminished in the CSS nomogram.

Validation of the prognostic nomogram

The accuracy and superiority of the nomogram were verified through various methods, including internal and
external validation. Internal validation was conducted using the training cohort, while external validation was
performed using the validation cohort. First, in the training cohort, the C-index for OS and CSS was 0.679
(95% CI, 0.645-0.713) and 0.677 (95% CI, 0.633-0.721), respectively. Similarly, in the validation cohort, the
corresponding C-index values were 0.650 (95% CI, 0.594-0.706) and 0.650 (95% CI, 0.580-0.720). Indicates
that the nomogram demonstrates a good degree of discrimination. Then, the calibration curve and ROC curve
were generated with data from the training and validation cohorts. Calibration curve demonstrate that the
predictions of 1-, 3-, and 5-year survival probability models for OS and CSS were generally consistent with
actual observations in both the training cohort and the validation cohort (Fig. 6). ROC analysis conducted in the
training cohort demonstrated AUC values of 76.8, 72.3, and 73.0 for 1-year, 3-year, and 5-year OS, respectively.
Additionally, the AUC values for CSS was determined to be 79.7, 69.2, and 70.6 at different time points, both of
which exceeded the corresponding AJCC stage. In the validation cohort, similar results were observed with AUC
values of 65.3, 69.3, and 74.6 for OS at different time points, and AUC values of 66.5, 71.3, and 72.6 for CSS, all
of which exceeded those of the corresponding AJCC stage as illustrated in Fig. 7. These findings indicate that
the nomogram exhibited superior discriminatory ability compared to AJCC stage. Furthermore, we constructed
DCA curves to assess the predictive performance of the nomogram compared to traditional AJCC stage. The
findings indicated that both models provided significantly greater benefit than AJCC stage (Fig. 8).

Risk stratification of OS and CSS

The total scores for all patients diagnosed with pPSCC were calculated using the nomogram, and the optimal
cut-off values for OS and CSS were determined using X-tile software. The optimal cut-off values for OS were
identified as 38.5 and 163.8, while the optimal cut-off values for CSS were found to be 104.9 and 159.1 (Fig. 2I-L).
Primary PSCC patients are stratified into high-risk (score >163.8), medium-risk (38.5 <score<163.8), and low-
risk (score<38.5) categories for OS. Additionally, pPSCC patients are categorized as high-risk (score>159.1),
medium-risk (104.9<score<159.1), and low-risk (score<104.9) for CSS. According to risk stratification,
Kaplan-Meier survival curves were generated for all patients diagnosed with pPSCC, as depicted in Fig. 9. The
1-, 3-, and 5-year OS rates were 54.6%, 23.4%, and 13.9% in the high-risk group; 79.4%,53.1%, and 40.5% in the
medium-risk group; and 95.0%, 81.0%, and 71.6% in the low-risk group, respectively. The corresponding CSS
rates were also calculated for each risk group (61.5%,40.3%,and 37.2%;78.8%,62.3%,and52.7%:;94.7%,76.0%,and
70.6%).There was a statistically significant difference in survival outcomes among the three groups (P<0.001).
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Variables Total (n=495) | Training cohort (n=348) | Validation cohort (n=147) | P value
Age at diagnose (years) 0.806
<77 287 (58.0%) 203 (58.3%) 84 (57.1%)

>77 208 (42.0%) 145 (41.7%) 63 (42.9%)

Sex 0.215
Male 410 (82.8%) 293 (84.2%) 117 (79.6%)

Female 85 (17.2%) 55 (15.8%) 30 (20.4%)

Race 0.322
Black 9 (1.8%) 8(2.3%) 1(0.7%)

White 471(952%) | 328 (94.3%) 143 (97.3%)

Other 15 (3.0%) 12 (3.4%) 3 (2.0%)

Grade 0.600
I-1I 210 (42.4%) 145 (41.7%) 65 (44.2%)

-1V 285 (57.6%) 203 (58.3%) 82 (55.8%)

Laterality 0.434
Left 256 (51.7%) 176 (50.6%) 80 (54.4%)

Right 239 (48.3%) 172 (49.4%) 67 (45.6%)

Distant metastasis 0.101
No 483 (97.6%) 337 (96.8%) 146 (99.3%)

Yes 12 (2.4%) 11 (3.2%) 1(0.7%)

AJCC stage 0.776
I-11 105 (21.2%) 75 (21.6%) 30 (20.4%)

-1V 390 (78.8%) | 273 (78.4%) 117 (79.6%)

Type of surgery 0.703
Total or radical parotidectomy | 296 (59.8%) 210 (60.3%) 86 (58.5%)

Local parotidectomy 199 (40.2%) 138 (39.7%) 61 (41.5%)

Radiotherapy 0.675
No 148 (29.9%) 106 (30.5%) 42 (28.6%)

Yes 347 (70.1%) | 242 (69.5%) 105 (71.4%)

Chemotherapy 0.379
No 383 (77.4%) 273 (78.4%) 110 (74.8%)

Yes 112 (22.6%) 75 (21.6%) 37 (25.2%)

Regional nodes examined 0.429
<23 326 (65.9%) 233 (67.0%) 93 (63.3%)

=23 169 (34.1%) 115 (33.0%) 54 (36.7%)

Regional nodes positive 0.804
<4 411 (83.0%) 288 (82.8%) 123 (83.7%)

>4 84 (17.0%) 60 (17.2%) 24 (16.3%)

Tumor size (mm) 0.681
<28 209 (42.2%) 149 (42.8%) 60 (40.8%)

>28 286 (57.8%) 199 (57.2%) 87 (59.2%)

Table 1. Clinicopathologic characteristics of the training cohort and the validation cohort.

Discussion

Primary PSCC is a rare tumor, and there are fewer clinical research data and literature available compared to
other tumors. Currently, the primary criteria for evaluating the prognosis of pPSCC are based on the AJCC
stage system. However, the AJCC stage system still has its limitations'®. Patients with the same AJCC stage but
different survival outcomes will be categorized into the same disease stage, leading to heterogeneity in prognosis.
Compared to the AJCC stage system, the nomogram has been demonstrated to be more accurate in predicting
prognosis for various types of cancer!>!. For the first time, this study has developed a nomogram to predict the
prognosis of patients with pPSCC.

Based on the SEER database, a total of 495 patients with pPSCC were included in the study. This study
found that age at diagnosis, distant metastasis, AJCC stage, type of surgery, and tumor size were independent
predictors of OS in patients with pPSCC. Additionally, age at diagnose, distant metastasis, AJCC stage, type of
surgery, regional nodes positive, and tumor size were identified as independent predictors of CSS in pPSCC
patients. Based on the aforementioned variables, nomograms were developed and validated to accurately predict
OS and CSS for 1-, 3-, and 5-year with superior performance compared to the AJCC stage system. Furthermore,
a successful risk stratification has been established based on the total risk score determined by the nomogram.
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oS CSS
Variables HR (95% CI) Pvalue | HR (95% CI) P value
Age at diagnose (years)
<77 Reference Reference
=77 2.473 (1.907, 3.206) | 0.000 1.450 (1.037, 2.027) | 0.030
Sex
Male Reference Reference
Female 0.898 (0.628, 1.286) | 0.559 1.017 (0.651, 1.590) | 0.940
Race
Black Reference Reference
White 1.347 (0.555, 3.270) | 0.510 0.752 (0.308, 1.838) | 0.532
Other 0.493 (0.132, 1.836) | 0.292 0.364 (0.087, 1.524) | 0.167
Grade
I-1I Reference Reference
11-1v 1.036 (0.800, 1.342) | 0.788 1.106 (0.791, 1.548) | 0.555
Laterality
Left Reference Reference
Right 1.231 (0.954, 1.588) | 0.109 1.118 (0.805, 1.551) | 0.507
Distant metastasis
No
Yes 2.706 (1.433,5.110) | 0.002 3.979 (2.019, 7.844) | 0.000
AJCC stage
I-11 Reference Reference
II-1v 1.867 (1.319, 2.642) | 0.000 2.559 (1.541, 4.248) | 0.000
Type of surgery
Total or radical parotidectomy | Reference Reference
Local parotidectomy 0.625 (0.477,0.817) | 0.001 0.560 (0.392, 0.799) | 0.001
Radiotherapy
No Reference Reference
Yes 0.771 (0.588, 1.011) | 0.060 0.939 (0.655, 1.347) | 0.733
Chemotherapy
No Reference Reference
Yes 1.103 (0.816, 1.492) | 0.522 1.319 (0.910, 1.912) | 0.143
Regional nodes examined
<23 Reference Reference
>23 1.230 (0.942, 1.605) | 0.128 1.256 (0.893, 1.766) | 0.190
Regional nodes positive
<4 Reference Reference
>4 1.574 (1.146, 2.163) | 0.005 2.125 (1.465, 3.082) | 0.000
Tumor size (mm)
<28 Reference Reference
>28 1.878 (1.438, 2.452) | 0.000 1.879 (1.329, 2.656) | 0.000

Table 2. Univariate cox regression model in the training cohort.

We divided the patients into two groups and determined 77 years as the optimal age cutoff via X-tile software.

The findings of this study indicate that advancing age is linked to poorer survival outcomes. This finding is in
line with the outcomes of prior research studies'®~'%. This could be attributed to the fact that elderly patients
often have multiple underlying conditions such as diabetes and high blood pressure, which are linked to a poorer
prognosis!’.

It is widely recognized that the progression and stage of tumors can have a significant impact on a patient’s
prognosis. The results of this study indicate that distant metastasis serves as an independent prognostic factor in
patients diagnosed with pPSCC. Previous research has indicated that patients diagnosed with pPSCC experience
a poorer prognosis when they occur distant metastases®. These results are consistent with our own. At the same
time, our findings suggest that tumor stage is an independent prognostic factor in patients with pPSCC. This
finding is in line with the Xiao’s study, which also identified variations in tumor stage and prognosis among
patients with pPSCC?.
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oS CSS
Variables HR (95% CI) Pvalue | HR (95% CI) Pvalue
Age at diagnose (years)
<77 Reference Reference
=77 2.591 (1.993, 3.367) | 0.000 1.515(1.081, 2.123) | 0.016
Distant metastasis
No Reference Reference
Yes 3.134 (1.614, 6.084) | 0.001 4.060 (1.989, 8.287) | 0.000
AJCC stage
I-1I Reference Reference
II-1v 1.543 (1.070, 2.226) | 0.020 1.833 (1.075, 3.125) | 0.026
Type of surgery
Total or radical parotidectomy | Reference Reference
Local parotidectomy 0.715 (0.542, 0.944) | 0.018 0.624 (0.432,0.901) | 0.012
Regional nodes positive
<4 Reference Reference
>4 1.152 (0.827, 1.605) | 0.404 1.518 (1.026, 2.246) | 0.037
Tumor size (mm)
<28 Reference Reference
>28 1.726 (1.309, 2.277) | 0.000 1.523 (1.062, 2.183) | 0.022

Table 3. Multivariate cox regression model in the training cohort.

A high rate of regional lymph node metastasis is a significant clinical feature of pPSCC and is closely associated
with the prognosis of this condition?!~2. The identical results were discovered in this study. Additionally, we
discovered that a fewer number of positive regional nodes was associated with improved CSS.

The impact of tumor size on the prognosis of patients with pPSCC remains a topic of controversy. In this
study, a tumor size greater than 28 mm was identified as an independent prognostic factor for patients diagnosed
with pPSCC. This result is in line with the findings of Chen’s®. However, an analysis of 24 patients with pPSCC
has indicated that tumor size does not serve as prognostic factor for this type of cancer?*. This may be attributed
to the small sample size of this study, which increases the likelihood of obtaining false negative results.

Surgery continues to be the preferred treatment for patients diagnosed with pPSCC. Chen’s research findings
indicate that surgical intervention plays a crucial role in determining the prognosis of patients diagnosed
with pPSCC’. However, other studies have not found a significant association between surgery and patients
prognosis®. In this study, surgery is identified as a significant risk factor impacting the prognosis of pPSCC.
Furthermore, we observed a statistically significant difference between local parotidectomy and total or radical
parotidectomy. The prognosis following local parotidectomy is superior to that of total or radical parotidectomy.

This study possesses numerous advantages. Firstly, To the best of our knowledge, this is the first predictive
nomogram developed for patients with pPSCC, and it demonstrates good predictive performance. Furthermore,
this study ultimately involved 495 patients, demonstrating a strong level of representativeness. Finally, A risk
stratification system was successfully established based on the nomogram, in order to personalize treatment for
individual patients.

Naturally, there are some limitations to this study. Firstly, it is important to note that this study is retrospective
in nature. As aresult, it is susceptible to biases stemming from the retrospective design and follow-up compliance.
In the future, prospective studies will be required to validate these findings. Furthermore, the SEER database
does not contain detailed information on radiotherapy, chemotherapy, and surgery. Finally, this study only
utilized internal validation, which may result in overfitting of the model. This question will be explored in our
upcoming research.

Conclusions

In this study, we investigated prognostic factors in patients with pPSCC. The results revealed that age at diagnose,
distant metastasis, AJCC stage, type of surgery, and tumor size were identified as independent risk factors for OS.
Similarly, age at diagnose, distant metastasis, AJCC stage, type of surgery, regional nodes positive, and tumor
size were also found to be independent risk factors for CSS. We constructed two nomograms to predict OS
and CSS in patients with pPSCC. Following internal validation, the nomogram demonstrated high accuracy
and reliability. This predictive tool can assist healthcare providers in anticipating the prognosis of patients with
pPSCC and devising individualized treatment plans accordingly.
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Fig. 4. OS and CSS for the pPSCC patients using Kaplan—Meier analysis and log-rank test. (A) OS among
pPSCC patients based on age at diagnose. (B) OS among pPSCC patients based on distant metastasis. (C) OS
among pPSCC patients based on AJCC stage. (D) OS among pPSCC patients based on type of surgery. (E) OS
among pPSCC patients based on tumor size. (F) CSS among pPSCC patients based on age at diagnose. (G) CSS
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