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Abstract

Study Design: Retrospective cohort study.

Objective: Spinal cord astrocytoma (SCA) is a rare central nervous system malignancy that typically requires early surgical
intervention. However, the substantial frequency of relapse and bad outcomes limit the surgical advantage for patients. Herein,
we aimed to determine the independent prognostic factors of cancer-specific survival (CSS) in post-surgical patients with
primary SCA and to develop a new method to estimate the chances of CSS in these patients at 3-, 5- and 10-year.

Methods: A total of 364 postoperative patients with SCA were recruited from the Surveillance, Epidemiology, and End Results
database and randomly assigned to the training and validation sets. Univariate and multivariate Cox regression assessments were
used to identify independent prognostic indicators. Second, a nomogram was established by integrating these indicators to
estimate 3-, 5-, and 10-year CSS in patients with SCA who underwent surgery. Subsequently, the discriminatory power and
predictive performance of the nomogram were assessed using the receiver operating characteristic (ROC) curve, calibration
curves, and decision curve analysis (DCA). Finally, a mortality risk stratification system was generated.

Results: Age, tumor stage, histological type, and radiotherapy were recognized as potential predictive indicators of CSS for
postoperative patients with SCA. The ROC curve and DCA indicate that the nomogram has good accuracy and high clinical
utility. Furthermore, the mortality risk stratification system efficiently divides patients into 3 risk subgroups.

Conclusions: The nomogram could accurately anticipate the 3-, 5-, and 10-year percentages of CSS in postoperative patients
with SCA. It could assist clinicians with personalized medical counseling, risk stratification management, and clinical decision-
making, improving the clinical outcomes of these patients.
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Introduction

The most recent projections of global prevalence and mortality
for 36 cancers have been developed by the International
Agency for Cancer Research, specifically through the
GLOBOCAN 2020 initiative. In the year 2020, it is estimated
that there were approximately 308,102 new cases of central
nervous system (CNS) neoplasms. Out of these cases, a total
of 251,329 patients succumbed to the disease.1 While the
spinal cord is a major part of the CNS, and its prevalence of
primary tumors accounts for only 4%–8% of all tumors in the
CNS.2 Based on the anatomical location of neoplasm inva-
sion, primary spinal cord tumors (PSCTs) can be categorized
as epidural, intradural extramedullary, and intramedullary.3,4

Intramedullary spinal cord tumors (IMSCTs) are the rarest
type, accounting for only 8%–10% of all PSCTs, with a re-
ported incidence of 2.2 per million.5,6 Spinal cord astrocytoma
(SCA) is the second most prevalent intramedullary malig-
nancy, representing approximately 30%–40% of IMSCTs and
merely 3% of CNS astrocytomas.5,7,8

Given the rarity of SCA, its disease management experi-
ence is primarily derived from brain astrocytoma.3,9,10 Al-
though previous studies have evaluated various treatments for
SCA, particularly surgical treatment, there is no typical
consensus on management strategies and prognostic
factors.3,11 Therefore, it is essential to develop a systematic
and effective assessment approach to identify the factors most
relevant to the survival of postoperative patients with SCA and
help clinicians perform risk stratification management and
individualized care.

The nomogram is a practical method to identify independent
risk factors from a multifactorial analysis and quantify their risk
level to predict the probability of specific clinical outcomes. It
has been widely adopted in oncology recently.4,12,13 There is a
lack of nomogram studies that have been conducted to evaluate
the risk factors associated with postoperative patients with SCA
in order to predict their long-term survival. The Surveillance,
Epidemiology, and End Results (SEER) database is a
population-based, large-sample, annually updated US national
cancer statistics database, which has developed into the au-
thoritative data source for investigating the epidemiology of all
types of tumors.4,13 Consequently, our research aimed to dis-
cover independent prognostic variables in patients with SCA
after surgery and to construct a novel nomogram and risk
stratification system for their assessment and management
using correlation data from the SEER database.

Methods

Source of Databases

All data in this investigation were collected and downloaded
through the most recent SEER database (https://seer.cancer.
gov/seerstat/) using SEER Stat 8.4.0 and the reference code
11030-November 2021 [Incidence-SEER Research Plus Data,
17 registries, November 2021 Sub (2000-2019)].

The SEER registry offers comprehensive and standardized
oncology information, including incidence and survival sta-
tistics for all documented instances, covering approximately
30% of the US population.14 The data obtained from the SEER
database does not disclose specific personal information.
Therefore, ethical approval or informed consent of patients is
unessential.

Eligibility Criteria

Clinical information relevant to astrocytoma was collected
using the International Classification of Diseases for Oncol-
ogy Version 3 coding system (ICD-O-3). The inclusion criteria
for the research were the following: (1) designated histological
ICD-O-3 codes identified astrocytoma, including astrocytoma
(NOS) (histology codes 9400/3), astrocytoma (Anaplastic)
(9401/3), protoplasmic astrocytoma (9410/3), gemistocytic
astrocytoma (9411/3), fibrillary astrocytoma and (9420/3),
pilocytic astrocytoma (9421/3), pleomorphic xanthoas-
trocytoma (9424/3), and Pilomyxoid astrocytoma (9425/3);
(2) primary first tumor; (3) the main tumor site was spinal
meninges (C70.1), spinal cord (site code C72.0), and cauda
equina (C72.1); (4) the tumor surgery performed; and (5) all
details regarding follow-up. While the exclusion criteria are as
described below: (1) there was no evidence of the disease by
positive histology; (2) critical detail information is absent in
terms of age, sex, ethnic group, marital status, tumor stage,
tumor grade, histological type, treatment options (surgery,
radiotherapy, chemotherapy), survival duration and cause of
death; (3) non-primary tumor; and (4) survival time <1 month.
Finally, 364 SCA patients met this investigation’s inclusion
criteria.

All patients were randomly divided into 2 groups: a
training set (70.0%) and a validation set (30.0%), and cate-
gorization was performed with the R program (version 4.0.3)
(Figure 1).15 Univariate and multivariate Cox regression
analyses were employed for the training dataset to discover
independent prognostic predictors. Additionally, independent
prognostic predictors were classified according to their im-
portance in establishing a prognostic nomogram for postop-
erative patients with SCA. Then the validation set was
implemented to validate the nomogram.

Variable Definitions

In our investigation, the demographics of the patients (age,
sex, race, Hispanic, marital status, and year of diagnosis),
disease (histological type and tumor stage), as well as treat-
ments (chemotherapy and radiotherapy) were included. The
X-tile program (version 3.6.1) identified the most accurate age
cut-offs, which were 8 and 56 years old (Supplementary File
1).16 Gender was reported as male or female, while race was
segmented as white, black, and others. Hispanics were clas-
sified as Hispanic and non-Hispannic. Two categories of
marital status were recognized: married and unmarried. The
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year of diagnosis was divided into before 2010 and after 2010
(including 2010). The histological type was classified as
follows: astrocytoma (NOS), astrocytoma (Anaplastic), pi-
locytic astrocytoma, and others (including protoplasmic as-
trocytoma, gemistocytic astrocytoma, fibrillary astrocytoma,
and pleomorphic xanthoastrocytoma). The tumor stages were
segmented into localized, regional, and distant.17 Radiother-
apy and chemotherapy were divided into yes and no. The
period beginning with the early diagnosis and ending with the
day of death attributable only to this tumor was defined as
CSS.

Statistical Analysis

This research was performed according to the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) guidelines.18 All results were analyzed with Mi-
crosoft Excel (version 2016), R (version 4.0.3), and SPSS
(version 24.0). The variations were judged as statistically
significant for P < .05. The matching 95% confidence intervals

(CI) and hazard ratios were carried out to indicate the effect of
enrollment parameters on CSS in the patients. First, each
variable enrolled in this study was assigned a value for further
statistical analysis. The statistical variation between the pa-
rameters enrolled was determined using univariate Cox re-
gression testing.

Furthermore, factors with P < .05 were further analyzed
using multivariate Cox regression to exclude interference
impacts and to determine CSS-associated potential pre-
dictive indicators for the subpopulation. Consequently,
potential predictive indicators were scored. Subsequently, a
nomogram was developed to estimate 3-, 5- and 10-year
CSS in SCA patients treated with surgery according to
independent prognostic indicators correlating with CSS.
The 3-, 5-, and 10-year calibration curves and the corre-
sponding decision curve analysis (DCA) can provide val-
idation of nomogram standardization and clinical benefit.
Furthermore, the discrimination of the nomogram was
evaluated utilizing the corresponding time-dependent area
under the curve (AUC) measures of receiver operating

Figure 1. The flow chart of patient selection and model development.
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characteristic (ROC) curves for 3-, 5-, and 10-year.
Therefore, the ROC curves integrating the independent
prognostic factors were validated by plotting the prediction
effectiveness of the developed nomogram in preference to a
single independent prognostic factor. In addition, the cor-
responding risk score for each patient was measured based
on the scores of independent prognostic predictors, which
were correlated with CSS. A risk stratification approach was
developed using X-tile software to classify the death risk
into low, middle-middle, and high-risk subgroups
(Supplementary File 1). Finally, the Kaplan-Meier tech-
nique was implemented to analyze CSS variations in the 3
risk subgroups.

Results

Demographic and Clinicopathologic Characteristics

Following the inclusion and exclusion criteria, from 2000 to
2019, 364 SCA-positive individuals underwent surgical op-
erations, according to the SEER database (Figure 1). Then,
these patients were randomly separated into a training set
(70.0%, n = 256) and a validation set (30.0%, n = 108).
Among these patients, 241 (66.21%) patients were aged be-
tween 8 and 56 years old, and the predominant sex, race, and
Hispanic were male (60.44%, n = 220), white (79.12%, n =
288), and Hispanic (83.24%, n = 303), respectively. The
marital status of these patients was mainly unmarried
(69.23%, n = 252). Moreover, the year of diagnosis was
primarily clustered before 2010 (66.21%, n = 241). Regarding
disease characteristics, the percentages of their histological
types were 48.63%, 32.42%, 11.53%, and 7.42% for pilocytic
astrocytoma, astrocytoma (NOS), astrocytoma (Anaplastic),
and others, respectively. Significant differences in localized,
regional, and distant metastases of the tumor stage were
mainly localized (90.38%, n = 329). Furthermore, 62.36% (n =
227) of patients did not undergo radiotherapy, and 75.27%
(n = 274) of the patients did not undergo chemotherapy
(Table 1).

Identification of Independent Prognostic Predictors of
CSS in Postoperative Patients With SCA

Age, marital status, histological type, tumor stage, and ra-
diotherapy were recognized as risk-associated variables based
on a univariate Cox regression examination (P < .05)
(Figure 2). Multivariate Cox regression analyses revealed that
age, histological type, tumor stage, and radiotherapy were
independent prognostic variables (P < .05) for CSS patients
with SCA who underwent surgery. In contrast, marital status
did not show significant variation (P > .05) (Figure 2). In
patients with SCAwho underwent surgery at an advanced age,
the histological type of astrocytoma (Anaplastic), distant
metastasis, and received radiotherapy would be associated
with poor CSS.

Development and Verification of the CSS Nomogram
in Postoperative Patients With SCA

The preceding 4 independent predictive indicators acquired
via multivariate logistic regression research were pooled to
create a predictive nomogram that can quantitatively forecast
the 3-, 5- and 10-year risk of CSS in SCA patients who ex-
perienced surgery. Figure 3 demonstrates that low age, the
histological type of pilocytic astrocytoma, localized metas-
tasis, and not receiving radiotherapy were protective predic-
tors for these patients. The calibration curves for the 3-, 5- and
10-year periods revealed a great consistency between the
projected outcomes and the actual survival rates in these
patients, illustrating the high prediction accuracy of the no-
mogram (Figure 4). The training set of the ROC curve AUC
exhibited a value of .884 for the 3-, 5-, and 10-year periods.
Conversely, the validation set displayed values of .834, .849,
and .815 for the same periods. These results indicate that the
nomogram possessed a higher level of discriminatory power
(Figure 5). Furthermore, the nomogram measures were higher
than the 3-, 5-, and 10-year AUC for each independent pre-
dictive variable in each training and validation set, revealing
that the predictive precision of the nomogram was superior to
that of each potential predictive indicator (Figure 6). Fur-
thermore, Figure 7 illustrates that the DCA results revealed a
significant net clinical outcome associated with the nomogram
within a particular threshold range, showing that the nomo-
gram has good clinical utility.

Establishment of the CSS Risk Stratification System in
Postoperative Patients With SCA

A distinctive death risk stratification method was created to
manage cancer patients better. Based on the nomogram, the
patient’s final score was measured by summing the endowed
scores of 4 potential predictive indicators (Table 2). Then, the
best cut-off values for the final score were measured using the
X-tile program as 92 and 184 (Supplementary File 1). Based
on the total score, the stratification of the death risk of the
patients was divided into 3 subgroups: low-risk subgroup
(<92), Middle-risk subgroup (92-184), and high-risk subgroup
(>184). Meanwhile, the Kaplan-Meier survival curves found a
significant variation between these 3 groups in each of the
training and validation sets, implying that the nomogram has a
significant prognostic value for the fate of groups of patients
with SCA who underwent surgery (P < .05) (Figure 8).

Discussion

SCA is a rare malignant tumor of CNS,1,2 accounting for 3%
of CNS astrocytomas and 6%–8% of spinal cord tumors.7,8,19

Surgical procedure is an important treatment for patients with
SCA, with total resection, subtotal resection, and excisional
biopsy commonly performed in clinical practice.9,13,20,21

Nakamura et al conducted a retrospective cohort study of
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30 subjects with SCA who underwent surgical treatment,
demonstrating a 5-year survival rate of 68% and a 10-year
survival rate of 36%.19 However, some studies have con-
cluded that surgery may be indirectly associated with good
clinical performance.7,12,22 Babu et al revealed that 37% of
SCA patients exhibited worsening neurological complications
following surgical operation, and 54.8% developed additional
neurological impairments.22 The possible reason for these
discrepant findings could be the possibility of study bias due to
the small sample size.11,12 Furthermore, postoperative patient
survival depends on tumor pathological type and stages.3,7,23

Previous studies have investigated various prognostic
survival factors in patients with SCA. Golpayegani et al

concluded that age, sex, pathological grade, preoperative
neurologic score, resection extent, and adjuvant treatment
were correlated with survival in patients with SCA who un-
derwent complete or incomplete surgical resection.24 Kiernan
et al reported that years of diagnosis, age, radiotherapy,
pathologic types, and symptom duration were associated with
prognostic survival factors in patients with SCA.25 Although
these investigations provide experience in managing patients
with SCA, the complex prognostic factors constrain their
application to healthcare professionals responsible for making
management decisions for postoperative patients with SCA.
Moreover, Due to the uniqueness of the spinal cord position, a
significant proportion of SCA patients still show limited

Table 1. The Initial Demographic and Clinicopathologic Features of CSS-Associated Factors of Postoperative Patients with SCA.

Variables

Training Set Validation Set Total

256 70.00, % 108 30.00, % 364 100.00, %

Age (years old)
<8 59 23.05 22 20.37 81 22.25
8-56 167 65.23 74 68.52 241 66.21
>56 30 11.72 12 11.11 42 11.54

Sex
Male 151 58.98 69 63.89 220 60.44
Female 105 41.01 39 36.11 144 39.56

Race
Black 30 11.72 9 8.33 39 10.71
White 195 76.17 93 86.11 288 79.12
Other 31 12.11 6 5.56 37 10.17

Hispanic
Hispanic 215 83.98 88 81.48 303 83.24
Non-hispanic 41 16.02 20 18.52 61 16.76

Marital status
Unmarried 182 71.09 70 64.81 252 69.23
Married 74 28.91 38 35.19 112 30.77

Year of diagnosis
<2010 164 64.06 77 71.30 241 66.21
≥2010 92 35.94 31 28.70 123 33.79

Histological type
Pilocytic astrocytoma 130 50.78 47 43.52 177 48.63
Astrocytoma, NOS 77 30.08 41 37.96 118 32.42
Astrocytoma, anaplastic 29 11.33 13 12.04 42 11.53
Other 20 7.81 7 6.48 27 7.42

Tumor stage (summary stage 2000)
Localized 230 89.84 99 91.67 329 90.38
Regional 16 6.25 6 5.56 22 6.05
Distant 10 3.91 3 2.77 13 3.57

Radiotherapy
No 160 62.50 67 62.04 227 62.36
Yes 96 37.50 41 37.96 137 37.64

Chemotherapy
No 194 75.78 80 74.07 274 75.27
Yes 62 24.22 28 25.93 90 24.73

CSS, cancer-specific survival.
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survival following surgery, even after the ongoing advance-
ment in surgical interventions and maintenance
experience.12,19 Few studies in the last 5 years have inves-
tigated CSS-associated potential predictive indicators in
postoperative patients with SCA.

Furthermore, our study collected data from the SEER
database between 2000 and 2019 and investigated the survival
of patients with SCA who underwent surgery. The result re-
vealed that the survival rate for SCA patients who underwent
surgery had only increased from 50.61% between 2000 and
2004 to 76.92% between 2015 and 2019, with almost a quarter
of patients benefiting less from surgery. Therefore, we con-
ducted a large population-based study and established a new
nomogram model to investigate potential predictive indicators
in postoperative patients with SCA and to formulate earlier
treatment strategies for response-adapted treatment, which can
prevent unnecessary use of health services and reduce the
social and economic burden on patients.9

Nomogram is a quantitative analysis method that inte-
grates multiple factors or indicators for the identification or
forecasting of disease evolution or advancement, which has
been widely implemented for the management of oncologic
diseases recently.26 It can simplify a complex model by
including several factors in lines with scales in plane

coordinates. It can calculate the probability of a predicted
event by performing simple addition and subtraction op-
erations on the score corresponding to each variable.4,13

The calibration curve, ROC curves, DCA, and other indi-
cators are important to evaluate the performance of the
nomogram.26 In the study, the calibration curves demon-
strated good consistency between the predicted outcomes
and the actual survival of patients, indicating the high
predictive accuracy of the nomogram (Figure 4). Further-
more, the values of the ROC curve for 3-, 5-, and 10-year
are greater than .800, indicating that the nomogram has
excellent discriminatory power and predictive accuracy
(Figures 5–6). DCA showed that the nomogram had better
clinical utility and significant net clinical outcomes at a
threshold greater than .1 (Figure 7).

In this study, we identified that age, histological type, tumor
stage, and radiotherapy were potential predictive indicators of
CSS for postoperative patients with SCA and established and
verified a nomogram model integrating the above 4 factors.
Compared to the traditional American Joint Committee on
Cancer (AJCC) tumor, node, metastasis (TNM) staging sys-
tem or separate potential predictive indicator evaluations, the
nomogram has the unique advantage of providing individu-
alized medical consultation services and more accurate

Figure 2. Univariate and multivariate Cox regression analyses of CSS-associated factors from postoperative patients with SCA.
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Figure 4. The calibration curves of the training and validation sets of the nomogram constructed in our study. (A–C) The calibration curves
of the nomogram for the 3-, 5-, and 10-year CSS prognosis of postoperative patients with SCA in training set at 3-, 5-, and 10-year; (D–F) the
validation set.

Figure 3. The prognostic nomogram predicts the 3-, 5- and 10-year probability of CSS in postoperative patients with SCA. Concretely, to
predict the individual survival of a patient with SCA undergoing surgery, we can obtain a total score by summing the scores of each
independent prognostic factor and then draw a vertical line from the total score to the bottom timeline to obtain his probability of death. The
probability of survival at the corresponding time is determined by subtracting the probability of death from 1. As shown in the figure above, a
postoperative patient between 8 and 56 years old with SCA, with astrocytoma (Anaplastic) of the histologic type, was treated with
radiotherapy and localized metastases. His corresponding total score is 51 (between 8 and 56 years old) + 100 (astrocytoma (Anaplastic) of
histologic type) + 35 (received radiotherapy) + 0 (localized metastases) = 186. The corresponding probability of death at 3-, 5-, and 10-year are
.660, .728, and .881, respectively, whereas his corresponding probability of CSS at 3-, 5-, and 10-year are .340, .272, and .119, respectively.

Wang et al. 7



estimation of 3-, 5-, and 10-year CSS for patients with SCA
who underwent surgery (Figure 6). Furthermore, to prevent
the misallocation of medical resources that results in the
undertreatment of people with low mortality risk or over-
treatment of people with high mortality risk, we developed a
mortality risk categorization system for SCA patients treated
with surgery following the constructed nomogram, which

can effectively categorize these patients into 3 risk sub-
groups: high, middle, and low (Figure 8). The mortality risk
stratification system will help clinicians improve patient
advantage, risk assessment, and personalized therapy.

Figure 2 exhibits that age was a potential predictive
indicator in patients with SCAwho underwent surgery. The
result revealed better survival in young patients, consistent

Figure 6. The prediction accuracy was compared between our study’s nomogram model and independent predictors. ROC curves for the
nomogram and 3- (A); 5- (B); as well as 10-year (C) in the training set and for 3- (D); 5- (E), and 10-year (F) in the validation set.

Figure 5. The 3-, 5-, and 10-year ROC curves in the training (A) and validation (B) sets of postoperative patients with SCA.
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with previous studies.9,17 HR values for the 8-64 and >64
age groups were 3.376 and 5.312, respectively, indicating
that age has excellent clinical guidance and predictive
performance. In addition, the histological type was a po-
tential predictive indicator in this experiment, which was
classified as 4 subgroups based on the ICD-O-3 classifi-
cation system (P < .05). The HR value for astrocytoma
(Anaplastic) was 11.136 (Figure 2), with a corresponding

score of 100 (Table 2), suggesting that astrocytoma (An-
aplastic) is strongly correlated with a poorer prognosis of
CSS compared to other histological types (P < .001). As
reported in previous studies, the histological type was a
crucial risk indicator for the prognosis of SCA
patients.4,9,12,22 On the contrary, some studies have con-
cluded that it does not make a difference in the survival of
patients with SCA.21,27 Potential causes of bias in patient

Table 2. The Detailed Scores of Independent Risk Predictors of Postoperative Patients with SCA in the Prognostic Nomogram.

CSS-Related Variables Corresponding Score Assignments in Nomogram

Age
<8 0
8-56 51
>56 69

Histological type
Pilocytic astrocytoma 0
Astrocytoma, NOS 41
Astrocytoma, anaplastic 100
Other 80

Tumor stage (summary stage 2000)
Localized 0
Regional 23
Distant 93

Radiotherapy
No 0
Yes 35

Figure 7. DCA of the training and validation sets. DCA of the nomogram for predicting the 3- (A); 5- (B); as well as 10-year (C) CSS in the
training set and the 3- (D); 5- (E); in addition to 10- year (F) CSS in the validation set of postoperative individuals with SCA.

Wang et al. 9



data include a short sample size and an inadequate histo-
logical sort.

Herein, a multivariate Cox regression examination revealed
that the variation in tumor grade was statistically significant
(P < .001). Patients with distant SCA metastases were more
vulnerable than those with localized or regional metastases,
demonstrating the importance of early identification in pa-
tients with primary SCA who underwent surgery. Due to the
tumor location, neurological signs and symptoms of SCA
patients often appear early and directly impact patients’
quality of life.3 Therefore, it suggests that patients undergo a
systematic and targeted examination as soon as possible.5,13 In
this study, radiotherapy was a CSS-related predictor in
postoperative individuals with primary SCA, while chemo-
therapy was not. We found a lower survival percentage in
patients who received radiotherapy than in those who did not,
possibly owing to radiotherapy complications. Radiotherapy
or chemotherapy is the primary therapeutic approach for brain
glioma; however, its clinical efficacy in SCA remains
controversial.8,17,21,28 Yang et al showed a contrasted con-
clusion, asserting that both radiotherapy and chemotherapy
exhibited an association with poorer OS and CSS. Interest-
ingly, our study indicated that surgery is the only effective
treatment for SCA patients compared to radiotherapy and
chemotherapy. The clinical efficacy of chemotherapy and
radiotherapy in the prognosis of SCA should be the primary
focus of further research to resolve this controversial issue.

Our research has numerous strengths. First, this research
population belongs to a multicenter base and is a retrospective
study with a long follow-up period. Second, the established
nomogram had excellent calibration, discrimination, and
predictive performance to provide individualized medical
consultation services and quantify the 3-, 5- and 10-year

predictions of CSS in postoperative SCA patients. Further-
more, the constructed mortality risk stratification system could
provide stratified patient management and rational assignment
of healthcare resources. Although, there are still some un-
deniable limitations of this study. The selection bias is crucial,
as this is a retrospective investigation. Furthermore, detailed
information about surgery and radiotherapy is unavailable in
the SEER database, such as specific surgery or radiotherapy
protocols. Thus, further studies must integrate more com-
prehensive data, improving the accuracy and predictive per-
formance of the model.

Conclusions

Age, tumor stage, histological type, and radiotherapy were
independent prognostic factors for CSS in postoperative pa-
tients with primary SCA. The researchers incorporated various
independent prognostic factors to develop a new prognostic
nomogram and a mortality risk stratification system. These
tools were designed to accurately predict the frequency of
mortality in patients with CSS at 3-, 5-, and 10-year post-
operative. After that, the predictive model can assist clinicians
with personalized medical counseling, risk prediction man-
agement, and clinical decision-making, significantly en-
hancing the clinical outcomes of patients with SCA who
underwent surgery.
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