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Prognostic model for early-
onset colorectal cancer with liver
metastasis after primary tumor
resection and chemotherapy

Zhiguo Tang, Guojia Zhou, Yu Xu, Yang Zhang & Yinxu Zhang™*

This study aims to develop a nomogram for predicting the overall survival (OS) of early-onset
colorectal cancer with liver metastasis (EOCRC-LM) patients who underwent primary tumor resection
combined with chemotherapy. Using the SEER database (2010-2015), we identified EOCRC-LM
underwent primary tumor resection and chemotherapy. Eligible cases were randomly split into
training/validation cohorts. Least Absolute Shrinkage and Selection Operator(LASSO) regression

and multivariate Cox analysis identified independent OS predictors, which were integrated into

a nomogram. Model performance was assessed via calibration curves, time-dependent Receiver
Operating Characteristic, and Decision Curve Analysis (DCA), demonstrating clinical utility. A cohort
of 1049 early-onset colorectal cancer patients with liver metastases underwent tumor resection and
chemotherapy was analyzed using SEER data (2010-2015), randomly divided into training (n=734)
and validation (n=315) cohorts. LASSO and multivariate Cox regression identified eight independent
prognostic factors: marital status, tumor location, T/N stage, CEA level, lymph node count, and bone/
lung metastases. The nomogram showed strong predictive accuracy, with training cohort Area Under
the Curve(AUCs) of 0.70 (0.66, 0.73) (2-year), 0.72 (0.68, 0.76) (3-year), and 0.77 (0.72, 0.80) (5-year),
and validation cohort AUCs of 0.68 (0.62, 0.74), 0.71 (0.65, 0.77) , and 0.80 (0.75, 0.86) , respectively.
Calibration curves confirmed close alignment between predicted and observed survival, while DCA
validated clinical utility for personalized risk assessment. The clinical prediction model developed
from SEER data for OS in EOCRC-LM patients underwent combined primary tumor resection and
chemotherapy demonstrated robust performance in prognostic evaluation. This nomogram-based tool
provides clinicians with reliable quantitative guidance and a theoretical foundation for implementing
personalized therapeutic strategies, thereby addressing the critical need for precision medicine in this
clinically heterogeneous population.

Keywords Early-onset colorectal cancer, Liver metastasis, Primary tumor resection, Chemotherapy,
Nomogram, SEER

Colorectal cancer (CRC) is the third most common malignant tumor globally and the second leading cause of
cancer-related deaths!. Although the incidence of colorectal cancer in the elderly population (> 50 years old) has
declined due to widespread screening and advances in treatment, the incidence of early-onset colorectal cancer
(EOCRC, diagnosed at < 50 years of age) has rapidly increased globally?, exhibiting a significant trend of younger
age onset. Multiple studies have shown that patients with EOCRC are more likely to be diagnosed at advanced
stages (I1I/IV) and have a higher incidence of distant metastasis>*. EOCRC patients tend to have more aggressive
tumors (e.g., higher proportions of mucinous or signet-ring cell carcinoma), which may increase the risk of liver
metastasis®. Moreover, EOCRC exhibits higher genetic heterogeneity (with a higher proportion of MSI-H and
enriched specific gene mutations), stronger immunogenicity (elevated TMB and PD-L1 expression), and unique
activation of signaling pathways related to the immune microenvironment®. In contrast, late-onset colorectal
cancer (LOCRC) relies more on traditional driver gene mutations and chronic inflammation-related pathways.
LOCRC predominantly exhibits microsatellite stability (MSS), with driver mutations such as KRAS and BRAF
being more common’. The differences between EOCRC and LOCRC suggest that early-onset liver metastasis is

Department of General Surgery, The First Affiliated Hospital of Jinzhou Medical University, Jinzhou 121000, China.
Hemail: zhangyx@jzmu.edu.cn

Scientific Reports|  (2025) 15:37698 | https://doi.org/10.1038/s41598-025-21410-x nature portfolio


http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-025-21410-x&domain=pdf&date_stamp=2025-9-26

www.nature.com/scientificreports/

characterized by greater genetic heterogeneity and immune evasion, while late-onset cancer is more driven by
traditional carcinogenic pathways.

The treatment of early-onset colorectal cancer liver metastasis (EOCRC-LM) is characterized by
multidisciplinary collaboration, with the combined use of surgery and chemotherapy being the current core
strategy. In terms of surgery, radical liver resection remains the primary means of achieving long-term survival.
However, approximately 80% of patients are unable to undergo direct surgery at diagnosis due to tumor burden
or insufficient liver function reserve®®. For initially unresectable cases, conversion therapy using chemotherapy
regimens (e.g., FOLFOX/FOLFIRI combined with targeted drugs) can provide 15-40% of patients with the
opportunity for a second-stage surgery'’. EOCRC exhibits more aggressive tumor biology, often presenting
with high lymph node positivity and synchronous liver metastasis'!. However, retrospective studies show that
after neoadjuvant chemotherapy and downstaging, the 5-year survival rate of EOCRC-LM patients undergoing
RO resection can reach 35-50%, with no significant difference compared to late-onset patientslz. Furthermore,
the application of chemotherapy must balance efficacy with toxicity. Long-term chemotherapy may lead to
chemotherapy-associated liver injury (CALI), such as sinusoidal obstruction and steatosis, which increases the
risk of posthepatectomy liver failure (PHLF)!3. For younger patients, clinicians often tend to use more intensive
chemotherapy regimens, but existing evidence suggests that this age-related bias does not lead to clear survival
benefits'%. Neoadjuvant chemotherapy (NAC) can reduce early recurrence rates in specific high-risk patients,
while adjuvant chemotherapy can prolong disease-free survival, especially in patients with synchronous liver
metastasis'®. Advances in minimally invasive surgery (laparoscopic/robotic) have reduced perioperative risks
during simultaneous resection of primary and liver metastatic lesions!®, while the combination of molecular
targeted drugs and chemotherapy has further optimized systemic treatment outcomes'’. Currently, there is
controversy regarding the survival benefit of resecting the primary tumor in patients with unresectable liver
metastasis, as this benefit remains unclear'®. A comprehensive evaluation, including tumor burden and genetic
status (e.g., RAS mutations), is necessary.

This study aims to analyze the impact of primary tumor resection combined with chemotherapy on survival
in early-onset colorectal cancer patients with liver metastases using the SEER database, develop a survival
prediction model, provide individualized treatment guidance for clinicians, assess which patients may benefit
from this treatment strategy, and support decision-making with data-driven evidence.

Materials and methods

Patient selection

The data for this study was sourced from the Surveillance, Epidemiology, and End Results (SEER) database
(www.SEER.cancer.gov), which includes 17 registries, as of November 2023 (covering data from 2000 to 2021).
Patient data was downloaded using SEER*Stat version 8.4.4.Since SEER does not include personal identifying
information, this study does not require approval from an ethics committee or informed consent. A total of
23,798 patients under the age of 50 were downloaded from the data, with patients whose information was invalid
or incomplete excluded from the study. Ultimately, 1049 patients were included and randomly divided into a
training group and a validation group in a 7:3 ratio. The data screening process is shown below (Fig. 1).

Statistical analysis

In this study, all statistical analyses were performed using R software (version 3.6.1), with a P value <0.05
(two-tailed) considered statistically significant. All patients were randomly divided into a training group and a
validation group using R software. The distribution of variables between the two groups was compared using the
Chi-square test or Fisher’s exact test. In the training group, the least absolute shrinkage and selection operator
(LASSO) regression analysis was used to identify relevant prognostic risk factors from the clinical variables.
Multivariable Cox regression was then used to further examine non-zero coefficient variables in order to
determine independent prognostic factors for EOCRC-LM patients who underwent primary tumor resection
combined with chemotherapy. Additionally, a new diagnostic nomogram was constructed using the “rms”
package based on independent risk factors. The newly established nomogram model was then evaluated using the
validation group, generating a receiver operating characteristic (ROC) curve and calculating the corresponding
area under the curve (AUC) to assess its discriminatory ability. In addition, calibration curves and decision
curve analysis (DCA) were used to evaluate the performance of the nomogram. Based on the nomogram score,
patients were classified into low- and high-risk groups, and the risk model was visualized using “ggrisk”

Result

Characteristics of included cases

Based on the inclusion criteria, a total of 1049 cases were included in this study, with 734 cases randomly
assigned to the training group and 315 cases to the validation group. Among all patients, 45.1% were male and
54.9% were female. Of the patients, 33.6% were unmarried, 54.5% were married, and 11.9% were widowed or
divorced.Rectal cancer accounted for 18.5%, and colon cancer for 81.5%, with the highest proportion being
left-sided colon cancer, which accounted for 51.7%. Bone metastasis was present in 2.9%, and lung metastasis
in 15.6%. Among them, 4.2% of patients were aged <29 years, while 95.8% were aged between 30 and 49 years.
Tumor stages T1-T4 accounted for 3.3%, 3.6%, 59.3%, and 33.7%, respectively.143 patients (13.6%) had a history
of radiotherapy, and 622 patients (59.3%) were CEA-positive. No significant differences were found between the
training group and the validation group for each included variable (Table 1).
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Patients with pathologically confirmed early-onset
colorectal cancer (EOCRC) from the SEER database
between 2010 and 2015
(N=23798)

Excluded Patients(N=22749):
1.without hepatic metastasis(N=19793)
2.without prior systemic therapy(N=1380)
3.No chemotherapy(N=630)
4.Resection of non-primary tumor(N=_852)
5.Incomplete TNM staging(N=63)
6.distant metastasis is "Unknow"(N=21)
7Marital status is "Unknow"(N=10)
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Fig. 1. Flowchart of the selection of patients for inclusion in EOROC-LM in this study.

Nomogram establishment

The LASSO regression model initially selected 14 variables as prognostic risk factors for EOCRC-LM patients
who underwent primary tumor resection combined with chemotherapy (Fig. 2). To enhance the interpretability
of the model, only non-zero coefficient variables selected based on the minimum one standard error criterion
were retained. Ultimately, nine risk factors—marital status, primary tumor location, T stage, N stage, CEA,
number of lymph nodes dissected during surgery, history of radiotherapy, bone metastasis, and lung metastasis—
were used in multivariate Cox regression analysis for overall survival (OS) (Table 2) to determine independent
prognostic factors for OS. In the multivariate OS analysis, marital status, primary tumor location, T stage,
N stage, CEA, number of lymph nodes dissected during surgery, bone metastasis, and lung metastasis were
significantly associated with patient OS. Therefore, based on the independent prognostic risk factors from the
multivariate analysis, we constructed OS nomogram models for 2-year, 3-year, and 5-year survival (Fig. 3).

Nomogram validation

The calibration curve of the OS prediction model showed excellent consistency between predicted and actual
risks, closely following the diagonal, confirming their high predictability and accuracy (Fig. 4). The time-
dependent ROC curve highlighted the model’s sensitivity and specificity. In the training set, the AUC for the OS
model at 2, 3, and 5 years was 0.70, 0.72, and 0.77, respectively; in the validation set, the AUCs were 0.68, 0.71,
and 0.80, respectively (Fig. 5). Additionally, decision curve analysis indicated that, compared to traditional TNM
staging, these predictive models offer better clinical applicability (Fig. 6).

Risk stratification and visualization of predictive models

This study constructed a predictive model for EOCRC-LM patients who underwent primary tumor resection
combined with chemotherapy based on LASSO regression and Cox proportional hazards models, and visualized
the model’s risk stratification and variable contributions using the “ggrisk” package (Fig. 7). The survival rate of
patients in the high-risk group (red) was significantly lower than that of the low-risk group (log-rank p <0.001),
indicating that the model has clinical applicability.
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Variables Total (n=1049) | Training (n=734) | Validation (n=315) | P value
Age 0.349
<29 44 (4.2%) 28 (3.8%) 16 (5.1%)

30-49 1005 (95.8%) 706 (96.2%) 299 (94.9%)

Sex 0.79
Female 473 (45.1%) 329 (44.8%) 144 (45.7%)

Male 576 (54.9%) 405 (55.2%) 171 (54.3%)

Race 0.311
White 767 (73.1%) 541 (73.7%) 226 (71.7%)

Black 164 (15.6%) 107 (14.6%) 57 (18.1%)

Other 118 (11.2%) 86 (11.7%) 32(10.2%)

Marital status 0.558
Married 572 (54.5%) 401 (54.6%) 171 (54.3%)
UnMarried/Single 352 (33.6%) 241 (32.8%) 111 (35.2%)
Divorced/Separated/Widowed | 125 (11.9%) 92 (12.5%) 33 (10.5%)

Site 0.104
Left-side 542 (51.7%) 372 (50.7%) 170 (54%)

Right-side 313 (29.8%) 214 (29.2%) 99 (31.4%)

Rectum 194 (18.5%) 148 (20.2%) 46 (14.6%)

Tumor size 0.488
<5cm 530 (50.5%) 376 (51.2%) 154 (48.9%)

>5cm 519 (49.5%) 358 (48.8%) 161 (51.1%)

Histologic 0.882
Adenocarcinoma 948 (90.4%) 665 (90.6%) 283 (89.8%)

Mucinous adenocarcinoma 64 (6.1%) 43 (5.9%) 21 (6.7%)

Other 37 (3.5%) 26 (3.5%) 11 (3.5%)
T 0.834
T1 35 (3.3%) 24 (3.3%) 11 (3.5%)

T2 38 (3.6%) 29 (4%) 9 (2.9%)

T3 622 (59.3%) 436 (59.4%) 186 (59%)

T4 354 (33.7%) 245 (33.4%) 109 (34.6%)
N 0.637
NO 167 (15.9%) 118 (16.1%) 49 (15.6%)

N1 397 (37.8%) 271 (36.9%) 126 (40%)

N2 485 (46.2%) 345 (47%) 140 (44.4%)
Radiotherapy 0.244
None/Unknown 906 (86.4%) 628 (85.6%) 278 (88.3%)

Yes 143 (13.6%) 106 (14.4%) 37 (11.7%)
CEA 0.582
Negative 158 (15.1%) 115 (15.7%) 43 (13.7%)

Positive 622 (59.3%) 436 (59.4%) 186 (59%)

Unknown 269 (25.6%) 183 (24.9%) 86 (27.3%)
Regional nodes examined 0.461
<17 561 (53.5%) 398 (54.2%) 163 (51.7%)

>17 488 (46.5%) 336 (45.8%) 152 (48.3%)
Bone metastasis 0.421
No 1019 (97.1%) 715 (97.4%) 304 (96.5%)

Yes 30 (2.9%) 19 (2.6%) 11 (3.5%)
Lung metastasis 0.431

No

885 (84.4%)

615 (83.8%)

270 (85.7%)

Yes

164 (15.6%)

119 (16.2%)

45 (14.3%)

Table 1. Baseline demographic and clinical characteristics of EOCRC-LM patients.
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Fig. 2. LASSO coefficient profiles of the 14 candidate predictors for OS (a), and plots of partial likelihood

deviance for OS (b).

Multivariate alysis
Variables HR [95%CI [ Pvalue
Marital.status
Married Reference
Unmarried/Single 1.48 | 1.24,1.78 | <0.001
Divorced/Separated/Widowed | 1.29 | 1.01, 1.65 0.046
Site
Left-side Reference
Right-side 1.34 | 1.11, 1.61 0.002
Rectum 0.87 | 0.69, 1.14 0.32
T
T1 Reference
T2 0.51 | 0.28,0.95 0.034
T3 0.68 | 0.43,1.08 0.105
T4 0.88 | 0.54,1.41 0.589
N
No Reference
N1 1.36 | 1.06,1.75 0.017
N2 1.89 | 1.47,2.43 | <0.001
Radiotherapy
None/Unknown Reference
Yes 082 [0.62,1.10 [ 0.189
CEA
Negative Reference
Positive 1.63 | 1.27,2.08 | <0.001
Unknown 1.49 | 1.14,1.96 0.004
Regional nodes examined
>17 Reference
<17 132 [ 112,156 | 0.001
Bone metastasis
No Reference
Yes 204 [1.23339 [ 0.006
Lung metastasis
No Reference
Yes L64 [1.322.03 [ <0.001

Table 2. Multivariate cox regression model analysis of OS for nomogram.
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Fig. 3. Nomograms for predicting the OS of EOCRC-LM underwent primary tumor resection and adjuvant
chemotherapy.

Discussion

In this study, 8 independent prognostic factors were selected from 14 prognostic factors to construct a prognostic
nomogram for EOCRC-LM patients who underwent primary tumor resection combined with chemotherapy. This
suggests that the prognosis of these patients is likely to be related to a greater number of variables. The 2-, 3-, and
5-year AUC values and the calibration curve of this model indicate that the risk model has good discriminatory
ability,and can be used to provide individualized treatment for EOCRC-LM patients by combining multiple risk
factors, selecting those who will benefit from primary tumor resection combined with chemotherapy. Age was not
included as an independent prognostic risk factor during model construction. First, multiple studies have shown
that after adjusting for molecular markers (such as RAS/BRAF mutation status), the survival difference between
early-onset (<50 years) and late-onset patients is no longer significant!®?. This suggests that the prognostic
value of age may be masked by the tumor’s biological characteristics. Secondly, immune microenvironment
analysis shows no significant difference in immune cell infiltration in liver metastases between younger and older
patients?!. Furthermore, molecular-level heterogeneity (such as Claudin-2 expression) may drive metastasis
more than the effect of age itself?2. Additionally, treatment-related factors such as chemotherapy responsiveness
and timing of primary tumor resection have a more direct impact on prognosis?>. These data collectively suggest
that age may indirectly affect prognosis by mediating other biological or treatment-related variables, rather
than being an independent risk factor. Multiple studies have confirmed that marital status is an independent
protective prognostic factor for colorectal cancer patients, significantly associated with earlier diagnosis and
longer survival?!. Marital support may improve prognosis by enhancing treatment adherence and providing
psychological support, and our analysis also supports this finding. In T1-stage early-onset colorectal cancer
liver metastasis patients, a paradoxical phenomenon was observed: despite the primary tumor being early-stage,
their prognosis was worse than that of T3/T4 stage metastatic patients. This may be related to T1-stage tumors
being more prone to occult metastasis or having distinct biological behaviors?. These patients often present with
characteristics such as rectal origin, high differentiation, few lymph node metastases, and elevated CEA levels?©,
indicating the need for a targeted prognostic model to optimize treatment strategies.

The study found significant differences in the impact of the tumor’s primary site on prognosis. First, right-
sided colon cancer (R-CC) is more commonly associated with RAS/BRAF mutations and mismatch repair
deficiency (AMMR), leading to increased invasiveness and poor prognosis?”-?. Left-sided colon cancer (L-CC)
and rectal cancer (ReC) are predominantly associated with TP53 mutations, but rectal cancer has a higher risk of
recurrence?*. Additionally, left-sided tumors have a higher rate of liver metastasis, whereas right-sided tumors
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Fig. 4. Calibration curves for Nomograms. (a—c) Calibration curves for 2-, 3-, and 5-year OS in the
Nomogram prediction training group, (d-f) Calibration curves for 2-, 3-, and 5-year OS in the Nomogram

prediction validation group.
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Fig. 5. The receiver operating characteristic (ROC) curves of Nomograms. (a-c) ROC curves of the training
group for 2, 3, and 5 years. (d-f) The ROC curves of the validation group for 2, 3, 5 years.

are more likely to have multifocal metastases and mucinous adenocarcinoma, leading to worse prognosis. Rectal
cancer, however, has a higher risk of local recurrence, and its recurrence-free survival rate is lower than that of
left-sided colon cancer?!. Thus, the primary tumor site affects prognosis through molecular heterogeneity and
metastatic patterns. The number of lymph nodes dissected is one of the key factors influencing prognosis. For
patients undergoing primary tumor resection combined with chemotherapy, adequate lymph node dissection
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not only helps with accurate staging but also significantly improves survival outcomes®2. Lymph node metastasis
status (e.g., lymph node ratio, LNR) is closely related to liver metastasis burden. A high LNR (e.g., > 0.25) indicates
a poorer overall survival rate*. Inadequate lymph node dissection may result in undetected occult metastasis,
thereby increasing the risk of postoperative recurrence. It is noteworthy that neoadjuvant chemotherapy may
reduce the number of detectable lymph nodes, but standardized dissection can still maintain the accuracy
of prognostic assessment. Additionally, CEA positivity significantly impacts patient prognosis. In I-II stage
patients who did not receive adjuvant chemotherapy, increasing CEA levels can independently predict the risk

of recurrence?

*. For patients undergoing liver resection combined with chemotherapy, abnormal CEA levels not

only suggest a higher tendency for liver metastasis but are also associated with a decrease in 3-year disease-free
survival rate®. It is worth noting that dynamic changes in CEA levels (e.g., reduction after chemotherapy) can
reflect the tumor’s sensitivity to systemic chemotherapy (e.g., FOLFIRI combined with targeted therapy) and
predict survival benefits®. Therefore, the prognostic model includes CEA as a stratification variable, combined
with the primary tumor site, allowing for more accurate long-term prognosis assessment of EOCRC-LM patients.
The presence of bone and lung metastasis greatly influences the survival prediction for EOCRC-LM patients,
as metastatic disease is a key prognostic factor?’.Patients with bone or lung metastasis have significantly lower
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survival rates, further highlighting the aggressiveness of metastatic EOCRC, which requires accurate prediction
to optimize systemic treatment and assess the potential for palliative therapy*®.

In the current treatment strategies for EOCRC-LM, combined primary tumor resection (PTR) and
chemotherapy has become an important area of research. Existing evidence suggests that PTR can improve
survival in patients with synchronous metastasis, particularly for those with liver metastases that remain
unresectable after chemotherapy. PTR may prolong overall survival (OS) by reducing tumor burden and
metastatic potential®®. However, the extent of its benefit is significantly influenced by molecular characteristics
(such as RAS/BRAF mutation status)*’. Regarding chemotherapy, neoadjuvant treatment (neoCTx) can increase
the rate of liver resection, but its liver injury risk must be balanced with survival benefits*!. The lack of early
efficacy evaluation tools (such as continuous variable models based on tumor diameter and lesion count) may
delay treatment plan adjustments for non-responders?, It is important to note that the synergistic mechanisms
between PTR and chemotherapy still need further exploration, including biological processes such as the
reactivation suppression of dormant tumor cells (e.g., FBX8 pathway) and liver microenvironment remodeling
(e.g., Claudin-2-mediated metastatic colonization). Future directions should focus on multicenter validation of
dynamic predictive models and explore the potential for combining immunotherapy with existing treatment
regimens?243,

This study integrated multiple variables, enabling the model to provide dynamic survival predictions,
suitable for follow-up management at different time points. Additionally, the intuitive scoring system is easy
to implement in clinical practice. Validation with the calibration curve showed that the model exhibits good
predictive performance and stability. High-risk patients (e.g., CEA-positive) can be identified through the
model, optimizing adjuvant treatment plans;while low-risk patients can avoid overtreatment.

Limitions

Although this study model relies on the extensive case resources of the SEER database, its clinical information
dimensions still have significant limitations, providing clear directions for the improvement of future research.
Specifically, the database lacks key parameters related to the diagnostic and treatment process, such as the
number and extent of liver metastases, the choice of chemotherapy regimen for liver metastasis, the number of
treatment cycles, adjustments to drug doses, and the use of targeted therapies. This missing core treatment data
may limit the reliability of the model’s evaluation results. It is noteworthy that the database has not yet integrated
molecular pathological features with important prognostic value in colorectal cancer diagnosis and treatment
(such as KRAS/BRAF mutation status and microsatellite instability). These biological markers have been shown
to be closely related to tumor invasiveness and treatment sensitivity. Incorporating these into the multivariate
analysis model should be a key breakthrough in future research.

Conclusion

In this study, we identified independent risk factors for (EOCRC-LM patients who underwent primary tumor
resection combined with chemotherapy based on the SEER database, and constructed and validated a survival
prediction model for these patients. The model demonstrates good accuracy and potential clinical applicability.

Data availability
All data analyzed in this study are included in the supplementary files.
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