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Background

Currently, the clinicopathological and prognostic characteristics of dedifferentiated chordoma (DC) and poorly differentiated chordoma (PDC) remain poorly understood. In this study, we sought to characterize clinicopathological parameters in a large PDC/DC cohort and determine their correlations with progression-free survival (PFS) and overall survival (OS) of patients. We also attempted to compare clinical features between PDC/DC and conventional chordoma (CC).



Methods

Literature searches (from inception to June 01, 2020) using Medline, Embase, Google Scholar and Wanfang databases were conducted to identify eligible studies according to predefined criteria. The local database at our center was also retrospectively reviewed to include CC patients for comparative analysis.



Results

Fifty-eight studies from the literature and 90 CC patients from our local institute were identified; in total, 54 PDC patients and 96 DC patients were analyzed. Overall, PDC or DC had distinct characteristics from CC, while PDC and DC shared similar clinical features. Adjuvant radiotherapy and chemotherapy were associated with both PFS and OS in PDC patients in the univariate and/or multivariate analyses. In the DC cohort, tumor resection type, adjuvant chemotherapy and tumor dedifferentiation components significantly affected PFS, whereas none of them were predictive of outcome in the multivariate analysis. By analyzing OS, we found that surgery, resection type and the time to dedifferentiation predicted the survival of DC patients; however, only surgery remained significant after adjusting for other covariables.



Conclusions

These data may offer useful information to better understand the clinical characteristics of PDC/DC and may be helpful in improving the outcome prediction of patients.
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Introduction

Chordoma is a rare and locally invasive malignant mesenchymal tumor that is considered to originate from embryonic residual notochordal tissues (1, 2). Chordoma accounts for approximately 1-4% of all bone tumors (3) and has a population-based incidence rate of 0.8/1000000 (4). The peak age for chordoma onset ranges from 60 to 70 years (5–8). Chordomas most commonly involve the sacrococcygeal or skull base (9), and cases occurring outside the axial skeleton have also been reported (10). Chordoma is unresponsive to traditional radiotherapy and chemotherapy; therefore, surgery constitutes the main treatment of choice. Due to its infiltrative nature and proximity to key neurovascular structures, complete resection of chordoma lesions may be challenging (11, 12). Therefore, the risk of tumor recurrence after surgery is high, and 40-60% of patients may even have distant metastasis during the course of disease, exerting a significant adverse effect on the quality of life and survival of patients (1, 13).

Histologically, chordomas can be divided into three subtypes: classical, chondroid and dedifferentiated types (14). Specifically, conventional chordoma (CC) is microscopically characterized by the presence of physaliferous cells in the mucous matrix, while chondroid chordoma contains both chordoma and chondroma components. By contrast, dedifferentiated chordoma (DC) is determined when sarcomatous elements emerge within CC tissues (14). Recently, a new chordoma subtype called poorly differentiated chordoma (PDC) has been proposed based on its clinicopathological and/or genetic features (6). Unlike other subtypes, PDC has no physaliferous cells or rich myxoid matrix on microscopy, although obvious atypia and active mitosis are commonly observed. In addition, it has also been suggested that Brachyury expression is positive, while the expression of SMARCB1/INI-1 is commonly absent in PDC tissues (6, 14, 15).

Currently, reports on the clinical characteristics of and prognostic factors for CC have been widely documented in the literature (16–18). Furthermore, studies have also shown that the prognosis of chondroid chordoma is better than that of CC (19). However, due to the rarity, studies addressing PDC/DC are limited in the literature, with most of them being single case reports or small sample case series. Therefore, little is known about the detailed clinicopathological features of PDC/DC, and no summary of the complete prognostic factors in these two chordoma subtypes has been reported. Previous studies have shown that compared with CC, PDC/DC are highly aggressive with worse patient survival (20–22). Considering the dismal prognosis of PDC/DC, systematically summarizing their prognostic factors may be helpful in stratifying patients and guiding therapeutic optimization, thereby improving patient survival. In this study, we sought to characterize the clinicopathological data of a large PDC/DC cohort and explore factors affecting the progression-free survival (PFS) and overall survival (OS) of patients. We also attempted to analyze the differences in clinicopathological and prognostic features between PDC/DC and CC.



Methods and Materials


Literature Review

Electronic searches of MEDLINE, Embase, Google Scholar and Wanfang databases were performed from inception to June 1, 2020, to identify eligible studies. The keywords used for searching were (“chordoma” or “chordomas”) and (“poorly differentiated” or “anaplastic” or “dedifferentiated” or “dedifferentiation” or “sarcomatous” or “sarcomatoid” or “transformation” or “malignant fibrous histiocytoma”). No other restrictions were put on the above searching terms in order to obtain comprehensive outcomes and avoid omissions. Bibliographies of the included studies were also manually checked to find any additional eligible records. The detailed search strategy is depicted in Figure 1. We included studies that assessed PDC/DC cases originally occurring in the spine or the skull base areas. Tumor diagnosis was confirmed by pathological and immuno- histochemical findings. Studies were restricted to English or Chinese reports involving human beings. The study exclusion criteria were as follows: no clinical information recorded for patients, duplicate publications, unconfirmed diagnosis of PDC/DC, and failure to provide survival data.




Figure 1 | Flow diagram of literature search showing studies identified, included and excluded at each stage.



Two investigators independently selected eligible studies according to predefined criteria and extracted data from each included study. These data included the following: patient information (age, sex, duration of symptoms), tumor features [including location, size, dedifferentiation type (de novo or secondary), treatment history before tumor dedifferentiation 9such as surgery or radiotherapy), dedifferentiation components and time to dedifferentiation], immunohistochemical results of proteins expression (including Brachyury, pancytokeratin [CK], S-100, vimentin and epithelial membrane antigen [EMA]), treatment (including surgery or not, the type of resection, adjuvant radiotherapy and chemotherapy), endpoint events (tumor progression and death) and time to critical events. The type of resection was determined as wide (such as gross total or en bloc resection with negative margins) or not wide (including intralesional or marginal resection) according to a previously described method (11). The main data of interest were PFS and OS. PFS was defined as the time interval from the date of diagnosis to the earliest date of disease progression (local and distant) or death from all causes if no progression was observed (16). Similarly, OS was defined as the interval from the date of diagnosis to death related to all causes or to the date of last follow-up if the patient was alive or lost to follow-up. For subsequent statistical analysis, immunohistochemical results were simply classified into two subgroups according to a published method (10): the high expression group (defined when the protein was diffusely or strongly positive in tumor tissues) and the low expression group (determined when the protein was weakly or focally positive and negative in tumor tissues). For patients with DC, the time to dedifferentiation was defined as the period from initial diagnosis of CC to the first appearance of dedifferentiated sarcomatous component in tumor tissues by pathological examinations.



Local Cohort

A retrospective review of our pathological database was conducted to identify patients at our center. A total of 90 patients with CC who underwent radical surgery at our institute from June 2002 to November 2018 were included for a comparative analysis with PDC or DC cohort. However, no PDC or DC cases were identified in our institute. Seventy-five of the CC patients had been previously described in our study (10). All patients received regular clinical and radiological examinations after surgery, and the follow-up information was updated in April 2019. The tumor diagnosis, pathological classification and resection type were evaluated by two experienced neuropathologists based on the findings in HE-staining sections of intraoperatively resected specimens. Expression levels of proteins in 75 patients were directly obtained from our published study (10), and the data of 15 newly added patients were retrieved by immunohistochemical analysis. To ensure comparability, the same antibodies (Supplemental Digital Content 1), dilution ratio and staining procedures were used during the experiment. Protein expression data were separated into two groups (low and high expression) according to the criteria described above. Patient demographics, treatment history, clinical outcomes and tumor features were obtained from medical records. Observations were censored when a patient was progression-free (PFS analysis) or alive (OS analysis).



Statistical Analysis

All statistical analyses were performed using R version 3.6.2 (R Foundation for Statistical Computing, Vienna, Austria) and the “surv_cutpoint” function in the “survminer” package was used to determine cut-off values for patient age (in PDC cohort), as well as duration of symptoms and time to tumor dedifferentiation (both in DC data) in survival analysis with OS as the outcome parameter (Supplemental Digital Content 2) (23). Specifically, the threshold value was defined as the point with the minimum P value in the log-rank test, which was subsequently corrected to avoid overstating the significance (24). For analysis, the data of patient age in other two cohorts (≤ 50 yr or > 50 yr) and tumor size in all cohorts (≤ 5 cm or > 5 cm), as well as duration of symptoms in CC cohort (≤ 36.5 mo or > 36.5 mo) were separated into two groups as previously suggested (10). Continuous data are expressed as the mean ± standard deviation and were analyzed by Student’s t-test or one-way ANOVA. Categorical data are summarized as the frequency or composition ratio and were analyzed by chi-square test. Univariate survival analysis was performed by Kaplan-Meier curves using the log-rank test to compare survival probabilities between groups. Multivariate survival analysis was conducted with a Cox proportional hazards model to identify independent predictive factors of PFS and OS. This analysis included variables that were statistically significant in our univariate analysis as well as the prognostic factors reported in the literature (14, 21). All tests were two-sided, and a P < 0.05 was considered statistically significant.




Results


Patient and Tumor Features of the PDC, DC, and CC Cohorts

A total of 58 studies (Supplemental Digital Content 3) were finally included, resulting in 150 PDC/DC cases for analysis, including 54 PDC cases and 96 DC cases. For comparative analysis, 90 CC cases were also included in the study. The patient characteristics are detailed in Table 1. Most of the included studies did not offer complete clinicopathological data for patients.


Table 1 | Comparison of baseline characteristics among patients with classic chordoma (CC, n = 90), dedifferentiated chordoma (DC, n = 96) and poorly differentiated chordoma (PDC, n = 54).




PDC Cohort

In the PDC cohort, 39 patients (72.2%) underwent surgery, and of them, 3 (5.6%) had wide resection, 14 (25.9%) had nonwide resection, and the remaining 22 had an unknown type of surgical resection. Nineteen patients received chemotherapy (13 were treated with unknown chemotherapy regimens; four, with tazemetostat; one, with doxorubicin, vincristine and ifosfamide; and one, with tazemetostat, nivolumab and ipilumimab), while 23 patients did not receive chemotherapy. Twenty-nine patients received adjuvant radiotherapy (12 were treated with unknown radiotherapy types; 5, with pencil beam scanning; 3, with conventional photon radiotherapy; 2, with 3D conformal radiation therapy; and 7, with combinatorial adjuvant radiotherapy), and 14 patients did not. The median PFS was 17.0 months, and the 1-year, 3-year, and 5-year PFS rates were 56%, 27%, and 14%, respectively. The median OS was 52.0 months, and the 1-, 3- and 5-year OS rates were 80%, 51%, and 34%, respectively.



DC Cohort

In the DC cohort, 29 patients had treatment history before tumor dedifferentiation (9 patients underwent tumor surgical resection, 8 received adjuvant radiotherapy, and 12 had both tumor resection and radiotherapy), and 67 patients did not. The average time to tumor dedifferentiation was 5.74 ± 6.53 years. Fifty-eight DC cases had dedifferentiation component data available. Of them, 18 tumors had fibrous sarcomatous components (including 11 with malignant fibrous histiocytomas, 5 with fibrosarcomas and 2 with both types), and 40 harbored nonfibrous sarcomatous elements (including 4 with osteosarcomas, 1 with rhabdomyoblastoma, 2 with rhabdomyosarcomas and 33 with other sarcomas). Twenty-three patients (24.0%) underwent wide resection, and 46 patients (47.9%) had nonwide resection. Twenty-six patients (27.1%) received chemotherapy (6 were treated with unknown chemotherapy drugs; two, with doxorubicin; one, with etoposide; and seventeen, with combinatorial adjuvant chemotherapy), and 59 patients did not. Sixty-four patients (66.7%) received adjuvant radiotherapy (including 20 treated with unknown radiotherapy approaches; 26, with traditional photon radiotherapy; 9, with proton beam radiation; 5, with external beam radiotherapy; 3, with carbon-ion radiotherapy; and one, with intensity-modulated radiotherapy), while 31 patients did not receive radiotherapy. The median PFS was 11.7 months, and the 1-, 3- and 5-year PFS rates were 48%, 17%, and 7%, respectively. The median OS was 26.0 months, and the OS rates at 1 year, 3 years and 5 years were 59%, 43% and 19%, respectively.



CC Cohort

Clinicopathological data of 90 CC patients have been partially communicated by our group (10, 23). No patients received chemotherapy. All patients underwent surgery. Of them, 53 (58.9%) underwent wide resection, and 37 (41.1%) had nonwide resection. Twenty-three patients (25.6%) received adjuvant radiotherapy (including 13 treated with traditional photon radiotherapy and 10 treated with intensity-modulated radiotherapy), and 67 patients (74.4%) did not. The median PFS was 22.0 months, and the 1-, 3- and 5-year PFS rates were 73%, 20% and 14%, respectively. The median OS was 73.0 months, and the OS rates at 3 years, 5 years and 10 years were 60%, 51% and 39%, respectively.




Comparison of Clinicopathological Characteristics Among Patients With Different Chordoma Subtypes

The comparative results of clinicopathological features between PDC, DC and CC patients are shown in Table 1. Overall, we found significantly different clinicopathological characteristics between the PDC or DC and CC groups, while PDC and DC displayed overlap in their clinical data. Of note, however, as no CC patients received adjuvant chemotherapy, we therefore did not analyze chemotherapy data in this group. In addition, our analysis revealed that the PDC and DC cohorts had more patients undergoing adjuvant radiotherapy than the CC group. However, this outcome might be biased by the fact that the CC cohort included only small number of patients with skull base chordoma who were more likely to be treated with radiotherapy after surgery.

Immunohistochemical results showed that protein biomarkers were differentially expressed among the three chordoma subtypes (Table 1). Specifically, INI-1 protein was negatively expressed in most PDC tissues, while all CC cases had positive INI-1 expression (Supplemental Digital Content 4), suggesting that INI-1 is a reliable maker for PDC diagnosis. However, due to the lack of enough INI-1 expression information in DC, we therefore did not assess these data in this group. This was also the case for tumoral vimentin expression in the PDC cohort.

Regarding clinical outcomes, we found that the PFS of DC patients was significantly shorter than that of CC patients. In addition, a significantly worse OS was observed in the PDC and DC groups than in the CC cohort. Similarly, Kaplan-Meier curves by the log-rank test also revealed significant differences in terms of PFS and OS among the three chordoma subtypes (Figure 2). Further subgroup analysis revealed that there was a remarkable difference in PFS between the DC and CC groups (median PFS: 11.7 vs 22.0 mo, P = 0.012). Similarly, a significant difference was also seen in the OS between the DC and CC groups (median OS: 26.0 vs 73.0 mo, P < 0.001), but there was only a borderline significant survival difference between the PDC and DC groups (median OS: 52.0 vs 26.0 mo, P = 0.062).




Figure 2 | Kaplan-Meier curves of progression-free survival (Left) and overall survival (Right) of chordoma patients stratified by tumor pathology subtypes.





Univariate and Multivariate Analyses of Prognostic Factors in PDC and DC Patients


PDC Cohort

In the PDC cohort, univariate Kaplan-Meier analysis showed that adjuvant radiotherapy and chemotherapy were closely related to a good PFS (Figures 3A, B and Table 2). Similarly, our analysis found that adjuvant radiotherapy was positively associated with OS (Figure 3C and Table 2). In addition, our results also revealed a marginally significant effect of adjuvant chemotherapy on patients’ OS (χ2 = 3.221, P = 0.073) (Table 2). Multivariate Cox regression analysis showed that adjuvant radiotherapy and chemotherapy could independently predict a good PFS (Table 3), while only radiotherapy was an independent predictor of OS (Table 3).




Figure 3 | Kaplan-Meier curves of progression-free survival of patients with poorly differentiated chordoma stratified by adjuvant chemotherapy (A) and radiotherapy (B), as well as overall survival of patients stratified by adjuvant chemotherapy (C).




Table 2 | Univariate analyses of prognostic factors for progression-free survival and overall survival in patients with poorly differentiated chordomaa.




Table 3 | Multivariate Cox proportional hazard analyses of prognostic factors for progression-free survival and overall survival in patients with poorly differentiated chordoma.





DC Cohort

In the DC group, we found that a nonfibrous dedifferentiated component and wide tumor resection were associated with a good PFS (Figures 4A, B and Table 4). However, in contrast to PDC, adjuvant chemotherapy negatively influenced the PFS of DC patients (Figure 4C and Table 4). By analyzing OS, we found that the time to tumor dedifferentiation, surgery and resection type were correlated with OS (Figures 4D–F and Table 4). Multivariate Cox analysis showed that only wide resection of tumors seemed to have a significant correlation with patients’ PFS (P = 0.098, Table 5). Similarly, this analysis only disclosed that surgical treatment was an independent predictor of OS (Table 5).




Figure 4 | Kaplan-Meier curves of progression-free survival of patients with dedifferentiated chordoma stratified by dedifferentiation component (A), resection type (B) and adjuvant chemotherapy (C), as well as overall survival of patients stratified by time to tumor dedifferentiation (D), type of resection (E) and surgery (F).




Table 4 | Univariate analyses of prognostic factors for progression-free survival and overall survival in patients with dedifferentiated chordomaa.




Table 5 | Multivariate Cox proportional hazard analyses of prognostic factors for progression-free survival and overall survival in patients with dedifferentiated chordoma.






Univariate and Multivariate Analyses of Prognostic Factors in CC Patients

Prognostic factors in the CC group have been previously reported in our study (10, 23). After updating the sample size in the study, we found that gender, the duration of symptoms, tumor size, the type of resection, radiotherapy and tumoral Brachyury expression were significantly correlated with PFS (Supplemental Digital Contents 5-6). Moreover, this analysis revealed that the duration of symptoms, type of tumor resection and Brachyury expression significantly affected patients’ OS (Supplemental Digital Contents 6-7). Further Cox multivariate analysis showed that gender, the type of tumor resection, adjuvant radiotherapy and Brachyury expression were independent prognostic factors of PFS (Supplemental Digital Content 8), while the duration of symptoms, type of resection and Brachyury expression independently predicted OS (Supplemental Digital Content 8).




Discussion

In this study, we characterized the clinicopathological data and prognostic factors in a large PDC/DC cohort and compared their features with those of a CC cohort. We found that there were significantly distinct clinical features between PDC/DC and CC, while PDC and DC showed similarities except for patient age, gender, tumor location, size and S-100 expression. In the PDC group, adjuvant radiotherapy and chemotherapy were closely associated with patient outcomes. For DC patients, the type of tumor resection, adjuvant chemotherapy and tumor dedifferentiation components significantly affected PFS, while surgery, the type of resection and time to dedifferentiation predicted OS. These data may contribute to a comprehensive understanding of the clinicopathological and prognostic characteristics of PDC/DC and may be helpful in guiding prognostic risk stratification of and therapeutic optimization for patients.

Consistent with previous studies claiming that PDC and DC are aggressive and have a poor prognosis (6, 14, 17, 25, 26), we found that the prognosis of PDC/DC was poorer than that of CC, with DC patients having the shortest survival. These results may suggest different tumorigenesis mechanisms among PDC/DC and CC, thereby leading to different disease phenotypes and clinical outcomes. Given that PDC is more common in children, we speculate that the occurrence of PDC may be attributed to abnormal molecular mechanisms related to growth and development, which deserves further investigation. As DC can occur de novo or after previous treatments, future studies using single-cell sequencing by collecting tissue samples before and after tumor dedifferentiation or matched DC and CC specimens may be helpful in dissecting the precise molecular mechanism of DC development. Such studies are imperative, as they may provide insight into the development of new treatment strategies for DC, considering that the prognosis of this disease is dismal and that the current treatment is highly limited. Furthermore, these therapeutic choices may also be beneficial for PDC patients because PDC and DC shared marked similarity in clinical features as revealed by our data. Noticeably, however, we found no significant survival difference between patients with PDC and CC, in contrast to previous works (14, 20). This phenomenon may be caused by the small number of PDC patients with complete survival data, thus resulting in low statistical power.

Previous studies have confirmed that the type of tumor resection is the main factor affecting the clinical outcomes of chordoma patients (27–29). In contrast, however, we found no significant correlation between the type of resection and patient survival in PDC, which may be due to the small sample size in the survival analysis. It has been shown that PDC (especially for INI-1-negative cases) displays aggressive behavior and tends to have early distant metastasis (20, 30). These conditions may distort evaluation of the true effect of resection type on PDC outcomes. Another major finding of the study was that chemotherapy could improve the survival of PDC patients, similar to previous data (14). One possible reason may be that PDC has poor extracellular matrix; therefore, drugs can easily enter tumor cells to exert their antitumor effects. A recent study provided evidence in support of this conjecture (31). Published data have demonstrated that administration of radiotherapy has benefits in chordoma patients (32–34). Similarly, we found that radiotherapy significantly improved PDC prognosis and could also independently predict both patients’ PFS and OS. These findings together suggest that adjuvant radiotherapy should be performed whenever possible to enhance the survival of PDC patients. Nevertheless, it should be noted that as most of the included studies did not provide detailed information on radiotherapy, we were unable to evaluate the association between specific radiotherapy types and patient outcomes in PDC.

It has been described that dedifferentiated components in DC tissues may include malignant fibrous histiocytoma (35), fibrosarcoma (36), osteosarcoma (37), rhabdomyoblastoma (38) and rhabdomyosarcoma (39). Our study discovered that the presence of a nonfibrous dedifferentiation element had significantly positive prognostic implications in DC, which was in line with previous reports (40). Prior data have suggested that cancer-related fibroblasts can promote cancer development and progression by modulating the integrin signaling pathway (41–43), which has also been linked with tumor progression and metastasis (44). Considering that fibroblasts are the main cell types in DC-containing fibrous sarcomas, whether analogous molecular mechanisms exist in this pathology remains to be fully elucidated. In addition, our analysis found that the time to tumor dedifferentiation was closely related to the OS of DC patients. This is easy to understand because a short period of dedifferentiation may likely hint at a highly invasive tumor phenotype, thereby leading to adverse clinical outcomes. In agreement with published reports (17), we also revealed that wide resection of tumors was correlated with a favorable DC prognosis, with surgical treatment as the only independent predictor. These results highlight the importance of wide resection in the treatment of DC patients, which should be achieved whenever possible to prolong patient survival.

Interestingly, we showed that adjuvant chemotherapy negatively affected the PFS of patients with DC. The exact mechanism underlying this condition is unclear. Prior observations have indicated that chemotherapy can cause shedding of the syndecan-1 proteoglycan to accelerate tumor recurrence and progression (45). This finding may provide an explanatory basis for the poor survival of DC patients treated with chemotherapy. Further transcriptome sequencing studies using DC tissue samples before and after chemotherapy may help uncover the precise molecular mechanisms of how chemotherapy promotes DC progression. However, we failed to identify which chemotherapy drugs could lead to a poor DC prognosis because of insufficient information. Future studies with well-documented chemotherapy data are needed to clarify this issue in order to optimize therapy and improve survival. Additionally, this study found that radiotherapy had no significant effect on DC prognosis, similar to previous observations (27, 46). Studies have suggested that radiotherapy may promote DC progression (27). Considering these findings, we recommend that radiotherapy should be arranged with caution for DC patients, although further confirmation is necessary.


Limitations

Most studies did not provide complete clinicopathological data for PDC/DC patients, which may introduce bias into the results. Despite this, we performed a pooled analysis of individual patient-level data involving DC and PDC subjects from literature to present clinical characteristics of the two chordoma subtypes, which may possibly have implications for clinical decision making of patients. We did this because PDC or DC is a rare entity and collecting sufficient data for analysis in a single institute is difficult. In fact, this method is currently widely used in the literature and is an effective tool for the investigation of rare disease (47). Nevertheless, to reduce the heterogeneities between different studies or between literature data and our local cohort, allow for comparability and then make statistical feasible, we obtained complete and objective patient information (these data cannot have variations among studies, such as age, sex, tumor location, tumor size, etc.), and also simplified criteria for subjective variable grouping in subsequent analysis (divided into low or high and yes or no for most categorical variables). However, additional prospective multicenter cooperative studies with large sample sizes and complete data are still required to confirm our current findings.




Conclusion

The present study analyzed the clinicopathological characteristics and prognostic factors in a large number of PDC/DC patients and compared their clinical data with that of a CC population. We found that PDC/DC and CC had significantly different clinical features, while PDC and DC shared similarities. In the PDC cohort, adjuvant radiotherapy and chemotherapy were associated with patient survival. In contrast, for DC patients, the presence of a dedifferentiated component, time to tumor dedifferentiation, surgery and radiation therapy significantly affected survival. These data may contribute to a comprehensive understanding of the characteristics of PDC/DC and may be helpful in guiding prognostic risk stratification and therapeutic optimization of patients.
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P- HR (95% CI) P- HR (95% CI) P- HR (95% CI)
value value value
Adjuvant Yes/No 0.415 1.464 (0.586-  Time to > Cutoff/< 0.067 3.182 (0.922- 0.200 2.831 (0.576-
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Bold values indicate P < 0.05; #surgical treatment and resection type were not simultaneously included in muttivariate analysis of overall survival because they are closely correlated and
seem to be confounded with each other.





