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Background

This study aims to establish an integrated model based on clinical, laboratory, radiological, and pathological factors to predict the postoperative recurrence of atypical meningioma (AM).



Materials and Methods

A retrospective study of 183 patients with AM was conducted. Patients were randomly divided into a training cohort (n = 128) and an external validation cohort (n = 55). Univariable and multivariable Cox regression analyses, the least absolute shrinkage and selection operator (LASSO) regression analysis, time-dependent receiver operating characteristic (ROC) curve analysis, and evaluation of clinical usage were used to select variables for the final nomogram model.



Results

After multivariable Cox analysis, serum fibrinogen >2.95 g/L (hazard ratio (HR), 2.43; 95% confidence interval (CI), 1.05–5.63; p = 0.039), tumor located in skull base (HR, 6.59; 95% CI, 2.46-17.68; p < 0.001), Simpson grades III–IV (HR, 2.73; 95% CI, 1.01–7.34; p = 0.047), tumor diameter >4.91 cm (HR, 7.10; 95% CI, 2.52–19.95; p < 0.001), and mitotic level ≥4/high power field (HR, 2.80; 95% CI, 1.16–6.74; p = 0.021) were independently associated with AM recurrence. Mitotic level was excluded after LASSO analysis, and it did not improve the predictive performance and clinical usage of the model. Therefore, the other four factors were integrated into the nomogram model, which showed good discrimination abilities in training cohort (C-index, 0.822; 95% CI, 0.759–0.885) and validation cohort (C-index, 0.817; 95% CI, 0.716–0.918) and good match between the predicted and observed probability of recurrence-free survival.



Conclusion

Our study established an integrated model to predict the postoperative recurrence of AM.
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Introduction

Meningioma is a common primary brain tumor that comprises about 36.4% of all central nervous system (1). According to the 2016 World Health Organization (WHO) grading criterion (2), meningioma has been classified into three grades. WHO grade II meningioma, which is named as atypical meningioma (AM), is rare and more progressive and invasive compared with WHO grade I meningioma, with 5-year recurrence rates ranging from 30% to 60% after surgical resection (3–6). Therefore, identifying predictive factors for recurrence is important to individually manage AM patients. To date, reliable prediction for recurrence of AM patients remains challenging.

At present, pathological diagnosis is the gold standard for the diagnosis of AM. The incidence of this disease is relatively small, and it accounts a relatively small proportion in meningioma. Therefore, prospective studies for AM are difficult to perform. Performing additional retrospective reviews on AM patients could analyze and summarize the characteristics and risk factors for recurrence of those patients, which could provide assistance for preoperative AM diagnosis, postoperative recurrence prediction, and personalized follow-up regimen development. Many factors, including age, extent of resection, tumor location, mitotic index, Ki-67 index, postoperative radiation therapy (PORT), and serum biomarkers have been identified as effective predictive factors of recurrence and prognosis in AM (7–11). However, the current evidence exploring the risk factors for recurrence in AM patients remains equivocal. Considering the limited precision and effectiveness of a single risk factor, an integrated model with multiple factors may be more suitable for recurrence prediction.

Here, we propose an integrated model based on clinical, laboratory, radiological, and pathological factors to predict the recurrence of AM patients after surgical resection, which assists us to predict the therapeutic effects in the heterogeneous patients and make individualized follow-up management.



Method


Study Cohort

The medical records of 183 patients diagnosed as AM who received surgical resection at the First Affiliated Hospital of Fujian Medical University and Fuzong Clinical Medical College of Fujian Medical University between January 2011 and June 2019 were retrospectively reviewed. The study was approved by the local ethics committee of the First Affiliated Hospital of Fujian Medical University and Fuzong Clinical Medical College of Fujian Medical University. It was conducted in accordance with the ethical guidelines of the Declaration of Helsinki. Informed consent was waived for this retrospective study. The eligibility criteria for inclusion were as follows: (1) age ≥18 years old; (2) diagnosis of AM was confirmed by pathological examination. Patients operated on before 2016 were examined for pathological results to confirm the diagnosis based on 2016 WHO criterion (2); (3) complete medical records including clinical, laboratory, imaging, and pathological information; (4) no history of surgical treatment and adjuvant therapy before admission; and (5) no other tumor, autoimmune, and inflammatory diseases. There were 29 AM patients which were excluded because of lack of specific information.



Data Collection and Follow-Up

Patient information were retrieved from medical records at the first Affiliated Hospital of Fujian Medical University. For each patient, the following information was obtained: age, sex, comorbid condition, preoperative routine serum test, tumor features (location, size, peritumoral edema) based on computed tomography (CT) or magnetic resonance imaging (MRI), extent of resection (Simpson grades I–II or Simpson grades III–IV), skull invasion, immunohistochemical features (mitotic level and Ki-67 index), and PORT. Tumor features in the MRI were independently assessed by two experienced neurosurgeons who were blind to patient characteristics. Similarly, the pathological diagnoses of all patients were confirmed by two experienced pathologists according to the 2016 WHO CNS tumor grading criterion (2). Based on the preoperative routine serum test, neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), lymphocyte–monocyte ratio (LMR), and systemic inflammatory response index (SIRI) were calculated as follows: NLR = neutrophil/lymphocyte, PLR = platelet/lymphocyte, LMR = lymphocyte/monocyte, and SIRI = monocyte × neutrophil/lymphocyte.

In addition to the first reexamination within 1 month after surgery, patients were regularly screened for recurrence by contrast-enhanced CT or MRI every 3 months in the first year, every 6 months in the second year, and annually thereafter. The primary endpoint was recurrence-free survival (RFS), defined as the time from surgery to initial recurrence (12).

The cutoff values of several serum biomarkers and tumor diameter for predicting tumor recurrence was determined by the receiver operating characteristic (ROC) curve analysis as follows, NLR = 2.59, PLR = 74.9, LMR = 5.46, SIRI = 0.77, serum fibrinogen (FIB) = 2.95 g/L, and tumor diameter = 4.91 cm.



Model Building and Statistics

Considering the sample size of our study, we used training cohort and validation cohort without test cohort during modeling process. Patients were randomly assigned into training cohort (n = 128) and validation cohort (n = 55) at a common ratio of 7:3 (13) to avoid the potential bias associated with small sample size of validation set. Based on our own experience and previous studies, we hypothesized that a constellation of clinical, laboratory, imaging, and immunohistochemical parameters were related to the recurrence of AM. Continuous factors such as age, mitotic level, and Ki-67 index were turned into dichotomies as suggestions proposed by previous study (14). Univariable Cox regression analysis was initially utilized to identify potential predictive factors for tumor recurrence. Factors with a p-value less than 0.10 in the univariable Cox regression analysis were further analyzed by multivariable analysis. Nonsignificant factors (p ≥ 0.05) were removed from the model by forward elimination procedure. The factors left after the stepwise procedure of multivariable analysis were further included in the least absolute shrinkage and selection operator (LASSO) regression analysis in order to avoid overfitting or underfitting of the model. The models were compared before (model A) and after (model B) LASSO regression analysis based on predictive performance and clinical usage. Time-dependent ROC curve was utilized to evaluate the accuracy and effectiveness of the two models at different time points. Decision curve analyses (DCA), integrated discrimination improvements (IDI), and Net Reclassification Index (NRI) were applied to assess and compare the clinical usage of the two models.

After a comprehensive comparison, the final model was applied to establish a nomogram to predict the probability of RFS at 2, 3, and 5 years. In both training and validation cohorts, the discrimination ability of the nomogram was evaluated by Harrell’s concordance index (C-index), and the consistency between the actual and predicted RFS rate was confirmed by the calibration curve.

Statistical analysis was performed by SPSS 19.0 statistical software (SPSS, Inc., Chicago, IL, USA) and R statistical software (R version 4.0.3, R Project, www.r-project.org). Continuous variables were presented as mean ± standard deviation (data with normal distribution) for two-sample t-test or median (range) (data without normal distribution) for Mann-Whitney U test. Categorical variables were presented as frequency (percentage) and compared with Pearson Chi-square test or Fisher exact test. All statistical tests were two sided, and statistical significance was set at p < 0.05.




Results


Patient Characteristics

The general characteristics of all patients and comparison of two cohorts were presented in Table 1. Of the 183 patients, 63 patients were male and 120 patients were female; the proportion of patients with age ≥60 years was 33.9%. The proportion of recurrence (p = 0.154) showed gratifying similarity between the training cohort and the validation cohort. In addition, the other parameters showed the two cohorts were homogeneous and comparable, indicating that the data were reliable with high quality.


Table 1 | Characteristics of patients in the training and validation cohorts.



The median length of follow-up, RFS, and overall survival of the included patients were 50.00 months (34.00–77.00), 25.50 months (14.00–37.25), and 34.00 months (31.00–48.00), respectively. In the 25 patients with Simpson grades III–IV, the patients with PORT had a longer RFS than those without PORT (54.00 vs 17.50 months, p = 0.034).



Predictive Factors of Recurrence in the Training Cohort

The ROC curve analysis showed that NLR = 2.59, PLR = 74.90, LMR = 5.46, SIRI = 0.77, FIB = 2.95 g/L, and tumor diameter = 4.91 cm were the optimal cutoff values (Table 2). Based on the corresponding cutoff values, the area under curve (AUC) of NLR, PLR, LMR, SIRI, FIB, and tumor diameter were 0.638 (95% confidence interval (CI), 0.549–0.721), 0.503 (95% CI, 0.414–0.593), 0.550 (95% CI, 0.459–0.638), 0.570 (95% CI, 0.479–0.657), 0.679 (95% CI, 0.591–0.759), and 0.702 (95% CI, 0.615–0.780), respectively; the sensitivity of NLR, PLR, LMR, SIRI, FIB, and tumor diameter were 59.26%, 100.00%, 59.26%, 59.26%, 66.67%, and 74.07%, respectively; the specificity of NLR, PLR, LMR, SIRI, FIB, and tumor diameter were 75.25%, 7.92%, 55.45%, 65.35%, 75.25%, and 59.41%, respectively; the Youden index of NLR, PLR, LMR, SIRI, FIB, and tumor diameter were 0.345, 0.079, 0.147, 0.246, 0.419, and 0.335, respectively.


Table 2 | The cutoff value and area under the curve of the possible predictive factors of recurrence in training cohort.



The univariable analysis showed that neutrophil count (HR, 1.13; 95% CI, 0.98–1.30; p = 0.092), NLR >2.59 (HR, 3.62; 95% CI, 1.67–7.82; p = 0.001), SIRI >0.77 (HR, 2.50; 95% CI, 1.14–5.47; p = 0.022), FIB >2.95 g/L (HR, 3.56; 95% CI, 1.65–7.69; p = 0.001), tumor located in skull base (HR, 2.63; 95% CI, 1.18–5.86; p = 0.018), Simpson grades III–IV (HR, 2.53; 95% CI, 1.07–5.98; p = 0.035), tumor diameter >4.91 cm (HR, 3.97; 95% CI, 1.68–9.41; p = 0.002), mitotic level ≥4/high-power field (HR, 2.21; 95% CI, 1.04–4.70; p = 0.040), and PORT (HR, 2.18; 95% CI, 0.95–5.00; p = 0.065) were associated with AM recurrence (Table 3). In the multivariable analysis, FIB >2.95 g/L (HR, 2.43; 95% CI, 1.05–5.63; p = 0.039), tumor located in skull base (HR, 6.59; 95% CI, 2.46–17.68; p < 0.001), Simpson grades III–IV (HR, 2.73; 95% CI, 1.01–7.34; p = 0.047), tumor diameter >4.91 cm (HR, 7.10; 95% CI, 2.52–19.95; p < 0.001), and mitotic level ≥4/high-power field (HR, 2.80; 95% CI, 1.16–6.74; p = 0.021) were independently associated with AM recurrence (Table 3).


Table 3 | Univariable and multivariable cox hazard regression analyses of recurrence in the training cohort.





Variable Selection for Final Model Based on LASSO Regression Analysis and Time-Dependent ROC, DCA, IDI, and NRI

The LASSO regression analysis was utilized to identify whether there were overfitting or underfitting in the five independent risk factors for the recurrence (Figure 1). The optimal λ (one standard error of the minimum criteria) was selected with a value of 0.08 and four nonzero coefficients. Considering the clinical importance of mitotic level and its exclusion by LASSO regression analysis, we established two models: ModelA, all the five independent risk factors including mitotic level; ModelB, all the independent prognostic factors without mitotic level (Table 4).




Figure 1 | LASSO regression analysis for variable selection. (A) LASSO regression coefficients. (B) LASSO cross-validation.




Table 4 | The composition of two models based on lasso regression analysis.



The time-dependent ROC curves of the two models showed that they both have good predictive performance (AUC >0.7) in the training cohort and validation cohort during the follow-up time (Figure 2). Overall, the predictive performance of model B was slightly better than model A in the training cohort but slightly weaker than model A in the first half of the follow-up time in the validation cohort. Comparison of the clinical usage of the two models in the training cohort and validation cohort evaluated by DCA, IDI, and NRI were as follows: the 2-, 3-, and 5-year DCA curves showed that the net benefit of ModelB could be better or worse than model A at different risk thresholds (Figure 3); as shown in Figure 4, the IDI approach indicated that the clinical utility of model B was similar to model A in both training cohort (2 years after surgery: IDI = −0.01, 95% CI = −0.09–0.04, p > 0.05; 3 years after surgery: IDI = −0.01, 95% CI = −0.09–0.04, p > 0.05; 5 years after surgery: IDI = −0.02, 95% CI = −0.14–0.04, p > 0.05) and validation cohort (2 years after surgery: IDI = 0, 95% CI = −0.07–0.02, p > 0.05; 3 years after surgery: IDI = 0, 95% CI = −0.08–0.02, p > 0.05; 5 years after surgery: IDI = 0, 95% CI = −0.10–0.04, p > 0.05); the NRI approach shown in Figure 4 indicated that the clinical utility of model B was also similar to model A in both training cohort (2 years after surgery: NRI = −0.09, 95%CI = −0.46–0.24, p > 0.05; 3 years after surgery: NRI = −0.09, 95% CI = −0.39–0.19, p > 0.05; 5 years after surgery: NRI = −0.11, 95% CI = −0.49–0.25, p > 0.05) and validation cohort (2 years after surgery: NRI = −0.11, 95% CI = −0.56–0.59, p > 0.05; 3 years after surgery: NRI = 0.06, 95% CI = −0.43–0.27, p > 0.05; 5 years after surgery: NRI = −0.06, 95% CI = −0.52–0.34, p > 0.05).




Figure 2 | Time-dependent receiver operating characteristic (ROC) curve of models (A, B) in the training and validation cohorts.






Figure 3 | Decision curve analyses (DCA) of models (A, B) at 2, 3, and 5 years after surgery in the training cohort and 2, 3, and 5 years after surgery in the validation cohort.






Figure 4 | Integrated discrimination improvements (IDI) and Net Reclassification Index (NRI) of model B by comparing with model (A). (A) Two years, (B) 3 years, and (C) 5 years after surgery in the training cohort. (D) Two years, (E) 3 years, and (F) 5 years after surgery in the validation cohort.



The above results showed that mitotic level did not bring significant improvement in predictive ability. Thus, the mitotic level was excluded and the more simplified model (model B) was selected.



Establishment and Verification of Nomogram

FIB, tumor location, extent of resection, and tumor diameter were incorporated into the nomogram for recurrence prediction in the training cohort (Figure 5). The nomogram showed good discrimination ability (C-index, 0.822; 95% CI, 0.759–0.885). The calibration curves for the RFS rate at 2, 3, and 5 years showed good consistency between the predicted and observed probability (Figures 6A–C). In the validation cohort, the model also showed a good prediction with C-index = 0.817 (95% CI, 0.716–0.918). Good match was observed between the predicted and observed probability in this cohort (Figures 6D–F).




Figure 5 | The nomogram for predicting 2-, 3-, and 5-year recurrence-free survival rate of a typical meningioma patients. FIB, fibrinogen; EOR, extent of resection; RFS, recurrence-free survival.






Figure 6 | Calibration curves to predict (A) 2-year, (B) 3-year, and (C) 5-year recurrence-free survival rates in the training cohort and (D) 2-year, (E) 3-year, and (F) 5-year recurrence-free survival rates in the validation cohort.






Discussion

Currently, the treatment strategy for AM is surgical resection. Even with gross total resection, a considerable fraction of patients may recur years after surgery due to the aggressive progression and invasion (4, 5, 8, 10, 11). Patients who received the same treatment regimen may exhibit heterogeneity in tumor growth and recurrence. Another intrinsic challenge for the nuanced investigation of AM recurrence is its low incidence, resulting in a long-time span of the study to achieve sufficient sample size and follow-up duration. In addition, since the shifting of WHO diagnostic criteria over time, studies focused on AM have become more problematic. Precise and reliable model for recurrence prediction is helpful to guide clinicians in management and follow-up strategy of individual patients. Therefore, predicting recurrence of AM has been an urgent problem and a challenge in clinic.

Considering the interactions of the risk factors and integrating them into a nomogram model may be more practical and reliable for recurrence and prognosis prediction of many malignancies (15, 16). Our study divided the serum biomarkers and tumor diameter as binary variables based on their optimal cutoff value, which may be practical in guiding clinical decision-making. In addition, we divided the patients into a training cohort and a validation cohort based on the ratio of 7:3. The two cohorts were homogeneous and comparable based on the comparison of general characteristics. After multivariable Cox analysis in the training cohort, fibrinogen level, tumor location, extent of resection, tumor diameter, and mitotic level remained independently associated with AM recurrence. Instead of directly applying those factors into a predictive model, we utilized the LASSO regression analysis to avoid over-fitting or under-fitting. This method could analyze all variables at the same time and decrease the estimation variance. After the LASSO regression analysis, mitotic level lost its significance. As part of the diagnostic criteria, mitotic level has been confirmed to be associated with AM recurrence in previous studies (9, 17). To further investigate the impact of mitotic level in recurrence prediction of AM, we established two models according to the independent factors with or without mitotic level. After comparing their predictive performance (time-ROC) and clinical usage (DCA, IDI, NRI), we found that it was hard to determine the improvement of predictive ability brought by mitotic level in both training cohort and validation cohort. Thus, we integrated the other four independent risk factors into the final model and establish a nomogram. The nomogram showed an excellent discriminating ability in both training cohort (C-index: 0.822, 95% CI: 0.759–0.885) and validation cohort (C-index: 0.817, 95% CI: 0.716–0.918). The calibration curves in the both cohorts also showed good consistency between the predicted and observed RFS probability at 2, 3, and 5 years after surgery, which indicated the reliability and repeatability of the nomogram. The results prompted us that early treatment for tumor with small size may reduce the risk of recurrence. Considering those risk factors, surgical strategy may be adjusted to balance the risk of postoperative recurrence and surgical injury in those patients diagnosed as AM via intraoperative frozen section analysis. According to our results, we could predict the risk of postoperative recurrence via the nomogram based on the obtained risk factors. For those patients with high recurrence risk, shorter follow-up period may be requested to strive for early detection and early treatment.

Fibrinogen is a glycoprotein synthesized in hepatocytes which participates in blood coagulation and is also involved in cancer growth and metastasis (18, 19). Although the mechanism is not clear, the relationship between fibrinogen and tumor progression may be explained as follow: first, deposition of fibrinogen in the extracellular matrix could serve as a scaffold for growth factors and promote cell invasion, adhesion, and migration of tumor (20, 21); second, fibrinogen could induce epithelial-to-mesenchymal transition via rapamycin (mTOR)/protein kinase B (AKT) signaling pathway to promote malignant transformation (22); third, the deposition of platelet-fibrin could form physical barrier for tumor cells to prevent the kill contact from NK cell (23) and the platelet-fibrin (OGEN) axis has been confirmed to impede NK cell elimination of tumor cells to promote their metastatic potential (24); fourth, fibrinogen could also be synthesized and released by tumor cells, which in turn promotes tumor cell proliferation via the combined effects with growth factors (21, 25, 26). In our study, the preoperative serum fibrinogen level was an independent risk factor of AM recurrence and further included in a predictive model. Serum fibrinogen level in benign meningioma has been confirmed to be significantly lower than that in glioblastomas and metastases (27). Also, in a dog meningioma study, the fibrinogen staining scores in meningioma have been confirmed the gradual increasing trend from WHO grade I to WHO grade III (28). These may provide the basis for the predictive value of fibrinogen in AM recurrence.

Many studies have confirmed the close relationship between extent of resection and AM recurrence (10, 29, 30). In our study, we also found that AM patients with incomplete resection (Simpson grades III–IV) had a higher risk of recurrence. Complete surgical tumor removal is always the goal pursued by surgeons. However, we should acknowledge that tumors located in the skull base are less amenable to be completely resected as they are located adjacent to critical anatomic structures, including cranial nerves, intracranial vessels, and brainstem. Therefore, those patients with tumor located in skull base may inherently have higher risk of tumor residue and recurrence. However, the literature regarding the predictive value of tumor location in AM is rather scarce and controversial. Budohoski et al. reported that parafalcine/parasagittal location was an independent risk factor of early recurrence in AM (31). Klinger et al. found that tumors located in skull base had a trend towards decreased recurrence in AM (32). However, Da Broi et al. identified a tendency towards more retreatment in AM located in skull base (33). Our study revealed that tumor located in skull base was strongly associated with AM recurrence and excluded from confounding factors in the multivariable Cox analysis. Other than that, tumor size is also an independent risk factor in our study. Although such finding has not been confirmed in other studies, tumor diameter could reflect the growth rate of AM to a certain extent and was confirmed its predictive value in recurrence in other tumors (34, 35). Multiple oncogenic drivers, inhibitors, and regulators could affect tumor growth and survival via multiple pathways (36, 37). Therefore, tumor diameter may reflect the combined effects of multiple factors. Our study utilized the ROC analysis to determine the cutoff value of tumor diameter and found that tumor diameter >4.91 cm was independently associated with AM recurrence. The proliferative ability reflected by tumor diameter may explain its relationship with AM recurrence.

Although many studies affirmed the efficacy of PORT in AM recurrence patients (11, 38), there was also contradictory report exist in whether PORT could decrease the risk of AM recurrence (39). For example, Masalha et al. claimed no significant correlation between PORT and AM recurrence (39). There is no consensus guideline on recommendations for AM patients (https://www.nccn.org/professionals/physician_gls/f_guidelines.asp#site). Considering the potential toxicities of PORT, its execution should be considered with caution based on many risk factors of complications, such as age, tumor location and so on. In addition, execution of PORT may also be affected by patients’ wishes and their financial capability. In our study, we failed to determine the association between PORT and recurrence risk of AM patients. In the multivariable Cox hazard regression analysis, PORT lost its significance after being adjusted by other factors. Therefore, it was excluded from our final analysis. The European Association of Neuro Oncology guidelines recommend that PORT should be considered in patients with incomplete resection (40). In the 25 patients with Simpson grades III–IV of our study, the patients with PORT had a longer RFS than those without PORT (54.00 vs. 17.50 months, p = 0.034), revealing the potential therapeutic benefits of PORT in AM patients with incomplete resection. Also, the curative effect of PORT in AM patients should be investigated and validated in further research with a larger sample.

Our study was not free from limitations. First, the retrospective design of the study may suffer the interference and selection bias. Second, some laboratory or immunohistochemical factors were not included in our study due to the lack of examination in the early cases. Also, some molecular profiling and genotyping which have a high impact on predicting the recurrence were not available in our study. Third, the low incidence of the disease limits the collection of large amounts of sample in a short period. Therefore, the patients included in our study were operated both before and after the occurrence of 2016 WHO criterion. With the updated definition of WHO criteria for AM, the proportion of AM was increased. In addition, our study incorporated patients treated as recently as 2019, resulting in a dilution of aggressiveness and recurrence rate in this study cohort due to the combined effects of updated definition of criteria and advancements of medical technology. Fourth, our study did not use objective scale for edema evaluation. Accurate evaluation for edema via neuronavigation and objective scale are requested to reduce measurement errors in the further study. Fifth, the mechanism of the relationship between fibrinogen and AM recurrence was not investigated in our study. Further work is needed to address this point.



Conclusion

Our study established a comprehensive model for the recurrence prediction in AM patients based on multiple factors, including fibrinogen level, tumor location, extent of resection, and tumor diameter. The nomogram could assist clinicians to predict the treatment effects and make individualized follow-up management in the heterogeneous patients. Further multicenter and prospective studies with lager sample size are required to verify the accurate application of nomogram.
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Parameter Cutoff value AUC Sensitivity (%) Specificity (%) Youden index 95% CIl of AUC p-Value

NLR 2.59 0.638 59.26 75.25 0.345 0.549-0.721 0.026
PLR 74.90 0.503 100.00 7.92 0.079 0.414-0.593 0.957
LMR 5.46 0.550 59.26 55.45 0.147 0.459-0.638 0.433
SIRI 0.77 0.570 59.26 65.35 0.246 0.479-0.657 0.258
FIB 2.95 0.679 66.67 75.25 0.419 0.591-0.759 0.004
Tumor diameter cm 4.91 0.702 74.07 59.41 0.335 0.615-0.780 <0.001

AUC, area under curve; Cl, confidence interval; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-monocyte ratio; SIRI, systemic inflammatory
response index; FIB, fibrinogen.
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Model A Model B

HR 95% CI p-Value HR 95% CI p-Value
FIB >2.95 g/L 243 1.05-5.63 0.039 273 1.20-6.19 0.016
Tumor located in skull base 6.59 2.46-17.68 <0.001 4.42 1.87-10.45 0.001
Simpson grades lll-V 273 1.01-7.34 0.047 277 1.06-7.22 0.038
Tumor diameter >4.91 cm 7.10 2.52-19.95 <0.001 4.94 1.99-12.25 0.001
Mitotic level >4/HPF 2.80 1.16-6.74 0.021

HR, hazard ratio; Cl, confidence interval: FIB, fibrinogen; HPF, high-power field.
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Parameter Univariable analysis Multivariable analysis

HR 95% CI p-Value HR 95% CI p-Value
Age =60 years 1.72 0.81-3.65 0.162
Male 0.60 0.28-1.28 0.184
Hypertension 1.10 0.42-2.92 0.842
Diabetes melitus 0.05 0-92.41 0.427
RBC 1.21 0.60-2.44 0.592
WBC 144 0.96-1.27 0.167
NEU 1.13 0.98-1.30 0.092
MON 0.30 0.03-2.98 0.302
LYm 0.93 0.45-1.90 0.833
PLT 1.00 1.00-1.01 0.760
NLR >2.59 3.62 1.67-7.82 0.001
PLR >74.90 22.50 0.04-14518.00 0.346
LMR >5.46 1.79 0.83-3.86 0.138
SIRI >0.77 2.50 1.14-5.47 0.022
FIB >.95 g/L 3.56 1.65-7.69 0.001 243 1.05-5.63 0.039
HB 1.00 0.98-1.03 0.825
Tumor located in skull base 2.63 1.18-5.86 0.018 6.59 2.46-17.68 <0.001
Tumor diameter >4.91 cm 3.97 1.68-9.41 0.002 7.10 2.562-19.95 <0.001
Peritumoral edema > 1 cm 0.82 0.38-1.79 0.623
Simpson grades llI-IV 2.53 1.07-5.98 0.035 273 1.01-7.34 0.047
Skull invasion 1.47 0.69-3.18 0.321
Mitotic level >4/HPF 221 1.04-4.70 0.040 2.80 1.16-6.74 0.021
Ki-67 index >5% 1.23 0.57-2.66 0.596
PORT 218 0.95-5.00 0.065

HR, hazard ratio; Cl, confidence interval; RBC, red blood cell; WBC, white blood cell; NEU, neutrophil; MON, monocyte; LYM, lymphocyte; PLT, platelet; NLR, neutrophil-lymphocyte ratio;
PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-monocyte ratio; SIRI, systemic inflammatory response index; FIB, fibrinogen; HB, hemoglobin; HPF, high-power field; PORT,
postoperative radiation therapy.
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OEBPS/Images/table1.jpg
Characteristic All (n =183) Training cohort (n = 128) Validation cohort (n = 55) p-Value

Demographics

Age
<60 years 121 (66.1%) 80 (62.5%) 41 (74.5%) 0.114
>60 years 62 (33.9%) 48 (37.5%) 4 (25.5%)

Sex
Male 63 (34.4%) 49 (38.3%) 14 (25.5%) 0.094
Female 120 (65.6%) 79 (61.7%) 42 (74.5%)

Comorbid condition

Hypertension
No 151 (82.5%) 104 (81.3%) 47 (85.5%) 0.492
Yes 32 (17.5%) 24 (18.8%) 8(14.5%)

Diabetes mellitus
No 175 (95.6%) 121 (94.5%) 54 (98.2%) 0.476
Yes 8 (4.4%) 7 (5.5%) 1(1.8%)

Laboratory data
RBC count 10%L 451 (4.17-4.80) 4.56 (4.17-4.87) 4.41 (4.18-4.71) 0.107
WBC count 10%/L 6.01 (5.10-7.40) 6.03 (5.09-7.46) 5.81 (5.10-7.40) 0.754
NEU count 10%L 8.67 (2.92-5.19) 3.52 (2.83-5.11) 4.05 (3.16-5.35) 0.117
MON count 10%/L 0.35 (0.25-0.45) 0.35 (0.27-0.46) 0.35 (0.23-0.45) 0.535
LYM count 10%/L 1.82 (1.562-2.19) 1.82(1.563-2.18) 1.76 (1.48-2.20) 0.757
PLT count 109L. 236.00 (190.05-279.00) 234.50 (187.76-276.75) 236.25 (196.00-289.80) 0.431
NLR 2,00 (1.53-3.04) 1.95 (1.52-2.74) 2,61 (1.55-3.31) 0.073
PLR 125.22 (102.12-158.95) 121.22 (99.61-155.24) 131.25 (104.60-171.14) 0.296
LMR 5.58 (4.24-6.90) 532 (4.14-6.58) 5.91 (4.48-7.25) 0.209
SIRI 0.66 (0.42-1.10) 0.66 (0.42-1.10) 0.66 (0.42-1.10) 0.944
FIB (g/L) 2.75 (2.43-3.36) 2,69 (2.39-3.26) 2.81 (2.54-3.42) 0.165
HB (/L) 132.26 + 14.80 133.33 + 15.69 129.76 + 12.27 0.134

Tumor features and surgical factors

Location
Nonskull base 141 (77.0%) 101 (78.9%) 40 (72.7%) 0.362
Skull base 42 (23.0%) 27 (21.1%) 15 (27.3%)
Tumor diameter (cm) 4.93 + 1.39 491 +£1.49 495+ 1.11 0.859

Peritumoral edema
<1cm 73 (39.9%) 52 (40.6%) 21 (38.2%) 0.757
>1cm 110 (60.1%) 76 (59.4%) 34 (61.8%)

Extent of resection
Simpson grades I 158 (86.3%) 112 (87.5%) 46 (83.6%) 0.485
Simpson grades IV 25 (13.7%) 16 (12.5%) 9 (16.4%)

Skull invasion
No 118 (64.5%) 79 (61.7%) 39 (70.9%) 0.234
Yes 65 (35.5%) 49 (38.3%) 16 (29.1%)

Immunohistochemical feature

Mitotic level
<4/HPF 116 (63.4%) 84 (65.6%) 32 (58.2%) 0.338
>4/HPF 67 (36.6%) 44 (34.4%) 23 (41.8%)

Ki-67 index
<56% 113 (61.7%) 79 (61.7%) 34 (61.8%) 0.990
>5% 70 (38.3%) 49 (38.3%) 21 (38.2%)

PORT
No 151 (82.5%) 109 (85.2%) 42 (76.4%) 0.151
Yes 32 (17.5%) 19 (14.8%) 3 (23.6%)

Recurrence
No 139 (76.0%) 101 (78.9%) 38 (69.1%) 0.154
Yes 44 (24.0%) 27 (21.1%) 7 (30.9%)

Values are reported as number, number (%), median (25%-75%), and mean + standard deviation.
RBC, red blood cell; HCT, hematocrit; WBC, white blood cell; NEU, neutrophil; MON, monocyte; LYM, lymphocyte; PLT, platelet; NLR, neutrophil-lymphocyte ratio; PLR, platelet-to-
lymphocyte ratio; LMR, lymphocyte-monocyte ratio; SIRI, systemic inflammatory response index; FIB, fibrinogen; HB, hemoglobin; HPF, high-power field; PORT, postoperative

radiation therapy.





