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Background

Studies confirmed the predictive value of the prognostic nutrition index (PNI) in many malignant tumors. However, it did not reach a consensus in glioma. Therefore, this study investigated the prognostic value of preoperative PNI in operable high-grade glioma and established a nomogram.



Methods

Clinical data of high-grade glioma patients were retrospectively analyzed. The primary endpoint was overall survival (OS). Survival analysis was conducted by the Kaplan–Meier method, log-rank test, and Cox regression analysis. A nomogram was established. The prediction effect of the nomogram covering PNI was verified by area under the curve (AUC).



Results

A total of 91 operable high-grade glioma patients were included. Kaplan–Meier analysis showed that among grade IV gliomas (n = 55), patients with higher PNI (>44) showed a trend of OS benefit (p = 0.138). In grade III glioma (n = 36), patients with higher PNI (>47) had longer OS (p = 0.023). However, the intersecting Kaplan–Meier curve suggested that there may be some confounding factors. Cox regression analysis showed that higher PNI was an independent prognostic factor for grade IV glioma (HR = 0.388, p = 0.040). In grade III glioma, there was no statistically relationship between PNI levels and prognosis. When evaluating the prognostic ability of PNI alone by ROC, the AUC in grade III and IV gliomas was low, indicating that PNI alone had poor predictive power for OS. Interestingly, we found that the nomogram including preoperative PNI, age, extent of resection, number of gliomas, and MGMT methylation status could predict the prognosis of patients with grade IV glioma well.



Conclusion

The PNI level before surgery was an independent prognostic factor for patients with grade IV glioma. The nomogram covering PNI in patients with grade IV glioma also proved the value of PNI. However, the value of PNI in grade III glioma needs to be further evaluated. More prospective studies are needed to verify this conclusion.
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Introduction

The overall prognosis of patients with high-grade glioma is poor, and the survival of patients varied greatly, and their 5-year survival rate fluctuates between 5.5% and 75.2% (1). Therefore, it is very important to accurately predict the prognosis of patients. Research showed that the prognosis of patients with high-grade glioma was related to factors such as patient age, tumor characteristics, and treatment methods (1). Nevertheless, the accuracy in predicting the prognosis of high-grade gliomas is still limited. It is necessary to find more prognostic factors to comprehensively evaluate the prognosis of patients with high-grade glioma.

Studies showed that the nutritional status and inflammation of patients may affect the antitumor effect (2–5). The prognostic nutritional index (PNI) is based on the serum albumin count and lymphocyte count and is a comprehensive index for evaluating the nutritional status and inflammatory state of the body. Its calculation formula is serum albumin concentration (g/L) + 5× total lymphocyte count (109/l). More and more studies found that higher PNI can be used for independent factors for better prognosis of various malignant tumors, such as lung cancer (6), esophageal cancer (7), breast cancer (8), nasopharyngeal cancer (9), colorectal cancer (10), gastric cancer (11), and biliary tract cancer (12). However, there is no consensus on the role of PNI in glioma (13). Therefore, this study intended to explore the prognostic value of PNI in patients with operable high-grade glioma.



Methods


Patients

The clinical data of operable high-grade glioma patients from December 2013 to December 2019 in the First Affiliated Hospital of Chongqing Medical University were analyzed retrospectively. The inclusion criteria include the following (1): patients underwent tumor resection (2); patients with high-grade glioma diagnosed according to the 2016 WHO classification and global standard classification (3); patients who completed the “STUPP” radiotherapy and chemotherapy protocol (4); regular follow-up; and (5) blood routine and serum albumin examination within 1 week before operation. The exclusion criteria include the following (1): incomplete clinical data (2); receiving other treatments before tumor resection; and (3) having infection or inflammatory disease during the last month.



Data Collection and Hematological Examination

Clinical data of patients were collected including age, gender, tumor grade, histological type, tumor site, tumor number, and extent of resection. The extent of surgical resection was determined according to the preoperative and postoperative MRI and the surgeon’s intraoperative judgment. Postoperative MRI was obtained within 24–72 h after surgery. We used Carestream Vue PACS software to calculate the percentage of resection based on the preoperative MRI and postoperative MRI within 24–72 h and marked the tumor extent according to T1-enhanced sequence images. The percentage of tumor resection = (preoperative tumor volume-residual tumor volume)/preoperative tumor volume * 100%. No tumor remaining was considered as gross total resection (GTR), tumor resection extent > 90% was considered as near total resection (NTR), tumor resection extent between 80% and 90% was considered as subtotal resection (STR), and tumor resection extent <80% was considered as partial resection (PR). Blood routine and serum albumin results before surgery were collected. The cutoff value of the optimal PNI was obtained by X-Tile software.



Follow-Up

The primary endpoint of the study was OS. OS was defined as the time from the day of surgery to the death of the patient or the final follow-up. There were 91 patients who met the inclusion and exclusion criteria and were successfully followed up. The follow-up ended on September 12, 2020.



Statistical Analysis

We used the independent sample T test or Mann–Whitney U test to compare continuous variables, and the chi-square test or Fisher’s exact probability test to compare categorical variables. The Kaplan–Meier method, log-rank method, and Cox regression model were used for survival analysis. Survival was analyzed by calculating the hazard ratio (HR) and 95% confidence interval (CI). The prognostic ability of PNI was evaluated by the area under the curve (AUC) through the ROC curve. A nomogram covering the PNI was built, and the C index was calculated. The predictive effect of the nomogram was verified by the calibration curve through bootstrap sampling 1,000 times. The predictive ability of the nomogram covering PNI and the predictive model without PNI was compared by the ROC curve. SPSS version 25, X-Tile version 3.6.1, and R version 4.0.2 were used for data analysis. The statistical significance of the p value was set at 0.05 (double-sided).




Results


Patient Characteristics

A total of 91 high-grade glioma patients (36 cases of grade III and 55 cases of grade IV) were enrolled. The median age was 50 years (range 18–79 years). Table 1 showed the characteristics of grade III and grade IV glioma patients and their correlation with preoperative PNI. In patients with grade III and grade IV glioma, the best cutoff values of preoperative PNI were 47 and 44, respectively.


Table 1 | Baseline patient characteristics stratified by preoperative PNI in grade III glioma and grade IV glioma.





Survival Analysis

The median follow-up time for all patients was 21 months (95% CI: 23.4–31.4 months). The median OS for grade III glioma was 31 months (95% CI: 28.9–41.6 months), and the median OS for grade IV glioma was 17 months (95% CI: 17.5–27.1 months). Among patients with grade III glioma, the median OS of patients in the preoperative low PNI (≤47) group and high PNI (>47) group was 22 and 37 months, respectively. In grade IV glioma, the median OS for the preoperative lower PNI (≤44) group and higher PNI (>44) group was 14 and 17.5 months.

The Kaplan–Meier survival curve and log-rank test were used to analyze the prognosis of patients in different PNI states. It was found that in grade III glioma, the OS of patients with preoperative high PNI status was significantly longer than that of preoperative low PNI status (Figure 1A, p = 0.023). However, the Kaplan–Meier curve intersected, suggesting that in grade III gliomas, there may be confounding factors that make patients with high PNI have longer OS, so we conducted a multivariate analysis. Grade IV glioma patients with higher preoperative PNI also showed a similar trend of obtain better prognosis (Figure 1B, p = 0.138).




Figure 1 | Kaplan–Meier survival curves for patients stratified based on preoperative PNI in patients with grade III glioma (A) and patients with grade IV glioma (B). (PNI, prognostic nutritional index).



Cox regression analysis showed that in grade IV glioma, preoperative PNI level, extent of resection, and MGMT methylation status were significantly correlated with OS (Table 2). Since primary and secondary grade IV gliomas were usually distinguished according to the wild type and mutant type of IDH (14), and the predictive value of preoperative PNI in patients with different types of grade IV gliomas may be different, we performed subgroup analysis on IDH wild-type grade IV glioma patients. The results showed that patients with higher preoperative PNI had a tendency to obtain OS benefits (HR = 0.476, p = 0.126, Table 3). We did not further analyze the role of PNI in secondary grade IV gliomas due to the small number of IDH mutated grade IV gliomas patients included (n = 9). In grade III glioma, age, histological type, extent of resection, MGMT methylation status, and Ki-67 level were independent prognostic factors that affect OS in patients (Table 4), and patients with higher preoperative PNI showed a better prognosis only in the univariate analysis (HR = 0.301, p = 0.032).


Table 2 | Univariate and multivariate Cox regression analyses for overall survival in grade IV glioma patients.




Table 3 | Univariate and multivariate Cox regression analyses for overall survival in the IDH wide-type IV glioma subgroup.




Table 4 | Univariate and multivariate Cox regression analyses for overall survival in grade III glioma patients.



When assessing the prognostic ability of PNI in grade III and IV gliomas through the ROC curve, we found that the AUC was not high (0.65 and 0.50, respectively, Figure 2), which indicated that PNI alone had a limited effect of predicting OS in patients with high-grade glioma.




Figure 2 | The ROC curve of PNI for grade III and grade IV glioma patients.





The Establishment of a Nomogram

Important factors associated with the prognosis of high-grade gliomas included age, extent of resection, number of gliomas, and MGMT methylation status. Since our study showed that preoperative PNI level was an independent prognostic factor in grade IV glioma patients, however, in grade III glioma, a significant correlation between PNI and OS was only shown in univariate analysis, and the number of patients with grade III glioma included was relatively small. Therefore, we only drew a nomogram in grade IV gliomas covering preoperative PNI, age, extent of resection, number of gliomas, and MGMT methylation status (Figure 3) and evaluated the predictive effect of the nomogram. The C-index of the nomogram was 0.771 (95% CI: 0.708–0.834). The calibration curves for the 1-, 2-, and 3-year survival of the patients showed that when predicting the 2-year survival rate, the agreement between the prediction and the observation results was the best (Figures 4A–C), indicating that the repeatability of the nomogram was reliable. ROC analysis showed that the AUC of the nomogram covering the preoperative PNI was higher than the AUC of the prediction model without PNI (AUC = 0.716, 95% CI: 0.588–0.844 and AUC = 0.664, 95% CI: 0.501–0.827, respectively; Figure 5). This suggested that the nomogram could more accurately predict the prognosis of patients with grade IV glioma.




Figure 3 | The nomogram for survival of patients with grade IV glioma. (GTR, gross total resection; NTR, near total resection; PNI, prognostic nutritional index; PR, partial resection; STR, subtotal resection).






Figure 4 | The calibration curve of nomogram in patients with grade IV glioma at 1 (A), 2 (B), and 3 years (C).






Figure 5 | The ROC curve of the nomogram covering PNI and the ROC curve of traditional markers in grade IV glioma. (PNI, prognostic nutritional index).






Discussion

The nutritional status, inflammatory status, and immune function of patients with malignant tumors were often considered to be related to the prognosis (5, 15). Serum albumin levels were often used to assess the nutritional status of patients, and lymphocytes were often used to assess the immune function and inflammatory status of patients (16, 17). Many studies proved the prognostic value of serum albumin and lymphocytes in malignant tumors: lower albumin levels were linked to poor prognosis for cancer patients (13, 18), and high levels of lymphocytes may indicate a better prognosis (19–21). As an easily accessible index that could comprehensively evaluate the nutritional status and inflammatory status of patients, more and more studies confirmed its prognostic value in a variety of malignant tumors (9, 11, 22, 23). However, the prognostic value of PNI in glioma has not yet reached consensus (13, 24, 25).

This study mainly explored the predictive value of preoperative PNI in patients with operable high-grade glioma. We only included patients with high-grade glioma who received standardized postoperative adjuvant radiotherapy and chemotherapy. After excluding the influence of treatment factors, it could better reflect the predictive ability of preoperative PNI. The IDH mutation frequency (94% and 16%, respectively) and MGMT methylation frequency (61% and 38%, respectively) of grade III and grade IV glioma reported in our study were consistent with the frequency reported in the past (26, 27). Some factors that affect the prognosis of patients with high-grade glioma, such as age, histological type, single or multiple gliomas, extent of resection, MGMT methylation status, and Ki-67 level, were verified in our results (27–32). However, the OS of patients with different IDH statuses did not show significant statistical differences. It may be related to the small number of IDH wild-type grade III glioma patients and IDH mutant grade IV glioma patients we included. Regarding PNI, consistent with most studies, we found that preoperative PNI showed a predictive value (13). Our study found that in grade III and grade IV gliomas, the median OS of patients with higher preoperative PNI was longer than that of patients with lower PNI. Preoperative PNI was an independent prognostic factor for grade IV glioma. However, in univariate analysis, patients with higher preoperative PNI only had trends to get better OS. This may be because OS was affected by other factors in addition to preoperative PNI. When a multivariate analysis was performed, the significance of preoperative PNI becomes apparent. Furthermore, through ROC analysis, the nomogram covering PNI also showed a better prognostic value compared with the prediction model without PNI. In the IDH wild-type grade IV glioma subgroup, higher PNI only showed a trend for better OS. This may be due to the small number of IDH wild-type IV glioma patients included (n = 46). In this study, PNI did not show a good prognostic effect in grade III gliomas. Although our study showed that PNI in grade III gliomas was statistically significant in univariate Cox regression and Kaplan–Meier analysis, the intersecting Kaplan–Meier curves suggested that there might be confounding factors. Multivariate Cox analysis showed that the PNI was not an independent prognostic factor for grade III gliomas. This may be due to the strong heterogeneity of grade III gliomas, and a single indicator may not be used as a reliable independent prognostic factor. Moreover, the number of grade III gliomas patients we included was small (n = 36), which may be insufficient to support the inclusion of more indicators for multivariate analysis. In the future, we will follow more patients to evaluate the predictive value of PNI in grade III gliomas. In addition, we included 2 IDH wild-type grade III glioma patients. Some IDH wild-type grade III glioma patients may be classified as grade IV glioma with the development of molecular pathology (33). In the future, we would include more patients and evaluate the prognostic value of PNI in different subtypes of high-grade gliomas. Although, through the ROC curve, we found that in high-grade glioma, the predictive effect of PNI alone was limited, the nomogram based on PNI showed good predictive performance. The AUC of the nomogram covering PNI was higher than that of the prediction model without PNI. This showed that the nomogram covering preoperative PNI was better than traditional biomarkers. The molecular pathological diagnosis of patients may change with the advancement of molecular detection in the future. We will continue to include more patients and further optimize the nomogram to more accurately predict the OS of patients with high-grade glioma.

As a cheap and convenient indicator, PNI may affect the prognosis of patients with malignant tumors in many ways. Many studies found that the level of albumin was related to the nutritional status of patients and the immune system (34). Lower serum albumin levels indicated an increased nutritional risk for malignant tumor patients. In addition, lower albumin levels could also interfere with the body’s immune response and reduce antitumor effects (34, 35). Lymphocytes were an important cell group for body immunity and an important factor for regulating immunity. Lymphocytes could limit tumor growth and metastasis through cytotoxicity and improve patient prognosis (36, 37). Therefore, high levels of PNI may often be associated with better prognosis in patients with malignant tumors. However, in high-grade gliomas, this conclusion was not always valid, and more clinical data were still needed to explore the prognostic value of PNI in high-grade gliomas. Due to the special microenvironment of glioma, its immune response was different from other solid tumors. First, most immune cells could not pass the blood–brain barrier smoothly, and high-grade gliomas were relatively “cold” tumors (38). Secondly, the ratio of CD4+ T cells, CD8+ T cells, regulatory T cells (Treg), and other types of T lymphocytes in the glioma microenvironment was different. Studies showed that the number of CD4+ T cells, CD8+ T cells, and Treg cells could affect the tumor immune response in gliomas (39–41). In addition, gliomas could also be divided into different subtypes according to the Tumor Genomics Atlas Project (TCGA), and the prognosis of different subtypes may be different (42, 43). These may be the reasons why the findings found in other malignant tumors did not necessarily exist in high-grade gliomas.

There was no doubt that this study had certain limitations (1). As a single-center, retrospective study, the number of patients included in this study was limited and the follow-up time was insufficient. Moreover, the number of people in the high-PNI and low-PNI groups was uneven. We will continue to follow up more patients to obtain more accurate results (2). The biomarker status of the tumor may affect the prognosis of patients with high-grade glioma. We would continue to follow up and include more patients with more accurate tumor molecular classification to verify our findings and optimize the nomogram (3). Patients with high-grade glioma may receive different treatments after surgery, such as tumor-treating fields and bevacizumab, and the duration of treatment may also be different. All of these may lead to bias in research results. More prospective clinical trials were needed to evaluate the prognostic value of PNI in patients with high-grade glioma (4). Although the OS predicted by the nomogram was in good agreement with the observed OS, the general applicability of the findings still needed to be confirmed by external verification.



Conclusions

Preoperative PNI level was an independent prognostic factor for patients with grade IV glioma. The nomogram covering PNI could predict the prognosis of patients with grade IV glioma more accurately than traditional markers. The value of PNI in grade III glioma needs to be further evaluated. More large-scale prospective clinical trials are needed to evaluate the prognostic value of preoperative PNI in high-grade gliomas.
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