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Background: Glioma originates from glial cells in the brain and is the most common primary intracranial tumor. This study intends to use a retrospective analysis to explore the factors that can predict tumor progression in adult low-grade gliomas, namely WHO II grade patients, within 5 years after surgery.



Methods: Patients with WHO grade II glioma who were surgically treated in our hospital from February 2011 to May 2017 were included. According to the inclusion and exclusion criteria, 252 patients were included in the final analysis. According to the results of the 5-year follow-up (including survival and imaging review results), patients were divided into progression-free group and progression group. Univariate and multivariate analysis were conducted to investigate the related factors of tumor progression during the 5-year follow-up.



Results: The results of the 5-year follow-up showed that 111 (44.0%) cases had no progress (progression free group, PFG), 141 (56.0%) cases had progress (progression group, PG), of which 43 (30.5%) cases were operated again, 37 cases (26.2%) received non-surgical treatments. There were 26 (10.3%) all-cause deaths, and 21 (8.3%) tumor-related deaths. Univariate and multivariate analysis showed that age >45 years old (OR = 1.35, 95% CI, 1.07–3.19, P = 0.027), partial tumor resection (OR = 1.66, 95% CI, 1.15–3.64, P = 0.031), tumor diameter >3 cm (OR = 1.52, 95% CI, 1.14–4.06, P = 0.017) and no radiotherapy (OR = 1.37, 95% CI, 1.12–2.44, P = 0.039) were independent predictors of the progression of tumor during the 5-year follow-up period.



Conclusion: Age >45 years old, partial tumor resection, tumor diameter >3 cm, no radiotherapy are predictors for tumor progression for glioma patients after surgery.
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Introduction

Glioma originates from glial cells in the brain and is the most common primary intracranial tumor. There are four grades in WHO classification, which is I–IV, and the grades I and II are further classified as low grades, and grades III and IV as high grades (1, 2). Grade I gliomas are at very early stage which are often difficult to be detected in clinical practice. According to previous investigation, more than 14,000 glioma patients are diagnosed in the United States each year (3). As for China, the annual incidence of all-grades glioma and malignant glioma is about 3–6.4/100,000, and 5.8/100,000, respectively (4). In the past two decades, due to the progress of diagnostic technique, the number of patients with glioma increased, especially in middle- and old age population (5, 6). Previous study showed that the median age of patients with glioblastoma was 64 years when diagnosed, and that of anaplastic glioma was 45 years. The 5-year mortality rate of glioma patients is very high, and rank the third among all malignant tumor after pancreatic cancer and lung cancer (7). The pathogenesis of glioma remains unclear, and the only confirmed risk factor is exposure to high-dose ionizing radiation (8). Low-grade gliomas mainly astrocyte origin or oligodendrocyte origin. It often occurs on the regular health screen and accounts for approximately 30% of all gliomas (9). Compared with high-grade gliomas, low-grade gliomas are more likely to occur in young people who are at aged 30–40 years old (10). Low-grade glioma has good differentiation, slow growth, and low invasiveness, resulting in a better prognosis with longer survival with a median overall survival (OS) of 7 years (average survival 5–14 years) (11). The main treatment for low-grade gliomas is surgery with total or partial resection. Unfortunately, there are still many patients who relapse or continue to progress after surgery, leading to poor outcomes. Early identification of high-risk patients with state-of-the-art strategies has important clinical significance (12). This study intends to use retrospective analysis to explore related risk factors that can predict tumor progression in grade II glioma patients within 5 years after surgery.



Materials and methods


Study population

This study mainly observed the 5-year follow-up results and influencing factors of patients with WHO grade II glioma. We retrospectively analyzed patients who underwent surgery for glioma for the first time in our hospital from Jun 2007 to May 2017. Inclusion criteria: (1) Age over 18 years; (2) A clear diagnosis of primary glioma with WHO grade II; (3) First time surgery for glioma. Exclusion criteria: (1) Combined with other cancers or other benign brain tumor; (2) Combined with severe heart, renal, or liver failure, or multiple organ dysfunction syndrome; (3) Combined with rheumatic disease; (4) Long-term use of glucocorticoids for other diseases immediate before or after surgery; (5) Long-term use of immunosuppressive agents for other diseases 3 months before or after surgery. According to the inclusion and exclusion criteria, a total of 252 patients were included in the final analysis. All procedures involving human participants in this study are in compliance with the Declaration of Helsinki (revised in 2013). This study was approved (Approval number: KY20222151) by the Ethics Committee of Xijing Hospital, Fourth Military Medical University and the informed consent of all patients was obtained.



Surgery and adjuvant therapy

In this study, all patients underwent surgical resection by the same surgery team. Among the included patients, 137 (54.4%) underwent extended tumor resection or total resection, 115 patients (45.6%) received partial resection. To improve the efficacy of treatment, 43 patients (17.1%) received radiotherapy, 38 patients (15.1%) received chemotherapy, 81 patients (32.1%) received both radiotherapy and chemotherapy, and 90 (35.7%) patients did not receive both radiotherapy and chemotherapy.



Follow-up

All patients underwent regular follow-up at 1 month, 3 months, 6 months, and 12 months after surgical operation, and followed up annually thereafter. During the follow-up, clinic visits were required when the patient's condition changed. Follow-up items included: repeated brain MRI examination, repeated EEG examination, laboratory test included blood cell count, hemoglobin concentration, alanine aminotransferase, aspartate aminotransferase, total bilirubin, direct bilirubin, blood urea nitrogen, serum creatinine, serum uric acid, and electrolyte level. Primary endpoints included all-cause death and tumor-related death and secondary endpoints include syncope, seizure, and cerebral hemorrhage.



Data collection

After the patients were included finally, the clinical data before surgery were collected. Demographic data included age, gender. Medical history information included diseases, smoking, alcohol use, weight, height, blood pressure, heart rate, and laboratory test results, MRI imaging information (tumor size and location). Tumor progression was defined as: recurring tumor signals at the previous surgical site, the remaining tumor tissue at the first time surgery was larger than the results of repeated MRI examination, and postoperative imaging-confirmed complications related to surgery and deaths.



Statistical analysis

SPSS 23.0 statistical software (USA, IBM) was used for statistical processing. Quantitative data are tested for normal homogeneity before analysis. Data that conforms to the normal distribution are represented as mean ± standard deviation (SD), and the comparison between groups is conducted by the student t-test; those do not conform to the normal distribution are represented as median and the comparison between groups is conducted by the rank sum test. Qualitative data are represented as number and percentages, and comparisons between groups are conducted by Χ2 test or Fisher's exact test. Univariate and multivariate analysis were used to analyze factors associated with the prognosis of patients with low-grade glioma. A two-sided P < 0.05 means the difference is considered statistically significant.




Results


Five-year follow-up outcomes

All patients received at least 5 years of follow-up. Within five years after surgery for glioma, 107 (44.0%) cases did not progress (progression free group, PFG), 145 (56.0%) cases progressed (progression group, PG), of which 43 (30.5%) cases received surgery again, 37 (26.2%) received non-surgical treatment. There were 26 cases (10.3%) of all-cause deaths, and 21 (8.3%) tumor-related deaths. There were another 11 patients (4.4%) had symptom aggravation but not receive further MRI examination (Table 1).


TABLE 1 Outcome within 5-year follow-up (n = 252).

[image: Table 1]



Baseline characteristics comparison between PFG and PG

Among the 252 patients, 134 (53.2%) were male and 118 (46.8%) were female. The age was 18–73 years, with an average of 41.6 ± 10.8 years old. Among them, 151 cases (59.9%) were under 45 years old, 88 cases (34.9%) were 46–65 years old, and 13 cases (5.1%) were over 65 years old. The baseline data comparison between PFG and PG is shown in Tables 2, 3. The results revealed that statistical difference existed between PFG and PG regarding the following characteristics: age, the proportion of smoking and drinking patients, the neutrophil/lymphocyte ratio, tumor size, and surgery range (P < 0.05).


TABLE 2 Baseline characteristics comparison between PFG and PG.
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TABLE 3 Baseline tumor characteristics and treatment between patients with and without tumor progression 红色以下还没改。.
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Risk factors of tumor progression within 5-year follow-up after glioma surgery

Multivariate analysis showed that age >45 years old (OR = 1.35, 95% CI, 1.07–3.19, P = 0.027), partial tumor resection (OR = 1.66, 95% CI, 1.15- 3.64, P = 0.031), tumor diameter >3 cm (OR = 1.52, 95% CI, 1.14–4.06, P = 0.017) and no radiotherapy (OR = 1.37, 95% CI, 1.12–2.44, P = 0.039) were independent risk factors of the progression of tumor during the 5-year follow-up period (Table 4).


TABLE 4 Factors associated with tumor progression within 5-year follow-up.

[image: Table 4]




Discussion

In recent decades, significant progress has been made regarding treatment for glioma, especially for those low-grade gliomas (13–15). But in clinical practice, recurrence is often seen in patients with glioma after tumor resection, which brings big challenge for neurosurgeons (16). The present study retrospectively enrolled patients with low-grade glioma and analyzed the clinical and follow-up data. By univariate and multivariate Logistic regression analysis, we found that there were four predictors for tumor progression within 5 years of follow-up in patients with low-grade glioma after tumor resection: age over 45 years, partial tumor resection, tumor diameter >3 cm, and no radiotherapy after surgery.

Previous findings suggest that patients older than 40 years have a significantly higher risk of recurrence or death after surgery (17, 18). Our results, that age beyond 45 years, were associated with an increased risk of postoperative recurrence of gliomas, were largely consistent with previous studies. The difference is that we analyze the recurrence risk of different ages based on the current age cutoff value for young and middle-aged people, that is, 45 years old, so as to facilitate clinical use. Regarding the predictive value of tumor size for prognosis, our results are that tumors larger than 3 cm in diameter increase the risk of recurrence. Different from the cut-off value of 4 cm or 5 cm in previous studies (19, 20), we believe that the reason may be due to the progress of current diagnostic technology, that more smaller gliomas are found, while the relative ratio of larger gliomas is reduced.

Due to the invasive growth characteristics and the particularity of anatomical location of gliomas, single surgery or radiotherapy cannot avoid tumor recurrence (21, 22). Low-grade gliomas account for 5% of intracranial tumors and can be classified into oligodendrogliomas, astrocytomas, and oligoastrocytomas, and mainly occur in younger patients, especially those in their 20 and 40 s. Imaging examination plays an important role in the diagnosis of glioma (23, 24). Conventional imaging examinations include brain CT and MRI. For the diagnosis of glioma, conventional MRI is superior to CT in images, and MRI can clearly show the extent of invasion of most tumors, surrounding edema, intratumoral hemorrhage, necrosis and Mass effect (25). However, there are still some low-grade gliomas that are not clearly displayed in conventional CT and MRI examinations, which require auxiliary diagnosis such as multimodal imaging, and more importantly, doctors need to carefully identify them during surgery. For low-grade gliomas Surgical treatment is an important treatment method for stromal tumors. For tumors in the non-functional area, the goal of total or subtotal resection is often achieved by means of extended resection (10), while for tumors in the functional area, “maximum safe tumor resection” is used. The strategy is to reduce tumor tissue, reduce tumor compression symptoms, and at the same time protect neurological function as much as possible. The purpose of diagnosis and guidance for further treatment can be achieved by biopsy or partial resection. However, it must be clear that the degree of surgical resection is closely related to the prognosis of patients. A retrospective study including 1097 patients with low-grade glioma showed that, Patients with less than 50% resection had a median survival of 10.5 years; those with 50%–90% resection had a median survival of 14 years, and those with total resection had a median survival of more than 15 years. Therefore, Intraoperative resection of as many tumors as possible under the premise of ensuring safety is beneficial to obtain a better prognosis (26). If the preoperative assessment considers that the degree of tumor resection may be less than 50%, it can be considered biopsy under stereotaxic or navigation (27, 28). Our findings are consistent with those described above. In our study, there was a significant increase in the risk of recurrence during the 5-year follow-up period after partial tumor resection. In recent years, surgery-assistant techniques improved significantly, including neuronavigation, stereotaxic, intraoperative B-ultrasound, intraoperative CT or MRI, etc. to determine the extent of the tumor, as well as intraoperative awakening techniques and brain function localization to protect motor, language, and sensory functions (29, 30). The use of technology has significantly improved the efficacy and safety of surgery.

Due to the aggressive growth pattern of gliomas, surgical treatment alone cannot completely cure diffusely growing tumors (31). At present, adjuvant therapy such as radiotherapy and chemotherapy are used to delay tumor recurrence. Different from high-grade glioma cells, the timing of postoperative radiotherapy and chemotherapy for low-grade glioma is still not standardized, and the need for postoperative radiotherapy and chemotherapy should be assessed according to high-risk factors (32). Currently recognized high-risk factors for low-grade glioma include age greater than or equal to 40 years, tumor diameter greater than or equal to 4 cm, incomplete tumor resection, astrocytoma component, and absence of combined 1p/19q deletion. For those with one of the above high-risk factors, adjuvant therapy such as radiotherapy and chemotherapy is recommended as soon as possible after surgery. However, the regulations on risk factors in various studies are still not unified. In a clinical trial of low-grade glioma in the United States, 111 patients with low-risk factors were observed postoperatively without adjuvant therapy, and the 2-year overall survival rate was 99% and the 5-year overall survival rate was 93%. Therefore, it is still necessary to be cautious about whether radiotherapy and chemotherapy are needed after surgery (33). Due to the location of glioma growth and its aggressive growth pattern, it is difficult to ensure complete resection in every patient with surgical treatment alone. The comprehensive treatment of surgery, radiotherapy and drug therapy is one of the keys to improve the cure rate of glioma (34). Our findings support combined postoperative radiotherapy. In our study, patients who did not undergo radiotherapy also had a significantly higher risk of recurrence during the 5-year follow-up. Surgery and radiotherapy are both local treatments, while drug therapy is systemic therapy. The purpose of further killing tumor cells is achieved through the distribution of drugs throughout the body. The advantage of drug therapy is that it can be performed multiple times. For patients with recurrence who cannot undergo surgery and radiotherapy, drug therapy is often the only treatment method (2). At present, drug therapy includes chemotherapy drug therapy, molecular targeted therapy, biological immunotherapy, etc. However, molecular targeted therapy and biological immunotherapy are still in the clinical trial stage. Eligible and eligible patients should be encouraged to participate in clinical trials of drugs at different disease stages.

Although low-grade gliomas are still difficult to cure completely, compared with other benign intracranial tumors, they still have a higher recurrence rate. However, compared with high-grade glioma, its natural course is longer, and the survival period after comprehensive treatment is significantly longer than that of high-grade glioma patients (35). At present, international treatment methods for low-grade glioma emerge in an endless stream, and various clinical trials continue to be carried out. The clinical research trials under study include postoperative observation, postoperative chemotherapy alone, and clinical efficacy observation of postoperative radiotherapy combined with chemotherapy. Through continuous improvement of surgery and radiotherapy, and the development of new anti-tumor drugs, it is expected to bring better prognosis and longer survival to patients with low-grade gliomas (36).

This study has some limitations: First, this is a single-center, retrospective study with a relatively small sample size, which has a negative influence on the validity of statistical results. Second, we did not include gene examination results or other biomarkers in this study. In our opinion, these biomarkers are not convenient in clinical practice and are expensive for patients. We suggest that future study conduct on multi-center, prospective design to further investigate some factors associated with the prognosis of low-grade glioma.
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Alcohol (n, %) 61(420) 30 (280) 5.254 0022

WBC (x10°/L) 73+26 6929 1149 0252

NEU (xll)g/L) 4419 41220 1211 0.227

LYM (x10°/L) 2308 24+06 1.087 0278

RBC (x10'*/L) 47£12 4913 1.262 9.208

Hb (g/L) 1453136 1469+158 0.861 0.390

PLT (x10°/L) 2136 +347 2069+ 358 1.495 0.136

NLR 1912047 1712055 3105 0.002

PLR 9294226 862237 2279 0.024

Cr (pmol/L) 7381185 706 +22.1 1.249 0.213

UA (umol/L) 2397+448 2296+535 1628 0.105

ALT (U/L) 246+52  235%73 1397 0.164

AST (U/L) 203+49 214%55 1.672 0.09

TBIL (pmol/L) 144+42 13.7+5.1 1.193 0.234

DBIL (umol/L) 66+18  68+23 0774 0.440

K (mmol/L) 467+042  462+0.48 0.879 0.380

Na (mmol/L) 146194 1455%117 0451 0.652

Cl (mmol/L) 1093+76 1079+92 1321 0.188

Ca® (mmol/L) 20£05 21206 1441 0.151

Hypertension (n, %) 12 (83) 10 (93) 0.089 0.766

Hyperipidemia (n, %) 15 (103) 13 (12.1) 0203 0.652

Diabetes (1, %) 7(48) 8(75) 0772 0.380

Aspirin (1, %) 17017 984 0.730 0393

BMI, body mass index; WBC, white blood cell; NEU, neutrophil; LYM
lymphocyle RBC, red blood cell; Hb, hemoglobin; PLT, platelet; NLR

phil ratio; PLR, pl ratio; Cr,
creatine; UA, uric acid: ALT, alanine aminotransierase; AST, aspartatc
aminotransferase: TBIL total bilirubin: DBIL direct bilirubin.
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Adverse events Number Percentage
Progression (, %) 141 560
Repeated surgery (1, %) 43 305
Non-surgery treatment (r, %) 37 22
Tumor-related death (r, %) 21 83
All-cause death (, %) 2 103
Symptom agpvation (n, %) 1 a4






OPS/images/fsurg-09-937556-t004.jpg
Factors Univariate analysis ~ Multivariate analysis
OR 95%CI P- OR 95%CI P-

value value

Age >45 years 147 1.09-3.38 0.036 135  1.07-3.19 0.027

Partial resection  1.72  1.18-2.85 0.025 166  1.15-3.64 0.031

Diameter >3 cm 163 1.11-3.87 0.033 152 1.14-4.06 0.017

No radiotherapy 142 1.17-2.56 0.034 137 1.12-2.44 0.039
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