

[image: image1]
Prognostic Factors Associated With Survival in Patients With Diffuse Astrocytoma












	
	ORIGINAL RESEARCH
published: 15 October 2021
doi: 10.3389/fsurg.2021.712350






[image: image2]

Prognostic Factors Associated With Survival in Patients With Diffuse Astrocytoma

Shuo Liu, Xiaoqiang Liu and Weiduan Zhuang*

Neurology Department, The First Affiliated Hospital of Shantou University Medical College, Shantou, China

Edited by:
Gilberto Ka Kit Leung, The University of Hong Kong, Hong Kong, SAR China

Reviewed by:
Sabino Luzzi, University of Pavia, Italy
 Songshan Feng, Central South University, China

*Correspondence: Weiduan Zhuang, zhuangweiduan@126.com

Specialty section: This article was submitted to Neurosurgery, a section of the journal Frontiers in Surgery

Received: 20 May 2021
 Accepted: 17 September 2021
 Published: 15 October 2021

Citation: Liu S, Liu X and Zhuang W (2021) Prognostic Factors Associated With Survival in Patients With Diffuse Astrocytoma. Front. Surg. 8:712350. doi: 10.3389/fsurg.2021.712350



Background: Diffuse astrocytoma (DA) is a rare disease with inadequately understood epidemiological characteristics and prognosis. Identification of the factors associated with the survival in DA patients is therefore necessary. In this study, we aim to investigate the clinicopathological characteristics of DA to delineate factors influencing the survival of DA.

Methods: A population-based cohort study was conducted, utilizing prospectively extracted data from the Surveillance, Epidemiology and End Results (SEER) database. Patients with histological diagnosis of DA in the SEER database from 1973 to 2017 were included.

Results: A total of 799 participants with DA were included, consisting of 95.9% fibrillary astrocytoma and 4.1% protoplasmic variants. The average age of participants was 41.9 years, with 57.2% being male. The majority of the population was white (87.5%). More than half (53.9%) of the patients were married. DA arose mostly in the cerebrum (63.8%). Around 71.6% of the population had received surgical treatment. The overall 1-, 3-, 5-, and 10-year survival rate were 73.7, 55.2, 49.4, and 37.6%, respectively. Kaplan–Meier analysis showed that age at diagnosis, marital status, primary tumor site, tumor size, and surgery was possibly associated with cancer-specific survival (CSS) (p < 0.05). Multivariate Cox proportional hazard analysis indicated that surgery was a protective factor whereas older age, larger tumor size, and tumor in the brainstem were harmful factors for patients with DA. Moreover, a nomogram predicting 5- and 10-year survival probability for DA was developed.

Conclusions: Age, primary tumor site, tumor size, and surgery were associated with the survival of patients with DA.
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INTRODUCTION

Astrocytomas account for about 80% of adult gliomas. They are the most common gliomas in the fourth through the sixth decades of life. On the basis of histological features, astrocytomas are stratified into pilocytic astrocytoma (grade I), diffuse astrocytoma (DA) (grade II), anaplastic astrocytoma (grade III), and glioblastoma (grade IV) by the World Health Organization (WHO) (1). DA is an infiltrating, hypercellular tumor composed of atypical cells that show astrocytic differentiation and mildly increased mitotic activity (2). It comprises 10–15% of all astrocytic brain tumors (3). Although DA is defined as a WHO grade II tumor, it regularly undergoes a malignant transformation into anaplastic astrocytoma and glioblastoma, eventually resulting in death (4). DA consists of fibrillary astrocytoma, protoplasmic astrocytoma, and gemistocytic astrocytoma. Due to the rapid transformation into a higher grade (5), gemistocytic astrocytoma is considered a variant of anaplastic astrocytoma by some experts (6).

Clinical symptoms of DA vary depending on the location of the tumor. Seizures, headaches, and focal neurologic deficits are the most frequent presenting symptoms. In comparison with other WHO grade II tumors, DA has a relatively worse prognosis (7). On the basis of the United States national cancer registries (1995–2009), the 5-year overall survival (OS) rate of DA is 47.1% (8). In earlier studies, age is proved as a prognostic factor for survival in DA (9, 10). However, studies about clinicopathological characteristics of DA are scarce in the literature at present. Factors influencing the prognosis of DA are also unclear.

Therefore, we conducted an analysis of DA through the population-based SEER database. In this study, we aim to investigate the clinicopathological characteristics of DA to delineate factors influencing the survival of DA.



METHODS


Patient Population

The SEER program is a cancer registry that prospectively collects information of the patients, including clinicopathological characteristics of cancer and survival. It is supported by the National Cancer Institute. Our study was designed as a population-based retrospective study. We used the latest release data of the SEER database, which constituted of patients documented from the years 1973–2017. According to the International Classification of Diseases for Oncology, Third Edition (ICD-O-3), patients diagnosed with DA as their primary tumor were identified. The ICD-O-3 morphology codes were 9,410 (protoplasmic astrocytoma) and 9,420 (fibrillary astrocytoma). Demographic features of these patients and clinicopathological characteristics of DA were collected.



Definition of Variables

The age of the patient at diagnosis, race, sex, marital status, primary tumor site, histological type, tumor size, surgical treatment, survival duration in months, and survival status were collected in this study. Patients with unclear information on any of the collected variables were excluded. The race was grouped into three categories: white, black, and others (American Indian/Alaska Native, Asian, or Pacific Islander). Similarly, marital status at diagnosis was classified as single, married, and others (separated/divorced/widowed) (Sep/Div/Wid). The primary tumor site was recategorized into five distinct categories including cerebrum (C71.1/C71.2/C71.3/C71.4/C71.5), cerebellum (C71.6), brainstem (C71.7), spinal cord (C72.0), and others. The primary outcome was cancer-specific survival (CSS).



Statistical Analysis

Cancer-specific survival stratified by each factor was delineated by a Kaplan–Meier curve. The connection between clinicopathological factors and CSS was analyzed using Cox proportional hazards model. Statistically significant variables in univariate Cox analysis were further included in multivariate Cox analysis. For each patient, significant prognostic factors were further put into the nomogram calculator to get a predicted survival rate at 5- and 10 years. The C-index and receiver operating characteristic (ROC) curve were utilized to evaluate the accuracy of the nomogram. The C-index and area under the curve (AUC) ranged from 0.5 to 1. A Higher C-index value or AUC indicated a better prognostic model. A two-tailed P ≤ 0.05 was determined as statistically significant. R software (version 3.5.0) was utilized to perform the statistical analysis.




RESULTS


Incidence

A total of 799 patients with DA(mean age 41.9 years) were included (Table 1), consisting of 766 fibrillary astrocytoma (95.9%) and 33 protoplasmic variants (4.1%). Among this population, 457 were male (57.2%). The majority of the population was white (87.5%). Most subjects were married (53.9%), whereas 33.9% were single. Of these patients, DA arose mostly in the cerebrum (63.8%), while to a lesser extent in the cerebellum (4.8%), brainstem (3.5%), and spinal cord (1.8%). With respect to tumor characteristics, the mean tumor size was 41.1 mm. Around 71.6% of the population had surgery to decrease the tumor burden. Among all the cases, DA accounted for 436 deaths (54.6%).


Table 1. Characteristics of patients with diffuse astrocytoma.
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Survival

The overall 1-, 3-,5-, and 10-year survival rates were 73.7, 55.2, 49.4, and 37.6%, respectively. The cancer specific 1-, 3-, 5-, and 10-year survival rates were 75.2, 57.3, 51.8, and 40.5%, respectively. The Kaplan–Meier analysis showed that age at diagnosis (Figure 1A), marital status (Figure 1B), primary tumor site, (Figure 1C), tumor size (Figure 1D), and surgery (Figure 1E) were possibly associated with CSS, whereas race (Figure 1F) and sex (Figure 1G) were not associated with CSS. All included variables were admitted into the univariate Cox analysis. As shown in Table 2, the results showed that age, marital status, primary tumor site, tumor size, and surgery each had statistically significant association with CSS (p < 0.05). No significant difference was noticed across sex and race. Significant variables in the univariate Cox analysis were further included in the multivariate Cox analysis, and the result demonstrated that age, primary tumor site, tumor size, and surgery were independent prognostic factors for DA. Surgery was a protective factor whereas older age, larger tumor size, and tumor in the brainstem were harmful factors for patients with DA.


[image: Figure 1]
FIGURE 1. Survival analysis of patients stratified by risk factors. (A) age (B) marital status, (C) primary tumor site, (D) tumor size, (E) surgery, (F) race, and (G) sex.



Table 2. Univariate and multivariate Cox proportional hazard analyses of clinical characteristics for cancer-specific survival rates.
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Nomogram

Based on the independent predictors from the multivariate Cox proportional hazards analysis, a nomogram predicting 5- and 10-year CSS for each of the DA predictors was constructed (Figure 2). This nomogram showed the probability of involvement of each predictor, and higher points correlated with lower survival probability. It also revealed that age contributed most to the prognosis, followed by tumor size, primary site, and surgery. By adding the scores of each predictor, the CSS probability of each patient with DA can be calculated. An interesting observation was that DA in the brainstem led to the lowest survival probability compared with other sites. Likewise, older patients and larger tumor sizes would appear to indicate a lower survival probability. The C-index of the nomogram was 0.774. In the plotted ROC curves, the AUC was 0.844 and 0.860 at 5- and 10-years, indicating a moderate accuracy in our nomogram model (Figure 3). Moreover, an optimal agreement between actual observation and the nomogram prediction was seen in the calibration plot for the probability of survival at 5- or 10-years (Figures 4A,B).


[image: Figure 2]
FIGURE 2. Nomogram for predicting 5- and 10-year survival probability of diffuse astrocytoma.
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FIGURE 3. ROC curves for validating nomogram model.
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FIGURE 4. The calibration curve for predicting patient survival at 5- (A) and 10-years (B). Nomogram predicted probability of cancer-specific survival (CSS) is plotted on the x-axis, actual CSS is plotted on the y-axis.





DISCUSSION

Reports are scarce regarding the detailed clinicopathological characteristics of DA. Most present studies of DA are small case series. Therefore, epidemiological characteristics and factors influencing the prognosis of DA remain unclear. To the best of our knowledge, our study is the largest one to depict clinicopathological characteristics of DA and describe factors influencing its survival.

Diffuse astrocytoma has been previously reported in younger people. In our study, the average age at diagnosis was 41.9 years. The literature suggested that the mean age at diagnosis of DA patients was 45.7 years, which was slightly older than our subjects (11). This disease mostly occurs in young people, which increases the economic and social burden for the entire family and society. Our data demonstrated that the white was predominately affected and over half of the patients were married. We also found that DA most commonly arose in the cerebrum. The previous study had reported that DA was more prevalent among men (51.7:48.3 male: female) (12) and our male:female (57.2:42.8) ratio was slightly higher when compared with literature. In literature, protoplasmic astrocytoma was a rare variant and fibrillary type was the most common, representing more than 85% of all DA (13). Our data showed that only 4.1% were protoplasmic astrocytoma whereas 95.9% were fibrillary astrocytoma. The previous study had reported that the 5- and 10-year survival rates for DA were 48 and 36%, respectively (14). In our study, 49.4% lived more than 5 years whereas 37.6% lived more than 10 years.

Among the clinical variables, age was identified as a significant prognostic factor for the survival of DA in our study. Older patients had a much poorer prognosis. This result was in line with the literature (10, 15–18). A previous study had put forward the definite association between age and survival of DA, with a worse prognosis in older patients (9). Moreover, age values of 47 and 63 years were calculated as two optimal cutoff values to distinguish good, moderate, and poor survival.

Surprisingly, we observed that tumor size affected the survival of DA. Similarly, the tumor size value of 25 and 44 mm were two optimal cutoff values to distinguish good, moderate, and poor survival. We were also the first to report the effect of primary tumor site on the survival of DA. DA in the brainstem had the worst survival rate compared with those in other sites. A possible interpretation is that the brainstem plays an important role in the regulation of cardiac and respiratory function. Tumor in the brainstem is more likely to affect heart rate and breathing than tumors in other sites and it causes a lower survival rate.

Evidence concerning the effect of surgery in DA is rare in literature. Our study revealed that surgery was associated with better survival in DA. However, the surgical types of most included cases were not specified in the database. Therefore, we were unable to further analyze the association between surgical types and survival. Previous research demonstrated that extent of tumor resection was not correlated with patient survival in DA (3). Due to the scarce evidence in DA, we used evidence in low grade glioma (LGG) for reference. In the last few decades, the value of surgery in LGG was controversial. However, recent viewpoints have suggested that biopsy is considered harmful, whereas extensive resection is correlated with a more favorable prognosis (2, 19). Some new concepts also have put forward a new standpoint that supratotal resection is a protective factor relating to the management of LGG (20, 21). However, these conclusions come from studies of LGG, which contain not only DA but also oligodendroglioma and oligoastrocytoma. More studies are needed to prove the value of surgery in DA.

A nomogram is an essential tool of modern medical decision-making (22). It is a graphical demonstration of a statistical prediction model generating survival probability of a specific outcome (23, 24). Doctors could easily figure out the prognosis for patients by using a nomogram of an efficient prognostic system. This could also assist in patient counseling and individualized treatment. Additionally, nomograms are specifically worthy for clinicians to solve complex diseases where no definite clinical guidelines exist. Therefore, we constructed a nomogram predicting CCS of DA based on a large population from the SEER database. The nomogram performed well in predicting survival probability, supported by the C-indexes (0.774) and the ROC curves (AUC of 0.844 and 0.860 at 5- and 10-years, respectively). Prediction of prognosis of patients by utilizing nomograms is straightforward. Firstly, each variable corresponds to relevant “points” in the nomogram by drawing a vertical line. Secondly, “total points” is obtained by summing up all the “points” of each variate. Finally, a vertical line from “total points” to the “survival probability” is drawn to get the corresponding survival probability. For example, consider a 22-year-old (20 points) DA patient, with tumor location of the brainstem (28 points), tumor size of 20 mm (4 points), and received surgery (0 points). After using our nomogram, the “total points” of this patient are 52. The 5- and 10-year CCS probabilities of this patient are about 63 and 48%, respectively.

Our study had several limitations. Firstly, DA is currently defined by both histologic and molecular characteristics, whereas the SEER database does not contain the relevant molecular information (25). However, due to the high degree of accordance (about 80%) between the histologic diagnosis and the molecular diagnosis of glioma, this limitation may be alleviated (26, 27). Secondly, we lacked information about radiotherapy, which may play an important part in survival in DA patients. Ultimately, missing data and selection bias were inevitable because the study design was retrospective.



CONCLUSIONS

In conclusion, our study is the largest one to date to investigate the clinicopathological characteristics and survival for patients with DA. We found that age, primary tumor site, tumor size, and surgery were associated with the survival of patients with DA. These outcomes may contribute to future management in DA patients.
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