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Abstract

Purpose: To investigate the predictor factors of mortality describing the prognosis of primary surgical resection of
low-grade astrocytoma.

Materials and methods: A systemic search was conducted from electronic databases (PubMed/Medline, Cochrane
Library, and Google Scholar) from inception to November 14, 2021. All statistical analysis was conducted in Review
Manager 5.4.1. Studies meeting inclusion criteria were selected. A random-effect model was used when heteroge-
neity was seen to pool the studies, and the result were reported in the hazards ratio (HR) and corresponding 95%
confidence interval.

Result: Five cohort studies were selected for meta-analysis. There was statistically significant effect of total resection
on increase mortality after surgery in low-grade astrocytoma patients (HR=0.70 [0.52, 0.94]; p = 0.02; > = Not appli-
cable). On the other hand, there was statistically nonsignificant effect of patient’s age (HR=1.27[0.95, 1.68]; p=0.11;
> =83%), tumor size (HR=1.13[0.94, 1.35]; p=0.19; > =73%), and increasing KPS (HR=0.59 [0.20, 1.77]; p=0.35;

> =86%) on prognosis of low-grade astrocytoma after surgery.

Conclusion: The results of meta-analysis showed significant relationship of extent of resection and mortality, while

factors such age, KPS score, and tumor size were nonsignificant to determine mortality in patient diagnosed with low-
grade astrocytoma. The gross total resection surgery should be preferred over subtotal resection since the incidence

of malignant formation is low in gross total resection.
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Introduction

Low-grade astrocytoma (LGA) is responsible for 15% of
all primary brain tumors, including grade I and grade II
astrocytoma, primarily affecting young adults [1]. Pilo-
cytic astrocytoma (WHO grade I) is a typically well-
circumcised tumor, with low growth, and can regress
spontaneously, primarily tend to arise in the cerebellum
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and chiasmatic or hypothalamic region, but can involve
the cerebral hemisphere, brain stem, or spinal cord [2].
The 10-year overall survival rate in pediatric patients
is more than 90%; however, the survival rate decreases
with increase in age, 70% overall survival rate by the age
of 40 years [3]. World health organization defines dif-
fuse astrocytoma (WHO grade II) as diffusely infiltrat-
ing astrocytoma with a characteristic mutation in the
IDH1 or IDH2 gene. The tumor is composed of cells with
pleomorphism of moderate extent, advanced astrocytic
differentiation, and a prolonged growth period [4]. The
grade II astrocytoma has a 5-year overall survival and
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progression-free survival ranges from 58 to 72% and 37%
to 55%, respectively [5].

The preferred treatment for grade I astrocytoma is
complete resection of the tumor. The rate of recurrence
occurs in less than 5% of patients, with a 10-year survival
rate of nearly 100%. After subtotal resection, a portion
of the tumor can slowly progress or undergoes arrested
growth or regress spontaneously [6]. In post-resection
progression, surgery is the treatment of choice; how-
ever, when the tumor is not amenable to surgery, chem-
otherapy is often preferred before radiation therapy [7].
Similar beneficial effects for surgery were reported in the
treatment of grade II astrocytoma; gross total resection
is the preferred treatment, associated with a lower fre-
quency of seizures, than subtotal tumor resection [8].

In this systematic review and meta-analysis, we evalu-
ated the factors that predict the mortality in patients with
LGA, underwent surgical resection of the tumor. No pre-
viously published meta-analysis and systematic review
have analyzed the factors responsible for predicting post-
surgical mortality. We assessed the relation of age, tumor
size, extent of resection, and Karnofsky Performance Sta-
tus (KPS) Scale to predict mortality.

Method

Data sources and search strategy

This systematic review and meta-analysis was conducted
according to the Preferred Reporting Items for System-
atic Review and Meta-analyses (PRISMA) guidelines [9].
An electronic search from PubMed/Medline, Cochrane
Library, and Google Scholar was conducted from their
inception to November 14, 2021 (detailed strategy pro-
vided in Additional file 1: Table S1), with only English
language-based literature, using the search string: (low-
grade astrocytoma OR grade I astrocytoma) AND (resec-
tion OR surgical process OR operation) AND (extent). In
addition, we manually screened the cited articles of pre-
vious meta-analyses, cohort studies, and review articles
to identify any relevant studies.

Study selection

All studies were included if they met the following eli-
gibility criteria which can be described as PICOS: (1) P
(Patients): Low-grade astrocytoma (Grade I or II); (2)
I (Intervention): Any type of surgical resection in low-
grade astrocytoma; (3) C (Control): None; (4) O (Out-
come): Predictive factors of mortality using multivariate
analysis of patient’s age, tumor size, total resection, and
increasing KPS; (5) S (Studies): Cross-sectional studies,
cohort studies and human-based randomized controlled
trials published in English only.
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Data extraction and quality assessment of studies

Two reviewers independently searched electronic data-
bases. Studies searched were exported to the EndNote
Reference Library software version 20.0.1 (Clarivate Ana-
lytics), and duplicates were screened and removed.

Data extraction and quality assessment of included
studies was done simultaneously and independently by
two reviewers. Newcastle—Ottawa Scale (NOS) was used
to assess the quality of the cross-sectional studies. NOS
score 1-5 was considered high risk for bias, 6-7 was
moderate, and score>7 was considered low risk of bias
(details of scoring provided in Additional file 1: Table S2).

Statistical analysis

Review Manager (version 5.4.1; Copenhagen: The Nor-
dic Cochrane Centre, The Cochrane Collaboration, 2020)
was used for all statistical analyses. The data from stud-
ies were pooled using a random-effects model. Analysis
of results was done by Hazards Ratio (HR) with respec-
tive 95% confidence intervals (CI). The Chi-square test
was performed to assess any differences between the sub-
groups. Sensitivity analysis was done to see if any individ-
ual study was driving the results and to implore reasons
of high heterogeneity. As per Higgins et al. scale for
heterogeneity was considered as follows: I?=25-60%—
moderate; 50—90%—substantial; 75—100%—considerable
heterogeneity, and p<0.1 indicated significant hetero-
geneity [10]. A p<0.05 was considered significant for all
analyses.

Results

Literature search results

The initial search of the three electronic databases
yielded 1256 potential studies. After exclusions based on
titles and abstracts, the full texts of 371 studies were read
for possible inclusion. A total of 5 studies remained for
quantitative analysis. Figure 1 summarizes the results of
our literature search.

Study characteristics

Table 1 provides the basic characteristics of included
studies [11-15]. Our analysis included 5 published stud-
ies. All are cohort studies. A total of 853 patients were
included in this analysis. Two studies are from South
Korea [15]; 1 is from Germany [11], Brazil [12], USA [13],
and Norway [14]. Average age from these studies was
42.9 years.

Publication bias and quality assessment
There are less than 10 studies so publication bias cannot
be assessed.
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Table 1 Basic characteristics of selected articles
Study Study design  Duration Country Totalno.of Male (%) Meanage Factors present Risk of bias
patients (n) (years)
Juratlietal. [11] Cohort 1993-2007  Germany 71 N/A* 435 Age Low risk
Biancoetal. [12]  Cohort 1999-2008  Brazil 82 57 413 KPS Low risk
Babu etal. [13] Cohort N/A* USA 500 554 40.1 Age, size, and resection  Low risk
Jakola et al. [14] Cohort 1998-2009  Norway 117 58 44 Age, KPS, and size Low risk
Choietal.[15] Cohort 2003-2015  South Korea 153 56 456 Size Low risk

N/A* =Not available
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All studies have low risk of bias.

Results of meta-analysis

Detailed forest plot outlining the effect size of predictors
of mortality in low-grade astrocytoma (Fig. 2) is provided
in the manuscript. We assessed 4 factors: patient’s age,
tumor size, total resection and increasing KPS.

Our analysis was based on subgroups, which assessed
five studies. Three studies were used to analyze patient’s
age [11, 13, 14] and tumor size [14, 16] while one study
was pooled to analyze total resection [13] and increasing
KPS [12, 14]. Pooled result showed only total resection as
statistically significant predictor of mortality (HR=0.70
[0.52, 0.94]; p=0.02; I*=Not applicable). Analysis
showed statically nonsignificant results in patient’s age
(HR=1.27 [0.95, 1.68]; p=0.11; >=83%), tumor size
(HR=1.13 [0.94, 1.35]; p=0.19; P=73%), and increasing
KPS (HR =0.59 [0.20, 1.77]; p=0.35; I* =86%).

Sensitivity analysis
A sensitivity analysis was conducted to assess the influ-
ence of each study on the overall effect by excluding one
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study at a time, followed by the generation of pooled
Hazard Ratio (HR) for the rest of the studies. No signifi-
cant change was observed after the exclusion of any indi-
vidual study, suggesting that the results were robust.

Discussion

In this study, we presented the assessment of evidence
from 6 cohort studies to evaluate the factor responsible
for the prediction of mortality in LGA, in patients who
underwent tumor resection surgery. The results of the
analysis showed nonsignificant relation of patient’s age,
the size of the tumor, and increased preoperative Karnof-
sky Performance Status (KPS) Scale with mortality. Sig-
nificant results were obtained for the extent of resection
(EOR) only.

The EOR has emerged as a significant prognostic factor
in patients with LGA. The greater EOR has been shown
to improve overall and progression-free survival, and the
time to malignant transformation (16). The primary goal
of surgery is to maximize the EOR, avoiding a postop-
erative neurological deficit. For the maximum safe resec-
tion, several advanced surgical techniques have been

Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio] SE Weight IV, Random, 95% Cl Year IV, Random, 95% CI
1.1.1 Patient's Age
Juratli et al 1.335 0.4104 10.0% 3.80[1.70,8.49) 2012 .
Bahu et al 0.0488 0.0049 49.2% 1.05[1.04,1.06) 2013
Jakola etal 01906 0.0951 40.7% 1.21[1.00,1.46] 2013
Subtotal (95% CI) 100.0% 1.27 [0.95, 1.68]
Heterogeneity: Tau®*= 0.04;, Chi*=12.03, df=2 (P=0.002); F=83%
Test for overall effect: Z=1.62(P=0.11)
1.1.2 Tumor size
Bahu et al 0.0198 0.005 54.3% 1.02[1.01,1.03) 2013
Jakola etal 01655 0.0794 38.9% 1.18[1.01,1.38) 2013
Choi et al 0.6831 0.3334 6.8% 1.98[1.03, 3.81] 2020
Subtotal (95% CI) 100.0% 1.13[0.94, 1.35]
Heterogeneity: Tau®*= 0.02; Chi*=7.30, df=2 (P=0.03); F=73%
Test for overall effect: Z=1.31 (P=0.19)
1.1.3 Total Resection
Bahu et al -0.3567 01517 100.0% 0.70[0.52,0.94] 2013 ,
Subtotal (95% CI) 100.0% 0.70[0.52, 0.94]
Heterogeneity: Not applicable
Test for overall effect: Z=2.35(P=0.02)
1.1.4 Increasing KPS
Bianco et al 11712 04241 43.0% 0.31[0.14,0.71] 2013 —
Jakola et al -0.0408 0.0162 57.0% 0.96[0.93,0.99) 2013 :
Subtotal (95% CI) 100.0% 0.59[0.20, 1.77]
Heterogeneity: Tau®= 0.55; Chi*= 7.09, df=1 (P = 0.008); F= 86%
Test for overall effect: Z=0.94 (P = 0.35)
0.01 0.1 10 100
. . Favours [Survival] Favours [Mortality]
Test for subgroup differences: Chi*=10.44, df=3 (P=0.02), F=71.3%
Fig. 2 Forest plot showing effect size of predictor factors of mortality in low-grade astrocytoma
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employed [17]. Intraoperative magnetic resonance imag-
ing, intraoperative functional pathway mapping, fluores-
cence-guided surgery, and neuro-navigation are common
techniques in glioma surgery [18]. Bond et al. published a
systematic review and meta-analysis to evaluate the rela-
tionship of the extent of tumor resection and recurrence,
in patients diagnosed with adult-pilocytic astrocytoma
(WHO grade I). They found that the tumor reoccurred in
31% of patients, primarily after subtotal resection (73%),
less prevalent after gross total resection (27%). Therefore,
they concluded that the goal of surgery should be gross
total resection rather than subtotal resection when fea-
sible [19]. Another systematic review and meta-analysis
evaluated the role of surgical tumor resection in pediatric
spinal cord astrocytoma. It was found that the gross total
resection showed better 5-year overall survival than sub-
total resection [20].

The results suggested that the extent of resection is a
significant factor for predicting mortality in LGA. Babu
et al. in the multivariant found that the increasing age,
large tumor, and tumor resection as individual predict-
ing factors for survival. They found that the patients
who underwent resection had more than twice the sur-
vival than the patients who underwent biopsy only. The
result of the analysis favors the results of Babu et al., and
therefore, the extent of resection can be used to predict
the mortality in LGA. Nonetheless, because of a smaller
number of included studies, the available data is not large
enough to predict a strong result. The less than gross
total resection has a potential for malignant transfor-
mation, therefore impacting the survival by 50%, which
could be the reason for the significance of EOR for sur-
vival [21].

Malignant transformation can be defined as the pro-
gression of an LGA to a WHO grade III and IV tumor
[22]. The incidence ranges from 23 to 72%, with the
median time ranging from 2.7 to 5.4 years. The histol-
ogy of astrocytoma, less than gross total resection, and
tumor size greater than 3 cm are important prognostic
factors [23]. Murphy et al. [24] concluded that the older
age, male sex, multiple tumor locations, residual disease,
and chemotherapy alone can contribute to malignant
transformation.

The results of the analysis suggested a nonsignifi-
cant role of age, size of the tumor, and KPS score (the
KPS score is a commonly used system to distinguish
the patient prognosis and to determine the appropri-
ate management in astrocytoma). Bianco et al. found
malignant degeneration in 57% of patients, in a median
time of 2 years. Thirty percent of detected patients sur-
vive. The malignant transformation plays an important
role in postsurgical mortality; therefore, factors such as
EOR, which potentially affects malignant transformation,
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contribute significantly to determining survival and mor-
tality [25]. Therefore, the gross total resection surgery
should be implemented, if possible, to minimize the risk
of mortality. The age, KPS score, and tumor size are less
significant postoperative contributing factors of malig-
nant transformation, therefore, less effective in predict-
ing mortality.

Limitation

Our study is limited in several ways. Firstly, our analysis
was based on few studies with minimal patient popula-
tion which might not cover all the aspect. Secondly, all
studies were cohort, and no randomized controlled tri-
als were used in the analysis. Finally, high heterogene-
ity was observed in all nonsignificant factors (patient’s
age, tumor size, and increasing KPS). These studies were
pivotal in forming analysis, but more studies should be
conducted.

Conclusion

The results of meta-analysis showed significant relation-
ship of extent of resection and mortality. While factors
such age, KPS score, and tumor size were nonsignificant
to determine mortality in patient diagnosed with low-
grade astrocytoma. The gross total resection surgery
should be preferred over subtotal resection since the
incidence of malignant formation is low in gross total
resection. The age, preoperative KPS score, and tumor
size were found unrelated to malignant formation. How-
ever, the available data and published studies were not
sufficient to predict a strong result. New studies evaluat-
ing the factor responsible for malignant transformation
and determining mortality in low-grade astrocytoma are
needed.
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