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Low-grade astrocytoma – surgical outcomes 
in eloquent versus non-eloquent brain areas
Astrocitoma de baixo grau – resultado cirúrgico em área eloquente versus não eloquente
André de Macedo Bianco1, Flavio Key Miura2, Carlos Clara3, Jose Reynaldo W. Almeida3, Clemar Correa da 
Silva2, Manoel Jacobsen Teixeira2, Suely K. Nagahashi Marie2

Primary central nervous system (CNS) tumors comprise 
a heterogeneous group of benign and malignant neoplasms. 
The most common tumors are collectively referred to as glio-
mas. These tumors are classified according to cell origin and 
graded based on standard histopathological features defined 
by the World Health Organization (WHO) — Classification of 
Tumors of the Central Nervous System (latest 2007 edition)1,2.

Diffuse low-grade gliomas (LGGs), designated as WHO 
grade II classification, encompass glial tumors that are infil-
trative in nature with low proliferative activity, including astro-
cytomas, oligodendrogliomas and mixed oligoastrocytomas.

An estimated 2,000 to 3,000 LGGs are diagnosed in the 
United States every year, accounting for nearly 15% of all 

primary brain tumors. These cases are predominantly as-
trocytomas. Peak incidence occurs in individuals between 
35 and 44 years of age3. The median survival of patients with 
LGG is between five and ten years4-11. Despite this long sur-
vival time, 50–75% of these patients die as a result of either 
tumor recurrence or malignant progression6,11.

Whereas expectant management was once acceptable, 
current trends and mounting evidence now favor more ac-
tive management, including extensive surgical resection12-15. 
Nevertheless, studies tend to compare survival in good surgi-
cal candidates (especially those with tumors in non-eloquent 
brain areas) with survival in poor surgical candidates (with 
diffuse infiltrating tumors in eloquent brain areas)7.
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ABSTRACT
A retrospective study of 81 patients with low-grade astrocytoma (LGA) comparing the efficacy of aggressive versus less aggressive surgery 
in eloquent and non-eloquent brain areas was conducted. Extent of surgical resection was analyzed to assess overall survival (OS) and pro-
gression-free survival (PFS). Degree of tumor resection was classified as gross total resection (GTR), subtotal resection (STR) or biopsy. GTR, 
STR and biopsy in patients with tumors in non-eloquent areas were performed in 31, 48 and 21% subjects, whereas in patients with tumors 
in eloquent areas resections were 22.5, 35 and 42.5%. Overall survival was 4.7 and 1.9 years in patients with tumors in non-eloquent brain 
areas submitted to GTR/STR and biopsy (p=0.013), whereas overall survival among patients with tumors in eloquent area was 4.5 and 2.1 years 
(p=0.33). Improved outcome for adult patients with LGA is predicted by more aggressive surgery in both eloquent and non-eloquent brain areas.
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RESUMO
Foi realizado estudo retrospectivo em 81 pacientes com astrocitoma de baixo grau (LGA) comparando a eficácia da ressecção cirúrgica com 
cirurgia menos agressiva em relação à área eloquente e não eloquente do cérebro. A extensão da ressecção cirúrgica foi analisada para ava-
liar a sobrevida geral (OS) e o tempo livre de doença (PFS). O grau da ressecção cirúrgica foi classificado como ressecção total (GTR), subtotal 
(STR) e biópsia. Nos pacientes com lesão em área não eloquente foram realizadas GTR, STR e biópsia em 31, 48 e 21% dos casos, enquanto, 
naqueles com lesão em área eloquente, em 22,5, 35 e 42,5%, respectivamente. A sobrevida geral foi de 4,7 e 1,9 anos em pacientes com 
lesões em área não eloquente submetidos à GTR/STR e biópsia (p=0,013). Nos pacientes com lesão em áreas eloquentes, a sobrevida geral 
foi de 4,5 e 2,1 anos (p=0,33), respectivamente. A extensão da ressecção é fator preditivo de sobrevida tanto nas lesões em áreas eloquentes 
quanto nas não eloquentes.

Palavras-Chave: astrocitoma, análise de sobrevida, neurocirurgia.
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We performed a retrospective study in a homogeneous 
series of LGG, consisting of adult pure diffuse astrocytoma 
(WHO grade II), comparing the efficacy of aggressive versus 
less aggressive surgery in patients with tumors in eloquent 
and non-eloquent brain areas.

METHODS

Adult patients who underwent initial surgery at Hospital 
das Clínicas de São Paulo and Hospital de Câncer de Barretos 
Pio XII for hemispheric low-grade astrocytoma (LGA) between 
1999 and 2008 were selected. The histopathological diagnosis 
of LGA was based on WHO guidelines, and the revision was 
performed by one neuropathologist for all cases included from 
both institutions. Oligodendroglioma and mixed glioma were 
excluded, as were two cases of gliomatosis cerebri.

Clinical data including age and sex, initial symptoms, tumor 
location, extent of surgical resection, adjuvant therapy, date of 
last follow-up or contact, date of death, time interval for dis-
ease progression and overall survival time were analyzed to as-
sess outcome measures: overall survival (OS) and progression-
free survival (PFS). Overall survival was defined as the time from 
surgery to death and progression-free survival as time from sur-
gery to demonstration of unequivocal increase in tumor size 
or demonstration of gadolinium enhancement on follow-up 
imaging and/or higher-grade tumor on subsequent surgery 
or biopsy12. Patients with no known progression/malignant pro-
gression were censored as of their last scan date.

Based on the data collected, patients were organized into 
two groups: tumor in non-eloquent brain area and tumor in 
eloquent brain area when lesion involved one or more of the 
following: internal capsule, insula, basal ganglia, language 
cortex, sensory motor cortex, thalamus and hypothalamus.

Outpatients were followed-up every three months. Semianually 
sequential follow-up neuroimages were compared by neurosur-
geons, excluding the surgeon who carried out the operation, to de-
termine the presence of residual lesion and recurrence or malig-
nant progression of the tumor. The degree of tumor resection was 
classified as: (1) gross total resection (GTR) when complete resec-
tion of the lesion was achieved based on Fluid Attenuated Inversion 
Recovery (FLAIR) signal abnormality on magnetic resonance imag-
ing (MRI); (2) subtotal resection (STR) when residual FLAIR signal 
abnormality was detected on postoperative images; and (3) biopsy 
for either open or stereotactic procedures.

Postoperative limited-radioterapy, with or without 
adjuvant chemotherapy, was delivered to the patients 
with progression/malignization and those with high risk 
(over 40 years, tumor crossing midline, partial resection). 
Total dose was 54 Gy with fractions of 2 Gy each. Adjuvant 
drugs were lomustine or temozolomide.

The survival curves were constructed using the Kaplan-
Meier method and differences were evaluated using the 

Log-rank test. The other parameters were analyzed by 
multivariate analysis using Cox proportional hazards. 
Statistical tests were performed using the R platform, ver-
sion 2.8.0 (Copyright © 2008 The R Foundation for Statistical 
Computing) and SPSS 15.0 software (SPSS, Chicago, IL, USA), 
with p<0.05 being considered statistically significant.

The ethics committees for human research of both insti-
tutions approved this study.

RESULTS

Among the 82 patients who met the inclusion crite-
ria, 47 (57%) were male, and patient age ranged from 18 to 
69 years old (median of 37 yo). Epilepsy was the most fre-
quent symptom, followed by headache and cognitive and 
motor changes.

Nineteen (23%) patients were followed-up for less than 
two years, 22 (27%) patients were followed-up for a period be-
tween 3 and 4 years, 31 (38%) patients were followed-up for a 
period between 4 and 8 years and 10 (12%) patients were fol-
lowed-up for more than 8 years (median of 4.8 years). Thirty-
four (41%) patients died during the follow-up period. Tumor 
progression and/or malignant degeneration were detected 
in 47 (57%) patients with a median time of 2 years. Of this 
group, 14 patients (30%) were still alive. LGAs primarily oc-
curred in non-eloquent areas in 42 (51%) cases while in elo-
quent areas in 40 (49%) cases (Table).

Table. Patient and treatment characteristics (n=82).

Characteristics Non-eloquent Eloquent*

Age at diagnosis (years)
18–30
31–40
41–50
>51

Median

14
12
10
   6
37

13
13
  8
  6
37

Sex
Male
Female

27
15

20
20

KPS at diagnosis
100–90%
80–70%
60–50%

28
  9
  5

30
  7
  3

Extent of resection
GTR
STR
Biopsy

13
20
  9

  9
14
17

Post-operative adjuvant therapy
Radiotherapy

Yes
No

Chemotherapy
Yes
No

30
10

  4
38

31
11

  8
32

KPS: Karnofsky Performance Scale; GTR: gross total resection; STR: subtotal 
resection.
*Tumor involved one or more of the following: internal capsule, insula, basal 
ganglia, language cortex, sensory motor cortex, thalamus and hypothalamus.
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A total of 58 (70%) patients had a Karnofsky score (KPS) 
of 100/90 at diagnosis, while 24 (30%) patients had a KPS£80.

Multivariate cox regression assessments (KPS, age, 
sex, tumor location) revealed that KPS at diagnosis was 
an independent predictive factor of both OS (hazard  ra-
tio=0.31;  95%CI  0.135–0.71;  p=0.006) and PFS (hazard 
ratio=0.167; 95%CI 0.057–0.492; p=0.001).

GTR, STR and biopsy in patients with tumors in non-eloquent 
areas were performed in 13 (31%), 20 (48%) and 9 (21%) subjects 
respectively, while for patients with tumors in eloquent areas re-
sections were 9 (22.5%), 14 (35%) and 17 (42.5%), respectively.

Overall survival time was 4.7 and 1.9 years in patients 
with tumors in non-eloquent brain areas that had GTR/STR 
and biopsy, respectively (p=0.013). For patients with tumors 
in eloquent areas undergoing GTR/STR and biopsy, OS was 
4.5 and 2.1 years, respectively (p=0.33). (Figs. 1 and 2)

A permanent new neurological deficit determined by the sur-
gical procedure occurred in four (5%) cases and surgical infection 
occurred in two cases (2%). There was no operative mortality.

DISCUSSION

Safety concerns over treatment for patients with low-grade 
gliomas have not yet been sufficiently resolved to reach a con-
sensus opinion and rational standard of care. Extent of surgi-
cal resection, timing for adjuvant radiotherapy and indication 
of chemotherapy for hemispheric LGG are aspects of clinical 
management, which remain controversial. Small study size, 
heterogeneity of inclusion criteria, distinct demographic series 
and different histological types of tumor were some of the con-
founding parameters preventing a consensus on the optimal 
therapeutic approach in this patient group4,13,16.

A retrospective review of 216 patients with hemispheric 
LGG, including volumetric analysis of the extent of surgical 
resection, has shown that patients with at least 90% resec-
tion had 5- and 8-year OS of 97 and 91%, respectively, whereas 
patients with less than 90% resection had 5- and 8-year OS 
rates of 76 and 60%, respectively12.

Chang et al.17 proposed a preoperative score system to 
prognosticate long-term outcomes in patients with LGGs that 
was validated in a subsequent multi-institutional study18. This 
newer scoring system is unique in that it is the first system to 
consider eloquence as a poor independent prognostic factor.

We share the view of Kelly7 that surgeons tend to opt 
for more extensive resection of compact tumors, especially 
those in non-eloquent brain areas, while subjecting diffuse 
infiltrating tumors in eloquent brain areas to biopsy only. In 
spite of this evidence, some patients with tumors in non-elo-
quent area (generally asymptomatic) are indicated for biopsy 
as primary therapy.

In the present study, we focused the analysis on astrocyto-
ma among the LGGs, excluding pilocytic astrocytomas (WHO 
Grade I), oligodendroglioma and gliomas with mixed histology. 
Our results showed that higher KPS at diagnosis and GTR/STR 
were positive predictive factors for overall survival.

Patients with tumors in non-eloquent brain areas under-
going biopsy have shorter overall survival time than those 
submitted to GTR/STR. Similarly, patients with tumors in el-
oquent areas undergoing biopsy have shorter survival than 
those submitted to GTR/STR although this difference did not 
reach statistical significance.

Although our results for patients with tumors in eloquent 
areas were not statistically significant, there is cumulative 
evidence that GTR at initial diagnosis represents a posi-
tive prognostic factor, even in cases with incomplete tumor 

Fig 1. Kaplan Mayer – extent of resection and overall survival 
(months) of patients with tumors in non-eloquent brain area. 
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Fig 2. Kaplan Mayer – extent of resection and overall survival 
(months) of patients with tumors in eloquent brain area. 
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OS: overall survival; GTR: gross total resection; STR: subtotal resection. OS: overall survival; GTR: gross total resection; STR: subtotal resection.
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removal, as patients with more extensive tumor resection 
had significantly longer OS11,14-16,19,20.

Our data showed a very similar KPS at diagnosis between 
these two groups. Although volumetric analysis of preopera-
tive lesions was not performed systematically in the present 
series, larger lesions were associated with lower KPS at diagno-
sis which proved to be an independent predictive factor of OS.

We believe that our OS is lower than that described in the 
literature because most of studies include others LGG (oligo-
dendroglioma/oligoastrocytoma) and probably because part 
of our sample has less than 48 months of follow-up.

Patients were submitted to more extensive resections 
when they presented compact and localized lesions in non-
eloquent areas while tumors in eloquent area and multilo-
bar in extention were only biopsed. However, when the OS 
of patients with lesions in non-eloquent and eloquent areas 

submitted to GTR/STR was compared, no significant differ-
ence was observed, confirming that extension of resection 
impacted positively on survival time. Nevertheless, resec-
tion of eloquent area implies higher risk of neurologic defi-
cits, and, therefore, quality of life in medium and long term 
of those patients should be evaluated for the final decision 
about these patients management. Moreover, recent intra-
surgical devices to monitor the functional behavior of elo-
quent areas may allow maximize the extent of tumor resec-
tion with consequent improvement in survival time.

Additionally, the recent disclosure of biological markers for 
different brain tumor types may further allow refining the deci-
sion making on therapeutic handling of these patients21-23.

In conclusion, improved outcome in adult patients with 
LGA is predicted by more aggressive surgery in both eloquent 
and non-eloquent brain areas.


