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Tumors of the CNS are the main cause of childhood 
cancer, the incidence of which exceeds that of leu-
kemia.1,2 Approximately 5.74 individuals younger 

than 14 years of age per 100,000 inhabitants are diagnosed 
with CNS tumors, accounting for approximately 1 in every 
2000 individuals in this age group.2 In addition to their 
high incidence in the pediatric population, these tumors 
are also the main cause of cancer-related death in child-
hood.1,2 High-grade gliomas account for approximately 
11% of all such neoplasms.1

According to the WHO, high-grade gliomas are ma-
lignant tumors, categorized into grades III and IV, that 
include glioblastoma, anaplastic astrocytoma, anaplas-
tic oligodendroglioma, anaplastic oligoastrocytoma, and 
anaplastic xanthoastrocytoma.3 By definition they are ag-
gressive tumors that are associated with high morbidity 
and mortality values and a 5-year survival rate of 28.1%.2 
Therefore, treatment is challenging and involves a combi-
nation of surgery, radiation, and chemotherapy.1

Several studies have investigated the demographic, clin-

ABBREVIATIONS GTR = gross-total resection; OS = overall survival; PFS = progression-free survival; STR = subtotal resection.
SUBMITTED May 10, 2020. ACCEPTED July 13, 2020.
INCLUDE WHEN CITING Published online December 11, 2020; DOI: 10.3171/2020.7.PEDS20389.

High-grade gliomas in children and adolescents: is there a 
role for reoperation?
Marcos Devanir Silva da Costa, MD, PhD,1,2 Nicole Cavalari Camargo, BSc,1  
Patricia Alessandra Dastoli, MD, PhD,1,2 Jardel Mendonça Nicácio, MD,1,2  
Frederico Adolfo Benevides Silva, MD,3 Maria Luisa Sucharski Figueiredo, MD,4  
Michael Jenwei Chen, MD,4 Andrea Maria Cappellano, MD, PhD,5 Nasjla Saba da Silva, MD,5 and 
Sergio Cavalheiro, MD, PhD1,2

1Department of Neurology and Neurosurgery, Universidade Federal de São Paulo; and Divisions of 2Neurosurgery, 3Radiology, 
4Radiotherapy, and 5Neuro-Oncology, Instituto de Oncologia Pediátrica, São Paulo—SP, Brazil

OBJECTIVE Tumors of the CNS are the main causes of childhood cancer and have an incidence that exceeds that of 
leukemia. In addition, they are the leading causes of cancer-related death in childhood. High-grade gliomas account for 
11% of such neoplasms and are characterized by aggressive clinical behavior and high morbidity and mortality. There 
is a lack of studies focusing on the factors that can prolong survival in these patients or guide therapeutic interventions. 
The authors aimed to investigate the factors related to longer survival durations, with a focus on reoperation for gross-
total resection (GTR).
METHODS In this retrospective cohort study, the authors analyzed 78 patients diagnosed with high-grade gliomas oc-
curring across all CNS locations except diffuse intrinsic pontine gliomas. Patients 0 to < 19 years of age were followed 
up at the Pediatric Oncology Institute. Overall survival (OS) and progression-free survival (PFS) were analyzed in the 
context of various prognostic factors, such as age, sex, histology, extent of tumor resection, reoperation for GTR, adju-
vant treatment, and treatment initiation from 2010 onward.
RESULTS With a mean age at diagnosis of 8.7 years, 50% of the patients were female and approximately 39% under-
went GTR at some point, which was already achieved in approximately 46% of them in the first surgery. The median OS 
was 17 months, and PFS was 10 months. In terms of median OS, the authors found no significant difference between 
those with reoperation for GTR and patients without GTR during treatment. Significant differences were observed in the 
OS in terms of the extent of resection in the first surgery, age, sex, Ki-67 expression, adjuvant treatment, and treatment 
initiation from 2010 onward. Furthermore, the PFS values significantly differed between those with GTR in the first sur-
gery and Ki-67 expression ≥ 50%.
CONCLUSIONS This study demonstrates the importance of GTR for these neoplasms, highlights the role of surgeons 
in its achievement in the first attempt, and questions the role of reoperation for this purpose. Finally, this study further 
supports the use of combined adjuvant treatment for the improvement of OS and PFS.
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ical, and histological factors that affect patient survival in 
such settings. These prognostic factors, whether clinical, 
radiological, histological, or genetic-molecular, can be di-
vided into two groups: a group of immutable factors (in-
cluding age, sex, and histological type), and another group 
of factors subject to medical intervention (including the 
time between diagnosis and start of treatment, extent of 
tumor resection, number of surgeries and, more recently, 
with new discoveries, biological markers).

Published studies on high-grade gliomas predominant-
ly include adult patients.4–7 In pediatric populations, the 
few studies conducted so far have had small sample sizes, 
with some of them indicating that sex, age, tumor location, 
and extent of resection affect survival.8–15

However, although previous cohort studies have described 
the prognostic factors in this population, their findings have 
shown low applicability in the achievement of therapeutic 
success. Likewise, the formulation of possible interventions 
in the natural history of the disease for the enhancement of 
patients’ survival or quality of life has been lacking. There-
fore, we aimed to investigate the prognostic factors, espe-
cially those subject to interventions such as reoperation, that 
affect survival in a large cohort of pediatric patients.

Methods
This retrospective study analyzed patients admitted to 

the Instituto de Oncologia Pediátrica/Grupo de Apoio ao 
Adolescente e a Criança com Câncer (IOP/GRAACC)/
Universidade Federal de São Paulo—(UNIFESP) be-
tween 1989 and 2019. The study was approved by the re-
search ethics committee of the institution. No consent was 
required considering the retrospective nature of the study. 
The patients’ identities were anonymized.

Of 1508 patients with tumors of the CNS, those young-
er than 19 years with a histological diagnosis of glioblas-
toma and anaplastic astrocytoma, or high-grade glioma 
(grades III and IV), were included in the study after meet-
ing the inclusion criteria. The histological diagnosis was 
defined by the pathologist at the institution even when the 
patient was initially treated in another institution. All CNS 
locations were included, except diffuse intrinsic pontine 
gliomas. Only primary cases of high-grade glioma were 
included; that is, patients whose results from the first 
anatomopathological examination did not reveal high-
grade glioma were excluded from this series.

The medical records of patients selected based on the 
inclusion criteria were retrospectively analyzed, and we 
collected data on the date of diagnosis, age at diagnosis, 
sex, histological type, location, signs and symptoms, date 
of recurrence or progression, date of first surgery, extent of 
resection, occurrence of reoperation, Ki-67 index expres-
sion, adjuvant treatment (chemotherapy and radiotherapy), 
date of treatment initiation, and date of death or the last 
clinical follow-up.

The date of diagnosis was defined as the date of the 
first imaging tests (CT or MRI) that identified the tumor. 
Overall survival (OS) was calculated considering the pe-
riod from the date of diagnosis to the date of all-cause 
mortality or last follow-up. Progression-free survival 
(PFS) was considered to be the time interval between the 

date of diagnosis and lesion recurrence or progression or, 
in cases with no recurrence or progression, death due to 
the disease or last follow-up date. Recurrence was defined 
as the reappearance of the lesion after total resection, and 
progression was characterized as an increase in the tumor 
volume > 25% on radiological follow-up.

For the extent of tumor resection three categories were 
considered: gross-total resection (GTR), subtotal resection 
(STR), and biopsy. GTR was confirmed on achievement 
of 100% resection of the preoperative volume of the Gd-
enhanced lesion on MRI by using the (A × B × C)/2 meth-
od,16 which may have been reported by the radiologist, as 
directly measured by the authors of this article (M.D.S.C., 
N.C.C.), or described in the medical records by neuro-
oncological report. STR was considered when the resec-
tion rate, as measured on postoperative MRI, was < 100% 
of the preoperative volume. Biopsy was considered when 
only small fragments were removed from the lesion for 
histological characterization through stereotaxic needle 
localization or neuronavigation. Postoperative MRI ex-
aminations were performed as part of the institution’s rou-
tine practice within 24–72 hours after surgery, to reduce 
potential artifacts such as enhancement of blood products. 
Radiological follow-up was performed according to the 
institution’s routine practice every 2–4 months, using MRI 
studies, whereas clinical follow-up was dependent on the 
chemotherapy and radiotherapy routine. Lesion type and 
histological grade were characterized according to the 
WHO criteria at the time of diagnosis.

Statistical analysis was performed using Kaplan-Meier 
survival curves and log-rank (Mantel-Cox) tests to com-
pare the groups. A multivariate analysis was conducted 
with multiple logistic regression models, in which the 
variables were selected according to the following criteria: 
effect and sample size, significance of univariate analy-
sis (p < 0.05), and correlation of variables. The qualita-
tive variables were analyzed using a contingency test as 
well as chi-square and/or Fisher’s exact tests, depending 
on the sample size and the testing for normal distribution 
for each set of samples. Differences with an α value ≤ 0.05 
were considered to indicate statistical significance. Data 
were analyzed and graphs plotted using GraphPad Prism 
8 for macOS version 8.0.1.

Results
Of a total of 1508 patients with tumors of the CNS, 78 

(5.2%) presented with high-grade gliomas across all lo-
cations, excluding diffuse intrinsic pontine gliomas. The 
case distributions were equal between sexes. The ages at 
diagnosis were divided into three main groups: 0 to < 3 
years, 15 patients (19.2%); 3–11 years, 36 patients (46.2%); 
and > 11 to < 19 years, 27 patients (34.6%). The mean age 
at diagnosis was 8.7 years.

The most frequently noted histological type was glio-
blastoma, which accounted for 54 (69.2%) cases, followed 
by anaplastic astrocytoma with 24 (30.8%) cases. The 
most commonly observed tumor location was the supra-
tentorial region, as observed in 62 (79.5%) cases, followed 
by infratentorial and spinal cord locations with 8 (10.25%) 
cases each.
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Thirty-four (43.6%) patients clinically presented with 
intracranial hypertension syndrome; 27 (79.4% of this 
group) experienced headache and 30 (88.2%) had vom-
iting. The incidence of papilledema in this symptomatic 
group was not reported. Thirty-three (42.3%) patients pre-
sented with focal deficits or focal neurological signs, of 
whom 26 (78.8%) had paresis, 23 (69.7%) showed cranial 
nerve alterations, and 10 (30.3%) presented with paresthe-
sia. In 9 (11.5%) patients, the first symptoms were seizures. 
Two (2.6%) patients were diagnosed incidentally, one of 
them specifically prenatally (50%).

Sixty-seven (85.9%) patients underwent chemotherapy, 
61 (78.2%) radiotherapy, and 53 (68%) both adjuvant treat-
ments. One (1.3%) patient with congenital glioblastoma 
received an autologous stem cell transplant as part of the 
treatment. The patients’ demographic data are summa-
rized in Table 1.

The median OS of patients was 17 months, and the PFS 
was 6 months, with 1-, 2-, and 5-year OS rates of 62.7%, 
36.35%, and 24.5%, respectively.

In the different age groups, the median overall survival 
durations in the age groups 0 to < 3 years, 3–11 years, and 
> 11 to < 19 years were 125, 16, and 14 months, respec-
tively. The female group showed a median survival of 18 
months, versus 15 months for males. Considering the dif-
ferent histological types, the median OS durations were 
16 months for glioblastoma and 19 months for anaplastic 
astrocytoma, with a median OS for tumor with Ki-67 ex-
pression ≥ 50% of 14 months, in contrast to the expression 
< 50%, which was 24 months.

Patients with supratentorial tumors had a median over-
all survival duration of 17 months, whereas those with 
infratentorial or spinal cord tumors had a median over-
all survival duration of 12 months. Considering adjuvant 
treatment, patients who had combined treatment with 
chemo- and radiotherapy had a median OS of 19 months, 
whereas those who only underwent radiotherapy had a 
median survival of 11 months. Patients who underwent 
surgery without adjuvant treatment had a median OS of 
5 months. Patients in whom treatment was initiated be-
fore 2010 had an OS duration of 11 months, whereas those 
treated from 2010 onward had a corresponding value of 23 
months. The median OS curves are shown in Fig. 1.

Groups of patients treated before 2010 and from 2010 
onward were compared according to the proportions of 
patients undergoing chemotherapy and radiotherapy, us-
ing the Fisher exact test. There was a significant differ-
ence between the number of patients who underwent regi-
mens with temozolomide and irinotecan and radiotherapy 
during these intervals (p < 0.0001). However, there were 
no significant differences in age (p = 0.77), sex (0.16), or 
achievement of GTR during the first surgery (p = 0.43) 
between these groups.

Univariate Analysis
The median PFS duration was 17 months in the 0 to < 

3 years age group, 5 months in the 3–11 years group, and 
6 months in the > 11 to < 19 years group. In terms of the 
different histological types, the median progression dura-
tions were 5 and 7 months, respectively, for glioblastomas 
and anaplastic astrocytomas. The median PFS durations 

associated with the different locations were 6 months for 
infratentorial tumors and 7 months for supratentorial and 
spinal cord tumors.

The median PFS duration of those who underwent com-

TABLE 1. Summary of demographic data in 78 patients with  
high-grade glioma

Variable No. %

Age
 0 to <3 yrs 15 19.2
 3 to 11 yrs 36 46.2
 >11 to <19 yrs 27 34.6
Sex
 Female 39 50
 Male 39 50
Clinical presentation
 Intracranial hypertension syndrome 34 43.6
 Focal deficits or signs 33 42.3
 Seizure 9 11.5
 Incidental 2 2.6
Histological type
 GBM 54 69.2
 AA 24 30.8
Tumor location
 Supratentorial 62 79.5
 Infratentorial 8 10.25
 Spinal cord 8 10.25
Resection at first surgery*
 GTR 11 17.7
 STR 33 53.2
 Biopsy 18 29
GTR and tumor location*
 Superficial 17 70.8
 Deep 7 29.2
Partial resection or biopsy and tumor location*
 Superficial 14 36.8
 Deep 24 63.2
No. of patients with GTR at any point*
 GTR 24 38.7
 No GTR 38 61.3
No. of surgeries to achieve GTR*
 1 11 45.8
 >1 13 54.2
Adjuvant treatments
 Chemo 67 85.9
 RT 61 78.2
 Both chemo & RT 53 68
 Autologous stem cell transplantation 1 1.3

AA = anaplastic astrocytoma; chemo = chemotherapy; GBM = glioblastoma; 
RT = radiotherapy.
* Data regarding patients presenting with supratentorial tumors. The mean 
time until first resection or biopsy in patients with supratentorial tumors was 
32.42 days. 
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FIG. 1. Survival curves demonstrating OS in all patients (A), by age (B), sex (C), tumor location (D), histology (E), Ki-67 (F), first 
resection status (G), reoperation (H), adjuvant treatment (I), and treatment period (J). CT = chemotherapy; RT = radiotherapy. 
Figure is available in color online only.
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bined treatment was 7 months, whereas that of those who 
underwent surgery and chemotherapy was 10 months. The 
corresponding values were 4.5 months in those who un-
derwent combined surgery and radiotherapy and 1 month 
in patients who underwent only surgery. Patients with ini-
tiation of treatment before 2010 had a median PFS dura-
tion of 5 months, whereas those treated from 2010 onward 
had a median survival duration of 6.5 months. The median 
PFS curves are shown in Fig. 2.

Statistical analysis of the factors affecting OS showed 
significant differences in the following prognostic factors: 
age (p = 0.0038), sex (p = 0.0245), and those who received 
adjuvant treatment (p = 0.0001). Significant differences 
were also found between Ki-67 expression groups (p = 
0.0429) and between patients treated before 2010 and from 
2010 onward (p = 0.0092). No significant differences were 
observed in terms of histology and tumor location. These 
results are outlined in Table 2.

In terms of median PFS, the analysis revealed significant 
differences in the Ki-67 expression groups (p = 0.0135), 
whereas no significant differences were found regarding 
the presence of adjuvant treatments (p = 0.3423), or in pa-
tients’ age, sex, tumor histology, tumor location, and year 
of diagnosis. These results are summarized in Table 3.

Multivariate Analysis
In the multivariate analysis for OS, the following vari-

ables were included: age < 3 years, female sex, extent of 
resection in the first surgery of patients with supratento-
rial tumors, and presence of adjuvant treatment. Although 
Ki-67 index expression and treatment initiation after 2010 
were significant in the univariate analysis, they were not 
considered in the model because of missing data in the 
Ki-67 expression group and due to collinearity concerns 
in the treatment initiation variable. Our results indicated 
that age < 3 years, female sex, and GTR in the first sur-
gery are predictors of a better chance of survival. Also, the 
generated model showed high accuracy, with a calculated 
area under the curve of 0.84 (95% CI 0.73–0.96) with p < 
0.0001. These results are summarized in Table 4.

Regarding PFS, multivariate analysis could not be gen-
erated because there were only two significant predictors, 
one of which had to be excluded due to missing data.

Supratentorial Tumors Analysis
Considering only the 62 (79.5%) supratentorial tumors, 

24 (38.7%) patients underwent GTR, including 13 (54.2%) 
who underwent two or more surgeries. Considering the first 
surgery, 33 (53.2%) patients underwent STR and 18 (29%) 
biopsy. Thirteen (20.9%) patients underwent reoperation to 
achieve GTR, with 12 of them (92.3%) undergoing con-
secutive resections, without adjuvant treatment between 
surgeries. The mean time from diagnosis to the first resec-
tion or biopsy was 32.42 days, in which we did not consider 
other surgeries such as shunts to treat hydrocephalus.

Among the 24 (38.7%) patients who underwent GTR, 
17 (70.8%) had superficially localized tumors, whereas 7 
(29.2%) had deeply localized tumors. Of the 38 patients 
who underwent STR or only biopsy, 24 (63.2%) presented 
with deeply localized tumors, in locations such as thala-

mus, whereas 14 (36.8%) were superficial. Testing the dif-
ference in proportions of deep and superficial localized 
tumors between GTR and STR/biopsy groups, the Fish-
er exact test revealed a significant difference (p = 0.02). 
Demographic data from patients can be seen in Table 1.

Regarding the resection status of the first surgery, 
those who underwent GTR had a median OS duration of 
29 months, whereas those who underwent STR or biopsy 
showed median survival durations of 19 and 13 months, re-
spectively. Patients who underwent reoperation for GTR had 
a median OS of 24 months, whereas patients who under-
went STR had 16 months and those who underwent biopsy 
had 12 months of median survival. The curves showing OS 
by extent of resection and reoperation can be seen in Fig. 1.

In terms of PFS regarding the extent of resection in the 
first surgery, patients who underwent GTR had a median 
PFS duration of 12 months, whereas those who underwent 
STR and biopsy had median PFS durations of 5 and 4 
months, respectively. Patients who underwent reoperation 
for GTR had a median PFS duration of 3 months, whereas 
patients who underwent STR or biopsy had PFS durations 
of 5 and 3.5 months, respectively. The curves showing 
PFS regarding the extent of resection and reoperation can 
be seen in Fig. 2.

The statistical analysis for OS showed significant dif-
ferences regarding the extent of resection in the first sur-
gery, with the highest median OS duration observed in 
those who underwent GTR (p = 0.0175). In addition, no 
significant differences were found between the groups of 
patients who underwent GTR after reoperation and those 
who underwent biopsy or STR during treatment (p = 
0.1530). The 5-year survival rates were 15.4% for the pa-
tients who underwent reoperation to achieve GTR, 19.2% 
for patients who underwent STR, and 8.3% for the biopsy 
group. The results regarding univariate analysis for OS are 
summarized in Table 2.

Regarding PFS, the univariate analysis revealed signifi-
cant differences in first resection status, with GTR present-
ing the longer PFS (p = 0.0114). No significant differences 
were found between those who underwent reoperation to 
achieve GTR. These results are outlined in Table 3.

Considering only patients who achieved GTR in the 
first surgery or after reoperation, there were no significant 
differences in age, sex, tumor histology, depth of tumor 
location, adjuvant treatment, or Ki-67 expression. Ad-
ditional data on patients who underwent reoperation are 
shown in Table 5.

Discussion
In this study we found that the median OS duration of 

patients with supratentorial tumors who underwent GTR 
in the first surgery was longer than that of patients who 
received STR and biopsy (29, 19, and 13 months, respec-
tively). In addition, we found no significant differences 
between the survival curves of patients who underwent 
reoperation for GTR and those with STR and biopsy. This 
is revealed by the 5-year survival rates of these groups, 
with 15.4%, 19.2%, and 8.3% of patients alive in the GTR, 
STR, and biopsy groups, respectively, showing in a long-
term comparison of these groups that patients have similar 
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FIG. 2. Survival curves demonstrating PFS in all patients (A), by age (B), sex (C), tumor location (D), histology (E), Ki-67 (F), first 
resection status (G), reoperation (H), adjuvant treatment (I), and treatment period (J). CT = chemotherapy; RT = radiotherapy. 
Figure is available in color online only.
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outcomes as shown in the Kaplan-Meier curve. Therefore, 
our data indicate the impact of the first surgery on the sur-
vival curve of patients, because patients with supratento-
rial tumors who underwent reoperation do not have longer 
survival durations than those without GTR.

Perkins et al. found significant differences in the 2-year 
survival values between those who underwent GTR (60%) 
and STR or biopsy (25%),17 and McCrea et al. observed dif-
ferences in the median OS value of patients treated with GTR 
(40.8 months) and biopsy (15.6 months).9 In another cohort 
of patients, Yang et al. showed differences in the survival 
values between patients who underwent GTR (45.1 months) 
and those with STR or biopsy (8.7 and 11.5 months, respec-
tively).11 None of those studies, however, reported on the 

impact of reoperation on survival. However, similar to our 
findings, the results published by those authors highlighted 
the importance of the first surgery for patient survival.

Another key issue is the extent of resection regarding 
the tumor location. We found significant differences in the 
analysis of the primary tumor as deep or superficial and its 
corresponding extent of resection, without a significant dif-
ference on survival durations of those groups when consid-
ering only the depth (p = 0.66). Patients with lobar tumors 
more frequently underwent GTR (70.8% vs 36.8%), indi-
cating a greater degree of difficulty in the surgical access 
to deep tumors. In their cohort, McCrea et al. demonstrated 
that patients with supratentorial tumors had longer survival 
durations than those with thalamic, brainstem, or cerebel-
lum tumors (57.6, 31.2, 24, and 45.6 months, respectively).9

TABLE 2. Summary of statistical data for OS in 78 patients with 
high-grade glioma

Variable No.
Median Survival 

(mos) p Value

Age 0.0038
 0 to <3 yrs 15 125
 3 to 11 yrs 36 16
 >11 to <19 yrs 27 14
Sex 0.0245
 Female 39 18
 Male 39 15
Histological type 0.9904
 GBM 54 16
 AA 24 19
Ki-67 0.0429
 Ki-67 expression <50% 33 24
 Ki-67 expression ≥50% 12 14
Tumor location 0.7579
 Supratentorial 62 17
 Infratentorial 8 12
 Spinal cord 8 12
Resection at first surgery* 0.0175
 GTR 11 29
 STR 33 19
 Biopsy 18 13
Reop for GTR* 0.1530
 GTR after reop 13 24
 STR only 26 16
 Biopsy only 12 12
Adjuvant treatments 0.0001
 Both chemo & RT 53 19
 RT 6 11
 Chemo 12 ND
 None 7 5
Treatment period 0.0092
 Before 2010 32 11
 Between 2010 & 2019 46 23

ND = not done.
* Data regarding patients presenting with supratentorial tumors.

TABLE 3. Summary of statistical data for PFS in 78 patients with 
high-grade glioma

Variable No.
Median Survival 

(mos) p Value

Age
 0 to <3 yrs 15 17

0.2891 3 to 11 yrs 36 5
 >11 to <19 yrs 27 6
Sex
 Female 39 5

0.1889
 Male 39 7
Histological type
 GBM 54 5

0.6345
 AA 24 7
Ki-67
 Ki-67 expression <50% 33 13

0.0135
 Ki-67 expression ≥50% 12 3.5
Tumor location
 Supratentorial 62 7

0.8293 Infratentorial 8 6
 Spinal cord 8 7
Resection at first surgery*
 GTR 11 12

0.0114 STR 33 5
 Biopsy 18 4
Reop for GTR*
 GTR after reop 13 3

0.6892 STR only 26 5
 Biopsy only 12 3.5
Adjuvant treatments
 Both chemo & RT 53 7

0.3423
 RT 6 4.5
 Chemo 12 4
 None 7 1
Treatment period
 Before 2010 32 5

0.1076
 Between 2010 & 2019 46 6.5

* Data regarding patients presenting with supratentorial tumors.
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We also found significant differences in terms of age, 
with the group that was 0 to < 3 years of age showing great-
er survival values. This may be related to the biology of 
these tumors; these individuals had a median OS duration 
of 125 months, whereas those in the group that was > 11 
to < 19 years old showed corresponding values of only 14 
months, similar to the findings of Lam et al., indicating that 
younger age is associated with longer survival durations.10

Significant differences in the median OS were also not-
ed between adjuvant treatments. The use of chemotherapy 
and radiotherapy after surgery was associated with a sur-
vival duration of 19 months, whereas the OS value related 
to surgery alone was 5 months, highlighting the effect of 
adjuvant treatment on the survival curve of these patients. 
The patients who underwent surgery alone were those 
who experienced early progression or dissemination a few 
weeks after surgery, not allowing the use of adjuvant treat-
ment. Boudaouara et al. demonstrated differences in the 
survival values associated with radiotherapy, with patients 
who received this treatment showing a median OS value 
of 30 months, and those who did not receive it showing a 
median OS duration of 5 months.18

The survival of patients treated before 2010 (median 
OS of 11 months) and from 2010 onward (23 months) may 
also reflect the effect of the adjuvant treatment. During 
the first decade of the 2000s, our institution underwent a 
series of changes reflected also in the treatment of high-
grade gliomas. During this period a new radiotherapy 
device was acquired by our hospital, which reduced the 
waiting time for radiotherapy. We incorporated protocols 
using temozolomide combined with irinotecan into our 
chemotherapy regimens, and our analysis also revealed 
different proportions of adjuvant treatment regimens from 
2010 onward. This hypothesis is in line with the results 
of the study conducted by Jakacki et al., who favored the 
use of temozolomide as an adjuvant treatment to resection 
and radiotherapy.19 In addition, because younger age is a 
significant prognostic factor for longer survival durations, 
another possibility is the presence of a larger number of 
individuals younger than 3 years in this group, proportion-
ally, compared to those treated before 2010, although no 
significant difference was found in the chi-square tests.

In this study we found significant differences in the me-
dian OS durations between females (18 months) and males 
(15 months), in line with the findings reported by McCrea 
et al., who showed higher survival values in girls (57.6 
months) than in boys (33.6 months).9

Regarding PFS, we found significant differences in the 
following factors: extent of resection of the first surgery 
and adjuvant treatment. Patients who underwent GTR (12 

months) had greater median PFS than those with STR (5 
months) or biopsy (4 months). Patients who underwent ad-
juvant treatment had greater median PFS (7 months) than 
those with only surgery (1 month). Jung et al. reported a 
significant difference in the status of the first resection, 
with longer PFS noted in patients with GTR than in those 
with STR and biopsy (15, 7.8, and 8.5 months, respective-
ly).14 Similarly, Muhammed et al. reported that 30% and 
52% of those with total resection and STR, respectively, in 
the first surgery showed progression in 1 year.20 Jung et al. 
demonstrated longer PFS durations in patients who under-
went chemotherapy and radiotherapy (10.5 months) than 
in those who underwent only radiotherapy (4.7 months).

The impact on the PFS of the reoperation to achieve 
GTR was not noted either. Although the group who un-
derwent GTR after initial surgery had the shorter survival 
(3 months vs 3.5 and 5 months for the biopsy and STR 
groups, respectively), this difference is not statistically 
demonstrated considering the whole observation period. 
This is better illustrated by comparison of 1-, 2-, and 
5-year PFS rates: the group who underwent reoperation 
for GTR had rates of 38.5%, 7.7%, and 7.7%, whereas the 
STR group had rates of 34.6%, 19.2%, and 11.5%. Finally, 
the biopsy group had rates of 25%, 16.7%, and 8.3% in the 
1st, 2nd, and 5th years, respectively. This shows that de-
spite the specific difference at the 2-year follow-up, for ex-
ample, the final outcome is similar in these groups, which 
explains the absence of a significant difference (p = 0.69).

In contrast to our study, McCrea et al. demonstrated a 
longer median PFS in females (14.4 months) than in males 
(6 months).9

Regarding Ki-67 expression, we have found significant 
differences between patients with Ki-67 expression of < 
50%, with longer OS and PFS. These results may be due 
to tumor aggressiveness because Ki-67 is a proliferation 
marker. In contrast to our study, Alkhaibary et al. found no 
significant difference between tumors with Ki-67 expres-
sion ≤ 27% when analyzing a cohort of 44 patients.21

The absence of a unique method to determine lesion size 
due to the lack of digital images from past patients limited 
the evaluation of the extent of resection. Alternatively, we de-
fined GTR strictly as a 100% resection of the tumor, which 
is more rigorous than that reported in other cohorts.22,23 
However, this may also have underestimated the proportion 
of patients who underwent GTR at our institution.

Our results highlight the role of reoperation, emphasiz-
ing the absence of difference on survival curves. No simi-
lar studies have been published yet. Further research with 
larger cohorts may be needed to establish that.

The limitations of our study include its retrospective de-

TABLE 4. Statistical data from multivariate analysis, considering death as the outcome in 78 patients with high-grade glioma

Variable Median OS (mos) SR at 1 Yr SR at 2 Yrs SR at 5 Yrs OR 95% CI p Value

Age <3 yrs 125 80% 73.3% 40% 0.07 0.01–0.41 <0.0001
Female sex 18 64.1% 38.5% 23.1% 0.12 0.02–0.5
GTR at first surgery* 29 82% 54.5% 45.4% 0.12 0.02–0.7
Adjuvant treatment 19 60.6% 33.8% 18.3% 3.06 0.25–32.8

SR = survival rate.
* Data regarding patients presenting with supratentorial tumors.
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sign and the sample size, although our study included one 
of the largest cohorts ever reported in the literature. More-
over, the influence of the institutional philosophy and sur-
geon aggressiveness may limit the study generalizability.

Conclusions
Our cohort study reiterates how challenging the ap-

proach to these neoplasms is and highlights the role of the 
surgeon in the achievement of GTR right from the first 
surgery, because this factor is subject to intervention and 
alters the duration of survival. In addition, reoperation for 
GTR does not appear to have a significant impact on OS 
in patients with supratentorial high-grade gliomas, further 
reinforcing the role of the first surgery. Finally, the im-
portance of combined chemotherapy and radiotherapy is 
reinforced through the increase observed in the survival 
values of these patients.
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