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Background: High-grade gliomas (HGGs) are a heterogeneous disease group, with variable

prognosis, inevitably causing deterioration of the quality of life. The estimated 2-year overall

survival is 20%, despite the best trimodality treatment consisting of surgery, chemotherapy,

and  radiotherapy.

Aim: To evaluate long-term survival outcomes and factors influencing the survival of patients

with high-grade gliomas treated with radiotherapy.

Materials and methods: Data from 47 patients diagnosed with high-grade gliomas between

2009  and 2014 and treated with three-dimensional radiotherapy (3DRT) or intensity-
adiotherapy

naplastic

lioma

hemotherapy

lioblastoma

modulated radiotherapy (IMRT) were analyzed retrospectively.

Results: Median survival was 16.6 months; 29 patients (62%) died before the time of analy-

sis.  IMRT was employed in 68% of cases. The mean duration of radiotherapy was 56 days,

and  the mean delay to the start of radiotherapy was 61.7 days (range, 27–123 days). There

were no statistically significant effects of duration of radiotherapy or delay to the start of
radiotherapy on patient outcomes.
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Conclusions: Age, total amount of gross resection, histological type, and use of adjuvant temo-

zolomide influenced survival rate (p < 0.05). The estimated overall survival was 18 months

(Kaplan–Meier estimator). Our results corroborated those reported in the literature.

©  2018 Greater Poland Cancer Centre. Published by Elsevier Sp. z o.o. All rights reserved.
1.  Background  and  aim

High-grade gliomas (HGGs) are a heterogeneous disease group,
both genetically and histologically, with variable prognosis,
inevitably causing deterioration of the quality of life. The
estimated 2-year overall survival is 20%, despite the best
trimodality treatment consisting of surgery, chemotherapy,
and radiotherapy. In our study, three-dimensional radiother-
apy (3DRT) and intensity-modulated radiotherapy (IMRT) were
used after surgery for HGG, with or without chemotherapy.

Radiotherapy for HGG can follow two protocols: the Amer-
ican Radiation Therapy Oncology Group (RTOG) and the
European Organization for Research and Treatment of Can-
cer (EORTC) – Table 1. Chemoradiation with concurrent
and adjuvant temozolomide (TMZ) is the standard treat-
ment for glioblastoma and will be further discussed below.
Patients with anaplastic astrocytoma (AA) have poorer sur-
vival than those with oligodendroglial tumors. Their tumors
often progress to grade IV, which justifies the intensification
of treatment of these lesions with chemoradiation. How-
ever, the results of randomized studies (NCT00887146 and
NCT00626990) to evaluate the benefit of adding concomi-
tant chemotherapy or adjuvant radiotherapy for treatment
of 1p19q codeleted tumors (CODEL) or not-codeleted tumors
(CATNON) are not yet available.

2.  Materials  and  methods
Patients diagnosed with primary HGG were selected by a
search performed in our institution’s database. The inclu-
sion criterion was the treatment for anaplastic glioma or

Table 1 – Target volume comparison between EORTC and RTOG

EORTC (EORTC 22981/22961, 26071/22072
(Centric), 26981-22981, and AVAglio)

Phase 1 (60 Gy/30 fractions) Phase 1 (46 Gy/2
GTV = surgical cavity + contrast T1 enhancing tissue GTV1 = surgical 

FLAIR
CTV = GTV + 2-cm margin* CTV1 = GTV1 + 2

area + 2.5-cm ma
PTV = CTV + 3–5-mm margin PTV1 = CTV1 + 3–

Phase 2 (boost 1
GTV2 = surgical 

CTV2 = GTV2 + 2
PTV2 = CTV2 + 3–

Source: Adapted from Niyazi M et al. ESTRO-ACROP guideline.29

AVAglio; EORTC; RTOG; GTV, gross tumor volume; CTV, clinical target volu
∗ Margins up to 3 cm were allowed in EORTC 22981/22961 and from 1 to 1.
glioblastoma between 2009 and 2014 at the Hospital das
Clínicas de Ribeirão Preto of the University of São Paulo
(HCFMRP-USP). Patients who were under 18 years of age,
had undergone radiotherapy in another facility, or had not
completed radiotherapy were excluded.

The IMRT technique was implemented in the HCRP in 2010;
previously, all patients were treated with 3DRT. The treatment
was performed in a linear accelerator model Oncor Impres-
sion (Siemens) or Primus (Siemens), with 6 MV energy and a
1-cm thickness multileaf collimator or individualized protec-
tion for each course of treatment. All plans were non-coplanar,
using the number of fields and sectors most suitable for a
better compliance index and heterogeneity. Fractionation was
1.8–2.0 Gy per fraction (one fraction a day, 5 days a week) using
total doses of 52–60 Gy in 26–30 fractions, following RTOG or
EORTC guidelines. Quality controls were analyzed individu-
ally in IMRT with system ionization chamber arrangements
(MATRIXX, MULTICube QA Software) (IBA Dosimetry, Bartlett,
TN, USA). The treatment was permitted when the gamma
function was below 3%.

Data collected included age, sex, histology, performance
status, use of concomitant and/or adjuvant chemotherapy,
surgical resection (total or subtotal macroscopic), date of treat-
ment, final dose, treatment duration, irradiation technique
(IMRT or 3DRT), first presenting symptoms, date of progres-
sion (if any) according to clinical and radiological magnetic
resonance imaging (MRI) control, date of death, and date of
last medical appointment (if the patient was alive at the time
of data collection).
 guidelines.

RTOG (RTOG 0525, 0825, 0913, and AVAglio)

3 fr)
cavity + contrast T1 enhancing tissue + perilesional edema in T2 or

-cm margin (if no peritumoral edema, CTV is contrast enhancing
rgin)
5 mm margin
4 Gy/7 fr)
cavity + contrast T1 enhancing tissue
-cm margin
5 mm margin

me; PTV, planning target volume.
5 cm in EORTC 26981-22981.

Data were analyzed with SAS software, version 9.2. Ini-
tially, an exploratory analysis of data was performed through
measurements of central position and dispersion. Quali-
tative variables were described by absolute and relative

https://doi.org/10.1016/j.rpor.2018.09.003
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Fig. 2 – Kaplan–Meier graph: estimation of survival rate
(survival probability × time in months) between confidence
Fig. 1 – Selec

requencies. A Kaplan–Meier plot was constructed by the R
rogram, SURVIVAL package, to estimate the overall survival.

 Weibull regression model was adjusted to verify which fac-
ors influenced the time to death. The following variables were
onsidered in the covariate model: sex, age, adjuvant TMZ,
MRT,  time to initiation of radiotherapy, duration of radio-
herapy, histology (glioblastoma or not glioblastoma), type of
esection (total or subtotal), initial symptoms (convulsions,
omiting, headache, mental confusion, motor abnormalities,
nd visual disturbances). The model was implemented in the
AS version 9.2 by PROC LIFEREG.

The response to treatment was determined according to
he standard strict criteria. Macdonald and RANO (Response
ssessment in Neuro-Oncology Criteria) consider four types
f magnetic resonance imaging (MRI) response to treatment:
omplete, partial, stable disease, and disease progression.1

he inflammatory reaction during and after treatment can
hange the permeability of the blood–brain barrier and thus
hange the response assessment. This became more  evi-
ent after the introduction of chemoradiation with TMZ,
hrough the pseudo-progression phenomenon: about 30% of
atients showed an increase in contrast enhancement that
as not necessarily related to the progression of the disease.

seudo-progression is more  frequent in patients with methyl-
uanine methyltransferase (MGMT) methylation and those
ho  present as clinically stable, with no signs of clinical dis-

ase progression, should remain with their current therapy
ntil further evaluation.2–4

The study was approved by the Ethics Research Committee
f HC-FMRP-USP.

.  Results

ur database included 70 eligible patients with primary HGG.
ourteen were excluded because they did not undergo radio-
herapy at our facility, six were excluded because they did
ot complete the proposed radiotherapy treatment, and three
ere excluded for lack of data. Thus, 47 patients were included
n the study (Fig. 1). Their mean age was 51 years (range, 27–85
ears), and 28 (59%) were male. Histologically, 34 patients (72%)
ad glioblastoma, and the rest had various subtypes of grade

II gliomas (anaplastic) (Fig. 2).
intervals.

The initial symptoms were headache (51%), visual distur-
bances (34%), seizures (34%), confusion and motor changes
(23%), and vomiting (21%). The treatment was surgery,
with maximum safe resection (total or subtotal), followed
by adjuvant radiotherapy, with or without concomitant
chemotherapy and adjuvant chemotherapy. Macroscopic
resection was performed in 26 patients (55%). Chemoradiation
with TMZ was prescribed for 37 patients (87%) in both the con-
comitant and the adjuvant settings. Thirty-two patients (68%)
underwent IMRT;  the average dose was 59 Gy (52–60 Gy) in 30
sessions (range, 25–33). The average duration of radiation was
48 days (range, 36–73 days), and the average interval (delay)
between surgery and radiotherapy was 61.7 days (range,
27–123 days) (Table 2).
Median survival was 16.6 months (range, 4.4–67.7 months);
29 patients (62%) had died by the time of data collection
(Tables 2 and 3). Among the patients who died, 26 (90%) had
glioblastoma, 19 (66%) were male, and most of them presented

https://doi.org/10.1016/j.rpor.2018.09.003
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Table 2 – Measures of central position and dispersion of quantitative measures.

Variable N Average SD Median Q1 Q3 Minimum Maximum

Survival (mo) 47 22.37 16.64 16.63 11.47 33.37 4.43 67.77
Age (yr) 46 51.64 12.79 54.19 40.34 59.26 27.12 85
Time to radiotherapy/delay (days) 47 61.68 19.28 60 47 73 27 123
Radiotherapy duration (days) 47 48.42 6.98 48 45 51 36 73
Radiotherapy dose (Gy) 47 59.14 1.99 60 60 60 52 60
Fractions 44 29.95 1.31 30 30 30 25 33

Table 3 – Description of qualitative variables.

Variable No. (n = 47) %

Death 29 61.7
Male sex 28 59.57
Glioblastoma 34 72.34
Complete resection 26 55.32
Seizures 16 34.04
Vomit 10 21.28
Headache 24 51.06
Mental confusion 11 23.4
Motor alteration 11 23.4
Visual alteration 16 34.04
TMZ concomitant 41 87.23
IMRT 32 68.09
TMZ adjuvant 37 78.72

TMZ, temozolomide; IMRT, intensity-modulated radiotherapy.

Table 4 – Description of qualitative variables in relation
to death.

Variable Death

No (n = 18) Yes (n = 29)

Male sex 9 (50) 19 (65.52)
Glioblastoma 8 (44.44) 26 (89.66)
Complete resection 9 (50) 17 (58.62)
Seizures 8 (44.44) 8 (27.59)
Vomit 4 (22.22) 6 (20.69)
Headache 9 (50) 15 (51.72)
Mental confusion 5 (27.78) 6 (20.69)
Motor alteration 4 (22.22) 12 (41.38)
Visual alteration 2 (11.11) 1 (3.45)
TMZ concomitant 16 (88.89) 25 (86.21)
IMRT 14 (77.78) 18 (62.07)
TMZ adjuvant 16 (88.89) 21 (72.41)

Table 5 – Estimations of Weibull regression model
parameters.

Parameter ER 95% CI p value

Intercept 3.9136 1.8552 5.972 0.0002
Sex 0.4541 –0.0833 0.9914 0.0977
Age –0.0248 –0.0481 –0.0015 0.0367
TMZ adjuvant –0.5258 –1.0418 –0.0098 0.0458
IMRT 0.0646 –0.393 0.5223 0.7819
Delay to radiotherapy 0.0001 –0.0123 0.0125 0.9867
Radiotherapy duration 0.0005 –0.0032 0.0043 0.7755
Glioblastoma 1.0763 0.338 1.8145 0.0043
Complete resection –0.4928 –0.9741 –0.0115 0.0448
Seizure –0.1411 –0.662 0.3798 0.5955
Vomit –0.1857 –0.9142 0.5427 0.6173
Headache –0.0157 –0.5005 0.4692 0.9495
Mental confusion –0.1527 –0.7585 0.453 0.6212
Motor alteration 0.4241 –0.0702 0.9184 0.0927
Visual alteration 0.749 –0.4955 1.9936 0.2382
Scale 0.4981 0.3662 0.6775
Weibull shape 2.0075 1.476 2.7304

ER, estimated risk; CI, confidence interval; TMZ, temozolomide;
IMRT, intensity-modulated radiotherapy.

are obtained through the median and the confidence interval
for the median (R result in the program through the command
SURVFIT). Fig. 3 compares the survival curves of patients with
TMZ, temozolomide; IMRT, intensity-modulated radiotherapy.

with seizures (28%), vomiting (22%), motor alterations (41%),
or visual alterations (3%) at diagnosis. Total resection was per-
formed in 17 cases (59%), and IMRT  was performed in 18 cases
(62%). Radiotherapy was administered with concurrent TMZ
in 25 cases (86%) and adjuvant TMZ  in 21 cases (72%) (Table 4).

To analyze the factors that influence survival, we used
the Weibull regression model, with statistical significance
(p ≤ 0.05) for age (estimated risk [ER] –0.0248, 95% confi-
dence interval [CI] –0.0481 to –0.0015, p = 0.0367), complete
macroscopic resection (ER –0.4928, 95% CI –0.9741 to –0.0115,
p = 0.0448), glioblastoma as histological type (ER 1.0763, 95%
0.338–1.8145, p = 0.0043), and performance of adjuvant TMZ

(ER –0.5258, 95% CI –1.0418 to –0.0098, p = 0.0458) (Table 5).
Fifty percent of patients died within 18 months, with a con-
fidence interval ranging from 16 to 37 months. These results
Boldface type indicates parameters with established relation and
statistical significance in relation to the time to death.
Fig. 3 – Kaplan–Meier graph: estimation of survival rate
Grade III – dotted vs. IV (survival probability × time in
months). Updated.

https://doi.org/10.1016/j.rpor.2018.09.003
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naplastic glioma and patients with glioblastoma (dotted line)
survival probability × time in months).

.  Discussion

GG is usually treated as an incurable disease. The treat-
ent goal is the longest control of the disease with minimum

isease symptoms. In the past decade, Stupp and col-
eagues achieved a 2-month gain in survival compared

ith other historical series (median survival 14.6 vs. 12.1
onths, p < 0.001).5,6 TMZ  concomitant with radiotherapy

lus adjuvant TMZ  (75 mg/m2 daily, followed by six cycles of
50–200 mg/m2 for 5 days every 28 days) produced significant
mprovement in patient survival compared with radiotherapy
lone (15 vs. 12 months, hazard ratio [HR] 0.63, p < 0.001). Over-
ll survival at 2 years was 27% and 10%, respectively.1,7,8 Our
ata show that patients who received adjuvant TMZ had a

ower risk of death than patients who  did not receive the drug
ER –0.5258, 95% CI –0.0481 to –0.0098, p = 0.0458).

Age and performance status are important prognostic
actors of glioblastoma, as featured in survival estimation
ndexes, such as the “Recursive Partitioning Analysis” (RPA).
he RPA is divided into six groups according to selected
haracteristics: age, performance status, histology, type of
esection, and neurological function.8,9 Our analysis shows a
ower mortality risk estimate for younger patients (ER –0.0248,
5% CI –0.0481 to –0.0015, p = 0.0367), consistent with what has
een reported.

Patients with histological grade IV tumors had poorer sur-
ival rates than those with grade III tumors (ER 1.0763, 95%
I 0.338–1.8145, p = 0.0043), a result in line with literature
ata. According to the RPA, patients with anaplastic glioma
ave a higher median survival (49 months) than glioblas-

oma (14 month) (p = 0.000001) – in the pre-TMZ era.10 Perhaps
he present study should have been designed to distinguish
hese entities, due to notable differences in survival between
atients with anaplastic and those with glioblastoma tumors.

The type of resection (subtotal or total gross) influenced
he risk of death in our evaluation (ER –0.4928, 95% CI
0.9741 to –0.0115, p = 0.0448). Several studies have reported
hat total macroscopic resection is associated with longer
urvival.11–15 Possible reasons for this could be tumor debulk-
ng and increased oxygen flow to previously hypoxic or
ecrotic regions removed in surgery, allowing for better per-

ormance of chemotherapy and radiotherapy. The extent
f resection was evaluated as an isolated predictor of sur-
ival: the volume of resection (> or <95% tumor) influenced
urvival results (16.3 vs. 11.6 months; p = 0.03).16 The equiv-
lent analysis for anaplastic astrocytomas yielded similar
esults.11

We  searched for other factors associated with mortality
isk, including use of the intensity-modulated technique,
arly presenting symptoms, duration of radiotherapy, and
elay from surgery to radiotherapy, but found no statistically
ignificant relationships. We did not observe a relationship

etween the duration of radiation (ER 0.0005, 95% CI –0.0032
o 0.0043, p = 0.7755) or between the time delay/delay to start
f radiotherapy (ER 0.0001, 95% CI –0.0123 to 0.0125, p = 0.9867)
nd the risk of death. A recent meta-analysis including 12
iotherapy 2 4 ( 2 0 1 9 ) 35–40 39

observational studies with 521 glioblastoma patients con-
cluded that there was no overall impairment in survival from
delay in the start of radiotherapy (ER 0.98, 95% CI 0.90–1.08,
p = 0.70).17 A German retrospective study also reported that
small delays at the start of adjuvant treatment with chemora-
diation did not affect survival.18 This study showed that the
median time to onset of radiotherapy was 61 days, and only
25% of patients started radiotherapy within 45 days.

In our study, the first symptoms (seizures, vomiting,
headache, mental confusion, motor or visual changes) were
not predictors of response to treatment. A 2006 Australian ret-
rospective analysis of 132 patients with glioblastoma proposed
that patients with early focal symptoms, such as seizures and
motor and visual changes, were more  likely to receive early
treatment and hence had improved survival. Their results
showed a trend toward improved survival in patients with
acute symptoms, but the relation was not statistically signif-
icant (p = 0.07).19 Another retrospective study by Toledo et al.
also evaluated seizures and epilepsy as independent predic-
tors of increased survival (p < 0.001).20

Treatment with IMRT did not increase the survival rate
in the present study (ER 0.0646, 95% CI –0.393 to 0.5223,
p = 0.7819). Dosimetric analysis, however, reported increased
coverage of the target volume (compliance rate) and reduc-
tion of doses in the brain, brainstem, and optical chiasm with
IMRT  (p < 0.05).21–23 Considering that high-grade tumors such
as glioblastomas have a small alpha/beta ratio, it may be
beneficial to use hypofractionated schemes to deliver higher
doses to areas of potential recurrence, such as the lesion
residue surgical cavity.24 Studies have evaluated the use of
simultaneous integrated boost (SIB) to deliver these higher-
dose hypofractionated schemes through IMRT.25,26 In patients
receiving TMZ, Cho et al. evaluated 25 fractions of 2.4 to a
total 60 Gy to the gross tumor volume (GTV), while the plan-
ning target volume (PTV) received 25 daily doses of 2.0 Gy to
50 Gy total, they considered the SIB hypofractionated scheme
safe and feasible, with the advantage of minimizing treatment
time.27,28 There was little toxicity obtained in hypofrac-
tionated IMRT schemes associated with chemotherapy and
according to data provided on the dosimetric advantages of
IMRT  to reflect the clinical ability to deliver higher doses in
shorter time, enabling satisfactory results without increased
toxicity.21

We  conclude from this retrospective analysis that there is
an agreement between published data and data obtained from
treatments recommended in the radiotherapy protocol of our
institution. We emphasize that this was a retrospective study
and subject to the biases inherent to this type of study such as
records that were not designed for the study, and poor quality
of available data recorded in the past.

We  are far from a cure for HGG. Patients with anaplastic
glioma or glioblastoma in its most aggressive form have overall
2-year survival of 40% and 20%, respectively, and we  still lack a
definitive and effective combination therapy to eradicate the
disease without the possibility of recurrence or progression.
There is a great expectation regarding the genetic and molec-

ular analysis based on refined histological classification and
allowing the possibility of customization of treatment with
specific molecular therapy. We lack prospective studies to alter
the natural course of this disease. We eagerly await the results

https://doi.org/10.1016/j.rpor.2018.09.003
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of phase III trials NCT00887146 (CODEL) and NCT00626990
(CATNON).

In 2014, a report was elaborated by our unified health
system, the National Technology Incorporation Commission
(CONITEC) of Sistema Unico de Saude (SUS), concerning
the incorporation of TMZ  as a treatment for patients with
HGGs. It states that TMZ  is not cost-effective compared with
nitrosoureas, and there is a lack of randomized clinical trials
comparing the two drugs. Currently, only the state of São Paulo
provides TMZ  for public patients in Brazil.
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