
Abstract. Background: Patients affected by glioblastoma
often develop cerebral oedema as a life-threatening
complication. Although there is no approved
pharmacological intervention, such cerebral oedema is
usually treated with dexamethasone. Dexamethasone has
been shown in experimental studies to reduce cerebral
oedema with only few mineralocorticoid side-effects. The
goal of our study was to examine its efficacy in reducing the
emergence of neurological deficits during the Stupp protocol.
Patients and Methods: We studied a retrospective cohort of
459 patients, assigned in controlled groups: in group A,
patients received radiochemotherapy followed by adjuvant
chemotherapy; in group B, patients received an equivalent
combined treatment with dexamethasone. Results: The
frequency of neurological symptoms was significantly lower
in dexamethasone-treated patients. Conclusion: Early
diagnosis and prevention of cerebral oedema are important
because functional consequences can be anticipated with an
appropriate medical treatment. Thus, our study reveals that
dexamethasone acts to prevent the appearance of
neurological symptoms in patients with brain tumour.

A brain tumour occurs when abnormal cells grow within the
brain (1). The most common types of primary brain tumours

in adults are gliomas and astrocytic tumours, while the most
common in children are malignant medulloblastomas (2, 3).
Glioblastoma multiforme (GBM), in particular, is the most
aggressive (grade IV) and most common type of malignant
brain tumour (with a median survival of 12-17 months
without treatment). The overall (OS) and progression-free
(PFS) survival of these patients are very poor due to the
aggressiveness of the disease. Outcome can vary
considerably depending on the type of tumour and how far
it has spread at diagnosis (3). 
The standard therapy for GBM consists of the maximal

surgical resection of the tumour, followed by radiotherapy
between 2 and 4 weeks after surgery, and then by
chemotherapy. Minimally-invasive techniques are becoming
the dominant trend in neurosurgical oncology (4).
Postoperative radiotherapy and chemotherapy are integral
parts of the therapeutic standard for malignant tumours (5). 
Brain tumours produce symptoms that can vary depending

on the part of the brain involved. Often it is also possible to
record the emergence of neurological symptoms due to the
‘mass effect’ given by the appearance of cerebral oedema
around the tumour. The increase of cerebral interstitial or
intracellular fluid is related to different mechanisms and
hyperosmolar solutions can be used to modify the brain bulk,
preventing neurological deterioration (6, 7). The neurological
symptoms may include headaches, seizures, vomiting, visual
and mental changes (2, 8). More specific problems may
include difficulty in walking, talking and feeling (2, 3). As
the disease progresses, changes in personality or behaviour
may also occur (3, 9, 10).
In order to minimize neurological symptoms and treatment-

related side-effects, patients with cancer are given
dexamethasone, for its anti-inflammatory and immuno-
suppressant effects (11) to counteract the side-effects of
antitumor treatments or it may be used to reduce oedema which
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could eventually compress other brain structures (2). Despite
the lack of randomized and controlled trials, dexamethasone
can reduce cerebral oedema, even if the choice of the drug, the
timing of administration and the dose applied are still under
strong debate (12). The most frequent side-effects can include
a rise in serum glucose level, peripheral oedema, psychiatric
disorders and Cushing’s syndrome. Life-threatening
complications (e.g. gastrointestinal ulcer or thromboembolism)
remain rare, even if the side-effects of dexamethasone itself can
increase over time.
The aim of our study was to evaluate whether the

emergence of neurological symptoms during the course of
radiation therapy for patients diagnosed with GBM could be
reduced by taking dexamethasone, analysing its dosage and
duration of intake.

Patients and Methods 

We retrospectively analyzed a consecutive series of 459 patients
diagnosed with GBM who received definitive therapy at the
Department of Neurosurgery at the Umberto I Policlinico, La
Sapienza University, Rome, Italy from 2002 to 2015.
The inclusion criteria were: previous neurosurgery; indication to

perform radiation treatment and to end it; indication to perform
chemotherapy, both combined and adjuvant; the Eastern Cooperative
Oncology Group performance status (PS) 0-1; no comorbidities; one
or more lesions associated with cerebral oedema.
Exclusion criteria were: patients with terminal status (PS 3) and

patients requiring a minimal therapy care; previous steroid therapy
in progress; tumour unresponsive to cancer therapy; lack of patient
compliance in taking the prescribed medication.
The following prognostic factors were analysed: age, gender,

Karnofsky performance status (KPS), tumour location and
neurological onset.
The following neurological symptoms due to cerebral oedema

were considered: headache, nausea, vomiting, loss of visual acuity,
spatial and temporal disorientation, dizziness, numbness or
weakness, seizures, incontinence, loss of coordination or balance,
altered level of consciousness, aphasia or dysarthria, memory
impairment, olfactory hallucinations, syndrome of intracranial
hypertension and hydrocephalous (13).
All patients with primary GBM were postoperatively exposed to

radiation (in daily fractions of 2 Gy given 5 days per week for 6
weeks, for a total of 60 Gy) delivered with concurrent 75 mg/m2
temozolamide daily on days 1-7, from the first to the last day of
radiotherapy (combined radio- and chemotherapy). They were then
further treated with adjuvant temozolomide at 150 to 200 mg/m2
days 1-5 every 28 days (Stupp protocol). An assessment of the
neurological symptoms was performed every 2 weeks for 6 weeks
during the combined treatment and every 28 days following the
adjuvant treatment. Firstly, patients were asked to describe their
symptoms and then a neuro examination was performed, including:
the analysis of the mental state and of the symbolic functions (among
which principally language), investigation of the cranial nerves and
finally the evaluation of motor and sensory skills, balance and
coordination. Patients received adjuvant therapy until one of the
following occurred: progression of illness, discontinuation due to
toxicity, or suspension following 12 months of radiation.

Patients were thus assigned in controlled groups, as homogeneously
as possible for all the variables considered: group A (N=249 patients)
received the Stupp protocol alone, and group B (N=210 patients)
received equivalent combined treatment plus dexamethasone. Our
dexamethasone-based medical therapy started with a 4 mg daily dose
of dexamethasone for 6 weeks during the combined treatment (42
doses), then patients were switched to an alternate-day regimen (day-
on/day-off) for a further 14 days. After that, they were given half the
dose (2 mg/day) maintaining the alternate-day regimen for 7 more
days and, finally, ended the steroid therapy. At the onset of symptoms,
even patients who did not undergo medical therapy with
corticosteroids, started it in association with mannitol.
The chi-square test was used for statistical analyses of the

changes observed and highlight the significance of data differences.
Following the standard procedure, p-values were considered
significant if 0.05 or less. 
The Ethics Committee was consulted and patients gave informed

written consent to participation.

Results

A cohort of 459 patients was enrolled in the study, 281
(61.22%) men and 178 (38.77%) women, from 23 to 87
years old. As already explained, patients were divided into
two groups: group A received radiochemotherapy alone
(Stupp protocol) as opposed to group B who were also
administered a dexamethasone-based treatment. During our
study, no patients presented any of the side-effects related to
the use of dexamethasone itself, hence the KPS of our
patients always remained between 0 and 1. No patient
showed a deterioration of quality of life (QoL), indeed in
almost all cases there was a clear improvement.
We found that 444 patients presented single lesions, while

15 patients had multiple ones. Table I summarizes the area and
side of the brain affected by the target lesions observed in our
sample. As is shown in Table I, the most frequent lesions were
found in the temporal (N=141) and frontal (N=140) lobes,
followed by the parietal (N=48), temporo-parietal (N=34),
occipital (N=30) and fronto-temporal (N=29) lobes. Parietal-
occipital (N=17) lesions, as well as fronto-parietal (N=12) and
temporo-occipital (N=10) lesions, were also observed, while
lesions in other brain areas were less frequently encountered
(e.g. six cerebellar lesions, five lesions of the centrum
semiovale, two thalamic lesions: for details refer to Table I).
Furthermore, lesions were equally distributed between the
right (N=236) and left side (N=239) of the brain, with only 14
lesions that were bilateral (Table I). 
Table II summarizes the neurological symptoms observed

in the two separate groups of patients as well as the statistical
correlation between the two groups. As can be deduced from
Table II, patients in group A, who did not receive
dexamethasone-based treatment, were observed to suffer
mostly from aphasia or dysarthria (32.93%), sense of
numbness or weakness (25.3%), seizures (20.88%), headaches
(20.48%) and an altered level of consciousness (18.47%).
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Spatial and temporal disorientation (11.64%), loss of visual
acuity (9.2%), loss of coordination and balance (memory
impairment (6.02%) and vomiting (N=10. 4.01%) were also
observed in this group of patients. Other neurological
symptoms, such as dizziness, nausea, hypertension etc., only
rarely occurred (refer to group A in Table II for details). 
Patients in group B, instead, appeared to be more subject

to seizures (16.19%), sense of numbness or weakness
(15.23%) and headaches (13.3%), followed by an altered
level of consciousness (aphasia or dysarthria (8.09%) and
memory impairment (3.8%). Other neurological symptoms
were negligible (refer to group B in Table II for details).
When the two groups were compared with each other,

patients in group A were found to suffer significantly more than
patients in group B from spatial and temporal disorientation
(p=0.0001), loss of coordination or balance (p=0.0003) and an
altered level of consciousness (p=0.0013). Loss of visual
acuity (p=0.001), numbness or weakness (p=0.001), seizures
(p=0.001), aphasia or dysarthria (p=0.001) and headaches
(p=0.009) were also more significantly observed in patients of
group A than group B. Interestingly, other neurological
symptoms, for example nausea (p=0.5), dizziness (p=0.25),
incontinence (p=0.31) and memory impairment (p=0.14)
appeared to be unaffected by the treatment patients (Table II).

Discussion

The treatment of patients affected by GBM poses a challenge
as the median patient survival rate after diagnosis is from 12
to 17 months with radiation and temozolomide treatment

(14). Several factors play a role in the prognosis, such as
age, pre-operative PS and extent of resection (15, 16). 
Temozolomide has been shown to improve OS and PFS

when given concurrently with RT in patients newly
diagnosed with GBM (14, 17, 18). Moreover, adjuvant
temozolomide after completion of RT is a positive prognostic
indicator of improved OS and PFS (14, 18, 19). 
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Table I. Localization of target lesions in patients with glioblastoma.

Localization                                                Right                                   Left                                Bilateral                        Total no.                   % Of total

Temporal                                               59 (25%)                            81 (33.89%)                       1 (7.14%)                           141                            28.83
Frontal                                                   63 (26.69%)                       69 (28.87%)                       8 (57.14%)                         140                            28.63
Parietal                                                  31 (13.14%)                       16 (6.69%)                         1 (7.14%)                             48                              9.82
Temporo-parietal                                  16 (6.78%)                         18 (7.53%)                          0                                           34                              6.95
Occipital                                                19 (8.05%)                          11 (4.60%)                          0                                           30                              6.13
Fronto-temporal                                    12 (5.08%)                         16 (6.69%)                         1 (7.14%)                             29                              5.93
Parietal-occipital                                     9 (3.81%)                           5 (2.09%)                         3 (21.43%)                           17                              3.48
Fronto-parietal                                        3 (1.27%)                           9 (3.77%)                          0                                           12                              2.45
Temporo-occipital                                   9 (3.81%)                           1 (0.42%)                          0                                           10                              2.04
Cerebellar                                                2 (0.85%)                           4 (1.67%)                          0                                             6                              1.23
Centrum semiovale                                 3 (1.27%)                           2 (0.84%)                          0                                             5                              1.02
Temporo-parietal-occipital                     3 (1.27%)                           1 (0.42%)                          0                                             4                              0.82
Corpus callosum                                     3 (1.27%)                           1 (0.42%)                          0                                             4                              0.82
Fronto-temporal-parietal                        2 (0.85%)                           1 (0.42%)                          0                                             3                              0.61
Paratrigonal                                             1 (0.42%)                           1 (0.42%)                          0                                             2                              0.41
Thalamic                                                 1 (0.42%)                           1 (0.42%)                          0                                             2                              0.41
Para-hippocampal                                    0                                         1 (0.42%)                          0                                             1                              0.20
Petro-clival                                               0                                          1                                       0                                             1                              0.20
Total                                                     236                                      239                                     14                                         489                          100

Table II. Neurological examinations showing symptoms of patients of
group A (Stupp protocol alone) compared to those of group B (Stupp
protocol + dexamethasone).

Symptom                                                     Group A,   Group B, p-Value
                                                                           n                 n

Headache                                                          51             28          0.009
Nausea                                                                2               1          0.5
Vomiting                                                           10               2          0.02
Loss of visual acuity                                        23               6          0.001
Spatial and temporal disorientation                29               6          0.0001
Dizziness                                                             5               2          0.25
Numbness or weakness                                    63             32          0.001
Seizures                                                             52             34          0.001
Incontinence                                                       1               0          0.31
Loss of coordination or balance                      20               3          0.0003
Altered level of consciousness                        46             20          0.0013
Aphasia or dysarthria                                       82             17          0.001
Memory impairment                                        15               8          0.14
Olfactory hallucination                                      1               0          0.31
Syndrome of intracranial hypertension               4               0          0.04
Hydrocephalous                                                  1               0          0.31



Patients with glioma face many challenges owing both to
the disease and to disease-specific consequences. Therefore,
increasing attention has been paid in recent years to patient
QoL (20). The impact on quality of life, as well as the
psychological and social aspects of the neurological
alterations, must not be taken lightly, especially in young
patients with a long-life expectancy. Moreover, caregivers
must understand the complexity of their patients’ symptom
experience and its impact on their daily life. 
Dexamethasone is commonly used in the management of

cerebral oedema in patients diagnosed with GBM due to its
anti-inflammatory properties (21). It is often prescribed at
diagnosis to reduce tumour-associated vasogenic oedema;
dexamethasone administration is often also continued after
biopsy or resection to reduce postoperative oedema, and
further continued during RT to reduce oedema associated
with radiation (22). More importantly, dexamethasone is not
expensive and is available in most areas of the world,
making it an ideal candidate for the treatment of patients
with GBM by applying a standard protocol (23). 
Dexamethasone should be tapered in a manner customized

to the patient and a generalized dose scheme should not be
used. Side-effects, in fact, are common, and they increase in
frequency and severity with increasing dose and duration of
therapy. For this reason, patients should be carefully
monitored for endocrine, muscular, skeletal, gastrointestinal,
psychiatric, and haematological complications (22).
Otherwise, in certain cases, patients have been shown to
need an increase in glucocorticoids if they present focal
neurological symptoms (hemiparesis, visual field deficit, or
aphasia) or global symptoms (headache, nausea, or decreased
appetite) (21). 
In accordance with the American College of Radiology

Appropriateness Criteria, there is no evidence to support the
routine use of dexamethasone in patients with brain tumours
in the absence of neurological signs or symptoms (24).
Our study revealed that dexamethasone had a positive

effect in preventing the appearance of neurological
symptoms. Most neurological symptoms were significantly
less frequent in patients of group B, exposed to an additional
dexamethasone-based medical therapy, than patients of group
A, who had been subject to combined radiochemotherapy
alone (Table II). Our results are in line with previous studies
in which dexamethasone had a positive effect on all
symptoms, mainly those of the respiratory tract (25, 26).
Furthermore, in our study we did not record any side-

effects related to dexamethasone therapy, except for sporadic
detections of increased glycaemia. 
Our results thus suggest that it would be good practice to

treat patients with GBM with dexamethasone upfront,
concurrent with RT plus temozolomide in order to prevent the
neurological effects related to cerebral oedema. With this aim
in mind, we are now beginning to administer dexamethasone,

following the procedure described here, to all patients from
the time they start RT with the hope of improving patient
QoL during exposure to this medical treatment. 
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