Brain Gliomas in the Elderly
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8.1 Introduction

Adult’s gliomas are a group of primary central nervous system (CNS) neoplasms
arising from neuroglial cells. In the World Health Organization, they are classified
according to their phenotype and to a histological grading system. The grade I cor-
responds to pilocytic astrocytoma. The grade II corresponds to low-grade diffuse
astrocytoma, oligodendroglioma and oligoastrocytoma. High-grade gliomas com-
prise anaplastic astrocytoma, anaplastic oligodendroglioma (grade III) and glioblas-
toma multiforme (GBM), which is the most frequent and most aggressive subtype
(grade IV) [38]. However, this broad grouping contains tumours that are clinically,
histologically and molecularly heterogeneous.

Low-grade gliomas are more common in young adults, while anaplastic gliomas
and GBM occur more frequently in older patients [48]. Due to the global increase
in life expectancy, the incidence of gliomas in elderly patients, especially GBM, is
increasing [36]. The cut-off to define elderly patients with gliomas varies across
studies between 65 and 70 years old [54].

Due to their frequently very poor prognosis and the fear that they may not toler-
ate brain radiotherapy (RT) and chemotherapy, elderly patients with gliomas have
long been undertreated. However, within the last decade, several clinical trials con-
ducted in this specific population have resulted in significant progress. This chapter
attempts to summarize the main clinical, diagnostic and treatment features of brain
gliomas in the elderly population.
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8.2 High-Grade Gliomas
8.2.1 Glioblastoma Multiforme

8.2.1.1 Epidemiology

Glioblastoma multiforme (GBM) is the most frequent malignant primary brain
tumour in adults (46 %). Patients older than 65 years old represent nearly 50 % of all
patients [48]. The definition of elderly patients with GBM varies, but in general a
cut-off of 65 or 70 years old is well accepted. The median overall survival (OS) of
elderly patients with GBM ranges from 4 to 8.6 months [26]. The incidence of elderly
patients with GBM is increasing. Hence, elderly people represent an important part
of the total number of newly diagnosed GBM, and consequently these patients need
to be considerated when new treatment approaches are developed [17].

8.2.1.2 Clinical Features

In elderly patients, focal neurological deficits (55%) and cognitive impairment
(48.5 %) are the most common symptoms at diagnosis [84]. Elderly patients present
less likely with headache or seizures when compared to young patients. Since the
onset of symptoms frequently occurs over a few weeks, it is important to perform a
rapid diagnosis in order to start treatment before the performance status is too dete-
riorated [17, 39].

8.2.1.3 Prognostic Factors

Different prognostic factors have been evaluated in elderly patients with GBM [4].
Even in this population, an older age is associated with a poorer outcome [13]. As
in younger patients, the Karnofsky Performance Status (KPS), with a cut-off at 70,
or ECOG PS <2 has been shown to be associated with a poorer outcome [2, 55, 84].
Other prognostic factors include gross total resection [68] and MGMT promoter
methylation status [16, 25]. Mutation of isocitrate dehydrogenase 1 (IDH1) has
been identified in around 10 % of adult patients with GBM, and its positive impact
on clinical outcome has also been demonstrated [6, 81]. The IDH1 mutation is less
frequently reported in the geriatric population (1-2 %) which may partly explain the
worse prognosis of those patients [24, 79]. The lack of other favourable prognostic
biomarkers in elderly patients such as G34R H3F3A mutation, a G-CIMP, or
PRDX1 methylation may also contribute to the overall worse outcome [79].

8.2.1.4 Radiology

On brain magnetic resonance imaging (MRI), GBMs typically present as large
masses located in the supratentorial area. A hypo- or isointense lesion on TI
sequences with a central heterogeneous signal related to necrosis is usually observed.
Sometimes, intratumoural bleeding is also present. T1 sequences after contrast
administration frequently show thick and irregular ringlike contrast enhancement.
Noteworthy, approximately one third of patients can present with lack of contrast
enhancement, especially in elderly patients [61]. On FLAIR sequences, the tumour
generally appears as a hyperintense mass surrounded by vasogenic fingerlike
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oedema. Multimodal MRI including diffusion, perfusion and MRI spectroscopy can
help better characterize the tumour. MR spectroscopy provides information about
metabolic tissue composition. The most useful metabolites in the diagnosis of GBM
are choline which is related with membrane turnover, creatine reflecting basal
metabolism, N-acetyl-aspartate (NAA) related to neuronal structures and lipids or
lactate, both reflecting necrosis. MRI spectroscopy typically shows lactate or lipid
peaks with an increased choline/NAA ratio. Perfusion MRI typically shows an ele-
vated rCBV suggestive of neo-angiogenesis with higher values in geriatric popula-
tion when compared to younger population [27, 29]. The differential diagnosis in
this setting includes a unique brain metastasis and a pyogenic abscess, toxoplasmo-
sis in HIV patients and tuberculoma in patients living in regions where tuberculosis
is endemic [47]. Primary CNS lymphoma is rarely necrotic. In addition to a com-
plete clinical exam, elderly patients with a suspicion of GBM should undergo
thoracic-abdominal CT scan. Diffusion MRI should be carefully reviewed to
exclude a pyogenic abscess which is frequently present without fever and any bio-
logical sign of inflammation. HIV serology should be systematic.

8.2.1.5 Treatment

Surgery

Surgery or biopsy is first required to obtain a definitive diagnosis. Even though MRI
is frequently suggestive of the diagnosis, histology remains mandatory to exclude
differential diagnosis. In addition, tumour tissue is needed for molecular analysis
since molecular profiling is playing an increasing role in treatment decisions.

In younger patients, maximal safe surgical resection of the GBM is recom-
mended. This recommendation however does not rely on randomized studies but on
retrospective analysis of several clinical trials showing that in younger adults, a
maximum safe resection is associated with a better OS independently of other prog-
nostic factors [1, 65].

The role of surgery in elderly GBM patients remains debated. A retrospective
analysis on the management of GBM in Spain between 2008 and 2010 showed that
patients older than 70 years old presented a higher incidence of complications after
surgery compared to their younger counterparts (12.6 % vs 18.8 %) and were less
likely to undergo resection [22]. Another analysis of the perioperative complica-
tions in elderly population found similar results with an increased incidence of
hematomas in the cavity and pneumonia [2]. On the other hand, some retrospectives
studies support that elderly patients should be treated with a surgery as they present
a better outcome with no increase of surgery-related morbidity [12, 49]. Yet a retro-
spective study of 289 patients concluded that despite maximum tumour resection
should be attempted, surgery may be less useful in patients older than 80 years with
a KPS less than 80 % [34]. Advances in intraoperative techniques have helped to
maximize tumour resection and minimize morbidity in gliomas’ surgeries. Awake
craniotomy and the use of 5-aminolevulinic allow to perform more complete resec-
tions and also reduce the risk of postoperative deficits [41, 68]. A retrospective
analysis suggested a benefit on survival of awake craniotomy in elderly population
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without increasing postoperative morbidities [23]. However, the value of these tech-
niques in the geriatric population remains to be studied.

One prospective randomized trial compared resection versus biopsy in 30 elderly
patients (median age was 70 years old) with newly diagnosed high-grade gliomas
[75]. In this study, surgery was associated with longer survival compared to biopsy
(171 days versus 85 days, respectively) and was also related with an improvement
of the quality of life. Nevertheless, this study was limited by its small sample size
and the inclusion of both GBM and anaplastic astrocytomas. The ANOCEF group
(the French specialized association of neuro-oncology) has undertaken a random-
ized phase III study comparing surgery versus biopsy in elderly patients with GBM.

Initial Treatment in Patients with Good Performance Status

Radiotherapy

In young patients (<70 years old) with good KPS, since 2005, the standard of care
for newly diagnosed GBM is maximal safe surgical resection followed by concomi-
tant and adjuvant temozolomide radiochemotherapy (TMZ-RT) [70]. In patients
aged <70 years, compared to RT alone, TMZ-RT was associated with increased
median survival (12.1 vs 14.6 months) and an increase of the rate of patients alive
at 2 and 3 years (27.2 % and 16 %, respectively) without important toxicity [69].

In elderly GBM patients, even in those with good KPS, whether oncological
treatment might be beneficial has long remained debated. Keime-Guibert et al.
conducted the first randomized trial in this population. This trial compared, in 85
patients aged >70 years and with a KPS >70, RT only (50.4 Gy, 28 fractions) ver-
sus best supportive care. Thirty-nine patients received RT and 42 patients received
supportive care. The study was closed prematurely because the preliminary analy-
sis showed clearly an increase in the OS of patients included in the RT arm
(29 weeks versus 17 weeks (p=0.002). Importantly, RT was well tolerated and was
not associated with a decrease of the performance status, the quality of life or the
cognitive function [33]. While in Keime-Guibert et al. study patients received a RT
regimen close to that administered in LGG patients, several studies aimed at deter-
mining the optimal RT regimen in elderly patients. In 2004, a randomized trial
compared an accelerated RT regimen (40 Gy, 15 fractions during 3 weeks) to a
standard irradiation schedule (60 Gy in 30 fractions) in patients aged 60 years or
more and showed no differences regarding median OS (5.6 and 5.1 months, respec-
tively) and the KPS at the end of the treatment. However, patients treated with the
classical schedule required more frequently an increase in the corticosteroid dose
(49 % versus 23 %) suggesting a worse tolerance of the conventional dose [56].
Recently, a phase Il randomized trial randomized elderly or frail patients to receive
an even more accelerated hypofractionated regimen (25 Gy in five daily fractions
over 1 week) or the most commonly schedule of RT used in elderly population
(40 Gy in 15 daily fractions over 3 weeks). No differences in OS or survival (PFS)
were identified [57].
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Temozolomide

Besides RT, several retrospective studies suggested that TMZ could be an effective
treatment in elderly GBM patients [21, 35], and this hypothesis was tested in two
randomized phase 3 trials. Wick et al. conducted a non-inferiority phase III trial
(NOA-08 study) where they compared TMZ vs RT in patients aged over 65 years
old with a KPS >60 with a high-grade glioma. The patients were randomly assigned
to receive either a dose-intensified TMZ regimen (100 mg/m*/day days 1-7 of 1
week on, 1 week off) or standard RT (60 Gy over 6 weeks in 1.8-2 Gy fractions).
No significant difference was found in terms of OS (8.6 months for the TMZ arm
and 9.6 months for the RT arm), and no difference was identified in both groups
regarding quality of life [78].

The second study, the Nordic trial, was conducted by Malmstrom et al. They
enrolled 342 patients aged 60 years or older with a diagnosed GBM. Patients were
randomized to receive one of the following three treatment arms: (a) TMZ (200 mg/
m? for 5 consecutive days every 28 days), (b) hypofractionated RT (34 Gy in 10
fractions) and (c) standard schedule of RT (60Gy/30fractions). In the whole popula-
tion, OS was significantly better in patients treated with TMZ than with the standard
RT regimen (8.3 versus 6 months, p=0.01). In patients aged >70 years, TMZ and
accelerated RT were equivalent and were superior to the standard RT regimen (OS
8.4 versus 7.4 months) [40]. At 3 months, TMZ was associated with a better quality
of life than RT. Yet no subsequent analysis of quality of life was performed, and
therefore these results need to be taken with caution. An example of good response
to treatment with TMZ in an elderly patient is shown in Fig. 8.1.

MGMT Promoter Methylation

Interestingly, a retrospective analysis of MGMT methylation was performed in these
two phase III trials, the NOA-8 and the Nordic trial [40, 78]. MGMT methylation
was analysed in 56 and 69 % of patients in the NOA-8 and in the Nordic trial,
respectively. In the NOA-8 trial (patients >65 years), MGMT-methylated patients
had a longer PFS when treated with TMZ as opposed to RT (8.4 vs 4.6 months,
p=0.01), while MGMT unmethylated patients had a longer PFS when treated with
RT than with TMZ (4.6 vs 3.3 months, p=0.01). A similar yet not significant trend
was observed for OS. The Nordic trial (patients > 60 years) showed a non-significant
trend towards longer OS in MGMT-methylated patients when treated with TMZ
rather than with RT (hazard ratio=0.64, p=0.07), but MGMT-unmethylated patients
did not fare better when treated with RT than with TMZ. PFS data were not avail-
able for this trial, as these data were deliberately not collected. These results,
together with another retrospective study, suggest that MGMT methylation could
guide treatment decision in elderly patients with glioblastoma [79]. However, the
data are not yet robust enough to be translated into the clinic and need prospective
validation. Until now, the use of MGMT methylation as a predictive factor has also
been limited by the fact that the optimal technique to study MGMT methylation is
still debated. In Quillien et al., the rate of MGMT methylated patients varied from
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Fig. 8.1 (a, b) Magnetic resonance image (MRI) of an elderly male patient (71 years old) with
newly diagnosed glioblastoma multiforme (GBM). Flair sequence shows a large and oedematous
hyperintense lesion infiltrating both frontal lobes and corpus callosum (a). T1-weighted axial
gadolinium-enhanced MRI showing two contrast enhancing lesions in the setting of a multicentric
GBM (b). (¢, d) Follow-up MRI from the same patient after six cycles of treatment with temozolo-
mide. Flair sequence shows a marked reduction of the oedema (¢). Dramatic improvement of the
contrast enhancement lesions is observed after the administration of gadolinium (d). The patient
presented a neurological improvement and the KPS increased from 50 to 70 %. The overall sur-
vival was 18 months

33 to 60 % depending on the method that was used [53]. Methylation-specific PCR
has been used as a standard to study MGMT methylation, but this method is only
qualitative and lacks automation. Therefore, alternative semi-quantitative and
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quantitative techniques have been developed. However, these techniques do not
study exactly the same regions of the MGMT promoter. Therefore, as the methyla-
tion pattern of the promoter can be heterogeneous, some patients are classified as
methylated or as unmethylated depending on the technique used [53].

Radiotherapy and Temozolomide

Since temozolomide radiochemotherapy has improved the prognosis of younger
patients with GBM, an important question until recently was whether this strategy
may be beneficial in elderly patients and may not be too neurotoxic. Some non-
randomized prospective studies had suggested the possible benefit of radiochemo-
therapy in elderly population [31, 44, 45]. This was also supported by a meta-analysis
based on non-randomized studies comparing both therapeutic options (RT with
TMZ versus RT alone) [82]. Finally the benefit of this strategy was recently proven
by the results of the collaborative CCTG CE.6/EORTC 26062-22061/TROG 08.02/
NCT00482677 trial which were presented at the 2016 ASCO meeting [50]. This
trial compared RT alone (40 Gy in 15 fractions) vs RT/TMZ (40 Gy in 15 fractions
associated with concomitant TMZ followed by up to 12 monthly TMZ cycles). Five
hundred sixty-two patients were randomized, 281 on each arm; median age was 73
years, 77 % of patients had a KPS>70 and 68 % had a resection. RT/TMZ signifi-
cantly improved OS over RT alone (median 9.3 months vs 7.6 months, p<0.0001)
and significantly improved PFS (median 5.3 months vs 3.9 months, p<0.0001).
Preliminary MGMT analysis demonstrated a clear benefit of RT/TMZ vs RT alone
in MGMT methylated patients (13.5 months vs 7.3 months, p=0.0001) but also in
MGMT unmethylated patients, however to a lesser extent (10 months vs 7.9 months,
p=0.055). Quality of life analyses showed no differences in functional domains of
QLQC30 and BN20 but were worse in the RT/TMZ arm for nausea, vomiting and
constipation. The authors concluded that the addition of concomitant and adjuvant
TMZ to hypofractionated RT for elderly patients with GBM significantly improved
OS and PFS in all patients and that it was well tolerated.

Initial Treatment in Patients with Poor KPS

The cut-off to define low KPS can vary in some reports but equal or less than 60 is
well accepted. The optimal management of young patients with poor performance
status is based mainly on retrospective studies and a subgroup analysis of prospec-
tive studies [14, 42]. A maximal safe resection is highly recommended when pos-
sible especially if it can improve the neurological status. Concerning the postsurgical
treatment, it remains debated in the absence of prospective studies. Some patients
may benefit from adding bevacizumab to TMZ radiochemotherapy [18].

In elderly patients with poor performance status, supportive care is frequently a
reasonable option. However, in some patients, TMZ chemotherapy may be an alter-
native. The French ANOCEF group performed a phase II non-randomized trial in
this population [19]. Seventy patients older than 70 years old with poor KPS and a
newly diagnosed GBM received TMZ (150-200 mg/m?/day, 5 days every 28 days).
Median PFS and OS were 3.5 and 5.5 months, respectively, comparing favourably
with historic controls only treated with supportive care. It is of note that 33 % of
patients presented an improvement in their KPS by 10 or more points and that



126 C.l. Gracia and F. Ducray

overall quality of life and cognition improved over time. In addition, MGMT pro-
moter methylation was associated with longer survival even though only 44 % of
patients could be analysed. Treatment was generally well tolerated with toxicity
rates similar to those observed in young patients with good performance status [19].
More recently, the ANOCEF group conducted a prospective phase II non-
randomized trial in the same population to evaluate the benefit of adding bevaci-
zumab to TMZ. This study confirmed the benefit of TMZ, yet the addition of
bevacizumab did not seem to confer additional benefit [20].

Recurrent Glioblastoma Multiforme

In young patients with glioblastoma, there is no standard of care at recurrence.
Treatment options include re-surgery, re-challenge with TMZ, bevacizumab and
nitrosoureas. Yet inclusion of patients in clinical trials is highly recommended.

Currently, there is no evidence for re-irradiation, and cognition toxicity is a limi-
tation factor. Different studies showed controversies regarding the benefit of re-
surgery in patients with poor performance status [43, 80]. However, a new tumour
sample can be of utility in order to confirm the diagnosis, rule out a possible radio-
necrosis or perform molecular analysis.

Concerning chemotherapy, TMZ is one potential option at the recurrence in
patients who present MGMT methylation [7, 83] and firstly presented a good
response. However, the best schedule of TMZ at the recurrence is not well defined
[76]. Nitrosoureas (carmustine, lomustine, fotemustine) have been a classical treat-
ment in GBM recurrences, and several reports describe their benefit [8, 60] despite
their haematological toxicity. Bevacizumab in monotherapy presents a clinical
activity; however, its impact on survival is not clear. Furthermore, the combination
with nitrosoureas improves the PFS despite their benefit on OS has not yet been
confirmed [71]. In addition, many new target agents have emerged, but their efficacy
remains to be confirmed [63].

In elderly patients with GBM, as in younger patients, there is no standard of care.
All cases should be discussed on multi-disciplinary meetings, and the decisions
should be based on the performance status. The main options are RT or preferably
chemotherapy with TMZ or bevacizumab because of their relative safety side effect
profile. Re-surgery or re-irradiation is not a feasible option in this fragile popula-
tion. When performance status is not optimal, supportive care should be considered
as a first option.

8.2.1.6 Conclusion

The management of elderly patients with GBM has evolved over the time, and sev-
eral treatment options have emerged in the last few years. As an example, in Lyon,
the median survival of elderly patients with GBM increased from 3 to 6 months
between 2004 and 2008 [5]. However, the best therapy should be selected consider-
ing the functional status of the patient. Regarding the controversy of maximal safe
resection versus biopsy, some retrospectives studies and one prospective study sup-
port that resection of the tumour should be done when feasible. The optimal treat-
ment after surgery or biopsy in patients with good performance status is accelerated
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Histological confirmation after
maximal safe resection
or biopsy alone

Age 2> 65 years old
|

v y

65-70 years >70 years

KPS KPS

L
| 270 % |<7O % |<70 %l >70 %

| RT+TMZ | Supportive care

or Accelerated

Fig. 8.2 Algorithm of treatment in newly diagnosed glioblastoma multiforme in elderly patients.
KPS Karnofsky performance status, RT radiotherapy, TMZ temozolomide

RT/TMZ as recently shown in a large phase III trial. In some patients with poor
performance status, TMZ may be an alternative to palliative care, especially in
patients with a methylated MGMT promoter. However, the predictive impact of
MGMT promoter methylation status in elderly patients still needs confirmation in
prospective trials. An algorithm of treatment in these patients is proposed on
Fig. 8.2. A summary of the main treatment studies in newly diagnosed GBM in the
elderly population is also added (Table 8.1).

8.2.2 Anaplastic Gliomas

The exact incidence of anaplastic gliomas in elderly patients remains to be deter-
mined; however, they seem rare [48]. In young patients, anaplastic gliomas form a
heterogeneous group of gliomas in terms of clinical, histological and molecular pro-
files. The survival times of patients range from a few years to more than 15 years [11].
This clinical heterogeneity reflects underlying molecular heterogeneity. From a
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molecular point of view, three main subgroups can be distinguished based on two
biomarkers, the 1p/19q co-deletion and the isocitrate dehydrogenase (IDH) mutation
status. Gliomas with the 1p/19q co-deletion (which are virtually all IDH mutated)
display the best prognosis [9]. The IDH-mutated gliomas, without 1p/19q co-deletion,
have an intermediate prognosis. Finally, the non-1p/19q co-deleted and non-IDH-
mutated gliomas have a poor prognosis. In younger patients, two randomized phase
IIT studies have demonstrated that IDH-mutated patients (with or without 1p/19q co-
deletion) benefit from adjuvant PCV chemotherapy in addition to RT which is not the
case of patients without IDH mutation [10, 11, 74]. These patients have a prognosis
close to that of GBM patients and are treated with TMZ radiochemotherapy.

In elderly patients, no prospective study has focused on anaplastic gliomas, and
the rare retrospective studies in this population did not stratify patients according to
the 1p/19q co-deletion and the IDH mutation [67]. IDH wild-type anaplastic glio-
mas in elderly patients should probably be treated like GBM patients. IDH-mutated
anaplastic gliomas without 1p/19q co-deletion should probably receive RT plus
adjuvant TMZ instead of PCV chemotherapy given (i) the potential toxicity of this
regimen in patients over >70 years and (ii) the fact that TMZ may be equally effec-
tive as PCV even if this has not been formally demonstrated. In elderly patients with
a 1p/19q co-deleted anaplastic glioma, chemotherapy only with TMZ may be

Histological confirmation
(maximal safe resection or biopsy alone)

Age = 65 years old

IDH wild type 1p19q non-codeleted 1p19q codeletion
IDH mutated IDH mutated
RT+TMZ

RT+TMZ RT+TMZ

Or Or
RT+PCV RT+PCV

Or Or

T™Z T™MZ

Fig. 8.3 Algorithm of treatment in newly diagnosed anaplastic gliomas in elderly patients. /IDH
isocitrate dehydrogenase, RT radiotherapy, TMZ temozolomide, PCV procarbazine, lomustine and
vincristine
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considered since these tumours are usually very chemosensitive [67]. A therapeutic
algorithm is proposed on Fig. 8.3.

8.3 Low-Grade Gliomas
8.3.1 Epidemiology

LGG represent 15% of all brain tumours in adults; the peak incidence occurs in
people between 35 and 44 years old [51, 52]; nevertheless, nearly 8 % of LGG occur
in patients of 60 years old [32]. However, this incidence may be underestimated
because old patients are less likely to undergo surgery preventing histological confir-
mation of the diagnosis. The median OS in this population is shorter than in young
population being around 3 years with a 5-year survival rate of 40 % [32, 52, 62].

8.3.2 Clinical Features and Prognostic Factors

Clinical manifestations in older population differ from their younger counterparts.
A retrospective study identified that elderly patients presented more frequently
with a clinical deficit (53 % of patients presented sensory or motor disturbances,
language disorders, cognitive impairment), whereas epilepsy was the most com-
mon symptom in young patients (80 % of patients) [32, 51]. In young patients, age
over 40 years old, preoperative neurological deficit, large tumours, tumour cross-
ing midline and astrocytoma histology are associated related in LGG. In young
patients with newly diagnosed LGG, age over 40 years old, preoperative neurologi-
cal deficit, large tumour, tumour crossing midline and astrocytoma histology are
pronostic factors for survival [51]. 1p/19q co-deletion and IDH mutation are also
independent favourable prognostic factors. In older patients, astrocytic phenotype,
increasing age and tumour crossing the midline were also negative prognostic fac-
tors [32].

8.3.3 Diagnosis

Magnetic resonance imaging (MRI) is the modality of choice for characterizing glio-
mas. These lesions are usually iso- or hypointense on T1 sequences and usually are
confined to the white matter. T2 or FLAIR sequences show a hyperintensity lesion with
a better delimitation of the lesion. They are commonly localized in supratentorial areas
[52]. Contrast enhancement (CE) can be observed in up to 15 % of adults with LGG and
is even more frequent in elderly population (44 %). However, it is mandatory to rule out
an anaplastic glioma when CE is found. Furthermore, when a LGG is suspected in
elderly population and despite the absence of CE, high-grade gliomas should be dis-
missed. Perfusion weighted imaging (PWI) may be an interesting tool in this setting [3,
37]. Conditions that may mimic an LGG in elderly patients are mostly stroke and
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pseudotumoural presentation of cerebral amyloid angiopathy-related inflammation. In
most cases (85 %), this condition occurs in patients older than 60 years old presenting
with cognitive impairment or focal deficits. The MRI demonstrates infiltrative white
matter lesions with loco-regional mass effect, without contrast enhancement in most of
cases and multiple microbleeds. Therefore, T2* sequences should be performed in
elderly patients with a suspicion of LGG to rule out pseudotumoural presentation of
cerebral amyloid angiopathy-related inflammation [58].

8.3.4 Treatment

8.3.4.1 Wait and See
Conservative management in young adults with LGG is characterized by a “wait
and see” (WS) policy which consist in neuroimaging and clinical observation of
those lesions that suggest LGG. Moreover, there is no evidence that early post-
operative treatment is associated with improved survival [73]. Some authors suggest
that for young patients with indolent LGG, the confirmation through stereotactic
biopsy does not change the treatment; therefore, WS should be recommended [77].
When the lesion is surgically inaccessible or if the patients’ symptoms are well
controlled, WS could also be proposed. However, with this approach, there is a risk
of tumour size increase.

In elderly patients, when an LGG lesion is suspected and the patient is practically
asymptomatic, WS might be proposed as these tumours may have a very slow
evolution.

8.3.4.2 Surgery

The surgery management of adults with LGG is controversial due to the lack of non-
controlled studies. However, maximal safe resection is generally recommended in
young patients.

Two recent large retrospectives studies in highly specialized centres support the
benefit of early resection in the outcome of LGG and also highlight the minimal
morbidity associated with surgery [30, 66]. There is evidence that awake craniot-
omy allows to perform more extensive safe resections [15, 59]. Noteworthy, histo-
pathological diagnosis inconsistencies between surgery and biopsy have already
been demonstrated, most especially in mixed gliomas with a low proliferation
index [28, 46].

In elderly patients, there is no consensus on the optimal surgery management.
Despite it is common to offer them biopsy or surgery without awake craniotomy, a
recent report did not find significant differences in terms of perioperative mortality
and morbidity when compared to young patients [23].

8.3.4.3 Radiotherapy

In adults, the role of adjuvant RT was investigated in the EORTC 22845 study,
which compared early versus delayed RT. No differences between both groups in
terms of OS were identified; however, PFS was higher in those patients firstly
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treated with RT at the expense of side effects [73]. Therefore, if the patient does not
present risk factors, delay RT until progression is recommended.

In geriatric population, RT is one suitable treatment option. However, as neuro-
toxicity of RT increases with age, it would be recommendable to optimize the dose
to minimize the incidence of side effects.

8.3.4.4 Chemo-Radiotherapy Treatment

In adult LGG patients, two randomized studies have addressed the question of
the optimal treatment in patients who need another treatment than surgery: the
RTOG 9802 and the EORTC 22033-26033 trials [64, 72]. Shaw et al. compared
in the RTOG 9802 trial RT to RT with PCV. First results did not show any benefit
on OS with the combined treatment despite an increase of PFS was identified.
However, a further long-term follow-up concluded that patients with less than a
gross total resection and older than 40 years presented a better outcome after
treatment with PCV and RT [64, 72]. Nevertheless, information about the benefit
on OS in LGG stratified by their molecular profile and histological type has not
been yet provided. The EORTC 22033-26033 trial conducted by Baumert et al.
was designed for patients with a bad prognostic profile in order to investigate the
impact of temozolomide chemotherapy or RT on PFS and OS. No statistically
significant difference between both treatments was observed for PFS, and OS
was not reached. However, first molecular analyses showed that non-1p/19q co-
deleted patients presented similar outcome when treated with RT or TMZ, while
non-co-deleted patients presented better responses when treated with RT [72].
Survival analyses will require further maturation as well as more detailed molec-
ular analyses. Based on the results of these two studies, RT plus PCV should be
considered the standard of care for LGG who require postsurgical adjuvant
treatment.

The best therapeutic option in elderly population with LGG who require
another treatment than surgery is not defined. No prospective study has been per-
formed. Based on the trials above commented, RT plus chemotherapy could be
recommended for patients who conserve a good performance status. For those
patients with lower KPS, especially if they present with a 1p/19q co-deleted gli-
oma, TMZ chemotherapy could be a more interesting option because of its safety
profile.

8.3.5 Conclusions

LGG in elderly patients are less frequent and present a worst outcome compared to
younger patients. The clinical presentation and the radiological features also differ
from the presentation in the young population. In patients with slowly progressive
LGG who are asymptomatic or have been operated, WS and follow-up might be the
best option. In symptomatic patients who require a treatment, it should be selected
based on KPS and molecular profile. Figure 8.4 shows an algorithm of treatment in
elderly population with LGG diagnosis.
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LGG suspected in patients
> 65 years old

Is treatment necessary?

|

Wait and Is surgery
See possible?
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Fig. 8.4 Algorithm of treatment in newly diagnosed low-grade gliomas in elderly patients. RT
radiotherapy, TMZ temozolomide, PCV Procarbazine, CCNU and Vincristine. *Patients should be
treated acccording to their perfomance status and their molecular profile

Acknowledgement Cristina Izquierdo has been funded by La Fundacién Alfonso Martin
Escudero in the setting of a research grant.

References

1. Almeida JP, Chaichana KL, Rincon-Torroella J, Quinones-Hinojosa A (2015) The value of
extent of resection of glioblastomas: clinical evidence and current approach. Curr Neurol
Neurosci Rep 15(2):517. doi:10.1007/s11910-014-0517-x

2. Alvarez de Eulate-Beramendi S, Alvarez-Vega MA, Balbin M, Sanchez-Pitiot A, Vallina-
Alvarez A, Martino-Gonzalez J (2016) Prognostic factors and survival study in high-grade
glioma in the elderly. Br J Neurosurg 30(3):330-336. doi:10.3109/02688697.2016.1139049

3. Arvinda HR, Kesavadas C, Sarma PS, Thomas B, Radhakrishnan VV, Gupta AK,
Kapilamoorthy TR, Nair S (2009) Glioma grading: sensitivity, specificity, positive and nega-
tive predictive values of diffusion and perfusion imaging. J Neurooncol 94(1):87-96.
doi:10.1007/s11060-009-9807-6

4. Arvold ND, Reardon DA (2014) Treatment options and outcomes for glioblastoma in the
elderly patient. Clin Interv Aging 9:357-367. doi:10.2147/CIA.S44259

5. Badaoui N, Meyronet D, Cartalat-Carel S, Guyotat J, Jouanneau E, d’Hombres A, Sunyach MP,
Jouvet A, Louis-Tisserand G, Archinet A, Frappaz D, Bauchet L, Honnorat J, Ducray F (2014)
Patterns of care and survival of glioblastoma patients: a comparative study between 2004 and
2008 in Lyon, France. Rev Neurol 170(3):222-227. doi:10.1016/j.neurol.2013.09.007

6. Balss J, Meyer J, Mueller W, Korshunov A, Hartmann C, von Deimling A (2008) Analysis of
the IDH1 codon 132 mutation in brain tumors. Acta Neuropathol 116(6):597-602. doi:10.1007/
s00401-008-0455-2


http://dx.doi.org/10.1007/s11910-014-0517-x
http://dx.doi.org/10.3109/02688697.2016.1139049
http://dx.doi.org/10.1007/s11060-009-9807-6
http://dx.doi.org/10.2147/CIA.S44259
http://dx.doi.org/10.1016/j.neurol.2013.09.007
http://dx.doi.org/10.1007/s00401-008-0455-2
http://dx.doi.org/10.1007/s00401-008-0455-2

134 C.l. Gracia and F. Ducray

7. Brada M, Hoang-Xuan K, Rampling R, Dietrich PY, Dirix LY, Macdonald D, Heimans JJ,
Zonnenberg BA, Bravo-Marques JM, Henriksson R, Stupp R, Yue N, Bruner J, Dugan M, Rao
S, Zaknoen S (2001) Multicenter phase II trial of temozolomide in patients with glioblastoma
multiforme at first relapse. Ann Oncol Off J Eur Soc Med Oncol/ESMO 12(2):259-266

8. Brandes AA, Tosoni A, Basso U, Reni M, Valduga F, Monfardini S, Amista P, Nicolardi L,
Sotti G, Ermani M (2004) Second-line chemotherapy with irinotecan plus carmustine in glio-
blastoma recurrent or progressive after first-line temozolomide chemotherapy: a phase II study
of the Gruppo Italiano Cooperativo di Neuro-Oncologia (GICNO). J Clin Oncol Off J] Am Soc
Clin Oncol 22(23):4779-4786. doi:10.1200/JC0O.2004.06.181

9. Brat DJ, Verhaak RG, Aldape KD, Yung WK, Salama SR, Cooper LA, Rheinbay E, Miller CR,
Vitucci M, Morozova O, Robertson AG, Noushmehr H, Laird PW, Cherniack AD, Akbani R,
Huse JT, Ciriello G, Poisson LM, Barnholtz-Sloan JS, Berger MS, Brennan C, Colen RR,
Colman H, Flanders AE, Giannini C, Grifford M, lavarone A, Jain R, Joseph I, Kim J, Kasaian
K, Mikkelsen T, Murray BA, O’Neill BP, Pachter L, Parsons DW, Sougnez C, Sulman EP,
Vandenberg SR, Van Meir EG, von Deimling A, Zhang H, Crain D, Lau K, Mallery D, Morris
S, Paulauskis J, Penny R, Shelton T, Sherman M, Yena P, Black A, Bowen J, Dicostanzo K,
Gastier-Foster J, Leraas KM, Lichtenberg TM, Pierson CR, Ramirez NC, Taylor C, Weaver S,
Wise L, Zmuda E, Davidsen T, Demchok JA, Eley G, Ferguson ML, Hutter CM, Mills Shaw
KR, Ozenberger BA, Sheth M, Sofia HJ, Tarnuzzer R, Wang Z, Yang L, Zenklusen JC, Ayala
B, Baboud J, Chudamani S, Jensen MA, Liu J, Pihl T, Raman R, Wan Y, Wu Y, Ally A, Auman
JT, Balasundaram M, Balu S, Baylin SB, Beroukhim R, Bootwalla MS, Bowlby R, Bristow
CA, Brooks D, Butterfield Y, Carlsen R, Carter S, Chin L, Chu A, Chuah E, Cibulskis K,
Clarke A, Coetzee SG, Dhalla N, Fennell T, Fisher S, Gabriel S, Getz G, Gibbs R, Guin R,
Hadjipanayis A, Hayes DN, Hinoue T, Hoadley K, Holt RA, Hoyle AP, Jefferys SR, Jones S,
Jones CD, Kucherlapati R, Lai PH, Lander E, Lee S, Lichtenstein L, Ma Y, Maglinte DT,
Mahadeshwar HS, Marra MA, Mayo M, Meng S, Meyerson ML, Mieczkowski PA, Moore
RA, Mose LE, Mungall AJ, Pantazi A, Parfenov M, Park PJ, Parker JS, Perou CM, Protopopov
A, Ren X, Roach J, Sabedot TS, Schein J, Schumacher SE, Seidman JG, Seth S, Shen H,
Simons JV, Sipahimalani P, Soloway MG, Song X, Sun H, Tabak B, Tam A, Tan D, Tang J,
Thiessen N, Triche T Jr, Van Den Berg DJ, Veluvolu U, Waring S, Weisenberger DJ, Wilkerson
MD, Wong T, Wu J, Xi L, Xu AW, Zack TI, Zhang J, Aksoy BA, Arachchi H, Benz C, Bernard
B, Carlin D, Cho J, DiCara D, Frazer S, Fuller GN, Gao J, Gehlenborg N, Haussler D, Heiman
DI, Iype L, Jacobsen A, Ju Z, Katzman S, Kim H, Knijnenburg T, Kreisberg RB, Lawrence
MS, Lee W, Leinonen K, Lin P, Ling S, Liu W, Liu Y, Lu Y, Mills G, Ng S, Noble MS, Paull E,
Rao A, Reynolds S, Saksena G, Sanborn Z, Sander C, Schultz N, Senbabaoglu Y, Shen R,
Shmulevich I, Sinha R, Stuart J, Sumer SO, Sun Y, Tasman N, Taylor BS, Voet D, Weinhold N,
Weinstein JN, Yang D, Yoshihara K, Zheng S, Zhang W, Zou L, Abel T, Sadeghi S, Cohen ML,
Eschbacher J, Hattab EM, Raghunathan A, Schniederjan MJ, Aziz D, Barnett G, Barrett W,
Bigner DD, Boice L, Brewer C, Calatozzolo C, Campos B, Carlotti CG Jr, Chan TA, Cuppini
L, Curley E, Cuzzubbo S, Devine K, DiMeco F, Duell R, Elder JB, Fehrenbach A, Finocchiaro
G, Friedman W, Fulop J, Gardner J, Hermes B, Herold-Mende C, Jungk C, Kendler A, Lehman
NL, Lipp E, Liu O, Mandt R, McGraw M, McLendon R, McPherson C, Neder L, Nguyen P,
Noss A, Nunziata R, Ostrom QT, Palmer C, Perin A, Pollo B, Potapov A, Potapova O, Rathmell
WK, Rotin D, Scarpace L, Schilero C, Senecal K, Shimmel K, Shurkhay V, Sifri S, Singh R,
Sloan AE, Smolenski K, Staugaitis SM, Steele R, Thorne L, Tirapelli DP, Unterberg A,
Vallurupalli M, Wang Y, Warnick R, Williams F, Wolinsky Y, Bell S, Rosenberg M, Stewart C,
Huang F, Grimsby JL, Radenbaugh AJ (2015) Comprehensive, integrative genomic analysis of
diffuse lower-grade gliomas. N Engl J Med 372(26):2481-2498. doi: 10.1056/NEJMoa1402121

10. Cairncross G, Wang M, Shaw E, Jenkins R, Brachman D, Buckner J, Fink K, Souhami L,
Laperriere N, Curran W, Mehta M (2013) Phase III trial of chemoradiotherapy for anaplastic
oligodendroglioma: long-term results of RTOG 9402. J Clin Oncol Off J Am Soc Clin Oncol
31(3):337-343. doi:10.1200/JC0O.2012.43.2674

11. Cairncross JG, Wang M, Jenkins RB, Shaw EG, Giannini C, Brachman DG, Buckner JC, Fink
KL, Souhami L, Laperriere NJ, Huse JT, Mehta MP, Curran WJ Jr (2014) Benefit from


http://dx.doi.org/10.1200/JCO.2004.06.181
http://dx.doi.org/10.1056/NEJMoa1402121
http://dx.doi.org/10.1200/JCO.2012.43.2674

Brain Gliomas in the Elderly 135

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

procarbazine, lomustine, and vincristine in oligodendroglial tumors is associated with mutation
of IDH. J Clin Oncol Off J] Am Soc Clin Oncol 32(8):783-790. doi:10.1200/JC0.2013.49.3726
Chaichana KL, Garzon-Muvdi T, Parker S, Weingart JD, Olivi A, Bennett R, Brem H,
Quinones-Hinojosa A (2011) Supratentorial glioblastoma multiforme: the role of surgical
resection versus biopsy among older patients. Ann Surg Oncol 18(1):239-245. doi:10.1245/
s10434-010-1242-6

Chaichana KL, Halthore AN, Parker SL, Olivi A, Weingart JD, Brem H, Quinones-Hinojosa
A (2011) Factors involved in maintaining prolonged functional independence following supra-
tentorial glioblastoma resection. Clinical article. ] Neurosurg 114(3):604-612. doi:10.3171/20
10.4.JNS091340

Chaichana KL, Martinez-Gutierrez JC, De la Garza-Ramos R, Weingart JD, Olivi A, Gallia
GL, Lim M, Brem H, Quinones-Hinojosa A (2013) Factors associated with survival for
patients with glioblastoma with poor pre-operative functional status. J Clin Neurosci Off
J Neurosurg Soc Australasia 20(6):818-823. doi:10.1016/j.jocn.2012.07.016

De Benedictis A, Moritz-Gasser S, Duffau H (2010) Awake mapping optimizes the extent of
resection for low-grade gliomas in eloquent areas. Neurosurgery 66(6):1074—1084.
doi:10.1227/01.NEU.0000369514.74284.78; discussion 1084

Esteller M, Toyota M, Sanchez-Cespedes M, Capella G, Peinado MA, Watkins DN, Issa JP,
Sidransky D, Baylin SB, Herman JG (2000) Inactivation of the DNA repair gene
06-methylguanine-DNA methyltransferase by promoter hypermethylation is associated with
G to A mutations in K-ras in colorectal tumorigenesis. Cancer Res 60(9):2368-2371

Gallego Perez-Larraya J, Delattre JY (2014) Management of elderly patients with gliomas.
Oncologist 19(12):1258-1267. doi:10.1634/theoncologist.2014-0170

Gallego Perez-Larraya J, Ducray F (2014) Treating glioblastoma patients with poor perfor-
mance status: where do we go from here? CNS Oncol 3(3):231-241. doi:10.2217/cns.14.20

. Gallego Perez-Larraya J, Ducray F, Chinot O, Catry-Thomas I, Taillandier L, Guillamo JS,

Campello C, Monjour A, Cartalat-Carel S, Barrie M, Huchet A, Beauchesne P, Matta M,
Mokhtari K, Tanguy ML, Honnorat J, Delattre JY (2011) Temozolomide in elderly patients
with newly diagnosed glioblastoma and poor performance status: an ANOCEF phase II trial.
J Clin Oncol Off J] Am Soc Clin Oncol 29(22):3050-3055. doi:10.1200/JC0.2011.34.8086
German Reyes-Botero JH, Chinot OL, Taillandier L, Catry-Thomas I, Barriere J, Guillamo JS,
Fabbro M, Frappaz D, Amiel AB, Rhun EL, Campello C, Tennevet I, Ghiringhelli F, Tanguy
M-L, Mokhtari K, Delattre J-Y, ANOCEF: Association des Neuro-Oncologues d’Expression
Francaise; Service de Neurologie 2-Mazarin, Groupe Hospitalier Pitié-Salpétriere, Paris,
France; Hopital Pierre Wertheimer, Lyon, France; Centre Hospitalier Universitaire La Timone,
Marseille, France; Centre Hospitalier Universitaire Nancy, Nancy, France; Hopital Saint-
Andre CHU, Bordeaux, France; Centre Antoine Lacassagne, Nice, France; Centre Hospitalier
Universitaire Caen, Caen, France; Centre Val d’Aurelle, Montpellier, France; Centre Léon
Bérard, Lyon, France; Centre Hospitalier Universitaire Rangueil, Toulouse, France; Centre
Oscar Lambret, Lille, France; Centre Hospitalier Universitaire Nimes, Nimes, France; Centre
Henri Becquerel CLCC, Rouen, France; Georges-Frangois Leclerc Cancer Center, Dijon,
France; APHP-CHU Pitié-Salpétriere, Paris, France; Hopital Pitié-Salpétriere, Paris, France;
Pitie-Salpetriere Hospital-Pierre et Marie Curie Paris VI University, Paris, France (2013)
Temozolomide plus bevacizumab in elderly patients with newly diagnosed glioblastoma and
poor performance status: an Anocef phase II trial. J Clin Oncol 30:abstr 2020

Glantz M, Chamberlain M, Liu Q, Litofsky NS, Recht LD (2003) Temozolomide as an alterna-
tive to irradiation for elderly patients with newly diagnosed malignant gliomas. Cancer
97(9):2262-2266. doi:10.1002/cncr.11323

Graus F, Bruna J, Pardo J, Escudero D, Vilas D, Barcelo I, Brell M, Pascual C, Crespo JA, Erro
E, Garcia-Romero JC, Estela J, Martino J, Garcia-Castano A, Mata E, Lema M, Gelabert M,
Fuentes R, Perez P, Manzano A, Aguas J, Belenguer A, Simon A, Henriquez I, Murcia M,
Vivanco R, Rojas-Marcos I, Munoz-Carmona D, Navas I, de Andres P, Mas G, Gil M, Verger
E (2013) Patterns of care and outcome for patients with glioblastoma diagnosed during 2008—
2010 in Spain. Neuro Oncol 15(6):797-805. doi:10.1093/neuonc/not013


http://dx.doi.org/10.1200/JCO.2013.49.3726
http://dx.doi.org/10.1245/s10434-010-1242-6
http://dx.doi.org/10.1245/s10434-010-1242-6
http://dx.doi.org/10.3171/2010.4.JNS091340
http://dx.doi.org/10.3171/2010.4.JNS091340
http://dx.doi.org/10.1016/j.jocn.2012.07.016
http://dx.doi.org/10.1227/01.NEU.0000369514.74284.78
http://dx.doi.org/10.1634/theoncologist.2014-0170
http://dx.doi.org/10.2217/cns.14.20
http://dx.doi.org/10.1200/JCO.2011.34.8086
http://dx.doi.org/10.1002/cncr.11323
http://dx.doi.org/10.1093/neuonc/not013

136 C.l. Gracia and F. Ducray

23. Grossman R, Nossek E, Sitt R, Hayat D, Shahar T, Barzilai O, Gonen T, Korn A, Sela G, Ram
7 (2013) Outcome of elderly patients undergoing awake-craniotomy for tumor resection. Ann
Surg Oncol 20(5):1722-1728. doi:10.1245/s10434-012-2748-x

24. Hartmann C, Hentschel B, Wick W, Capper D, Felsberg J, Simon M, Westphal M, Schackert
G, Meyermann R, Pietsch T, Reifenberger G, Weller M, Loeffler M, von Deimling A (2010)
Patients with IDH1 wild type anaplastic astrocytomas exhibit worse prognosis than IDHI-
mutated glioblastomas, and IDH1 mutation status accounts for the unfavorable prognostic
effect of higher age: implications for classification of gliomas. Acta Neuropathol 120(6):707—
718. doi:10.1007/s00401-010-0781-z

25. Hegi ME, Diserens AC, Gorlia T, Hamou MF, de Tribolet N, Weller M, Kros JM, Hainfellner
JA, Mason W, Mariani L, Bromberg JE, Hau P, Mirimanoff RO, Cairncross JG, Janzer RC,
Stupp R (2005) MGMT gene silencing and benefit from temozolomide in glioblastoma. N
Engl J Med 352(10):997-1003. doi:10.1056/NEJMoa043331

26. Iwamoto FM, Reiner AS, Panageas KS, Elkin EB, Abrey LE (2008) Patterns of care in elderly
glioblastoma patients. Ann Neurol 64(6):628—634. doi:10.1002/ana.21521

27. Jabehdar Maralani P, Melhem ER, Wang S, Herskovits EH, Voluck MR, Kim SJ, Learned KO,
O’Rourke DM, Mohan S (2015) Association of dynamic susceptibility contrast enhanced MR
Perfusion parameters with prognosis in elderly patients with glioblastomas. Eur Radiol
25(9):2738-2744. doi:10.1007/s00330-015-3640-4

28. Jackson RJ, Fuller GN, Abi-Said D, Lang FF, Gokaslan ZL, Shi WM, Wildrick DM, Sawaya
R (2001) Limitations of stereotactic biopsy in the initial management of gliomas. Neuro Oncol
3(3):193-200

29. Jain R, Gutierrez J, Narang J, Scarpace L, Schultz LR, Lemke N, Patel SC, Mikkelsen T, Rock JP
(2011) In vivo correlation of tumor blood volume and permeability with histologic and molecular
angiogenic markers in gliomas. AJNR Am J Neuroradiol 32(2):388-394. doi:10.3174/ajnr.A2280

30. Jakola AS, Myrmel KS, Kloster R, Torp SH, Lindal S, Unsgard G, Solheim O (2012)
Comparison of a strategy favoring early surgical resection vs a strategy favoring watchful wait-
ing in low-grade gliomas. JAMA 308(18):1881-1888. doi:10.1001/jama.2012.12807

31. Jordan JT, Gerstner ER, Batchelor TT, Cahill DP, Plotkin SR (2016) Glioblastoma care in the
elderly. Cancer 122(2):189-197. doi:10.1002/cncr.29742

32. Kaloshi G, Psimaras D, Mokhtari K, Dehais C, Houillier C, Marie Y, Laigle-Donadey F,
Taillibert S, Guillevin R, Martin-Duverneuil N, Sanson M, Hoang-Xuan K, Delattre J'Y (2009)
Supratentorial low-grade gliomas in older patients. Neurology 73(24):2093-2098. doi:10.1212/
WNL.0b013e3181c6781e

33. Keime-Guibert F, Chinot O, Taillandier L, Cartalat-Carel S, Frenay M, Kantor G, Guillamo JS,
Jadaud E, Colin P, Bondiau PY, Menei P, Loiseau H, Bernier V, Honnorat J, Barrie M, Mokhtari
K, Mazeron JJ, Bissery A, Delattre JY (2007) Radiotherapy for glioblastoma in the elderly. N
Engl J Med 356(15):1527-1535. doi:10.1056/NEJM0a065901

34. Konglund A, Helseth R, Lund-Johansen M, Helseth E, Meling TR (2013) Surgery for high-
grade gliomas in the aging. Acta Neurol Scand 128(3):185-193. doi:10.1111/ane.12105

35. Laigle-Donadey F, Figarella-Branger D, Chinot O, Taillandier L, Cartalat-Carel S, Honnorat J,
Kaloshi G, Delattre JY, Sanson M (2010) Up-front temozolomide in elderly patients with
glioblastoma. J Neurooncol 99(1):89-94. doi:10.1007/s11060-009-0110-3

36. Laperriere N, Weller M, Stupp R, Perry JR, Brandes AA, Wick W, van den Bent MJ (2013)
Optimal management of elderly patients with glioblastoma. Cancer Treat Rev 39(4):350-357.
doi:10.1016/j.ctrv.2012.05.008

37. Law M, Yang S, Wang H, Babb JS, Johnson G, Cha S, Knopp EA, Zagzag D (2003) Glioma
grading: sensitivity, specificity, and predictive values of perfusion MR imaging and proton MR
spectroscopic imaging compared with conventional MR imaging. AJNR Am J Neuroradiol
24(10):1989-1998

38. Louis DN, Ohgaki H, Wiestler OD, Cavenee WK, Burger PC, Jouvet A, Scheithauer BW,
Kleihues P (2007) The 2007 WHO classification of tumours of the central nervous system.
Acta Neuropathol 114(2):97-109. doi:10.1007/s00401-007-0243-4


http://dx.doi.org/10.1245/s10434-012-2748-x
http://dx.doi.org/10.1007/s00401-010-0781-z
http://dx.doi.org/10.1056/NEJMoa043331
http://dx.doi.org/10.1002/ana.21521
http://dx.doi.org/10.1007/s00330-015-3640-4
http://dx.doi.org/10.3174/ajnr.A2280
http://dx.doi.org/10.1001/jama.2012.12807
http://dx.doi.org/10.1002/cncr.29742
http://dx.doi.org/10.1212/WNL.0b013e3181c6781e
http://dx.doi.org/10.1212/WNL.0b013e3181c6781e
http://dx.doi.org/10.1056/NEJMoa065901
http://dx.doi.org/10.1111/ane.12105
http://dx.doi.org/10.1007/s11060-009-0110-3
http://dx.doi.org/10.1016/j.ctrv.2012.05.008
http://dx.doi.org/10.1007/s00401-007-0243-4

Brain Gliomas in the Elderly 137

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51

52.

53.

Lowry JK, Snyder JJ, Lowry PW (1998) Brain tumors in the elderly: recent trends in a
Minnesota cohort study. Arch Neurol 55(7):922-928

Malmstrom A, Gronberg BH, Marosi C, Stupp R, Frappaz D, Schultz H, Abacioglu U, Tavelin
B, Lhermitte B, Hegi ME, Rosell J, Henriksson R (2012) Temozolomide versus standard
6-week radiotherapy versus hypofractionated radiotherapy in patients older than 60 years with
glioblastoma: the Nordic randomised, phase 3 trial. Lancet Oncol 13(9):916-926. doi:10.1016/
S1470-2045(12)70265-6

Mandonnet E, De Witt HP, Poisson I, Whittle I, Bernat AL, Bresson D, Madadaki C, Bouazza S,
Ursu R, Carpentier AF, George B, Froelich S (2015) Initial experience using awake surgery for
glioma: oncological, functional, and employment outcomes in a consecutive series of 25 cases.
Neurosurgery 76(4):382-389. doi: 10.1227/NEU.0000000000000644; discussion 389

Marko NF, Weil RJ, Schroeder JL, Lang FF, Suki D, Sawaya RE (2014) Extent of resection of
glioblastoma revisited: personalized survival modeling facilitates more accurate survival pre-
diction and supports a maximum-safe-resection approach to surgery. J Clin Oncol Off J Am
Soc Clin Oncol 32(8):774-782. doi:10.1200/JC0O.2013.51.8886

McNamara MG, Lwin Z, Jiang H, Templeton AJ, Zadeh G, Bernstein M, Chung C, Millar BA,
Laperriere N, Mason WP (2014) Factors impacting survival following second surgery in
patients with glioblastoma in the temozolomide treatment era, incorporating neutrophil/lym-
phocyte ratio and time to first progression. J Neurooncol 117(1):147-152. doi:10.1007/
s11060-014-1366-9

Minniti G, De Sanctis V, Muni R, Filippone F, Bozzao A, Valeriani M, Osti MF, De Paula U,
Lanzetta G, Tombolini V, Maurizi Enrici R (2008) Radiotherapy plus concomitant and adju-
vant temozolomide for glioblastoma in elderly patients. J Neurooncol 88(1):97-103.
doi:10.1007/s11060-008-9538-0

Minniti G, Scaringi C, Lanzetta G, Terrenato I, Esposito V, Arcella A, Pace A, Giangaspero F,
Bozzao A, Enrici RM (2015) Standard (60 Gy) or short-course (40 Gy) irradiation plus con-
comitant and adjuvant temozolomide for elderly patients with glioblastoma: a propensity-
matched analysis. IntJ Radiat Oncol Biol Phys 91(1):109-115. doi: 10.1016/j.ijrobp.2014.09.013
Muragaki Y, Chernov M, Maruyama T, Ochiai T, Taira T, Kubo O, Nakamura R, Iseki H, Hori
T, Takakura K (2008) Low-grade glioma on stereotactic biopsy: how often is the diagnosis
accurate? Minim Invasive Neurosurg 51(5):275-279. doi:10.1055/s-0028-1082322

Omuro AM, Leite CC, Mokhtari K, Delattre JY (2006) Pitfalls in the diagnosis of brain
tumours. Lancet Neurol 5(11):937-948. doi:10.1016/S1474-4422(06)70597-X

Ostrom QT, Gittleman H, Fulop J, Liu M, Blanda R, Kromer C, Wolinsky Y, Kruchko C,
Barnholtz-Sloan JS (2015) CBTRUS Statistical Report: primary brain and central nervous
system tumors diagnosed in the United States in 2008-2012. Neuro Oncol 17 Suppl 4:ivl-
iv62. doi:10.1093/neuonc/nov189

Oszvald A, Guresir E, Setzer M, Vatter H, Senft C, Seifert V, Franz K (2012) Glioblastoma
therapy in the elderly and the importance of the extent of resection regardless of age.
J Neurosurg 116(2):357-364. doi:10.3171/2011.8.JNS102114

Perry JR, Laperriere N, O’Callaghan CJ, Brandes A, Menten J, Phillips C, Fay MF, Nishikawa
R, Cairncross GJ, Roa W, Osoba D, Sahgal A, Hirte H, Wick W, Laigle-Donadey F, Franceschi
E, Chinot O, Winch C, Ding K, Mason WP (2016) A phase III randomized controlled trial of
short-course radiotherapy with or without concomitant and adjuvant temozolomide in elderly
patients with glioblastoma. J Clin Oncol 34, 2016 (suppl; abstr LBA2)

Pignatti F, van den Bent M, Curran D, Debruyne C, Sylvester R, Therasse P, Afra D, Cornu P,
Bolla M, Vecht C, Karim AB (2002) Prognostic factors for survival in adult patients with cere-
bral low-grade glioma. J Clin Oncol Off J Am Soc Clin Oncol 20(8):2076-2084

Pouratian N, Mut M, Jagannathan J, Lopes MB, Shaffrey ME, Schiff D (2008) Low-grade
gliomas in older patients: a retrospective analysis of prognostic factors. J Neurooncol
90(3):341-350. doi:10.1007/s11060-008-9669-3

Quillien V, Lavenu A, Karayan-Tapon L, Carpentier C, Labussiere M, Lesimple T, Chinot O,
Wager M, Honnorat J, Saikali S, Fina F, Sanson M, Figarella-Branger D (2012) Comparative


http://dx.doi.org/10.1016/S1470-2045(12)70265-6
http://dx.doi.org/10.1016/S1470-2045(12)70265-6
http://dx.doi.org/10.1227/NEU.0000000000000644
http://dx.doi.org/10.1200/JCO.2013.51.8886
http://dx.doi.org/10.1007/s11060-014-1366-9
http://dx.doi.org/10.1007/s11060-014-1366-9
http://dx.doi.org/10.1007/s11060-008-9538-0
http://dx.doi.org/10.1016/j.ijrobp.2014.09.013
http://dx.doi.org/10.1055/s-0028-1082322
http://dx.doi.org/10.1016/S1474-4422(06)70597-X
http://dx.doi.org/10.1093/neuonc/nov189
http://dx.doi.org/10.3171/2011.8.JNS102114
http://dx.doi.org/10.1007/s11060-008-9669-3

138 C.l. Gracia and F. Ducray

assessment of 5 methods (methylation-specific polymerase chain reaction, MethyLight, pyro-
sequencing, methylation-sensitive high-resolution melting, and immunohistochemistry) to
analyze O6-methylguanine-DNA-methyltranferase in a series of 100 glioblastoma patients.
Cancer 118(17):4201-4211. doi:10.1002/cncr.27392

54. Rampling R, Erridge S (2014) Management of central nervous system tumours in the elderly.
Clin Oncol (R Coll Radiol) 26(7):431-437. doi:10.1016/j.clon.2014.03.009

55. Raysi Dehcordi S, De Paulis D, Marzi S, Ricci A, Cimini A, Cifone MG, Galzio RJ (2012)
Survival prognostic factors in patients with glioblastoma: our experience. J Neurosurg Sci
56(3):239-245

56. Roa W, Brasher PM, Bauman G, Anthes M, Bruera E, Chan A, Fisher B, Fulton D, Gulavita S,
Hao C, Husain S, Murtha A, Petruk K, Stewart D, Tai P, Urtasun R, Cairncross JG, Forsyth P
(2004) Abbreviated course of radiation therapy in older patients with glioblastoma multiforme:
a prospective randomized clinical trial. J Clin Oncol Off J] Am Soc Clin Oncol 22(9):1583—
1588. doi:10.1200/JC0.2004.06.082

57. Roa W, Kepka L, Kumar N, Sinaika V, Matiello J, Lomidze D, Hentati D, Guedes de Castro D,
Dyttus-Cebulok K, Drodge S, Ghosh S, Jeremic B, Rosenblatt E, Fidarova E (2015)
International Atomic Energy Agency randomized phase I1I study of radiation therapy in elderly
and/or frail patients with newly diagnosed glioblastoma multiforme. J Clin Oncol Off ] Am
Soc Clin Oncol 33(35):4145-4150. doi:10.1200/JC0O.2015.62.6606

58. Ronsin S, Deiana G, Geraldo AF, Durand-Dubief F, Thomas-Maisonneuve L, Formaglio M,
Desestret V, Meyronet D, Nighoghossian N, Berthezene Y, Honnorat J, Ducray F (2016)
Pseudotumoral presentation of cerebral amyloid angiopathy-related inflammation. Neurology.
doi:10.1212/WNL.0000000000002444

59. Sacko O, Lauwers-Cances V, Brauge D, Sesay M, Brenner A, Roux FE (2011) Awake crani-
otomy vs surgery under general anesthesia for resection of supratentorial lesions. Neurosurgery
68(5):1192-1198. doi:10.1227/NEU.0b013e31820c02a3; discussion 1198-1199

60. Scoccianti S, Detti B, Sardaro A, lannalfi A, Meattini I, Leonulli BG, Borghesi S, Martinelli F,
Bordi L, Ammannati F, Biti G (2008) Second-line chemotherapy with fotemustine in
temozolomide-pretreated patients with relapsing glioblastoma: a single institution experience.
Anticancer Drugs 19(6):613-620. doi:10.1097/CAD.0b013e3283005075

61. Scott JN, Brasher PM, Sevick RJ, Rewcastle NB, Forsyth PA (2002) How often are nonen-
hancing supratentorial gliomas malignant? A population study. Neurology 59(6):947-949

62. Schomas DA, Laack NN, Brown PD (2009) Low-grade gliomas in older patients: long-term
follow-up from Mayo Clinic. Cancer 115(17):3969-3978. doi:10.1002/cncr.24444

63. Seystahl K, Wick W, Weller M (2016) Therapeutic options in recurrent glioblastoma-An
update. Crit Rev Oncol Hematol 99:389-408. doi:10.1016/j.critrevonc.2016.01.018

64. Shaw EG, Wang M, Coons SW, Brachman DG, Buckner JC, Stelzer KJ, Barger GR, Brown
PD, Gilbert MR, Mehta MP (2012) Randomized trial of radiation therapy plus procarbazine,
lomustine, and vincristine chemotherapy for supratentorial adult low-grade glioma: initial
results of RTOG 9802. J Clin Oncol Off J Am Soc Clin Oncol 30(25):3065-3070. doi:10.1200/
JCO.2011.35.8598

65. Simpson JR, Horton J, Scott C, Curran WJ, Rubin P, Fischbach J, Isaacson S, Rotman M, Asbell
SO, Nelson JS et al (1993) Influence of location and extent of surgical resection on survival of
patients with glioblastoma multiforme: results of three consecutive Radiation Therapy Oncology
Group (RTOG) clinical trials. Int J Radiat Oncol Biol Phys 26(2):239-244

66. Smith JS, Chang EF, Lamborn KR, Chang SM, Prados MD, Cha S, Tihan T, Vandenberg S,
McDermott MW, Berger MS (2008) Role of extent of resection in the long-term outcome of
low-grade hemispheric gliomas. J Clin Oncol Off ] Am Soc Clin Oncol 26(8):1338-1345.
doi:10.1200/JC0.2007.13.9337

67. Strowd RE, Abuali I, Ye X, Lu Y, Grossman SA (2016) The role of temozolomide in the man-
agement of patients with newly diagnosed anaplastic astrocytoma: a comparison of survival in
the era prior to and following the availability of temozolomide. J Neurooncol 127(1):165-171.
doi:10.1007/s11060-015-2028-2


http://dx.doi.org/10.1002/cncr.27392
http://dx.doi.org/10.1016/j.clon.2014.03.009
http://dx.doi.org/10.1200/JCO.2004.06.082
http://dx.doi.org/10.1200/JCO.2015.62.6606
http://dx.doi.org/10.1212/WNL.0000000000002444
http://dx.doi.org/10.1227/NEU.0b013e31820c02a3
http://dx.doi.org/10.1097/CAD.0b013e3283005075
http://dx.doi.org/10.1002/cncr.24444
http://dx.doi.org/10.1016/j.critrevonc.2016.01.018
http://dx.doi.org/10.1200/JCO.2011.35.8598
http://dx.doi.org/10.1200/JCO.2011.35.8598
http://dx.doi.org/10.1200/JCO.2007.13.9337
http://dx.doi.org/10.1007/s11060-015-2028-2

Brain Gliomas in the Elderly 139

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

Stummer W, Pichlmeier U, Meinel T, Wiestler OD, Zanella F, Reulen HJ (2006) Fluorescence-guided
surgery with 5-aminolevulinic acid for resection of malignant glioma: a randomised controlled multi-
centre phase III trial. Lancet Oncol 7(5):392-401. doi: 10.1016/S1470-2045(06)70665-9

Stupp R, Hegi ME, Mason WP, van den Bent MJ, Taphoorn MJ, Janzer RC, Ludwin SK,
Allgeier A, Fisher B, Belanger K, Hau P, Brandes AA, Gijtenbeek J, Marosi C, Vecht CJ,
Mokhtari K, Wesseling P, Villa S, Eisenhauer E, Gorlia T, Weller M, Lacombe D, Cairncross
JG, Mirimanoff RO (2009) Effects of radiotherapy with concomitant and adjuvant temozolo-
mide versus radiotherapy alone on survival in glioblastoma in a randomised phase III study:
5-year analysis of the EORTC-NCIC trial. Lancet Oncol 10(5):459-466. doi:10.1016/
S1470-2045(09)70025-7

Stupp R, Mason WP, van den Bent MJ, Weller M, Fisher B, Taphoorn MJ, Belanger K, Brandes
AA, Marosi C, Bogdahn U, Curschmann J, Janzer RC, Ludwin SK, Gorlia T, Allgeier A,
Lacombe D, Cairncross JG, Eisenhauer E, Mirimanoff RO (2005) Radiotherapy plus concomi-
tant and adjuvant temozolomide for glioblastoma. N Engl J Med 352(10):987-996. doi:10.1056/
NEJMoa043330

Taal W, Oosterkamp HM, Walenkamp AM, Dubbink HJ, Beerepoot LV, Hanse MC, Buter J,
Honkoop AH, Boerman D, de Vos FY, Dinjens WN, Enting RH, Taphoorn MJ, van den
Berkmortel FW, Jansen RL, Brandsma D, Bromberg JE, van Heuvel I, Vernhout RM, van der
Holt B, van den Bent MJ (2014) Single-agent bevacizumab or lomustine versus a combination of
bevacizumab plus lomustine in patients with recurrent glioblastoma (BELOB trial): a randomised
controlled phase 2 trial. Lancet Oncol 15(9):943-953. doi:10.1016/S1470-2045(14)70314-6
van den Bent MJ (2015) Chemotherapy for low-grade glioma: when, for whom, which regi-
men? Curr Opin Neurol 28(6):633-938. doi:10.1097/WC0.0000000000000257

van den Bent MJ, Afra D, de Witte O, Ben Hassel M, Schraub S, Hoang-Xuan K, Malmstrom
PO, Collette L, Pierart M, Mirimanoff R, Karim AB (2005) Long-term efficacy of early versus
delayed radiotherapy for low-grade astrocytoma and oligodendroglioma in adults: the EORTC
22845 randomised trial. Lancet 366(9490):985-990. doi:10.1016/S0140-6736(05)67070-5
van den Bent MJ, Brandes AA, Taphoorn MJ, Kros JM, Kouwenhoven MC, Delattre JY,
Bernsen HJ, Frenay M, Tijssen CC, Grisold W, Sipos L, Enting RH, French PJ, Dinjens WN,
Vecht CJ, Allgeier A, Lacombe D, Gorlia T, Hoang-Xuan K (2013) Adjuvant procarbazine,
lomustine, and vincristine chemotherapy in newly diagnosed anaplastic oligodendroglioma:
long-term follow-up of EORTC brain tumor group study 26951. J Clin Oncol Off ] Am Soc
Clin Oncol 31(3):344-350. doi:10.1200/JC0O.2012.43.2229

Vuorinen V, Hinkka S, Farkkila M, Jaaskelainen J (2003) Debulking or biopsy of malignant
glioma in elderly people - a randomised study. Acta Neurochir 145(1):5-10. doi:10.1007/
s00701-002-1030-6

Weller M, Tabatabai G, Kastner B, Felsberg J, Steinbach JP, Wick A, Schnell O, Hau P,
Herrlinger U, Sabel MC, Wirsching HG, Ketter R, Bahr O, Platten M, Tonn JC, Schlegel U,
Marosi C, Goldbrunner R, Stupp R, Homicsko K, Pichler J, Nikkhah G, Meixensberger J,
Vajkoczy P, Kollias S, Husing J, Reifenberger G, Wick W (2015) MGMT promoter methyla-
tion is a strong prognostic biomarker for benefit from dose-intensified temozolomide rechal-
lenge in progressive glioblastoma: the DIRECTOR trial. Clin Cancer Res Off ] Am Assoc
Cancer Res 21(9):2057-2064. doi:10.1158/1078-0432.CCR-14-2737

Wessels PH, Weber WE, Raven G, Ramaekers FC, Hopman AH, Twijnstra A (2003)
Supratentorial grade II astrocytoma: biological features and clinical course. Lancet Neurol
2(7):395-403

Wick W, Platten M, Meisner C, Felsberg J, Tabatabai G, Simon M, Nikkhah G, Papsdorf K,
Steinbach JP, Sabel M, Combs SE, Vesper J, Braun C, Meixensberger J, Ketter R, Mayer-
Steinacker R, Reifenberger G, Weller M (2012) Temozolomide chemotherapy alone versus
radiotherapy alone for malignant astrocytoma in the elderly: the NOA-08 randomised, phase 3
trial. Lancet Oncol 13(7):707-715. doi:10.1016/S1470-2045(12)70164-X

Wiestler B, Claus R, Hartlieb SA, Schliesser MG, Weiss EK, Hielscher T, Platten M, Dittmann
LM, Meisner C, Felsberg J, Happold C, Simon M, Nikkhah G, Papsdorf K, Steinbach JP, Sabel


http://dx.doi.org/10.1016/S1470-2045(06)70665-9
http://dx.doi.org/10.1016/S1470-2045(09)70025-7
http://dx.doi.org/10.1016/S1470-2045(09)70025-7
http://dx.doi.org/10.1056/NEJMoa043330
http://dx.doi.org/10.1056/NEJMoa043330
http://dx.doi.org/10.1016/S1470-2045(14)70314-6
http://dx.doi.org/10.1097/WCO.0000000000000257
http://dx.doi.org/10.1016/S0140-6736(05)67070-5
http://dx.doi.org/10.1200/JCO.2012.43.2229
http://dx.doi.org/10.1007/s00701-002-1030-6
http://dx.doi.org/10.1007/s00701-002-1030-6
http://dx.doi.org/10.1158/1078-0432.CCR-14-2737
http://dx.doi.org/10.1016/S1470-2045(12)70164-X

140 C.l. Gracia and F. Ducray

M, Grimm C, Weichenhan D, Tews B, Reifenberger G, Capper D, Muller W, Plass C, Weller
M, Wick W (2013) Malignant astrocytomas of elderly patients lack favorable molecular mark-
ers: an analysis of the NOA-08 study collective. Neuro Oncol 15(8):1017-1026. doi:10.1093/
neuonc/not043

80. Woernle CM, Peus D, Hofer S, Rushing EJ, Held U, Bozinov O, Krayenbuhl N, Weller M,
Regli L (2015) Efficacy of surgery and further treatment of progressive glioblastoma. World
Neurosurg 84(2):301-307. doi:10.1016/j.wneu.2015.03.018

81. Yan H, Parsons DW, Jin G, McLendon R, Rasheed BA, Yuan W, Kos I, Batinic-Haberle I,
Jones S, Riggins GJ, Friedman H, Friedman A, Reardon D, Herndon J, Kinzler KW, Velculescu
VE, Vogelstein B, Bigner DD (2009) IDH1 and IDH2 mutations in gliomas. N Engl J Med
360(8):765-773. doi:10.1056/NEJM0a0808710

82. Yin AA, Cai S, Dong Y, Zhang LH, Liu BL, Cheng JX, Zhang X (2014) A meta-analysis of
temozolomide versus radiotherapy in elderly glioblastoma patients. J Neurooncol 116(2):315-
324. doi:10.1007/s11060-013-1294-0

83. Yung WK, Albright RE, Olson J, Fredericks R, Fink K, Prados MD, Brada M, Spence A, Hohl
RJ, Shapiro W, Glantz M, Greenberg H, Selker RG, Vick NA, Rampling R, Friedman H,
Phillips P, Bruner J, Yue N, Osoba D, Zaknoen S, Levin VA (2000) A phase II study of temo-
zolomide vs. procarbazine in patients with glioblastoma multiforme at first relapse. Br J Cancer
83(5):588-593. doi:10.1054/bjoc.2000.1316

84. Zouaoui S, Darlix A, Fabbro-Peray P, Mathieu-Daude H, Rigau V, Fabbro M, Bessaoud F,
Taillandier L, Ducray F, Bauchet F, Wager M, Faillot T, Capelle L, Loiseau H, Kerr C, Menei
P, Duffau H, Figarella-Branger D, Chinot O, Tretarre B, Bauchet L (2014) Oncological pat-
terns of care and outcomes for 265 elderly patients with newly diagnosed glioblastoma in
France. Neurosurg Rev 37(3):415-423. doi:10.1007/s10143-014-0528-8; discussion 423—414


http://dx.doi.org/10.1093/neuonc/not043
http://dx.doi.org/10.1093/neuonc/not043
http://dx.doi.org/10.1016/j.wneu.2015.03.018
http://dx.doi.org/10.1056/NEJMoa0808710
http://dx.doi.org/10.1007/s11060-013-1294-0
http://dx.doi.org/10.1054/bjoc.2000.1316
http://dx.doi.org/10.1007/s10143-014-0528-8

	8: Brain Gliomas in the Elderly
	8.1	 Introduction
	8.2	 High-Grade Gliomas
	8.2.1	 Glioblastoma Multiforme
	8.2.1.1	 Epidemiology
	8.2.1.2	 Clinical Features
	8.2.1.3	 Prognostic Factors
	8.2.1.4	 Radiology
	8.2.1.5	 Treatment
	Surgery
	Initial Treatment in Patients with Good Performance Status
	Radiotherapy
	Temozolomide
	MGMT Promoter Methylation
	Radiotherapy and Temozolomide

	Initial Treatment in Patients with Poor KPS
	Recurrent Glioblastoma Multiforme

	8.2.1.6	 Conclusion

	8.2.2	 Anaplastic Gliomas

	8.3	 Low-Grade Gliomas
	8.3.1	 Epidemiology
	8.3.2	 Clinical Features and Prognostic Factors
	8.3.3	 Diagnosis
	8.3.4	 Treatment
	8.3.4.1	 Wait and See
	8.3.4.2	 Surgery
	8.3.4.3	 Radiotherapy
	8.3.4.4	 Chemo-Radiotherapy Treatment

	8.3.5	 Conclusions

	References


