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LEARNING OBJECTIVES

After completing this course, the reader will be able to:

1. Identify the different types of brainstem glioma in adults and their radiological features.

2. Select the most accurate diagnostic test and propose options for treatment in patients suffering from brainstem
gliomas.

This article is available for continuing medical education credit at CME.TheOncologist.com.CMECME

ABSTRACT

Brainstem gliomas are uncommon in adults and account
for only 1%–2% of intracranial gliomas. They represent
a heterogeneous group of tumors that differ from those
found in their pediatric counterparts. In adults, a low-
grade phenotype predominates, which is a feature that
likely explains their better prognosis compared to that in
children. Because biopsies are rarely performed, classi-
fications based on the radiological aspect of magnetic
resonance imaging results have been proposed to estab-
lish treatment strategies and to determine outcomes: (a)
diffuse intrinsic low-grade, (b) enhancing malignant gli-
oma, (c) focal tectal gliomas, and (d) exophytic gliomas.

Despite significant advances in neuroradiology tech-
niques, a purely radiological classification remains im-
perfect in the absence of a histological diagnosis.
Whereas a biopsy may often be reasonably avoided in
the diffuse nonenhancing forms, obtaining histological
proof seems necessary in many contrast-enhanced
brainstem lesions because of the wide variety of differ-
ential diagnoses in adults. Conventional radiotherapy is
the standard treatment for diffuse intrinsic low-grade
brainstem gliomas in adults (the median survival is 5
years). In malignant brainstem gliomas, radiotherapy is
the standard treatment. However, the possible benefit of
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combined radiotherapy and chemotherapy (temozolo-
mide or other agents) has not been thoroughly evaluated
in adults. The role of anti-angiogenic therapies in brain-
stem gliomas remains to be defined. A better under-

standing of the biology of these tumors is of primary
importance for identifying homogeneous subgroups and
for improving therapy options and outcomes. The Oncol-
ogist 2012;17:388–397

INTRODUCTION
Brainstem tumors are defined as lesions occurring in the mid-
brain, the pons, or the medulla oblongata. This definition ex-
cludes patients with tumors originating in the thalamus and
hypothalamus or lesions originating in the cerebellum, cere-
bellar peduncles, or upper cervical spinal cord. The tumor’s
extension is considered focal when it occupies �50% of the
axial brainstem diameter, and the extension is considered dif-
fuse when the lesion is poorly demarcated and is �50% of the
brainstem diameter [1–3]. Brainstem glioma is the most fre-
quent tumor of the region. A clear bimodal age distribution
supports the distinction between brainstem gliomas in children
and adults. In contrast with the pediatric population in which
brainstem gliomas represent up to 20% of brain tumors and ex-
hibit a rather homogeneous and unfavorable course, adult
brainstem gliomas are rare (accounting for only 1%–2% of
adult brain gliomas) and heterogeneous with varying radiolog-
ical patterns and variable prognoses [4, 5]. In this review, we
review the literature on adult brainstem gliomas, while ac-
knowledging the problems that we encountered in extracting
comparable data from the many reports because of the hetero-
geneity of the terms used and the difficulties of evaluating
treatments and courses in individual patients. Because biopsies
are too rare to allow for an analysis based on histological cri-
teria alone, we used an MRI (magnetic resonance imaging)-
based radiological classification that considered the following
four major groups: (a) diffuse intrinsic or diffusely infiltrative
low-grade brainstem glioma, (b) enhancing focal malignant
brainstem glioma, (c) tectal gliomas, and (d) exophytic glio-
mas [4].

ADULT DIFFUSE INTRINSIC LOW-GRADE

BRAINSTEM GLIOMA

Definition
This type of tumor is defined radiologically as a poorly demar-
cated and nonenhancing lesion affecting �50% of the brain-
stem diameter [1–3]. Commonly, adult diffuse intrinsic
brainstem gliomas are low-grade tumors at the onset in con-
trast with those in children where a similar nonenhancing MRI
aspect often indicates a high-grade glioma associated with rap-
idly progressive clinical impairment and shorter survival. The
reason for this striking pathoradiological difference between
adults and children at the onset is still unknown [6, 7]. More-
over, the delayed development of contrast-enhancing lesions
on MRI in adults suggests a late evolution toward a higher
grade tumor (reported in 27% of patients in one study) [4]. At
present, it is still uncertain if this presumed anaplastic trans-
formation is the natural long-term evolution for all diffuse in-
trinsic brainstem gliomas.

Epidemiology
Diffuse intrinsic low-grade brainstem gliomas usually occur in
young adults between the ages of 20 and 50 years (median age
of 34 years at diagnosis) and represent the most frequent type
of brainstem glioma in adults, accounting for 45%–50% of
cases [4, 5, 8, 9].

Pathology
A biopsy is rarely performed in typical intrinsic diffuse glioma
in adults. When it is performed, a low-grade histology (grade II
glioma) is found in up to 80% of cases, whereas in children a
grade IV glioma is the most frequent phenotype reported in
50%–60% of cases (Fig. 1) [8–10]. This feature probably ac-
counts for the better prognosis of the adult form [4, 5, 8, 11].
However, periodically adult patients present a rapidly growing
tumor similar to the diffuse intrinsic brainstem gliomas found
in the pediatric population [4, 12].

The low frequency of biopsies and the subsequent paucity of
tissues obtained for examination are the reasons that the distinct
molecular biological patterns of diffuse brainstem gliomas remain
almost unknown. A prospective multicenter study in children,
which aims to analyze tissue obtained at autopsies of patients with
brainstem gliomas, has recently been proposed [13]. It is hoped
that a better knowledge of the profile of molecular alterations in
the tumor tissue will help to classify and predict tumor behavior as
previously shown in supratentorial gliomas.

Clinical Features
Table 1 illustrates the main presenting symptoms in four large
clinical series. Usually, brainstem gliomas in adults are discov-
ered in patients with a Karnofsky performance status �80% at
the time of diagnosis. The clinical symptoms and signs are
closely linked to the localization of the tumor. Visual distur-
bances, limb weakness, and gait disorders are the main symp-
toms in the majority of cases [4, 8, 11]. Typically, a
combination of cranial nerve dysfunction and long-tract signs
is considered suggestive of a brainstem lesion. Patients may
present with a long history of facial palsy sometimes associ-
ated with facial myokymia or hemifacial spasm [14]. Pyrami-
dal weakness, cerebellar signs, or involvement of other cranial
nerves (V, VI, VIII, palatal palsy) have also been commonly
found during medical examinations.

Rare presentations include snoring associated with On-
dine’s curse in the case of medulla oblongata gliomas [15],
central neurogenic hyperventilation [16], tongue tremors [17],
hemiparkinsonism [18], visual migraine auras [19], and pseu-
domyasthenic syndrome [20]. Other clinical manifestations,
such as headaches and raised intracranial pressure, may be
present at the onset when the tumor obstructs cerebrospinal
fluid drainage, causing the hydrocephalus reported in 23% of
patients [4].
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Imaging
Currently, a brain MRI is the most useful radiological tool.
It usually reveals a diffuse enlargement of the brainstem
with hyperintense areas on T2/Fluid Attentuation Inversion
Recovery (FLAIR) weighted sequences and hypointense
signals on T1-weighted images. These tumors are diffusely
infiltrative and do not enhance after the administration of
gadolinium [21]. In some cases, pontine lesions present a
ventral exophytic growth surrounding the basilar artery
(Fig. 2). Lesions may be limited to a brainstem segment
(midbrain, pons, or medulla oblongata), or they may infil-
trate other brainstem segments or adjacent regions, such as
the cerebellum or thalamus. In one case series, the pons was
affected in 64% of patients, followed by the medulla in 51%
and the midbrain in 43% [4]. As a group, diffuse intrinsic
brainstem gliomas involve the ponto-medullary structures
in 80% of cases [11].

Magnetic resonance spectroscopy (MRS) is a complemen-
tary tool used in the differential diagnosis of a brainstem lesion
[10, 21, 22]. However, compared to its application in supraten-
torial lesions, the use of MRS is more limited in the brainstem
because of the technical difficulties related to the small size of
the anatomical structures and the proximity of bone and fatty
tissue of the skull base. Currently, single-voxel MRS is the
technique used to study diffuse brainstem lesions, particularly
in pontine lesions greater than 2 cm. More recently, the appli-
cation of the 3T multivoxel MRS has improved the spatial res-

olution of this technique when acquisition times of 12–15
minutes are used [21]. The role of MRS is still limited in iden-
tifying lesions in the medulla oblongata.

In one retrospective study, nine adult patients suffering
from brainstem gliomas (histologically confirmed in four
cases) were evaluated with single-voxel MRS before treatment
[8]. All patients showed an elevation in the choline/N-acetyl
aspartate ratio (Cho/NAA ratio) from 1.08 to 3.32 (normal is
0.6 – 0.8), an elevation in the Cho/creatine (Cr) ratio (range
1.89–1.01) in eight patients, and an elevation in the lactate sig-
nal in three patients. The creatine/NAA ratio was abnormal in
all patients because of the loss of the NAA signal. Thus, the
changes observed using MRS appear similar to those observed
in supratentorial gliomas.

In the pediatric population, MRS has been shown to de-
tect progression (decrease in NAA, elevation of Cho, and
decrease in the NAA/Cho and Cr/Cho ratios) before radio-
logical or clinical deterioration [22]. Experience in children
also suggests that MRS may contribute to differential diag-
noses with infectious and demyelinating diseases [23]. Dif-
fusion tensor imaging and white matter fiber tractography
could also help to differentiate diffuse brainstem gliomas
(deflected fibers) from demyelinating disease (lack of dis-
tortion) [24].

An arteriovenous fistula has been reported as a rare but re-
versible cause of brainstem dysfunction. MRI findings may be
similar to a low-grade tumor including T2 hyperintensity sig-

Figure 1. Low-grade oligoastrocytoma in a 19-year-old man presenting a progressive cerebellar syndrome and dysphagia. Upper panel:
(A, B): Evocative radiologic pattern in magnetic resonance showing a diffuse intrinsic brainstem hypointense lesion without contrast
enhancement as seen in T1 sequences and T2-Fluid Attenuation Inversion Recovery (FLAIR). (C): Magnetic resonance spectroscopy
showing only a mild increase of the choline/N-acetyl aspartate ratio without lipids/lactates peaks modification (white arrow). Lower
panel: (D, E): Histologic sample obtained after biopsy showing a low-grade glioma with an astrocytic component and oligodendroglial
differentiation. (F): Immunohistochemistry showing a low MIB-1 proliferation index.
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nal without contrast enhancement [25]. Additional diagnostic
procedures (for example, cerebral angiography) are recom-
mended if an intracranial fistula with brainstem involvement is
suspected.

Neurofibromatosis type 1 (NF1) is a well-known risk fac-
tor for brainstem gliomas in children, and very rare cases have
been reported in adults [26]. MRI in NF1 patients should be
carefully interpreted because T2 hyperintensities in the brain-
stem, so-called “unidentified bright objects”, are frequent and
must be differentiated from neoplastic lesions [27].

Principles of Treatment

Symptomatic Treatment
Glucocorticoids are frequently administered to patients with
brainstem tumors. As in supratentorial gliomas, their benefi-
cial effects are attributed to a reduction in tumor-associated
edema and an improvement in symptoms related to the com-
pression of long-tract white fibers [28]. Despite their wide use
in patients with diffuse intrinsic brainstem gliomas, systematic
reviews are lacking. In a retrospective series, glucocorticoids
were administrated to 73% of 82 brainstem glioma patients
during radiotherapy [11]. Approximately half of those patients
needed long-term glucocorticoid therapy to obtain symptom-
atic relief, and consequently, multiple side effects such as my-
opathy, gastritis, osteonecrosis, and psychosis appeared.
Glucocorticoids should be used sparingly, at the lowest neces-
sary dosage, to avoid these complications. Patients with diffi-
culties in swallowing may need a gastrostomy, such as

percutaneous esophagogastrostomy, to guarantee their daily
nutritional requirements.

Surgery
The resection of diffuse intrinsic brainstem gliomas is impos-
sible, and a surgical approach is justified only in the case of
shunt placement for symptomatic relief [29, 30]. It is often
considered that adult patients exhibiting the classic radiologi-
cal picture of a diffusely infiltrating nonenhancing lesion,
which enlarges the brainstem, do not require a biopsy because
of a perceived unfavorable risk/benefit ratio of a biopsy [4].
One prospective study, which included 46 adult patients with
suspected brainstem glioma, compared the preoperative diag-
nosis assessed by conventional MRI to the histological result
obtained by stereotactic biopsy [31]. For 26 patients with pre-
sumed low-grade lesions based on the MRI, the histological as-
sessment found a high-grade glioma in 27% of patients as well
as different types of tumors such as metastases (in 23% of
cases) and lymphomas (in 7% of cases). Another study esti-

Figure 2. Diffuse intrinsic “low-grade” brainstem glioma (with-
out biopsy) in a 24-year-old man suffering from facial palsy, dys-
arthia, and gait imbalance. Left panel (A): Magnetic resonance
imaging showing a diffuse nonenhancing lesion in T1 sequences
(top and middle) and hyperintensity in T2-Fluid Attenuation In-
version Recovery (FLAIR) sequences. Note the ventral extension
of the lesion surrounding the basilar artery (white arrow). Right
panel (B): Follow-up MRI showing multiple nodular enhancing
brainstem lesions in T1 (top, middle) and increased T2-FLAIR hy-
perintensity (bottom).

Table 1. Brainstem gliomas in adults: symptoms and
signs at onset of disease

n � 282a

Age (median), years 34

KPS % at diagnosis 80

Symptoms (%)

Visual disturbances 35

Headache 33

Sensory disturbances 25

Pain 24

Dizziness 15

Dysphagia 9

Signs (%)

Pyramidal signs 58

Gait disorders 38

VI palsy 36

Limb weakness 34

Facial palsy 25

Median values (%) reported in clinical series (Guillamo et
al. [4], Salmaggi et al. [8], Kesari et al. [11], and Reith-
meier et al. [32]).
aAll groups included.
Abbreviation: KPS, Karnofsky performance status.
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mated a sensitivity of 41% for preoperative MRI to distinguish
a low-grade tumor in 110 adult patients with brainstem lesions
[32].

MRI-guided stereotactic brainstem biopsy in adults is con-
sidered a relatively safe procedure with a perioperative mor-
bidity of ca. 2.5% and a rare mortality rate [31]. An accurate
diagnosis should be recommended in all cases and not only
when atypical clinical or imaging features suggest a non-
neoplastic lesion. Moreover, a recent survey among pediatric
neurosurgeons has underlined the considerable interobserver
discordance in interpreting a typical MRI image of brainstem
glioma, and it found an agreement in only 43.8% of cases [33].

Radiotherapy
Radiotherapy is the standard treatment for adult diffuse intrin-
sic brainstem gliomas and can improve or stabilize patients for
years (Table 2). The conventional median dose of radiotherapy
is 50–55 Gy, using fractions of 1.8–2 Gy. Clinical improve-
ment occurs in the majority of patients; however, there is a sub-
stantial discrepancy between the clinical and radiological
response [4, 34]. In one series of 48 adult patients (including
46% of intrinsic diffuse gliomas), radiotherapy improved clin-
ical status in 61%, whereas a partial radiological response (a
decrease of 50% in the T2 hyperintensity in the greatest axial
cross-sectional area) was noted in only 19% [4]. This discor-
dance suggests that specific criteria to evaluate tumor response
to treatment in brainstem gliomas could be different than the
criteria used for supratentorial glioma and that they need to be
defined.

The optimal time of treatment remains unknown. Indeed,
some patients may have mild symptoms during extended peri-
ods without any treatment, suggesting that, as in low-grade su-
pratentorial glioma, radiotherapy may sometimes be deferred
until clear evidence of symptomatic tumor progression is con-
firmed [8].

Chemotherapy
The data on chemotherapy are scarce. In a series of 34 patients
with all groups of brainstem tumors (50% nonenhancing dif-
fusely infiltrative), 22 patients were treated by conformal ra-
diotherapy (48 –58 Gy in 1.8 Gy per fraction) along with
upfront concomitant chemotherapy of temozolomide at 75
mg/m2 per day followed by 200 mg/m2 per day at 5 days per
month after radiotherapy [8]. The median time to tumor pro-
gression was 10 months, and the overall survival (OS) was 59
months (all patients included). Unfortunately, the fact that dif-
ferent types of brainstem gliomas (particularly low- and high-
grade tumors) were analyzed together limits interpretation of
these data, and it remains unknown whether concomitant or ad-
juvant chemotherapy has a role in the management of the dif-
fuse intrinsic form.

A retrospective study evaluated chemotherapy with vari-
ous agents (nitrosoureas or platinum-based) at relapse after
radiotherapy in 22 patients. A modest rate (10%) of a radiolog-
ical response was observed, whereas clinical improvement was
noted in 18% of cases [4].

Thus, the efficacy of chemotherapy in adult diffuse brainstem
gliomas remains unproven, and adjuvant chemotherapy cannot be
recommended currently. Moreover, the effectiveness of chemo-
therapy on relapse is unsettled, although some patients clearly
benefit, either with distinct clinical and radiological improvement
or with an isolated clinical improvement contrasting with a lack of
a radiological response.

Prognosis and Follow-up
The growth pattern of the intrinsic classic low-grade glioma in
adults is slow and progressive. The median survival of diffuse
intrinsic low-grade gliomas in adults ranges between 4.9 and
7.3 years as noted by three recent retrospective European and
U.S. studies focused on adult brainstem gliomas [4, 5, 11]. In
rare cases, a more aggressive diffuse intrinsic form similar to
children appears in adults (that is, corresponding to a malig-

Table 2. Radiotherapy use in adult brainstem gliomas (all groups included)

Study
Median age
(range) Type/dose

Clinical
response %

Radiological
response rate

Overall survival
PFS (months)

Linstadt et al., 1991 [64],
n � 14

37 n � 14 HFRT (72 Gy) 43% MS �60 3-year
survival: 59% PFS 31

Landolfi et al., 1998 �5�,
n � 19

40 (17–70) n � 15 RT/HFRT
(59–72 Gy)

Minor response 10%,
stable disease 58%

MS 54 5-year
survival: 45%

Guillamo et al.,
2001 �4�, n � 48

29 (16–70) n � 45 RT (52 Gy) 40% Partial response 18%,
stable disease 64%,
progression 18%

MS 65 3-year
survival: 66%

Kesari et al., 2008 �11�,
n � 101

36 (18–79) n � 82 RT (54 Gy) 88% MS 85 PFS 48 5-year
survival: 58%, 10-
year survival 41%

Salmaggio et al.,
2008 �8�, n � 32

31 (14–78) n � 24 RT (20; 54 Gy)/
TMZ, RT alone (4)

48% Minor response 19%,
stable disease 32%

MS 59 PFS 10

Abbreviations: HFRT, hyperfractionated radiotherapy; MS, median survival; PFS, period-free symptoms; RT, radiotherapy;
TMZ, temozolomide.
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nant glioma) and shares a similar poor prognosis (ca. 1 year
OS).

The pattern of radiologic evolution is characterized by an
infiltration and enlargement of brainstem volume taking place
over months to years (Fig. 3). Objective radiological deterio-
ration may be substantially delayed as compared with clinical
deterioration. Sometimes, this gradual progression pattern is
supplanted by the rapid development of a contrast-enhancing
mass within the diffusely infiltrated areas, suggesting a trans-
formation to a higher grade glioma (Fig. 2). In ca. 15% of
cases, leptomeningeal dissemination manifested as locore-
gional and/or distant lesions has been observed in advanced
stages of the disease usually associated with clinical deteriora-
tion (Fig. 4), as previously reported in children [35]. Eventu-
ally, patients develop tetraplegia, severe dysarthria, difficulties
swallowing, and multiple cranial nerve palsies, sometimes cul-
minating in a locked-in syndrome. The immediate cause of
death is often a systemic complication (pulmonary embolism,
aspiration pneumonia).

No distinct prognostic factors have been identified in dif-
fuse low-grade brainstem gliomas in adults. The available lit-
erature cannot be reliably interpreted because the data often
aggregate adults, children, and various subtypes of brainstem
gliomas. Suspected negative prognostic factors include in-
creasing age at diagnosis (�45 years), tumor location (diffuse
pontine), and ethnicity (non-Caucasian) [9, 11].

Figure 3. Low-grade oligoastrocytoma. (A): Follow-up magnetic resonance image of the patient in Figure 1 showing an infiltrative
lesion seen as T2 hyperintensity without contrast enhancement at baseline. (B): Five years later, the tumor remains stable as seen in Fluid
Attenuation Inversion Recovery (FLAIR) and T1 sequences. (C): Tumor progression seen as an increase of hyperintensity signal in
FLAIR sequence, significant mass effect, and contrast-enhanced lesion (white arrow).

Figure 4. Oligodendroglioma grade II in a 42-year-old woman pre-
senting an ataxic gait and vertigo. Left panel: (A): Diffuse intrinsic
lesion involving the pons and medulla oblongata. T1-weighted se-
quence (top) shows a nonenhancing lesion, and T2- Fluid Attenuation
Inversion Recovery (FLAIR) sequences (bottom) show a hyperinten-
sity of the brainstem. Right panel: (B): Four years later follow-up
magnetic resonance imaging shows a locoregional progression seen
as multiple tumoral enhancing lesions in the cerebellum (top, white
arrow) and extension of T2-FLAIR hyperintensity.
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ENHANCING MALIGNANT BRAINSTEM GLIOMAS

Epidemiology
Malignant gliomas account for ca. 30% of brainstem tumors in
adults [10]. Compared to diffuse intrinsic low-grade gliomas,
malignant gliomas generally appear in patients older than 40
years [4, 5].

Pathology
Histological examination is more frequently available in malig-
nant brainstem gliomas compared to the diffuse intrinsic group
because the MRI pattern is not specific. In these patients biopsies
are performed more frequently to confirm the diagnosis. They
correspond mainly to anaplastic astrocytomas and glioblastomas.
Guillamo et al. [4] reported 14 malignant gliomas (12 anaplastic
astrocytomas and 2 anaplastic oligodendrogliomas). There are
limited data evaluating possible histological differences between
brainstem and supratentorial malignant gliomas, but no striking
differences have been noted [36].

Clinical Features
The clinical evolution is subacute, consisting of cranial nerve pal-
sies and long-tract signs, rapidly leading to compromised perfor-
mance status. Symptoms at presentation are dependent on the
localization of the lesion. Compared to patients with diffuse in-
trinsic low-grade brainstem gliomas, patients with malignant
brainstem gliomas have a much shorter evolution of symptoms
before diagnosis and a poorer clinical condition at onset [11].

Imaging
Typically, malignant focal brainstem gliomas present as a con-
trast-enhancing mass surrounded by an area of edema. Contrast
enhancement was found in 100% of cases upon initial MRI in one
series, of which 66% of patients exhibited a ringlike pattern, sug-
gesting central necrosis (Fig. 5) [4, 12]. Despite the fact that MRS
may be helpful, it is important to underline that, in contrast to chil-
dren, the radiological pattern of malignant brainstem gliomas in
adults is nonspecific [37]. In previous studies, preoperative radio-
logical diagnoses were found to be incorrect in 10%–25% of cases
in patients over 20 years of age who presented with a contrast-
enhancing lesion in the brainstem. One of those series found be-
nign non-neoplastic pathologies in 17% of adults with a suspected
malignant brainstem mass [38]. There are many causes of con-
trast-enhancing lesions in the brainstem, particularly inflamma-
tory (for example, neuro-Behçet, sarcoidosis, and demyelinating
diseases), infectious (for example, tuberculomas or pyogenic ab-
scess), or vascular diseases (for example, hematomas, vasculitis,
arteriovenous malformations, or cavernous angiomas) as well as
other non-malignant (for example, pilocytic astrocytoma, epider-
moid cysts, or acoustic neurinoma) or malignant tumors (for ex-
ample, lymphomas or metastasis) [39–43]. Thus, although a
careful systemic and neurological work-up and a complete radio-
logical evaluation may lead to the correct diagnosis, a biopsy
should be considered when these tests are inconclusive. In this sit-
uation, positron emission tomography (PET) using [18F] fluoro-
deoxyglucose and [11C] methionine may be helpful to increase
the diagnostic yield by defining a biopsy target [44, 45].

Principles of Treatment

Surgery
As noted above, the surgical approach is limited to a biopsy or
shunt placement in case of a secondary hydrocephalus. The risk of
severe complications of a stereotactic biopsy for a suspected ma-
lignant brainstem glioma is low. In one series, out of 71 patients
who underwent computed-tomography-guided biopsy, a perma-
nent neurological deficit occurred in 1.4% (1 patient) and transi-
tory worsening occurred in 5.6% (4 patients) [38]. Surgical
morbidity is usually minimal and temporary, consisting of tran-
sient neurological deterioration or obstructive hydrocephalus.
Operative mortality is exceedingly rare [38–40].

In general, the lower in the brainstem that the lesion is lo-
cated, the greater is the risk involved. Stereotactic surgery of
the brainstem guided by computed tomography, MRI, and if
possible PET appears safe and reliable, and it provides a high
yield (ca. 95%) of positive histological diagnosis [38 – 42].
However, the optimal methods and routes of biopsies remain a
matter of debate [46, 47].

Radiotherapy
Malignant brainstem gliomas are highly resistant to treatment
by radiotherapy. Indeed, after radiotherapy, only 13% (2 out of
15 patients) showed clinical and radiological improvement [4].
Gamma knife radiosurgery has been reported in some cases of
high-grade brainstem gliomas, but the published data are lim-
ited and preliminary [48].

Chemotherapy
Chemotherapy has been occasionally used in this subgroup of tu-
mors, but the data are too scant to draw any recommendations on
this issue. As for the diffuse intrinsic form, it is unknown, despite
encouraging case reports, whether the concomitant and adjuvant
administration of temozolomide (TMZ) at diagnosis provides the
benefit demonstrated in supratentorial glioblastomas. Occasion-
ally, patients may respond to chemotherapy alone as illustrated by
the report of a patient with a pathologically confirmed glioblas-
toma who received TMZ without radiotherapy at 150–200
mg/m2 every 28 days (a total of 17 cycles) and showed a complete
radiological response and clinical improvement with an overall
survival of 37 months [49].

At relapse, response to chemotherapy after radiotherapy
failure has been reported with various agents in a minority of
patients (ca. 15%), as noted above. Prospective studies on this
issue, as well as the evaluation of new therapies, such as anti-
angiogenic drugs, are clearly needed. The use of bevacizumab
in adults with recurrent diffuse brainstem gliomas has not been
clearly established. In the literature, there are only some case
reports showing a clinical and radiological response to bevaci-
zumab in recurrent disease after radiotherapy and TMZ failure
[50, 51]. A phase II study that included 16 children with recur-
rent brainstem gliomas treated by radiotherapy found that be-
vacizumab plus irinotecan had minimal efficacy in clinical and
radiological outcomes [52].
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Prognosis
In contrast with low-grade gliomas, particularly the diffuse in-
trinsic forms, the prognosis of malignant brainstem gliomas is
very poor, with a median survival of ca. 1 year [9, 11]. As with
supratentorial high-grade gliomas, older age (�50 years) ap-
pears to be a pejorative prognostic factor [9].

FOCAL TECTAL BRAINSTEM GLIOMAS

Epidemiology
Focal tectal gliomas are well-defined anatomical and clinical
entities in children generally associated with a favorable out-
come [53–55]. The tumor is located in the posterior part of the
midbrain, behind the aqueduct of Sylvius, without evident in-
filtration of the adjacent tissues. Focal tectal gliomas constitute
a small subgroup of brainstem tumors in adults (8% of cases)
and seem identical to the subtype found in children.

Pathology
In the few cases where it could be obtained, the histopathology
most often revealed grade II oligoastrocytomas [4]. However,
some cases of pilocytic astrocytomas have also been described,
as well as rare cases of glioblastoma [56, 57].

Clinical and Radiological Presentation
Tumors of the tectal plate are usually well-defined intrinsic le-
sions. The periaqueductal location and long periods of stability

are classic features of focal tectal gliomas. The clinical circum-
stances leading to the diagnoses are variable. An incidental find-
ing is possible. Usually, the progressive signs and symptoms of
obstructive hydrocephalus herald the disease and require place-
ment of a shunt [53]. On rare occasions, the obstructive hydro-
cephalus is acute, and an intracranial hemorrhage constitutes the
first clinical manifestation. Focal neurological findings such as
cranial nerve paralysis are less frequent and may resolve after the
normalization of intracranial pressure [57].

Treatment and Follow-up
Tectal gliomas are considered a different subset of brainstem
tumors and have been associated with longer median survival
(exceeding 10 years) following ventriculoperitoneal shunting
and in some cases focal radiotherapy [53, 54]. Because simple
observation after shunting may be an appropriate option in
children, the decision to treat adult patients with radiotherapy
is questionable for some authorities who propose a similar con-
servative approach [4].

EXOPHYTIC BRAINSTEM GLIOMAS
Exophytic contrast-enhancing gliomas, which are well known
in children (up to 10% of cases) and are associated with good
prognoses, are extremely rare in adults, perhaps because most
exophytic gliomas are pilocytic astrocytomas, which are rare
tumor types in adults [4, 5]. In adults great caution is needed to

Figure 5. Anaplastic oligodendroglioma in a 25-year-old woman suffering from headache, ataxic gait, diplopia, and facial paresthesia.
Upper panel: (A): Magnetic resonance image showing a hyperintensity in T2 sequences involving the pons. (B): T1-weighted sequence
showing a contrast-enhanced pontine tumor with “ringlike” pattern. (C): Magnetic resonance spectroscopy showing an increase in Cho
peak and notable reduction in Naa (Cho/Naa � 3.5). Lower panel: (D, E): Histologic sample obtained after biopsy showing a microvas-
cular proliferation (black arrow) and diffuse expression of glial fibrillary acidic protein. (F): Immunohistochemistry showing a high
MIB-1 proliferation index.

Abbreviations: Cho, choline; Naa, N-acetyl aspartate.
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attribute an exophytic contrast-enhancing brainstem mass to
this type of benign lesion because malignant gliomas may have
a similar radiographic appearance, underlining the importance
of histological confirmation [58 – 60]. Surgical resection is
recommended in some cases including dorsal exophytic tu-
mors protruding into the fourth ventricle. Improvement in neu-
rosurgical techniques (particularly the use of intraoperative
ultrasound, intraoperative neurophysiological mapping, and
computer reconstruction techniques) has facilitated partial re-
section of tumors previously considered inoperable, or even
gross total removal in some cases, without affecting the func-
tional status [30]. A stereotaxic approach can be a rapid and
safe method for evacuation of the contents of cysts, providing
a neurological benefit in most cases [29].

CONCLUSION
Despite improvements in the clinical and radiological under-
standing of brainstem gliomas, the primary challenge remains:
to obtain a better knowledge of these tumors, particularly their
classification and management. These tumors are not so rare,

and every neuro-oncologist follows several of these unfortu-
nate patients. In contrast with supratentorial gliomas, little
progress has been made over the last 2 decades. Improvement
will require advances in the understanding of the biology of
these tumors and innovative approaches, possibly based on the
analysis of the molecular profile of the tissue. Dedicated and
careful pathological studies should also help to complete and
enrich the current radiological classification. Experimental an-
imal models of brainstem gliomas and preclinical human stud-
ies to investigate new agents such as signal transduction
inhibitors are actively being studied in children and could sub-
sequently benefit adult patients [61–63]. Finally, major multi-
center efforts are needed to define standard treatment and
refine criteria to evaluate tumor response.
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