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Abstract Adult malignant brainstem gliomas (BSGs) are

poorly characterized due to their relative rarity. We have

examined histopathologically confirmed cases of adult

malignant BSGs to better characterize the patient and

tumor features and outcomes, including the natural history,

presentation, imaging, molecular characteristics, prognos-

tic factors, and appropriate treatments. A total of 34

patients were identified, consisting of 22 anaplastic astro-

cytomas (AAs) and 12 glioblastomas (GBMs). The overall

median survival for all patients was 25.8 months, with

patients having GBMs experiencing significantly worse

survival (12.1 vs. 77.0 months, p = 0.0011). The majority

of tumors revealed immunoreactivity for EGFR (93.3 %)

and MGMT (64.7 %). Most tumors also exhibited

chromosomal abnormalities affecting the loci of epidermal

growth factor receptor (92.9 %), MET (100 %), PTEN

(61.5 %), and 9p21 (80 %). AAs more commonly appeared

diffusely enhancing (50.0 vs. 27.3 %) or diffusely nonen-

hancing (25.0 vs. 0.0 %), while GBMs were more likely to

exhibit focal enhancement (54.6 vs. 10.0 %). Multivariate

analysis revealed confirmed histopathology for GBM to

significantly affect survival (HR 4.80; 95 % CI 1.86–12.4;

p = 0.0012). In conclusion, adult malignant BSGs have an

overall poor prognosis, with GBM tumors faring signifi-

cantly worse than AAs. As AAs and GBMs have differing

imaging characteristics, tissue diagnosis may be necessary

to accurately determine patient prognosis and identify

molecular characteristics which may aid in the treatment of

these aggressive tumors.
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Introduction

Brainstem gliomas (BSGs) are primarily found in the

pediatric population and are most commonly low grade

(WHO I or II), accounting for 10 % of all brain tumors in

these patients [1]. These lesions peak in incidence near the

first decade of life and have varying prognoses [2]. Overall

survival for low grade BSGs in children is poor, with less

than 30 % surviving after 5 years [3]. Diffuse and/or high

grade BSGs typically have an even poorer prognosis

(median survival less than 1 year) compared to those that

are low grade, focal, or exophytic [4]. On the other hand,

the low grade BSGs which occur near the floor of the 4th

ventricle and at the cervicomedullary junction have a

median survival of more than 5 years as they often have
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exophytic components that are amenable to resection [5, 6].

Currently, BSGs in children are primarily diagnosed by

their characteristic appearance on magnetic resonance

imaging (MRI) due to the high risks of biopsy.

Adult BSGs are less well-characterized due to their

rarity, only accounting for approximately 2 % of all brain

tumors in adults [7]. The few studies that have reported on

these tumors have suggested an improved survival com-

pared to those in children, with a median survival of

7 years and a 5-year survival rate of 58 % [8]. Unlike

children, BSGs in adults tend to be more clinically and

radiographically heterogenous. In this population, diffuse

intrinsic low grade BSGs are the most frequent subtype and

have a median survival of 7.3 years, compared to malig-

nant BSGs which have a median survival of

11.2–17 months [8, 9].

To our knowledge there are currently no studies that

have examined the natural history, presentation and

imaging characteristics, prognostic factors, and appropriate

treatments for adult BSGs. In this study, we have per-

formed a retrospective study of 34 histopathologically

confirmed cases of adult malignant BSGs to better char-

acterize the features and outcomes of these challenging

tumors.

Methods

This study was approved by the institutional review board.

The medical records of adult patients (18? years) with

brainstem lesions who were treated from 1998 to 2011 at

the Duke University Medical Center were reviewed. All

patients underwent either stereotactic biopsy or surgical

resection. The pathology was determined by a senior

board-certified neuropathologist initially by using standard

H&E stained sections supplemented with additional diag-

nostic immunohistochemistries (IHC), which included glial

fibrillary acidic protein (GFAP), MGMT, Ki-67, and s100,

as well as synaptophysin and neurofilament protein to

evaluate evidence of brain invasion. Also studied by IHC in

the more recent cases were vascular endothelial growth

factor (VEGF), VEGF receptor 2 (KDR), carbonic anhy-

drase IX (CAIX), and isocitrate dehydrogenase 1. The

histopathological diagnoses of anaplastic astrocytoma (AA;

WHO grade III) or glioblastoma (GBM; WHO grade IV)

were rendered based on World Health Organization crite-

ria. Additionally, epidermal growth factor receptor (EGFR)

and phosphatase and tensin homolog (PTEN) chromosomal

loci were studied by fluorescence in situ hybridization

(FISH).

Variables analyzed included demographic parameters,

presenting signs and symptoms, the duration of symptoms,

karnofsky performance status (KPS), tumor histology and

location, imaging characteristics, procedure performed

(biopsy or resection), and the use of adjuvant therapy.

Imaging analysis was performed by a board-certified neu-

roradiologist. The primary location and secondary sites of

involvement were classified, as was supratentorial exten-

sion (defined as either T2 signal abnormality or enhance-

ment above the plane of the tentorial incisura) and

multifocality. Primary tumor location was defined as the

area in which the tumor mass was centered, with secondary

sites representing surrounding areas with tumor infiltration.

Multifocality represented the presence of multiple areas of

enhancement in different brainstem regions. Lesions were

characterized either as focal or diffuse, and T1 post-con-

trast appearance was defined as either enhancing or non-

enhancing. Tumors were therefore classified into four

categories (diffuse enhancing, diffuse nonenhancing, focal

enhancing, and focal nonenhancing) as previously descri-

bed [10]. Focal tumors were defined as those with well-

defined margins and occupied\50 % of the axial diameter

of the brainstem while diffuse tumors were those with

poorly-defined margins and occupied more than 50 % of

the brainstem axial diameter. Tumor volume was deter-

mined using the greatest dimensions in three planes on

contrast-enhanced MRI.

Statistical analysis

The data were summarized using medians for continuous

variables, and counts and percentages for categorical

variables. Differences in continuous variables were ana-

lyzed using the Mann–Whitney U test while categorical

variables were evaluated using the Chi-squared test.

Survival was estimated using the Kaplan–Meier method

with the log-rank test being used to evaluate the differences

between survival curves. Univariate and stepwise multi-

variate analyses were performed to determine the effect of

various patient, tumor, imaging, and treatment variables on

overall survival. Values with p \ 0.05 were considered

statistically significant. All analyses were performed using

SAS 9.3 (SAS Institute, Cary, NC, USA).

Results

Patient characteristics

A total of 34 adult patients with malignant BSGs were

identified, consisting of 22 AA (64.7 %) and 12 GBM

(35.3 %) cases. The median age of all patients was

42.5 years (range: 18–71 years), with patients having GBM

tumors being older than those with anaplastic astrocytomas

(AAs) (58 vs. 34 years, p = 0.063) (Table 1). While females

accounted for 44.1 % of patients, significantly more females
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had AA tumors (59.1 vs. 16.7 %, p = 0.017). The majority

of patients were caucasian (73.5 %).

Clinical presentation

The median KPS at diagnosis was 80 (range: 50–90), with

the median duration of symptoms prior to presentation

being 2 months (range: 0–24 months) (Table 1). These

variables did not differ significantly between AA and GBM

tumors. Most patients presented with at least one cranial

nerve palsy (88.2 %), with patients having a median of 3.0

cranial nerve deficits. The most common presenting

symptoms were ataxia/gait disturbance (42.4 %), headache

(27.3 %), diplopia (24.2 %), and facial weakness (24.2 %).

Patients most uncommonly experienced dysarthria (9.1 %),

vertigo/dizziness (9.1 %), parasthesias (6.1 %), and tinni-

tus (3.0 %).

Tumor characteristics

Tumors were most commonly centered in the pons

(51.5 %), followed by the medulla (27.3 %), midbrain

(15.2 %), and tectal plate (6.1 %), with AA and GBM

tumors having a similar location distribution (Table 1). The

majority of tumors (72.7 %) were seen to extend into other

brainstem regions. Most midbrain tumors extended into the

tectal plate, while all tectal tumors extended into the

midbrain. Pontine tumors most frequently remained con-

fined to the pons (37.5 %), with the rest of these tumors

extending into the midbrain (31.3 %) or medulla (31.3 %).

Most medullary tumors extended into the pons (77.8 %),

with the remaining being localized to the medulla. Mul-

tifocality and supratentorial extension were each present in

Table 1 Patient, tumor, treatment, and outcome characteristics of

adult patients with malignant brainstem gliomas

Characteristics All

Patients

Grade

III

Grade

IV

P value

Demographics

Age, median 42.5 34 58 0.063

Gender, (female, %) 44.1 59.1 16.7 0.017

Race (%) 0.054

Caucasian 73.5 86.4 50

Black 23.5 13.6 41.7

Other 2.9 0 8.3

Presentation

DOS, median 2.0 2.0 1.3 0.26

KPS, median 80.0 80.0 80.0 0.61

No. of CN deficits, median 3.0 3.0 2.5 0.75

Ataxia/Gait disturbance (%) 42.4 38.1 50.0 –

Headache (%) 27.3 33.3 16.7 –

Nausea (%) 18.2 23.8 8.3 –

Facial weakness (%) 24.2 9.5 50.0 –

Facial numbness (%) 15.2 14.3 16.7 –

Emesis (%) 15.2 19.0 8.3 –

Diplopia (%) 24.2 23.8 25.0 –

Vertigo/dizziness (%) 9.1 9.5 8.3 –

Hearing loss (%) 12.1 9.5 16.7 –

Extremity weakness (%) 18.2 9.5 33.3 –

Blurry vision (%) 12.1 9.5 16.7 –

Dysarthria (%) 9.1 4.8 16.7 –

Paresthesia (%) 6.1 4.8 8.3 –

Tinnitus (%) 3.0 0.0 8.3 –

Tumor

Primary location 0.77

Midbrain (%) 15.2 13.6 18.2

Tectal plate (%) 6.1 9.1 0

Pons (%) 51.5 50.0 54.6

Medulla (%) 27.3 27.3 27.3

Multifocal (%) 35.5 40.0 27.3 0.48

Supratentorial extension (%) 35.5 30.0 45.5 0.39

Tumor volume (cm3) 5.4 5.4 6.8 0.89

Imaging

Category (%) 0.028

Diffuse enhancing 41.9 50.0 27.3

Diffuse nonenhancing 16.1 25.0 0.0

Focal enhancing 25.8 10.0 54.6

Focal nonenhancing 16.1 15.0 18.2

Enhancement (%) 68.8 61.9 81.8

Treatment

Resection (%) 33.3 33.3 33.3 1.0

Biopsy (%) 66.7 66.7 66.7 1.0

Radiation therapy (%) 97.0 100 91.7 0.33

Temozolomide (%) 97.0 100 91.7 0.33

Initial 100 100 100 –

Table 1 continued

Characteristics All

Patients

Grade

III

Grade

IV

P value

Other chemotherapy (%) 53.6 47.1 63.6 0.39

Initial 13.3 12.5 14.3 –

On progression 86.7 87.5 85.7 –

Bevacizumab (%) 33.3 29.4 40.0 0.57

Initial 22.2 20.0 25.0 –

On progression 77.8 80.0 75.0 –

Irinotecan (%) 25.9 23.5 30.0 0.71

On progression 100 100 100 –

Outcome

Progression-free survival 6.7 6.1 6.7 0.22

Overall survival 25.8 77.0 12.1 0.0011

CN cranial nerve, DOS duration of symptoms, KPS Karnofsky per-

formance status, No number
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35.5 % of cases, and did not significantly differ between

AA and GBM tumors (p = 0.48 and 0.39, respectively).

Tumor volume was also similar between groups (5.4 vs.

6.8 cm3, p = 0.89).

Immunohistochemical and molecular profiles

Immunohistochemical examination revealed all tested

tumors to express GFAP (n = 28). All cases revealed

intracellular synaptophysin and neurofilament protein

indicative of infiltrative tumors. Four of seven (57.1 %)

tumors revealed macrophage infiltrates immunoreactive for

HAM56. The mean Ki-67 proliferation index was 14 %,

ranging from 1 to 70 %. AA tumors were seen to have a

mean proliferation index of 16.1 % compared to 8.6 % for

GBM tumors. Fourteen of 15 (93.3 %) revealed immuno-

reactivity for EGFR while MGMT expression was identi-

fied in 64.7 % (11 of 17) of cases. Most grade IV tumors

(83.3 %) expressed MGMT while only 54.5 % of grade III

tumors were seen to stain positive. Two of 16 (12.5 %)

tumors tested expressed EGFR variant III (EGFRvIII).

Also found to be expressed in select tumors included CAIX

(42.9 %; 3/7), VEGF (75 %; 3/4), KDR (50 %; 2/4),

platelet-derived growth factor receptor-A (PDGFR-A)

(100 %; 3/3), PDGFR-B (100 %; 3/3), and hypoxia-

inducible factor-2 alpha (HIF-2 alpha) (100 %; 1/1).

Fluorescence in situ hybridization analysis revealed

most tumors to exhibit chromosomal numerical abnor-

malities (CNA) affecting the loci of EGFR (92.9 %;

13/14), MET (100 %; 4/4), PTEN (61.5 %; 8/13), and 9p21

(80 %; 4/5). The most common type of EGFR CNA

observed was polysomy (84.6 %), followed by amplifica-

tion (15.4 %). High EGFR copy numbers were also com-

mon, with a mean copy number of 6.3 (range: 3.1–22.3).

MET gain mutations were seen in all tumors tested, with a

mean copy number of 3.9 indicating CNA affecting the

whole of chromosome 7. However, PTEN most commonly

had monosomies (87.5 %), with few cases exhibiting pol-

ysomy (12.5 %). IDH mutations were seen in 40 % of

tested cases (2 of 5), all of which were AAs.

Imaging features

Various patterns were identified on MRI, including diffuse

enhancement (41.9 %), diffuse non-enhancement (16.1 %),

focal enhancement (25.8 %), and focal non-enhancement

(16.1 %). Overall pattern distribution differed significantly

between AA and GBM tumors (p = 0.028). AAs more

commonly appeared diffusely enhancing (50.0 vs. 27.3 %)

and diffusely nonenhancing (25.0 vs. 0.0 %), while GBMs

were more likely to appear focal enhancing (54.6 vs.

10.0 %). The focal nonenhancing pattern was seen in both

AA and GBM tumors at similar rates (15.0 vs. 18.2 %).

Overall enhancement upon gadolinium administration was

seen in 68.8 % of tumors, with AA and GBM tumors

enhancing at similar rates (61.9 vs. 81.8 %, p = 0.25)

(Table 1).

Treatment

All patients underwent either stereotactic biopsy (66.7 %)

or surgical resection (33.3 %), with no difference in pro-

cedure choice between AA and GBM tumors (p = 1.0).

Procedure choice was also not seen to differ based on

tumor location. Nearly all patients underwent radiotherapy

(97.0 %), receiving from 5,580 to 6,300 cGy. Most patients

also received concurrent temozolomide (97.0 %), ranging

from 75 to 300 mg/m2 (58.8 % received 150–300 mg/m2

for days 1–5 every 28 days and 41.2 % received 75 mg/m2

daily). Other chemotherapeutics were also used in 53.6 %

of patients upon tumor progression, most commonly con-

sisting of irinotecan (37.0 %; 70–125 mg/m2), bev-

acizumab (33.3 %; 10–15 mg/kg), lomustine (14.8 %;

110 mg/m2) and etoposide (14.8 %; 50–100 mg/m2).

Outcome

Following stereotactic biopsy, no patients experienced

postoperative complications. Of those who underwent

surgical resection, 1 (9.1 %) patient had new neurological

deficit while another experienced a cerebrospinal fluid leak.

No significant change in overall performance status was

seen postoperatively.

The overall median survival for all patients was

25.8 months, with patients having GBM tumors experi-

encing significantly worse survival than those with AA

tumors (12.1 vs. 77.0 months, p = 0.0011) (Tables 1 and

2; Fig. 1). Progression-free survival was similar in both

groups. Univariate analysis revealed age greater than

40 years (HR 3.59;95 %CI 1.37–9.44; p = 0.0096), mid-

brain location (HR 3.25; 95 % CI 1.01–10.4; p = 0.048),

and grade IV pathology (HR 4.05; 1.64–10.0; p = 0.0025)

to be significant predictors of worse survival. Duration of

symptoms for 2 months or greater was the only variable

associated with improved survival (HR 0.39; 95 % CI

0.16–0.96; p = 0.039).

Similarly, log-rank analysis demonstrated patients

40 years and older to have a significantly worse median

survival than younger patients (14.5 vs. 77.0 months,

p = 0.0058) (Fig. 2). Patients with tumors in the midbrain

also had a poorer survival than those with tumors in the

pons (5.9 vs. 42.1 months, p = 0.039). Patients experi-

encing symptoms for two or more months experienced

improved survival and had a median survival of

42.1 months compared to 12.0 months for those presenting

more acutely (p = 0.033) (Fig. 3). Notably, while surgical
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Table 2 Univariate and log-rank analysis of various patient, tumor, imaging and treatment characteristics

Characteristic HR (95 % CI) P value Survival (months) P value

Patient characteristics

Age, years

\40 1.00 N/A 77.0

C40 3.59 (1.37–9.44) 0.0096 14.5 0.0058

Gender

Male 1.00 N/A 16.2

Female 0.81 (0.34–1.90) 0.62 25.8 0.62

Race

Non-caucasian 1.00 N/A 12.8

Caucasian 0.49 (0.20–1.21) 0.12 42.1 0.11

Presentation characteristics

DOS, months

\ 2 1.00 N/A 12.0

C2 0.39 (0.16–0.96) 0.039 42.1 0.033

KPS

C80 1.00 N/A 41.3

\80 1.92 (0.79–4.63) 0.15 12.0 0.14

No. of CN deficits

\3 1.00 N/A 25.8

C3 1.39 (0.59–3.27) 0.45 28.1 0.45

Tumor characteristics

Location

Pons 1.00 N/A 42.1

Tectal plate 2.89 (0.58–14.4) 0.20 18.9 0.18

Midbrain 3.25 (1.01–10.4) 0.048 5.9 0.039

Medulla 1.41 (0.49–4.08) 0.53 41.3 0.53

Unifocal 1.00 N/A 28.1

Multifocal 1.32 (0.51–3.41) 0.57 16.2 0.57

Local disease 1.00 N/A 41.3

Supratentorial extension 1.34 (0.54–3.37) 0.52 16.2 0.52

Tumor volume 1.00 (0.98–1.03) 0.94 N/A –

Grade III 1.00 N/A 77.0

Grade IV 4.05 (1.64–10.0) 0.0025 12.1 0.0011

Imaging characteristics

Category (%)

Diffuse enhancing 1.00 N/A 28.1

Diffuse nonenhancing 0.54 (0.11–2.63) 0.44 77.0 0.44

Focal enhancing 2.06 (0.71–5.92) 0.18 13.6 0.17

Focal nonenhancing 1.35 (0.34–5.30) 0.67 41.3 0.67

Non-enhancing 1.00 N/A 41.3

Enhancing 1.36 (0.49–3.78) 0.56 16.2 0.55

Treatment characteristics

Biopsy 1.00 N/A 22.0

Resection 0.64 (0.25–1.68) 0.37 42.1 0.36

No other chemotherapy 1.00 N/A Not reached

Other chemotherapy 2.10 (0.73–6.06) 0.17 16.2 0.16

No bevacizumab 1.00 N/A 28.1

Bevacizumab 1.12 (0.38–3.28) 0.84 16.2 0.84

No Irinotecan 1.00 N/A 28.1

Irinotecan 1.19 (0.40–3.48) 0.76 22.0 0.76

CN cranial nerve, DOS duration of symptoms, KPS Karnofsky performance status, NA not applicable, No number
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resection nearly doubled survival compared to biopsy alone

(42.1 vs. 22.0 months), this difference was not statistically

significant (p = 0.36) (Fig. 4). Stratification by tumor

location revealed a slight benefit with resection for mid-

brain and pontine tumors though this also was not

significant.

Multivariate stepwise analysis revealed the duration of

symptoms, KPS, and GBM pathology to affect survival. As

seen in the univariate analysis, duration of symptoms

2 months and greater was associated with improved sur-

vival (HR 0.33; 95 % CI 0.12–0.88; p = 0.026). KPS less

than 80 (HR 2.85; 95 % CI 1.11–7.34; p = 0.030) and

GBM pathology (HR 4.80; 95 % CI 1.86–12.4;

p = 0.0012) were seen to be significant independent pre-

dictors of survival.

Discussion

Brainstem gliomas in adults are an uncommon, genetically

and radiographically heterogeneous group of tumors. In the

few retrospective studies of adult BSGs in the literature,

there has been little discussion of histologically proven

high grade tumors due to the small number of overall cases.

In the current study, we have evaluated to our knowledge

the largest collection of adult malignant BSGs to help

better define the associated patient, tumor, imaging, and

outcome characteristics.

Outcome and prognostic factors

In this study, the overall median survival for all patients

was 25.8 months. We have demonstrated age greater than

Fig. 1 Kaplan–Meier overall survival curves for adult patients with

malignant BSGs showing significantly worse survival for those with

GBM tumors compared to AAs

Fig. 2 Kaplan–Meier overall survival curves for adult patients with

malignant BSGs demonstrating significantly worse survival for

patients aged 40 years and older

Fig. 3 Kaplan–Meier overall survival curves for adult patients with

malignant BSGs showing worse survival for those with presenting

with duration of symptoms less than 2 months

Fig. 4 Kaplan–Meier overall survival curves for adult patients with

malignant BSGs demonstrating resection to not confer any survival

benefit compared to biopsy alone
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40 years, duration of symptoms, midbrain location, and

grade IV pathology to result in significantly worse median

survival on univariate analysis. However, KPS \80 and

GBM pathology were seen to be poor independent pre-

dictors of survival while duration of symptoms[2 months

was a favorable independent predictor for survival. Though

age is a strong prognostic factor in supratentorial GBM

cases, adjustment for grade IV pathology significantly

attenuated the effect of older age, suggesting that the effect

of older age in the univariate analysis was due to the higher

incidence of GBM tumors in these patients [11–14].

Therefore, while previous studies have grouped grade III

and IV tumors together using the general term ‘‘malignant

BSGs’’, our data supports significantly different prognosis

between the two groups. Also as seen in supratentorial

malignant gliomas, low preoperative KPS was a significant

predictor of worse survival. In contrast, duration of

symptoms 2 months and greater, which did not signifi-

cantly different between grades, was seen to result in

improved survival. Previous studies have also supported

increased survival of those with a longer history of

symptoms, suggesting that these patients have less

aggressive tumors [9].

Imaging and tumor characteristics

Adult BSGs may have a heterogenous appearance on MRI

and, therefore, it cannot be reliably used to predict tumor

grade. A study by Dellaretti et al. [10] demonstrated MRI

findings to vary for malignant BSGs, with these lesions

occurring in 21.9 % of diffuse non-enhancing, 58.1 % of

diffuse enhancing, and 30.4 % of focal enhancing lesions.

No high grade tumors were found in lesions appearing

focal and non-enhancing. This study has similarly dem-

onstrated malignant BSG tumors to have varying appear-

ances. Interestingly, the imaging patterns significantly

differed between AA and GBM tumors, potentially aiding

the preoperative identification of more aggressive malig-

nant BSGs. GBM tumors were more likely to appear focal

enhancing (54.6 %), with none of these tumors appearing

diffusely non-enhancing. In contrast, AA tumors more

commonly appeared diffusely enhancing (50.0 %) or dif-

fusely non-enhancing (25.0 %). Additional studies are

needed to characterize these tumors using diffusion and

perfusion imaging so that further unique imaging features

can be ascertained for preoperative identification.

This study is to our knowledge the first to describe the

molecular characteristics of adult malignant BSGs. MGMT

has been the subject of debate for its role in conferring a

survival advantage when treated with temozolomide due to

enhanced sensitivity to alkylating agents. MGMT promoter

methylation, leading to gene silencing, has been demon-

strated in 45–80 % of supratentorial malignant gliomas

[15–17]. While MGMT protein expression was only absent

in 35.3 % of patients, malignant BSGs likely have a similar

molecular profile as supratentorial malignant gliomas and

may therefore be equally responsive to temozolomide

therapy. Interestingly, the vast majority of grade IV BSGs

exhibited MGMT expression, potentially indicating these

tumors to be more resistant to temozolomide compared to

AA tumors. The EGFR locus is also commonly altered in

malignant gliomas, with polysomy being found in nearly

100 % of high grade astrocytomas and amplifications

occurring in 10 % of grade III and 45 % of grade IV

tumors [18, 19]. Malignant BSGs are similarly affected,

with 92.9 % of tested tumors having chromosomal abnor-

malities. Nonetheless, the small sample size of tumors

genetically tested in this study precludes definitive con-

clusions and further studies are needed to better charac-

terize malignant BSGs. Furthermore, the reliability of IHC

to characterize MGMT status is limited due to the poor

correlation between MGMT protein expression and pro-

moter methylation. Additional studies using polymerase

chain reaction to genetically analyze malignant BSGs are

therefore needed.

Diagnosis and treatment

In the pediatric population, MRI is typically used for the

diagnosis and classification of BSGs, with treatment often

administered without pathological confirmation. However

in adults, BSGs may have a more heterogeneous appear-

ance, raising the concern for other types of lesions.

Therefore, radiological features are not sufficient for the

diagnosis and classification of these tumors in adults. As

31.2 % of malignant BSGs may appear as focally or dif-

fusely non-enhancing lesions, there is considerable risk in

classifying non-enhancing lesions as low grade tumors.

Therefore tissue diagnosis is indispensable for making the

correct diagnosis, determining prognosis and guiding

treatment.

Many studies have evaluated the safety and efficiency of

biopsy. A study involving stereotactic brainstem biopsies in

46 adults only demonstrated one case of perioperative mor-

bidity, with no permanent morbidity or mortality in any

patients [20]. However other studies have demonstrated sig-

nificant complications following biopsy, occurring in up to

10 % of cases [21]. In a study by Dellaretti et al. [10] in which

96 brainstem biopsies were performed, there was one proce-

dure-related death, with nine patients experiencing a slight

deterioration in symptoms. In our study, we did not observe

any morbidity or mortality following biopsy. Additionally,

biopsy is frequently able to achieve pathological diagnosis,

with typical diagnosis rates[90 % [10, 22, 23].

Currently the role of resection in the treatment of BSGs

is controversial. Resection in this highly eloquent region
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can involve significant morbidity and mortality. However

attempts at surgical resection have demonstrated improved

survival in cases involving focal tumors. A study by Kestle

et al. [24] involved resection of brainstem juvenile pilo-

cytic astrocytoma in 28 patients, with gross total resection

(GTR) or resection with linear enhancement (RLE)

achieved in 12 of 25 patients. Six of 28 patients experi-

enced long-term new neurological deficits following

resection. However, survival was increased following

greater resection, with 10-year progression free survival

being 74 % following GTR or RLE, but only 19 % in the

presence of solid residual tumor. Another study by Teo

et al. [25] evaluated 34 patients undergoing endoscope-

assisted microsurgery for focal BSGs and reported GTR in

35 %, near total resection in 56 %, and subtotal in 9 % of

patients. As most patients with malignant BSGs received

STR and died before the first postoperative year, the

authors questioned the justification for resection of these

tumors. Teo et al. also addressed the morbidity associated

with the resection of these lesions, with postoperative

status improving in 65 % of patients and worsening in

15 %. The reported rates of worsened neurological out-

come following surgery in other studies range from 15 to

31 % [24–26]. In this study, only one (9.1 %) patient who

underwent resection experienced a permanent neurological

deficit.

Approximately a third of patients (33.3 %) underwent

surgical resection, with surgery being performed for select

situations. Resection was considered for tumors that had an

exophytic component and could be resected without

entering the brainstem parenchyma, tumors suspected of

other pathology and could not easily be biopsied, and

tumors that resembled lesions unsafe for stereotactic

biopsy, e.g. vascular lesions. Patients who underwent

resection had a median survival nearly two times longer

than those who underwent biopsy alone though this was not

significant. While this may be due to the benefit of tumor

debulking, the increased survival seen may also be due to

favorable clinical and molecular tumor characteristics in

the resection group. Due to the limited sample size of this

study, larger multicenter studies are needed to provide

more conclusive evidence for the use of surgical resection.

Following histological diagnosis, adjuvant therapy pri-

marily consists of fractionated radiotherapy or stereotactic

radiosurgery for small focal tumors, followed by chemo-

therapy. Temozolomide is most commonly used as a first

line agent due to the significant survival benefit seen in

supratentorial malignant gliomas [27]. However, due to the

low incidence of MGMT gene silencing in malignant

BSGs, other therapies may prove more efficacious. Eval-

uation of the effect of bevacizumab and irinotecan did not

reveal improvements in survival, potentially indicating

malignant BSGs to be more treatment resistant than

comparable supratentorial tumors. As a result, prospective

studies are greatly needed to evaluate novel agents for the

treatment of malignant BSGs in pediatric and adult

patients.

Conclusions

Adult malignant BSGs have an overall poor prognosis, with

grade IV tumors faring significantly worse than grade III

tumors. GBM proven pathology and KPS \80 were inde-

pendent prognostic factors for worse survival, with duration

of symptoms 2 months or greater being a favorable prog-

nostic factor. AA and GBM tumors have varying imaging

characteristics with GBM tumors most commonly appearing

focally enhancing, while AA tumors tended to appear more

diffuse. These tumors less frequently have MGMT gene

silencing than supratentorial malignant gliomas, but com-

monly have EGFR gene aberrations. Treatment involves

aggressive chemoradiotherapy, and may involve resection in

select cases. If not amenable to resection, tissue diagnosis

may be necessary, allowing for the determination of prog-

nosis and molecular characteristics which may aid in the

treatment of these aggressive tumors.
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