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Rotating Gamma System Irradiation: A Promising
Treatment for Low-grade Brainstem Gliomas
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Abstract. Aim: To evaluate the role of rotating gamma
system (RGS) radiosurgery for low-grade brainstem gliomas.
Patients and Methods: Thirty-seven patients undergoing RGS
radiosurgery at the Bach Mai Hospital Hanoi for low-grade
brainstem glioma were included in this prospective
interventional study. The median RGS dose was 12 Gy
(range=8-16 Gy). Endpoints included response to RGS
radiosurgery given as change in glioma size (maximum
diameter), survival and adverse events. Follow-up was
performed for 36 months. Three dose-groups (<13, 13-14
and >14 Gy) were compared for survival. Results: Mean
glioma size decreased from 1.87 cm before RGS irradiation
to 1.15 cm at 36 months. Mean survival was 39.5 months.
Mean survival after <13, 13-14 and >14 Gy were 22.7, 66.7
and 49 months, respectively (p<0.05). Adverse events,
mainly reduced appetite, sleep disturbances, headache and
edema, were not associated with RGS dose and were easily
managed. Conclusion: RGS radiosurgery led to promising
results with acceptable toxicity in patients with low-grade
brainstem gliomas.

Brainstem gliomas account for about 20% of primary brain
tumors in children and for <2% of gliomas in adult patients
(1-3). Gliomas of the brainstem are most commonly located
in the pons, but are also found in the mesencephalon, the
cerebellar peduncles or the medulla oblongata (4). A tumor
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located in the brainstem can be associated with severe
clinical or even life-threatening symptoms, since this part of
the brain regulates motion functions, as well as respiratory
and circulatory functions. Such tumors include low- and
high-grade lesions. The median survival time for patients
with a brainstem glioma is about 10 months in children and
30-40 months in adult patients (5). The prognosis depends
on the grade according to the World Health Organization
(WHO) (6). In a retrospective study from the United States,
median survival was 77 months for patients with WHO grade
II lesions, 21 months for those with grade III lesions and 15
months for those with grade IV lesions (5). A great amount
of research has been carried out on the treatment of higher
grade (III or IV) lesions, whereas fewer data are available
for patients with low-grade (grade II) gliomas (7-11).
Therefore, the present study focused on low-grade gliomas
of the brainstem and aimed to provide additional data for this
less common situation.

Since complete surgical resection is not safely possible in
many of these patients, radiotherapy is the most common
treatment. In order to allow for optimal sparing of normal
tissues and structures surrounding the tumor, radiotherapy of
brainstem gliomas should ideally be performed with high-
precision  techniques such as intensity-modulated
radiotherapy, fractionated stereotactic radiation therapy or
stereotactic radiosurgery (SRS). SRS is defined as single-
mostly performed with a linear
accelerator or a gamma system.

fraction treatment,

Two gamma systems are used for radiosurgery of cerebral
lesions, including those located in the brainstem. The classic
Gamma-Knife was already introduced about 50 years ago by
Lars Leksell (12). The other system, the rotating gamma
system (RGS), was developed in the late 1990s (13). The
latter system includes technical features of the classic
Gamma-Knife (Cobalt-60 sources) and linear accelerator-
based radiosurgery (a rotating gantry). Although radiosurgery
with a gamma system appears to be a reasonable option for
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treating brainstem gliomas, in particular low-grade tumors,
only few data are available. Few retrospective studies with
20 or less patients have used classic Gamma-Knife
radiosurgery for low-grade brainstem gliomas (14-21). We
present here the first study, to our knowledge that used an
RGS system for radiosurgery of low-grade brainstem
gliomas. Moreover, it is the first study that prospectively
evaluated the role of radiosurgery with a gamma system for
these uncommon tumors.

Patients and Methods

Thirty-seven patients with a low-grade glioma of the brainstem who
were treated with RGS radiosurgery at the Nuclear Medicine and
Oncology Center of the Bach Mai Hospital in Hanoi, Vietnam,
between from July 2007 and December 2013, were included in this
prospective interventional study. To be included in this study, the
patients were required to have a symptomatic tumor of the
brainstem showing typical characteristics of a low-grade glioma on
computed tomography (CT), magnetic resonance imaging (MRI)
and magnetic resonance spectroscopy (MRS) (22-24). In addition,
further criteria included the presence of only one intracerebral
lesion, lesion size (maximum diameter) of <3 cm, no severe
comorbidity, age 5-90 years and no pregnancy or lactation.
Furthermore, the patients were to have been identified as suitable
candidates for treatment with RGS irradiation by the Hospital
Medical Council and to have given their informed consent to
participate in the study.

Irradiation was performed as single-fraction radiosurgery with an
RGS system (Gamma ART 6000; American Radiosurgery, San
Diego, CA, USA). The median dose was 12 Gy (range=8-16 Gy)
prescribed to the outer margin of the tumor representing the 50%
isodose.

Investigated endpoints included response to RGS radiosurgery,
survival and adverse events. Follow-up was performed at 6, 12, 24
and 36 months following RGS irradiation and included the patient’s
history, a clinical examination as well as CT and MRI scans. In a
subgroup analysis regarding survival, the potential impact of the
RGS dose (<13 Gy vs. 13-14 Gy vs. >14 Gy) was investigated.

The data were coded and analyzed by STATA SE 10 (StataCorp
LLC, College Station, TX, USA) using statistical logarithm. The
overall survival rates were calculated with the Kaplan—Meier
method. The Kaplan—Meier curves of the different RGS doses were
compared with the log-rank test. A p-value of less than 0.05 was
considered significant.

Results

Thirty-seven patients, 17 women (46%) and 20 men (54%),
met the criteria for inclusion in this study. The median age was
30 years (range: 5-63 years). The Karnofsky performance
score was 40-50 in 19 patients (51%), 60-70 in nine patients
(24%) and 80-100 in nine patients (24%), respectively. The
tumor was located in the pons in 21 patients (57%), in the
cerebral peduncle in 10 patients (27%) and in the medulla
oblongata in six patients (16%), respectively. The clinical
symptoms of the 37 patients are summarized in Table I.
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The mean size of the gliomas prior to RGS irradiation was
1.87 cm [standard deviation (SD)=0.51 cm]. Following RGS
treatment, mean glioma sizes were 1.99 cm (SD=0.50 cm) at
6 months, 1.60 cm (SD=0.47 cm) at 12 months, 1.33 cm
(SD=0.59 cm) at 24 months and 1.15 cm (SD=0.48 cm) at
36 months. Thus, at 36 months, the mean decrease in tumor
size was 38.5%.

At 6 months after treatment, the rates of complete
response, partial response, stable disease and progressive
disease were 8.1%, 32.4%, 56.8% and 2.7%, respectively.
The corresponding response rates were 23.5%, 47.1%, 23.5%
and 5.9%, respectively, after 1 year, 37.1%, 29.6%, 22.2%
and 11.1%, respectively, after 2 years, and 37.5%, 12.5%,
37.5% and 12.5%, respectively, after 3 years.

For the entire cohort, the mean and median survival times
following RGS radiosurgery were 39.5 months and 30
months, respectively. The mean survival times of the <13 Gy,
13-14 Gy and >14 Gy dose groups were 22.7, 66.7 and 49
months, respectively (p<0.05) (Figure 1). Median survival
was 30 months in the 13 Gy group and not reached in the
other two groups.

Adverse events related to RGS irradiation included
reduced appetite in 46%, sleep disturbances in 32%,
increasing or new headache in 27%, increasing or new
cerebral edema in 22%, xerostomia in 19%, hair loss in 14%
and radiation dermatitis in 5% of the patients. All these
adverse events were transient and easily managed with
appropriate medication. The RGS dose had no significant
impact on the occurrence of adverse events (p<0.05).

Discussion

Brainstem gliomas are quite uncommon in adult patients
(1-3). As complete removal of these lesions is not
reasonable in many of these patients, they are assigned to
radiotherapy rather than neurosurgical intervention. If
radiotherapy is indicated, it is quite often performed as
radiosurgery. Radiosurgery is a well-recognized treatment
for patients with cerebral lesions such as metastases to the
brain from cancer (25-27). Depending on the availability,
radiosurgery is mostly performed as linear accelerator-
based or Gamma-Knife radiosurgery. Besides the classic
Gamma-Knife that has been used for cerebral lesions for
almost five decades, a more recently developed device, the
RGS, is also in use in several centers worldwide (12, 13).
However, it currently is much less common than the classic
Gamma-Knife. Therefore, studies that investigated the
value of the RGS are considerably rarer than studies using
the classic Gamma-Knife. This applies particularly for rare
cerebral lesions such as low-grade brainstem gliomas. The
present study is the first, as far as we are aware, that
evaluated the role of the RGS for this particular group of
patients.
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Table 1. Clinical symptoms prior to rotating gamma system radiosurgery.

Symptom Number of patients Proportion (%)
Headache 27 73
Balance disorders 26 70
Hemiparesis 23 62
Nausea/vomiting 17 46
Vision loss 16 43
Narrowed field of temple view 15 41
Bell’s palsy 13 35
Double vision 10 27
Dysarthria 10 27
Dysphagia 8 22
Papilledema 7 19
Sensory disorders 6 16
Epilepsy 3 8
Ptosis 3 8

According to the results of this observational study, RGS
radiosurgery resulted in a decrease in glioma size by 38.5%
after 36 months. The effect of classic Gamma-Knife
radiosurgery on tumor control varied in the previous studies
from the literature. In 1995, Hirato et al. presented 10 patients
with a brainstem malignancy; two of the patients had a
glioma. Following Gamma-Knife treatment, one patient had
stable disease and the other one progression of his glioma
(15). In 2002, Fuchs et al. presented 21 patients (age=8-56
years) with a brainstem glioma, 12 with low-grade and nine
with high-grade tumors (16). Fifteen patients were evaluable
for response to irradiation; two had progression (13%), 10 had
stable disease (67%) and only three patients (20%) showed a
partial response. Hafez et al. reported two cases (10 years and
19 years of age, respectively) who underwent classic Gamma-
Knife radiosurgery for a low-grade brainstem glioma (18).
Both patients had a partial response following irradiation.
High response rates were reported after classic Gamma-Knife
treatment of low-grade brainstem gliomas by Yen et al. (17)
and by El-Shehaby ez al. (21). Of the 20 patients in the study
of Yen et al., 16 (75%) responded to treatment (17); and of the
11 patients in the study of El-Shehaby er al., all patients
experienced shrinkage of their brainstem glioma (21).

In the current study, the median survival time was 30
months, which was more favorable than the median survival
of 21 months reported by Fuchs ef al. (16). This difference
may be explained by the dose of radiosurgery, which was a
median of 12 Gy (range=9-20 Gy) in the study by Fuchs et
al. (16). According to the present study, radiosurgery doses
of 13 Gy or higher were associated with improved survival.
Median survival in the present study was also better than the
26.4 months reported by Reithmeier et al. for 31 patients
with grade II gliomas receiving different treatment
approaches (28).
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Figure 1. Comparison of survival (Kaplan—Meier curves) of patients
according to dose of rotating gamma system (RGS) radiosurgery (<13 Gy,
13-14 Gy and >14 Gy). The p-value was obtained from the log-rank test.

The adverse events related to RGS radiosurgery in the
present study were transient and easily managed with
appropriate medication and without surgical interventions,
such as shunts for severe edema and aspiration or removal
of cysts. In some of the studies from the literature that used
classic Gamma-Knife radiosurgery, adverse events were
stated. Kihlstrom et al. observed severe edema in two out of
their seven patients (29%) (14). In the study of Fuchs et al.,
three out of 21 patients (14%) required surgical intervention
due to radiosurgery-related adverse events (16). Yen et al.
reported complications in two out of 20 patients (10%) (17).
In the study of El-Shehaby, one out of 11 patients (9%)
required aspiration of an intracerebral cyst (21).

In summary, radiosurgery with an RGS led to promising
outcomes in terms of response and survival in patients with
low-grade brainstem gliomas. Adverse events were easily
managed. Doses of at least 13 Gy resulted in better outcomes
than doses <13 Gy, without significantly increasing toxicity.
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