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Introduction: Gangliogliomas (GG) are considered WHO grade I rare tumors. While they commonly man-
ifest as temporal lobe epilepsy, they can be located anywhere in the brain. Primary treatment is complete
microsurgical resection. Remnant or recurrent GG can benefit from radiation therapy. Here, we present a
series of GG who received Gamma Knife radiosurgery (GKR) after initial microsurgery.
Methods: Between October 2009 and February 2020, four patients benefitted from such approach. The
median age at surgery was 16 years (mean 17, 11–25) and at the time of GKR was 22.5 years (mean
23, 19–28). Initial clinical symptom was epilepsy in 3 cases and incidental in one. Biopsy was firstly per-
formed in one case. One patient had stereotactic electroencephalography. The respective anatomical loca-
tions were right parieto-occipital, sylvian, left paraventricular and left inferior parietal.
Results: Gamma Knife radiosurgery was performed after a median time of 3.5 years after initial gross
total microsurgical resection (GTR). The median follow-up after GKR was 54 months (mean 58.5, 6–
120). The median marginal dose was 18 Gy (mean 17.5, 16–18). The median target volume was 0.5 mL
(mean 0.904, 0.228–2.3). The median prescription isodose volume was 0.6 mL (mean 0.9, 0.3–2.4). At last
follow-up, GG majorly decreased in 3 patients, remained stable in one.
Conclusion: Gamma Knife radiosurgery is safe and effective for remnant GG after GTR. Primary treatment
remains microsurgical resection, especially in cases with symptomatic mass effect or with epilepsy.
Single fraction GKR can be a valuable option for remnant or recurrent tumors after initial resection.

� 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
1. Introduction surgical approach, the use of Gamma Knife radiosurgery (GKR) in
Gangliogliomas (GG) are rare, while accounting for approxi-
mately 1% of all central nervous system (CNS) neoplasms [1]. They
are considered World Health Organization (WHO) grade I tumors,
although in approximately 5% of cases can exhibit aggressive
behavior and anaplastic histological features (WHO grade III). Clas-
sical anatomical location is temporal lobe (approximately 85%), but
they can occur anywhere in the brain. Hence, temporal lobe epi-
lepsy is a common clinical manifestation [2].

Primary treatment in cases with symptomatic mass effect or
epilepsy is complete microsurgical resection [2]. Radiation therapy
has been described as a valuable option, for remnant, recurrent or
malignant tumors, after surgical treatment, associated or not with
chemotherapy [3]. Up-to-date, only one series described, among a
single fraction for GG, including four cases [4]. However, dosimet-
ric details were not presented.

Here, we present our experience in a series of 4 consecutive
cases of GG exhibiting radiological progression after initial gross
total resection (GTR). We detail our dose regimens, as well as
patient’s outcome after long-term follow-up.
2. Materials and methods

2.1. Type of study

This is a retrospective historical cohort study, non-randomized.
2.2. Participants

Between October 2009 and February 2020 four patients benefit-
ted from GKR for progressive GG after initial GTR.
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All cases have been treated in Lille University Hospital (Roger
Salengro Hospital), France.
2.3. Baseline and follow-up monitoring

The baseline assessment included clinical examination and
brain magnetic resonance imaging (MRI). After GKR, patients were
evaluated at 6 months, 12 months, and further on annual basis,
respectively.
2.4. Description of the GKR technique

Leksell Model G stereotactic frame (Elekta Instruments AB, Swe-
den) under local anesthesia was applied in all cases. Patients
underwent stereotactic MRI study with multiple sequences,
including T1 with and without Gadolinium injection (1-mm slices)
and T2 Fiesta (0.6 mm slices). Bone computed tomography (CT)-
scan routinely supplements the stereotactic assessment.

Leksell Gamma Knife 4C was used Perfexion until 2016 and the
Leksell Gamma Knife ICON afterwards (Elekta Instruments, AB,
Sweden).
2.5. Basic demographic data (Table 1)

The median age at surgery was 16 years (mean 17, 11–25) and
at the time of GKR was 22.5 years (mean 23, 19–28). Initial clinical
symptom was epilepsy in 3 cases and incidental in one, which fur-
ther developed epilepsy due to tumor progression.

The respective anatomical locations were right parieto-
occipital, sylvian, left paraventricular and left inferior parietal.

Biopsy was firstly performed in one case, followed by GTR
4 years later. The second patient had subtotal surgical resection
followed by GTR. The third case had initial stereotactic electroen-
cephalography (SEEG) and further GTR. Last patient underwent
GTR.
2.6. Basic dosimetric data (Table 2)

The median follow-up after GKR was 54 months (mean 58.5, 6–
120).

Gamma Knife radiosurgery was performed after a median time
of 3.5 years after initial GTR.

The median marginal dose was 18 Gy (mean 17.5, 16–18).
Table 1
Basic demographic data.

Age at
diagnosis

Initial
surgery

Anatomical
location

Symptom Further surge

Patient #1 12 Biopsy R parieto-
occipital

-
Incidental
- Epilepsy
(2 years
after
discovery)

Gross total re
(4 years after
volumetric in

Patient #2 11 Complete
surgical
resection

R sylvian Partial
motor
seizures

Gross total re
(4 years after
for recurrenc

Patient #3 20 SEEG L
paraventricular

Partial
complex
seizures

Gross total re
SEEG

Patient #4 25 Gross total
resection

L inferior
parietal

Partial
seizures

–

99
The median target volume was 0.5 mL (mean 0.904, 0.228–2.3).
The median prescription isodose volume was 0.6 mL (mean 0.9,
0.3–2.4).

3. Results

3.1. Clinical follow-up

No patient experienced an acute or subacute clinical adverse
radiation effect after GKR.

The epilepsy remained stable in all cases presenting one at the
time of radiosurgery.

3.2. Radiological follow-up

At last follow-up, GG volume majorly decreased in 3 patients
and remained stable in one. (please see illustrative cases in Fig. 1
and Fig. 2).

4. Discussion

To the best of our knowledge, this is the first study focusing
exclusively on the post radiosurgical outcome after single fraction
GKR for GG, after initial GTR. We consider this pathology as an
indication for surgery, especially in patients with temporal lobe
epilepsy. Radiosurgery was performed in case of tumor progression
after postoperative remnants, using marginal doses between 16
and 18 Gy. At last follow-up, three GG majorly decreased in size,
while one remained stable.

Up-to-date, only one series described the use of Gamma Knife
radiosurgery (GKR) in single fraction for GG, including four cases,
treated with marginal doses of 12, 13, 15 and 18 Gy respectively
[4]. Tumors were considered controlled at last follow-up [4]. In
the present series, the median marginal dose was 18 Gy (mean
17.5, 16–18). In other recent series discussing radiosurgery for
such pathology, the median marginal dose was 15 Gy (ranging
between 12 and 20 Gy) [5]. Other authors also considered a cut-
off of 15 Gy as related to a good outcome and local control [6,7].
Limitations for prescribing a certain marginal dose might come
from eloquent structures presence such as brainstem glioma, ante-
rior optic pathway hypothalamic glioma etc [6].

Microsurgery remains the gold standard for GG and is a curative
option, when complete removal is feasible [2]. In cases close to or
within critical structures, particularly the brainstem, radiation or
ry WHO
grade

Adjuvant
treatment

Recurrence Further
treatment

Age at GK

section
biopsy) for
crease

I None 3 years
after
surgery

Gamma
Knife

19
(normal
neurological
exam)

section
first surgery)
e

I None 4 years
after
second
surgery

Gamma
Knife

19
(normal
neurological
exam)

section after I None 6 years
after
surgery

Gamma
Knife

26
(normal
neurological
exam)

I None 3 years
after
surgery

Gamma
Knife

28
(normal
neurological
exam)



Table 2
Dosimetric data.

Dose (Gy) Isodose Target volume
(mL)

Prescription isodose
volume (mL)

Coverage Selectivity Gradient
index

Duration of
follow-up

Tumor at last
follow-up

Patient #1 18 50% 2.3 2.4 96% 92% 2.84 6 months stable
Patient #2 18 60% 0.228 0.351 100% 65% 2.72 12 months decrease
Patient #3 18 50% 0.662 0.737 95% 87% 2.92 96 months decrease
Patient #4 16 50% 0.426 0.425 88% 89% 3.37 120 months decrease

Fig. 1. a- 3 years after GKR, with superimposed dosimetry, showing no progression after surgery; b- 2 years before GKR, with superimposed dosimetry, showing tumor
progression; c- dosimetry at the time of GKR; d- 8 years after GKR, with major decrease in volume;
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chemotherapy can be used as potential alternatives or complemen-
tary treatments [4]. Luyken et al. [8] reported a surgical series of
184 patients, harboring supratentorial GG. The reported recurrence
rates were 1% among patients with no residual tumor and 8%
among cases showing residual tumor. Of note, the WHO grade is
also considered a prognostic factor. However, here we only
included cases with WHO grade I GG. Symptomatic improvement
of epilepsy (Engle I) varies between 76 and 88% after surgery
[2,4,8].

With regards to radiation, there is currently no consensus
regarding the need of radiotherapy in patients with residual or
recurrent GG. The median dose of radiotherapy (RT) is 54 Gy
[9]. In a recent series of 7 patients with recurrent low grade
GG, the overall local control rate after RT was 75% [9]. Other
authors reported up to 90% local control after GTR plus RT [10].
100
It has been previously suggested that GKR might be more benefi-
cial to GG as compared with classical RT [4]. The explanation
would reside in a differential radiobiological effect, as RT could
induce malignant changes in benign or normal cells [4]. More-
over, it is currently considered that the estimated risk of an
intracranial secondary malignancy or malignant transformation
of a benign tumor in patients treated with stereotactic radio-
surgery remains low after long-term follow-up and is similar to
the risk of the general population to have a primary CNS tumor
[11]. This aspect is of particular importance for the pediatric
and young adult population.

Our study has several inherent limitations. One is related to the
number of treated patients. Such results should be validated in lar-
ger cohorts. The second is the retrospective nature, with all that
implies.



Fig. 2. From top to bottom, MRI reconstruction in coronal, axial and sagittal plane of T1 wMRI; from left to right: left- illustration of the GKR with the dosimetry (yellow line);
center- 9 years after GKR, with superimposed dosimetry and further tumor decrease; right- 10 years after GKR, with superimposed dosimetry and further tumor decrease as
compared to previous.
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5. Conclusion

Single fraction radiosurgery and particularly GKR, in our experi-
ence, has been proven safe and effective for local progression after
GTR of GG. We recommend using marginal doses between 16 and
18 Gy depending on the treated volume. At last follow-up, all
tumors were controlled.
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