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INTRODUCTION

Gliomas are the most common primary central nervous system tumors, with an estimated 
annual incidence of 6.6/100,000 individuals in the United States.[16] The most common 
and biologically aggressive subtype is the glioblastoma multiforme (GBM) World Health 
Organization (WHO) Grade IV. GBM and anaplastic astrocytomas (Grade III) account for 
about 76% of all gliomas.[14]

Unfortunately, the prognosis in patients with GBM remains dismal despite a multimodal 
therapeutic approach utilizing maximal safe resection and adjuvant chemo- and radiotherapy.[18]

ABSTRACT
Background: The most common glial tumor is the glioblastoma, and the prognosis remains dismal despite a 
multimodal therapeutic approach. The role of radiosurgery for the treatment of glioblastomas has been evaluated 
in several studies with some benefit at the recurrent stage. We evaluate the results of the protocol administered 
at the Gamma Knife unit administering radiosurgery as a boost to metabolic active parts of the tumor after the 
patient had completed traditional external beam radiotherapy (XBRT) as part of the Stupp protocol for high-
grade gliomas.

Methods: This is a retrospective analysis of seven patients with newly diagnosed glioblastomas who were treated 
with Gamma Knife radiosurgery as a boost after receiving XBRT as part of the Stupp protocol. The target of 
radiation was determined according to the findings of the C-methionine PET scan in relation to magnetic 
resonance images. The primary end point of this study was to determine the progression-free survival (PFS) from 
the time of diagnosis.

Results: The median age of patients was 48.8 years and the mean Karnofsky performance score was 92.8%. The 
median PFS was 12.4 months. No radiation adverse effects were documented.

Conclusion: Stereotactic radiosurgery is safe to use in the upfront treatment for these patients and appears to 
have a beneficial role in improving the PFS. This beneficial role seems to be conditioned not only by the time the 
treatment is administered but also where the radiation dose is targeted to.
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The role of stereotactic radiosurgery (SRS) has been evaluated 
in several studies with poor results at the upfront stage, 
although some benefit has been found when administered at 
the recurrent stage.

We evaluate the results of the protocol administered at the 
Gamma Knife unit administering SRS as a boost to metabolic 
active parts of the tumor after the patient had completed 
traditional external beam radiotherapy (XBRT) as part of the 
Stupp protocol for high-grade gliomas.

MATERIALS AND METHODS

This is a retrospective analysis of seven patients with newly 
diagnosed GBM who were treated with Gamma Knife 
SRS as a boost after receiving XBRT as part of the Stupp 
protocol.

Patients were identified through the record logs of the Hoag 
Gamma Knife program. Only patients with a histological 
diagnosis of GBM at original diagnosis were included in 
the study. All patients underwent craniotomy or stereotactic 
biopsy for tumor debulking/diagnosis before the radiation 
treatment. All patients underwent SRS after standard XBRT 
and temozolomide (TMZ) chemotherapy.

Patients with recurrent GBM, brainstem tumors, multifocal 
GBM, or gliomatosis cerebri were excluded from the study.

The coregistration of MRI sequences (T1-gadolinuim, T2 and 
T2 FLAIR) and C-methionine (C-MET)-PET images using 
the standard chemical shift multivoxel software supplied by 
the vendor was used to design treatment plans that targeted 
the area with abnormal metabolic enhancement according to 
the PET in relation to the anatomical landmarks seen in the 
MRI [Figure 1].

The dose was prescribed to the 50% isodose line in all cases, 
using multiple isocenters to encompass the margin of the 
target.

It was possible to determine the molecular diagnosis of the 
tumor in four of the patients, this included in some cases 
IDH1, p53, or EGFR status.

The extent of resection (EOR) of the tumor was measured 
according to the preoperative MRI in the T1-gadolimium 
sequences.

It was considered a biopsy if the resection was under 70%, 
subtotal resection (STR) if the resection was over 70% but 
under 90%, near-total resection over 90%, and gross total 
resection (GTR) if the entire enhanced region of the tumor 
was resected.

The primary end point of this study was progression-free 
survival (PFS) from the time of diagnosis, given that at the 
time of progression, treatment modalities for GBM may 
vary significantly and alter the final analysis of the overall 
survival (OS).

Tumor recurrence was documented according to the RANO 
criteria at follow-up MRI that was performed every 3 months 
after the radiosurgical procedure.

RESULTS

Seven patients met the inclusion criteria for the study. The 
median age of patients was 48.8 years (range 26–78) and the 
mean Karnofsky performance score was 92.8 (range 80–100).

One patient had an IDH-1 mutant GBM, three patients had 
GBMs positive for p53 mutation. The other three patients had 
no information regarding the molecular diagnostic status.

According to the established EOR parameters, one patient 
received a biopsy only, four patients received a STR of the tumor, 
and a near-total resection was performed in two patients.

All patients received standard XBRT of 60 Gy in 30 sessions 
and concomitant TMZ 1–4 months before the boost 
treatment with Gamma Knife SRS.

Figure 1: Treatment plan with Gamma Knife stereotactic radiosurgery. Notice how the hypermetabolic area in the PET does not correlate 
exactly with the enhancement area in the MRI images. What is included in the radiation plan is the relation of the PET images with the MRI.
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The median target volume was 25.4 cm3 (range 5–44.6 cm3). 
The radiation doses varied according to the volume; one 
patient received a single dose of 12 Gy, four patients received 
20 Gy in 5 fractions, one patient received 25 Gy in 5 fractions, 
and the last patient received 30 Gy in 5 fractions.

[Table 1] summarizes patient characteristics.

The median PFS was 12.4 months (range 4–24). The 6, 12, 
18, and 24 months PFS were 85%, 42%, 28%, and 14%, 
respectively [Figure 2].

[Figure 3] illustrates a patient treated with the protocol and a 
follow-up MRI at 1 year.

No adverse effects attributed to the radiation treatment were 
documented in any of the patients.

DISCUSSION

The current standard treatment for GBM includes maximal 
safe resection followed by XBRT and chemotherapy with 
TMZ.[18] Despite the incorporation of this treatment and 
other salvage modalities, the prognosis for this disease 
remains dismal, with a median survival of 16.6 months and 
an overall 5-year survival of 0.05–4.7%.[7,10,11,17] Furthermore, 
for GBMs local control is very poor, recurrent disease has 
been registered to develop within the high-dose irradiation 
field in 81% of patients,[6] and so, the role of SRS has been 
studied to try and improve this local control.

In 2016, the WHO established a new classification for glial 
tumors that aside from the histological characteristics, 

included molecular genetics as a form to better understand 
their behavior.[14] The discovery of IDH 1/2 mutations along 
with other molecular studies during the past decades has 
shown that molecular genetic alterations better capture the 
biologic behavior of these tumors. In our current series, 
we discuss the clinical behavior of seven patients with 
histologically confirmed GBM that was treated with Gamma 
Knife SRS as a boost after standard chemoradiation.

We mention that the PFS for these patients reaches up to 
24 months, but it is important to state that most of the patients, 
due to limitations in our current health system, do not have a 
complete molecular diagnosis. The information that we do have 
shows that one patient was positive for IDH-1 mutation and 
other three patients were positive for p53 mutation. A positive 
relation between IDH-1 mutation and p53 mutation has 
been found in the past studies.[2] This molecular information, 
together with the epidemiologic characteristics, may suggest a 
better prognosis for these patients, which may influence in the 
favorable outcome that was reached during our study.

The appropriate timing of SRS in the treatment of GBM is 
also an issue that has been investigated in several studies. 
These studies have suggested that Gamma Knife SRS is 
more appropriate as a treatment option for recurrent tumors 
than as an upfront radiosurgical boost.[9,12,20] Nevertheless, 
a recent study showed that using SRS to target the white 
matter migration, pathways of GBM instead of only the 
tumor itself might have a beneficial impact in the OS of these 
patients.[7] This means that the issue with SRS might not only 
be a question of timing but also finding the right target.

Table 1: Patient/tumor characteristics.

Sex Age Molecular EOR Dose/fraction Pretreatment volume

F 59 P53+ Biopsy 17.5 Gy/5 44.6 cc
M 26 P53+ STR 20 Gy/5 44.2 cc
M 49 IDH‑1+ STR 12 Gy/1 5.0 cc
F 29 NO GTR 20 Gy/5 27.5 cc
M 55 P53+ GTR 20 Gy/5 7.4 cc
M 78 NO STR 30 Gy/5 15.6 cc
M 46 NO STR 25 Gy/5 33.7 cc
EOR: Extent of resection, GTR: Gross total resection, STR: Subtotal resection

Figure 2: Progression-free survival depicted as a Kaplan–Meier plot.
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Functional nuclear imaging may be used to investigate 
metabolism-related changes for oncological response 
assessment in gliomas.[19] Many positron emission 
tomography (PET) tracers have been studied, such as 
18F-FDG, the nucleoside analog 18F-fluorothymidine, and 
radiolabeled amino acids such as C-MET.

Contrary to 18F-FDG, C-MET has a great sensitivity and 
specificity to identify malignant lesions from benign ones, 
and additionally, its binding highly correlates with the 
proliferation index.[5,15]

In 2016, a series of recommendations for the clinical use 
of PET imaging in gliomas was published, given birth to 
the PET-RANO guidelines.[1] In these guidelines, a distinct 
recommendation for the usage and interpretation of amino 
acid PET was given for different stages in the study of patients 
with glial tumors, from the initial diagnosis all the way up to 
the moment of tumor recurrence.

Of particular interest, the implication of C-MET PET for 
the identification of tumor extent for resection planning or 
radiotherapy planning was mentioned.

This affinity that C-MET presents for GBM makes it a great 
tool to guide the radiosurgical procedure, and we believe 
serves as a better target than to disperse the radiation dose 

on a greater volume or to focus the dose in parts of the tumor 
where it would not be useful.

At the moment, the accepted initial treatment for patients 
with newly diagnosed GBM includes maximal safe resection 
followed by XBRT and chemotherapy with TMZ.[4] This 
treatment approach has increased the OS of patients, but at a 
closer look, the time at recurrence is very short, with the PFS 
for this patients being close to 7–9 months.[8,13]

At the time of recurrence, patients will require new treatment 
approaches with new surgeries and different immune and 
chemoradiation treatments,[3] and this is also detrimental for 
the neurological status of these patients.

Even though the number of patients in our case series is low, 
we have showed that the addition of PET-guided SRS after 
conventional XBRT may have a beneficial impact on the 
PFS of patients with GBM. Extending the need for further 
treatments to over a year improves greatly the quality of life 
and also the performance status for these patients because 
it delays the neurological deterioration related to tumor 
progression.

Another thing to keep in mind is that adding SRS to the initial 
treatment does not interfere with the possible treatments at 
the time of progression, this includes a second session of SRS 

Figure 3: C-methionine-PET (a), T1-gadolinium (b), and T2 FLAIR (c) images at the time of the stereotactic radiosurgery treatment. The 
treatment margin is extended laterally from where contrast enhancement is seen, as guided by the hypermetabolic region in the PET. Follow-
up images (d and e) at 1 year, no abnormal imaging is seen outside the margin dose.
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in the future, which have also shown to improve the OS for 
patients with recurrent GBM.[17]

At the time of last follow-up visit, we have not documented 
radiation-induced adverse effects, including radionecrosis. 
In the literature, the incidence for radionecrosis after SRS 
for newly diagnosed GBM varies from 0% to 38%, and 
greater series with a greater margin dose report the highest 
numbers.[17] Our limited number of patients may influence in 
the lack of adverse effects reported in our series; nevertheless, 
as it was previously mentioned, it has been recorded that 
upfront SRS for glioblastoma has an acceptable safety profile.

This study has limitations; the retrospective nature of 
the study, the low number of patients that we were able to 
enroll, and the lack of control group should make the reader 
cautious about the interpretation of the results.

Nevertheless, we believe that this could open doors for 
further studies with better methodologies and reopen the 
door for the inclusion of SRS in the upfront treatment of 
patients with newly diagnosed GBM.

CONCLUSION

Patients with GBM have a short survival despite advances in 
the treatment modalities of this disease.

SRS is a feasible and safe technique to use in the upfront 
treatment for patients with newly diagnosed GBM and we 
hypothesize that it may have a beneficial role in improving 
the PFS and also the OS as demonstrated by other studies. 
This beneficial role seems to be conditioned not only by 
the time the treatment is administered but also where the 
radiation dose is targeted to.

Further studies are needed to confirm this hypothesis.
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