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Stereotactic radiosurgery (SRS) and fractionated stereotactic radiotherapy (FSRT) have become important treatment modalities

for brain tumors. A technique that delivers a high dose of radiation, with effective use in patients with life-limiting diseases. Due to its

specificity, the precision and direct visualization of the target during the delivery of the treatment is very important. The aim of this

research article is to provide the safety and long-term efficacy of SRS and SRT. This research article, also, provides accuracy of the SRS

treatment performed on linear accelerator and use of the trUpoint ARCH SRS system for patient imobilization.
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Introduction

Stereotactic radiosurgery (SRS) is an effective technique for
irradiating brain tumors, in which a high dose of radiation is de-
livered in a single fraction of treatment, to a small intracranial vol-

ume while saving normal healthy structures.

Stereotactic radiotherapy (SRT) is a non-invasive radiotherapy
technique that delivers a high dose of radiation in multiple treat-
ment fractions (2 - 5) to a target volume known as fractionated
stereotactic radiotherapy (FSRT) [1].

The goal is to capture the target volume at a high radiation dose
and use a steep dose gradient to spare the surrounding normal tis-

sue.

Hypofractionated radiotherapy allows the delivery of high
doses of radiation per fraction while minimizing adverse effects,
all while maintaining good local tumor control. SRT is increasingly

becoming the preferred treatment for intracranial metastatic le-

sions, as well as brain tumors up to 3 cm in size, not only because
of its efficacy in providing good local control, but also because of
its limited long-term toxicity, especially in terms of neurocognitive

function [2].

There are three types of technology to deliver radiation during
stereotactic radiosurgery in the brain and other parts of the body:
Linear accelerator (LINAC) machines use X-rays (photons) to treat
cancerous and noncancerous abnormalities in the brain and other
parts of the body. These machines can perform stereotactic radio-
surgery (SRS) in a single session or over three to five sessions for

larger tumors, which is called fractionated stereotactic radiother-

apy.

Gamma Knife machines use 192 or 201 small beams of gamma
rays to target and treat cancerous and noncancerous brain abnor-

malities.

Proton beam therapy (charged particle radiosurgery) is the new-

est type of stereotactic radiosurgery and can treat brain cancers
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in a single session using stereotactic radiosurgery, or it can use
fractionated stereotactic radiotherapy to treat body tumors over

several sessions [3,4].

The brain imaging process, as well as the treatment of tumors,
whether benign or malignant, is very important for patients with
these diseases. Several studies have been carried out that used ra-
dioactive materials such as technetium-99m [5-8], iodine [9] and

others, according to [10-12].

The patients involved in this trial were treated in a two different
treatment regimens, single-dose radiosurgery (SRS) and fraction-
ated stereotactic radiotherapy (FSRT).

Most patients treated with the stereotactic radiotherapy tech-
nique are patients with intracranial metastases as well as a few pa-

tients with benign tumors.

Stereotactic radiotherapy for brain tumors

All patients in whom stereotactic treatment of brain tumors was
indicated were irradiated with the Volumetric Modulated Arc Ther-
apy (VMAT), RapidArc, on the linear accelerator TrueBeam, Varian
(Palo Alto, CA) with a photon energy of 6MV flattening filter free
(FFF). Image-guided radiotherapy (IGRT) applied to verify patient
position, alignment and geometric accuracy is performed using On
Board Imaging (OBI) kV imaging systems, Cone Beam computed
tomography (CBCT) and Kv-kv pair imaging.

In this research, a retrospective analysis from 2019 to 2021 in-

cluded 35 patients treated with stereotactic radiotherapy.

Most of the patients were female 20, while there were 15 male
patients. The youngest patient was 14 years old while the oldest
one was 81 years old, and the mean age of all patients was 56.5

years.

Of the total number of patients (35), most of them were diag-
nosed with a metastatic brain tumor (28) for which stereotactic
treatment was indicated. In addition to metastatic changes, pa-
tients with vestibular Schwannoma (4), trigeminal neuralgia (1),
recurrent meningioma (1) and cerebral pinealocyte (1) were treat-
ed with the stereotactic technique (Chart 1).

Of the total number of patients (pt) with metastatic changes in

the brain (28pt), the most common is a single-fraction treatment
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Chart 1: Shows the number of patients in relation to the type of

tumor treated.

regimen (15pt) with the most commonly delivered dose of 18 Gy, a
fractionated regimen in 5 fractions (7pt) with a dose of 20 Gy, and a
fractionated regimen in 3 fractions (6pt) with the most commonly
delivered dose of 21 Gy (Chart 2).
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Chart 2: The most frequently used fractionation regimen in

relation to the number of patients.

The most of the patients treated for brain metastases, received
a dose of 18Gy in a single-fraction regimen of planned treatment
dose, (Chart 3).

In addition to the treatment of metastatic brain lesions, table
1, shows the fractionation regimens and total dose to other rep-
resented brain tumors treated with the stereotactic radiotherapy

technique.

Citation: Enis Tinjak, et al. “Stereotactic Radiosurgery and Stereotactic Radiotherapy for Brain Tumors". Acta Scientific Medical Sciences 5.9 (2021):

12-17.



Stereotactic Radiosurgery and Stereotactic Radiotherapy for Brain Tumors

Chart 3: Shows the prescribed radiation doses in relation to the

number of patients for brain metastases.
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Table 1: Radiation dose and fractionation for other brain tumors
in SRT technique.

Immobilization of the patient for SRS treatment

Positioning and immobilization of the patients for SRS treat-
ment is performed using the trUpoint ARCH system, CIVCO radio-
therapy (Figure 1 and 2).

Treatment planning

Treatment planning for SRS treatment is performed using the
Eclipse planning system, Varian. Defining and contouring the tar-
get volume and organs at risk is done on the basis of imaging CT
simulator for planning (Canon Aquillion LB) and fusion of magnet-
ic resonance imaging (MRI). The verification and QA of the radio-

therapy plan on the linear accelerator is performed using a Matrixx
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Figure 1: trUpoint ARCH system for SRS.

Figure 2: Positioning and immbilization of the patient using the

trUpoint ARCH system for SRS treatment.

Evolution phantom (IBA Dosimetry) where the deviations must

not exceed 2 mm and 2%, gamma pass.

IGRT for stereotactic treatment
The procedure of verification of the patient's position and geo-
metric accuracy during the patient's treatment is performed on the

basis of CBCT images.

The patient is positioned in a completely identical position as
on the CT simulator following the setup sheet and reference mark-

ers on the patient mask.
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According to the plan and defined displacements, a delta couch

shift is performed, followed by a CBCT verification (Figure 3).

Figure 3: Pretreatment verification of patient position and
target using CBCT.

Geometric deviations in translational movements up to 2 mm,
as well as pitch and roll up to 2% can be are aligned with the pa-
tient's treatment table, after satisfactory online verification of the
target volume. Matching of images are performed based on bone
anatomical structures and online visualization and verification of
the target volume. Auto matching is limited within 2mm accord-
ing to the target volume on CBCT images reconstructed per 1mm
thickness. In case of larger deviations from the above, the patient's
position is re-checked and corrected, in consultation with a radia-
tion oncologist. Prior to the delivery of the prescribed dose, the pa-
tient is imaged at each table rotation according to the position in
the plan. A control CBCT is done at the end of treatment to check
for possible intrafractional movements, given the patient's general

condition and cooperation during treatment delivery.

Comparing the pretreatment and posttreatment CBCT images,

slight submillimeter deviations were observed (Figure 4).

This way of verifying the position of the patient and the target,
helped to establish and prove the validity and accuracy of using the
trUpoint ARCH immobilization system for SRS treatments of brain

tumors.

Based on the results of treatment and a positive outcome in
most patients treated with stereotactic radiotherapy, treatment of

patients with multiple brain metastases has begun.

Several patients with multiple intracranial metastases were ir-

radiated during the same day (Figure 5).
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Figure 4: Comparison of deviations of pretreatment and

posttreatment verification by CBCT imaging.

Figure 5: Pretreatment CBCT of a patient with multiple

metastatic disease.

Patients were treated with SRS technique with multiple metas-
tases, a total of 5 metastatic changes during the same day. The total
dose planned for each individual lesion is 12 Gy. Each metastatic

lesion had a special plan with a defined treatment isocenter.

Patients tolerated the outcome of the treatment well, with no

acute adverse reactions.

Geometric deviation on the first fraction of setup patients were
measured in total of 35 patients according to pretreatment CBCT
imaging verification. Deviations in translational and rotational
movements shown on pre-treatment CBCT images were calculated
(Chart 4).
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Chart 4: Deviation range in translational and rotational

movements calculated based on CBCB imaging.

Deviations in vertical movement from -0.28 mm to 0.31 mm in
range with a mean value in the amount of -0.03 mm of all 35 mea-
surements. Deviations in longitudinal movement from -0.22 mm to

0.23 mm in range with the mean value of 0.004 mm.

Deviations in lateral movement from -0.23 mm to 0.33 mm in
range with a mean value of -0.07 mm. The results showed that the
deviations were minimal, in most cases submilimeter and proved
the accuracy of positioning the patient with the specified immobi-

lization equipment.

According to the results so far, in the first patients irradiated
with the stereotactic technique, good therapeutic effects of local
disease control were achieved in terms of complete eradication
and reduction of metastatic changes. Longer follow-up is required
to assess late toxicity and final clinical outcome and eventual recur-

rence of the disease.

Materials and Methods

In this research article, retrospectively analyzed and were in-
cluded a total of 35 patients with brain tumors treated with ste-
reotactic radiotherapy in the period from 2019 to 2021. Data were
taken from the oncology information system Aria, (Varian, Palo
Alto, CA). All the patients tretated on linear accelerator True Beam,
Varin (Palo Alto, CA). Measurements were performed based on pre-
treatment images of CBCT on the first fraction of treatment, maxi-

mum and mean deviation values were measured.
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Results and Discussion

Since stereotactic radiotherapy is a technique that requires ex-
treme precision in the delivery of treatment, among other things, a
treatment delivery device and special equipment for immobilizing
the patient are required. Most of the patinets were with metasta-
sies in the brain (28pt) and SRS in a single-fraction treatment regi-

men (15pt) with the most commonly delivered dose of 18 Gy.

According to the results of the study, the deviations in the first
fraction of treatment based on CBCT images were in vertical move-
ment from -0.28 mm to 0.31 mm in range with a mean value in the
amount of -0.03 mm. In longitudinal movement from -0.22 mm to
0.23 mm in range with the mean value of 0.004 mm and deviations
in lateral movement from -0.23 mm to 0.33 mm in range with a
mean value of -0.07 mm. In most of patients deviations were sub-
milimeter and proved the accuracy of positioning the patient with
the specified immobilization equipment. Control evaluation of first
patients and these resaults, proved SRS to be an effective treat-
ment, which enabled its application for the treatment of multiple

brain metastases

Conclusion

Based on follow-up and evaluation of MRI controls at least 6
weeks after treatment, in patients treated with stereotactic radia-
tion technique, a significant effect of therapy with a good outcome
in eradication of metastatic and benign changes in the head region
was determined. For multiple metastases, advantages compared
with whole brain irradiation include improved local control, fewer
neurocognitive side effects, and a shorter treatment course. The
application of a linear accelerator with Kv CBCT imaging system
and special equipment for patient immobilization for SRS treat-
ment, enables accurate and precise delivery of the treatment with

the final good treatment outcome.
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