ISSN 2222-0682 (online)

World Journal of

World | Methodol 2018 December 14; 8(4): 51-58

(% Published by

JBaishideng®



World l
W\ |/ e

Contents Continuous Volume 8 Number 4 December 14, 2018

MINIREVIEWS

51 Radiosurgical techniques for the treatment of brain neoplasms: A short review
Velnar T, Bosnjak R

Raishidengs WIM | https://www.wjgnet.com I December 14,2018 | Volume 8 | Issue4 |


https://www.wjgnet.com

Contents

World Journal of Methodology
Volume 8 Number 4 December 14, 2018

ABOUT COVER

Editorial Board Member of World Journal of Methodology, Lars ] Petersen,
DSc, MD, Doctor, Professor, Department of Nuclear Medicine, Aalborg
University Hospital, Aalborg DK-9000, Denmark

AIMS AND SCOPE

World Journal of Methodology (World | Methodol, WM, online ISSN 2222-0682,
DOI: 10.5662) is a peer-reviewed open access academic journal that aims to
guide clinical practice and improve diagnostic and therapeutic skills of
clinicians.

The primary task of WJM is to rapidly publish high-quality original
articles, reviews, and commentaries that deal with the methodology to
develop, validate, modify and promote diagnostic and therapeutic
modalities and techniques in preclinical and clinical applications. WJM
covers topics concerning the subspecialties including but not exclusively
anesthesiology, cardiac medicine, clinical genetics, clinical neurology,
critical care, dentistry, dermatology, emergency medicine, endocrinology,
family medicine, gastroenterology and hepatology, geriatrics and
gerontology, hematology, immunology, infectious diseases, internal
medicine, obstetrics and gynecology, oncology, ophthalmology,
orthopedics, otolaryngology, radiology, serology, pathology, pediatrics, etc.

INDEXING/ABSTRACTING

World Journal of Methodology is now abstracted and indexed in PubMed, PubMed Central,
China National Knowledge Infrastructure (CNKI), China Science and Technology
Journal Database (CSTJ), and Superstar Journals Database.

EDITORS FOR Responsible Assistant Editor: Xiang Ii Responsible Science Editor: Fang-Fang Ji
Responsible Electronic Editor: Ying-Na Bian Proofing Editorial Office Director: Jin-Lei Wang

THIS ISSUE Proofing Editor-in-Chief: Lian-Sheng Ma

NAME OF JOURNAL COPYRIGHT

World Journal of Methodology

ISSN
ISSN 2222-0682 (online)

LAUNCH DATE
September 26, 2011

FREQUENCY

Continuous

EDITORS-IN-CHIEF
Gerhard Litscher

EDITORIAL BOARD MEMBERS

https://www.w jgnet.com/2222-0682/editotialboard.htm

EDITORIAL OFFICE
Jin-Lei Wang, Director

PUBLICATION DATE
December 14, 2018

© 2018 Baishideng Publishing Group Inc

INSTRUCTIONS TO AUTHORS

https:/ /www.wignet.com/bpg/gerinfo/204

GUIDELINES FOR ETHICS DOCUMENTS

https:/ /www.wjgnet.com/bpg/Gerlnfo/287

GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

https:/ /www.wjgnet.com/bpg/gerinfo/240

PUBLICATION MISCONDUCT

https:/ /www.wjgnet.com/bpg/gerinfo/208

ARTICLE PROCESSING CHARGE

https:/ /www.wijgnet.com/bpg/gerinfo /242

STEPS FOR SUBMITTING MANUSCRIPTS

https:/ /www.wjgnet.com/bpg/Gerlnfo/239

ONLINE SUBMISSION

https:/ /www.f6publishing.com

© 2018 Baishideng Publishing Group Inc. All rights reserved. 7901 Stoneridge Drive, Suite 501, Pleasanton, CA 94588, USA

E-mail: bpgoffice@wijgnet.com https://www.wjgnet.com

Reishidenge WIM | https:/ /www.wjgnet.com

I December 14,2018 | Volume 8 | Issue4 |



mailto:bpgoffice@wjgnet.com

wdJ M

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.5662/wjm.v8.i4.51

World Journal of
Methodology

World | Methodol 2018 December 14; 8(4): 51-58

ISSN 2222-0682 (online)

MINIREVIEWS

Radiosurgical techniques for the treatment of brain neoplasms: A
short review

Tomaz Velnar, Roman Bosnjak

ORCID number: Tomaz Velnar
(0000-0002-6283-4348); Roman
Bosnjak (0000-0001-7565-0989).

Author contributions: Velnar T and
Bosnjak R contributed equally to
this work; Velnar T designed the
research; Bosnjak R analyzed the
data; Velnar T and Bosnjak R wrote
the paper.

Conflict-of-interest statement: The
authors declare that they have no
conflicts of interest.

Open-Access: This article is an
open-access article which was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution Non
Commercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See:
http:/ /creativecommons.org/licen
ses/by-nc/4.0/

Manuscript source: Invited
manuscript

Corresponding author to: Tomaz
Velnar, MD, PhD, Department of
Neurosurgery, University Medical
Centre Ljubljana, Zaloska 7,
Ljubljana 1000, Slovenia.
tvelnar@hotmail.com

Telephone: +386-1-5223250

Fax: +386-1-5222218

Received: September 28, 2018

Peer-review started: September 28,
2018

Raishidengs WIM | https://www.wjgnet.com 51

Tomaz Velnar, Roman Bosnjak, Department of Neurosurgery, University Medical Centre
Ljubljana, Ljubljana 1000, Slovenia

Tomaz Velnar, AMEU-ECM, Maribor 2000, Slovenia

Abstract

Radiotherapy has long been used as an adjunct to neurosurgery for the treatment
of malignant and benign intracranial tumors and other intracranial lesions.
Intracranial tumors can be irradiated in three different ways: I) fractional
radiotherapy, II) stereotactic radiotherapy and III) stereotactic radiosurgery. The
third is most often by means of a gamma knife or a specially designed linear
accelerator. Additionally, radiosurgery is increasingly used in combination with
systemic therapy to treat metastases.

Key words: Neurosurgical techniques; Radiotherapy; Stereotaxy; Gamma knife; Linear
accelerator
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Core tip: Intracranial tumors can be irradiated in three different ways: with fractional
radiotherapy, stereotactic radiotherapy, and stereotactic radiosurgery. Additionally,
radiosurgery is increasingly used in combination with systemic therapy to treat
metastases.
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INTRODUCTION

Radiotherapy has long been used to treat malignant and benign intracranial
neoplasms. Its use permits greater control of tumor growth and leads to increased
patient survival'~l. Recently, a number of new neurosurgical therapies have been
developed, such as stereotactic surgery for deep-seated lesions, neuronavigation,
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minimally invasive endoport surgery, and navigated endoscopic surgery of small
parenchymal lesionst*‘l. These allow a more effective and targeted treatment of
lesions (removal or biopsy) whilst causing less damage to the surrounding tissue
(Figure 1). In modern neuro-oncological radiotherapy, the same working principle
was transferred from stereotactic neurosurgery into radiotherapy, with the aim being
the treatment of surgically inaccessible lesions with a beam from a radioactive source
or with the aid of electron acceleration”. A variety of radiosurgical techniques have
recently emerged.

At the start of the 20" century, neurosurgeon Harvey Cushing carried out over 2000
brain tumor operations; amongst these, there were 800 glioma procedures. During
some operations, he placed radioactive radium needles or wires, which he called
radium “bombs”. These were designed to irradiate the tumor and hence improve
patient survivall’. The treatment, known as brachytherapy, is a form of radiotherapy
where a radioactive source is placed directly into a tumor by means of a neurosurgical
operationt®l.

In some centers, this technique is still being used for treating brain metastases and
primary brain tumors such as glioblastomas, oligodendrogliomas, astrocytomas,
meningiomas, and craniopharyngiomasl'?. Although the results initially seemed
positive, the use of brachytherapy did not ultimately increase survival times. The
most harmful complication reported in connection to brachytherapy was the
radiation-induced late tissue necrosis!*".

RADIOSURGICAL TECHNIQUES FOR THE TREATMENT OF
INTRACRANIAL TUMORS

With the development of radiotherapy and surgical techniques, the tendency has been
to use radiotherapy either as a primary or a secondary method to treating brain
tumors. For the successful treatment of these tumors, a sufficient dose of ionizing
radiation, which is aimed at the target volume, ensures the tumor tissue is destroyed,
while conserving healthy tissue. This method of radiotherapy is possible with high-
dose targeted radiation!"!l. Three methods exist for the irradiation of intracranial
tumors: (1) fractional radiotherapy, (2) stereotactic radiotherapy, and (3) stereotactic
radiosurgery.

In fractional radiotherapy, many fractions of radiation are given to treat a lesion.
Stereotaxy is the precise three-dimensional localization of a target within a space. In
stereotactic radiotherapy, the radiation beams are stereotactically (very precisely)
targeted onto a tumor in a single dose or fractionally, relying on detailed imaging and
computerized three-dimensional treatment planning. Stereotactic radiosurgery is a
highly accurate type of radiation therapy, which uses high-powered X-rays that are
stereotactically focused onto a lesion. In contrast to other forms of radiation therapy,
which are more likely to affect the nearby healthy tissue, stereotactic radiosurgery
more specifically targets the abnormal area. Stereotactic radiosurgery is related to
stereotactic neurosurgery and radiotherapy. All three methods are stereotactic
methods, as they use the exact positional localization of a target and patient
positioning to consistently and accurately direct radiation to the same area!'"'"l. They
differ by the number of fractions applied to form the total dose received by the
patient, as well as the method of application!””l. In fractional and stereotactic
radiotherapy, a number of fractions are given to reach the total dose, with stereotactic
radiotherapy differing by stereotactically using a beam aimed at the target. In
stereotactic radiosurgery, the whole dose is stereotactically applied to the target in
one fraction"".

The type of treatment will depend upon the size, location and number of lesions,
the radiation dose needed to destroy the tumor mass, the volume of healthy tissue
that will receive the dose, important surrounding structures, and the tolerance of the
healthy tissue to the dose of radiation, and hence, its ability to regenerate. Dividing
radiation into fractions allows healthy cells to repair any damage to the genetic
material between the individual fractional treatments of low dose radiation at a faster
rate than cancerous cells!"*'".

Swedish neurosurgeon Lars Leksell, the pioneer of stereotactic radiosurgery, who
collaborated in the development of the gamma knife, defined radiosurgery as a
method that directs a single high-dose ionizing radiation onto an intracranial target,
precisely decided by computed tomography (CT) or magnetic resonance imaging
(MRI). A stereotactic frame or a polyester mesh mask, to fix and reference the head, is
used to stereotactically direct multiple beams to a target and apply a therapeutic dose
without incision"*"",

Imaging has an important role in radiotherapy treatment. Firstly, proper imaging is
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Figure 1 Anillustration of the stereotactic biopsy procedure.

A: A stereotactic frame (Leksell, Sweden) is mounted on the skull, and a probe is inserted through a previously
drilled burr hole into the brain parenchyma, the tip of the probe reaching the lesion of interest; B: A stereotactic
procedure in surgical practice with the tip inserted.

very important during the entirety of radiosurgery treatment, not only at the
beginning for pre-treatment planning but then again during the treatment itself and
during the follow-up!®*’l. Before deciding the treatment options with the patients,
modern management of brain tumors includes comprehensive staging and
surveillance with both CT and MRI to identify the intracranial metastases as early as
possible!”*l. Thereafter, prompt management with radiosurgery may commence, with
the purpose to prevent the need for surgical resection, development of neurologic
symptoms, and worsening of the clinical condition. Both CT and MRI are often
needed for planning the stereotactic treatment. Additionally, pre-treatment position
imaging verification is strongly advised to avoid possible mistreatments during the
course of stereotactic radiosurgery, although the stereotactic system itself is extremely
accuratel>'”I, In the follow-up period, imaging is important to monitor the effects of
the stereotactic treatment. As brain metastases may at first increase in size after the
stereotactic radiosurgery, it is very difficult to distinguish post-radiation changes from
a possible tumor relapse. In these situations, imaging with multiparametric MRI
techniques is very useful. In the initial identification of radiation-related changes, it
enables assessment of metabolic and physiological characteristics of the tissue and
possible tumor recurrence, and thus, may be useful for monitoring treatment changes
in intracranial neoplasms!’l.

Secondly, proper radiotherapy treatment cannot be planned without accurate CT
and MR images. The planning itself is performed on a computer, which combines and
develops CT or MR images. At this point, an oncologist and a medical physicist or a
radiographer select the target to be irradiated and calculate the dose that the tissue
will receive. The target is defined by means of a coordinate system so that each target
is defined with coordinates relating to the X-, Y-, and Z-axes. Before therapeutic
irradiation, a computer performs a simulation during which the apparatus moves into
the position for target irradiation*'?l. The stereotactic frame is used while CT images
are taken to plan the coordinates for the target, therefore playing a role as an external
reference for the coordinate system. This method of irradiation allows the target to
receive the maximal dose, with the dose received by neighboring tissue dropping
significantly. The healthy tissue receives a negligible dose of radiation, allowing for
decreased morbidity and better quality of life. With the maximum limit of the
diameter of the target being around 3 cm, this method is particularly appropriate for
the use in small brain metastases and primary intracranial lesions!">'"l.

The two most used units in radiosurgery are the linear accelerator and gamma
knife. The characteristics of both are: (1) application of a single high dose of radiation;
(2) stereotactic localization of the lesion with CT imaging; (3) the use of computerized
dose calculation, which can precisely define the amount of radiation that the central
nervous system receives; (4) a steep dose-gradient, with the target receiving the
highest dose and the dose steeply falling in the area surrounding it, so that these
tissues receive a negligible or manageable dose; and (5) an accurate application of
radiation, both spatially and in terms of dose. Technical development has allowed
more accurate planning and irradiation of intracranial lesions!*'".,

GAMMA KNIFE
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The gamma knife was first developed in 1968. The modern gamma knife is equipped
with 201 sources of the radioactive isotope Cobalt-60 built into a special “hood”
(Figure 2). The gamma knife allows for the application of a narrow beam of rays,
accurately directed at a predetermined region in the brain where the lesion is located
(Figure 3). Thus, the dose-gradient on the periphery of the target volume is very steep
so that the target receives a high dose of radiation with the surrounding tissue
preserved>?l. The treatment is planned using a stereotactically determined image
base with a computer program. The treatment is usually completed in 1 d and one
session. The gamma knife is suitable for the treatment of deep and surgically
inaccessible intracranial lesions with low mortality and with few side effects from
radiation. It is also suitable for the management of lesions that are insensitive to
conventional radiotherapy. The gamma knife is also used to treat functional disorders,
pain syndromes (such as trigeminal neuralgia), arteriovenous malformations, benign
and malignant brain tumors and their remnants after surgery. Effective treatment is
predominantly in the area of arteriovenous malformations and tumors (meningiomas,
acoustic neuromas, pituitary adenomas, and brain metastases)!"**\.

In comparison with micro-neurosurgery, the neurological deficits in patients
treated with radiosurgical techniques tend to be smaller, although technical limits and
the risk of radiation damage to the brain do exist. Even though the gamma knife is a
minimally invasive method for the treatment of a multitude of intracranial diseases, it
is not without risk. In some patients, complications such as syncopal episodes,
anxiety, and acute vessel complications can develop?'*?. Late complications include
headaches, strong facial pain (e.g., post trigeminal neuralgia treatment), newly
developed motor dysfunction (e.g., ataxia caused by edema, paresis of the facial and
oculomotor nerves, which can also occur a long time after the procedure), cases of
hydrocephalus, and late-onset epileptic seizures. The most common indications for
gamma knife treatment are: metastases (33% of patients), vestibular Schwannomas
(17%), meningiomas (16%), neuropathic pain from trigeminal neuralgia (14%),
arteriovenous malformations (8%), gliomas (5%) and the post-operative remnants of
pituitary adenomas (2% of patients)™*.

Radiosurgery is also indicated for the treatment of some cases of epilepsy and
movement disorders, as damage to a precisely defined point in the deep brain nuclei
from electromagnetic irradiation may improve a patient’s symptoms. however, this
treatment has fallen out of favor more recently, as neuromodulatory techniques are
being used more frequently. Here, the cerebral nuclei or cortex is stimulated or
inhibited by implanting an electrode to improve neural pathway function. The benefit
of this technique is that it is reversible and causes less tissue damagel*!l.

LINEAR ACCELERATOR

Linear accelerators were first used in the 1970s and are the most commonly used
devices for conventional radiotherapy and radiosurgery today. They work by
focusing a directed and shaped beam of X-rays onto a stereotactically determined
target (Figure 4). The main direction of entry of the beam of X-rays from the linear
accelerator (gantry) rotates around the patient to form a crisscross of beams, which all
intersect at the target (Figure 5). The bed can rotate about the horizontal axis to allow
irradiation from multiple trajectories to intersect at a certain point, the isocenter of the
target!”l. As is also the case with the gamma knife, radiation beams that intersect on
the target provide a large dose of ionizing radiation while minimizing the dose that
the surrounding brain tissue receives. Linear accelerators use a special device called a
collimator to shape and target the rays. In addition to primary and secondary
collimators, rays can be further shaped with circular divergent tertiary collimators!*!.
The modifications of linear accelerators include the gantry, which synchronously
rotates the robotic table carrying the patient with the entry of the beam to the target,
the system for stereotactic localization of the lesions, and improved collimators. With
the wider use of linear accelerators, it is now possible to treat larger targets. Circular
collimators were first developed for targets smaller than 3 cm in diameter and for
irregularly shaped targets. In larger targets, the irradiated volume includes an
unacceptably large volume of normal tissue. This is why collimators were developed.
They allow radiosurgery with the dynamic form of the field of exposure, and hence,
the irradiation of irregular and concave-shaped lesions. They are designed so that
they are supplemented with a special multileaf collimator system, which allows exact
coverage of the field of irradiation and comprises a multitude of micro-leaves that
allow for irradiation of even bigger (diameter 3 cm to 4 cm) and geometrically more
complex lesions. Recently, there has been a resurgence of interest in arc-based
intensity modulated radiotherapy through the use of ‘conventional’” multileaf
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Figure 2 Positioning of the patient.
A: Gamma knife and the patient position before the treatment procedure; B: Sources of radioactive cobalt are hidden in the in the “helmet” of the gamma knife, which
is located over the patient’s head.

collimator systems that can treat large tumor volumes in a single or very few passes of
the gantry[l,]-'l,QS,Z(v].

The benefits of the linear accelerator over the gamma knife are the ability of more
accurate shaping of the field of irradiation, a wider range of settings for the size of the
collimator, a more homogeneous field of irradiation for large lesions, a higher energy
of irradiation, the possibility to irradiate other parts of the body, the use of modern
computer programs, and lower costs. Linear accelerators are also widely used for
stereotactically focused fraction radiotherapy and for radiosurgical procedures. It is
also possible to radiosurgically treat extracranial lesions!*!.

CYBERKNIFE

The latest versions of linear accelerators are in the form of a robotic knife known as a
Cyberknifel”l. The Cyberknife is a robotic radiosurgical system that is computer
controlled with the help of CT or MRI. The system functions because of the interaction
between the automatic guide, the imaging system, and the linear accelerator™ .

The guidance system includes a unit for X-ray imaging with the unit for the
application of radiation being provided by a linear accelerator located on a robotic
arm. There is a specific system for the guidance of the robotic arm during irradiation.
Therefore, the robotic knife does not require a rigid attachment onto the stereotactic
frame, as is the case with a linear accelerator”’. Therefore, the position of the patient
during the treatment is more comfortable in comparison to the gamma knife or linear
accelerator. Treatment times typically range from 30 to 90 min, depending on the type
of tumor. The treatment is usually concluded in one session. Occasionally, the patient
can receive up to five sessions of radiotherapy. Besides intracranial tumors, the
robotic knife can also be used to irradiate other organs, such as lungs, liver, prostate,
kidneys, and pancreas. Another benefit of the Cyberknife is that tumors that move
during respiration can also be treated-*1.

CONCLUSION

Alongside neurosurgery, radiosurgery is a desirable secondary treatment option for
many intracranial lesions. As a primary treatment, it is most suitable in cases of deep
neurosurgically inaccessible or multiple lesions, where conventional forms of
radiotherapy are not appropriate due to the greater risk of radiation tissue
damage*>*’1. Examples include arteriovenous malformations, vestibular
Schwannomas, meningiomas, certain primary brain tumors, and brain metastases.
The number of metastases that can be treated with radiosurgery is up to five or a total
diameter of 3.5 cmP**?l. The uses of radiosurgery in treating epilepsy, functional
motor, and behavioral disorders are limited to a small number of centers globally. The
radiosurgical treatment of lesions requires a source of high energy rays and a method
of accurately applying the radiation, conforming to the target volume and preserving
the surrounding tissuet**1.

Radiosurgical techniques can be used as an independent form of treatment, in case
the volume of the lesion is not too large, or as a part of combined treatment with
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Figure 3 An example of computer planning for irradiation procedure of a residual pituitary adenoma, which

was not completely removed from the parasellar space during a transnasal approach.

In the upper row are the axial views of CT and MRI-PET images with the tumor location. In the lower row from left to
right: the frontal and sagittal views of CT and MRI-PET images. CT: Computed tomography; MRI-PET: Magnetic
resonance imaging - positron emission tomography.

surgical removal or intravascular techniques. A combination of high-resolution
diagnostic imaging, powerful computers, robotic systems, irradiation techniques, and
new achievements in radio-biological research has enabled more successful
treatment”**!l. In addition to treating intracranial lesions, radiosurgery is effectively
used in combination with systemic therapy in metastatic cancer treatment and as a
local ablative therapy with stereotactic irradiation of metastases in the lungs, liver,
and spinel*1.
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Figure 4 The stereotactic frame.
A: The stereotactic frame (BrainLab, Germany) with

the localizer cube attached, mounted on the patient’s head with four screws that fix the frame onto the skull

bone; B: The patient is brought into the CT machine prior to the combined CT imaging with the frame. CT: Computed tomography.

Figure 5 Irradiation with a linear accelerator.

A: A computer irradiation plan showing a localizer cube attached to the stereotactic frame (thick blue lines) (right image) and the direction of irradiation of the
intracranial lesion with X-rays (thin blue lines). Small images on the left show the location of two intracranial lesions that are going to be irradiated; B: The patient is
resting on the table with the head fixed in the stereotactic frame. The bed and gantry rotate about various axes, and this allows for irradiation by means of multiple

trajectories intersecting at a certain point.
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