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Abstract. Breast cancer has been delineated as women’s cancer due to the increasing of the incidence of
this cancer in women around the world. In Indonesia, breast cancer has placed as the first rank with
36.2/100,000 incidents. Another data from GLOBOCAN 2008 reported that the estimated incidence for
breast cancer in Indonesia is 25.5% of total cancer incidence, with mortality rate 19.2 % of total cancer
mortality. Since breast cancers can be cured in early stage, an establishment of cancer management
should be done by promoting radiotherapy as one of treatment options. It is important to assess the
modern radiation therapy techniques which can improve treatment outcomes in breast cancer
management, especially in developing countries, such as Indonesia. The main objective of this article, is
to assess modern radiotherapy techniques which are clinically used for breast cancer treatment, and to
assess the possibility of the technique to be applied as an option for treating the breast cancer in
Indonesia. The assessment method has been done by literature study and found that there are few
options in modern radiotherapy such as brachytherapy, external beam radiation therapy and charged
particle therapy. However, Intensity Modulated Radiation Therapy (IMRT) and Volumetric
Modulated Radiation Therapy (VMAT), as a form of external beam radiation therapy can be used as
the best option of favorable techniques for breast radiotherapy in Indonesia due to it’s abillity to
reduce the radiation dose delivered to the organs at risk. In addition, brachytherapy might become an

option in the future.
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Introduction

The world’s statistic of cancer in women has
shown that breast cancer is the most common
incidence in women. As a consequence, breast cancer
has been delineated as women’s cancer (Ludwig H,
1994). In Indonesia, breast cancer has placed as the
first rank with 36.2/ 100000 incidents (Georgakilas,
2012). Another data from GLOBOCAN 2008 reported
that the estimated incidence for breast cancer in
Indonesia is 25.5% of total cancer incidence, with
mortality rate 19.2 % of total cancer mortality (Ferlay
et al, 2010). For this reason, the awareness about the
fighting to breast cancer should be established by
promoting early stage diagnosis, and followed by the
right option in cancer management (Kimman M,
2012).

A cancer management is commenced when a
patient has been diagnosed having cancer and
continued by treatments, such as palliative surgery,
radiation therapy and chemotherapy (WHO, 2012).
However, from the available treatment methods,
radiation  therapy  (radiotherapy) has  been
acknowledged as a significant method to kill cancer
cell solely, and /or together with hormone therapy or
chemotherapy or surgery (Barton, et al., 2006)0.
Radiation therapy or radiotherapy has been defined as
a medical therapy using radiation beams to kill cancer
cells in human body. In breast cancer cases,
radiotherapy could be given as adjuvant therapy
following mastectomy, definitive therapy following
surgery and palliative therapy on metastatic locations
(Williams and Thwaites, 1993).

In order to kill cancer cell in human body,
there are different kinds of treatment radiotherapy
methods which can be used to deliver radiation energy
into human body, namely, radionuclide therapy,
brachytherapy, external beam radiation therapy
(EBRT) and particle therapy (Metcalfe et al. 2007).
However, the most established radionuclide therapies
are treatment for thyroid gland cancers, hematologic
cancers and bone metastases (Brans et al., 2006).
Hence EBRT, brachytherapy and particle therapy are
the primary concerns.

This article is intended to assess modern
radiotherapy techniques which are clinically used for
breast cancer treatment in the world, and find the
possibility of the technique to be applied as an option
for treating breast cancer in Indonesia.

Conventional Radiotherapy

In conventional radiotherapy, external beam
radiotherapy refers to utilization of high energy X-ray
or electron beam from a basic linear accelerator or a
cobalt-60 beam (Mayles et al., 2007). A pair of beams
in the opposed tangential directions is delivered to kill
cancer cells in a particular energy range. Since the
energy range typically is between 100 kV to 25 MV, it
has led to the biological damage of normal tissue
adjacent the cancer (IAEA, 2008).

A significant feature from conventional
radiotherapy is the application of 2D X-ray films to
support the treatment delivery decision. This feature
makes it really different from modern radiotherapy,
since modern radiotherapy utilize an output from
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modern imaging devices such as computed
tomography X-ray (CT scan), magnetic resonance
imaging, and electronic portal imaging device (EPID)
(Thariat et al. 2012). In addition, the transformation
from conventional to modern radiotherapy also has
been integrated by the development of computer
hardware and software (Khan, 2010).

Modern Radiotherapy

Modern radiotherapy makes it possible to
create a normal dose distribution of radiation beam
during the delivery of radiation dose to the patients
(Fraass and Moran, 2012). It ensures that the radiation
beams can Kill cancer cells, while the normal t issues
adjacent the target organs receive a number of
radiation doses as low as possible (Levitt et al., 2012).
The development of imaging technology has
promoted the manufacturers in medical linear
accelerators to produce advanced radiation treatment
delivery methods. It makes the optimization of
radiation patterns in Three Dimensional Conformal
Radiation Therapy (3DCRT) give a maximum dose to
the target and a minimum dose to surrounding organs
(Metcalfe et al. 2007)0. Moreover, each beam might
be assigned by using a three-dimensional computer
radiotherapy treatment planning (3DRTP) software to
produce a 2D dose display (Khan, 2010)0. With the
assistance of dose display, a computation of 3D dose
to PTV can be evaluated by considering the tumor
control  probability (TCP) and normal tissue
complication probability (NTCP). As a result, these
planning data are sent to the machine after a
verification of patient position, beam placement and
dosimetry aspects (IAEA, 2008).

Volume definition in radiotherapy

When a patient has been referred to be treated
with radiation therapy, a radiation oncologist will
prescribe the treatment dose and consider some
volume of tissue adjacent the tumor site. For these
purposes, some terms in delineation of the tumor
(target organ) and normal tissue have been introduced
by the International Commission on Radiation Unit
and Measurements (ICRU) in reports 50, where the
terms for specific volume targets namely are: the
gross tumor volume (GTV), planning target volume
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Figure 1. Definition of target volumes as stated in
ICRU Report, reprinted from ICRU Report no.50
and 83, respectively (IAEA, 2008).

(PTV), clinical target volume (CTV), target volume
and irradiated volume (see Figure 1) (ICRU, 1993).

Recently, the ICRU Report has been updated
with the report number 83, which presented new terms
in volume definitions, namely organ at risk (OAR),
planning organ at risk volume (PRV), internal target
volume (ITV), treated volume (TV), remaining
volume at risk (RVR) ((ICRU, 2010). The new terms
refers to the consideration of delivered dose in by
setting up an internal margin for the organ target. For
example, an internal margin for breast cancer
radiation therapy will consider the variation of the
shape, size and position of the tumor with regard to
the surrounding organs' such as heart, lungs, muscles,
and ribs (Hoskin P, 2012).

A qualitative assessment of treatment planning
can be done by evaluating the cumulative dose
volume histogram (DVH) which displays the volume
(or percentage of total organ volume) that receives at
least a certain dose threshold (see Figure 2) from
reference (Allen et al. 2012). Figure 2.a denotes the
DVH for an ideal situation, while Figure 2.b
represents the DVH in practice. However, an ideal
DVH is difficult to be achieved, since the PTV
practically receives less than 100% of the prescribed
dose as a result of the PTV overlaps with surrounding
organs (Allen et al. 2012).
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Figure 2. A comparison between an ideal DVH (A) and a practice’s DVH (B) (Allen et al., 2012). (Reprint
from CSIRO Publication: Biomedical Physics in Radiotherapy for Cancer, permission requested).
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Intensity Modulated Radiation Therapy
(IMRT)

The utilization of modern multi leaf collimator
(MLC) was started in 1980 to replace the
conventional collimator. The modern MLC consists of
80 pairs of leaves that have capability to shape
modulated beams (Khan, 2010)0. As a result, an
advanced method of 3DCRT, called as intensity
modulated radiation therapy (Purdy, 2001), has been
investigated. Since MLC creates the shaped beams
driven by computerized system, it allows the beams
move automatically during the beam delivery process.
Moreover, the radiation contours can be fitted more
closely around the target organ to give a true
conformal dose distribution of the PTV.
Consequently, for a given radiation dose, the harmful
effect to the adjacent organs will be lower (Purdy,
2001; Rudat et al., 2011).

Figure 3 shows a comparison of beam delivery
of the IMRT and the 3DCRT. It illustrates that the
IMRT has capability to create the dose distribution
with a concave shape, despite the time needed to do
an iterative optimization might be longer than that of
the 3DCRT (ICRU, 1993). This advantage makes the
IMRT chosen as the new treatment modality,
replacing the 3DCRT to kill localized cancers
(Ahamad et al., 2005). Furthermore, a review of
clinical applications has shown that the IMRT can
reduce toxicity in radiotherapy treatments for breast
cancer (Bhide and Nutting, 2010).

Image-Guided Radiation Therapy

With the advantage of high quality of CT or
MRI images during treatment planning process, IMRT
has achieved better modulated beam to the target
organs (Ling et al., 2006). However, during the
treatments, there are some important factors which
affect the precision of dose delivery, such as
interfraction motion within cancer sites, patient
motion during the treatment and the deformation of
tumor shapes (Herk, 2007). Those factors can play as
a source of error such as misalignment and overdose.
Hence, in order to control the motion as a source of
error, an advanced IMRT has been initiated as the
image-guided radiation therapy by utilizing ionizing
imaging devices during the treatment process, such as
X-ray, and CT scan, as well as non ionizing radiation

Figure 3. Comparison of beam delivery in 3DCRT
(left) and IMRT (right), reprinted from ICRU
Report no.83, reference (ICRU, 1993).
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Fig 4. A schematic of combined imaging system in
IGRT, the dashed line is shown as the system
under development. The horizontal connecting
lines indicate possible combinations with different
hardware configurations, reprinted from reference
(Chen et a I., 2009)0 (permission requested from
Springer: Radiological Physics and Technology).

imaging devices such as ultrasound and MRI (see
Figure 4) (Chen et al., 2009).

Volumetric Modulated Radiation Therapy
(VMAT)

Following the development in radiation
therapy methods, Linac vendors have released
machines which are able to change the dose rate
variation and the speed of gantry. This development
leads to the increasing treatment sites that can be
treated using external beam radiation therapy,
especially in some complicated sites where IMRT
cannot be performed effectively (Matuszak, 2010). In
1995, from the reference (in Otto, 2008), Cedric Yu
developed Intensity Modulated Arc Therapy (IMAT)
to achieve the improvement of flexibility in high
conformal radiation. Furthermore, a development
called Volumetric Modulated Arc Therapy has
overcome some IMAT’s limitation by delivering
beam in single gantry arcs in 360 degree range of
gantry while includes dose rate and gantry speed
variation. As a result, the radiation dose is lower, the
delivery is shorter, and the total body scatter dose is
lower (Walton and Broadbent, 2008). Hence VMAT
is a method with combination of effective, flexible
and optimized radiation therapy (Ruther, 2000).

Brachytherapy

Brachytherapy technique employs sealed
radioactive sources to be placed into adjacent cancer
sites.  Basically, brachytherapy is not a modern
radiotherapy technique since it has been used for more
than 100 years (Nicolini et al., 2009). A categorization
based on the delivered dose has been acknowledged,
namely low dose (LDR) , with a dose rate of less than
2 Gy per hour, high dose rate (HDR), with a dose rate
of between 2 and 12 Gy per hour and a medium dose
rate (MDR) for the dose between LDR and HDR
(Inoue, 2009).
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The application of treatment planning
software and the modern afterloading system makes
the insertion of radioactive become the important
technique in modern radiotherapy (Saphiro, 2002),
since the digital imaging devices has significant role
in defining the accuracy of the insertion of radioactive
sources to be placed adjacent the target (Robinson,
2008). There are several radioisotopes which can be
used as barchytherapy sources, but only few isotopes
are commonly used, such as Co-60, Cs-137, Au-198,
Ir-192, 1-125, and Pd-103. A summary of physical
characteristic of some brachytherapy sources has been
listed in Table 1. Hoskin and Coyle (2001) provides
the physical characteristic data of common
brachytherapy sources. All sources are man-made
radiation sources which have been produced using
neutron activation in nuclear research reactor.

Brachytherapy can be performed by using an
interstitial or intracavitary insertion method,
depending on the location tumor sites (Podgorsak and
Kainz, 2006). In breast cancer treatment, HDR
interstitial brachytherapy may be used temporarily in
the location adjacent the cancer (Polgar and Major,
2009) and it could be given after breast conserving
surgery (Rulli et al., 2010). A recent technique called
as accelerated partial breast irradiation (APBI) has
been applied wusing brachytherapy technique
(Lettmaier et al., 2011). Furthermore, a recent study
shows that brachytherapy in APBI give less toxicity to
adjacent organs and reduced treatment time
(Gomeziturriaga, 2008).

Particle therapy

The principle of particle therapy is similar to
EBRT. In EBRT, photon is used as the radiation
beams, while in particle therapy, the radiation beams
are originated from charged particles such as, proton,
neutron or light ion therapy (Spoelstra and Senan,
2008). However, at the moment only protons and
carbon ions are clinically used, because particle

therapy, especially proton therapy, has highly
conformal and homogenous radiation beam
(MacDonald et al., 2006). These unique

characteristics of proton beams are caused by protons
depositing their energy until a particular range, called
as Bragg peaks, depending on the energy. As shown
in Figure 6, a variation of the intensity and the energy

Table 1. Physical characteristic of brachytherapy
sources.

Isotope Form Half life  Average photon
energy (MeV)
Co-60 Pellet 5.26 1.25
years
Cs-137  needles, tubes, 30 years 0.66
pellet
Au-198 Seeds 2.7 days 0.41
Ir-192 Wire 73.8 0.38
days
1-125 Seeds 60 days 0.028
Pd-103 Seeds days 0.021

of the particles, the modulated Bragg peak can be
arranged from the energy of beams. As it is shown,
the Bragg peak of protons has been achieved at a
depth of + 150 mm, with the smaller dose is delivered
compared to the EBRT beams (10 MV photons)
(Levin et al., 2005)0.

The significant features of proton therapy have
been acknowledged to give some disadvantages to
pediatric patients. Despite that their critical organs can
be avoided to receive the unintended radiation doses,
pediatric patients have smaller size body, where some
critical organs are really close each others. Moreover,
they are still young and their organs are more
sensitive to radiation beam (Dinesh Mayani, 2001).
On the other hands, since proton therapy also creates
internal radiation due to neutron interaction as a result
of scattering protons, it can lead to the induction of
secondary cancer risk due to low doses to the rest of
body. It means that proton therapy may have a higher
risk of secondary cancer, more than photon therapy
(EBRT) for pediatric patients (Yoon et al., 2010).

In breast cancer, proton therapy has been
projected to reduce the dose to heart and lung (Bjork-
Eriksson and Glimelius, 2005; Dowdell et al., 2008)
as it has been reported in a comparative study using
Intensity Modulated Proton Therapy (IMPT) and
IMRT. Proton therapy is able to give lower dose to
organ at risks (OAR) (Weber et al., 2004); Macready,
2012). However, since the operational cost of proton
therapy is relatively high, the proton therapy is
unlikely to be cost-effective (Anonimous, 2012)
radiation therapy (Zelefsky et al. (2012), and needs an
analysis of socio-economic cost effective before it has
been used as a standard therapy (Spoelstra and Senan,
2008).
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Figure 5. Dose distribution of a spread out Bragg
peak of a particle beam compared 10 MV photon
beams (Levin, 2005) (adapted with permission
from Nature Publishing Group : British Journal of
Cancer).

255



International Conference on the Sources, Effects and Risks of lonizing Radiation
Bali, 10-11 October 2013

Discussion

The main findings show that the updating
techniques in modern radiotherapy have attempted to
achieve better sparing dose to normal tissues in order
to kill cancerous tissue effectively. In order to find the
best technique to spare healthy tissue, the references
in proton therapy show that proton therapy gives
better dose distribution compared to any other
radiation therapy techniques and give benefits for
breast cancer treatment. In addition, the updating
technique such as IMPT also contributes better
modulated proton beams in radiotherapy treatment.
Unfortunately, most proton therapy facilities are built
in high income countries such as US, China, Japan,
etc (MacDonald et al., 2006)0.

Furthermore, a recent concern about secondary
cancer due to modern radiation therapy has come up
during the study (Ruther et al., 2000; Nicolini et al.,
2009). Despite that the normal health tissue has been
maintained to receive as low as possible dose, but it
cannot avoid the probability of secondary cancer due
to receiving low radiation dose during radiation
treatment. However, a counter argument stated that
nevertheless radiotherapy has secondary cancer risk,
but the risk can be outweighed by the extension of life
expectancy in cancer patients after radiation therapy
(Zelefsky et al., 2012).

In addition, it is clear that the beam machines,
imaging devices and the treatment planning software
are the three important devices in development of
modern radiotherapy, but beam machines are the most
expensive equipment and play important role in the
establishment process of breast cancer management.
Furthermore, the more developed technology, the
more expensive operation and treatment cost will be.
Hence, not all modern radiotherapy can be applied for
breast cancer management in low and middle income
country like Indonesia.

Due to the lack of academic publication in
application of radiotherapy techniques in Indonesia, it
is hard to find the current data regarding application
of radiotherapy in breast cancer management in
Indonesia. As a result a popular article has been found
that a hospital (Anonimous, 2012a) has utilized Rapid
Arc, a trademark of VMAT from Varian (Anonimous,
2012b), and IMRT (Zelefsky et al., 2012) as standard
in radiotherapy. It means that there is possibility to
use advanced radiotherapy technology in breast
cancer management in Indonesia, and there are a lot
of chances to develop the technique not only for
breast cancer but also for any other cancer sites.
Moreover, these techniques are better and advanced in
radiotherapy, but the publication of both methods is
still far from number in Indoneisa academic journal.
Hence, it needs to be published more in order to share
the knowledge and increase public information about
the availability of modern radiotherapy in Indonesia.

On the other hand, since the hospital has
already utilized IMRT as one of the treatment option
in radiotherapy, an IGRT could be developed with the

support of any modern imaging devices as listed in the
reference (Matuszak et al., 2010), such as CT scan,
ultrasound, or diagnostic X-ray. As it has been
referred, IGRT is a good radiotherapy technique to
improve the motion error during radiotherapy, thus
the possibility to improve better treatment outcomes
for breast cancer will be possible by adding an IMRT
system with modern imaging devices.

The option for VMAT also favorable over
IMRT, since VMAT is an improved method from
IMRT, some comparison studies also show that
VMAT is better than IMRT in delivering conformal
beams to some cancer sites, such as breasts (Qiu et al.
2010), head and neck (Hall and Phil, 2006), and
prostate cancers (Ruben et al., 2008). In the case of
breast cancer, other studies stated that VMAT is
useful to reduce the radiation dose of significant
organs around the breast such as lung and heart
(Popescu et al., 2010).

In addition, brachytherapy has been used for
cancer treatment in few hospitals. The treatment cost
using brachytherapy eventually is lower than
treatment cost using VMAT and IMRT. It means,
brachytherapy can be used as one of treatment option
in breast cancer.

One of Research Center in National Nuclear
Energy Agency (BATAN), namely the Center of
Radioisotope and Radiopharmaceutical has conducted
research in order establishing brachytherapy seeds for
servical cancer, as it has been stated in its Strategic
Plans for the 2010- 2014 (PRR-BATAN, 2010).
Regarding to this issue, there are many possibilities to
develop the technology for breast cancer
brachytherapy. Hence, it could lead to the low cost
technology for breast cancer treatment without rely on
foreign technology resources, which might increase
the cost of radiotherapy. As a result, it will give more
chance to the breast cancer patients to get access to
modern radiotherapy.

Conclusion

To conclude, in regard to application of
modern  radiotherapy in  Indonesia, Intensity
Modulated Radiation  Therapy (IMRT) and

Volumetric Modulated Radiation Therapy (VMAT)
can be used as the best option of favorable technique
for breast cancer due to its abillity to reduce the
radiation dose delivered to the organs at risk. Both
techniques have been used in few hospitals in
Indonesia. With these techniques, there will be
possibility to develop technique to gain better
treatment outcome in breast cancer. In addition, we
are looking forward an established brachytherapy
technology from the Center of Radioisotope and
Radiopharmaceutical, with Ir-192 as one of options in
breast cancer management in Indonesia.
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