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ABSTRACT
There have been significant technological and technical advances in radiotherapy over the last 20 years.
This paper presents the pertinent advances and examines their application in contemporary breast cancer
(BC) radiotherapy, particularly for reducing the long-term toxicity, using intensity-modulated radiation
therapy, image-guided radiation therapy, and management of breathing motion. These modern technologies
and techniques enable precise delivery of a highly conformal radiation dose distribution to the target volume
in real-time, to optimise tumour control, and minimise treatment toxicity. They have been used for the
treatment of BC in selected centres around the world. Although there is insufficient high-level evidence to
support their routine application in BC at present, implementation of these technologies has been shown to
be feasible, and could result in clinically meaningful long-term benefits for selected patients with BC.
Keywords: Breast cancer radiotherapy, intensity-modulated radiation therapy (IMRT), image-guided
radiation therapy (IGRT), motion management.

BACKGROUND
Radiotherapy is an established adjuvant treatment
for breast cancer (BC), after conservative surgery or
mastectomy, to reduce the risk of local recurrence
and BC mortality in selected patients.1,2 The target
volume for radiotherapy typically includes the
ipsilateral whole breast after conservative surgery
or the chest wall after mastectomy, and regional
lymph nodes form part of the target volume in
selected patients. Conventionally, the radiation
dose used for the adjuvant treatment of BC is
45-50 Gy delivered in 25 daily fractions over 5
weeks, followed by a tumour bed boost in selected
patients. Dose escalation to improve tumour
control, which is often a driver for the introduction
of new technology for other cancer sites, is not a
critical priority for BC. The radiation doses used
in adjuvant therapy for BC are relatively low
compared to definitive radiotherapy for some
other tumour sites, and severe acute radiation
toxicity is uncommon. However, in the context
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of the growing number of BC survivors, the key
challenge is to minimise the risk of long-term
toxicity, secondary due to the irradiation of nontargeted critical organs especially the heart, lungs,
and the contralateral breast.3-5 The long-term
toxicities of radiation-related second malignancy
and cardiac morbidity are uncommon but even
low-level radiation exposure of these normal organs
may be harmful.6
More recently, radiation target volumes and dose
fractionation used in BC have been evolving as a
result of several randomised clinical trials. These
trials of adjuvant whole breast irradiation showed
the non-inferiority of hypofractionated schedules,
including 40.0-42.5 Gy delivered in 15-16 daily
fractions to the biologically equivalent 50 Gy
in 25 daily fractions in terms of tumour control
and treatment toxicity.7,8 The overall treatment
time is further decreased to 1 week or less with
the increasingly widespread use of accelerated
partial breast irradiation, which also entails a
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change in target volume from the whole breast
to the tumour bed only, in selected patients
with early BC.9 Although the delivery of larger
fraction sizes in a shorter overall treatment
time improves patient convenience, this benefit
needs to be carefully balanced against the risk of
more long-term adverse effects, highlighting the
importance of judicious application of radiation
technical advances for reducing this risk in patients
with BC.10
The evolving practice of radiotherapy for BC has
brought into focus the importance and relevance
of new technologies and techniques to improve its
efficacy and safety. The conventional technique of
whole breast radiotherapy primarily involves two
parallel opposed tangential radiation beams (main
picture in Figure 1). They are often supplemented
by smaller ‘fields-in-field’ to improve dose
homogeneity in the target volume by delivering
additional radiation doses to the parts that do not
receive the prescribed dose from the two primary
tangential beams.11 In comparison to the other
tumour sites, whole breast radiotherapy has been
delivered at many centres without contouring of
the target volume and critical structures explicitly
on 3D computerised tomography (CT) scans to
improve dose distribution throughout the target
volume and reduce treatment toxicity. Although 3D
CT planning was proposed for BC treatment two
decades ago,12 it was not until recent years that it
became more routinely used.
The aim of the present review is to examine the
impact of the following technical advances of
radiotherapy for BC:
1.

Intensity-modulated radiation therapy (IMRT);

2. Image-guided radiation therapy (IGRT);
3. Management of breathing motion affecting the
target volume and critical organs, especially
the heart.

CONTEMPORARY TECHNOLOGIES AND
TECHNIQUES OF RADIOTHERAPY
The past two decades have witnessed significant
technological advances in radiation oncology,
enabled by the increasing availability of computer
technology to improve the characterisation of
target volume, precision of its localisation, accuracy
of radiation delivery, and homogeneity of dose
distribution in the target volume. The improvements
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in target volume characterisation and localisation
are beyond the scope of the present review.
IMRT, IGRT, and motion management primarily
concern treatment delivery. IMRT improves
homogeneity of radiation dose distribution in
the target volume and enables delivery of highly
conformal radiotherapy. IGRT is essential for accurate
and reproducible positioning of radiation beams
during treatment. Motion management is related to
IGRT, as the same imaging tools could also be utilised
to assess movements of the target, in order to
improve treatment accuracy, and critical normal
organs, to minimise radiation exposure. We present
a general review of the three techniques with
particular reference to BC. More in-depth reviews
are presented elsewhere.13-16

IMRT
The application of IMRT in the discipline of
radiation oncology is increasing rapidly. The
concept of IMRT was developed in the early 1980s,
and involved subdivision of radiation beams into
segments of different intensity, to increase the
freedom of shaping radiation dose distribution
and optimise its conformity and homogeneity in
the target volume.17 The subdivision became easily
achievable when multileaf collimators (MLCs)
became a standard accessory of most linear
accelerators used in radiotherapy delivery.18 The
MLCs consist of many thin tungsten leaves that
move independently of each other to shape the
radiation fields. They effectively function as variable
internal blocks in the beam, and conform to the
target volume of individual patients quickly and
automatically during treatment to enable radiation
delivery to multiple small fields in rapid succession.
The leaf pattern may also be dynamically modified
during treatment to further decrease the time
required for delivery of each fraction. More recently,
this dynamic delivery was further enhanced by
the capacity of linear accelerators to dynamically
modify the MLC patterns whilst rotating the
radiation source around the patient, a process
called volumetric modulated arc therapy (VMAT).19
The design of target volumes and sequence of
delivery of IMRT or VMAT are, in most cases, not
possible without computer aid.20 In the process of
‘inverse treatment planning’, the required radiation
dose distribution is clinically defined, and the best
possible method to achieve this distribution is
yielded by a computer optimisation process. This
has a number of important consequences:
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•

Contouring of all target volumes and relevant
normal organs is required for the computer
optimisation process,21 increasing the workload
of clinicians with resource implications in
individual radiotherapy centres.

•

An IMRT plan typically consists of at least seven
radiation fields, each of which is subdivided
into multiple segments. Treatment plans of this
complexity cannot intuitively be understood
and verified. They require additional quality
assurance measures, which could be additional
calculations or physical measurements, further
increasing resource requirements.13

•

The overall beam-on time for delivery of IMRT
is longer than in conventional radiotherapy,
resulting
in
more
radiation
leakage.
Improvement in conformality of radiation
dose distribution to the target volume is often
countered by an increase of low radiation
doses to normal organs distant to the target.
The potential long-term adverse effects of
low radiation dose exposure of normal organs,
particularly the risk of radiation-related second
malignancy, are an important consideration in
the application of IMRT in patients with early
BC, many of whom are long-term survivors.22

•

Since the margins applied around target
volumes to account for uncertainties in planning
and treatment delivery in IMRT are typically
smaller than in conventional radiotherapy,
reproducibility of patient set-up and regular
verification imaging become correspondingly
more important.23

There is some inconsistency in the definition of
IMRT in the literature. In whole breast radiotherapy,
the use of two parallel opposed tangential
radiation beams, supplemented by one or more
smaller beams in the same direction (field-in-field
approach; Figure 1), is sometimes referred to as
IMRT, even if inverse treatment planning and
complex field design is not a prerequisite.24 This
field-in-field approach was used in the IMRT arm of
two randomised trials of early BC, which showed
a decrease in acute radiation toxicity such as
moist desquamation in the IMRT arm compared
to 2D radiotherapy.25,26 This was associated with
an improved cosmetic outcome in the IMRT arm.26
Including these results, a systematic review has
found that radiotherapy for BC is one of the few
areas where the benefit of IMRT is proven.24
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The more contemporary definition of IMRT involves
the use of more than two beam directions and
inverse treatment planning. For whole breast
irradiation, multi-field inverse-planned IMRT may
provide additional degrees of freedom to optimise
dose distribution, particularly when the target
volume also includes the regional lymph nodes,27,28
or to reduce radiation doses to the heart for
patients with left-sided BC.29 Heart sparing has
been one of the main drivers for the introduction
of inverse-planned IMRT in BC.28,30 It is difficult
to achieve in some patients using two tangential
beams; in particular, if the target volume includes
the internal mammary lymph nodes.31 However, the
inclusion of additional beam directions requires
caution as it may paradoxically increase radiation
doses to the contralateral breast, lung, and heart.32
The role of IMRT in radiotherapy for BC
The use of a field-in-field approach for whole
breast irradiation is well-established as it not only
reduces treatment time compared to the use of
conventional wedges, but also optimises radiation
dose distribution in the target volume: a key benefit
of multifield inverse-planned IMRT without its
disadvantage of increased doses to the distal nontargeted organs. Thus, implementation of inverseplanned IMRT and VMAT for BC is likely to be
limited, with careful patient selection based on
anatomy and the need for regional nodal irradiation
rather than a ‘one size fits all’ approach informing
their utilisation.

IGRT
Verification imaging is a quality assurance measure
undertaken to confirm if the target volume is
accurately localised for treatment delivery. There
is no uniformly accepted distinction between
conventional verification imaging and IGRT.33,34
However, there is general agreement that IGRT
should include the following features:
•

Availability of high quality imaging equipment
in the treatment room;

•

Ability to visualise the actual target volume
(and not just the external markers or bony
anatomy) with the patient in treatment position,
immediately prior to treatment;

•

Presence of predefined protocols to indicate the
necessary corrective measures in the presence
of inaccurate target volume localisation on
verification images.
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Tangential
radiation beam

Field-infield beam

Figure 1: Conventional whole breast radiation treatment plan using a two tangential, parallel-opposed
beam arrangement supplemented by field-in-field.
The insert demonstrates a treatment plan for multifield, inverse-planned, intensity-modulated
radiation therapy.

Most modern linear accelerators are equipped
with imaging equipment. A commonly available
piece of equipment is the electronic portal imaging
(EPI) device, which uses the megavoltage
treatment beam to generate an image in a detector
system, built into the gantry of a linear accelerator
on the opposite side of the beam, without
exposing patients to additional radiation doses.35
Figure 2b shows an EPI of an anthropomorphic
phantom which is depicted in Figure 2a. EPI uses
megavoltage X-rays, a radiation quality optimised
for treatment and not imaging. A dedicated
diagnostic imaging unit using kilovoltage X-rays
is now available on high-end linear accelerators to
deliver high quality images as shown in Figure 2c.36
The figure shows the surgical clips implanted in
the phantom clearly. This can enable more precise
targeting of the tumour bed, delineated by surgical
clips, for the delivery of additional radiation doses
to this site, to improve tumour control in patients
undergoing breast conserving therapy.37,38

preceding treatment planning process verifies not
only correct positioning of the patient but also
the target volume and critical organs.40,41 However,
the following disadvantages of CBCT may limit its
application in BC:

Projection images from many different directions,
generated by the integrated diagnostic imaging
unit of a linear accelerator, can be combined to
form a reconstructed 3D cone beam CT (CBCT)
image set prior to treatment delivery.39 Comparison
of this image set to the image acquired during the
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•

A CBCT delivers approximately 1 Gy of radiation
dose to the imaged site. Over the course of 25
fractions, the total additional dose to the heart,
lungs, and contralateral breast is of the order
of 0.25 Gy, which is approximately 100 times
higher than the annual radiation exposure from
natural sources.42

•

A CBCT is acquired over approximately 1
minute during which motion artefacts may be
introduced. Digital tomosynthesis may be a
faster low-dose alternative in the future.43

•

CBCTs from different manufacturers have
different fields of view, some of which may not
cover the entire region of interest.

•

Shifting of the patient to a different position
on the treatment unit may be necessary to
acquire a CBCT with sufficient clearance of
the linear accelerator’s gantry in its rotation
around the patient, potentially introducing
positioning errors.
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Figure 2: Image guidance in an anthropomorphic phantom with customised breast attachments.
A) The phantom on a radiation treatment couch. Customised breast attachments were made from wax. B)
Electronic portal image of the breast attachment acquired using megavoltage (MV) treatment beam. C)
Image of the breast attachment acquired using diagnostic X-ray equipment integrated into the gantry of a
linear accelerator. The surgical clips implanted into the phantom are visible only in this image.
Taken from Willis et al.48

The other modalities that may be used for IGRT of
BC are ultrasound44 and, most recently, magnetic
resonance imaging.45,46 However, these modalities
require new skill sets and are not widely available
at present.

Motion Management

quiet breathing,50 the aim of motion management
in whole breast radiotherapy is to reduce radiation
doses to normal structures; in particular, the
heart, which moves with breathing in relation to
the target volume.51,52 Motion management can be
achieved using a variety of approaches, ranging
from increasing the target volume to take motion
into account, to immobilisation, gated delivery,
and deep inspiration breath hold (DIBH).16 In gated
delivery the radiation beam is turned on only
during predetermined phases of the breathing
cycle to effectively ‘freeze’ the organ motion during
radiation delivery and decrease treatment set-up
uncertainty.53 Its application in BC is predicated
on the movement of the heart away from the
high dose region of the target volume during
inhalation.50,54 DIBH capitalises further on this
movement during deep inhalation, as illustrated
in Figure 3.55-59

Motion management could improve the precision
of radiation delivery to targets that move,
particularly with the breathing cycle.16,49 As chest
wall motion is typically relatively limited during

An additional benefit of DIBH radiotherapy is
that lung density is reduced and, as such, there
is less healthy lung tissue in the radiation field,
potentially reducing the probability of lung toxicity.

The role of IGRT in radiotherapy for BC
Although CBCT offers high quality verification
images, this benefit needs to be balanced against
the potential harm of additional radiation exposure
to normal organs of patients and introduction
of motion artefacts during its acquisition. Its
application will likely increase if complex IMRT47
and partial breast irradiation48 become more
widely used. However, EPI is currently the preferred
option for verification imaging in most patients
undergoing radiotherapy for BC.
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Radiation beams

Posterior beam edge

Free Breathing

Free Breathing

DIBH
Deep inspiration

Figure 3: Planning computerised tomography scans of a patient with left-sided breast cancer after breast
conserving surgery, demonstrating the decrease in cardiac volume in the target volume during deep
inspiration compared with free breathing. The heart moved inferiorly on the diaphragm and out of the
radiation field during deep inhalation.
DIBH: deep inspiration breath hold.

It is also important to note that DIBH, in the
commonly used supine treatment position but
not in the prone position, confers benefit to
patients irrespective of the treatment technique
used. In addition, a recent review of heart sparing
approaches indicated that different techniques
could complement each other.30 For example,
IMRT may further improve heart sparing in
patients treated using DIBH.59 However, as with
other new techniques, DIBH must be implemented
in practice carefully as treatment planning needs
to be aligned with the DIBH state, and the
breathing cycle of the patient should be monitored
to ensure reproducible treatment set-up.
The role of motion management in radiotherapy
for BC
Cardiac toxicity is an important consideration for
patients undergoing left-sided breast radiotherapy,
particularly with the increasing use of potentially
cardiotoxic systemic therapeutic agents, including
anthracyclines and trastuzumab (Herceptin®).60
Motion management using DIBH can be an effective
method of reducing radiation dose to the heart to
decrease the risk of cardiac toxicity. It is anticipated
that DIBH will become increasingly used in
radiotherapy for BC.
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CONCLUSION
New radiation technologies and techniques have
the potential to improve the efficacy and safety of
radiotherapy for patients with early BC. However,
the maxim of ‘primum non nocere’ is particularly
relevant in these patients as the majority of them
are long-term survivors. Thus, implementation of
new radiation technologies and techniques must
be scientifically rigorous and measured with
patient safety as a key consideration. As IMRT
and IGRT involve the delivery of additional low
radiation doses to normal organs distal to the target
volume, identification of patients who would derive
the most benefit from the techniques is critical.
An important consideration in implementing new
radiation technologies and techniques is that
they are often complementary to each other. For
example, motion management would not be
possible without high quality image guidance, and
delivery of the highly conformal radiation dose
distribution of IMRT is dependent on IGRT. Thus, it
is necessary that new technological and technical
advances in radiation oncology are not examined
in isolation from each other. A multidisciplinary
approach is key to their successful implementation
to improve patient outcomes.

EMJ EUROPEAN MEDICAL JOURNAL

Acknowledgements
The authors would like to thank David Willis for many discussions and the images shown in Figure 2.

REFERENCES
1.
Early
Breast
Cancer
Trialists’
Collaborative Group. Favourable and
unfavourable effects on long-term
survival of radiotherapy for early breast
cancer: an overview of the randomised
trials. Lancet. 2000;355:1757-70.
2. Darby S et al; Early Breast Cancer
Trialists’ Collaborative Group. Effect of
radiotherapy after breast-conserving
surgery on 10-year recurrence and 15year breast cancer death: meta-analysis
of individual patient data for 10,801
women in 17 randomised trials. Lancet.
2011;378:1707-16.
3. Clarke M et al; Early Breast Cancer
Trialists’ Collaborative Group (EBCTCG).
Effects of radiotherapy and of differences
in the extent of surgery for early breast
cancer on local recurrence and 15-year
survival: an overview of the randomised
trials. Lancet. 2005;366:2087-106.
4. Darby SC et al. Long-term mortality
from heart disease and lung cancer after
radiotherapy for early breast cancer:
prospective cohort study of about
300,000 women in US SEER cancer
registries. Lancet Oncol. 2005;6:557-65.
5. Darby SC et al. Risk of ischemic heart
disease in women after radiotherapy for
breast cancer. N Engl J Med. 2013;368:
987-98.
6. The 2007 Recommendations of the
International Commission on Radiological
Protection. ICRP publication 103. Ann
ICRP. 2007;37:1-332.
7. Haviland JS et al. The UK Standardisation
of Breast Radiotherapy (START) trials
of radiotherapy hypofractionation for
treatment of early breast cancer: 10year follow-up results of two randomised
controlled
trials.
Lancet
Oncol.
2013;14:1086-94.
8. Whelan TJ et al. Long-term results of
hypofractionated radiation therapy for
breast cancer. N Engl J Med. 2010;362:
513-20.
9. Formenti SC. External-beam-based
partial breast irradiation. Nat Clin Pract
Oncol. 2007;4:326-7.
10. Olivotto IA et al. Interim cosmetic
and toxicity results from RAPID: a
randomized trial of accelerated partial
breast irradiation using three-dimensional
conformal external beam radiation
therapy. J Clin Oncol. 2013;31:4038-45.
11. Evans PM et al. The delivery of intensity

ONCOLOGY • November 2014

modulated radiotherapy to the breast
using multiple static fields. Radiother
Oncol. 2000;57:79-89.
12. Hiraoka M et al. Use of a CT simulator
in radiotherapy treatment planning for
breast conserving therapy. Radiother
Oncol. 1994;33:48-55.
13. Hartford AC et al. American Society
for Therapeutic Radiology and Oncology
(ASTRO) and American College of
Radiology (ACR) practice guidelines for
intensity-modulated radiation therapy
(IMRT). Int J Radiat Oncol Biol Phys.
2009;73:9-14.
14. Bortfeld T. IMRT: a review and preview.
Phys Med Biol. 2006;51:R363-79.

Oncol 2008;52:99-100.
24. Veldeman L et al. Evidence behind use
of intensity-modulated radiotherapy: a
systematic review of comparative clinical
studies. Lancet Oncol. 2008;9:367-75.
25. Pignol JP et al. A multicenter
randomized trial of breast intensitymodulated radiation therapy to reduce
acute radiation dermatitis. J Clin Oncol.
2008;26:2085-92.
26. Donovan E et al. Randomised trial of
standard 2D radiotherapy (RT) versus
intensity modulated radiotherapy (IMRT)
in patients prescribed breast radiotherapy.
Radiother Oncol. 2007;82:254-64.

15. Korreman S et al. The European Society
of Therapeutic Radiology and OncologyEuropean Institute of Radiotherapy
(ESTRO-EIR) report on 3D CT-based inroom image guidance systems: a practical
and technical review and guide. Radiother
Oncol. 2010;94:129-44.

27. Popescu CC et al. Volumetric
modulated
arc
therapy
improves
dosimetry and reduces treatment time
compared to conventional intensitymodulated radiotherapy for locoregional
radiotherapy of left-sided breast cancer
and internal mammary nodes. Int J Radiat
Oncol Biol Phys. 2010;76:287-95.

16. Keall PJ et al. The management of
respiratory motion in radiation oncology
report of AAPM Task Group 76. Med Phys.
2006;33:3874-900.

28. Beckham WA et al. Is multibeam
IMRT better than standard treatment for
patients with left-sided breast cancer? Int
J Radiat Oncol Biol Phys. 2007;69:918-24.

17. Brahme A et al. Solution of an integral
equation encountered in rotation therapy.
Phys Med Biol. 1982;27:1221-9.

29. Popescu CC et al. Inverse-planned,
dynamic,
multi-beam,
intensitymodulated radiation therapy (IMRT): a
promising technique when target volume
is the left breast and internal mammary
lymph nodes. Med Dosim. 2006;31:283-91.

18. Xia P, Verhey LJ. Delivery systems of
intensity-modulated radiotherapy using
conventional multileaf collimators. Med
Dosim. 2001;26:169-77.
19. Otto K. Volumetric modulated arc
therapy: IMRT in a single gantry arc. Med
Phys. 2008;35:310-7.
20. Webb S. Intensity-modulated radiation
therapy (IMRT): a clinical reality for cancer
treatment, “any fool can understand this”.
The 2004 Silvanus Thompson Memorial
Lecture. Br J Radiol. 2005;78 Spec No
2:S64-72.
21. Nielsen MH et al. Delineation of target
volumes and organs at risk in adjuvant
radiotherapy of early breast cancer:
national guidelines and contouring atlas
by the Danish Breast Cancer Cooperative
Group. Acta Oncol. 2013;52:703-10.
22. Xu XG et al. A review of dosimetry
studies on external-beam radiation
treatment with respect to second cancer
induction. Phys Med Biol. 2008;53:
R193-241.
23. Kron T. Imaging in the radiotherapy
treatment room. J Med Imaging Radiat

30. Shah C et al. Cardiac dose sparing
and avoidance techniques in breast
cancer radiotherapy. Radiother Oncol.
2014;doi:10.1016/j.radonc.2014.04.009.
[Epub ahead of print].
31. Nielsen HM et al. A simple method
to test if the internal mammary lymph
nodes are covered by the wide tangent
technique in radiotherapy for high-risk
breast cancer. Clin Oncol (R Coll Radiol).
2003;15:17-24.
32. Stillie AL et al. Does inverse-planned
intensity-modulated radiation therapy
have a role in the treatment of patients
with left-sided breast cancer? J Med
Imaging Radiat Oncol. 2011;55:311-9.
33. Dawson LA, Jaffray DA. Advances in
image-guided radiation therapy. J Clin
Oncol. 2007;25:938-46.
34. van Herk M. Different styles of imageguided radiotherapy. Semin Radiat Oncol.
2007;17:258-67.
35.

Antonuk

LE.

Electronic

portal

EMJ EUROPEAN MEDICAL JOURNAL

89

imaging
devices:
a
review
and
historical perspective of contemporary
technologies and research. Phys Med Biol.
2002;47:R31-65.
36. Sorcini B, Tilikidis A. Clinical application
of image-guided radiotherapy, IGRT
(on the Varian OBI platform). Cancer
Radiother. 2006;10:252-7.
37. Bartelink H et al. Impact of a higher
radiation dose on local control and
survival in breast-conserving therapy of
early breast cancer: 10-year results of
the randomized boost versus no boost
EORTC 22881-10882 trial. J Clin Oncol.
2007;25:3259-65.
38. Topolnjak R et al. Image-guided
radiotherapy for breast cancer patients:
surgical clips as surrogate for breast
excision cavity. Int J Radiat Oncol Biol
Phys. 2011;81:e187-95.
39. Jaffray DA. Emergent technologies
for
3-dimensional
image-guided
radiation delivery. Semin Radiat Oncol.
2005;15:208-16.
40. Truong MT et al. Cone-beam computed
tomography image guided therapy to
evaluate lumpectomy cavity variation
before and during breast radiotherapy. J
Appl Clin Med Phys. 2013;14:4243.
41. Topolnjak R et al. Image-guided
radiotherapy for left-sided breast cancer
patients: geometrical uncertainty of
the heart. Int J Radiat Oncol Biol Phys.
2012;82:e647-55.
42. Quinn A et al. Kilovoltage conebeam CT imaging dose during breast
radiotherapy: a dose comparison between
a left and right breast setup. Med Dosim.
2014;doi:10.1016/j.meddos.2013.12.009.
[Epub ahead of print].
43. Zhang J et al. Comparing digital
tomosynthesis
to
cone-beam
CT
for position verification in patients

90

ONCOLOGY • November 2014

undergoing partial breast irradiation. Int
J Radiat Oncol Biol Phys. 2009;73:952-7.
44. Tomé WA et al. Commissioning and
quality assurance of an optically guided
three-dimensional ultrasound target
localization system for radiotherapy. Med
Phys. 2002;29:1781-8.
45. Fallone BG et al. First MR images
obtained
during
megavoltage
photon irradiation from a prototype
integrated linac-MR system. Med Phys.
2009;36:2084-8.
46. Lagendijk JJ et al. MRI/linac
integration. Radiother Oncol. 2008;86:
25-9.
47. Zhou GX et al. Clinical dosimetric
study of three radiotherapy techniques
for postoperative breast cancer: Helical
Tomotherapy, IMRT, and 3D-CRT. Technol
Cancer Res Treat. 2011;10:15-23.
48. Willis DJ et al. An optimized online
verification imaging procedure for
external beam partial breast irradiation.
Med Dosim. 2011;36:171-7.
49. Korreman SS et al. The role of
image guidance in respiratory gated
radiotherapy. Acta Oncol. 2008;47:
1390-6.
50. Bedi C et al. Comparison of
radiotherapy treatment plans for leftsided breast cancer patients based on
three- and four-dimensional computed
tomography imaging. Clin Oncol (R Coll
Radiol). 2011;23:601-7.
51. Bartlett FR et al. The UK HeartSpare
Study:
randomised
evaluation
of
voluntary deep-inspiratory breath-hold in
women undergoing breast radiotherapy.
Radiother Oncol. 2013;108(2):242-7.
52. Darby SC et al. Ischemic heart disease
after breast cancer radiotherapy. N Engl J
Med. 2013;368:2527.

53. International Commission on Radiation
Units & Measurements (ICRU) (eds.),
Prescribing, recording, and reporting
photon beam therapy (Supplement to
ICRU report 50), ICRU Report 62 (1999),
Bethesda: International Commission on
Radiological Units and Measurements, pp.
ix-52.
54. Korreman SS et al. Cardiac and
pulmonary complication probabilities for
breast cancer patients after routine endinspiration gated radiotherapy. Radiother
Oncol. 2006;80:257-62.
55. Korreman SS et al. Breathing
adapted radiotherapy for breast cancer:
comparison of free breathing gating with
the breath-hold technique. Radiother
Oncol. 2005;76:311-8.
56. Hayden AJ et al. Deep inspiration
breath hold technique reduces heart dose
from radiotherapy for left-sided breast
cancer. J Med Imaging Radiat Oncol.
2012;56:464-72.
57. Korreman SS et al. Reduction of cardiac
and pulmonary complication probabilities
after breathing adapted radiotherapy
for breast cancer. Int J Radiat Oncol Biol
Phys. 2006;65:1375-80.
58. Nissen HD, Appelt AL. Improved heart,
lung and target dose with deep inspiration
breath hold in a large clinical series of
breast cancer patients. Radiother Oncol.
2013;106:28-32.
59. Mast ME et al. Left-sided breast cancer
radiotherapy with and without breathhold: does IMRT reduce the cardiac
dose even further? Radiother Oncol.
2013;108:248-53.
60. Geiger S et al. Anticancer therapy
induced
cardiotoxicity:
review
of
the
literature.
Anticancer
Drugs.
2010;21(6):578-90.

EMJ EUROPEAN MEDICAL JOURNAL

