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In loving memory of our dear friend and colleague
Professor Bella Kaufman (1956–2021)

Joshua the son of Perachia Jewish sage, second century BCE, 
would say: “Appoint for yourself a master, acquire for yourself 
a friend, and judge every man to the side of merit” (Ethics of 
the Fathers, Chapter 1)

We had the great privilege to have Bella as a master and 
mentor, as well as a friend and role model, who judged all 
favourably and with great kindness. Bella was a passionate 
clinician and researcher, a mentor to many young oncologists, 
and a beloved friend to her colleagues. She combined the 
highest levels of professionalism with uncompromising 
compassion and humanitarianism. The cruel irony, of having 
the disease for which she was an expert, did not stop her for 
even one moment, from continuing her work as a devoted 
breast oncologist and researcher. She lived with her breast 
cancer with great courage and grace—her loss is a painful 
reminder to all of us of our responsibility to support and pursue 
further research to find a cure.

May her memory be a blessing,

Shani Paluch-Shimon & Einav Nili Gal-Yam

https://en.wikipedia.org/wiki/Joshua_ben_Perachiah
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Please find hereby your copy of Breast Cancer Radiation Therapy. In con-
trast to what the classical title suggests, this is an unconventional textbook, 
consisting of several sections, each of them written by dedicated specialists 
with distinct expertise on a very specific topic.

This way, we have many contributors with different expertise, writing 
completely within their current topic of interest. The editors subsequently 
assembled sections and chapters into a philharmonic final product. As such, 
our book is mainly dedicated to our patients, and it is aimed to improve breast 
cancer care by merging evidence-based facts, experiences, and expertise of 
excellent professionals who are intensively involved in cancer patients 
treatment.

Radiation therapy (RT) for breast cancer rapidly evolved from 2D 
(2-dimensional, field-based) to 3D (3-dimensional, volume-based), and from 
there gradually to more sophisticated intensity-modulated radiation therapy 
(IMRT) and volumetric-based IMRT techniques. However, centres are often 
currently working with “volumes” but continue thinking and reasoning in 
terms of “fields,” including adapting the volumes to the RT fields instead of 
the other (correct) way around.

For years, we took part in several educational programmes to implement 
the use of volume-based planning in breast RT, for which we based the vol-
umes on anatomical and clinic-pathological regions at risk. Much of the work 
was done in cooperation with the European SocieTy for Radiotherapy and 
Oncology (ESTRO) Breast Courses team. Together, we aim that RT planning 
will be based on the concept that target volumes come first, adapted per case 
based on patient- and tumour-related risk factors. Next comes the defining of 
clear dose objectives for target volumes and dose constraints for organs at 
risk. Therefore, we should not any longer be “looking “at the breast or lymph 
node “fields,” like we used to do previously for conventional simulator-based 
breast RT planning. The latter should be urgently referred to as obsolete, as it 
is formerly done for most other RT indications.

The impact of modern and new systemic therapies on current implications 
and radiation therapy synergistic interactions has been also assessed, with 
crucial contributions from experts in the clinical oncology field.

The increasing body of literature makes it difficult, if not impossible, to 
keep track with everything, thereby opening doors for misconceptions and 
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misunderstandings concerning modern breast RT.  New technologies and 
innovative radiation planning should be carefully evaluated and supervised, 
as it involves a large population of patients, in which the outcomes are to be 
evaluated up to many years after treatment (e.g. cardiac toxicity; cosmesis; 
low dose bath from volumetric-IMRT technique). Although a high burden of 
brand-new literature exists, it is very scattered and difficult to compile all 
together in order to cover the full scope of the breast cancer world of modern 
radiation oncology. Literature is too often directed at one of the multidisci-
plinary groups that together compose the field of radiation oncology: medical 
doctors, medical physicists, dosimetrists, radiation therapists, radiobiolo-
gists, again making the information scattered rather than harmonised.

Finally, we are extremely happy that much data deriving from clinical tri-
als, several led by our co-authors of the book, allowed us to progressively 
tailor RT with respect to volumes, doses, and techniques, according to each 
individual patient and tumour features.

In this special book, result of many years of friendship and professional 
collaboration between editors and contributors, we tried to bring together all 
the components of radiation oncology for breast cancer, in a handy applicable 
and useable format, bridging textbook information with hands-out teaching- 
styled modules, favouring tables and illustrations above plain text.

The authors were selected based on their knowledge, experience, and 
expertise. Some have contributed to a lifelong education radiation oncology 
and key trial that changed the management of breast cancer patients, while 
others were identified as future leaders in the field.

We are delighted and proud that so many highly esteemed colleagues from 
the entire multidisciplinary field of breast cancer oncology contributed to this 
work! We would also want to thank the many other wonderful and inspiring 
colleagues that were not included in this book and continue to contribute to 
the care of our patients.

We hope you enjoy the reading of our book as much we enjoyed working 
on it.

I would like to thank my family for their support. I thank those who did not believe 
in me, as you made me want to improve. I am grateful for those who supported and 
believed in me, many of them are collaborators in this book, as you gave me the 
strength and knowledge to power through. A special appreciation to the Israel 
Cancer Association for their endless support to our dear patients.

Orit Kaidar-Person

I feel truly privileged to have had the opportunity to work with two of the most 
respected experts in the field of breast cancer who represent for me dearest friends, 
mentors, and a great source of inspiration at the same time. I am grateful to my fam-
ily, my daughter Alice and my wife Livia, for the inexhaustible support that make 
every aspect of my life sustainable. I thank my patients, an essential component of 
my learning curve, constant inspiration, and motivation, to always improve my 
human and professional skills.
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Icro Meattini

It feels like a great privilege to working together with so many young talented col-
leagues, including Orit and Icro, as well as many who contributed to the composi-
tion of this book. We are together on a travel to further improving multidisciplinary 
diagnostic and therapeutic paradigms such as they can be optimised for every single 
patient. The future is bright, for us as “breast cancer specialists,” and even more for 
our patients!

Philip Poortmans

Ramat Gan, Israel Orit Kaidar-Person  
Florence, Italy  Icro Meattini  
Wilrijk-Antwerp, Belgium  Philip Poortmans   
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Epidemiology

Toral Gathani and David Dodwell

1.1  Background

Breast cancer is an important public health chal-
lenge accounting for one in four cancers diagnosed 
in women and almost one in seven cancer-related 
deaths in women globally. In 2020, 2.25 million 
incident breast cancers and 685,000 breast cancer-
related deaths were recorded, and these estimates 
are projected to rise to 3.2 million incident cases 
and over a million deaths by 2040. Although his-
torically considered a “disease of the west”, it 
should be noted that in 2018 roughly 50% of all 
incident cases and almost 70% of all breast cancer-
related deaths occurred in less developed regions 
of the world [1].

Breast cancer incidence rates are highly cor-
related to human development. The human devel-
opment index (HDI) is a composite measure 
taking into account health (measured by life 
expectancy), education (measured by years of 
schooling) and standard of living (measured by 
gross national income per capita) and is consid-
ered to be a fairer comparator of countries/
regions than the use of income level alone [2]. 

Breast cancer mortality rates are also correlated 
with development, with the most unfavourable 
outcomes from the disease seen in the lowest 
resource settings [3]. There have been significant 
gains made in breast cancer survival in more 
developed countries largely achieved through 
early detection and diagnosis and access to com-
prehensive cancer care [4]. The reasons for dis-
proportionate poorer survival in lower resource 
settings are multifactorial and complex but 
include low levels of cancer awareness, delays in 
presentation and variable levels of treatment pro-
vision [5].

The global age-standardised annual incidence 
rate for breast cancer is 47.8/100,000 but varies 
from an average of 75.6/100,000  in countries 
with a very high HDI to 36.1/100,000  in coun-
tries with a low HDI.  Although the incidence 
rates of breast cancer are higher in more devel-
oped countries, the absolute burden of disease is 
almost equal in less developed countries due to 
their larger population numbers. Over 80% of the 
world population live in less developed regions, 
and as these countries develop, their breast can-
cer incidence rates will increase largely as a 
result of increasing life expectancy, but also due 
to changing reproductive patterns and lifestyles 
within these populations.

Age is the most important risk factor for breast 
cancer. In the UK, 80% of breast cancer occurs in 
women over the age of 50 years, and one third in 
women over the age of 70 years, with the highest 
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age-specific risks seen in the oldest of women 
[6]. In comparison, only half of breast cancer 
occurs in women over the age of 50  years in 
poorer countries which is largely explained by 
their younger populations [7]. Female global life 
expectancy from birth varies by almost two 
decades, with an average of 81 years in Europe 
and 63 years in Africa [8] and explains in part the 
lower incidence of breast cancer in less devel-
oped regions of the world. However, the increase 
in life expectancy that is associated with develop-
ment will contribute significantly to the expected 
increase in breast cancer incidence globally.

The other risk factors of importance for the 
development of breast cancer can be classified 
into reproductive and non-reproductive. There is 
a large body of evidence supporting the role of 
hormones, and in particular exposure to endoge-
nous and exogenous oestrogens in the subsequent 
development of breast cancer. An increased 
breast cancer risk is associated with earlier men-
arche and later menopause but with differing 
magnitudes of effect. The excess risk associated 
with lengthening a woman’s reproductive years 
by 1 year at menarche is greater than the excess 
associated with 1  year’s lengthening at meno-
pause [9]. Childbearing reduces the risk of breast 
cancer and the higher the number of full-term 
pregnancies, the greater the protection. There is 
no effect of breast cancer risk associated with 
loss of pregnancy either as a result of spontane-
ous or induced abortion [10]. The risk of breast 
cancer reduces by 7% with each full-term preg-
nancy, and overall women who have had children 
have a 30% lower risk than nulliparous women. 
Women who breastfeed reduce their risk of devel-
oping breast cancer compared with women who 
do not breastfeed, and there is a dose-dependent 
effect as breast cancer risk reduces by 4% for 
every 12 months of breastfeeding [11]. The use 
of exogenous hormones in reproductive life, in 
the form of the contraceptive pill, is associated 
with a small increased risk of breast cancer [12], 
as is the use of hormone replacement therapy in 
non-reproductive life [13].

Non-reproductive factors for breast cancer of 
importance include alcohol consumption and 
obesity and should be considered modifiable risk 

factors for the disease. Alcohol consumption 
increases breast cancer risk in women who con-
sume 2–3  units of alcohol daily [14, 15]. Post- 
menopausal obesity is associated with increased 
breast cancer risk probably due to increased cir-
culating oestrogens [16], and taller women are 
also at an increased risk [17]. There is little evi-
dence to show that vegetarian diets are protective 
[18, 19].

Up to 5% of breast cancer in Western coun-
tries may be a result of a genetic predisposition to 
the disease, such as the BRCA1 and BRCA2 gene 
mutations. High-risk allele mutations probably 
account for most of the families with four or 
more cases of breast cancer, and for around 
20–25% of the familial breast cancer risk overall, 
but for only 5% of all breast cancers [20]. Women 
who have a positive history of breast cancer are at 
a two-fold increased relative risk of breast can-
cer; however, most of these women will never 
develop breast cancer and most who do will do so 
after the age of 50 years [21].

1.2  Summary

The epidemiology of breast cancer is complex 
but understanding differences in the epidemiol-
ogy of breast cancer in different countries will 
underpin the development of effective breast can-
cer care and control policies which have utility in 
different resource settings and are relevant to the 
needs of local populations and translate to 
improved outcomes from the disease.
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General Management

Riccardo Alberto Audisio, Philip Poortmans, 
and Gabriel Hortobagyi

2.1  Background

Substantial progress has been made in the con-
ceptual approach and clinical management of 
breast cancer over the past decades. Much of the 
progress was the result of hypothesis-driven 
research, with stepwise improvements in all 
aspects of diagnosis and treatment of the various 
stages of the disease. Improved three- dimensional 
imaging of the primary lesion and regional lymph 
nodes resulted in improved surgical and RT plan-
ning. BCT has largely supplanted mastectomy, 
and sentinel lymph node biopsy has replaced 
axillary lymph node dissection in most patients. 
Technical progress ensures the delivery of maxi-
mally effective RT to the target area, while limit-
ing the dose to surrounding normal tissues. 
Well-designed and powered clinical trials have 

defined the respective roles and the interaction 
between surgery and RT, while the youngest dis-
cipline in the armamentarium against breast can-
cer, the use of systemic therapies, simultaneously 
made major strides. Targeted hormonal interven-
tions and cytotoxic chemotherapy are now impor-
tant tools for the management of breast cancer, 
both for metastatic disease and as an adjuvant 
treatment, to further improve outcomes. More 
recently, the introduction of newer targeted 
agents has revolutionised the management of sev-
eral subtypes of breast cancer.

As for much of the first 70 years of the twenti-
eth century, radical mastectomy was the only 
treatment for non-metastatic disease, patients 
with suspected breast abnormalities were first 
seen and evaluated by a surgeon who, upon com-
pleting the assessment, proceeded to an incisional 
(or sometimes excisional) biopsy, followed by a 
radical mastectomy, often within hours after the 
diagnosis. Other disciplines were not involved or 
consulted, and the patient was only referred to 
other specialists in case the surgical treatment 
failed, or if the surgeon feared his treatment would 
be insufficient to control the tumour. By the mid-
century, a few courageous radiation oncologists 
proposed combinations of limited surgical exci-
sions with comprehensive RT, causing much con-
troversy. It was only in the 1960s that, by force, 
these two fields of science were brought together, 
leading to increased discussions about joint deci-
sion-making to define the best sequence and com-

R. A. Audisio 
Institute of Clinical Sciences, Sahlgrenska University 
Hospital, Göteborg, Sweden
e-mail: raudisio@doctors.org.uk 

P. Poortmans (*) 
Faculty of Medicine and Health Sciences, University 
of Antwerp, Antwerp, Belgium 

Department of Radiation Oncology, Iridium Netwerk, 
Antwerp, Belgium 
e-mail: philip.poortmans@gza.be 

G. Hortobagyi 
Department of Radiation Oncology, Iridium Netwerk, 
Antwerp, TX, Belgium
e-mail: ghortoba@mdanderson.org

2

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022 
O. Kaidar-Person et al. (eds.), Breast Cancer Radiation Therapy, 
https://doi.org/10.1007/978-3-030-91170-6_2

mailto:raudisio@doctors.org.uk
mailto:philip.poortmans@gza.be
mailto:ghortoba@mdanderson.org
https://doi.org/10.1007/978-3-030-91170-6_2


8

bination of therapies. In the 1970s, the emerging 
role of systemic therapies led to the practice of 
sequential consultations in the management of 
primary breast cancer, followed by the develop-
ment by leading cancer centres of multidisci-
plinary planning clinics, where all relevant 
diagnostic and therapeutic specialist met and dis-
cussed the optimal combination and sequence of 
therapies. These improved interactions led to bet-
ter planning and, ultimately, better long-term out-
comes. At this point, the direct communication 
and two-way discussion took place between the 
therapeutic specialists (breast surgeon, radiation 
oncologist and medical oncologist) and the diag-
nostic team (imaging and pathology), in such a 
way that they all had the opportunity to assess the 
patient before any treatment was given; this 
allowed contributing a complete and accurate 
information to the multispecialty team. Equally 
important, the results of these discussions could 
be shared with the patient and her family, the 
existing options were explained, recommenda-
tions were made and the patient’s choice of ther-
apy implemented. What a dramatic change! No 
longer did the patient wake up from anaesthesia 
for a biopsy not knowing whether she had had a 
mastectomy or not; diagnosis, staging and treat-
ment planning were now completed in a system-
atic manner, leading to better decision-making 
and improved outcomes. This process did not 
develop overnight and required concessions from 
all therapeutic team members. It also led to 
hypothesis-based multidisciplinary clinical trials 
to resolve clinical controversies.

Today, all patients with malignant breast dis-
ease have the right, as described in the recent 
update of “The requirements of a specialist breast 
centre” by the European Society of Breast Cancer 
Specialists (EUSOMA) and endorsed by the 
European Cancer Organisation as part of 
Essential Requirements for Quality Cancer Care 
(ERQCC) programme, and by ESMO, to be 
treated according to the following infrastructure 
and organisation [1]:

• Patients should be treated in a breast centre, 
including all services, from genetics and pre-
vention, over diagnosis, through the treatment 
of the primary tumour, to care of advanced 
disease, supportive, palliative and psychoso-
cial care, and follow-up.

• The multidisciplinary team (MDT) consists of 
dedicated breast cancer specialists working 
together in the breast centre, with access to all 
facilities required to deliver high-quality care 
throughout the breast cancer pathway.

• Breast cancer management entails knowledge 
of state-of-the-art literature; availability of 
guidelines, protocols, recommendations and 
minimal standards; clearly defined local poli-
cies and available resources and organise reg-
ular quality control including au breast data 
audits and formal internal review meetings.

• All new diagnoses and changes of treatment 
plans have to be discussed during a breast 
multidisciplinary meeting (MDM), where the 
core MDT members meet to evaluate and plan 
patient care at any step of the diagnostic and 
treatment process.

• If indicated, but not routinely involved for 
every patient, supplementary specialists are to 
be consulted during the multidisciplinary meet-
ing to discuss and participate in breast cancer 
care and treatment: psycho- oncologists, geriat-
ric oncologists, oncology pharmacists, nuclear 
medicine physicians, physiotherapists, plastic 
surgeons, interventional radiologists, self-
image professionals, palliative care specialists, 
clinical geneticists and prevention specialists.

• A breast centre must be of sufficient size to 
manage at least 150 newly diagnosed cases of 
early breast cancer and at least 50 cases of 
metastatic breast annually [2]. This minimum 
number is necessary to maintain expertise for 
each team member and to ensure cost- effective 
working of the breast centre [3]. Moreover, 
there is good quality data that shows that 
breast cancer survival is related to the number 
of cases treated per  annum [4]. As such, the 
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minimum caseload for core MDT members is 
clearly advised as well.

• The process of conforming to structured guide-
lines by obtaining a “Breast Centres Certification” 
is ongoing and rapidly growing [5].

Finally, the work in a breast centre has to be 
patient-centred [6]. It is now mandatory to priori-
tise, incorporating important factors including 
patient’s aims and expectations; patient’s fitness, 
frailty, life expectancy and cognition; patient’s com-
pliance to treatment; patient’s social and familial 
network; alongside with elements of rather logistic 
nature including geography and access to health 
care and the availability of caregivers. In this light, 
it is time to capitalise on the enormous number of 
real-time information collected and to get patient-
reported outcomes into the game—this would give 
unsustainable approaches a reason to disappear, 
while poorly recognised but well-appreciated treat-
ments room to become more broadly available.
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Education and Training

Sandra Turner, Zvi Symon, and Jesper Grau Eriksen

3.1  Introduction

The links between health professional education 
and training, patient outcomes and organisational 
quality and safety within health systems are well 
established [1–3]. Consequently, ensuring high- 
quality evidence-based education for all radiation 
oncology professionals is crucial in optimising 
cancer patient care, particularly for those under-
going radiation therapy.

3.2  Theoretical Background

Explicit competency- (or learning outcome-) 
based curricula are a recognised requirement for 
effective health professional learning [4, 5]. Such 
curricula must be supported by structured train-
ing programmes providing the full scope of 
opportunities for learning, appropriate supervi-
sion and assessment of progression and compe-
tence. Curriculum frameworks such as CanMEDS 
(Canadian Medical Education Directives for 
Specialists) support the design of such curricula 
[6], including for radiation oncology training [7, 
8]. Modern curriculum frameworks serve to 
highlight the multiple overlapping roles of health 
professionals in addition to their core expertise, 
e.g. medical expertise for doctors, physics knowl-
edge and skills for medical physicists, and so on 
(Fig. 3.1).

By way of example, some skills to be mas-
tered by training radiation oncologists in manag-
ing breast cancer and the links to the CanMEDS 
Medical Expert and other (‘Intrinsic’) roles are 
shown in Table 3.1.

It is important to recognise that education is 
an on-going commitment for all health profes-
sionals in order to maintain currency and exper-
tise. Life-long learning is of utmost relevance to 
the field of radiation oncology due to its rapid 
and continual evolution.

S. Turner (*) 
Western Sydney Radiation Oncology Network, 
Westmead Hospital, Westmead, NSW, Australia
e-mail: sandra.turner1@optusnet.com.au 

Z. Symon 
Chair Radiation Oncology, Sheba Medical Center, Tel 
Hashomer, Ramat Gan, Israel
e-mail: symonz@sheba.health.gov.il 

J. Grau Eriksen 
Department of Experimental Clinical Oncology, 
Aarhus University Hospital, Aarhus N, Denmark 

Department of Oncology, Research 2, Aarhus 
University Hospital, Aarhus N, Denmark
e-mail: jesper@oncology.au.dk

3

Supplementary Information The online version con-
tains supplementary material available at [https://doi.
org/10.1007/978- 3- 030- 91170- 6_3].

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022 
O. Kaidar-Person et al. (eds.), Breast Cancer Radiation Therapy, 
https://doi.org/10.1007/978-3-030-91170-6_3

mailto:sandra.turner1@optusnet.com.au
mailto:symonz@sheba.health.gov.il
mailto:jesper@oncology.au.dk
https://doi.org/10.1007/978-3-030-91170-6_3


14

Fig. 3.1 CanMEDS diagram showing the multiple roles 
of the medical specialist. (Copyright © 2015 The Royal 
College of Physicians and Surgeons of Canada. http://
www.royalcol lege.ca/rcs i te /canmeds/canmeds- 
framework- e. Reproduced with permission)

Table 3.1 Example radiation oncologist competencies 
and corresponding CanMEDS roles

Competence CanMEDS role/s
Assessing a new patient for 
breast radiation therapy

Medical expert, 
communicator

Presenting a patient & actively 
participating in a breast cancer 
multidisciplinary meeting

Medical expert, 
collaborator, 
advocate, scholar

Contouring target volumes & 
organs/structures at risk for a 
course of breast radiation 
therapy

Medical expert

Recruiting & consenting a 
woman with breast cancer to a 
clinical trial

Medical expert, 
communicator, 
scholar

Managing psychosocial/sexual 
&/or cultural issues relating to 
change in body image following 
breast cancer treatment

Medical expert, 
communicator, 
professional

Participating in a quality 
improvement project (e.g. to 
streamline bookings for breast 
radiation therapy at your centre)

Collaborator, 
leader

3.3  Foundational Oncology 
Sciences

All radiation oncology professionals require edu-
cation in the sciences underlying the safe practice 
of oncology including planning and delivery of 

radiation therapy. The different radiation oncol-
ogy professional team members need varying 
levels of expertise across the subjects of cancer/
radiation biology, radiation physics, oncological 
anatomy including imaging techniques and 
pathology.

3.4  Core Requirements 
for Training Institutions/
Departments

Training institutions should be accredited in 
accordance with national and/or international 
regulations. The training institution, either alone 
or in cooperation with other regional depart-
ments, must be adequately equipped to support 
both the workload and range of radiation oncol-
ogy services required for training professionals 
in state-of-the-art breast radiation oncology. If 
such minimum requirements cannot be met by a 
single institution, several training institutions 
should offer an integrated programme that meet 
the minimum requirements.

For standardising work-place-based training 
and ensuring that minimum competences are 
reached, the programme should be founded on a 
nationally or internationally recognised core cur-
riculum (or both). Training departments must 
also facilitate access to a formal programme of 
theoretical learning and provide resources to 
ensure trainees gain the knowledge they require. 
International courses dealing with clinical and/or 
technical skills in the management of breast can-
cer may add value to the local radiation oncology 
breast cancer curriculum [9].

The human resources necessary for high- 
quality education are vitally important. Qualified 
trainers (radiation oncologists, radiation physi-
cists and radiation therapists) that educate train-
ees should be sufficient in number to provide 
continuous training and easy access to supervi-
sion. It is advised that medical trainees are 
exposed to several radiation/clinical oncologists 
that have different perspectives on the content 
being learned. Furthermore, it is recommended 
that trainers themselves undergo ongoing train-
ing in supervision and teaching methods in order 
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to maintain a high pedagogical level of training 
delivery [9].

3.5  Requirements for Work- 
Place- Based Clinical 
and Technical Education

In order to receive comprehensive training, the 
radiation oncology trainee should be exposed to 
an adequate case-mix and a sufficient number of 
breast cancer patients to mirror the full spectrum 
of disease. Thus, trainees must have access to 
patients at all stages of cancer—from early diag-
nosis to completion of follow-up as well as in 
terminal care. It is important that the trainee 
requires the hands-on experience in all practical 
procedures that is required to work independently 
as a future specialist. Such skills are wide- 
ranging, for example, the ability to lead a breast 
cancer multidisciplinary team conference, mas-
tering difficult conversations with patients, being 
aware of acute and late morbidities and how to 
manage these, as well as having the appropriate 
technical skills in delineation and planning of 
breast cancer radiation therapy. Preferably, train-
ing should take place in departments that actively 
participate in breast cancer research in order that 
trainees be exposed to practical challenges of 
acquiring scientific data and to facilitate skills in 
critical appraisal of the scientific literature [9].

3.6  Assessment of Learning

Although summative evaluation (e.g. formal 
examinations) has value in driving learning, it 
cannot stand alone in modern work-place-based 
education. Formative assessment that evaluates 
progression in line with curriculum competencies 
(knowledge, skills and attitudes) is even more 
important and allows timely and repeated feed-
back to the trainee. In addition, formative assess-
ments help determine if the trainee can be granted 
additional responsibility in their daily work. 
Milestones and Entrusted Professional Activities 
(EPAs) have developed as useful tools to ascer-
tain such progress, i.e. does the trainee have the 

required competencies to be entrusted to work 
more independently or to aim at acquiring higher 
level skills? [10]. An example of an EPA for 
breast cancer radiation oncology is shown in 
Table 3.2.

Formative evaluation can be achieved in a 
variety of ways, for instance direct observation 
during a work procedure with structured feed-
back from a supervisor, audit of learning portfo-
lios and applying multisource feedback tools. 
These assessment methods are very reliable for 
testing practical skills and other competencies. 
Such evaluations need to be performed regularly 
throughout training in order to be most effective. 
Formative work-place-based evaluation and sum-
mative assessment are complementary and can 
supplement each other when applied in a bal-
anced way [11].

3.7  Effective Educational 
Methods

A central challenge in educating members of any 
team is to address both the lack of knowledge 
and skill of the novice and the, sometimes mis-
guided, assuredness of the experienced mem-

Table 3.2 Example of an entrusted professional activity 
(EPA) for breast cancer management

Milestone: The trainee can independently evaluate a 
radiation treatment plan for breast cancer
EPA: Independent plan evaluation
Assessed by direct structured observation by a 
supervisor including discussion of (but not limited to):
• Indication for radiation therapy, dose and 
fractionation
• Previous radiotherapy or contraindications
• Is positioning appropriate for the target in 
question?
• Evaluation of target volumes (TV) and organs at 
risk (OAR) delineation.  Sufficient number of OARs?
• Evaluation of dose levels, homogeneity and dose 
distribution
• Evaluation of constraints met or not met—median 
doses vs. max dose and use  of dose–volume 
histograms (DVH)
• Discuss the balance between TV coverage and 
OAR involvement
• If compromises are made—why, where and 
possible consequences

3 Education and Training
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bers.  Team- based education initiatives are highly 
valuable as they improve understanding of how, 
if performed incorrectly, steps of a process can 
cascade into a sequence of errors that could oth-
erwise go unrecognised and have major conse-
quences. For example, a tense painful shoulder 
girdle during the planning CT in a woman who 
has recently undergone breast and axillary sur-
gery, compounded by a cold bunker and a non-
empathic caregiver, can result in an 
unreproducible set-up for treatment delivery 
which if uncorrected, could under-dose the tar-
get or deposit unnecessary dose in normal 
tissues.

Some useful approaches to engage learners 
include:

• Peer-Based Comparisons. For example, a 
peer-based comparison of how different radia-
tion therapists/technologists deal empatheti-
cally with an anxious patient [12], or how 
different radiation oncologists contour treat-
ment volumes, or how different dosimetrists 
deal with hotspots, are helpful platforms on 
which the trainer can build their discussion 
and teaching.

• Blended Learning. Combining interactive live 
(or virtual) learning with computer-assisted 
learning (including exercises, quizzes and 
videos) such as for contouring workshops, is 
an engaging approach to learning. National 
and international societies (e.g. ASTRO, 
ESTRO, IAEA) hold contouring and treat-
ment planning workshops and refresher 
courses. It is especially enriching to connect 
with professionals at other centres to learn 
how they approach the same challenges. For 
example, ESTRO’s FALCON programme 
(Fellowship in Anatomic Delineation and 
Contouring) is an online multifunctional 
Educase® platform for contouring and delin-
eation. FALCON workshops are held for dif-
ferent disease sites and/or organs at risk 
contouring. The workshops are aimed at all 
radiation oncology professionals and trainees 
wanting to improve their contouring skills or 
to refresh knowledge. Workshops provide 
direct participant feedback and contouring 

comparisons under supervision from 
FALCON teaching faculty.

• Simulation-Based Training. To err is human. 
Virtual breast cancer RT environments allow 
trainees to make mistakes safely. The Virtual 
Education in Radiation Therapy (VERT) plat-
form (www.vertual.co.uk) [13] is a sophisti-
cated RT simulation system used mainly for 
radiation therapist technical training. Another 
example of simulation in training radiation 
oncology professionals is the use of role- 
playing actors for building communication 
skills. Audio-visual recording, debriefing and 
constructive feedback are central components 
of simulation-based training. Collaboration 
with experienced existing medical simulation 
and training facilities and the IAEA “Train the 
Trainers” initiative are useful in establishing a 
tailored programme [14].

• Error-Based Learning. Identifying and learn-
ing from common mistakes is a useful 
approach and easily implemented without 
sophisticated equipment. The inability to rec-
ognise an error is associated with a complete 
gap or an incomplete understanding of neces-
sary core knowledge components comprising 
the entirety of the process. For example, in 
Fig.  3.2, the knowledge necessary to detect 
and correct the error includes an understand-
ing of isodose plots, hotspots, the impact of 
varying separations, depth dose curves of dif-
ferent photon energies, wedges and the use of 
segments or the “field within field” concept.

3.8 Summary

In summary, there is a wealth of evidence- based 
techniques and tools for effective learning in 
radiation oncology as it applies to the treatment 
of breast cancer, as well as other tumour sites. 
These methods are not only valuable to novice 
learners in the field but should be used as part of 
life-long learning for all our professionals. It is 
the responsibility of the individual (regardless of 
seniority) as well as training institutions and 
treatment departments to ensure that knowledge 

S. Turner et al.
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Fig. 3.2 Summary figure demonstrating error-based 
learning. Supervisor notes: Ask the trainee to review the 
plan and identify the error. Note the high hotspot 
(119.9%). Discuss the cause of the hotspot including the 
large separation and use of 6MV beams only. Discuss how 

to correct the plan with the use of higher energy photons, 
wedges and/or segments (field within field). Discuss the 
corrected plan. For the full teaching slide set, go to link: 
https//etc

and skills are up to date, and “old ways” are con-
stantly challenged. These goals could not be 
more important in our rapidly evolving disci-
pline. Finally, compliance with the known 
 evidence supporting high-quality education pro-
grammes should underpin all radiation oncology 
professional training, not be considered an 
optional extra. Optimal education is thus a foun-
dation to optimal care for patients undergoing RT 
for breast cancer.
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International Criteria 
for Excellence Breast Centres

Lorenza Marotti, Isabel Teresa Rubio, 
and Luigi Cataliotti

4.1  Background

The Manifesto, following the 1st European 
Breast Cancer Conference (EBCC) [1], held in 
Florence in 1998, had drawn the attention of 
health professionals, advocacy, institutions at 
national and European level to the urgent need of 
setting up all over Europe dedicated Units for 
Breast Cancer Care. Therefore, Eusoma took the 
commitment and the challenge to define the 
requirements for such dedicated Breast Cancer 
Units [2], first published in 2000.

During the last 20 years, a lot has been done to 
achieve the difficult aim of harmonising quality 
breast cancer care in Europe, but not enough, as 
highlighted in the 2016 EBCC manifesto [3], 
which claimed that the 2016 deadline set by the 
2006 European Parliament resolution [4] has not 
been met: in Europe still too many patients do not 
have access to Breast Units or Breast Centres, as 
they are also called today.

In the last 20 years, following the first publica-
tion of the position paper, Eusoma has regularly 
updated the requirements, to make sure that these 
indications are constantly aligned with the 
advances in breast cancer care.

This document has become a milestone for the 
implementation of Breast Centres, not only for 
health professionals but also for hospital man-
agement and local/national and international 
authorities.

In 2020, Eusoma has published the last updat-
ing of the requirements, a completely revised 
document, which has seen the collaboration and 
endorsement of ECCO as part of the Quality 
Cancer Care programme and ESMO [5].

“The requirements of a specialist breast cen-
tre” gives indication on the different aspects that 
have to be taken into consideration for the man-
agement of breast cancer care, defining detailed 
requirements on how a breast centre has to be 
organised in terms of:
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 – Case load, both in the early and metastatic 
setting

 – Core and extended team
 – Multidisciplinary approach
 – Services and equipment that have to be 

available
 – Patient pathway from diagnosis to follow-up 

including advanced disease, palliative care 
and end of live

 – Research and education
 – Data collection and quality control

The principle, linking together the different 
aspects involved in breast cancer care, is the mul-
tidisciplinary approach, which is the base for 
building up a cohesive team and for ensuring an 
integrated patient care.

A retrospective, comparative interventional 
cohort study on 13,722 women has demonstrated 
that after multidisciplinary care was introduced, 
breast cancer mortality was 18% lower in the 
intervention area than in the non-intervention 
area [6]. Another national cohort study compar-
ing patients with multidisciplinary treatment with 
those without has shown a significant increase of 
survival rate in the multidisciplinary intervention 
group [7].

Expertise and dedication is another important 
element that contributes to the delivery of opti-
mal patient care, as it makes sure that health pro-
fessionals have received the adequate training, 
have reached and keep the necessary expertise in 
terms of procedures delivered per  annum, and 
time dedicated to all those other activities that 
build up a dedicated specialist, i.e. participation 
in multidisciplinary and audit meeting, outpatient 
clinics, research, scientific work, attendance at 
courses and conferences. In literature, evidence 
on specialist volume is partially based on breast 
surgery. A study found that a high hospital and 
surgeon volume predicted lower subsequent re- 
operation following breast conservative surgery 
[8]. A systemic review on the relation volume–
outcome in breast surgery has highlighted that 
improved survival was associated with high vol-
ume providers [9].

Within the concept of continuum of care and 
multidisciplinary approach, primary care plays 
an important role also in the frame of breast can-
cer care [10].

Excellence goes together with quality. Only 
through a rigorous quality control of performance 
and outcomes, a team can demonstrate the qual-
ity and the level of excellence they are offering to 
breast cancer patients.

For this reason, Eusoma has defined a set of 
Quality Indicators in Breast Cancer Care [11] 
that each Breast Centre has to monitor to make 
sure they are offering to their patients a quality 
standard of care.

To do that, it is essential that Breast Centres 
collect in a database the data for each patient 
through the pathway from diagnosis to follow-up 
and advanced disease.

The analysis of data compared with the target 
standard set by Eusoma, and/or any other refer-
ring societies, gives to the Breast Centre team the 
state of the art about the level of their patient care.

Eusoma has created a Datacentre, which in 
compliance with the European Regulation on pri-
vacy, includes data on patients treated in the 
European breast centres that undergo the certifi-
cation process based on Eusoma requirements 
and wish to participate in benchmarking activity 
(see Fig. 4.1). The datacentre makes the analysis 
on the compliance with quality indicators and for 
each Breast Centre issues a data report detailing 
the performance for each quality indicator, which 
is used for internal audit and quality indicator 
evaluation within the certification process.

This represents an important tool for discus-
sion among the health professionals to find solu-
tions to raise the bar and make all efforts to 
improve their performance to the benefit of the 
patients.

But internal audits represent only one piece of 
a comprehensive quality control.

To improve quality of care, it is important that 
Breast Centre measures with defined standard at 
national and or international level and that their 
compliance to these is evaluated by an external 
audit.

L. Marotti et al.
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Fig. 4.1 Requirements for EUSOMA accreditation Eusoma Datacentre

Looking with external eyes, through a defined 
quality scheme, i.e. certification processes or 
accreditation helps in highlighting all the issues 
that can be improved or need intervention and 
make sure that the Breast Centre takes formal 
commitment in finding solutions, taking action 
and showing compliance with the defined 
standards.

In Europe, there are several national projects 
on quality control, i.e. certification processes, 
accreditation or peer review programmes such as 
the German Cancer Society voluntary certifica-
tion system [12], the National Accreditation pro-
gramme of Breast Centre (NAPBC) run by the 
America College of surgery [13], The NABON 
Breast Cancer Audit in the Netherlands [14].

The European Commission has also devel-
oped an initiative on Breast Cancer (ECIBC), to 
develop the new edition on screening and diagno-
sis guidelines and the quality assurance scheme 
to develop a set of quality and safety require-
ments for Breast Centres in Europe [15].

A European voluntary certification process, 
“Breast Centres Certification” (see Fig. 4.2), with 
an accredited scheme, has been developed [16] 
based on the Eusoma requirements and Quality 
Indicators.

4.2  Summary

It is now more than 20  years that Eusoma has 
published the first version of the requirements of 
a specialist Breast Centre, but steps forward still 
need to be made to ensure that breast cancer 
patients has equitable access to Breast Centres in 
Europe regardless the country where they live. 
This can be achieved only with a common action 
among health professionals, policy makers and 
patients’ advocates. This is another challenge to 
show that only joining efforts and competencies 
we can make it, for the benefit of the entire soci-
ety as women play a pivotal role in the family, the 
working and social context.

4 International Criteria for Excellence Breast Centres
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Fig. 4.2 “Breast Centres Certification” based on the EUSOMA requirements and quality indicators
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Organisational Quality Assurance: 
Certification and Accreditation

Simon Oberst

5.1  Background

However good individual breast RT teams are, 
and however good the overall breast multidisci-
plinary teams (MDT), it is also important to see 
how the breast MDT sits within the overall can-
cer institution or network, and how it can draw 
upon the resources, quality systems, and research 
integration, which the institution and wider envi-
ronment can supply.

This discussion is complicated by countries 
having different health systems in which breast 
MDTs operate, which either promote or sustain:

 1. Specialist cancer hospitals aligned with 
research (for instance, France and Italy); or

 2. Centres based around general University 
Hospitals and Universities (for instance, the 
UK, the Netherlands and the Nordic coun-
tries); or

 3. Mixed health economies where private or 
insurance-funded specialist Breast Units can 
flourish, in addition to those within larger 
oncology centres (e.g. Germany and 
Switzerland).

A further challenge is posed by the imperative 
to fully leverage the benefits and knowledge of 
molecular medicine as it applies to RT. Inevitably, 
this will be more feasible in larger institutional 
units—free-standing Comprehensive Cancer 
Centres, or Comprehensive Cancer Centres 
between a University Hospital and a University 
[1]. These will tend to have the resources and 
multi-professional breadth to apply molecular pro-
filing analyses and interpretations on particular 
patients from multiple diagnostic sources to the 
breast MDT meeting [2], as well as having broad 
access to basic and translational research [3].

This more recent challenge increases the 
importance of the institutional environment in 
which the breast MDT sits. Although because of 
the incidence and prevalence of breast cancer, the 
breast MDT is often the largest team within a can-
cer centre, it is nonetheless dependent on leverag-
ing the full benefits of organisation-wide resources, 
quality systems, and scientific knowledge. For 
instance, how does the breast MDT interact with: 
histopathology services; radiology services; nurs-
ing and nurse training; operational management 
for aspects such as waiting times, outpatient 
appointments, RT and systemic therapy delivery 
units; patient trackers/case managers; electronic 
patient records, data management and analysis; 
and supportive, psychological, and palliative care?

There is therefore a vital place for organisa-
tional quality assurance in cancer. This is com-
plementary to specific practice requirements for 
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breast RT (such as outlined in the previous and 
following sections), and it leverages the institu-
tional quality systems to ensure that a breast can-
cer patient has the best possible outcomes and 
experience. Indeed, there is emerging evidence 
that patients treated within a comprehensive 
environment have better outcomes (not simply 
related to volume/quality relationships [4, 5]). 
Every clinical team knows that they operate 
within a framework where resources and opera-
tional issues require reliance on wider processes; 
these management and quality assurance pro-
cesses of the centre need to be stress-tested at an 
institutional level. Examples of institutional qual-
ity assurance processes will include procedures 
for recording Suspected Unexpected Serious 
Adverse Reactions (SUSARs); monitoring of 
waiting times at key points in the patient path-
way; recording deviations in clinical decision- 
making from approved clinical guidelines; and 
checking calibrations and functioning of key 
machines, together with comprehensive mainte-
nance contracts. Cross-cutting processes which 
should be embedded in the centre include patient 
involvement and empowerment.

Any independent quality assurance accredita-
tion process essentially requires four steps:

 1. Evidence-based sets of standards or require-
ments which are both qualitative (standards) 
and quantitative (indicators);

 2. A self-assessment process by the centre;
 3. An external independent process with audi-

tors or peer reviewers and an independent 
Accreditation Board; and

 4. An agreed improvement action plan to rem-
edy any processes or structures which were 
not fully compliant with the standards.

A number of international cancer accredita-
tion systems use this methodology in cancer and 
concentrate on an institutional approach. A nota-
ble example is that of the American College of 
Surgeons (ACS). The Commission on Cancer [6] 
has been established for many decades, begin-
ning with a surgical focus, but since the 1970s it 
has embraced more broadly all forms of diagno-
sis, treatment, and survivorship, with a particular 

concentration on the centrality of MDTs (referred 
to as Cancer Committees). Despite the huge cov-
erage of this accreditation programme (estimated 
to cover 70% of all cancer patients diagnosed in 
the USA), the standards not related to surgery are 
surprisingly general in nature. Furthermore, the 
only references to research concern the required 
percentages of patient accrual to clinical trials 
(between 2 and 6%, except for paediatric can-
cers). Specific standards related to radiation 
oncology are lacking, but each centre providing 
RT is required to have a quality assurance pro-
gramme in place for RT [5]. In 2018, the ACS 
also launched the National Accreditation Program 
for Breast Centres [7] which stands indepen-
dently of the Commission on Cancer (Cancer 
Centre/Network) programme. The standard on 
breast RT requires a subsidiary accreditation by 
relevant US RT accreditation bodies [8]. 
Regarding clinical trials (all modalities and all 
forms of trial), the required percentage accrual is 
a very modest 2% of patients. In summary, the 
US accreditation systems do little to seriously 
challenge the fault- lines between cancer research 
(evaluated by the National Cancer Institute (NCI) 
[9]) and clinical delivery.

In Europe, there are only two bodies which 
embrace an institutional-wide approach to qual-
ity assurance and accreditation in cancer. These 
are the Organisation of European Cancer 
Institutes (OECI) and the German Cancer Society 
(GCS). These bodies take different approaches to 
accreditation. The GCS essentially takes a bot-
tom- up approach based on organ-specific accred-
itation programmes/units (including Breast 
Cancer, as referred to in the section above). Only 
once an oncology centre has achieved accredita-
tion of the required percentage of organ-specific 
accreditations (more than 70% of the cancers 
treated) can the centre be further accredited and 
recognised as an “Oncology Centre”. At the end 
of 2020, 132 such oncology centres have been 
accredited by GCS in Germany, 8 in Switzerland 
and 2  in Austria [10]. Regarding research, as  
with the ACS programme, the “catalogue of 
 requirements” for the GCS Oncology Centres 
focusses only on clinical studies, the requirements 
for personnel managing those studies, and an 
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overall  requirement that 5% of newly managed 
patients in the oncology centre should be recruited 
to such studies. However, for the dozen or so 
Spitzenzentren/Interdisciplinary Comprehensive 
Cancer Centres in Germany competitively 
selected for funding every 5  years by Deutsche 
Krebshilfe, a minimum of 10% clinical trials 
accrual is expected, and a demanding set of 
research criteria are required to be met [11].

The Organisation of European Cancer 
Institutes, however, takes an organisation-wide 
and truly comprehensive view of quality assur-
ance in cancer and focusses only on cancer cen-
tres or Comprehensive Cancer Centres which 
have a minimum of 1500 (Comprehensive Cancer 
Centres 2500) new patients per year [12]. It is the 
only organisation worldwide whose standards 
encompass diagnosis, treatment, aftercare, and 
research integration in all its forms. OECI takes 
the view that improvements in cancer treatment 
are going to come principally from a bench to 
bedside and back approach. Whilst not aspiring to 
evaluate scientific excellence in depth (such as the 
European Academy of Cancer Sciences’ 
Designation of Research Excellence [13, 14]), the 
OECI standards do test research infrastructure, 
and key processes, to ensure the scientific research 
in cancer is efficiently and effectively translated 
into changes to clinical practice. Fifty- three of 
Europe’s largest cancer centres and Comprehen-
sive Cancer Centres are part of the OECI accredi-
tation programme at the time of writing, 
distributed in 18 European countries. Together, 
these centres have treated more than one million 
cancer patients since their accreditations.

The OECI standards [15] are set out in nine 
chapters (see Table 5.1) which encompass gover-
nance processes and then follow the common 
patient pathway, also embracing all forms of edu-
cation, and research. Of these, 100 Core Quality 
Standards have been published as a European 
consensus for cancer centres [16]. Because they 
are focussed on the activities within cancer cen-
tres and cancer networks, the standards do not 
include many activities of prevention and screen-
ing which are uncommon within secondary or 

tertiary centres. However, oncogenetics services, 
stop smoking programmes, and exercise and 
other programmes in prevention of cancer recur-
rence, such as that commonly provided in cen-
tres, are included within the standards.

Of relevance to breast RT, the OECI standards 
and accreditation programme ensure that MDTs 
are properly constituted to include radiation (or 
clinical) oncologists at all times; that decisions 
are taken by consensus and appropriately 
recorded; that all patients have a case manager or 
contact nurse to ensure their continuity of care; 
and that patients are structurally screened for eli-
gibility within clinical trials (including RT trials). 
And within the wider cancer centre or 
Comprehensive Cancer Centres, standards evalu-
ate whether clinicians (including radiation oncol-
ogists) are able to have protected time for research 
and trials (remunerated by university or research 
programmes); that the centre has a robust MD 
PhD programme; and that there are structured and 
regular colloquia and seminars where  clinicians 
and scientists can interact, disseminating scien-
tific and technological advances on the one hand, 
and sharing the latest clinical challenges on the 
other. Comprehensive Cancer Centres are also 
evaluated on the structure of their research pro-
grammes (including radio-genomics); infrastruc-
ture and staffing for research; and their output in 
terms of peer-reviewed publications, especially 
those of high impact.

Table 5.1 Organisation of European Cancer Institutes 
(OECI) standards in Manual 3.0; chapter subjects

Chapter Domain
Number of 
standards

1 Governance of the cancer 
centre

11

2 Organisation of quality systems 49
3 Patient involvement and 

empowerment
38

4 Multidisciplinary 28
5 Prevention and early detection 13
6 Diagnosis 36
7 Treatment and care 97
8 Research 53
9 Education and training 18

5 Organisational Quality Assurance: Certification and Accreditation
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5.2  Summary

Breast RT teams, and the MDTs of which they 
form part, should endeavour to be fully aligned 
with larger cancer infrastructures to leverage all 
aspects of comprehensiveness: exercising full 
multidisciplinarity; being embedded within sys-
tematic quality and management systems; and 
being integrated with translational cancer science 
as well as clinical research. This comprehensive-
ness should be evaluated by a recognised accredi-
tation system such as OECI, thus demonstrating 
that the breast RT service is benefiting from the 
latest research and technology and is capable of 
providing the best outcomes and experience for 
patients.
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Quality Assurance Programmes 
in Radiation Oncology

Lawrence B. Marks, Shekinah N. C. Elmore, 
and Abraham Kuten

6.1  Introduction

Radiation therapy plays an important role in 
the treatment of breast cancer—increasing both 
local control and overall survival in both the 
post- lumpectomy and post-mastectomy settings 
[1, 2]. The close proximity of the target tissues 
(e.g. breast, chest-wall, regional nodes) to critical 
normal tissues (e.g. lung, heart, brachial plexus, 
spinal cord) mandates care in the planning and 
delivery of RT.  Indeed, the therapeutic ratio of 
RT in some settings is narrow, and modest errors 
in planning/set-up can meaningfully impact this 
ratio (e.g. reduce target coverage and/or increase 
normal tissue risks). Nevertheless, this is the 
case for many disease types; radiation is a potent 
agent, and this “need for care and attention to 
detail” is largely ubiquitous within our field.

We herein briefly review the numerous initia-
tives throughout our field aimed to ensure quality 

care for all patients (i.e. not specific for breast 
cancer) and highlight several issues that are 
more-specific to assuring quality in patients 
receiving RT for breast cancer. Broadly speaking, 
strategies to assure quality can be considered to 
be technology—vs. human-based and (inter)-
national vs. local (Table 6.1), and these are mutu-
ally reinforcing and interdependent.

6.2  Broad Quality Assurance/
Improvement Initiatives

Overall, modern RT applications are generally 
very safe. The founding members of our field rec-
ognised the risks of RT and instilled within our 
field’s fabric the need for precision and careful 
oversight. Having physicists, engineers and other 
technically/quantitatively minded individuals 
integral to our practice has facilitated an objec-
tive and systematic approach to quality assur-
ance.

Our professional societies (e.g. ESTRO, 
AAPM, ASTRO) have done an excellent job gen-
erating guidance documents to facilitate the safe 
practice of radiation oncology. For example, 
there are multiple “best-practice” statements to 
guide physician’s clinical decisions and contour-
ing atlases to guide image segmentation—for 
multiple diseases, including breast cancer [3–5]. 
For dosimetry/physics, there are multiple reports 
addressing things such as machine calibration, 

L. B. Marks (*) 
Department of Radiation Oncology, and Lineberger 
Comprehensive Cancer Center, University of North 
Carolina, Chapel Hill, NC, USA
e-mail: marks@med.unc.edu 

S. N. C. Elmore 
Department of Radiation Oncology, University of 
North Carolina, Chapel Hill, NC, USA
e-mail: shekinah_elmore@med.unc.edu 

A. Kuten 
Israel Cancer Association, Department of Oncology, 
Rambam Campus, Technion University,  
Haifa, Israel

6

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022 
O. Kaidar-Person et al. (eds.), Breast Cancer Radiation Therapy, 
https://doi.org/10.1007/978-3-030-91170-6_6

mailto:marks@med.unc.edu
mailto:shekinah_elmore@med.unc.edu
https://doi.org/10.1007/978-3-030-91170-6_6


28

Table 6.1 Quality assurance strategies in radiation oncology

Technology-based Human-based
(Inter)-National 1. Guidance documents

2.  Standards for nomenclature, 
prescription, and other items

3.  Programmes to assess and assure 
interoperability of technologies

4.  Tools embedded into planning and 
delivery software

5.  Integrating the Healthcare 
Enterprise-Radiation Oncology 
(IHE-RO)

1.  Incident Learning Systems (e.g. RO-ILS, 
ROSEIS, SAFRON)

2.  Central review of plans (e.g. as part of clinical 
trials, QARC [Quality Assurance Review 
Center])

3.  Peer Review opportunities (ChartRounds, 
IAEA AFRONET)

Local (i.e. 
institutionally-based)

1.  Local adoption of recommendations 
from professional societies

2. Accreditation
3.  Machine learning and artificial 

intelligence-based initiatives

1. Creating culture supportive of QA/QI
2. Local incident reporting
3. Time-outs, checklists
4. Standardisation where able
5. Peer review
6. Huddles to promote clear communication
7. Safety rounds
8. Training
9.  Involvement of all stakeholders (including 

physicians)

NB: Assignment is somewhat arbitrary for some items as they may straddle different zones. Accreditation programmes 
touch all four zones
RO-ILS Radiation Oncology Incident Learning System, ROSEIS Radiation Oncology Safety Education and Information 
System, SAFRON Safety in Radiation Oncology, IAEA International Atomic Energy Agency

machine/software QA, interconnectivity between 
various soft/hardwares, dose calculation and 
IMRT/patient-specific QA (e.g. see https://www.
aapm.org/QualitySafety/default.asp and https://
www.estro.org/Library). The value of real-time 
peer review was recognised decades ago and per-
sists today [6, 7].

Nevertheless, errors do occur, and indeed the 
risks as well as impact of errors within radiation 
oncology appear to have perhaps increased over 
the last one to two decades related (at least in part) 
to the increased complexity of advanced tech-
niques. For example, technologies such as IMRT, 
image guidance, radiosurgery/SBRT have funda-
mentally altered the way that RT is planned and 
delivered. In many settings, with the transition 
from field- to volume-based RT, light fields or 
portal films are not suitable any more as useful as 
an “end of the line checks” of the accuracy of the 
upstream work. The number of monitor units for a 
beam/arc/plan are no longer readily intuitive or 
representative of anything clinically meaningful. 
And, the use of fewer fractions, with higher- 
doses- per-fraction (e.g. with SBRT/SRS), make it 
critical to “get it right the first time”. Newer tech-

nologies require increased efforts for many mem-
bers of the radiation oncology team; e.g. for image 
segmentation, iterative dose calculations, patient-
specific QA, image acquisition/review, treatment 
delivery. Individual’s tasks are more interdepen-
dent, with more hand-offs, thus increasing oppor-
tunities for delay and sub- optimal information 
transfer; e.g. dosimetrist image segmenta-
tion → MD image segmentation and specification 
of dose/volume constraint  →  dosimetrist plan-
ning → MD review → dosimetrist re-plan → iter-
ate →  physics check →  etc. As an illustration, 
IMRT planning and treatment initiation requires 
≈54 discrete tasks to be performed by various 
team members, with ≈15 hand-offs [8, 9].

Public awareness of radiation delivery errors in 
the USA increased after a number of high- profile 
reports in The New York Times in 2010 [10]. In the 
USA, professional societies responded by pub-
lishing additional quality and safety publications 
(e.g. the ASTRO-sponsored “Safety is no Acci-
dent”) have held several safety-focused meetings, 
expanded accreditation options and created a new 
AAPM/ASTRO-sponsored national error report-
ing system (ROILS: Radiation Oncology Incident 
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Learning System) [11, 12]. Similarly, serious 
accidents were reported in the 1990s in the United 
Kingdom, triggering a strong response by the 
National Health Service (NHS), as well as in the 
early 2000s in France, causing similar severe 
interventions. The European Radiation Oncology 
Safety Information System (ROSIS) project was 
started in the early 2000s to gather information 
about errors to promote safety through systematic 
incident reporting and analysis [13]. Similar ini-
tiatives have been implemented elsewhere as well 
(e.g. IAEA SAFRON) [14, 15]. Incident reporting 
systems are particularly helpful to us, as a field, in 
order to help create and promote a culture of qual-
ity/safety; i.e. emphasising that this cannot be 
achieved if we rely on technical considerations 
alone. Many quality/safety challenges arise due to 
suboptimal interactions of people with each other 
and with our workflows/environment, etc. (i.e. 
medicine is a human endeavour). However, as 
artificial intelligence and machine learning (AI/
ML) approaches become more integrated into 
radiation oncology, there will be increasing 
opportunities to augment human expertise in error 
prevention and detection [16, 17].

6.3  Several Quality-Related 
Issues Somewhat Unique 
to Patients with Breast 
Cancer

 1. Target volume delineation: patients receiving 
RT for breast cancer are typically being treated 
for possible residual microscopic disease, and 
target volumes are essentially CTVs. Target 
definition is thus somewhat imprecise as, for 
example, we use blood vessels and soft tissue 
borders to define at-risk nodal regions. The 
borders of the chest-wall or breast are similarly 
somewhat ambiguous. Imaging and physical 
examination (e.g. visualisation of scars, skin 
folds and palpation) are complementary; the 
physical assessment of the patient (e.g. at the 
simulator and treatment machine) remains 
important in assuring quality despite our mod-
ern imaging. There are differences between the 
contouring instructions provided by different 

professional groups that can lead to meaning-
ful variation in doses delivered to CTVs [18]. 
Quality can suffer if these guidance documents 
are interpreted too literally. For example, if the 
breast tissue is contoured erroneously extend-
ing to the midline, simple tangents would need 
to extend well-across the midline to provide 
full dosimetric coverage to this area which 
may or may not be appropriate depending on 
the location of the tumour bed and other clini-
cal factors (i.e. midline tangents were used in 
the most of the foundational studies demon-
strating the utility of breast RT and the added 
dosimetric coverage may not improve the 
therapeutic ratio in a patient with a laterally 
located tumour). On the other hand, one does 
need to be sure that the “key target tissues” are 
covered for any individual patient. Particular 
care is needed when defining in the tumour bed 
(for a boost or for definitive treatment during 
APBI). Optimally, the surgeon can leave some 
radiologic markers to help target delineation. 
In the absence of markers, the surgical cavity 
is usually readily visible, albeit sometimes a 
poor representation of the true target, i.e. the 
tissue surrounding the original tumour which 
rarely coincides with the margins around the 
cavity. Moreover, the increasing use of “cos-
metically friendly” approaches means that the 
radiologic or palpable/visible scar tissue may 
not accurately represent the tumour bed. As 
an extreme example, “oncoplastic tissue rear-
rangement surgery” makes identification of 
the post-op tumour bed virtually impossible, 
thus eliminating the possibility of boosting 
this site and the associated anti-tumour ben-
efits. Communication with surgical colleagues 
is critically important, especially as surgical 
techniques evolve. Additionally, AI/ML or 
other algorithmic approaches may improve 
consistency and quality of target delineation.

 2. Immobilisation and positioning. Accurate and 
reproducible positioning of the patient on the 
simulation/treatment table (including of the 
torso, arm, head, etc.) is required to assure 
consistent set-up. Small changes can be clini-
cally meaningful in the deformable breast 
(especially with the use of smaller RT fields 
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and/or in the prone or decubitus positions). 
Immobilisation cradles and image/surface 
guidance methods are useful for the breast. 
Further, positioning can alter the location of 
the target breast tissue relative to surrounding 
normal tissues, so care is needed during simu-
lation to define the “optimal” position. For 
example, when supine, a large breast might 
tend to fall superiorly towards the neck (due 
to gravity) and the use of an angled board to 
elevate the shoulders/head can displace the 
breast inferiorly (thus facilitating tangents 
that cover the breast without delivering dose 
to the neck and shoulder region).

Prone positioning is an effective manner to 
move much of the breast tissue away from the 
chest wall and internal normal organs and 
may improve the therapeutic ratio in cases 
where only the breast is being targeted. 
However, if the deep breast/chest wall are part 
of the target, the heart is displaced anteriorly 
when prone, and this might negatively impact 
the therapeutic ratio [19]. Further, set-up 
reproducibility may be reduced when treating 
prone (vs supine), though this issue perhaps 
can be obviated with pre-treatment imaging.

 3. Respiratory control, like DIBH, is a useful 
method to move the heart away (i.e. inferior, 
medial and posterior) from the chest wall. This 
is particularly useful when treating the left 
breast, but can also be useful when treating the 
right breast in some patients. AAPM TG 76 
provides guidance specific to DIBH [20].

 4. Narrow therapeutic ratio. While RT is a very 
effective modality for patients with breast can-
cer, optimising the therapeutic ratio is critical 
since the absolute benefits are often modest, 
and there are many nearby radiosensitive struc-
tures. Thus, small differences in item such as 
positioning, target volume delineation, and 
daily localisation can have meaningful clinical 
impacts (i.e. small differences may matter).

 5. Plethora of treatment approaches: Traditional 
beam arrangements (e.g. tangents to the 
breast, chest-wall, ±the IMNs, enface elec-
trons to the chest-wall ± IMNs, “AP” or 
“APPA” beams to the supraclavicular ± axilla) 
have been used successfully for decades. 

While certainly not ideal and nowadays to be 
considered as obsolete, their benefit is that its 
utility and shortcomings are largely recog-
nised. Newer treatment approaches (e.g. 
IMRT via an arc of photon beams or protons), 
all based on contemporary target-volume 
based RT [21], afford exciting opportunities 
to improve the therapeutic ratio of RT and 
should be aggressively considered. Further, 
within each of these approaches, there are 
many options (e.g. an infinite number of 
IMRT plans are indeed possible, and perhaps 
reasonable, for any given geometry). However, 
the unknowns associated with these new 
approaches should be acknowledged and fur-
ther study is needed. For example, especially 
volumetric photon IMRT generally might, 
depending on the approach, increase the inte-
gral dose (i.e. by increasing the volume 
exposed to a low doses outcomes) and the 
possible effects of this are not known.

6.4  Concluding Remarks

Radiation oncology is a highly technical field 
and QA/QI efforts aimed at these technical issues 
are critical. Nevertheless, the practice of radia-
tion oncology is a human endeavour, and most 
errors are linked to human-based aspects (e.g. 
workflows, communication, human–machine 
interactions). Thus, quality must be assured by 
addressing both the technical and non-technical 
aspects of our practice. Creating a culture of 
safety, in which leaders and workers together 
openly address these issues, is critical. However, 
we should refrain from well-intended measures 
that freeze the current state and slow down or 
even fully block the introduction of improve-
ments in treatment preparation or delivery.
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and Thorsten Kuehn

7.1  Introduction

Breast cancer surgery has advanced immensely 
in the last two decades. The concept of cure 
through radical mutilating operations has been 
replaced successfully by BCT with identical OS 
[1, 2]. Furthermore, the substitution of ALND 
by SLNB, in negative axilla reduced the serious 
associated morbidities to almost no impact in 
upper limb functionality [3].

For almost 20  years now BCS and SLNB 
turned into routine practice. But progression in 
knowledge did not stop there, and the concept of 
replacing an ALND by an SLNB in axilla with 
less than three nodes positive became current 
practice even before the results of the trials prov-
ing non-inferiority of ALND to regional node 
irradiation (RNI) [4, 5].

By 2015 and according to the analyses derived 
from very large retrospective databases [6], BCT 
outdated mastectomy (without PMRT) not only 
in DFS but also in OS, in early breast cancer. 
This gain being most likely the consequence of 
not only better locoregional approaches but also 
improved systemic treatments.

Locoregional treatment, previously driven 
mainly by burden of disease/staging, is nowadays 
primarily directed by tumour biology in early 
breast cancer stages. This knowledge of tumour 
biology pushed neo-adjuvant treatments (primary 
systemic therapy, PST) to replace upfront surgery 
in all triple-negative and HER2-positive stage II 
and III breast cancer and in many countries even 
in some Stage 1 (T1c) tumours. The use of PST 
allows not only less extensive surgery but, based 
on disease response, also the possibility of test-
ing tumour sensitivity in vivo, and better tailor-
ing postoperative systemic treatments in patients 
without pCR.

With the increment of responses after PST, 
mainly with chemotherapy but also with hor-
mone therapy in post-menopausal women, again 
BCS became even more conservative and axil-
lary approaches changed further from ALND 
to SLNB, not only in clinically negative axilla 
(usually clinic examination and US, and biopsy 
if suspicious) before primary systemic treatment 
but also in women with a clinically positive axilla 
before treatment that turned out into a clinically 
negative axilla before surgery.
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Along with all this progress came the intro-
duction and nowadays routine use of all the 
techniques of plastic and reconstructive breast 
surgery into the available armamentarium of 
breast surgeons [7]. Again therapeutic mamma-
plasties, partial local flaps added potentially more 
solutions to the classic BCS with better aesthetic 
outcomes without compromising the oncologic 
result [8].

And last but not least when mastectomy still 
is the choice, the use of skin sparing techniques 
with immediate reconstruction whenever pos-
sible also changed dramatically the outcome for 
all those women that were previously offered 
a total mastectomy without reconstruction [9]. 
All these improvements were obtained without 
affecting oncologic outcomes, as long as care-
ful presurgical evaluation and multidisciplinary 
discussion to consider the pros and cons of each 
approach according to disease stage and patient’s 
wishes [10].

Importantly, this evolutional pathway with so 
many new possibilities that will ultimately lead 
to optimal breast cancer care are mainly acquired 
and sustained within a trained multidisciplinary 
environment and the access to the necessary tech-
nologic armamentarium [11].

7.2  Quality Criteria in Surgery

With all the before mentioned evolution, there 
are however important endpoints that need to be 
addressed to obtain the best possible outcome for 
the patient in all fronts. The best possible locore-
gional control of the disease, the best systemic 
treatment that will give the patient the maximum 
OS and the best possible QoL.

In 2010, the first paper by EUSOMA was pub-
lished on the quality indicators in breast cancer 
care in which a set of benchmark quality indica-
tors (QIs) were described to be adopted by breast 
centres to allow standardised auditing and quality 
assurance, and to establish an agreed minimum 
standard of care [12]. An updated EUSOMA 
paper was published in 2017 [13] in order to 
incorporate new scientific knowledge in the field, 
to evaluate the experience acquired in more than 

80,000 primary cases treated in European Breast 
Centres undergoing certification procedures, and 
to encourage ongoing improvement in the level 
of care by upgrading minimum standards.

As a general concept, the quality of surgical 
approach is widely dependent on the multidisci-
plinary management adopted in a certain Breast 
Unit. The more appropriate path for the single 
patient is better determined within the multidisci-
plinary board especially for borderline situations 
or to determine indications to primary systemic 
treatments. Furthermore and just to mention 
some, other issues might be better defined if dis-
cussed in a multidisciplinary environment like 
the participation to clinical trials to increase treat-
ment options or the possible management outside 
of standard indications to avoid overtreatment in 
niches of patients (e.g. elderly or frail patients).

In the following paragraphs, we summarised 
the main quality indicators (QI) concerning dif-
ferent procedures in breast cancer surgery.

7.3  Breast Conserving Surgery

As previously pointed out [6], there is level I evi-
dence of at least equivalence of BCT compared 
to modified radical mastectomy (MRM) for early 
breast cancer. Therefore, BCT should be the first 
option in early sporadic breast cancer patients 
undergoing primary surgery also considering 
that preservation of the breast has an important 
impact on life quality and mastectomy plus breast 
reconstruction (primary or secondary, implant or 
autologous) is associated with additional risks 
and costs. Oncoplastic techniques or primary sys-
temic treatments are important tools to increase 
breast conservation rates, even in patients with an 
unfavourable breast/tumour relation or tumour 
site. There is also evidence from meta-analyses 
that ‘no ink on tumour’ can be accepted as suffi-
cient margin width in invasive disease [14]. In the 
EUSOMA recommendations, the proportion of 
patients (BRCA1 and BRCA2 patients excluded) 
with invasive breast cancer not greater than 3 cm 
(total size, including DCIS component) who 
underwent BCT as primary treatment should be 
70% as minimum standard, with a target of 85%.
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However, it is well known that significant vari-
ability occurs in re-operation after initial wide 
excision for breast cancer. Rates of re- operation 
can vary from less than 10% to more than 50%, 
being far from acceptable figures and adversely 
affecting cosmetic outcome posing additional 
stress for patients and families. In the EUSOMA 
requirements, the proportion of patients with 
invasive cancer who received a single breast 
operation for the primary tumour (excluding 
reconstruction) should be 80% as minimum stan-
dard and 90% as target. This QI encompasses not 
only the level of surgical performance but also 
reflects the proper use of preoperative imaging, 
preoperative and intraoperative handling, use of 
onco-plastic techniques and optimal pathological 
examination.

Considerable work still has to be done in order 
to increase BCT rates after PST, which is increas-
ingly used in the treatment of patients with early 
stage breast cancer. Few guidelines specifically 
address optimal loco-regional therapies and iden-
tify quality indicators in this setting. An inter-
national consortium was established to discuss 
clinical evidence and to provide expert advice 
on technical management of patients with early 
stage breast cancer. A recent paper was published 
to provide physicians with a toolbox addressing 
all major clinical questions [15].

7.4  Mastectomy

Mastectomy is still performed in 30–40% of 
breast cancer patients. The availability of breast 
reconstructive techniques largely reflects patient 
demand and should be a key consideration in the 
multidisciplinary management of breast cancer. 
In the EUSOMA recommendations, the propor-
tion of patients receiving immediate reconstruc-
tion at the same time of mastectomy should be 
at least 40% as minimum standard with a target 
defined as not applicable. However, these figures 
need to be extensively discussed, aiming that the 
number of women not receiving breast recon-
struction should be in our opinion very limited.

Modern evaluation of QI in the breast cancer 
surgery setting should be updated beyond the 

already available indicators (e.g. rate of breast 
conservation; rate of immediate reconstruc-
tion; reinterventions for insufficient margins) 
(Table  7.1) taking into consideration the fun-
damental dimension of cosmetic outcome and 
patient’ satisfaction. For instance, one of the eas-
ily evaluated variables that can help define the 
quality of the performance offered is the num-
ber of patients in whom photos have been taken 
prior to surgery and after a proper follow-up 
(6–12 months) [16].

7.5  Axillary Approach

The process of surgical de-escalation has been 
extremely effective in the field of axillary surgery 
due to the motivation change, from treatment 
to staging purposes, of the procedure. SLNB is 
clearly regarded as the gold standard to assess 
the axillary lymph node status in clinically node- 
negative patients and the proportion of patients 
with invasive cancer and clinically negative axilla 
who undergo SLNB only (excluding patients 
who received PST) should be 90% as minimum 
standard and 95% as a target. A further continu-
ous reduction in axillary lymph node dissec-
tion is ongoing especially after the publication 
of milestone randomised trials like Z-0011 and 
AMAROS [4, 5].

Another QI concerning axillary surgery is the 
proportion of patients with DCIS only who do 
not undergo axillary clearance. DCIS is a non- 
invasive disease, and tumour cells cannot spread 
to the lymph nodes in cases of pure DCIS. There-
fore, axillary staging is rarely required. In some 
patients (1–2%), the histological assessment of 
the surgical specimen reveals unexpected inva-
sive disease. A secondary SLNB is feasible and 
reliable after BCT and should be recommended 
in these patients. When mastectomy is performed, 
a secondary SLNB is sometimes technically not 
feasible because the efferent lymphatic vessels 
are destroyed by the primary surgery. Upfront 
SLNB is therefore still an option in patients who 
are scheduled for mastectomy [17]. Therefore, 
the minimum standard is set at 97% with the tar-
get being 99%.

7 Surgery



36

Table 7.1 EUSOMA quality indicators: breast cancer surgery [13]

Quality indicator LOE Mand/Recom Minimum standard Target
Waiting time

5—Time interval ≤6 weeks from the date of first 
diagnostic examination within the breast centre to the 
date of surgery or first treatment

IV R 80% 90%

Multidisciplinary approach
8—Proportion of patients to be discussed pre and post 
operatively by a multidisciplinary team

III M 90% 99%

Appropriate surgical approach
9a—Proportion of patients (invasive cancer only) who 
received a single (breast) operation for the primary 
tumour (excluding reconstruction)

II M 80% 90%

9b—Proportion of patients (DCIS only) who received 
just one operation (excluding reconstruction)

II M 70% 90%

9c—Proportion of patients receiving immediate 
reconstruction at the same time of mastectomy

III R 40% NA

Surgery and quality of life: avoidance of overtreatment
11a—Proportion of patients with invasive cancer and 
clinically negative axilla who underwent sentinel lymph 
node biopsy (SLNB) only (excluding patients who 
received PST)

I M 90% 95%

11b—Proportion of patients with invasive cancer who 
underwent sentinel lymph node biopsy with no more 
than 5 nodes excised

I R 90% 95%

11c—Proportion of patients (BRCA1 and BRCA2 
patients excluded) with invasive breast cancer not 
greater than 3 cm (total size, including DCIS 
component) who underwent BCT as primary treatment

I M 70% 85%

11d—Proportion of patients with non-invasive breast 
cancer not greater than 2 cm who underwent BCT

II M 80% 90%

11e—Proportion of patients with DCIS only who do not 
undergo axillary clearance

II M 97% 99%

LOE level of evidence, Mand mandatory, Recom recommended

7.6  Quality Indicators

Although globally we see the improvements 
in surgical treatment of breast cancer, we also 
understand that these improvements need to be 
evaluated routinely in every unit/centre dedi-
cated to the treatment of breast cancer patients. 
In Europe, EUSOMA is dedicated to the creation 
and auditing of quality indicators in breast cancer 
treatment [13]. Although the before-mentioned 
criteria are not applied in all countries in the 
world, there is a consistence among the most 
important and several initiatives at the national 
level are worth mentioning. In UK, the National 
Health Service (NHS) system operates the 
National Cancer Peer Review (currently renamed 
as Quality Surveillance Programme QSP), a 

quality assurance programme for NHS services, 
including breast cancer [18]. In the Netherlands, 
the NABON Breast Cancer Audit has been estab-
lished as a systemic audit of breast cancer ser-
vices, collecting data from all Dutch hospitals 
with the aims of nationwide evaluation of quality 
parameters, evaluation of guidelines adherence 
and weekly feedback to participating institutions 
[19]. In Germany, the vast majority of hospitals 
treating Breast Cancer have joined the certifica-
tion system developed by the Breast Cancer Soci-
ety and the German Society for Breast Disease. 
This system includes requirements and quality 
indicators collected during the certification pro-
cess. Annually, anonymised results are reported 
to the public for all breast cancer centres through 
benchmarking reports [20]. In Italy, some regions 
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like Lombardia have adopted EUSOMA criteria 
that need to be fulfilled in order to qualify for the 
list of Breast Units and have subsequent access 
to DRG reimbursement for breast cancer proce-
dures.

Of note, ICHOM (The International Consor-
tium for Health Outcomes Measurement) Ini-
tiative to develop a standard set of value-based 
patient-centred outcomes for breast cancer. The 
standard set encompasses survival and cancer 
control, and disutility of care outcomes, to be 
collected through patients’ reports and admin-
istrative and/or clinical records (A Standard Set 
of Value-Based Patient-Centred Outcomes for 
Breast Cancer, The International Consortium for 
Health Outcomes Measurement (ICHOM) Initia-
tive) [21].

Recently, another initiative has been launched 
in Europe in order to set the requirements for 
breast surgeons. The BRESO project represents 
a Breast Surgical Oncology platform for the 
certification of breast surgeons (www.breastsur-
geoncertification.com). In fact, currently, train-
ing across Europe in Breast Surgery appears to 
be very heterogeneous. Most often, a general 
surgical training certification is achieved after 
4–6  years of residency training. Consequently, 
many surgeons will have spent very little time 
doing breast surgery but will be able to undertake 
breast surgery, despite lack of specific and dedi-
cated training in this discipline. BRESO aims to 
promote accredited specialist breast surgical care 
for breast cancer patients and women at high risk 
of breast cancer by offering a dedicated certifica-
tion programme in breast cancer surgery [22].

Last but not least, it is very interesting to 
realise that patients, when questioned about the 
existing quality indicators, do not value them in 
the same order as health professionals, underly-
ing the significance of including in the auditing 
criteria what patients value as important [23].

7.7  Summary

Breast cancer surgery has advanced immensely 
in the last two decades. The concept of cure 
through radical mutilating operations has been 

replaced successfully by breast conserving sur-
gery, breast oncoplastic surgery and new types 
of skin sparing and nipple sparing mastectomies 
and reconstructive procedures. Additionally, de- 
escalation of axillary surgery allows to reduce 
the risk for arm morbidity. Working together 
with a multidisciplinary team with specialties 
such as breast radiologist, pathologists, medi-
cal, clinical and radiation oncologists and setting 
standards according to excellence criteria such 
as EUSOMA will assure a comprehensive treat-
ment that will benefit the patient in oncological 
and quality of life outcomes.
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Pathology Report

Trine Tramm and Farid Moinfar

8.1  Background

The pathology report should provide diagnostic 
accuracy and completeness of clinically relevant 
prognostic and predictive information extracted 
from tissue and cells in the pre- or postoperative 
setting and should be completed with agreed 
timeliness.

Through the pathological examination, indi-
vidual tumours of varying biology are separated 
into a number of evidence-based categories for 
which a likely clinical outcome and treatment 
response can be predicted. With the development 
of molecular pathology, the biological informa-
tion of the tumour is getting increasingly nuanced 
and complex, and the diagnostic and predictive 
categories more specific.

The preoperative pathology reports should 
basically verify, if the lesion detected clinically 
or by image analysis is benign or malignant, and 

if a lymph node is positive or negative for metas-
tasis. The postoperative report should, on the 
other hand, deliver extensive information on T- 
and N-stage, histological type, malignancy grade, 
ER- and HER2 status, possible treatment 
response, etc.

The pathology report is often considered to be 
providing the “truth”. However, though striving 
to describe and quantify all parameters meticu-
lously, pathological examination including 
molecular analysis cannot capture the compre-
hensive picture of the multifaceted tumour biol-
ogy. Instead of the “truth”, it provides the best 
possible estimation of the tumour’s true nature, 
upon which the current treatment is based.

8.2  Turnaround Time 
for the Pathology Report

Cytology is the science of interpreting morpho-
logical changes in cells obtained through, e.g. 
aspiration (FNA) or exfoliation. Cytological 
specimens need little processing before staining, 
and the cytological material is immediately 
smeared on glass slides and sprayed with alcohol 
for fixation to preserve the appearance of the 
cells. The unstained material needs subsequent 
staining to enhance contrast and differentiate 
between cellular components, before it can be 
used for diagnostic purposes. The turnaround 
time of FNAs is, nevertheless, short, and a 
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 diagnosis can be provided within hours to few 
days. If sediment is available from the aspiration, 
this may be processed into paraffin blocks (cell 
blocks) similar to histological material as 
described below. This allows for sections to be 
cut from the cell block, which increases the pos-
sibilities for further analysis.

Histological specimens need a longer tissue- 
processing procedure than FNAs. Histology is 
the science of studying morphological and archi-
tectural changes in tissue, and the material pro-
vided is more abundant (e.g. core needle biopsies 
or surgical specimens). After fixation and gross 
examination, the histological specimens pass 
specific steps of dehydration before paraffin 
embedding, sectioning of the paraffin-blocks and 
staining of the slides. The tissue-processing steps 
are largely dependent on automated tissue pro-
cessors, and the turnaround time can usually not 
be accelerated.

For some specimen types, there is a constant 
prolonged turnaround time (e.g. bone biopsies 
need decalcification prolonging the processing 
time). For individual specimens, the turnaround 
time may be prolonged due to unexpected find-
ings, need to repeat suboptimal analysis or to do 
supplemental molecular analysis. Inappropriate 
expectations of turnaround times that cannot be 
met by the laboratory may create understandable 
frustrations among physicians and patients wait-
ing for the pathology report. Communication 
from the pathologist to the clinician on general 
or individual turnaround time, as well as the cli-
nician’s appreciation of the processing time sup-
ports a successful interdisciplinary teamwork 
and may prevent unnecessary concerns for the 
patient.

8.3  Choice of Biopsy Method 
Important for Usability 
of Pathology Report

In general, core needle biopsies are preferred to 
FNA from lesions in the breast, since it offers 
better possibilities of an accurate diagnosis. 
Cytology is associated with diagnostic limita-
tions, since it relies on quantitative and cytomor-

phological features without architectural 
characteristics. The cytological material is fur-
ther limited (3–6 slides) and performing addi-
tional tests including immunohistochemical 
(IHC) staining’s or molecular analysis is 
restricted, rendering FNA for some purposes 
unsuitable—unless a cell block is available 
(Table 8.1).

In an FNA, it is not possible to determine 
whether atypical cells showing unusual, but not 
evidently malignant, features are reactively 
changed (due to e.g. inflammation or irradiation) 
or part of a neoplastic proliferation. Therefore, 
FNA is often not useful for ruling out whether a 
mass in a previous irradiation field is a local 
recurrence or not, and the result may end up 
inconclusive. Based on the cytomorphological 
features alone, the distinction between invasive 
carcinoma versus DCIS is also not possible. To 
answer the above-mentioned questions, a core 
needle biopsy is more appropriate.

Histological material is further required if 
subsequent IHC analysis e.g. hormone receptor 
status or multigene testing is requested.

FNA is, on the other hand, well-suited for 
verifying metastasis to lymph nodes. The sensi-
tivity of FNA in detecting a lymph node metasta-
sis has been reported to be around 63% with a 
specificity of 99% [1], meaning that a positive 
FNA provides a very reliable basis for axillary 
management. A negative FNA followed by an 
involved sentinel node biopsy may be due to 
sampling but also to interpretation of the cells in 
the FNA.  The false-negative rate may vary 
according to procedure in the pathology lab, 
where addition of IHC testing with an epithelial 
marker on a single glass may increase diagnostic 
accuracy.

In general, discrepancies between preopera-
tive (from both FNA and core needle biopsies) 
and post-operative findings may primarily be 
related to sampling and to a minor degree to 
interpretation of the cyto-/histopathological find-
ings on the more limited biopsy material. For 
instance, approximately 26% of patients with 
pre- operatively diagnosed DCIS on core needle 
biopsies are likely to be upgraded to invasive car-
cinoma on the surgical specimen [2].
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Table 8.1 Appropriate choice of biopsy method

Examples of clinical questions
Fine-needle aspiration, 
smear only

Fine-needle aspiration, with cell 
blocka

Core-needle 
biopsy

Breast
Malignant tumour: Yes/no x x xx
Invasive/carcinoma in situ: Yes/no Not suited Not suited xx
Paget’s disease of the nipple: Yes/
no

Not suited Not suited xx (punch 
biopsy)

Local recurrence in irradiated 
area: Yes/no

Not suited x xx

Secondary angiosarcoma: Yes/no Not suited x xx
Metastasis
Metastasis to lymph nodes: Yes/no xx xx (x)
Metastasis to internal organs: Yes/
no

x x xx

Verification of primary origin of 
cancer

Not suited x xx

Evaluation of predictive factors
Determination of ER/HER2 status Not suited x xx
Determination of PD-L1 status Not suited Not suited xx
Gene expression profiling Not suited Not suited xx

xx: optimal choice of biopsy; x: may be used, if core-needle biopsy cannot be obtained; (x): core-needle biopsy can be 
used, but not necessary
ER Oestrogen receptor
aFine-needle aspiration with cell block renders possibility of supplementing the cytological evaluation with immunocy-
tochemical stainings, which is not a possibility with smears only

8.4  Aiming to Capture “the 
Truth” of Multifaceted 
Tumour Biology 
in a Snapshot

The pathological examination of the tumour 
especially in the postoperative setting is chal-
lenged by trying to (1) visualise a 3D structure in 
a 2D setting, (2) give an exhaustive description of 
the tumour from representative “snapshots” and 
by (3) biology not always fitting into interpreta-
ble and pre-constructed diagnostic/predictive cat-
egories. According to national and international 
guidelines (e.g. CAP (College of American 
Pathologists), DBCG (Danish Breast Cancer 
Group)), the pathologist selects through a sys-
tematic grossing procedure sections of the tumour 
to answer clinically relevant questions (i.e. 
tumour size, distance to margins) (Fig. 8.1a–d). 
The following paragraph does not provide a 
description of the pathological examination but 
exemplifies some of the challenges, when trying 
to describe multifaceted tumour biology.

8.4.1  Measuring distance to the margin

The measurement of tumour distance to the mar-
gin is offered substantial attention by the patholo-
gist in order to provide a precise measurement for 
decisions on e.g. subsequent re-resection and RT 
indications including addition of a boost dose. 
However, tumours are often not well-circum-
scribed, and the surface of a lumpectomy may be 
highly irregular (Fig.  8.1e). The true distance of 
the tumour to the margins are as such not just six 
distinct measurements (towards the lateral, medial, 
cranial, caudal, anterior (skin-side) and posterior 
(chest-wall side)) but a high number of measure-
ments in all possible directions (Fig.  8.1f, g). 
Furthermore, even if the tumour is completely 
embedded, and all possible relations potentially 
encompassed in the paraffin-blocks, only a 3 μm 
thick section per 2–3 mm slice from each paraffin 
block will be evaluated in the microscope. The 
measurement of margin distance may seem to be 
very exact (e.g. 1 mm) in the actual section pre-
sented for microscopy, but a large part of the 
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a b

c d

e f

g

Fig. 8.1 (a–d) During grossing, the specimen is cut into 
2–3  mm thick slices and representative sections are 
selected for embedding in paraffin. Here showing tumour 
relation to margins in four directions. (e) The surface of a 

lumpectomy may be highly irregular, and measurement of 
a similarly irregular, three-dimensional tumour may lead 
to a high number of margin distances (f, g)
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tumour will always remain unexamined. Reported 
margin distance in the pathology reports used in 
daily clinical practice as well as in large clinical 
trials is, therefore, based on the pathologist’s best 
estimate of the closest distance. In cases with 
reported “negative” but close margins (<2  mm), 
residual disease (primarily DCIS) may be present 
in re-excisional breast surgery in a substantial frac-
tion of patients (20–30%) [3]. Following oncologi-
cal treatments, the risk of residual disease is, 
however, not translated into increased local recur-
rence rates. Report of histopathological “negative 
margins”, therefore, indicate but can not guarantee 
complete removal of the cancer either [4].

8.4.2  Biomarker Evaluation

Biomarker analysis is most often based on a 
semiquantitative estimate using a single slide, 
and clinical implementation of potentially prom-
ising markers may be limited due to intratumour 
heterogeneity as well as intra- and interobserver 
variability.

For instance, Ki-67 is associated with signifi-
cant prognostic value in large population-based 
clinical studies, but may be, due to inferior ana-
lytical validity, of limited value for the individual 
patient [5, 6]. The suboptimal analytical validity 
of Ki-67 relates to pre-analytical issues (e.g. 
appropriate collection, fixation and processing of 
tissue) as well as analytical issues (e.g. intra- and 
interobserver variation in interpretation and scor-
ing). The International Ki67 Working Group 
(IKWG) has since 2011 strived to standardise 
methods for determining and interpreting Ki67. 
The IKWG has suggested that Ki-67 may have 
prognostic relevance in a limited number of 
patients with favourable disease (T1N0, ER+/
HER2), when using 5 and 30% as cut-off points 
to identify patients that may benefit from adju-
vant chemotherapy [7]. In general, Ki-67 is, how-
ever, not internationally recommended as the 
only predictor of chemotherapy treatment. Digital 
image analysis may assist the pathologist in 
delivering a more precise estimate [8], though 
still based on only one or a couple of slides.

Discordance rates between hormone-receptor 
and HER2 status in primary and recurrent/meta-

static lesions can potentially be related to techni-
cal issues but have been reported to be in the 
range of 10–16% for ER, 24–40% for PR and 
3–10% for HER2  in studies with centralised 
pathological review reducing potential analytical 
variations [9, 10]. In general, a biologically 
“true” discordance with positive-to-negative 
changes is more likely than negative-to-positive 
changes for ER and PR [10], whereas a negative- 
to- positive change is more likely for HER2 [11]. 
The discordance rate is higher for metachronous 
than synchronous pairs, and between primary 
tumour and paired distant metastasis in compari-
son to paired primary tumour and lymph node 
metastases [9–11]. This discordance may be due 
to spatial tumour intra- heterogeneity, where 
tumour subclones display differences in muta-
tional load and structural alterations. Through 
selective pressure during the metastatic process, 
this may lead to metastasis of a subclone differ-
ent from the dominant clone of the primary 
tumour [12] and to possible discordance in ER/
PR and/or HER2 status. Discordances have been 
described not only in metachronous metastasis 
but also in treatment-naïve, synchronous metas-
tasis and their corresponding primary tumour, 
indicating a non-therapy-related cause [13]. A 
discordance may, however, also be due to muta-
tional driven switches due to systemic treatment, 
and a reduction in ER expression can be found 
with treatment with Taxanes and Aromatase 
inhibitors [9], whereas a reduction in HER2 
expression may be found with Trastuzumab.

Technical issues may also affect biomarker 
evaluation; decalcification of a bone biopsy car-
ries for instance a risk of false-negative results, 
especially for HER2, and a core needle biopsy 
from an extraskeletal metastasis is to be pre-
ferred, if obtainable, to secure optimal biomarker 
analysis (see also Table 8.1).

8.4.3  Evaluation of Treatment 
Response

Neoadjuvant chemotherapy (NACT) reduces 
microvessel density on MRI, and tumour 
enhancement decreases, but only 30–50% 
patients with clinical complete response on MRI 
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will have a pathological complete response 
(pCR), and 20% with clinical residual disease 
have pCR [14]. Pathological complete response 
is described as a robust prognosticator (surrogate 
marker) for overall survival, but no globally 
agreed definition of pCR exists. Different, often 
categorical, systems have been used to describe 
treatment response varying in, for instance, 
whether complete absence of carcinoma in both 
breast and axilla or only in the breast is consid-
ered a pCR, and if DCIS in the prior tumour bed 
is allowed or not. Most recently, the Residual 
Cancer Burden (RCB) has gained acceptance as a 
reproducible system to evaluate treatment 
response. The RCB delivers a continuous score 
that can be categorised into four groups of resid-
ual tumour burden (pCR, minimal, moderate, 
extensive). The RCB takes the extent of residual 
tumour in both breast and axilla into account as 
well as the fraction of residual invasive carci-
noma in comparison to residual in situ compo-
nent [15]. Examining surgical specimens for 
treatment response relies heavily on a high- 
quality histopathological examination with 
extensive sampling of the prior tumour bed, par-
ticularly when no macroscopical residual tumour 
is observed or when the residual tumour is dif-
fusely scattered. Tumours shrink differently 
under NACT, and especially ER+/HER2− 
tumours are associated with a diffuse, heteroge-
neous shrinkage pattern, whereas ER−/
HER2− (triple negative) and HER2+ tumours are 
associated with a more concentric shrinkage [16, 
17]. Estimation of the extent of the former may 
be challenging and may require a large number of 
sections for microscopy. When no residual 
tumour is observed macroscopically, identifica-
tion of the radiopaque marker and microscopical 
evidence of a treatment response should be 
clearly stated in the pathology report to secure 
that the relevant area has been examined. 
Treatment response in the prior tumour bed is 
characterised by distortion of the normal archi-
tecture and replacement of glandular tissue with 
loosely cohesive, fibrous tissue with scattered 
chronic inflammatory cells and macrophages. 
This is normally easily identifiable, whereas 
treatment response in lymph nodes may be asso-

ciated with a larger degree of diagnostic uncer-
tainty. The histopathological appearance of a 
treatment response is basically a healing process 
with scar-tissue and subsequent regeneration, and 
the histopathological findings are unspecific and 
appear the same regardless of the injury. Larger 
areas of fibrosis after NACT in a patient with pre-
treatment cN+ disease may as such indicate a 
treatment response, but fibrotic areas in lymph 
nodes may also be present as a consequence of 
prior biopsy. Since the determination of a treat-
ment response in the lymph nodes may influence 
the decision of subsequent axillary irradiation, 
the pathologist should clearly state how many 
lymph nodes show certain treatment response, 
and any uncertainty should be discussed with the 
radiation oncologist.

8.4.4  Molecular Pathology

In general, molecular pathology and digital 
image analysis are expected to assist conven-
tional histopathology in providing more refined 
diagnostic, predictive and/or prognostic classifi-
cation of tumours, providing an increasingly pre-
cise estimate of the true tumour biology. These 
modalities remain, nevertheless, still limited to 
evaluation of only part of the tumour (a sample/
slice/biopsy), delivering a “snapshot” of the 
tumour, though in a “higher resolution”. Several 
multigene tests are now commercially available 
and render prognostic information especially in 
women with ER+/HER2−, early stage breast 
cancer (Table 8.2). The outcome of these molecu-
lar analysis is generally categorical and not 
personalised.

Determination of molecular subtype by 
PAM50 is, for instance, based on correlation to 
the nearest centroid (expression of 50 genes in 
the patient’s tumour is correlated to a prefixed 
“mean”/centroid of the same 50 genes) determin-
ing the four subtypes (Luminal A, Luminal B, 
HER2-enriched and Basal-like). The patient’s 
tumour is categorised according to the highest 
correlation with one of these four centroids; a 
categorisation that cannot fully capture tumour 
heterogeneity and does not provide information 
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Table 8.2 Assays for multigene testing

OncotypeDX
Breast recurrence 
score MammaPrint

Prosigna
Breast Cancer 
Prognostic Gene 
Signature Assay 
(PAM50) Breast Cancer Index EndoPredict

Assay Genomic Health Agendia Veracyte Biotheranostics Myriad 
Genetics,  Inc.

21-gene 
recurrence score

70-gene 
assay

50-gene assay 11-gene assay 12-gene assay

Methods RT-PCR DNA 
microarray

Nanostring nCounter RT-PCR RT-PCR

Tissue 
requirements

FFPE FFPE or 
frozen tissue

FFPE FFPE FFPE

Output Recurrence score 
(1–100)
Separated into 4 
groups related to 
risk of recurrence

Low or high 
risk of 
recurrence

4 molecular 
subtypes (Luminal 
A, Luminal B, 
HER2-enriched, 
Basallike)
ROR score (0–100) 
in combination with 
T and N stage

Low, intermediate 
or high risk of 
recurrence

EPclin Risk 
Score (1.1–6.2)
Separated into 
low or high risk 
of recurrence

Level of 
evidence

1A (5 years) 1A (5 years) 1B 1B 1B

Prospective 
trials

TAILORx
RxPONDER
ADAPT

MINDACT OPTIMA
PRECISION
NEOPAL

Extended 
endocrine 
treatment

ADENDOM

Prognostic gene expression tests for predicting clinical in patients with ER-positive, HER2-negative, N0–1, early stage 
breast cancer
FFPE formalin-fixed paraffin-embedded tissue, RT-PCR reverse transcriptase-polymerase chain reaction, ER oestrogen 
receptor, ROR risk of recurrence

on whether two distinct subtypes are present in 
the tumour.

Molecular pathology adds to the histopatho-
logical information but may also deliver informa-
tion of unknown significance or information that 
seems diverging or confusing. For example, only 
up to 65% of tumours with a HER2-enriched sub-
type, as determined by PAM50, are HER2 posi-
tive by IHC/FISH.  The reason being that the 
tumour may show highest correlation with the 
HER2-enriched molecular centroid due to high 
expression of other genes than ERBB2. An exam-
ple of another kind is that HER2-positive tumours 
(determined from IHC) by gene-expression pro-
filing can be found not only within the HER2-
enriched molecular subtype but also within the 
Luminal B, Basal-like and Luminal A molecular 
subtypes in approximately 20%, 14% and 7%, 
respectively [18]. Gene-expression-based sub-
types and IHC delivers complementary informa-

tion, but the biological information arises from 
mRNA/DNA and protein level, respectively, and 
cannot be expected to be fully interchangeable. 
The clinical value of using a combination of IHC 
and gene- expression- based determination of, e.g. 
HER2 status is not clear. Therefore, multigene 
tests are currently not recommended for deter-
mining ER- and HER2 status.

Of special note, the commercially available 
multigene tests (Oncotype Dx, MammaPrint; 
Prosigna (PAM50), EndoPredict, etc.) show simi-
lar prognostic ability on a population-based level, 
but lack of consistency in risk prediction of the 
individual patient with 30–40% disagreement 
between tests [19]. The discordance is highly 
likely related to the gene signatures being driven 
by different pathways (ER pathway or prolifera-
tion pathway) [20] or having varying capability of 
predicting late recurrences [21]. Furthermore, the 
prediction of patients with intermediate-risk 
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tumours may represent a considerable source of 
variation between the signatures [22]. In general, 
the multigene tests show the greatest accuracy for 
detecting low-risk patients in whom chemotherapy 
may be safely omitted but show low specificity 
and low positive predictive value among patients 
in the high-risk molecular groups [23–25].

The Declaration of Molecular Pathology as 
agreed on by the European Union of Medical 
Specialists (UEMS) 2013 [26] states that molec-
ular pathology must be performed under the 
authority of and as part of the responsibility of 
the pathologist and provided in an integrated 
form in the pathology report. This emphasises the 
pathologist’s growing responsibility for interpret-
ing and presenting the combined biological infor-
mation with careful consideration and 
understanding of clinical implications.

8.5  The Pathologist’s 
Responsibility for Securing 
the Analytical Validity

The clinical utility of a given treatment is depen-
dent not only on the clinical validity as deter-
mined from clinical studies but also of the 
analytical validity securing reliable and repro-
ducible tests, overcoming variations within and 
between labs and pathologists. Increasingly, clin-
ical trials testing new drugs may use specific bio-
markers associated with specific assays (and 
technical platforms) to identify patients that 
might respond to the drug, and approval of the 
drug may be dependent on the use of the specific 
assay. This procedure may unfortunately lead to 
the selection of suboptimal assays and scoring 
systems, compromising the analytical validity 
and the intention of providing individualised 
treatment may lead to “unintended imprecision 
medicine”. For instance, many PD-L1 assays are 
FDA-approved in different cancer types, includ-
ing breast cancer. The PD-L1 staining patterns, 
scoring methods and cut-off values are, however, 
highly different, and the assays are not inter-
changeable though aiming to predict response to 
the same type of drugs. Furthermore, the PD-L1 
IHC assays are associated with substantial inter- 

and intraobserver variation. Though clinical evi-
dence from studies have proven significant 
disease-free survival benefits for eligible patients 
treated with PD-L1 inhibitors according to their 
PD-L1 expression, the analytical validity of the 
associated PD-L1 assays is not consolidated.

8.6  A Document for All Members 
of the Multidisciplinary Team

The pathology report should, above all, deliver a 
diagnosis and provide prognostic/predictive 
information, but it also serves other purposes for 
the different members of the multidisciplinary 
team. First of all, it may serve as quality assur-
ance and as a tool for continuous education e.g. 
for the radiologist by comparing the pathological 
diagnosis with the interpretation of an infiltrate 
on a mammogram. The report also presents infor-
mation on morphology (study of form and struc-
ture), often in more descriptive phrases. This 
serves to “hand over” essential information to 
other pathologists and may contribute to discrim-
inate in the future whether a second neoplastic 
event in a breast is to be considered a new pri-
mary tumour or a true recurrence. Besides 
describing evidence-based prognostic/predictive 
parameters, the pathology report may also 
include observations empirically known to be 
related with high-risk disease (Table 8.3). Since 
the reports are also being read by the patient, 
careful contemplation of the wording is needed to 
avoid creating unnecessary concern, especially 
regarding areas/questions of doubt.

Table 8.3 Histopathological indicators of high-risk 
diseasea

Invasive carcinoma Ductal carcinoma in situ
• High nuclear grade
• High Ki-67
• Widespread 
lymphovascular 
invasion

• High nuclear grade
• Comedo necrosis
• Periductal fibrosis and 
lymphocytic infiltration
• Ki-67-positive cells 
scattered throughout the 
neoplastic proliferation

a Not encompassing conventional prognostic and predic-
tive factors as TNM stage, malignancy grade, ER- and 
HER2 status and resection margins
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8.7  Summary

The pathology report should provide accurate 
diagnostic, prognostic and predictive information 
and should be provided within timeliness deter-
mined by tissue-processing. It should deliver 
unambiguous communication between the pathol-
ogist and the rest of the multidisciplinary team, but 
should also emphasise unusual or biologically 
divergent findings. The output and extent of the 
obtained information must be related to the mate-
rial provided and can reveal biology not “fitting” 
into current diagnostic/prognostic categories.

The conditions of pathological examination 
are challenged by the attempt to capture the 
essence of highly individual tumours, which with 
the addition of molecular pathology is getting 
increasingly precise, but never exhaustive. 
Current treatment strategies are, however, based 
on these estimates.

For novel biomarkers to be clinically imple-
mentable, clinical as well as analytical validity 
needs to be confirmed, and though showing prog-
nostic/predictive information in population- 
based studies, some biomarkers including 
multigene tests may not yet be sufficiently reli-
able for categorising individual patients.

The pathologist is responsible for staying up- 
to- date with optimal evaluation of cytological 
and histological material, for interpreting the 
increasingly complex, combined biological pic-
ture, and for presenting it as precisely as possible 
to the clinicians in order to provide a basis for 
subsequent therapeutic decisions.
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Breast Imaging

Kristina Lång and Miri Sklair Levy

9.1  Background

Imaging is an integral part of breast cancer 
diagnosis, staging and follow-up. Breast imaging 
is also important for RT planning. The radiation 
oncologist needs to review patient’s imaging (e.g. 
mammography) to evaluate the extent of disease 
(for RT planning, not for diagnostic purposes) 
and for treatment planning. Pre-treatment imag-
ing is the key for planning RT volumes, espe-
cially the RT tumour bed boost if indicated and 
regional nodal irradiation. For radiation treatment 
planning, the radiation oncologist needs to be 
familiar with patient anatomy as seen on imaging 
done for treatment planning (e.g. CT simulation, 
MRI simulation). Therefore, participating in a 
multidisciplinary meeting with breast radiologist 
experts, learning how to read/understand breast 

imaging, and consulting with a breast radiologist 
expert if there is any doubt, is essential for proper 
breast radiation planning.

The current chapter will review breast imag-
ing for screening, preoperative evaluation and 
provide tools for the radiation oncologist to 
review breast imaging in clinical practice.

9.1.1  Breast Cancer Screening

The aim of breast cancer screening is early can-
cer detection in asymptomatic women to improve 
patient outcome. Breast cancer screening is typi-
cally performed with biennial mammography for 
women between 50 and 69 years of age, but could 
also be considered for an extended age interval 
(age 45–74  years) [1]. The benefit of mammog-
raphy screening was initially assessed in several 
large RCTs, performed for over 30 years ago and 
showed a relative reduction of breast cancer spe-
cific mortality of about 20% [2]. Adding case–con-
trol studies, the estimated breast cancer mortality 
reduction for women attending screening is about 
40% [3]. The effect of mammography screening 
in the current era of targeted therapies is, how-
ever, likely less pronounced [4, 5]. Importantly, 
the benefit of screening has to be balanced with 
the harms, false positives and overdiagnosis [6]. 
Experiencing a false-positive recall is stressful 
and can lead to anxiety that can endure for up 
to 3 years [7]. It is therefore important to have a 
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reasonably low recall rate in screening. The rate of 
overdiagnosis has been a matter of intense debate 
but is estimated to be about 10–20% [6, 8].

Ways to improve the sensitivity of breast can-
cer screening are currently being investigated on 
a broad front [9, 10]. Both digital breast tomo-
synthesis, ultrasound and MRI, have been shown 
to increase the cancer-detection rate in screening 
compared with mammography [11–14]. However, 
no study has so far measured the effect of supple-
mentary screening on reducing breast cancer mor-
tality [1, 15].

9.1.2  Tumour Appearance

Heterogeneity of breast cancer disease is reflected 
in its various presentations in breast imaging. 
Breast composition also varies from the fatty 
involuted breast to the extremely dense breast. 
Put together, the combination of anatomy and 
tumour morphology poses different challenges in 
breast imaging.

The radiologic appearance of breast cancer 
can be characterised in four major groups: mass, 
microcalcifications, asymmetry and associated 
features (such as nipple retracement, unilateral 
oedema). Masses can further be described based 
on their shape, margins and density. The most 
common invasive tumour appearance is the spic-
ulated mass. The spicules radiating out from the 
mass periphery are part of a desmoplastic reac-
tion with productive fibrosis that contribute to the 
symptom of a palpable lump even at rather small 
tumour sizes. The most common type of cancer, 
IDC, often presents as a spiculated mass, which 
in general is easily detectable with mammogra-
phy and ultrasound. However, mammographic 
sensitivity declines significantly with increasing 
breast density [10, 16], which is a problematic 
limitation particularly in the screening setting. 
Women with extremely dense breasts also have a 
relative increase in breast cancer risk of 2.1 com-
pared with the average woman [10].

A cancer type with a subtle growth pattern, 
less prone to incite desmoplasia, is the ILC. Due 
to its indistinct growth pattern, it can be a chal-

lenging task to detect and to further evaluate 
tumour extent. Lack of associated calcifications 
and low tumour density are contributing factors 
to the higher false-negative rate of ILC compared 
to other invasive cancers [17]. ILC can present as 
a spiculated mass but also with the more elusive 
radiographic pattern of architectural distortion 
and focal asymmetry. The difficulties in detect-
ing ILC is reflected in the fact that they are often 
larger and multifocal at diagnosis compared with 
IDC [18]. The size of ILC can be underestimated 
at preoperative imaging with mammography and 
ultrasound [19]. As a result, BCS of ILC is more 
often converted to mastectomy compared with 
IDC [18]. When BCS is under consideration, 
MRI can therefore be useful to determine tumour 
extent, especially in women with dense breasts 
and/or when there is not a clear focal mass on 
conventional imaging [19–22]. The morphologic 
appearance of ILC on MRI can be both mass 
and non-mass like. The most common manifes-
tation of a mass-like lesion is a heterogeneously 
enhancing irregular mass with spiculated border. 
The non-mass like lesion appears as an asym-
metric enhancement and are more difficult to 
recognise. ILC can also be missed at MRI due to 
the sometimes diffuse and slow tumour growth 
pattern that does not require extensive neovas-
cularization which in turn impedes contrast 
enhancement.

Another challenge in breast imaging are 
breast cancer types that can have a benign mass 
appearance. Fibroadenomas and cysts are by far 
the most common imaging finding, and they typi-
cally present as a well-circumscribed mass. Both 
triple negative, medullar and mucinous carcino-
mas can present as benign looking circumscribed 
masses. A scrutinised ultrasound evaluation and 
a biopsy can however easily solve the issue. The 
challenge is to determine a threshold to recall a 
circumscribed mass from mammography screen-
ing when the vast majority of lesions with this 
appearance are benign.

Calcifications are a very common finding in 
mammography and are most often of a benign 
aetiology. Calcifications are evaluated for mor-
phology and distribution. Benign calcifications 
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a b

Fig. 9.1 (a) Benign calcifications with lucent-centred (left) and rim-like (right) morphology. (b) Benign calcifications 
with round (left) and punctate (right) morphology

Fig. 9.2 Calcifications with suspicious morphology. 
Digital zoom mammographic projection images show cal-
cifications with increasing risk for malignancy: coarse 

heterogeneous (far left), amorphous (second from left), 
fine pleomorphic (second from right), and fine linear or 
fine linear branching (far right)

Fig. 9.3 A malignant mass with associated skin retrac-
tion (arrow) and skin thickening (dashed arrow)

can have a variety of appearances, for exam-
ple, coarse, dystrophic, rim, round or rod-like 
and often have a diffuse/scattered or regional 
 distribution (Fig.  9.1a, b). Suspicious calcifica-
tions can be amorphous, coarse heterogeneous, 
fine pleomorphic, fine linear or fine linear branch-
ing and often have a clustered or segmental distri-
bution (Fig. 9.2).

A unilateral mammographic finding of a fibro-
glandular density that cannot be clearly identified 
as a true mass may raise suspicion of malignancy 
if it is visible on two mammographic views, so- 
called focal asymmetry, or if it is new or more 
conspicuous over time, so-called developing 
asymmetry.

Associated features are used to further char-
acterise masses, calcifications, and asymmetries. 
The most worrisome are skin retraction, nipple 
retraction, skin thickening, and axillary adenopa-
thy (Fig. 9.3).
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9.2  Hands on Guide/Tips 
and Tricks to View Breast 
Imaging

A diagnostic mammography examination typi-
cally consists of three projections per breast 
(craniocaudal, mediolateral oblique and lateral 
view). The radiologist checks for suspicious 
findings by analysing each quadrant and by 
comparing the left and right breast, and, impor-
tantly, with prior examinations. Lesion locali-
sation by quadrant is determined by combining 
the position of the finding on the different mam-
mographic views. The presence of a suspicious 
finding invokes further work-up with at least 
ultrasound (see Preoperative assessment). Lesion 
localisation at ultrasound is typically determined 
by clock position and distance from the nipple. It 
can be a challenge to correlate the location and 
size of a lesion on different modalities. On mam-
mography, women are in standing position, and 
the breast is compressed in different angles. On 
ultrasound, women are in a supine position, and 
the breasts are collapsed. On MRI, women are in 
a prone position with the breast hanging freely. 
On CT-simulations, women are again in a supine 
position with collapsed breasts.

Imaging findings and breast composition are 
reported in a standardised way according to the 
Breast Imaging Reporting and Diagnosis System 
[23], or similar classification systems [24]. 
Findings are typically reported on a 5-level scale 
from normal to highly suspicious, and breast den-
sity is reported on a 4-level scale from fatty invo-
luted breasts to extremely dense breasts.

9.2.1  Preoperative Assessment

For the majority of cases, triple assessment with 
conventional imaging (mammography, and/or 
tomosynthesis, and ultrasound) and core-needle 
biopsy is sufficient to obtain diagnosis and to 
determine tumour extent. The axilla is assessed 
with ultrasound, and suspicious lymph nodes 
undergo fine-needle aspiration or core needle 
biopsy.

A contrast-enhanced method could be con-
sidered in the evaluation of tumour extent and 
to determine synchronous lesions. Contrast- 
enhanced MRI is the breast imaging modality 
with the highest sensitivity, regardless of breast 
density [25]. MRI enables an analysis of lesion 
morphology and contrast-enhancement dynam-
ics. Malignant lesions typically show a rapid 
enhancement followed by an early wash-out as a 
result of tumour angiogenesis [26].

Despite considerable research, the routine use 
of preoperative MRI still remains a controversial 
topic [27, 28]. MRI has the highest sensitivity to 
determine tumour extent [29–31] and has been 
shown to detect clinically and mammographi-
cally occult contralateral disease in about 3% of 
women recently diagnosed with breast cancer 
[32]. While some studies show a benefit of preop-
erative MRI in terms of positive surgical margins 
and a reduction of reoperations [33, 34], others, 
including RCTs, show no such benefits but rather 
that MRI leads to more extensive surgery with 
higher mastectomy rates [35–41]. The question 
is whether additionally MRI-detected tumour 
foci have an impact on patient outcome (survival 
and recurrence). In a recent study comparing 
premenopausal women with and without preop-
erative MRI, no difference was found in local or 
distant recurrence [42]. The low recurrence rate 
after BCS without preoperative MRI could be 
explained by additional foci being eliminated by 
adjuvant therapy [43, 44].

Nevertheless, preoperative MRI could enable 
a more careful tailored surgical planning [27], 
including the possibility to treat contralateral dis-
ease at the same session as the index cancer [32]. 
This have to be weighed against the increase in 
false-positive biopsies after MRI, increased cost, 
and with a possible delay in treatment [27]. Even 
if current evidence advice against a routine use, 
preoperative MRI can still be of value in certain 
subgroups; women at high risk, at clinical and 
conventional imaging discrepancy, suspicion of 
multifocal disease unconfirmed on conventional 
imaging, mammographically occult breast can-
cer, and patients with Paget’s disease or ILC 
planned to undergo BCS [20–22, 36, 37].
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9.2.2  Metastasis Screening

Screening for metastatic disease should be per-
formed according to national/international guide-
lines. It is routinely performed at T3 and T4 
disease, at large axillary burden (>4 abnormal 
lymph nodes) or at the presence of signs or symp-
toms [22]. The first choice for visceral screening 
is contrast-enhanced CT of thorax and abdomen, 
and a bone scan (scintigraphy) to assess skel-
etal engagement. If available, FDG PET/CT can 
be used for evaluating metastatic disease, e.g. in 
case of inconclusive conventional CT findings 
(if a biopsy is not planned) or to confirm oligo-
metastatic disease if radical treatment is consid-
ered. FDG PET/CT is less sensitive for ILC and 
low- grade tumours, as well as for sub-centimetre 
lesions (due to limited spatial resolution) [45]. 
The reconstructed spatial resolution of clinical 
PET is about 4–6 mm full width at half maximum, 
which corresponds to a lower detection threshold 

of a 7-mm-large tumour (0.2 ml; 2*108 cells). 
Therefore, PET has limited value in the assess-
ment of early stage disease including early axillary 
node involvement and micrometastases [45, 46].

9.2.3  Residual Disease 
and Surveillance

It is important to not only localise surgical clips 
post-BCS but also correlate the preoperative 
imaging to that of the simulated CT in the plan-
ning of RT (Fig.  9.4). Postoperative and radia-
tion changes such as architectural distortion can 
mask tumours at conventional imaging. If there 
is an indication to exclude residual disease due to 
positive margins or multifocal disease, MRI can 
be performed as early as 1 month post lumpec-
tomy [47].

Image surveillance after breast cancer 
treatment is typically performed with annual 

Fig. 9.4 Surgical clips on postoperative CT simulation are not on the site of the tumour bed when correlated to preop-
erative mammography in this case after oncoplastic surgery
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mammography for 5–10  years, depending on 
age and on national/international guidelines [26]. 
The sensitivity of surveillance mammography of 
the ipsilateral breast is about 67% [48]. The risk 
of primary contralateral metachronous disease is 
increased for up to 20 years after BCS [48].

MRI is the most accurate imaging method 
to detect recurrence after BCS, since it can dis-
criminate scar tissue from recurrence due to the 
latter showing contrast enhancement [49]. Post- 
treatment surveillance with MRI could be con-
sidered for young women, women with dense 
breasts and/or with a history of mammographi-
cally occult breast cancer [50].

9.2.3.1  Post Mastectomy Imaging 
and Surveillance

With the increase in the rate of mastectomy and post 
mastectomy radiation raises the question regard-
ing the approach to surveillance. Risk reducing 
mastectomy in high-risk BRCA women reduces 
the risk of subsequent breast cancer by 85–95%. 
And in standard-risk females, it reduces the risk of 
subsequent breast cancer by approximately 28%. 
Patients and physicians assume that there is no 
residual fibroglandular tissue post mastectomy.

Therefore, the current guidelines do not rec-
ommend imaging surveillance.

However, in a study by Kaidar-Person et  al. 
[47], residual glandular breast tissue after mas-
tectomy is not a rare event, reported in up to 
100%. MRI was found to be the most accurate 
method to evaluate residual breast tissue which 
was located mostly at the outer quadrants and/or 
the NAC in case of NSM [47]. The skin envelope 
thickness of the native breast in SSM/NSM may 
range from 5 to 14 mm and thicker.

This information is essential, since some of 
these patients after mastectomy are not referred 
to PMRT. The role of the multidisciplinary team 
and a breast specialised radiologist is to evalu-
ate the preoperative MRI with special attention 
for areas of skin involvement, or DCIS/inva-
sive lesion that is near the skin or subcutis that 
will not allow for a safe SSM/NSM.  Thus, the 
assessment of preoperative images can assist in 
the surgical planning to identify patients eligible 
for NSM/SSM and those in need of removal of 

skin and subcutis over the lesion to assure a clear 
anterior margin. Importantly, in most cases, the 
anterior margins in case of mastectomy, includ-
ing SSM/NSM, are not reported in the pathology 
report, thus the preoperative assessment of these 
patients by a breast radiologist is essential.

Since residual breast glandular tissue is not 
rare, and in patients after mastectomy who are 
followed up with MRI (or any other imaging), we 
suggest to consider reporting the location of the 
residual breast glandular tissue and the amount. 
This could assist the radiation oncologist in 
individually planning PMRT according to these 
“high-risk” volumes (Fig. 9.5).

9.2.4  New Imaging Methods

Breast imaging is a constantly evolving field, and 
new methods to improve the performance of both 
screening and diagnostics are continually being 
investigated [9]. A modality of particular inter-
est is contrast-enhanced spectral mammography. 
The method is based on the use of intravenous 
iodinated contrast agent and dual energy expo-
sure mammography, taking advantage of contrast 
enhancement in neovascularised tissue, and has 
been shown to have a high sensitivity [51–54] 
(Fig.  9.6). The sensitivity and specificity levels 
are suggested to be comparable to MRI [53, 55, 
56], but specificity has also been reported to be 
low in a systematic review [51]. Suggested indi-
cations include those currently considered for 
MRI [21]. Contraindications are known allergy to 
iodine, abnormal renal function, pregnancy and 
lactation. Serious adverse contrast reactions are 

Fig. 9.5 Bilateral post mastectomy with silicon recon-
struction, left breast recurrence (arrow). Of note is the 
large bilateral residual breast glandular tissue (stars)
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Fig. 9.6 A 41-year-old woman with a palpable lump in 
her left breast. With contrast-enhanced spectral mammog-
raphy, two sets of images are acquired; below and above 
the k-edge of iodine. An image-processing algorithm sub-
tracts the two exposures (low- and high-energy images) 
into a subtracted image displaying areas of contrast 

enhancement. An indistinct mass in the upper part of the 
left breast is apparent (arrow), but due to dense breasts 
additional lesions are not visualised on the low-energy 
image (comparable to a standard mammogram). 
Subtracted images reveal multiple enhancing lesions in 
the left breast (circle). Biopsy confirms multifocal IDC

rare [57]. Compared to MRI, contrast- enhanced 
spectral mammography is less expensive, eas-
ier to implement in clinical practice, and might 
therefore provide greater accessibility.

Abbreviated MRI refers to a shortening of a 
standard breast MRI protocol and has been sug-
gested to have similar sensitivity compared with 
a conventional full-length protocol [58–60]. 
Abbreviated MRI could therefore increase the 
availability of breast MRI with better patient 

 tolerance, higher efficiency, and lower cost. Of 
special interest is its potential use in a screening 
setting for women with dense breasts [58, 61].

Diffusion-weighted imaging is a MRI tech-
nique that measures the movement of water 
molecules, where solid lesions typically demon-
strate restricted movement. The method has been 
shown to be useful as part of multiparametric 
MRI [62]. In recent years, concerns regarding 
the long-term use of gadolinium-based contrast 
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agents [63] have propelled the interest of using 
diffusion-weighted imaging as a non-contrast 
alternative to contrast-enhanced MRI, especially 
in the screening setting [64]. Even if promising 
[65, 66], diffusion-weighted imaging used as 
stand-alone does not reach the sensitivity level to 
that of contrast-enhanced MRI [63, 66].

Recent development of computer-aided detec-
tion with artificial intelligence, especially for 
mammography interpretation, presents exciting 
possibilities for improving breast cancer screen-
ing. Retrospective studies have shown that deep- 
learning- based artificial intelligence systems can 
reach human level performance in terms of accu-
racy [67–71]. Artificial intelligence tools can be 
used both as a decision support for radiologists 
[72, 73] and as a mean to triage examinations 
according to the risk of malignancy [74–77]. The 
impact of artificial intelligence in screening has 
not yet been investigated in a prospective trial, 
but several studies are initiated.

9.3  Summary

Breast radiologists are an essential part of the 
multidisciplinary team. The main tasks of the 
radiologist are to detect asymptomatic cancers 
at screening and to diagnose and evaluate mani-
fest disease. Additionally, the input of the breast 
radiologist is essential to determine the most 
appropriate surgical procedure. The variation 
of tumour appearance and breast anatomy poses 
different challenges for the radiologist and 
requires the use of different imaging methods. 
Contrast-enhanced imaging methods can be 
used to increase the sensitivity compared with 
conventional imaging, especially for women 
with dense breasts and for certain breast cancer 
subtypes. ILC can be challenging to detect and 
to determine disease extent, for which preopera-
tive MRI can be of value.

It is recommended to consult breast imaging 
colleagues in the event of uncertainties in the RT 
planning such as suspicion of residual disease, or 
residual tissue after mastectomy, at the finding of 
suspicious lymph nodes at CT simulations or for 
difficulties in boost delineation.
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Management and Workflow

Jana Jaal, Philip Poortmans, 
and Orit Kaidar-Person

10.1  Background

Radiation therapy (RT) is an important modality 
in the treatment of cancer patients. It is estimated 
that up to 87% of breast cancer patients will be 
treated with RT for different indications [1]. It is 
well recognised that postoperative RT decreases 
LRR and cancer-specific mortality for early stage 
disease [2]. In addition to curative indications, 
RT is a major modality for palliation or symptom 
control and recently, used as an ablative non- 
invasive treatment to oligometastatic patients or 
in case of oligo-progression (see section about 
oligometastatic and oligo-progressive disease). 

In this setting, RT has been shown to significantly 
increase 5-year survival rates in oligometastatic 
patients [3]. New protocols with a limited num-
ber of fractions (e.g. FAST or FAST FORWARD 
protocols, APBI-FLORENCE protocol or SBRT 
for metastatic lesions) allow for RT to the breast 
or metastatic site associated with minimal mor-
bidity and minimal interference with quality of 
life (QoL) and other cancer treatments. There are 
a number of RT techniques (e.g. EBRT, brachy-
therapy, IORT), and different RT doses and frac-
tionation, which are used according to the clinical 
indication. In some cases, concomitant treatment 
of systemic therapy and RT is indicated (see sec-
tion about inoperable breast cancer). These new 
indications for RT, together with exciting new 
protocols for adjuvant RT and in the metastatic 
setting, along with the global increase in cancer 
incidence and higher need for RT, put much 
higher demands on efficient treatment manage-
ment and workflow. While the indications for RT 
and volumes to be irradiated are often a matter of 
discussion at multidisciplinary meetings that 
include surgeons, medical oncologists, patholo-
gists and breast radiologists, management of RT 
itself is complex. Its application needs the 
involvement of the RT multidisciplinary team 
which includes radiation oncologists, nurses, 
RTTs, dosimetrists and physicists to plan and 
apply treatments. A proper predefined workflow, 
adapted to each institution according to the 
resources available, will secure quality care for 
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breast cancer patients. This chapter focusses on 
workflow adjustment and optimisation and gives 
additionally some practical hints that are based 
on experience at several radiation oncology 
departments.

10.2  Adjusting the Workflow

RT management and workflow are highly depen-
dent on the services the RT department provides. 
These include the RT tertiary facility that patients 
are also referred from other institutions, RT 
department that only serves patients that are 
treated in-house or/and RT facility without other 
department (such as surgery/medical oncology) 
services.

Regardless of the setting, it is recommended 
to establish a working relationship with other dis-
ciplines and departments and that the radiation 
oncologists will be involved with the manage-
ment of the patient from the time of diagnosis. As 
shown within the different sections of this book, 
advances in RT allow for new innovative 
approaches in the treatment of breast cancer that 
might not be known to other experts; therefore, 
the input of radiation experts at initial manage-
ment discussion can be crucial to determine fur-
ther management.

The RT department workflow has become 
quite complex. Although the use of workflow 
management software programmes (e.g. ARIA®, 
MOSAIQ®, RayCare®) has been shown to signifi-

cantly improve overall efficiency and organisa-
tional ergonomics [4], the whole process is 
complex and thereby at risk for having several 
“bottlenecks” (Fig.  10.1), varying in different 
departments and countries. Different regions and 
countries have distinct availability of resources 
and needs for radiation oncology [5]. These 
include significant heterogeneity in the access to 
modern imaging as well as RT equipment. In 
some countries, PET-CT is often done for locally 
advanced breast cancer and metastatic setting and 
is used for RT planning by fusing the images with 
the CT simulation, while in other countries 
PET-CT is not used even in the metastatic setting. 
These differences were discussed in the 2020 
EBCC manifesto dedicated to inappropriate 
reimbursement and funding rules and regulations 
that act as disincentives to best breast cancer care 
[6]. Additionally, significant differences are 
noted between high-income European countries, 
especially in Northern-Western Europe, that are 
well served with RT resources, whereas other 
countries are facing shortages of both equipment 
in general and especially machines capable of 
delivering high precision conformal treatments 
(IMRT, IGRT) [5].

Moreover, a considerable variation in avail-
able personnel and delivered courses per year 
exists between countries with highest and lowest 
staffing levels [7]. This is even more complicated 
by the variation in cancer incidence and socio-
economic status of different countries, but also 
by different professional roles and responsibili-
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ties. Importantly, the optimally required number 
of medical physicists, RTTs, dosimetrists, nurses 
and others depend highly on the tasks assigned to 
each of them, such as delineation of OARs (in 
some departments, it is done by the radiation 
oncologist while in others by the RTT, dosime-
trists, etc.), treatment planning activities, quality 
assurance, maintenance of the technical infra-
structure and accompaniment of patients [7–9]. 
Furthermore, RT workflow can also be influenced 
by the availability of optimal healthcare budgets 
[10] and other resources, such as travel and/or 
accommodation compensations, especially in 
areas with low population density.

Even more in view of this variability of tech-
nical, human and health service resources needed 
for proper RT planning and delivery, it is critical 
to systematically evaluate and analyse the RT 
workflow in every single department and facility. 
The latter is extremely important for further 
workflow optimisation processes. Therefore, 
each department should create a workflow that 
will be adjusted to the human and equipment 
resources but allow for quality care.

10.3  Workflow Optimisation

Workflow optimisation is the improvement of an 
existing workflow to ensure that it performs as 
efficiently as possible with the main goal to 
reduce waiting times and maximise patient 
throughput. For this, four steps are important to 

follow (to be repeated with a constructive evalua-
tion) (Fig. 10.2).

The workflow starts with patient referral to the 
RT department to first visit by the radiation 
oncologists. The initial task is to clearly define a 
list for the secretary team to verify that all medi-
cal information is available prior to the patient’s 
visit. These include original pathology reports 
(from biopsy, surgery, etc.), operative report, 
genomic testing, genetic consultation and results, 
and all relevant imaging reports and imaging 
scans (e.g. mammography, CT, PET-CT, MRI) 
uploaded to a picture archiving and communica-
tion system (PACS), any other relevant informa-
tion. This will allow the radiation oncologist or a 
dedicated team of nurse/physician assistant to 
review the information prior to the patient visit if 
needed. In some cases, the patient can be referred 
to additional evaluation prior to RT consultation. 
For example, if there were diffuse microcalcifica-
tion on preoperative mammography, without a 
postoperative imaging, the radiation oncologist 
can decide to refer the patient to additional mam-
mography to exclude residual microcalcifica-
tions/residual disease prior to the first visit.

Organising the medical record with all essen-
tial information can save significant time at the 
time of patient’s visit.

At the time of patient’s visit and RT planning, 
the radiation oncologist needs to carefully view 
all dedicated imaging (e.g. mammography, CT, 
MRI, PET-CT), to allow for correct determina-
tion of target volumes and treatment protocol 

Define the goals
Prioritise the 

quality and flow
Ensure stability

Define new 
timelines

Adjusting the 
goals

Analysing areas 
prone for 
mistakes

QA evaluation

Fig. 10.2 Radiation therapy workflow optimisation steps
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(e.g. a PET-avid IMN). Dedicated imaging will 
allow for correct contouring the target volumes 
and the relevant OARs, treatment planning, and 
quality assurance [8].

When there is no other workup that needs to 
be completed prior to RT, the first goal should 
be to avoid delays in RT and to reach acceptable 
throughput times. Although every country might 
have different resource-driven possibilities, it is 
reasonable to set target RT waiting times to a 
maximum of 4  weeks. Indeed, previously pub-
lished meta-analysis showed that every 4 weeks 
of waiting time for postoperative RT was associ-
ated with an 8% relative increase in the risk of 
breast cancer LRR [11]. Even as this argument, 
for breast cancer, might not be valid anymore in 
the setting of a well-organised multidisciplinary 
approach [12], it remains of great importance, 
both for several other (faster proliferating) 
tumour types as for the setting up of the workflow 
as such.

Secondly, it is important to prioritise process 
quality and flow. Every radiation oncology 
facility must have quality assurance protocols 
and quality management [10]. In line with the 
best available quality control, every department 
has to set up optimal flow of different compo-
nents of radiation therapy pre-treatment pro-
cesses that help to avoid radiation therapy delays. 
As described earlier, resources differ from coun-
try to country; therefore, there are no common 
guidelines that would fit to all. Instead, local and 
currently available technical and human resources 
should be used in creating suitable workflow set-
tings. Acceptable time frames for completing 
each pre-treatment task should be agreed. It is 
also highly recommended to make optimal use of 
the software programmes (e.g. ARIA®, 
MOSAIQ®, RayCare®) to generate automated 
timestamps upon completion of each critical 
workflow task, as well as reminders if a task is 
not completed [13].

Thirdly, after creating the local radiation ther-
apy workflow, it is important to ensure its stabil-
ity. For example, in the whole process, there 
should not be components that rely only on a 
single machine or individual. Together with stra-
tegic staffing activities, the need for department 

investments should be equally assessed and items 
prioritised to guarantee workflow stability.

Fourthly, subsequent activities are required 
to increase the overall workflow speed, since 
even a 4-week delay in cancer treatment has 
been shown to be associated with increased mor-
tality in several tumour types, including breast 
cancer [14]. Therefore, policies on minimis-
ing system delays to cancer treatment initiation 
are the first tool to improve survival outcomes 
on population level. As a good example, maxi-
mum waiting time targets defined by the Dutch 
Society for Radiation Oncology state that acute 
patients should be treated within 1  day, sub-
acute patients should start treatment within 
7 days, and regular patients should start treat-
ment within 21 days [15].

10.4  A Personal Viewpoint Based 
on Experience at Several 
Radiation Oncology 
Departments

• In the past, similar to other medical spe-
cialties, the link between the single patient 
and the single doctor was “untouchable”. 
Notwithstanding the advantage of the impor-
tance of an optimal patient–doctor rela-
tionship, its pitfalls lie in missing specific 
expertise, fluctuation in workload, availability 
for performing timewise every single step in 
the workflow at the best moment, and pres-
ence or absence. All this seriously limits flex-
ibility and availability, and thereby optimal 
workflow management. Therefore, the work-
flow should ideally be organised per team, 
each consisting of several professionals that 
will handle assigned tasks not on a personal 
but on a team base.

• The ideal workflow should be as such that all 
steps should be manageable within the short-
est timeframes as possible, why not within 
24  h, infrastructure and staffing permitting. 
However, it has to be accepted that setting up 
an idealistic workflow creates also margins in 
time, offering equalising the tides of high- and 
low-workloads.

J. Jaal et al.
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• Several organisations offer professional sup-
port in setting up workflow management 
systems, both in medical and in non-medical 
settings. Of particular interest is the use of 
the “lean management” principles in a radia-
tion oncology department, as it will not only 
improve the workflows themselves but also 
give insight to all healthcare providers in 
their role in the daily setting up of activities, 
allow improved monitoring of performances, 
increase involvement of all staff members 
and, very importantly, improve safety for both 
patients and organisations [16–21].

• An interesting note lies in forward versus 
backwards planning within the workflow 
management. When switching to backwards 
planning, improved adaptation of the stepwise 
scheduling allows better adaptation to avail-
ability of resources and staff: for example, if 
a breast cancer patient is to be started within 
21 days from her discussion at the MTB, the 
first RT-fraction can be set, from which back-
wards all preparatory steps should be planned 
respecting the time required for each of them.

• Medical doctors traditionally struggle to 
accepting standardisation of medical pro-
cesses, claiming that every single patient is 
unique and presents with a unique challenging 
disease. As such, the medical professionals 
needed to acquire the skills of team playing, 
which is clearly influenced by cultural back-
ground. It is not by pointing to individual 
flaws, but by demonstrating the advantages of 
optimised multidisciplinary team-based work-
flows that we can keep all essential healthcare 
workers on board. As derived from the Pareto 
Principle, stating that 20% of the activities 
will account for 80% of the results and, con-
versely, that 80% of impact stems from just 
20% of potential causes, standardising for the 
80% will not only limit strongly the risks for 
errors but simultaneously allow to spend sig-
nificantly more time on the 20% who require 
an individually adapted approach [22, 23].

• Indeed, optimising a workflow is tightly con-
nected to people management. The transition 
from an archaic workflow based on an endless 
combination of options for each individual to 

a well-structured organisation for the entire 
workload (patients and activities) takes time 
and costs. During this period, all staff mem-
bers need to be kept onboard, preferably by 
involving them actively in the transition 
process.

10.5  Future Perspectives

Recently, artificial intelligence has emerged to 
improve and optimise radiation therapy workflow 
and quality of care [24]. There are several ways 
where artificial intelligence can be used through-
out the radiation therapy workflow components, 
including image reconstruction and registration, 
image segmentation and analysis, risk modelling 
and profiling, treatment planning and quality 
assurance [25, 26]. Currently, it is not yet clear to 
which extent automation and artificial intelligence 
will help to increase radiation therapy utilisation 
in countries with remarkable shortages in techni-
cal and human radiation therapy resources. 
Nevertheless, it is hoped that all these technical 
advances will foster integrated care that is centred 
around the needs of the patient and not of the sys-
tem. Additionally, artificial intelligence cannot 
overcome a disorganised workflow and cannot be 
of aid without the intellect of the treating team.
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Breast and Lymph Node Anatomy

Petra Steyerova and David Kachlik

11.1  Background

The female breast is a complex organ with rich vas-
cular, lymphatic and nerve supply and many rela-
tions to the thoracic wall, axilla and other 
neighbouring structures. A precise knowledge of 
anatomy is crucial for diagnosis, treatment and 
follow-up of breast cancer. As there are also numer-
ous variants of anatomy of the breast tissue, blood 
and lymphatic vessels and nerves, these can be 
important for understanding the treatment guide-
lines, research and clinical issues that arise during 
management of patients with breast cancer.

11.2  Key Information for Clinical 
Practice

11.2.1  Breast Anatomy

Breast is a paired organ located on the thoracic 
wall at the level of the second to the sixth inter-

costal spaces. While anatomically it is delineated 
medially by the parasternal line and extending 
laterally to the anterior axillary line, for the pur-
pose of irradiation its medial aspect is located 
lateral to the medial perforating mammary ves-
sels and its lateral aspect is situated anterior to 
the lateral thoracic vessels. Posteriorly it overlays 
muscles of the thoracic wall—the pectoralis 
major muscle (clinically referred to as the major 
pectoral muscle), the serratus anterior muscle and 
cranial portions of the abdominal muscles. It con-
sists of the mammary gland and surrounding con-
nective and adipose (fat) tissues and is situated in 
the subcutaneous tissue, within the superficial 
thoracic fascia.

The size of the breast depends on the amount 
of adipose and glandular tissues. The relative 
proportions of the glandular tissue and the fat 
determines the so-called density, which is impor-
tant for detection of cancer in mammography. 
Patients with dense breasts (breasts with high 
amount of glandular parenchyma and low amount 
of fat) benefit less from mammography screening 
[1]. The body of the breast can be divided into 
two parts: circular body and axillary tail. 
Accessory breast tissue appears in 2–6% of 
women and is located along the developmental 
milk line, typically in the axilla [2]. At the centre 
of the breast, there is the elevated nipple with 
ductal openings, surrounded by the areola, a pig-
mented area of the skin containing numerous 
apocrine glands and a few hair follicles.
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The mammary gland is an exocrine apocrine 
milk-producing gland consisting of a complex of 
tubo-alveolar glands formed by 15–20 individual 
coned-shaped lobes (each of 1–2 mm in size) [3], 
arranged in a radial pattern and separated by 
fibrous interlobular bundles. Lobular anatomy 
determines the distribution and location of ductal 
carcinoma in situ, which tends to have lobular/
segmental distribution following the radial 
arrangement and extending along the course of 
the ducts. This pattern is one of the features that 
helps diagnosing the disease in imaging [4]. Each 
lobe is associated with its own lactiferous duct 
extending to the nipple. Some authors state that 
the number of openings on the nipple does not 
always correlate with the number of ducts, the 
number of openings drop to as few as 5–9, indi-
cating that larger areas may have a common duct 
and opening [5], or that more ducts can share the 
same opening as they join behind the nipple [6]. 
This has to be taken into account in the evalua-
tion of patients with bloody discharge from the 
nipple or patients with Paget’s disease of the 
nipple.

The glandular parenchyma is supported by 
connective tissue called the suspensory liga-
ments/retinacula of the breast (ligaments of 
Cooper) which penetrate the gland from the pec-
toralis major muscle towards the skin and pro-
vide support for the parenchyma. The mammary 
gland is delineated posteriorly by the posterior 
layer of the superficial thoracic fascia [7]. The 
space between the pectoralis major muscle and 
the posterior layer is called the retromammary 
bursa (of Chassaignac). Ventrally, the paren-
chyma is encased by the anterior layer of the 
superficial thoracic fascia, which reaches various 
distances from the skin of the nipple and areola. 
Both these spaces and fascial planes are impor-
tant for surgical approaches in cancer surgery and 
reconstruction [8]. Caudally, the breast is sup-
ported by strong inframammary fold ligament, 
which ensures a fixed position of the breast dur-
ing its changes and ageing. A centrally located 
fibrous septum (of Würinger) is located horizon-
tally at the level of the fifth rib, extending towards 
the nipple and containing neurovascular 

 structures. The lower portion of the breast is 
divided vertically by the septum of Awad [9] 
which can sometimes be visible in a MRI of the 
breast (Fig. 11.1).

11.2.2  Blood Supply and Innervation

The arterial blood supply to the breast is provided 
by the anterior intercostal arteries (from the inter-
nal thoracic artery), posterior intercostal arteries 
(directly from the aorta), lateral thoracic, supe-
rior thoracic and thoraco-acromial arteries (from 
the axillary artery). The medial part of the breast 
is supplied by the medial mammary branches, 
and the perforating branches of the second to 
fourth anterior intercostal arteries (from the inter-
nal thoracic artery), which constitute the major 
supply to the nipple-areolar complex and have 
major influence of the vitality of the nipple in sur-
gery [10]. Laterally, the breast receives blood 
from the lateral thoracic artery. The upper part of 
the breast is supplied by the pectoral branch of 
the thoraco-acromial artery. The deep portion of 
the lateral breast is supplied by the lateral mam-
mary branches, and the perforating branches of 
the second to sixth posterior intercostal arteries. 
The venous system of the breast has a larger 
superficial and a smaller deep group and gathers 
towards the axillary, internal thoracic and inter-
costal veins. A major venous subareolar plexus 
(of Haller) is located under the nipple and 
areola.

The sensory innervation of the breast is pro-
vided by a number of small nerves, mainly the 
anterior (medial part of the breast) and lateral (lat-
eral part of the breast) cutaneous branches of the 
second to sixth intercostal nerves. The largest 
branch to the nipple usually arises from the deep 
branch of the lateral branch of the fourth intercos-
tal nerve [11]. The upper part of the breast is 
innervated by the supraclavicular nerves from the 
cervical plexus. The intercostobrachial nerve usu-
ally originates from the lateral cutaneous branch 
of the second intercostal nerve and innervates the 
axilla and a small part of the adjacent lateral tho-
racic wall and of the proximal medial part of the 
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Fig. 11.1 Anatomy of the breast

arm. It is at risk for injury during operative proce-
dures and its lesioning has been associated with 
postoperative sensory loss and neuropathic pain, 
decreasing quality of life of breast cancer survi-
vors [12]. Less frequently, the second (accessory) 
intercostobrachial nerve can be present in 61% of 
cases, originating from the lateral cutaneous 
branch of the third intercostal nerve [13, 14].

11.2.3  Anatomy of Axilla

The axilla is a pyramidal space with an apex cra-
nially, a base caudally, and four walls. It is 

 surrounded by the pectoral muscles (anteriorly), 
latissimus dorsi and teres major muscles (posteri-
orly), serratus anterior muscle, the thoracic wall 
and its muscles (medially), humerus and its mus-
cles (laterally). The apex is located at the junction 
of the clavicle, the superior border of the scapula, 
and the first rib. The base is formed by the axil-
lary fascia. The axilla contains the axillary artery 
(with its branches) and vein (with its tributaries), 
the brachial plexus with its three fascicles, thora-
codorsal, long thoracic, pectoral and subscapular 
nerves, and the axillary lymphatic plexus 
 featuring multiple axillary lymph nodes, sur-
rounded by adipose tissue (Fig. 11.2).

11 Breast and Lymph Node Anatomy
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Fig. 11.2 Cross-sectional anatomical schema of the axilla

11.2.4  Lymphatic Drainage 
of the Breast

The lymphatic system of the breast is rich and 
complex and consists of superficial (cutaneous 
and subcutaneous), deep (glandular and fascial) 
and perforating systems [15]. The richest lym-
phatic network is located under the nipple- areolar 
complex in the subcutaneous layer and is called 
the subareolar plexus (of Sappey). All the other 
networks are connected to the subareolar plexus 
through perforating branches and branches in the 
connective tissue and along the ducts (Fig. 11.3).

Primary lymphatic drainage direction of the 
breast comprising approximately 75% of the 
lymphatic drainage is to the axilla via 4–6 lym-
phatic vessels called collectors [16, 17]. There 
are several groups of lymph nodes in the axilla 
named according to their anatomical location. 
The most caudal axillary lymph node is called the 
pectoral node of Sorgius, located on the second/
third digitation of the serratus anterior muscle, at 

the crossing of the lateral thoracic vessels and 
intercostobrachial nerve [18]. The lymph nodes 
in axilla are grouped and named according to 
their location (Table 11.1).

Surgically, the axilla can be divided into three 
levels [19]:

• Level I: Lymph nodes inferolateral to the pec-
toralis minor muscle.

• Level II: Lymph nodes behind the pectoralis 
minor muscle.

• Level III: Lymph nodes superomedial to the 
pectoralis minor muscle.

For tissue of the lower inner quadrant of the 
breast, lymphatic drainage to the parasternal 
lymph nodes (in clinical terminology usually 
called “internal mammary chain/lymph nodes”) 
is more significant [20, 21], but also it can be an 
important lymphatic drainage pathway for 
tumours of the lateral part of the breast [22]. 
There is a number of parasternal lymph nodes 
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Fig. 11.3 Lymphatic drainage of the breast

Table 11.1 Axillary lymph node groups

Group Location Lymphatic drainage
Pectoral (anterior) 
group

Behind pectoralis major muscle, along inferior border of 
pectoralis minor muscle and lateral thoracic vessels

Lateral quadrants of breast, 
upper abdominal wall

Subscapular 
(posterior) group

In front of subscapular muscle, posterior axillary wall Posterior and inferior trunk 
wall

Humeral (lateral) 
group

Along medial side of axillary vein Arm

Central group Axillary fat in centre of axilla Drainage of above listed 
three groups

Deltopectoral 
(infraclavicular) group

Between deltoid and pectoralis major muscles Lateral side of arm

Apical group Apex of axilla, lateral border of first rib Drainage of all above listed 
groups
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located along the course of the internal thoracic 
vessels between the endothoracic fascia and the 
thoracic wall near the margin of the sternum 
located in the first to sixth intercostal space. 
Besides these two main directions, there are sev-
eral more lymphatic drainage pathways. In some 
cases, the lymph flows upwards, piercing the pec-
toralis major muscle and draining directly to the 
interpectoral lymph nodes (of Rotter) or supra-
clavicular lymph nodes. The interpectoral lymph 
nodes, described by Rotter and Grossman [23], 
are affected in a minority of patients and the like-
lihood of their metastatic involvement increases 
mainly with the size of the primary tumour and 
axillary tumour burden [24]. A lymphatic drain-
age to the supraclavicular lymph nodes has been 
described by Mornard [25] and pathological 
involvement of these lymph nodes importantly 
affects the patient’s prognosis [26]. There are 

also pathways directly to the deep inferior cervi-
cal lymph nodes [27], or downwards along the 
branches of the superior epigastric artery to pre-
pericardiac lymph nodes or even contralaterally 
across the midline, especially when the primary 
ways are closed [17]. Sporadically, a retrosternal 
lymphatic drainage can occur to the contralateral 
parasternal lymph nodes or a subcutaneous drain-
age to the contralateral axilla is possible, 
 occurring in patients where ipsilateral drainage is 
compromised by lymphatic obstruction caused 
by scarring, irradiation or tumour involvement 
[28]. These lymphatic pathways might contribute 
to the cancer spread beyond the locoregional 
treated area. In the case of metastatic involve-
ment of lymph nodes the pattern of spread in the 
axilla is usually progressive, however also dis-
continuous (“skip”) metastases can occur in 
1–5% of cases [29] (Fig. 11.4).

Fig. 11.4 Anatomy of the locoregional lymphatic vessels and lymph nodes
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11.2.5  Intramammary Lymph Nodes

Some lymph nodes can be located within the 
breast tissue and are then called the intramam-
mary lymph nodes. According to the literature, 
their incidence varies between 0.7% and 48% of 
cases [30]. In the TNM classification, these 
lymph nodes are coded as axillary lymph nodes 
level I [31]. In patients with breast cancer, it has 
been shown that a metastatic involvement of the 
intramammary lymph node predicts metastatic 
involvement of the axillary lymph nodes, but in 
some cases, the intramammary lymph nodes can 
be the only lymph nodes affected with no further 
tumour burden within the axilla [30].

At the time of diagnosis of the breast cancer, 
ultrasound is a reliable and available tool for 
lymph node staging. Axillary imaging by ultra-
sound is mandatory, and infraclavicular, supra-
clavicular, cervical and even parasternal lymph 
nodes are also easily reachable and identifiable 
(especially when pathological) [32], however not 
always a part of every examination. Advanced 
imaging modalities such as PET/CT, PET/MRI, 
SPECT/CT can add important information 
regarding lymphatic spread in  locations mainly 
outside the axilla. These modalities could bring 
important information, which might affect plan-
ning of the treatment but the clinical value of 
these imaging methods and the impact on further 
management of the patient and survival are still 
to be studied [33] (Fig. 11.5a, b).

For the purpose of target volume delineation, 
a cross-sectional anatomy is essential. Different 

volume areas are delineated by anatomical struc-
tures, which are visible on planning CT. For ori-
entation, see Fig. 11.6. Note that the CT scan is 
obtained with arms raised over the patient’s head, 
so the anatomy might be shifted from the position 
in anatomy atlases, the vascular and nerve bun-
dles are displaced cranially, muscles around the 
axilla rotated.

11.2.6  Thoracic Wall Muscles 
and Fasciae

The pectoralis major muscle, forming the base 
for the breast, originates from the medial half of 
the clavicle, lateral half of the sternum, the first to 
seventh costal cartilage and abdominal muscles 
aponeuroses, inserts on the crest of the greater 
tubercle of the humerus and is covered by the 
pectoral fascia. The underlying pectoralis minor 
muscle originates from the third to fifth rib, 
inserts on the coracoid process of the scapula and 
is enveloped by the clavipectoral fascia. The ser-
ratus anterior muscle originates usually from the 
first to ninth rib, inserts on the medial border of 
the scapula and its adjacent angles and is envel-
oped by the clavipectoral fascia as well. The 
latissimus dorsi muscle originates from the back 
(vertebrae, thoracolumbar fascia, iliac crest, 10th 
to 12th rib), inserts on the crest of the lesser 
tubercle of the humerus and is covered by the fas-
cia dorsi. The deltoid muscle originates from the 
lateral one-third of the clavicle, acromion and lat-
eral two-thirds of the scapular spine, inserts on 

a b

Fig. 11.5 Parasternal lymph nodes in (a) PET/CT and in (b) ultrasound
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Fig. 11.6 Axial non-contrast CT scans at different levels 
of the thorax. (a) Level of the superior thoracic aperture. 
(b) Level of the subclavian vessels. (c) Level of the centre 

of axilla. (d) Level of the aortic arch. (e) Level of the nip-
ple. (f) Level of the apex of the heart

a

b

c
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d

e

f

Fig. 11.6 (continued)
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the deltoid tuberosity of the humerus and is 
enveloped by the deltoid fascia. The subscapu-
laris muscle originates from the costal surface of 
the scapula and inserts on the lesser tubercle of 
the humerus, covered by the homonymous fascia. 
The subclavius muscle is hidden between the 
clavicle and the first rib, covered by the clavipec-
toral fascia. Finally, the scalenus anterior and 
medius muscles originate from the transverse 
processes of the cervical vertebrae, insert on the 
superior surface of the first rib, forming a slit 
(scalenic fissure) for the subclavian artery, lym-
phatic subclavian trunk and brachial plexus. In 
less than 10%, there can exist a transverse mus-
cular band, called the axillary arch (of Langer), 
extending between the anterior aspect of the latis-
simus dorsi muscle and the posterior aspect of the 
pectoralis major muscle (or the proximal arm 
muscles/tendons/fasciae).

The superficial thoracic fascia is thickened 
between the clavicle and the mammary gland as the 
suspensory ligament (of Giraldés), providing sus-
pension for the breast and forming its shape. The 
clavipectoral fascia attaches to the clavicle, enve-
lopes the subclavius muscle, descends as the cora-
coclavicular fascia (its lateral margin extending 
between the coracoid process and the first costal 
cartilage, called the costocoracoid ligament, sepa-
rates the axillary space from the anterior thoracic 
wall), envelops the pectoralis minor and serratus 
anterior muscles and dorsally continues to the 
rhomboid muscles. The axillary floor (inferior wall) 
is formed by the thin superficial axillary fascia, and 
the thick quadrangular deep axillary fascia, continu-
ing laterally to the brachial fascia, medially to the 
clavipectoral fascia of the serratus anterior muscle, 
ventrally to the pectoral fascia and dorsally to the 
fascia dorsi of the latissimus dorsi. It is attached to 
the lateral part of the clavipectoral fascia, called the 
axillary suspensory ligament (of Gerdy). The axil-
lary fascia supports the contents of the axilla, 
including the fat pad, and is pierced by superficial 
veins and lymphatic vessels from the breast.

11.3  Summary

The anatomy of thorax, axilla, breast and its lym-
phatic drainage is complex. A thorough knowl-
edge of anatomy including cross-sectional and 
topographical anatomy is essential for target vol-
ume delineation as well as for understanding 
various anatomical aspects that affect breast can-
cer diagnosis, surgery and possible pathways of 
spread of the disease within and beyond the irra-
diation fields.
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Risk Assessment: Calculating 
the Benefit of RT for Individual 
Patients

Marissa C. van Maaren and Nina Bijker

12.1  Background

The primary aim of RT treatment for breast can-
cer is to reduce the risk of local-regional failure 
(LRF) [1]. Following BCS, post-operative RT 
gives a 70% reduction in the risk of LRF [2–4], 
and it additionally has proven its benefit in node- 
positive disease treated with mastectomy [5]. 
Although the proportional benefits are substan-
tial, the absolute benefits may be very small in 
specific patient groups [2, 5], especially when 
considering the fact that recurrence risks are 
largely based on clinical trials executed decades 
ago, and absolute risks of LRF have continued to 
drop since [6]. On top of that RT comes with not 
only a potential risk of cardiac morbidity [7, 8] 
and secondary cancer [9], but also a risk of health 
effects such as arm morbidity and fibrosis  
[10, 11]. These RT-related complications are 

reduced with volume-based planning and dose- 
homogeneity, but especially in early-stage breast 
cancer or in older patients with a lower health 
condition, the benefits in terms of reduced risks 
of LRF may not outweigh the harms in terms of 
treatment burden of RT [12]. In the current era of 
treatment de-escalation, it is therefore crucial to 
weigh the efficacy of RT against its potential side 
effects.

12.2  Key Information for Clinical 
Practice

Tumour characteristics such as tumour size, 
nodal stage, grade and receptor status play a key 
role in breast cancer prognosis and thus in RT 
decision-making. As breast cancer is a very het-
erogeneous disease and different combinations 
of tumour characteristics largely influence prog-
nosis, a wide range of clinical prediction tools 
have been developed incorporating these fac-
tors. Examples of prediction tools are models 
that estimate the risk of local or regional failure 
and/or survival outcomes following BCS [13–
16] or mastectomy [17, 18], models that predict 
the risk of nodal metastasis [19, 20] or a model 
that predicts the risk of mastectomy-free inter-
val following BCS [21]. Such models can be 
very useful to assist RT treatment decision-mak-
ing. However, they do not take into account the 
patient’s general health condition and the 
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expected risk on side effects, making RT treat-
ment decision-making a complex matter. 
Besides, a general limitation of such prediction 
tools is that they are always based on patients 
diagnosed and treated many years ago—while 
treatment strategies are continuously evolv-

ing—which makes it difficult to translate pre-
dicted risks to current individual patients. 
Table  12.1 summarises some of the available 
risk assessment tools. Using two case descrip-
tions the complexities and possibilities of RT 
are discussed in light of recent developments.

Table 12.1 Available online risk assessment tools

Prediction tool Population Type of RT Predictors Outcome
Reference 
(PMID)

MD Anderson Cancer 
Center: breast cancer 
nomogram to predict 
benefit of radiation for 
older patients with 
breast cancer treated 
with conservative 
surgery

Women 66–79 
years with 
primary 
nonmetastatic 
epithelial ductal 
breast cancer 
treated with BCS

Yes/no, as given 
in daily practice

• Age
• Race
• Tumour size
•  Oestrogen 

receptor status
• Nodal status

5- and 10-year 
mastectomy- 
free survival

22734034

IBTR! Version 2.0 Breast cancer 
patients treated 
with BCS

Yes/no, as given 
in daily practice

• Age
• Tumour size
• Tumour grade
• Margin status
•  Lymphovascular 

invasion
• Chemotherapy
•  Endocrine 

therapy

10-year 
ipsilateral breast 
tumour 
recurrence risk

17921706

Sichuan University 
nomogram predicting 
locoregional 
recurrence to assist 
decision-making of 
postmastectomy 
radiation therapy in 
patients with T1-2N1 
breast cancer

Breast cancer 
patients with 
T1-2N1 breast 
cancer treated 
with mastectomy, 
T1-2N1-3

Post- 
mastectomy 
radiation 
therapy

• Tumour size
•  Number of 

positive nodes
•  Oestrogen 

receptor status
• TNM stage
•  Lymphovascular 

invasion

5-year 
locoregional 
recurrence risk, 
5-year distant 
recurrence risk 
and 5-year 
breast cancer 
mortality.

30419307

Memorial Sloan 
Kettering Cancer 
Center: sentinel lymph 
node metastasis

SLN biopsy 
procedures

Not intended to 
estimate effect 
of RT but to 
estimate general 
risks that help 
in decision- 
making RT 
treatment

• Age
• Tumour size
•  Special type 

(tubular, 
mucinous or 
medullary 
carcinoma)

•  Tumour located 
in upper inner 
quadrant

•  Lymphovascular 
invasion

• Multifocality
•  Tumour type and 

grade (ductal + 
grade or lobular)

•  Oestrogen 
receptor status

•  Progesterone 
receptor status

Risk of positive 
SLN

17664461
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Table 12.1 (continued)

Prediction tool Population Type of RT Predictors Outcome
Reference 
(PMID)

Memorial Sloan 
Kettering Cancer 
Center: additional 
nodal metastasis

Patients who 
underwent 
complete ALND

Not intended to 
estimate effect 
of RT but to 
estimate general 
risks that help 
in decision- 
making RT 
treatment

•  Frozen section 
performed?

• Tumour size
•  Tumour type and 

grade (ductal + 
grade or lobular)

•  Number of 
positive SLNs

•  SLN Method of 
detection

•  Number of 
negative SLNs

•  Lymphovascular 
invasion

• Multifocality
•  Oestrogen 

receptor status

Risk of 
additional nodal 
metastasis in 
case of a 
positive SLN 
biopsy

14654469

Memorial Sloan 
Kettering Cancer 
Center: ductal 
carcinoma in situ 
recurrence

Patients treated 
with BCS for 
DCIS

Not intended to 
estimate effect 
of RT but to 
estimate general 
risks that help 
in decision- 
making RT 
treatment

• Age
• Family history
•  Clinical or 

radiologic 
presentation

• Radiotherapy
•  Endocrine 

therapy
• Tumour grade
•  Presence of 

necrosis
• Surgical margins
•  Number of 

surgical 
excisions

• Year of surgery

5- and 10-year 
risk of 
ipsilateral breast 
cancer 
recurrence

20625132

Nomogram for 
predicting the risk of 
locoregional 
recurrence in patients 
treated with 
accelerated partial- 
breast irradiation

Patients treated 
with BCS 
followed by 
APBI for early 
stage breast 
cancer

Accelerated 
partial breast 
irradiation 
(APBI)
Not intended to 
estimate effect 
of RT but to 
estimate general 
risks that help 
in decision- 
making RT 
treatment

• Age <50 or ≥50
•  Menopausal 

status
• Margin status
•  Oestrogen 

receptor status
• Tumour grade

5-year risk of 
locoregional 
recurrence

25446607

A prediction model 
for the presence of 
axillary lymph node 
involvement in women 
with invasive breast 
cancer: a focus on 
older women

Patients 
diagnosed with 
clinically 
node-negative 
invasive breast 
cancer who 
underwent ALN 
sampling

Not intended to 
estimate effect 
of RT but to 
estimate general 
risks that help 
in decision- 
making RT 
treatment

• Tumour size
•  Lymphovascular 

invasion
•  Menopausal 

status

Risk of ALN 
metastases

24475876

(continued)

12 Risk Assessment: Calculating the Benefit of RT for Individual Patients



84

Table 12.1 (continued)

Prediction tool Population Type of RT Predictors Outcome
Reference 
(PMID)

IEO and MSKCC 
nomogram for 
prediction of local 
relapse after surgery 
for invasive breast 
carcinoma

Patients with 
primary invasive 
breast cancer

Not intended to 
estimate effect 
of RT but to 
estimate general 
risks that help 
in decision- 
making RT 
treatment

• Age
• Histology
• Tumour size
• Nodal stage
• Tumour grade
•  Peritumoural 

vascular invasion
• Subtype
•  Endocrine 

therapy
• Chemotherapy
•  Radiotherapy 

(external, 
intraoperative or 
none)

1-, 5- and 
10-year 
ipsilateral breast 
tumour 
recurrence risks

31965372

Radiotherapy for older 
women (ROW): a risk 
calculator for women 
with early-stage breast 
cancer

Older women 
with breast 
cancer

Yes vs no • Age
• BMI
• Smoking status
• COPD
• Other cancer
•  Congestive heart 

failure
• Diabetes
•  Difficulty 

walking several 
blocks

•  Difficulty 
managing 
finances

•  Difficulty 
bathing

•  Difficulty 
pushing/pulling 
large objects

• Tumour grade
• Tumour size
•  Oestrogen 

receptor status
• Margin status
• Nodal stage
•  Additional health 

conditions 
(neutral, more 
favourable, less 
favourable)

•  Additional breast 
cancer factors 
(neutral, more 
favourable, less 
favourable)

10-year local 
recurrence risk, 
10-year 
all-cause 
mortality risk

31899199
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Table 12.1 (continued)

Prediction tool Population Type of RT Predictors Outcome
Reference 
(PMID)

Individualised 
prediction of survival 
benefit from 
postmastectomy 
radiotherapy for 
patients with breast 
cancer with one to 
three positive axillary 
lymph nodes

Women with 
N1-3 breast 
cancer treated 
with mastectomy

PMRT • Age
• Histology
• Tumour grade
• Tumour size
•  Oestrogen 

receptor status
•  Progesterone 

receptor status
•  Number of 

positive nodes

5- and 10-year 
overall and 
disease-specific 
survival

31315963

Nomogram to predict 
ipsilateral breast 
relapse based on 
pathology review from 
the EORTC 22881- 
10882 boost versus no 
boost trial

Patients treated 
with BCS+whole 
breast RT

RT boost yes/no 
after BCS+RT

• Tumour size
• Age
• Tamoxifen
• Chemotherapy
• Boost
• DCIS
• Tumour grade

10-year 
proportion IBR 
free

21821304

Fibrosis prediction 
model based on the 
EORTC Trial 
22881-10882 ‘boost 
versus no boost’

Patients treated 
with BCS+whole 
breast RT

RT boost yes/
not after 
BCS+RT

In patients treated 
with a boost
• Age
• Haematoma
• Oedema
• Tamoxifen
•  Concomitant 

chemotherapy
• Radiation quality
• Type of boost
•  If electron boost, 

energy (MeV)
•  Maximum dose 

(if known)
In patients NOT 
treated with boost
• Age
•  Concomitant 

chemotherapy
• Maximum dose

Risk of 
moderate/severe 
fibrosis at 10 
year

18757193

Response to preoperative radiation therapy can be predicted by gene expression patterns [38, 39]
a It might be that some of the avilable tools are missing

12.2.1  Case 1

Mrs. X is a 57-year-old woman with a non- 
palpable mass in the upper-outer quadrant of the 
left breast detected during population-based 
screening. She is married, has two children, and 
works three days a week as a receptionist. She 
has hypertension, a BMI of 31 kg/m2 and smokes 
with 30 pack-years. She failed several attempts to 

quit smoking. She underwent an iodine seed- 
guided excision and SLNB.  Histology revealed 
an invasive carcinoma of no special type (NST), 
grade 2, diameter 1.5 cm, without LVI.  The 
tumour was removed with clear surgical margins 
(≤3 mm). Oestrogen (ER, 100%) and progester-
one receptor (PR, 20%) positive, HER2 negative. 
TNM staging pT1c N0 (sn) Mx.
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Mrs. X was discussed in both a pre- and post- 
operative multidisciplinary breast meeting where 
referral to both the radiation oncologist and med-
ical oncologist was advised to discuss post- 
operative breast RT and endocrine therapy.

According to the IBTR! tool [22], which can 
be accessed via https://www.tuftsmedicalcenter.
org/ibtr/, RT will result in a 70% relative risk 
reduction of local failure (LF) (10% risk without 
RT, 3% risk with RT) at 10 years in this patient. 
In case of treatment with endocrine therapy, the 
risks are reduced to 7.3% and 2.2%, without and 
with RT, respectively. It should be noted that this 
IBTR! tool may not be directly applicable to all 
populations, as validation studies give mixed 
results, and thus results should be interpreted 
with care. The tool only includes general prog-
nostic parameters, and no factors related to 
tumour biology. Furthermore, the IBTR! tool 
presents risks for whole breast irradiation (WBI), 
while our patient X is eligible for partial breast 
irradiation (see partial breast irradiation section) 
according to both European (ESTRO) [23] and 
American (ASTRO) guidelines [24]. In addition, 
the introduction of hypofractionation has reduced 
the number of necessary visits to the RT depart-
ment from 25 times in five weeks to fractionation 
schedules of as low as five times in one week, 
with equal effectiveness and similar low risk of 
side effects (see dose & fractionation section) 
[25, 26]. Thus, the burden for the patient is much 
less when it comes to time investment and might 
have an impact on family life, fatigue caused by 
travelling, and work-return. Further, the possible 
long-term risk of fibrosis, affecting cosmesis and 
causing discomfort and pain, is proven to occur 
less and of lower toxicity grade in patients treated 
with PBI as compared to patients treated with 
WBI [27]. Also, with modern 3DCRT planning 
and breath-hold techniques we are able to mini-
mise the risk of cardiac morbidity [8], which is 
therefore not a reason to refrain from treatment 
with RT. However, it has been shown that women 
who continue to smoke during breast RT have an 

increased risk of developing lung cancer [28]. 
One could easily argue that, if Mrs. X—having 
low risk breast cancer and excellent expected 
breast cancer-specific survival rates—continues 
to smoke, her already substantial risk of lung can-
cer will be further increased due to RT. This risk 
may outweigh the benefit in terms of local con-
trol. We advise that this information will be 
clearly communicated to the patient and appro-
priate measures should be taken to promote 
health-related behaviours, such as referring the 
patient to smoking cessation programmes.

Something that could additionally be taken 
into account to estimate prognosis is Ki-67 sta-
tus. This was not measured here, due to substan-
tial heterogeneity in methods of assessment and 
limited clinical utility [29]. However, when 
(automated) Ki-67 scoring will be further devel-
oped, this may be a relevant factor in the future.

12.2.2  Case 2

Mrs. Y is a 45-year-old woman with a palpable 
mass in her right breast. Tomosynthesis (density 
category C) showed a 2.3 cm mass in the lower 
outer quadrant. On the axillary ultrasound one 
lymph node with a cortex width of 0.28 cm was 
seen. The biopsy revealed an invasive carcinoma 
of NST, grade 3, ER and PR negative, HER2 pos-
itive (score 3+). The fine needle aspiration of the 
axilla was positive. Breast MRI showed three 
additional satellite lesions extending in a total 
area of 5.3 cm. A PET-CT showed uptake in all 
four breast lesions and in one axillary lymph 
node, without any evidence of other regional or 
distant metastases. TNM cT2 mc N1 M0.

Mrs. Y is a healthy woman without comorbid-
ity, non-smoker, no medication use. BMI 27 kg/
m2. She is divorced and has two teenage children, 
she is self-employed.

Mrs. Y was counselled for preoperative sys-
temic therapy including a dual blockade anti- 
HER2 treatment and a MRI showed a breast and 
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nodal clinical complete response. Because of the 
extent of the lesions, she underwent a skin- 
sparing mastectomy with excision of the marked 
axillary lymph node and SLNB followed by 
direct reconstruction with a tissue expander. 
Histologic analysis showed a pathologic com-
plete response (pCR) in both the breast and the 
removed lymph node (marker node same as sen-
tinel node). TNM ypT0 N0. Because of the initial 
stage II disease and no complete axillary treat-
ment, it was advised to counsel her for locore-
gional RT (reconstructed breast and regional 
lymphatics).

In stage III breast cancer, PMRT is generally 
accepted as treatment strategy as it causes a sub-
stantial absolute reduction in risk of LRF which 
also results in survival benefit [30], while in stage 
I or low risk (node negative) stage II disease cur-
rent LRF risks are so low that the benefit of RT 
may not outweigh its harms. However, for inter-
mediate risk—mostly stage II such as for Mrs. 
Y—the decision on RT is more difficult. One can 
rely even less on prediction tools such as the one 
developed by Luo et al. [17], as it does not include 
women treated with modern (preoperative) sys-
temic therapy with dual anti-HER2 treatment. 
Mrs. Y shows a pCR, which has been shown to be 
correlated with a low risk of LRF [31]. However, 
we are still awaiting results of randomised trials 
comparing PMRT with no RT in intermediate 
risk breast cancer [32], and especially in the pri-
mary systemic situation many answers are still to 
be given. In patients such as Mrs. Y there is a 
debate on whether the axilla has been treated suf-
ficiently, with some physicians preferring a safe 
option and offering her RT to the axilla [33] or 
even an ALND. A review to identify factors that 
may permit PMRT omission in a selected group 
of patients after PST confirmed the positive con-
tribution of PMRT to reduce the risk of LRF and 
increase OS in patients with locally advanced 
breast cancer treated with PST and mastectomy, 
irrespective of the tumour response to PST. In the 
case of patients with earlier stage disease, PMRT 
omission could be considered in patients over the 
age of 40 years, with clinical stage II tumours 
(except for cT3N0 tumours), luminal A subtype, 
and those who achieve a pCR in the breast and 

lymph nodes (ypN0), without LVI or ECE [34]. 
However, the impact of the type of mastectomy 
(skin or nipple sparing versus total mastectomy) 
on the rate of LR is not fully understood. 
Additionally, in patients with HER2-type tumours 
with 1–3 involved lymph nodes, an analysis of 
the HERA trial showed that PMRT decreases the 
risk of LRR, albeit with a magnitude of benefit 
which is lower than historic studies [35]. Lastly, 
although not applicable to our case, presence of 
BRCA mutations [36] and presence of residual 
breast tissue and dermal lymphatics after skin- 
sparing procedures are described to increase the 
risk of LRR [37].

12.2.3  The Shared Decision-Making 
Process: Current State 
of the Art and Future 
Perspectives

Regarding Mrs. X and Mrs. Y, the shared decision- 
making process resulted in the following: Mrs. X 
was convinced of the beneficial health effects of 
smoking cessation, and she was advised to con-
tact her general practitioner to guide her in this. 
She decided to aim for maximal local control and 
to be treated with hypofractionated PBI, also 
because of the low burden of five treatments in 
one week. Mrs. Y has chosen for a direct breast 
reconstruction. Chest wall RT (PMRT) will 
increase her risk of complications, fibrosis and 
capsular contractures, resulting in an increased 
risk of poor cosmetic outcome and pain around 
the reconstructed area [40]. The pCR following 
PST helped her in the decision to forego RT.

As the case descriptions show, the RT decision- 
making process can be very complex. Existing 
prediction tools do not cover all the aspects, mak-
ing it difficult to discuss the outcomes with indi-
vidual patients. Predicted risks of LRF are 
discussed in the context of tumour- and treatment-
related characteristics as well as the patient’s per-
sonal situation and wish. Ideally, multigene assays 
developed and proved to guide selective use of 
adjuvant chemotherapy [41], could also be used to 
assess a patient’s individual risk of LRF, and 
hence to better predict the benefit of RT than the 
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current classic clinical and histopathological fac-
tors. So far, studies investigating this gave con-
flicting results and therefore these multigene 
assays are not yet used for this purpose [42]. Also, 
studies have shown that side effects are largely 
dependent on each patient’s intrinsic susceptibil-
ity to radiation-induced side effects [43–45], 
which is subject of ongoing research. However, 
we should not neglect the benefits of advances in 
RT preparation and delivery that led to a strong 
decrease of its burden to the patients including the 
frequency and severity of side effects.

In order for patients to understand the pre-
dicted risks, uncertainties around the estimates 
should be taken into account as well. One can 
imagine that all of this information can be over-
whelming, and that prediction tools on its own 
are not sufficient. Patient decision aids, such as 
developed in the BRASA study [NCT03375801] 
[46], may improve patient’s understanding of 
LRF risks with or without RT as well as the esti-
mated side effects. This decision aid includes 
information on both benefits and harms of RT 
including uncertainties and presents textual as 
well as visualised risks, which is shown to 
improve patients’ understanding of risk estima-
tions [47].

12.3  Summary

Here, we described two cases in which both the 
complexities and possibilities of RT risk assess-
ment are clarified. The key message is that 
besides tumour characteristics, the personal situ-
ation and wish of the patient have to be part of the 
shared decision-making process concerning RT 
treatment. Prediction tools on its own are not 
always adequate due to the inclusion of patients 
diagnosed and treated many years ago. In order 
for patients to interpret all the information well, 
decision aids can be very helpful. Future research 
should include the use of multigene assays and 
patient’s intrinsic susceptibility to radiation- 
induced side effects in the assessment of LRF 
risks, which can help further personalise the ben-
efits and risks of RT.
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Organs at Risk Delineation

Filipe Cidade de Moura and Mirjam Mast

13.1  Background

Accurate delineation of organs at risk (OARs) 
became crucial in the 3D planning era. With the 
implementation of CT simulation in the RT pro-
cess, slowly volumetric delineation for both tar-
get volumes and OARs turned mandatory for 
improving treatment outcome and reducing tox-
icity. Quantitative analysis of normal tissue 
effects in the clinic (QUANTEC) is the latest ref-
erence for most of the OARs. 3D dose/volume/
outcome data were reviewed and synthetized for 
better risk prediction and therapeutic ratio opti-
misation [1]. Concerning the delineation of target 
volumes and OARs, the American Association of 
Physicists in Medicine (AAPM) Task Group 263 
(2018) [2] published a report for standardisation 
of nomenclatures in radiation oncology.

Recently, the RT Quality Assurance (RTQA) 
Global Harmonization Group (GHG) defined the 

consensus guidelines for OAR delineation for RT 
clinical trials, along with AAPM TG263 and the 
American Society for Radiation Oncology 
(ASTRO) [3]. Together with peer-reviewed, the 
anatomically defined contouring guidance, intent 
to be integrated into future clinical trial protocols 
independent of the RT delivery technique.

Standardised names for the treatment plan-
ning processes will allow for quality improve-
ment of communication inside departments and 
within departments at national and international 
levels. Standardisation of terminology would 
facilitate scripting and automated processes and 
reports. It also enables better data collection and 
registries, which would be of benefit for the rou-
tine clinical care, population-based studies and 
clinical trials. Within the scope of this chapter, 
the adoption of AAPM TG263 and RTQA GHG 
OAR WG will be recommended when defining 
OARs for breast RT.

13.2  Treatment Planning: 
From 3DCRT to IMRT/VMAT

Targeting breast cancer tissues avoiding sur-
rounding tissues is a major goal for EBRT. The 
radiation team should be aware that the OARs 
that might be exposed to RT dose can be signifi-
cantly different if IMRT or VMAT (volumetric- 
modulated arc therapy or vIMRT) is used. 
Therefore, care should be given to delineate all 
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organs that might be exposed to radiation, other-
wise treatment might result in increased or unex-
pected toxicity [4].

If IMRT/VMAT will be used for breast only 
and/or regional node irradiation, extra require-
ments should be adopted for volumes of interest 
(VOIs) definition, see chapter treatment plan-
ning. In this section all relevant OARs are 
described. Finally the adoption of OARs models, 
atlas based auto-segmentation, and artificial 
intelligence for planning are now being used to 
fasten the generation of a reliable structure set, 
but human visual inspection still needs to be done 
for structure validation and approval [3].

13.3  Visualisation of OARs on a CT 
Simulation Scan

Hounsfield number described as units (HU) or 
more commonly mentioned as CT numbers, is 
being used for planning purposes applied on 
Treatment Planning System (TPS) for an accu-
rate conversion to electronic densities (ED). The 
so-called CT to ED curves allow for treatment 
beam dose attenuation at TPS for specific CT 
equipment under calibrated conditions. Displayed 
CT numbers will then result in different attenua-
tions between tissues. Visualisation and organ 
recognition are possible under a specified win-
dow width (WW) and window level (WL). The 
transition of dark to light structures would require 
a narrow window width (<350 HU) and a wide 
window width (>1000 HU) would result in lower 
recognition between tissues, mainly soft tissues, 
which would become unclear. The WL, also 
referred as window centre, is the midpoint of the 
WW.  When WL is increased, the CT image 
would become darker and vice versa.

13.4  Delineation of Organs at Risk

Heart (TG 263: Heart)
Modalities: 3DCRT/IMRT/VMAT

CT Contouring recommendation: WW:500, 
WL:50

Heart three-dimensional anatomy should be 
checked prior delineation. Coronal planes visu-
alisation is essential to recognise and set the 
superior and inferior (CC) and lateral borders for 
discrimination of substructures such as the great 
vessels as well as the coronary arteries. For a 
global definition, the heart contour should 
encompass the outer surface of the pericardial sac 
[5]. The cranial border should be delineated from 
the point at which the pulmonary trunk and right 
pulmonary artery are seen as separate structures 
[3]. The contour should extend inferiorly to the 
apex of the heart, where the left ventricle touches 
the diaphragm [6].

Great vessels should be contoured separately 
from the heart namely the aorta, vena cava, and 
pulmonary vessels.

Left Anterior Descending Coronary Artery 
(LADCA)
(TG 263: A_LAD)

Modalities: 3DCRT/IMRT/VMAT
CT Contouring recommendation: WW:150, 

WL:50
The LADCA originates from the left main 

coronary artery (LMCA), on the top left of the 
heart, between the pulmonary trunk and the left 
auricle, and extends all way to the apex [7]. 
Additionally LAD become a small round struc-
ture descending in the anterior interventricular 
groove in close relation to the pericardium [6].

Where the LAD is not visible, the interven-
tricular groove should be used as a surrogate.

Heart and LAD are shown in Fig. 13.1.

Great Vessels
(TG 263: GreatVes)

Modality: IMRT/VMAT
CT Contouring recommendation: WW:350, 

WL:40
Great vessels around the heart, for breast treat-

ment planning, may encompass the superior vena 
cava, aorta, and the pulmonary arteries/veins. 
The delineation of great vessels can be contoured 
separately or as a single volume. The branches of 
the aortic arch: the brachiocephalic artery, the left 
common carotid artery, and the left subclavian 
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Fig. 13.1 A BODY, B Lungs, C Heart, D A_LAD, 
E  Esophagus, F SpinalCord, G SpinalCord_PRV3, 
H Breast_R

artery may be included. Cranial great vessels 
extended from the top heart, inferiorly, to the 
superior aspect of aorta, approximately at the 
level of T2/T3 vertebra. Attention must be paid to 
avoid delineation of central structures such as tra-
chea, main bronchus, and oesophagus.

Lung/Lungs (TG 263: Lung_L, Lung_R, 
Lungs)
Modalities: 3DCRT/IMRT/VMAT

CT Contouring recommendation: CT WW:1500 
WL: −600|WW:1600 WL: −600

The right and left lungs should be contoured 
separately. One single structure (Lungs) should 
be generated from individual Lung_R and 
Lung_L summation, for evaluation and reporting 
purposes. Contour the whole lung from apex to 
diaphragm, including all air-inflated parenchyma, 
excluding trachea and the proximal bronchus, 
fluid and atelectasis [8].

Spinal Cord
(TG 263: SpinalCord/SpinalCord~ (partial organ))

Modalities: 3DCRT/IMRT/VMAT
CT Contouring recommendation: CT WW:350, 

WL:40
The spinal cord should be delineated as the 

true spinal cord, not the spinal canal. It has 
slightly higher density than the surrounding 
cerebrospinal fluid and ligaments. The spinal 
cord extends from the cranial cervical junc-
tion, after the brainstem, to the cauda equina 
at the inferior border of L2 vertebral body [8]. 
For planning purposes, the spinal cord should 

be contoured at least 5 cm extra lenght, in the 
longitudinal plane, from cranial and caudal 
PTV borders. For dosimetric evaluation and 
dose optimisation, a PRV margin applied to the 
spinal cord would be necessary (SpinalCord_
PRV). When deemed necessary for standardisa-
tion reasons the PRV margin could be included 
in the nomenclature, according to AAPM TG 
263, as SpinalCord_PRVxx.

Trachea
(TG 263: Trachea)

Modalities: 3DCRT/IMRT/VMAT
CT Contouring recommendation: CT WW:350, 

WL:40
The trachea should be fully contoured (includ-

ing lumen) to the outer boundary of the cartilage 
and trachealis muscle, from the caudal edge of 
the cricoid cartilage to approximately 2 cm supe-
rior to the carina.

Oesophagus
(TG 263: Oesophagus/Oesophagus~ (partial organ))

Modalities: 3DCRT/IMRT/VMAT
CT Contouring recommendation: CT WW:350, 

WL:40
The oesophagus contour should include all 

muscle layers out to the fatty adventitia, superi-
orly at the level of the cricoid cartilage to the cau-
dal edge of the gastroesophageal junction, usually 
at the level of the diaphragm [8]. Oesophagus lies 
close to the anterior border of vertebral bodies, 
behind heart and trachea, with a round/oval axial 
shape. Contour in visible slices and interpolate 
when possible.

Larynx
(TG 263: Larynx)

Modalities: 3DCRT/IMRT/VMAT
CT Contouring recommendation: CT WW:350, 

WL:40
The larynx should be contoured from the tip 

of epiglottis to the inferior aspect of the thyroid 
cartilage, near the caudal limit of the cricoid car-
tilage [9]. The anterior and lateral borders are the 
outer aspect of the thyroid cartilage. Posteriorly, 
the contour should include the arytenoid carti-
lages and extend to the edge of the pharyngeal 
constrictor muscles.

13 Organs at Risk Delineation
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Thyroid
(TG 263: Glnd_Thyroid)

Modalities: 3DCRT/IMRT/VMAT
CT Contouring recommendation: CT WW:350, 

WL:100
The thyroid gland is located inferiorly to the 

thyroid cartilage. Thyroid has two lobes, con-
nected in its anterior and lower portion. Thyroid is 
recognised by slightly high density than the adja-
cent soft tissues [10]. It extends and surrounds the 
thyroid and cricoid cartilages. Common carotid 
arteries border the lateral aspects.

Liver
(TG 263: Liver)

Modality: IMRT/VMAT
CT Contouring recommendation: CT WW:450, 

WL:40
The liver should be contoured as a single 

structure, excluding the gallbladder, and the infe-
rior vena cava when clearly separated to the liver. 
It should be outlined from the diaphragm to the 
bottom of the right lobe.

Contralateral Breast
(TG 263: Breast_L, Breast_R)

Modality: IMRT/VMAT
CT Contouring recommendation: CT WW: 350, 

WL: 40
For evaluation purposes, the contralateral 

breast should be contoured for an accurate dose 
determination. When IMRT/VMAT is the chosen 
technique, the contralateral breast should be out-
lined as part of the inverse planning optimisation 
process. The cranial limit is at the upper border of 
visible breast tissue, normally up to the caudal 
edge of the sternoclavicular joint. The breast 
extends inferiorly to the intermammary sulcus, 
where breast shape is still visible. Medially the 
breast extends to the ipsilateral edge of the ster-
num, close to the medial mammary branches 
[11]. The lateral border may be defined using 
breast tissue lateral fold and, when visible, relate 
to the lateral thoracic artery as lateral/posterior 
anatomic reference.

Anteriorly the contralateral breast should be 
contoured 5  mm under the skin surface. 
Posteriorly should be delineated to the anterior 
border of the pectoralis major and where is not 

perceived, it should be contoured around the rib 
cage and intercostal muscles [12].

Humerus
(TG 263: Humerus_L, Humerus_R)

CT Contouring recommendation: CT WW:2000, 
WL:350

The ipsilateral humeral head is delineated for 
treatment optimisation and evaluation. It should 
be contoured from the top head to the full PTV 
extension plus margin, according to the technique 
field entrance and length.

To avoid inclusion of the glenohumeral joint 
and the connective tissues, a PRV of 1 cm around 
the humeral head may be generated [12].

Brachial Plexus
(TG 263: BrachialPlex_L, BrachialPlex_R)

Modality: IMRT/VMAT
CT Contouring recommendation: CT WW:350, 

WL:40
The brachial plexus (BP) is a neural network 

composed by 5 roots spinal nerves (SNs) started 
at the neural foramina:

 1. Vertebral bodies C4-C5 (SN: C5)
 2. Vertebral bodies C5-C6 (SN: C6)
 3. Vertebral bodies C6-C7 (SN: C7)
 4. Vertebral bodies C7-T1 (SN: C8)
 5. Vertebral bodies T1-T2 (SN: T1)

For delineation purposes, identification of ver-
tebral bodies and nerve roots from C4 to T2 are 
recommended.

According to Brouwer and Hall [10, 13], the 
use of a 5 mm diameter tool is recommended to 
contour the BP.  Anterior and middle scalene 
muscles could be contoured from C5 to insertion 
onto the first rib, as guidance for BP segmenta-
tion. The BP should be contoured from the 
foramina to the space between the anterior and 
middle scalene muscles.

On slices where there is no visible neural 
foramina, contour the space or soft tissue between 
the anterior and middle scalene muscles. The 
 scalene muscles will end at the level of the sub-
clavian neurovascular bundle.

Contour the BP as the posterior aspect of the 
neurovascular bundle until the axial level below cla-
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vicular head. If the BP is wrapped around the vascu-
lar bundle on the inferior slices, contour the brachial 
plexus divisions, cords, and terminal nerves by 
including the vascular structure into the axilla.

The first and second ribs would aid as the 
medial limit of the BP at subclavian space [8]. 

The BP contouring terminates at the medial 
limit of the second rib. The BP should be delin-
eated inferiorly and laterally, to one or two CT 
slices below the clavicular head. Figures 13.2, 
13.3, 13.4, and 13.5 show critical areas of the 
brachial plexus, for full view of the course of the 
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brachial plexus, please view the electronic sup-
plementary material.

13.5  Summary

Definition of volumes of interest has become one 
of the weakest links in contemporary Radiation 
Oncology. The contouring methods and treat-
ment approaches have changed dramatically dur-
ing the past decades, with the wide spread of 
technological advances and scientific network 
around the globe.

The quantitative analysis of normal tissues 
effects demanded for the improvement on organs 
and anatomical structures categorisation and stan-
dardisation, which became a priority of several 
working groups from RT community. The manual 
delineation of the Organs at Risk turns out to be an 
extensive time-consuming process, which could 
be eased with auto-segmentation tools available in 
most TPS and virtual simulator systems, neverthe-
less, human visual inspection remains the last 
checkpoint for contouring validation.

Unintended over- and/or under-contouring 
could lead to an unpredicted normal tissue compli-
cations with poor outcomes and patients 
QoL. Delineation skills and rationale are crucial for 
personalised RT, as it can contribute for better clini-
cal care and promote evidence-based medicine.

In breast cancer RT, several guidance docu-
ments have been published towards standardisa-
tion and terminology of volumes of interest. 
Hereby, a compilation of the most relevant OARs 
were described and contoured, to guide and 
empower professionals for strengthening this 
crucial RT link.

References

 1. Bentzen SM, Constine LS, Deasy JO, et  al. 
Quantitative analyses of normal tissue effects in the 
clinic (QUANTEC): an introduction to the scientific 
issues. Int J Radiat Oncol Biol Phys. 2010;76(3):3–9. 
https://doi.org/10.1016/j.ijrobp.2009.09.040.

 2. Standardizing nomenclatures in radiation oncology. 
The report of AAPM Task Group 263. 2018.

 3. Mir R, Kelly SM, Xiao Y, et al. Organ at risk delin-
eation for radiation therapy clinical trials: global har-
monization group consensus guidelines. Radiother 
Oncol. 2020;150:30–9. https://doi.org/10.1016/j.
radonc.2020.05.038.

 4. Kaidar-Person O, Kostich M, Zagar TM, et  al. 
Helical tomotherapy for bilateral breast cancer: clini-
cal experience. Breast. 2016;28:79–83. https://doi.
org/10.1016/j.breast.2016.05.004.

 5. Feng M, Moran JM, Koelling T, et al. Development 
and validation of a heart atlas to study cardiac expo-
sure to radiation following treatment for breast  cancer. 
Int J Radiat Oncol Biol Phys. 2011;79(1):10–8. 
https://doi.org/10.1016/j.ijrobp.2009.10.058.

 6. Milo ML, Offersen BV, Bechmann T, et  al. 
Delineation of whole heart and substructures in tho-
racic radiation therapy: national guidelines and con-
touring atlas by the Danish Multidisciplinary Cancer 
Groups. Radiother Oncol. 2020;150:121–7. https://
doi.org/10.1016/j.radonc.2020.06.015.

 7. Duane F, Aznar MC, Barlett F, et al. A cardiac con-
touring atlas for radiotherapy. Radiother Oncol. 2017; 
122:416–22. https://doi.org/10.1016/j.radonc.2017. 
01.008.

 8. Kong FM, Ritter T, Quint D, et al. Consideration of 
dose limits for organs at risk of thoracic radiotherapy: 
atlas for lung, proximal bronchial tree, esophagus, 
spinal cord, ribs, and brachial plexus. Int J Radiat 
Oncol Biol Phys. 2011;81(5):1442–67. https://doi.
org/10.1016/j.ijrobp.2010.07.1977.

 9. Rancati T, Schwarz M, Allen AM.  Radiation dose- 
volume effects in the larynx and pharynx. Int J 
Radiat Oncol Biol Phys. 2010;76(3):64–9. https://doi.
org/10.1016/j.ijrobp.2009.03.079.

 10. Brouwer C, Steenbakkers R, Bourhis J, et al. CT-based 
delineation of organs at risk in the head and neck 
region: DAHANCA, EORTC, GORTEC, HKNPCSG, 
NCIC CTG, NCRI, NRG Oncology and TROG con-
sensus guidelines. Radiother Oncol. 2015;117:83–90. 
https://doi.org/10.1016/j.radonc.2015.07.041.

 11. Nielsen MH, Berg M, Pedersen N, et al. Delineation 
of target volumes and organs at risk in adjuvant radio-
therapy of early breast cancer: national guidelines 
and contouring atlas by the Danish Breast Cancer 
Cooperative Group. Acta Oncol. 2013;52(4):703–10. 
https://doi.org/10.3109/0284186X.2013.765064.

 12. Offersen BV, Boersma LJ, Kirkove C, et al. ESTRO 
consensus guideline on target volume delineation for 
elective radiation therapy of early stage breast can-
cer. Radiother Oncol. 2015;114:3–10. https://doi.
org/10.1016/j.radonc.2014.11.030.

 13. Hall W, Guiou M, Lee NY, et  al. Development and 
validation of a standardized method for contouring 
the brachial plexus: preliminary dosimetric analysis 
among patients treated with IMRT for head-and-neck 
cancer. Int J Radiat Oncol Biol Phys. 2008;72:1362–
7. https://doi.org/10.1016/j.ijrobp.2008.03.004.

F. Cidade de Moura and M. Mast

https://doi.org/10.1016/j.ijrobp.2009.09.040
https://doi.org/10.1016/j.radonc.2020.05.038
https://doi.org/10.1016/j.radonc.2020.05.038
https://doi.org/10.1016/j.breast.2016.05.004
https://doi.org/10.1016/j.breast.2016.05.004
https://doi.org/10.1016/j.ijrobp.2009.10.058
https://doi.org/10.1016/j.radonc.2020.06.015
https://doi.org/10.1016/j.radonc.2020.06.015
https://doi.org/10.1016/j.radonc.2017.01.008
https://doi.org/10.1016/j.radonc.2017.01.008
https://doi.org/10.1016/j.ijrobp.2010.07.1977
https://doi.org/10.1016/j.ijrobp.2010.07.1977
https://doi.org/10.1016/j.ijrobp.2009.03.079
https://doi.org/10.1016/j.ijrobp.2009.03.079
https://doi.org/10.1016/j.radonc.2015.07.041
https://doi.org/10.3109/0284186X.2013.765064
https://doi.org/10.1016/j.radonc.2014.11.030
https://doi.org/10.1016/j.radonc.2014.11.030
https://doi.org/10.1016/j.ijrobp.2008.03.004


97

Breast Cancer Radiobiology: 
The Basics

Navita Somaiah and John R. Yarnold

14.1  Background

Good entry points to discussing the clinical 
radiobiology of hypofractionation are offered by 
the Ontario (1993–1996) and START-B (1998–
2002) trials described by Brunt and Whelan else-
where in this book [1–3]. The Canadian trial 
adopted 2.66 Gy fractions introduced by Ralston 
Paterson at The Christie Hospital, UK, in 
response to resource shortages in the 1940s. 
Paterson’s 15-fraction schedule delivered 40 Gy 
in 3 weeks, and it co-existed in the UK for 
decades with 50 Gy in 25 fractions for postopera-
tive local-regional radiation therapy after primary 
surgery [4].

The Ontario trial chose to test 16 fractions of 
2.66 Gy as the number predicted by the LQ model 
to be equivalent to the control regimen of 50 Gy 
in 25 fractions in terms of late normal tissue 
changes (NTE), specifically breast cosmesis, 
assuming α/β = 3 Gy. As with every application 
of the LQ model, it assumed complete repair of 

sublethal damage between fractions, no repopu-
lation of target cells over the course of therapy 
and no redistribution in cell cycle phase in order 
to restrict the adjustment to the effect of fraction 
size. The relatively low value of 3 Gy reflects the 
relatively high sensitivity of late reacting normal 
tissues to changes in fraction size above conven-
tional 2 Gy [5, 6]. The trial reported near- identical 
breast cosmesis and local tumour control in con-
trol and test regimens, the inference being consis-
tent with breast cancer responding to the 
increased fraction size to a comparable degree as 
the dose-limiting normal tissues of the breast. 
The α/β estimate reflects the reduction in total 
dose from 50 Gy to 42.56 Gy needed to match the 
late NTE of the 25- and 16-fraction schedules, 
the 7.5 Gy difference offering a vivid indicator of 
fraction size sensitivity in action.

Based on α/β = 3 Gy and the same assump-
tions relating to the LQ model described above, 
the Manchester schedule of 40 Gy in 15 fractions 
over 3 weeks schedule is equivalent to 46 Gy in 
23 fractions of 2 Gy, so the hazard ratio of 0.8 
((0.67–0.96) 0.015) for 10-year physician- 
assessed breast shrinkage in test (15-fraction) 
compared to control (25-fraction) regimens in the 
START-B trial was expected [7]. The 15-fraction 
schedule was also non-inferior in terms of local 
control (HR 0.77, 95% CI 0.51–1.16; p = 0.21). 
This outcome is consistent with high fraction size 
sensitivity, but the 2-week difference in treatment 
time, in the Ontario and START-B trials, made it 
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impossible to rule out an effect of time on tumour 
control.

Why is the 2-week treatment time difference 
raised here? After all, low mean mitotic and label-
ling indices are characteristic of primary breast 
cancer, and accelerated repopulation during radia-
tion therapy was not considered clinically relevant 
[8, 9]. This is likely true, but in START-B trial the 
10-year HR for local control in the test compared 
to the control group was 0.77 (95% CI 0.51-1.16; 
p = 0.21), not statistically significant but describ-
ing the 1.4% lower rate of local recurrence 
observed after 40 Gy in 15 fractions compared to 
the 50  Gy control schedule (3.8 vs 5.2%) [7]. 
Assuming α/β = 3 Gy for tumour control and no 
effect of time, 40 Gy in 15 fractions is equivalent 
to 46 Gy in 23 fractions, a lower dose intensity 
than the control schedule and expected to be 1% 
inferior in terms of local control. We have already 
mentioned that this is likely a chance effect, but in 
a discussion of clinical radiobiology it is reason-
able to ask what the effect would be if the HR = 
0.8 for local control after 40 Gy is real. In laryn-
geal carcinomas, at least 0.5 Gy/day can be 
‘wasted’ compensating for accelerated repopula-
tion from the fourth week of treatment onwards 
[10]. There was no hint of a superiority after 16 
fractions in the Ontario trial, but in a post hoc, 
hypothesis- generating, test of time in START-B, 
Haviland estimated 0.6 Gy/day ‘wasted dose’ 
during weeks 4 and 5 of the 5-week regimen 
attributable to repopulation [11]. Radiation ther-
apy is delivered to residual disease several weeks 
or months after primary surgery depending on 
adjuvant systemic therapies, so it is plausible to 
consider the possibility of cancer in a phase of 
accelerated repopulation from the start of treat-
ment. The important point is not to argue whether 
or not a time effect for local control exists, we just 
don’t know, but to point out that if it exists, it will 
attribute the time effect to enhanced fraction size 
sensitivity (reduce the α/β estimate) unless its 
impact is independently quantified and taken out 
of the basic LQ model and added as a separate 
term [11].

In terms of time-dependent effects, which do 
not all relate to repopulation, this is where the 
START-P (1986–1998) and START-A trials 

(1999–2002) [3, 7, 12–14] contribute, first by 
controlling for treatment time in all test and con-
trol groups (5 weeks) and second, by incorporat-
ing 2 dose levels of 13-fraction test regimens (5 
fractions per fortnight) to ensure that the iso- 
effective regimens for late adverse effects and 
local tumour control can be estimated, if neces-
sary by interpolation between test dose levels. By 
controlling for time-related effects and estimat-
ing iso-effects for both late normal tissue effects 
and tumour control, these trials generated uncon-
founded direct estimates of fraction size sensitiv-
ity. A direct α/β estimate for local tumour control 
was based on a 10-year total of 349 local tumour 
relapse events in 3646 women [7]. The 8.4  Gy 
reduction from 50 Gy to 41.6 Gy needed to match 
the anti-tumour effect of 3.2 Gy fractions with 25 
fractions of 2.0 Gy generated an α/β estimate of 
3.5 Gy (95% CI 1.2–5.7) unconfounded by time, 
and entirely consistent with prior predictions of 
relatively high sensitivity to fraction size. These 
set of trials offer the strongest evidence of breast 
cancers responding to increase in fraction size 
despite a significant drop in total dose, whilst 
avoiding any confounding effect of treatment 
time.

Is there anything to learn from the FAST- 
Forward trial apart from clinical indications that 
26 Gy in 5 fractions over 1 week offers a safe and 
effective standard for patients prescribed postop-
erative local radiation therapy for early breast 
cancer? This pragmatic trial compared 2 test dose 
levels of a 5-fraction schedule delivered in 1 
week with 40 Gy in 15 fractions over 3 weeks. 
Applying an α/β of 2.8 Gy for late NTE based on 
the combined estimates of α/β for late adverse 
effects in START-P/-A and FAST, the trial proto-
col predicted 27 Gy in 5 fractions of 5.4 Gy to be 
iso-effective with the 40 Gy schedule. As empha-
sised earlier, an application of original LQ model 
assumes complete sublethal damage repair 
between fractions, no redistribution in the cell 
cycle phase and no target cell repopulation. The 
lower test dose of 26 Gy in 5 fractions of 5.2 Gy 
was included in FAST-Forward, first to generate 
dose response data for late adverse effects, 
thereby ensuring that an iso-effective 5-fraction 
schedule could be determined, and second, to 
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offer a safety margin if the assumptions described 
above (in relation to treatment time) were not met 
in practice. As it turned out, the observed iso- 
effect for NTE at 5 years was closer to 26 Gy than 
27 Gy, suggesting a α/β value below 3  Gy. 
Estimates varied across multiple outcome mea-
sures based on clinician, patient and photographic 
assessments of late normal tissue effects, but are 
consistent with an α/β point estimate close to 
2 Gy. This α/β value implies that 26 Gy in 5 frac-
tions results in normal tissue effects comparable 
to 47 Gy given in 2 Gy equivalents.

How is this lower-than-expected α/β estimate 
for late normal tissue effects explained? The 95% 
confidence intervals of α/β point estimates for 
normal tissue endpoints in the FAST-Forward 
trial, whether scored by clinicians, patients or 
from photographs, all fall within the confidence 
intervals of α/β estimates for all late normal tis-
sue effects reported in the FAST and START- 
P/-A trials. Statistically speaking the likeliest 
explanation is that different α/β estimates are 
internally consistent with each other. If the α/β 
estimate is truly closer to 2  Gy than 3 Gy, the 
likeliest mechanism is incomplete repair between 
4 of the 5 fractions if treatment starts on a Monday 
or between 3 fractions if treatment is interrupted 
by a week-end. This represents a time effect to 
the extent that it would be less or absent if 5 frac-
tions were given over 3 weeks, leaving more time 
to complete residual sublethal damage after frac-
tions of 5.2 and 5.4 Gy. Robust quantitative data 
generated in human skin are consistent with a 
time effect for telangiectasia despite the complete 
absence of mitotic figures in capillary endothe-
lium on serial skin biopsies during both conven-
tional and hypofractionated radiation therapy 
post-mastectomy [15]. The absence of mitotic 
figures excluded endothelial repopulation, and 
the effect was considered to represent a very slow 
component of repair decaying with a T1/2 of 
roughly 40 days, a phenomenon consistent with 
the experimental literature in animal systems [5]. 
In this context, the FAST trial (2004–2007), 
which served as a pilot trial for FAST-Forward, 
controlled for a potential time effect damage by 
testing 5 fractions of 5.7 Gy or 6.0  Gy once-
weekly against 50 Gy in 5 weeks [16]. The α/β 

point  estimate for any moderate or marked nor-
mal tissue effect was 2.5 Gy (CI), a point esti-
mate ‘halfway’ between 3  Gy and 2  Gy. 
Differences in point estimates are likely chance 
effects, but in the context of a radiobiology dis-
cussion, a role for incomplete repair between 
daily fractions in FAST- Forward remains 
plausible.

There is one more mechanism that might 
explain or contribute to a reduction in α/β value 
for late NTE as fraction size increases. This 
relates to the milder acute skin reactions, espe-
cially moist desquamation, seen after 5-fraction 
regimens. Early reacting normal tissues are rela-
tively insensitive to fraction size, leaving the 
reduction in total dose contributing dispropor-
tionately to reducing acute skin reactions. In 
FAST-Forward, the erythema was milder and of 
much shorter duration after 26 Gy and 27 Gy in 5 
fractions compared to 40 Gy in 15 fractions [17]. 
Severe moist desquamation (α/β = 10+) in the 
inframammary fold or post-mastectomy chest 
wall can cause direct, so-called consequential, 
late normal tissue damage that shares the same 
high α/β as the causative early reaction and that 
can ‘artificially’ increase the α/β estimate of late 
normal tissue effects recorded in trials.

Does FAST-Forward tell us anything new or 
unexpected about anti-tumour effects of hypo-
fractionation? Applying the α/β = 3.5 for tumour 
estimated by START-P and START-A, which 
controlled for potential time effects, 26 Gy in 5 
fractions is expected to be equivalent to 41 Gy in 
2 Gy fractions in terms of tumour control. The 
difference between this equivalent total dose and 
the corresponding 45 Gy total dose equivalent to 
40 Gy in 15 fractions assuming α/β = 3.5 would 
be too small to detect at such high levels of local 
tumour control without many more thousands of 
patients. It is possible to ask if 26 Gy in 5 frac-
tions would be expected to have any anti-tumour 
effect at all without a strong time effect contribut-
ing in addition. The adjusted α/β estimate derived 
from FAST-Forward was 3.7  Gy (95% CI 0.4–
6.9), which despite very wide CI, does not sug-
gest a significant time effect. The best one can 
say is that given the 5-year local control rate of 
2.1% (95% CI 1.4–3.1) after 40  Gy in 15 
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 fractions, the rate without any radiation therapy 
would be expected to be about 6% at 5 years and 
10% at 10 years according to systematic over-
views of radiation therapy effects. The non- 
inferior 5-year local relapse rate reported after 
26 Gy in 5 fractions in FAST-Forward is there-
fore hardly consistent with an absence of effect.

After diving relatively deep into discussion 
based on randomised clinical trials, it is worth 
finishing by returning to the era of Ralston 
Paterson in mid-twentieth century. The first pub-
lished estimate of α/β for breast cancer was men-
tioned in a single sentence of Discussion in a 
manuscript applying the LQ model to clinical 
data on hyper-fractionation by Bruce Douglas, a 
Canadian radiation biologist working at the Gray 
Laboratories in the early 1980s [18]. He esti-
mated α/β to be 3.8 Gy based on a 1951 publica-
tion by Lionel Cohen from Johannesburg, South 
Africa [19]. Cohen had developed a precursor to 
the Ellis formula and used it to analyse treatment 
outcomes of his own patients and of previously 
published world literature totalling >1000 
patients, deriving an exponent for N = 2.4, con-
sistent with high fractionation sensitivity of clini-
cal breast cancer, albeit without controlling for 
differences in time. The START-P trial opened in 
1986 in response to Douglas’ publication. Despite 
significant strides made with clinical trials, the 
cell and molecular basis of fraction size sensitiv-
ity is still relatively poorly understood. Recent 
evidence points to a strong influence of DNA 
double strand break repair pathways and cell 
cycle checkpoints [8, 9, 20–22]. Efforts to under-
stand the basic biology of fractionation will no 
doubt complement future clinical applications of 
hypofractionation.

14.2 Summary

Over the years, protracted radiation therapy 
schedules spanning several weeks have been 
stepwise replaced by shorter, more convenient 
schedules. Radiobiological knowledge was used 
to prepare prospective clinical trials, which con-
firmed applicability of shorter schedules and, on 
its turn, provided further information to enhance 

our understanding of radiobiology of breast can-
cer and normal tissues.
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Dose Fractionation

Adrian Murray Brunt and Timothy Whelan

15.1  Background

In 2020 postoperative conventional fractionation 
for breast cancer (BCS, mastectomy with/with-
out RNI) is considered to be 15 or 16 fractions 
delivering a dose of 40–42.5 Gy over 3 weeks. 
This is now being challenged by hypofraction-
ation in 5 fractions over a week to the intact 
breast or chest wall. The previous standard of 
50 Gy in 25 fractions of 2 Gy over 5 weeks was 
first tested in a randomised trial against the linear 
quadratic model by the START-pilot study [1] in 
the mid-1980s. This was backed up by START 
trial A [2], which was also a 3-arm study allow-
ing radiobiological analysis and interpolation for 
an equivalent regimen.

15.2  Key Information for Clinical 
Practice

Two landmark trials commenced in the 1990s, the 
Ontario Clinical Oncology Group (OCOG) trial 
in Canada [3] and START trial B in the UK [4],  

comparing 42.5 Gy in 16 fractions and 40 Gy in 
15 fractions respectively over 3 weeks with 
50 Gy in 25 fractions over 5 weeks. These trials 
showed similar rates of local recurrence and nor-
mal tissue effects at 5 and 10 years for hypofrac-
tionation compared to historical conventional 
fractionation. The three START trials and the 
OCOG trial slowly led to 15/16/fractions over 
about 3 weeks becoming international standard 
practice [5]. The recent Danish-led HYPO trial 
also supports 40 Gy in 15 fractions over 3 weeks 
as a standard [6]. The main hypofractionation tri-
als are the subject of Tables 15.1, 15.2, and 15.3. 
Table 15.1 gives the patient and tumour features 
of the patients.

15.2.1  Local Recurrence

The OCOG [7] and START [8] trials published 
long-term results showing that 15/16 fractions 
over 3 weeks is both safe and effective. The 
10-year local recurrence rates are shown in 
Table  15.2. In an unplanned meta-analysis of 
5861 patients in the START-pilot, -A and -B tri-
als, Haviland et al. [8] reported no concerns with 
hypofractionation for local recurrence in any 
subgroups. This included age, nodal status, 
tumour grade, or use of chemotherapy. A central 
pathological review of the OCOG trial [9] showed 
that tumour grade and molecular subtype did not 
predict a response to hypofractionated RT.
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Table 15.1 Demographic, clinical and treatment characteristics in 6 trials of hypofractionation for early breast 
cancer

OCOG START B DBCG HYPO Beijing FAST FAST forwarda

Recruitment years 1993–1996 1999–
2001

2009–2014 2008–
2016

2004–
2007

2011–2014

Median follow-up (years) 12.0 9.9 7.3 4.9 9.9 6.0
Control (Gy/fx/weeks) 50/25/5 50/25/5 50/25/5 50/25/5 50/25/5 40/15/3
1st test arm (Gy/fx/weeks) 42.5/16/3 40/15/3 40/15/3 43.5/15/3 30/5/5 27/5/1
2nd test arm (Gy/fx/weeks) n/a n/a n/a n/a 28.5/5/5 26/5/1
Total patients 1234 2215 1854 810 915 4096
Age (years) Not 

reported
57.4 mean 59 median 49 median 62.9 mean 61 median

Age under 50 years 305 457 199 Over 50% 0 604
Mastectomy 0 177 0 810 0 264
Node positive 0 504 183b 810 0 756
T2/T3 240/0 795c 292/0 Not 

known
163/0 1211/76

Grade 3 233 509 303 232 98 1153
DCIS only 0 0 246 0 0 0
Chemotherapy 136 491 682 810 0 1174
Boost 0 868 430 0 0 1011
Regional radiotherapy 0 161 0 810 0 0

The figures are number of patients unless stated otherwise
a FAST-forward has a regional nodal radiotherapy sub-study that is yet to report
b DBCG HYPO trial node positive are micrometastasis only
c 220 patients greater than 3 cm, T3 allowed but numbers unknown

15.2.2  Normal Tissue Effects

Table 15.3 gives aspects of normal tissue effects 
from the trials with an attempt where possible to 
show similar aspects for comparison. START-B 
identified breast shrinkage, telangiectasia and 
oedema as significantly less in the 40 Gy/15 frac-
tions arm with no significant differences for all 
other normal tissue effects [2, 8]. Both the OCOG 
and START-B trials saw a worsening of normal 
tissue effects with time, as expected, but no 
change in the relative comparison of the two 
arms. The HYPO trial reported that hypofraction-
ation (40 Gy/15 fractions) is appropriate for all 
subgroups with regard to morbidity including 
those receiving chemotherapy, trastuzumab or 
letrozole. They also reported that large breast size 
and smoking increased breast induration (indura-
tion was the primary endpoint at 3 years) signifi-
cantly but at no time did 40 Gy/15 fractions 
produce a worse outcome than 50 Gy/25 frac-
tions. None of the three trials identified a 

 subgroup for whom hypofractionation produced 
a worse outcome.

An important observation from these trials and 
others [10–13] is that acute toxicity of RT, e.g. skin 
erythema, desquamation and fatigue, was less with 
hypofractionation compared to conventional treat-
ment. This is consistent with the radiobiological 
principle that acute reacting tissues are more sensi-
tive to a reduction in total dose and less sensitive to 
an increase in fraction size [14].

In addition to an improvement in convenience 
and a reduction in resources required, hypofrac-
tionation provides important benefits with respect 
to acute and in some instances late toxicity that 
can improve patient quality of life.

15.2.3  Boost Fractionation

Conventional fractionation boost irradiation was 
used in: the START-B trial (43% of BCS, 10 Gy 
in 5 fractions); the HYPO trial (20%, 10 Gy in 5 
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Table 15.2 Local recurrence in 6 trials of hypofraction-
ation for early breast cancer

Trial
Trial arm 
(Gy/fx)

5-year local 
relapse (95% 
CI)

10-year local 
relapse (95% 
CI)

OCOGa 50/25 3.2% 6.7%
42.5/16 2.8% 6.2%

START-B 50/25 3.3% 
(2.4–4.6)

5.2% 
(3.9–6.9)

40/15 1.9% 
(1.2–3.0)

3.8% 
(2.7–5.2)

DBCG 
HYPOb

50/25 n/a 3.3% 
(2.0–5.0)c

40/15 n/a 3.0% 
(1.9–4.5)c

Beijingd 50/25 8.1% 
(5.4–10.6)

n/a

43.5/15 8.3% 
(5.8–10.7)

n/a

FASTe 50/25 0.7% 
(0.2–2.8)

0.7% 
(0.2–2.8)

30/5 1.0% 
(0.3–3.2)

1.4% 
(0.5–3.8)

28.5/5 0.4% 
(0.05–2.6)

1.7% 
(0.6–4.4)

FAST 
forward

40/15 2.1% 
(1.4–3.1)

n/a

27/5 1.7% 
(1.2–2.6)

n/a

26/5 1.4% 
(0.9–2.2)

n/a

n/a not available
a The absolute difference at 5 years was 0.4% (95% CI, 
–1.5 to 2.4). At 10 years the absolute difference, 0.5% 
(95% CI, −2.5 to 3.5)
b Median follow-up 7.3 years. Absolute number of locore-
gional recurrences as first event in patients who had inva-
sive carcinoma. 33 patients (2.1%) experienced a 
locoregional recurrence as first event, 19 patients in the 
50-Gy group and 14 patients in the 40-Gy group (hazard 
ratio 0.75; 95% CI, 0.37 to 1.49; P = 0.41). DCIS, 14 
patients (7.7%) experienced a locoregional recurrence 6 
patients in the 50-Gy group and 8  in the 40-Gy group 
(hazard ratio 1.40; 95% CI, 0.49–4.05; P = 0.53)
c Loco-regional relapse reported. Median FU 7.26 years, 
results projected at 9 years
d Loco-regional relapse reported. 6 patients in each arm 
had chest wall recurrence
e Ipsilateral breast events were reported for 11/915 (1.2%) 
patients (50 Gy: 3; 30 Gy: 4; 28.5 Gy: 4)

fractions and 3%, 16 Gy in 8 fractions); and the 
FAST-Forward trial (26% of BCS, 20%, 10 Gy in 
5 fractions and 6%, 16  Gy in 8 fractions). 
Shaitelman et al. [15] report 3-year cosmesis of 

50 Gy/25 fractions with a boost of 10–14 Gy/5–7 
fractions vs 42.6 Gy/16 fractions with a boost of 
10–12.5 Gy/4–5 fractions. Adverse patient- 
reported outcome at 3 years, the primary out-
come, was 8.2% in the hypofractionated group 
and 13.6% in the conventional, hypofractionated 
therefore non-inferior, p = 0.002. Any of the 
boost fractionations used in the trials can be used 
in practice. Since these trials, boost irradiation 
using hypofractionation of 10–12 Gy in 4 frac-
tions or 12.5–13.7 Gy in 5 fractions also has been 
commonly used in Canada, the United Kingdom 
and other countries.

15.3  Special Considerations

15.3.1  Ductal Carcinoma In Situ (DCIS)

In the original hypofractionation trials patients 
with DCIS alone were not included. In the HYPO 
trial, 246 patients (13% of total) with DCIS only 
were included and no difference in local control 
was observed between hypofractionated or con-
ventional fractionation. The Breast International 
Group and the Trans Tasmanian Radiation 
Oncology Group trial (BIG 3-07/TROG 07.01) 
double randomised patients with moderate to 
higher risk DCIS to boost radiation or no boost 
radiation (n = 1608) and, optionally, to hypofrac-
tionation of 42.5  Gy in 16 fractions or conven-
tional fractionation of 50 Gy in 25 fractions (n = 
777) [16]. The 5-year free from local recurrence 
rates were 93% in no boost group and 97% in the 
boost group (HR = 0.47, 95% CI = 0.31–0.72, p < 
0.001). No differences were observed in  local 
recurrence rates between patients randomised to 
hypofractionation or conventional fractionation 
(94% vs 94%, P = 0.84) supporting the use of 
hypofractionation for DCIS alone following BCS.

15.3.2  Post-mastectomy 
and Lymphatic RT

Only START, of the original hypofractionation 
trials, included patients following mastectomy or 
BCS with node positive disease that received 

15 Dose Fractionation
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Table 15.3 Normal tissue adverse effects in 6 trials of hypofractionation for early breast cancer

Trial
Trial arm 
(Gy/fx)

Normal tissue 
effect being 
measured

Normal 
tissue effect 
at 5 years 
(%)

Normal 
tissue effect 
at 10 years 
(%)

Normal tissue effect 
being measured

Normal 
tissue effect 
at 5 years 
(%)

Normal 
tissue effect 
at 10 years 
(%)

OCOG 50/25 EORTC 
excellent/good 
global cosmetic 
ratinga

79.2 71.3 RTOG-EORTC 
subcutaneous tissue 
grade 2/3b

6.1 10.4
42.5/16 77.9 69.8 4.7 11.9

START- 
Bc

50/25 Breast shrinkage 15.8 31.2 Breast induration 
moderate/marked 
(tumour bed)

12.1 17.4
40/15 11.4 26.2 9.6 14.3

DBCG 
HYPOd

50/25 Favourable 
overall cosmetic 
outcome

75 n/a Induration 12 n/a
40/15 80 n/a 9 n/a

Beijinge 50/25 Late skin 
toxicity

22 n/a Lymphoedema 21 n/a
43.5/15 21 n/a 20 n/a

FAST 50/25 Any moderate/
marked normal 
tissue effectf

7.5 9.1 Breast shrinkage 
moderate/markedg

6.3 7.6
30/5 18.0 18.4 12.8 13.8
28.5/5 9.9 14.6 7.5 13.9

FAST- 
Forward

40/15 Any moderate/
marked normal 
tissue effecth

9.9 n/a Breast shrinkage 
moderate/markedi

5.5 n/a
27/5 15.4 n/a 8.2 n/a
26/5 11.9 n/a 6.8 n/a

a At 5 years absolute difference 1.3% (95% CI −4.2% to 6.7%). At 10 years absolute difference 1.5% (95% CI −6.9% 
to 9.8%)
b The absolute difference at 5 years of grade 0 vs grade 1/2/3 favoured 42.5/16 and was −5.4% (95% CI −11.9 to 0.9%), 
and at 10 years the absolute difference was −2.8% (95% CI −11.7 to 6.5%)
c Breast shrinkage and induration were the most common late normal tissue effects at 10 years in START-B. Moderate 
or marked breast shrinkage significantly lower with 40  Gy than with 50  Gy (hazard ratio 0.80; 95%CI 0.67–0.96,  
p = 0.015) but not significantly lower for induration (hazard ratio 0.81; 95%CI 0.64–1.03, p = 0.084)
d Cosmesis hazard ratio 1.35 (95% CI 1.05–1.73) p = 0.018. Induration hazard ratio at 3 years primary endpoint, at 
5 years 0.75 (95% CI 0.53–1.05) p = 0.092
e Report at a median of 58.5 months for grade 1–3
f 5-year prevalence of any moderate/marked breast NTE was estimated to be 10% higher (95% CI, 5% to 16%) for 
30 Gy versus 50 Gy (P < 0.001), with no statistically significant difference between 28.5 Gy and 50 Gy 2% higher (95% 
CI, −2% to 7%; P = 0.349). At 10 years compared with 50 Gy were 9% (95% CI, 1–18%: P = 0.032) for 30 Gy and 5% 
(95% CI, 22–113%; P = 0.184) for 28.5 Gy
g At 5 years, risk ratios for moderate/marked breast shrinkage versus 50 Gy were 2.03 (95% CI, 1.15–3.58; P = 0.017) 
for 30 Gy and 1.20 (95% CI, 0.63–2.27; P = 0.604) for 28.5 Gy. No significant differences at 10 years
h At 5 years, any moderate or marked clinician-assessed normal tissue effects in the breast or chest wall showed a signifi-
cant difference between 40 Gy and 27 Gy (p = 0.0003) but not between 40 Gy and 26 Gy (p = 0.17)
i Breast shrinkage was the most prevalent moderate or marked effect at 5 years and with a pre-specified cut-off of  
p = 0.005 for multiple testing, was not significant between 40 Gy and 27 Gy (p = 0.0022) nor between 40 Gy and 26 Gy 
(p = 0.25)

RNI.  In the START-pilot, -A and -B trials 
864/5861 (14.7%) of patients received 
RNI. Haviland et al. [17] reported late normal tis-
sue effects observed in these patients. These stud-
ies occurred over an 18-year period (1986–2002) 
and patients were treated with a variety of surgi-
cal procedures, RT approaches (axillary RT and/
or supraclavicular RT) and systemic therapies. 
Patient- and physician-assessed arm or hand 

swelling, and shoulder stiffness were similar for 
the hypofractionation regimens compared to con-
ventional fractionation (50  Gy in 25 fractions). 
This data is limited by the different treatments 
received and the variability per trial in risk fac-
tors (which are well balanced between arms in 
each trial), but it does suggest that RNI with 
 currently accepted hypofractionation schedules 
is not associated with increased morbidity.

A. M. Brunt and T. Whelan
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Wang et al. [11] reported the results of a single 
institutional trial of post-mastectomy radiation 
therapy from the National Cancer Center in 
Beijing. In this trial, 810 women with primary 
tumours T3 to T4 or at least 4 positive axillary 
nodes were randomised to 43.5  Gy in 15 frac-
tions of 2.9 Gy over 3 weeks or 50 Gy in 25 frac-
tions to the chest wall, supraclavicular and level 3 
axillary nodal regions. At 4.9-year median fol-
low- up the risk of locoregional recurrence was 
similar between treatment arms and no signifi-
cant increase in late effects such as lymphoe-
dema, shoulder dysfunction or pneumonitis were 
observed. No cases of brachial plexopathy or rib 
fractures were reported. This data is limited by 
the lack of 3D planning used in the trial, but it is 
consistent with the findings from the START 
trials.

Overall, the data support chest wall and/or 
lymphatic radiation with commonly used hypo-
fractionation schedules of 40–42.5 Gy in 15–16 
fractions. A number of ongoing trials are for-
mally evaluating this prospectively.

Brachial plexopathy is an uncommon complica-
tion following locoregional RT for breast cancer. 
Only one case was reported in the hypofraction-
ation trials. A patient treated with 41.6 Gy in 13 
fractions over 5 weeks (EQD2Gy of 54 Gy assuming 
an α/β ratio of 2 Gy) in the START-A trial devel-
oped mild symptoms and signs of brachial plexop-
athy 2 years following treatment to the breast and 
supraclavicular fossa [17].

15.3.3  Breast Reconstruction

No patients with breast reconstruction following 
mastectomy were included in the original hypo-
fractionation trials. Given the observation of simi-
lar or less late normal tissue effects in these trials, 
hypofractionation would be unlikely to result in 
any worse outcomes following breast reconstruc-
tion. A retrospective review of 267 patients follow-
ing mastectomy with immediate breast 
reconstruction and 82 patients following breast 
conserving surgery with oncoplastic surgery 
treated with conventional fractionation (n = 126, 

1.8–2 Gy) or hypofractionation (n = 223,  
2.4–2.7 Gy per fraction) was reported from Korea 
[18]. No significant difference in major breast- 
related complications (requiring re-operation or 
re-hospitalisation) was observed between RT frac-
tionations. In the United Kingdom and other 
European countries such as the Netherlands, 
patients with breast reconstruction are routinely 
treated with hypofractionation. A number of ongo-
ing trials including Alliance 221505 (ClinicalsTrial.
gov, NCT03414970) and the Dana-Farber trial 
(ClinicalsTrial.gov, NCT03422003) are currently 
evaluating the use of hypofractionation compared 
to conventional fractionation in patients with 
immediate or delayed reconstruction.

15.4  New Approaches

UK investigators have explored 5-fraction hypo-
fractionation. The FAST trial randomised 915 
women with node negative breast cancer after 
breast conserving surgery to 50  Gy in 25 frac-
tions or two hypofractionated regimens of 
30/28.5 Gy in 5 fractions of 6/5.7 Gy once weekly 
over 5 weeks [19]. At 5 years effects on photo-
graphic change in breast appearance were similar 
for 28.5  Gy but worse for 30  Gy compared to 
50 Gy. Also for any moderate/marked physician- 
assessed breast adverse effect no differences 
were detected between 28.5  Gy and 50  Gy but 
significantly more were observed for 30 Gy com-
pared to 50 Gy at 10 years (Table 15.3). Rates of 
local recurrence at 10 years were low (1.3%) and 
similar between arms. This information was used 
to provide an unadjusted α/β estimate for the nor-
mal tissue effects of 2.5–2.7 Gy, which was used 
to design the larger FAST-Forward trial. This trial 
evaluated 27 Gy in 5 fractions of 5.4 Gy or 26 Gy 
in 5 fractions of 5.2 Gy, both given daily over 1 
week compared to the standard 40 Gy in 15 frac-
tions in 3 weeks in 4096 women with node nega-
tive or positive breast cancer after breast 
conserving surgery or mastectomy [20]. At a 
median follow-up of 6 years, both 5 fraction 
 regimens were shown to be non-inferior in terms 
of local recurrence compared to 40 Gy in 15 frac-
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tions. Late normal tissue effects as assessed by 
clinicians, patients and photographs were similar 
for 26 Gy but worse for 27 Gy compared to 40 Gy 
at 5 years. Based on the previous experience of 
the earlier hypofractionation trials suggesting 
that the relative effects of treatment did not 
appear to change over time [21] the UK adopted 
26 Gy in 5 fractions as the new standard for chest 
wall, whole breast and partial breast RT at a con-
sensus meeting in October 2020. Other countries 
are following this approach though some may 
wish to wait for longer term results or data from 
confirmatory trials before adopting the 5-fraction 
regimen.

15.5  Summary

Hypofractionation provides important benefits 
including an improvement in convenience, a 
reduction in resources required and a decrease 
in acute and in some instances late toxicity that 
can improve the quality of life of patients receiv-
ing breast or chest wall radiation therapy. In the 
early 2000s two landmark trials, the OCOG trial 
and the START-B trial, established that hypo-
fractionation of 40–42.5 Gy in 15–16 fractions 
over 3 weeks in comparison to the historical 
conventional fractionation of 50 Gy in 25 frac-
tions over 5 weeks resulted in similar rates of 
local recurrence and normal tissue effects lead-
ing to a new standard. Further trials have con-
firmed these findings and suggest that 
hypofractionation can be applied to patients in 
all subgroups, including with DCIS only or 
those requiring lymphatic irradiation. In 2020, 
the FAST-Forward trial was published demon-
strating that 26 Gy in 5 fractions over 1 week 
was non-inferior to 40 Gy in 15 fractions in 3 
weeks in terms of local recurrence at 5 years. 
Late effects were also similar between the frac-
tionation schedules. The UK has adopted 26 Gy 
in 5 fractions as a new standard for breast or 

chest wall radiation therapy and some other 
countries are following this approach.
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Available Infrastructure

Orit Kaidar-Person, Maoz Ben-Ayun, 
Philip Poortmans, and Icro Meattini

16.1  Background

16.1.1  Available Infrastructure

Breast cancer patients often have several treat-
ment options including surgery, systemic therapy 
and RT (e.g. volumes, fractionation) and need to 

be evaluated by a multidisciplinary team before 
final treatment recommendations are made, as 
each decision might influence other treatments. 
Treatment recommendations should take into 
consideration patient-related factors (e.g. age and 
comorbidities), disease-related factors (e.g. 
pathology features and stage), concomitant medi-
cations, and the patient’s own preferences and 
circumstances as they will influence compliance. 
Radiation therapy, being an integral part of the 
treatment of most non-metastatic breast cancer 
patients and contributing to the management in 
the metastatic setting (e.g. pain and other symp-
toms relief, palliation for skin involvement, abla-
tive treatment in oligometastatic patients), 
requires a broad understanding by the entire 
breast cancer team. Indications for RT for breast 
cancer patients should be managed serving the 
purpose of the treatment and not the other way 
around (e.g. doubtful appropriateness of using 
innovative techniques in the absence of demon-
strated clinical benefits).

Technological advances were implemented 
over time into the RT system and improved at 
several crucial points for successful RT treat-
ments. These include patient set-up imaging and 
adaptation before and during treatment, immo-
bilisation, target volume definition and contour-
ing, improved treatment plans by advanced TPS 
and various forms of respiratory control during 
treatment from vmDIBH to CPAP (discussed in 
Chap. 38). All this has contributed greatly to 
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more accurate treatment planning and delivery 
techniques to deliver therapeutic radiation doses 
more precisely to the target tissues while reduc-
ing the doses (and possible related subsequent 
risks) to the surrounding normal tissues, thereby 
improving the therapeutic ratio of RT.

16.1.2  Equipment, Personnel 
and Patient Load

Several groups and countries have published the 
needs for RT and defined minimum criteria for the 
infrastructure and staffing of a RT department, 
some specifically related for participation to clini-
cal studies [1–5]. These requirements address vari-
ous aspects of RT, including human resources 
mainly in relation to the workload [2], with recom-
mendations for the number of full- time radiation 
oncologists, medical physicists, dosimetrist, and 
RTT per department related to the number of 
patients treated per year. Similarly, ranges (mini-
mum–maximum) for each type of RT equipment 
(e.g. CT-simulator, Megavoltage Units) are defined 
as well. Fulfilment to these requirements will 
assure an appropriate workload for staffing (human 
resources) and infrastructure (equipment) that will 
allow for quality care without exhaustion. Indeed, 
overworked staff members may inevitably lead to 
human errors at all levels of the RT workflow, 
endangering safety and thereby compromising 
treatment outcomes. The number of patients and 
the complexity of the case mix dictate working 
hours and thereby define the number of machines 
and personnel needed. While staff should be 
allowed to work in shifts that will safeguard their 
performance, it should be kept in mind that the RT 

machines are limited in uptime as well. Table 16.1 
summarised the EORTC-ROG recommended 
minimum requirements on infrastructure staffing 
and workload (in general, not specifically related 
to breast cancer care), and Fig.  16.1 shows the 
staffing and workload per discipline reported in 
the facility questionnaire database analyses [5].

The financial compensation for the staff 
should be sufficient in order not to drive them 
into doing extra-shifts for obtaining a proper 
income, jeopardising the effect of avoiding over-
working of the team. Likewise, the RT equipment 
has a lifespan that depends on utilisation. It is 
likely that with increased workload, the equip-
ment will wear out and require replacement 
sooner than would usually be expected.

It is important to realise that one of the major 
contributing factors for RT incidents is the intro-
duction of new RT technologies and the increased 
level of computerisation in the department’s 
workflow [6].

The perception that innovative techniques are 
flawless and reduce the workload of staff and 
machine should be considered as false. Many 
reported mistakes/incidents were at least partly 
attributed to insufficient understanding of the 
complexities involved in innovative technologies 
and the failure to fully understand its use in cur-
rent practice, including properly balancing 
advantages and disadvantages in individual 
patient care, dose distributions and machines’ 
limitations [7, 8]. Therefore, training of the RT 
teams is essential and we should avoid rushing in 
adopting new techniques before all preparations 
are carefully made.

As for breast cancer RT, we recommend that 
all members of the RT team will undergo specific 

Table 16.1 EORTC-ROG recommended minimum requirements on infrastructure staffing and workload and their 
year of implementation

1993 2008 2014
Maximum of patients per radiation 
oncologist

300 250–300 180–250 (maximum 300)

Maximum number of patients per 
medical physicist

500 500 500

Maximum number of patients per 
treatment unit

700 600 700

The table was adopted from Willmann et al. [5]
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Fig. 16.1 Staffing and 
workload as reported in 
the EORTC-Facility 
Questionnaire database 
analyses. Years indicate 
the time of the 
respective analyses. 
Means of the parameters 
are depicted. Error bars 
denote one standard 
deviation. RadOnc 
radiation oncologist, 
RTT radiation therapist, 
MV unit treatment unit. 
The figure was adopted 
from Willmann et al. [5]

training which is available in various settings 
(e.g. ESTRO and ESO courses, national training 
courses). This training is required to acquire the 
necessary knowledge and skills for an optimal 
and efficient delivery of modern RT techniques to 
breast cancer patients.

16.1.3  Care Path-Workflow

Computerisation in the department workflow 
and electronical patient’s files are the future. As 
part of the electronic files, it is recommended to 
create a care path-workflow to follow the status 
of the treatment plan. The care path-workflow 
should be designed according to the workflow of 
the department and allocate time for each spe-
ciality to perform their work properly. Some sys-
tems allow to create alerts to the team if the task 
is overdue. However, computerisation and elec-
tronical patient’s files are not flawless. Therefore, 
proper QA measures for these processes, open 
feedback and communication between teams are 
crucial points for success. An example of 
patient’s care path is displayed in Fig. 16.2.

16.1.4  Department’s Learning 
Process

Documenting and learning of incidences and 
near-misses and adapting new preventing meth-

ods are essential. A quite environment without 
disturbances is essential for critical process, and 
the teams need to define a protocol for “time out” 
from all distractions to evaluate critical measures 
for treatment.

Highly trained personnel from all disci-
plines, combined with new innovative RT tech-
niques, do not automatically assure treatment 
success, if all are not working as a team with 
free and constant communication. Therefore, 
routine time for team “huddle” for updates, 
strategising work, concerns, questions and 
more is essential and encourages open commu-
nication between teams (see quality assurance 
programmes in Chap. 6).

16.1.5  RT Equipment

Each component of RT equipment (simulation, 
mobilisation and treatment) should be considered, 
both individually and in combination, in the con-
cept of serving the entire treatment chain. The ven-
dors are part of the consideration and the concept 
of mono-vendor versus multi-vendor platforms 
should be fully understood in regard to advantages 
and disadvantages of each approach and compati-
bility with all relevant treatment indications, 
including supplementary equipment (i.e. breast-
board, immobilisation devices, prone set-up) for 
patient positioning. The inter- exchangeability of 
patients between treatment machines in case of 
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Table 16.2 Key points for planning the infrastructure of breast RT unit

Equipment, 
personnel and 
patient load

• Follow global recommendation for the number of full-time radiation oncologists, physicists, 
dosimetrist and RTT per department per the estimated number of patients treated per year at your 
centre
• Follow global recommendation for the number of each type of RT equipment (e.g. CT-simulator, 
megavoltage units) according to the estimated number of patients treated per year at your centre
• Manage the working time to allow for the human resource and RT machine to fully recover for a 
workday
• Take the time to fully study the new technologies, before putting them into service
• Engage in specialised training for breast cancer

Scheduling • 3–4 weeks following surgery to initiate RT should allow for adequate healing of the breast and 
axillary area
• Allow to delay RT if additional workout is required to exclude the presence of residual disease, 
metastatic spread, need for chemotherapy or any new information that might change the 
therapeutic approach
• The timing of last systemic therapy should be documented, especially in case of metastatic 
patients to avoid unwanted toxicity and RT should be scheduled accordingly
• Prior to CT simulation, if the patient is still fertile, pregnancy must be ruled out, and the patient 
should be formally informed about the dangers in conception during RT
• Schedule RT according to the radiation oncologist recommendation, at a date that will allow for 
volume delineation, planning and QA

Review 

diagnosis

Contouring 

review

MD Plan QA

Prescription 

review

Physics QA

complex 

calculation

Plan reviewRT day 1

Fig. 16.2 Example for care path-workflow for treatment planning system. MD Radiation Oncologist, QA Quality 
assurence, RT Radiation therapy

scheduled or unforeseen downtime without 
(major) additional work for the team should be 
considered as an important prerequisite as down-
times are to be avoided. As it is known that for 
every day lost between 3 and 5 weeks of RT about 
0.6 Gy/day is lost [9]. Multi- vendor platforms gen-
erally do not run smoothly in a synchronised way, 
increasing demands on technical and IT 
(Information Technology)  departments, and on 
finances—also increasing the risks for downtime. 
Key points are presented in Table 16.2.

16.1.6  Scheduling Patients

Two important timing-related aspects for sched-
uling patients, to safeguard optimal disease con-
trol versus to reduce overload, might be in conflict 
in busy departments or exceptional circumstances 
such as a worldwide pandemic [10].

The optimal timing of RT after surgery has not 
been well defined, but there is a fair amount of 
data to guide us. Clinical trials that reported the 
benefit of post-operative RT BCS typically 
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restricted the maximum interval between surgery 
and the start of RT to 6–8 weeks. While there is 
not much data about the minimal acceptable time 
from surgery to the beginning of external beam 
radiation, 3–4 weeks following surgery to initiate 
RT should allow for adequate healing of the 
breast and axillary area and, in the case of an 
ALND, for the patient to have regained adequate 
arm mobility to facilitate treatment planning. 
However, there is a fraction of patients in which 
RT can be/should be delayed: if additional work-
out is required to exclude the presence of residual 
disease, metastatic spread or any new informa-
tion that might change the therapeutic approach. 
However, more recent data support that for 
patients who are treated contemporary, starting 
RT shortly after BCS seems not to be associated 
with better long-term outcomes and that thereby 
this former quality indicator should be discarded, 
up to us in favour of maintaining an optimised 
overall treatment time depending on the fraction-
ation scheduled used [11]. Therefore, especially 
for patients at low risk for recurrence or bearing 
metastatic disease, time intervals should not be 
taken too restrictively. Similarly, patients who 
completed adjuvant systemic therapy can be 
planned without time pressure, especially as they 
continue receiving targeted therapies (e.g. anti- 
HER2) or endocrine therapy. All this, however, 
should not be used as an excuse to postpone RT 
for breast cancer patients, even more because 
short intervals are a good indicator of a good flow 
of the overall process, which is a tremendously 
important quality indicator as such.

With new tumour genetic and molecular tests 
guiding the use of systemic therapies, we advise 
not to perform CT simulation until the decision 
about systemic therapy (mainly chemotherapy) 
has been clearly determined. Prior to scheduling 
CT simulation, one must exclude the possibility 
of pregnancy, document if the patient has a pace-
maker and/or received previous irradiation (the 
three “P” of RT: pregnancy-pacemaker-previous 
RT). In case of a pacemaker, we recommend to 
consult with the cardiology team about the type 
and the model of the pacemaker and its function 

prior to RT, as some patients will need to be mon-
itored at time of therapy. All are important to take 
into consideration when planning any oncologi-
cal therapy. The type and timing of systemic ther-
apy should be documented, especially in case of 
metastatic patients to avoid unwanted toxicity.

16.1.7  Technical Consideration 
in Booking Treatments

Booking and scheduling should be done based on 
the timeline recommended by the radiation 
oncologist according to the clinical case, and is 
recommended to be carried out by the secretary 
and RTT that have the full understanding of the 
time needed to plan treatment, perform appropri-
ate QA, and allocate timeslot on the treatment 
unit needed with the specific treatment (e.g. with/
without breath hold, patients that have difficulties 
in mobilisation or special needs). To take into 
consideration the time needed to prepare the 
treatment unit between patients, it is advised to 
have a system for the RTTs on the treatment units 
to reschedule the allocated timeslots in case 
needed and to alert the treating physician when a 
patient misses days from treatment. The system 
should allow the RTT to enter the scheduling sys-
tem and to add additional fractions at the end 
and/or to plan bi-fractionations to respect the 
overall treatment time.

16.1.8  CT Simulation

The CT scan used for treatment planning should 
be equipped with appropriate positioning devices, 
identical to those at the treatment units. It is esti-
mated that for at least 80% of the cases the same 
positioning/immobilisation device is sufficient 
(breastboard), but the team must be trained to 
allow individualisation for the few (~ maximal 
20%) that will require it. Marking of positioning 
was traditionally done with tattoos, what should 
be reconsidered while the use of surface scanning 
(ideally combined with CBCT) should be planned 
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(if not already in place) to replace all other posi-
tion verification methods and obviating any 
marks on our patients, both permanent and 
temporary.

16.1.9  Treatment Planning 
and Fractionation

Nowadays, volume-based techniques in breast 
cancer based on delineated target volumes, and not 
any longer field-based RT, is the standard of care 
for breast cancer patients [12, 13]. However, target 
volume delineation and RT planning increases the 
workload on the RT team. While in some countries 
delineation is done by radiation oncologists, in 
others it is done by other staff members such as 
dosimetrists or RTT, and more recently automated 
contouring is being introduced and expected to 
decrease this workload again. Workload is also 
related to the number of RT sessions (fractions) 
which will mainly affect the RTTs and the 
machines and, to a lesser extent, also the radiation 
oncologists. Adoption of hypofractionation sched-
ules that have the same clinical effect will reduce 
this workload, which will help to avoid that exces-
sive workload makes it quite impossible for team 
members to actively supervise treatments, mentor 
and supervise new members, and address the 
patient needs at time of follow-up (for questions, 
acute and late side effects). Excessive workloads, 
especially in combination with a defective organ-
isation, will impede the radiation oncologist from 
coming to the treatment machines and supervising 
treatments or interacting with the RTTs. Moreover, 
the motivation for clinical research is often frus-
trated by a lack of dedicated time for the staff 
members, which in the long run will not motivate 
new candidates with good academic records to 
join the team. Therefore, without an appropriate 
and dynamic workflow and manageable workload 
for all team members, there is a significant risk of 
shortages of staff members and downgrading of 
working conditions, leading to poor clinical per-
formance and ultimately to the risk for “burnout” 
of staff members.

16.2 Summary

RT preparation is complex and composed of dif-
ferent aspects of treatment, but we should keep in 
mind that the breast cancer patients’ journey is 
long and requires a number of diagnostic tests 
and procedures. However, no treatment like RT 
(mainly breast cancer) requires patients to daily 
expose in full conscience private/intimate body 
parts. Therefore, as part of our thrive for excel-
lence,  we advise that the staff get appropriate 
training addressing the psychological needs of 
the patients, understanding that patients are the 
owners of their bodies instead of considering the 
body just as an object to be treated. To cover the 
patients with a dedicated clothing/scarf at time of 
CT simulation or treatment can help them in 
maintaining control over their bodies and thereby 
indirectly their minds.  Together with an  appro-
priate infrastructure, carepath, pre-defined time-
lines, we assure holistic healthcare for our 
patients.
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Patient Positioning

Tamar Katzman

17.1  Positioning

The positioning of patients is one of the foun-
dations of RT.  Optimal positioning enhances 
patient’s compliance and positioning reproduc-
ibility and enables the treatment volumes to be 
optimally targeted, while avoiding the OARs. 
Matters such as treatment technique, and patient 
specific issues (e.g. body habitus) must be con-
sidered prior to simulation, in order to ensure the 
best outcome.

Before positioning the patient, it is important 
to make sure the patient is feeling relaxed in her 
surroundings. Especially in patients affected by 
breast cancer, there may be body image issues 
which the patient is dealing with following sur-
gery. Care, empathy, and privacy should be pro-
vided to the patient, with the RTT or nurse 
understanding that undressing for the simulation 
may not be a trivial matter for the patient.

Helping the patient feel comfortable is two-
fold beneficial:

 1. Increases patient compliancy, helping the 
patient feel part of her treatment’s team

 2. Helps the patient relax, which decreases 
potential positioning variations during treat-
ment

The day of simulation, there is still some fear 
of the unknown—which can cause some physical 
tension in the patient’s body. As the patient gets 
into the routine of treatment, naturally she pro-
gressively relaxes, which may cause a systematic 
error. A way to avoid this is to encourage the 
patient to relax and release all muscle tension 
when she lies down. This is true regardless of the 
position she is situated in.

Another important aspect of positioning is 
proper documentation, both in written/the elec-
tronic patient files and using drawings/pictures. 
Documentation errors are one of the major causes 
of incidences in RT [1]. To avoid errors, it is cru-
cial to ensure that the position the patient is lying 
in during simulation is documented correctly and 
transferred to the rest of the team in a clear way.

In general, left-right symmetry should be 
aimed at to increase comfort and to decrease the 
risks of errors. The patient should be straightened 
from the suprasternal notch through the xiphoid 
process, and the symphysis pubis. If the axilla 
level 4 (formerly called supraclavicular) LN are 
being treated, the head could be turned to the 
contralateral side (i.e. if the left breast is treated, 
the head should be turned to the right). However, 
for elective LN RT, level 4 is behind the clavicle 
head and might be a bit superior to it (see Target 
volume definition and contouring section), so it is 
preferred to maintain symmetry and keep the 
head straight for all patients, resulting in an 
increased reproducibility and lower risks for 
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errors. In advanced breast cancer cases, the level 
4 might be cranial to the volumes of elective irra-
diation, then the head should be turned to the 
contralateral side. This will allow to avoid irra-
diation of the face.

If the patient is being treated in the prone posi-
tion, the patient should be straightened through 
the vertebral bodies.

17.2  Standard Positioning

The most common practice for the positioning 
of breast cancer patients is supine on a breast 
board with both arms abducted, and the shoulders 
externally rotated. There are a number of com-
mercially available breast boards, all of them CT-
compatible and some MRI-compatible as well 
(Fig. 17.1). These generally share several design 
features, which are used to help achieve the goals 
of treatment. When utilised correctly, these fea-
tures reduce set-up errors, and help to minimise 
the side effects of treatment.

These include:

 1. The body of the breast boards are comprised 
from carbon fibre, which serves to minimise 
the attenuation of the treatment beam and 
does not produce artefacts during simulation 
procedures.

 2. An angulation system, such that the torso and 
head of the patient is higher than the lower 
body. There is normally a choice of angles, 
and the optimal angle is decided upon at the 
time of simulation, based on the physical build 
of the patient, and the treatment technique.

The reasons for the angulation system 
include: helping to reduce the amount of lung 
and heart in the vicinity of the target volumes 
and reducing skin folds both inframammary 
and between the breast and the axilla.

The optimal angle for planning purposes is 
such that the sternum is horizontal (parallel to 
the treatment couch) [3]. This angulation sys-
tem should have an indexing solution on both 
sides. This indexation assists with straight-
ening the patient, as well as positioning the 
patient. A reference mark/tattoo on the patient 
corresponds to a number on the index, and 
this indicates whether the patient is positioned 
on the breast board correctly. When using the 
angulation system, the RTTs need to be aware 
of the limitations of the set-up in the treat-
ment room. For example, if the angle between 
the treatment couch and the breast board is 
very wide, there may be an issue of clearance 
between the gantry and the treatment couch 
for lateral oblique beams, for some arc posi-
tions and for IGRT.

Nowadays, many departments maintain 
a standard setting of the angle, most often 
between 7.5 and 12.5°. The advantages are 
that this completely avoids the risk of errors 
in angle settings and that a standard setting 
selected for a combination of a breast board 
with treatment machine can be chosen to 
avoid collisions in any of the 360° positions 
of the gantry.

 3. Due to the angulation system patients may 
slide down the breast board. In order to com-
bat that effect, a “stopper”, most often a cush-
ion made of foam, is placed caudal to the 
patients’ bottom. The stopper is indexable and 
has several positions, which account for the 
varying heights of the patients. For example, 
a taller patient will require the stopper to be 
indexed further away from the angulated sec-
tion of the breast board, than a shorter patient.

 4. The head, arm, and wrist supports are adjust-
able. Once again, this allows the team to take 
into consideration the physical attributes of 
the patient, and position accordingly, keep-
ing in mind the basic principles mentioned 
previously (comfort, reduction of side effects, 

Fig. 17.1 Standardised supine breast board showing 
angulation, arm and wrist rests, and indexing. Note that 
sternum is horizontal. Picture courtesy of Vertual [2]. 
Available at: https://www.vertual.co.uk/. Accessed 
November 1, 2020
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reproducibility, and reduction of dose to 
OAR). Also here, the use of fixed settings 
whenever possible decreases the risks of errors 
and avoids possible collisions with the gantry.

 5. Ability to index the breast board to the treat-
ment couch. This ensures that the breast board 
is straight, and stable. Furthermore, this helps 
with identifying a gross error in positioning in 
the treatment room. This is due to the fact that 
when indexing the breast board to the couch, 
the couch values in the treatment room should 
be reliable and within a certain tolerance. Val-
ues out of that tolerance could indicate a gross 
error in positioning.

17.3  Prone Positioning

Prone positioning of breast cancer patients has 
gained popularity over the last decade. An Aus-
tralian study of breast radiation therapy showed 
that in 2014, 29% of centres surveyed offered 
prone breast radiation therapy, as opposed to 
only 5% a decade earlier [4]. However, a study 
of immobilisation techniques in the United King-
dom and Republic of Ireland showed that the use 
of prone positioning is not as popular as may 
have been expected [5].

Prone positioning is generally considered for 
large (pedunculated) breasted women who have 
an indication for breast-only RT.  The main 
advantages of using this technique are dosimetric 
in nature. This position eliminates skin folds, and 
causes the breast shape to narrow, allowing for a 
more homogenous dose (Fig.  17.2) [6]. 
Additionally, for pedunculated breasts, prone 
positioning can reduce the dose to OARs such as 
lung and heart dose. However, in deeply seated 
tumours it might be challenging to sufficiently 
cover the target volumes. There are commercially 
available prone breast boards. Most are designed 
with a cutout where the treated breast hangs 
down (Fig. 17.3), and both arms are placed super-
olaterally to the head. The head rests on a cush-
ion, and the patient is positioned so that the 
contralateral breast is out of the field (Fig. 17.4) 
[7]. These breast boards have some of the fea-
tures of the supine breast board, including the 

ability to index, and some flexibility of hand and 
head position. A wedge pillow placed under the 
contralateral breast elevates the breast, allowing a 
wider range of gantry angles for treatment [8].

One of the difficulties of treatment in the 
prone position is nodal irradiation [5], due to the 
position of the arms, and attenuation of the beam 
through the breast board. The crawl position 

Fig. 17.2 Transversal view with dose colour wash show-
ing a patient in the prone position. Picture courtesy of  
Dr. Yonina Tova & Sion Koren, Radiation Oncology, Ziv 
Medical Centre, Safed, Israel

Fig. 17.3 View from the ipsilateral side of patient treated 
in the prone position. Note the breast hanging down. 
Picture courtesy of Dr. Yonina Tova & Sion Koren, 
Radiation Oncology, Ziv Medical Centre, Safed, Israel
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Fig. 17.4 View from the contralateral side of patient 
treated in the prone position. Note the untreated breast 
resting on the prone breast board, and the treated breast 
hanging down

a

b

Fig. 17.5 Patient positioned in a lateral decubitus and 
immobilisation device, including a strap holding the con-
tralateral breast (A) the breast lies on the flat part of the 
breast board. The edge of the angled side is marked by a 
metallic wire which is visible on CT scan (arrows). Taken 
with permission from Kirova et al. [11]

(patient lies prone, with ipsilateral arm down) has 
been suggested to overcome this limitation [9].

17.4  Lateral Decubitus 
Positioning

An alternative positioning technique is the lateral 
decubitus position. This treatment technique has 
been successfully used for decades [10], although 
it is less common probably due to its highly arti-
sanal approach. This position is useful for women 
with pedunculated breasts (Fig. 17.5).

In this position, the patient lies on her ipsi-
lateral side. The ipsilateral breast rests on a 
specially designed platform, while the contra-
lateral breast is moved in the dorsal direction. 
The patient’s back is supported with a frame or 
firm pillow that is used for the purpose. The 
set-up marks are placed on the treated breast 
and the back of the patient. This set-up spares 
OAR and is tolerated well by patients. However, 
nodes cannot be treated using this set-up [11], 
and optimal reproducibility may be harder to 
achieve.

17.5  Challenges in Breast 
Positioning

The main challenges with breast positioning arise 
from two issues:

 1. Patients who have difficulty raising their arms 
(often as a result of ALND, sometimes SLNB)

 2. Patients with pendulous breasts

Some practical solutions for these challenges 
are outlined below.

 1. Positioning of patients with difficulty raising 
their arms

T. Katzman
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There are instances when a patient is physically 
unable to raise their arms. Wherever possible, it is 
highly preferable to postpone the start of RT and 
not to force anything. Indeed, with the contem-
porary multidisciplinary approach, increasing the 
interval between surgery and initiation of radia-
tion therapy is likely not negatively influencing 
outcomes [12]. During this time, lymphatic drain-
age therapy, physiotherapy and alike can greatly 
help the patient to regain arm functioning. If even 
then the mobility remains constrained, it is prefer-
able for the ipsilateral arm of the affected breast 
to be abducted, thus avoiding radiation to the arm 
and symmetrical, thereby improving reproduc-
ibility. Adjusting the height, angle, and position 
of the arm and wrist rests can minimise the shoul-
der rotation. If that does not provide a satisfactory 
solution, and arm abduction cannot be achieved, a 
feasible solution is the use of a personalised posi-
tioning device such as an alpha cradle/vacuum 
bag [13, 14]. While these devices do provide a 
comparable level of reproducibility, they are time 
consuming to make, and therefore are not rou-
tinely used for breast positioning.

When using a personalised positioning cush-
ion, the ipsilateral arm may be placed akimbo (arm 

bent at the elbow, with hand on hip) (Fig. 17.6), 
or by the patient’s side. This will largely depend 
on the treatment technique at each centre and 
should be decided together with the radiation 
oncologist and treatment planning team. If using 
a 3DCRT technique, it may be optimised with the 
arm widely akimbo (smaller medial elbow angle, 
which translates to an increased distance from 
the elbow to the body), to allow a range of angles 
for planning in order to cover the PTVp (breast or 
chest wall). The arm by the side may be preferred 
for IMRT/VMAT planning.

If proton planning is implemented, the arm 
position is more flexible, as the treatment beam 
is en face [15], and may be an optimal solution 
in the case of limited arm mobility when 
available.

Depending on the planning method, the con-
tralateral arm is often abducted (if possible), sim-
ilar to the ipsilateral arm as it may facilitate some 
freedom with treatment planning. However, dif-
ferent institutions may have different protocols 
for the contralateral arm.

When creating a personalised positioning 
device for breast radiation therapy, it is useful to 
remember the protocols used when using a com-
mercial immobilisation device, and to incorpo-
rate them as much as possible. The cushion 
should be formed in a wedge shape, or in con-
junction with a breast board, to enable some 
angulation. A reference mark placed on the lat-
eral sides of the personalised positioning device 
will mimic the indexation on the sides of the 
standard breast board, and the device should be 
indexed to the treatment couch.

Another option is to use the crawl prone posi-
tioning outlined above [9].

 2. Patients with pendulous breasts

Patients with pendulous breasts provide both a 
challenge for reproducibility, and acute skin tox-
icity [16, 17]. Following, there is a brief outline 
of some methods used to overcome this issue 

Fig. 17.6 Personal positioning device with arm akimbo. 
Picture courtesy of Sheba Medical Centre, Ramat Gan, 
Israel

17 Patient Positioning
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(except prone and lateral positioning, discussed 
above).

Bras have been used in the prone position 
[18] to reduce set-up errors, and in the supine 
position mainly for women with pendulous 
breasts to reduce inframammary and lateral skin 
folds [18]. Commercial bras, or a patient’s own 
bra (with the underwire removed) can be used. 
Whichever type is used, the bra needs to be 
marked up in a clear manner, so that it may be 
worn correctly for daily treatment. The bra is 
relatively easy to implement into use in a radia-
tion therapy department, as it is used to enhance 
well-established techniques [19], with position-
ing being carried out as outlined previously. The 
use of a bra does not interfere with nodal irra-
diation if necessary. Diligence is required to 
check that a fold is not created between the 
axilla and the breast while reducing the inframa-
mmary fold. Also, the contralateral breast 
should be moved away from the midline so as 
not to interfere or limit anterior oblique beams 
(Fig. 17.7). One way to achieve this is to remove 
the cup of the bra from the contralateral breast, 
which allows the contralateral breast to fall nat-
urally away from midline (Fig. 17.5).

Thermoplastic material can be used in a simi-
lar fashion to bras. This material, familiar e.g. 
from head and neck immobilisation, is warmed 
up either in a thermoplastic oven or warm water 
bath for a few minutes until it’s flexible. It is then 
moulded to the patient’s outline and attached to 
the sides of the breast board (Fig.  17.8) [20]. 
While this is a fairly rigid material, it is not clear 
whether the possible reduction of set-up errors 
outweighs the increased skin dose from this set-
 up [20, 21] (Fig. 17.9).

17.6  Summary

Treatment simulation procedure is one of the 
important steps in radiation planning. Optimal 
positioning enhances patient’s compliance and 
positioning reproducibility and enables the treat-
ment volumes to be ideally targeted, while avoid-

ing the organs at risks. Patient positioning should 
be adjusted to allow correct RT planning and a 
safe delivery of treatment.

Fig. 17.7 Right breast treatment with bra. Top shows 
bird’s eye view of patient. Note how the left breast falls 
away from the midline, unsupported by the bra. Bottom 
shows transverse view of CT. Picture courtesy of Sheba 
Medical Centre, Ramat Gan, Israel

Fig. 17.8 Breast board with thermoplastic mask. Picture 
courtesy of Sheba Medical Centre, Ramat Gan, Israel
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a

b

c

Fig. 17.9 Thermoplastic bra. (a) Thermoplastic bra used 
for planning and irradiation of the left breast of a patient 
with ptotic breast. (b) CT-simulation without the bra, arrow 
shows the lateral mammary fold a result of supine position. 

(c) CT-simulation with the thermoplastic bra, no lateral fold 
which aims to reduce potential toxicity and reproduce the 
position of the breast at time of treatment. Picture courtesy 
of Sheba Medical Centre, Ramat Gan, Israel
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Simulation for Breast Cancer

Mirjam Mast and Filipe Cidade de Moura

18.1  Background

18.1.1  Simulation for Breast Cancer

For breast cancer irradiation preparation, a sim-
ulation process has to be performed. During this 
process the patient position will be determined. 
Furthermore, treatment simulation allows to 
locate the irradiation area (i.e. target volumes) 
and the critical organs (Organs At Risk, OARs) 
that need to be avoided or taken into consider-
ation at the time of radiation treatment planning. 
A planning CT scan is commonly used for 
breast cancer irradiation simulation. For the RT 
workflow this is called CT simulation (i.e. this 
scan is not used for diagnostic purposes). The 
aim of the latter is to scan the patient in a repro-
ducible position that will serve as treatment 
position, lying on RT-specific immobilisation 
devices (see Chap. 17). Different targets and 
indications require different positioning of the 
patient, to allow for a reproducible position and 
safe treatment. This chapter will focus on simu-

lation for breast cancer, after BCS or mastec-
tomy, with/without regional nodal irradiation.

18.2  Simulation Process

Usually, the patient is lying in the supine position 
on an inclined immobilisation device, preferably 
indexed to the treatment couch, with one or two 
arms raised [1, 2]. Depending on the target vol-
umes that need to be irradiated, only local breast 
irradiation or more extensive irradiation includ-
ing regional nodal areas, the head of the patient 
may be placed in a central position or turned to 
the contralateral side of the affected breast (see 
Chap. 17) [1, 2]. Nowadays, anatomically defined 
target volume definition guidelines have been 
introduced widely. This resulted in treatment vol-
umes with more caudally located cranial borders, 
allowing a central position of the head irrespec-
tive of the target volumes to be included. The lat-
ter needs to be decided in the department 
according to the local medical protocols, taking 
into account that standardisation favours avoid-
ance of errors. For patients with large pendulous 
breasts a prone or lateral decubitus position is a 
possibility [3].

There are different types of CT scanners from 
several manufacturers. Depending on the type of 
the CT simulator, the RTT needs to take precau-
tions to avoid collision with the arms or the used 
immobilisation device. A specific option for RT 
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Fig. 18.1 Wide-bore RT CT scanner. Example of an 
inclined breast board immobilisation device (IT-V, 
Innsbruck). The use of the pelvic rest/stopper or knee/feet 
rest avoids the patient to slide down the immobilisation 
device

Fig. 18.2 An example of the position of the marks, this 
needs to be decided in the department. The reference point 
(0,0,0) is marked in blue. This might be a stable anatomical 
point to set the reference. The orange points could be helpful 
to outline the patient on the Linac

departments is a CT simulator with a large bore, 
providing the RTT more degrees of freedom in 
placing the patient on the RT immobilisation 
device on the CT simulation table and avoiding 
collisions with the patient (Fig. 18.1). To avoid 
the patient sliding down the inclined treatment 
couch, if the patient is positioned in supine posi-
tion, additional devices can be added on the table 
to assist the patient to stay in the same position on 
the treatment table [4].

When the position of the patient is identified, 
the treatment planning reference point (or 0,0,0 
point) is marked on the patient with a washable 
marker pen: one point at patient sagittal mid-line, 
two points at each side of the patient, all three 
halfway the chest since these are stable points. 
Cranial and/or caudal points can be added to 
improve patient alignment at sagittal level 
(Fig. 18.2). After that, artefact-free opaque mark-
ers are placed on this reference point, therefore 
the reference point will be visible during the 
treatment planning process.

The reference point is determined by using 
external fixed or mobile laser beams which are 
positioned in the CT simulator room, typically 
within a certain distance (i.e. 50 cm) to the CT iso-
centre, to allow for more working clearance. An 
accuracy of less than 2 mm between the imaging 
plane and the laser marking plane is a prerequisite 
for positioning the patient [5]. The reference point 

will be used on the linear accelerator to set- up the 
patient according to the position that was deter-
mined during the CT simulation, and will allow 
for manual/automatic movement to the planning 
isocentre. According to the protocols in the depart-
ment several points can be placed. These points 
can be helpful to set-up the patient in the same 
position on the linear accelerator (Fig. 18.2).

Placing a radiopaque wire to mark the breast 
volume may be helpful at time of delineation. 
The wire, if done mindfully, may assist in identi-
fying the borders of the CTV breast/chest wall. 
For example, the subcutaneous fold around the 
chest/breast from the breast itself, which is some-
times easier to identify on the patient (by appear-
ance and palpation), especially in patients with 
small breasts and no infra-mammary fold. Thus, 
placing the wire correctly at the border of the 
glandular tissue as noted by palpation can be of 
assistance in identifying the inferior part of the 
breast in patients where the infra-mammary fold 
is not easily identified on CT simulation. The 
lumpectomy or mastectomy scar or other specific 
landmarks can be marked with a radiopaque wire 
as well, this is determined after consulting the 
radiation oncologist.

When all preparations are completed, using 
the external laser system to define the reference 
plane, the patient is moved into the CT simulator 
gantry. The distance from external lasers to the 
CT acquisition isocentre is fixed and set at the 
initial equipment/laser system installation.
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During the acquisition phase, one or two scout 
views are made, depending on local standard opera-
tional procedures. On the scout views the RTT 
defines the field of view (FOV), to cover the entire 
body contour. The acquisition length would be 
enough to include all target volumes and OARs, 
plus a 5 cm margin to take into account the irradia-
tion beams divergence and penumbra. Careful defi-
nition of the FOV and acquisition length must be 
performed, coupled with optimal pitch and slice 
thickness. For optimal reconstruction, the use of a 
helical CT scan is recommended with a pitch around 
1:1, and a slice thickness of less than 5 mm, but 
preferably 3 mm. For breast cancer RT simulation, 
CT acquisition with intravenous contrast would not 
be necessary for defining the target volumes or 
OARs. Finally, the reference point and other points 
can be replaced by semi-permanent or permanent 
markers. Those markers need to be placed to guide 
the RTTs in positioning the patient on the linear 
accelerator. When a patient is lying in prone posi-
tion, markers need to be placed on the patient’s back 
and sides and another can be placed on the lateral 
aspect of the breast [3, 6]. More advanced technolo-
gies such as Surface Guided Radiation Therapy 
(SGRT) or adaptive linear accelerators provide 
meaningful changes on workflows in RT, with 
improvement of positioning and isocentre localisa-
tion, allowing for marker-less planning and treat-
ment delivery. These techniques are described more 
extensively in the treatment delivery section.

The RTT is responsible for reporting the used 
immobilisation devices and if applicable other 
patient-specific positioning details. Colour photo-
graphs of the position of the patient can be of 
added value. The CT data is forwarded to the treat-
ment planning system after the reconstruction of 
the images was completed. All this information is 
necessary for the next step in the RT workflow.

18.3  Positioning a Bolus at Time 
of Simulation

In some cases, a bolus is needed for PMRT or 
less often after BCS. We recommend that in such 
cases the bolus will be placed at time of CT simu-
lation. By placing it at time of simulation it will 

provide information of how the bolus shapes to 
the body at the time of treatment planning, adjust 
for air gaps to reduce them as possible. A simu-
lated bolus added in the treatment planning sys-
tem will not reflect the true shape and size of the 
real bolus. Additionally, at time of CT simulation 
the team can adjust the bolus and cut/shape the 
bolus to areas that are at high risk and reduce the 
air gaps.

18.4  Deep Inspiration Breath- 
Hold (DIBH) Technique

When using a Deep Inspiration Breath-Hold 
(DIBH) technique in patients with left-sided 
breast cancer, or in some cases of right-sided irra-
diation, to reduce the dose to the heart and coro-
nary arteries, lung, and liver (depending on 
patient’s anatomy) a slightly adapted workflow 
needs to be used. As indicated in the positioning 
section, it is important to make sure the patient is 
feeling relaxed in her/his surroundings. If the 
patient is relaxed, it increases the chances to be 
more compliant with DIBH at time of simulation 
and treatment. Therefore, it would be recom-
mended that RTTs first start with a clear explana-
tion of the overall procedure that might include:

 1. Demonstration of measuring/monitoring 
devices (optical surface detection (SGRT), 
spirometry)

 2. Audio (e.g. intercom, earphones) and visual 
feedback (e.g. goggles, mirror, and screen)

 3. Ensure a stable breathing cycle throughout the 
procedure

 4. Breathing technique, with focus on upper 
chest (attention must be paid to avoid, arms 
and neck contraction, as well as back uplift)

 5. Duration of deep inspiration breath-hold, 
preferably above minimum required time for 
full-length CT scan helical acquisition, typi-
cally between 15 and 30 s (optimal acquisi-
tion for reduction of temporal artefacts)

If the protocols in the department prescribe a 
free breathing and a DIBH scan, the same refer-
ence point is used. Furthermore, the position of 
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the radiopaque wire needs to be checked in 
between these two CT scans.

18.5  Summary

For breast cancer irradiation, CT simulation is 
one of the important stages for treatment plan-
ning and delivery. The CT scan is used for delin-
eation of the target volumes and the OAR, as well 
as for treatment planning dose calculation. After 
defining the position of the patient, the treatment 
planning reference point (0,0,0), and other essen-
tial markers, the CT scan will be performed. The 
reference points are used to position the patient 
on the Linac. The CT procedure can be performed 
in free breathing and breath-hold, both scans 
making use of the same reference point.

Advanced technologies such as optical surface 
devices and adaptive technologies would provide 
meaningful changes on workflows in RT, with 
improvement of positioning and isocentre locali-
sation, allowing for marker-less planning and 
treatment delivery.
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Target Volume Definition 
and Contouring

Lise Bech Jellesmark Thorsen 
and Birgitte Vrou Offersen

19.1  Background

During recent years, RT planning for breast can-
cer has gone through major technological devel-
opments. In the 2D-era, the size and shape of 
treatment fields were determined using bony 
landmarks, and shielding of OARs was carried 
out based on planar projected images with lim-
ited detail on soft tissue [1]. With the introduction 
of 3DCRT, treatment techniques have been grad-
ually refined from large, commonly tangential 
fields, over field-in-field planning to even more 
advanced approaches including modulated RT 
[2]. Even particle therapy has been introduced in 
highly selected patients with unfavourable anat-
omy or severe comorbidities [3]. Some tech-
niques come with trade-offs between better target 
coverage at the cost of larger low-dose baths to 
OARs, whereas respiratory gated treatment offers 
a means of reducing incidental irradiation to 
heart and lungs while preserving target coverage 
[2, 4]. Common to all these advances is the 
increased ability to treat small target volumes to a 
high and homogeneously distributed dose with a 
steep dose gradient to adjacent OARs. The down-
side to this is that if the target delineation is of 
poor quality, we are able to miss the target with 

great accuracy: with improved precision, correct 
and consistent target volumes delineation 
becomes of utmost importance. Two major con-
sensus guidelines on target volume delineation in 
early breast cancer are widely used. Both were 
developed with the purposes of improving con-
sistency and reducing inter-observer variation. 
The RTOG guidelines were made available in 
2009 (www.nrgoncology.org). They were based 
on the use of bony and muscular landmarks to 
include tissues that would have been treated with 
traditional treatment field design [5]. The concept 
of the ESTRO guidelines was a bit different, 
defining nodal targets based on lympho-vascular 
anatomy and including only the areas with high 
probability of containing lymph nodes [6, 7]. 
Apart from the philosophy behind, the main dif-
ferences between the two guidelines concern the 
cranial boundary of the supraclavicular CTV, 
which is more generous in the RTOG definition, 
and the size of the IMN target volume, which is 
larger using the ESTRO guideline [8]. In map-
ping studies of loco-regional recurrences, both 
guidelines have very low rates of geographic 
miss when applied on patients with subclinical 
disease. In patients with locally advanced breast 
cancer, observed rates of geographic miss are 
higher, and more individualised approaches in 
contouring are encouraged [8]. Recommendations 
for more individualised target volume delineation 
are provided in the ESTRO consensus guideline 
[6, 7]. The following sections on target delinea-
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tion adhere to the ESTRO consensus guideline. 
We also recommend reading the complimentary 
chapters of breast and lymph node anatomy and 
lymph node volumes, the latter discuss the indi-
cations for RNI and which lymph node levels to 
be irradiated.

19.2  General Practical Advice 
for Delineation

• Go through the patient’s diagnostic workup, 
surgeon’s notes and pathology descriptions 
before embarking on delineation.

• Use a protocol for patient positioning includ-
ing strict guidelines for choice of breast board, 
arm positioning, use of tattoos or other mark-
ers to help daily positioning reproducibility, 
and ensuring reproducibility of respiratory 
gated technique.

• Choose a Hounsfield Unit interval with high 
soft-tissue contrast—delineation software 
often comes with pre-set levels.

• Check your volumes in the coronal and sagit-
tal planes as you contour—a smooth volume 
from the outset will spare you many correc-
tions in the end.

• Use a template ensuring strict nomenclature 
and choice of colours for the individual vol-
umes, as this facilitates pattern recognition 
when approving the delineation, eases com-
munication and subsequent data harvesting.

19.3  Delineation of CTVp_breast

Practical advice

• Consider the configuration of the breast: firm/
flat/ptotic?

• Start your delineation at a level where you 
clearly see the limits of the breast, then move 
cranially/caudally.

• Always include the primary tumour bed inside 
the CTVp_breast.

The CTVp_breast should contain all glandular 
breast tissue (Fig. 19.1). The extent of the breast 

gland may be difficult to distinguish from the sur-
rounding subcutaneous fat. The cranial limit of 
the volume in most patients corresponds to cau-
dal of the sternoclavicular joint. This derives 
from treatment planning in the days before CT 
scans, where the field border (50% isodose) in 
most guidelines was located at the caudal border 
of the sternoclavicular joint, and local recur-
rences from those days rarely occurred at or cra-
nial to the border. If the tumour bed is located 
very cranially, the CTVp_breast should include 
the tumour bed with at least 1 cm margin.

The medial border may extend as far as the 
lateral edge of the sternum (e.g. in young firm 
breasts), but is often located more laterally. 
However, the breast gland is always lateral to the 
medial mammary branches from the internal 
mammary vessels, which are often identifiable in 
one or more images (Fig. 19.1b). These vessels 
should be identified in every patient, because 
they often indicate a more lateral border than the 
sternal edge. Note that a flaccid breast tends to 
flatten and droop in the lateral direction with 
placement of the patient in treatment position. 
This means that the lateral extent of the CTVp_
breast depends on breast configuration and size. 
In some patients, the lateral border of the breast is 
clearly visible (e.g. a young firm breast). If not, 
find the lateral thoracic vessels; these mark the 
furthest possible lateral extension of the breast 
gland.

Pay attention that in the lateral direction the 
breast glandular tissue does not extend to the dor-
sal muscles, and in general it should be possible 
in the far majority of patients to reach a treatment 
plan where the dorsal muscles are not included 
with dose.

Caudally, delineate as long as the breast is vis-
ible. The ventral border of the CTVp_breast is 
cropped to 5 mm below the skin surface, unless 
the tumour involved the skin, in which case the 
skin around the scar should be included and a 
bolus applied. In depth, the dorsal border of the 
CTVp_breast extends to the surface of the pecto-
ralis major muscle where present, otherwise to 
the ventral border of the ribs and intercostal mus-
cles. Note that sometimes subcutaneous fat from 
the abdominal wall pushes the breast forward, 
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a c

b d

Fig. 19.1 (a) CTVp_breast (pink) in the sagittal view. 
Cranially, part of the interpectoral (light green) and 
CTVn_L2 (red) are visible. (b) Axial view of CTVp_
Breast (pink). The arrows point at medial mammary 

branches of the internal thoracic artery (red arrow) and the 
lateral thoracic artery (green arrow). Panel (c, d) Sagittal 
(c) and axial (d) views of CTVp_thoracic wall

pushing the caudal part of the CTVp_breast more 
ventrally. In obese patients the abdominal fat may 
be quite helpful in pushing the breast glandular 
tissue ventrally and thus away from the heart; this 
phenomenon is usually more visible in 
MR-images.

19.4  CTVp_thoracic Wall

Practical advice

• Consider the configuration of the opposite 
breast and place radio-opaque markers where 
the breast used to be and on the scar.

The CTVp_thoracic wall should be delineated 
using borders as defined for the CTVp_breast 
(Fig. 19.1). Do not extend the volume further due 

to uncertainty about the position of the former 
breast—the surgical procedure involves pulling 
adjacent skin and subcutaneous tissue in to close 
the defect, and thus reduces the size of the 
CTVp_thoracic wall. Delineate the tissue from 
the ventral surface of the pectoralis major and/or 
muscular/bony chest wall, and crop 5 mm from 
the skin. If the area is very thin, do not routinely 
include the pectoralis major or any deeper parts 
of the chest wall—unless, of course, invasion was 
demonstrated, i.e. T4a-c disease (tumour inva-
sion/adherence to the pectoralis muscle, in the 
absence of invasion to the deep chest wall struc-
tures does not qualify as T4). Instead, place a 
5 mm bolus on the area and include the skin in 
the delineation. Note that in some countries the 
skin around the scar is part of the target in selected 
patients (pT3-4 disease). Therefore, in these 
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cases a bolus is applied in case of chest wall 
irradiation.

To note, the surgeon may have extended the 
scar outside the breast region for better cosmetic 
outcome, but for treatment planning the relevant 
part of the scar is inside the breast region, unless 
the tumour was located at the border of the breast 
gland. In such cases, the CTVp_chest wall target 
should include the tumour bed with at least 1 cm 
margin.

19.5  Delineation of Nodal 
Volumes

Practical advice

• The nodal volumes consist of axillary levels 
1–3, the interpectoral nodes, the IMN and the 
level 4, previously named the supraclavicular 
nodes. With correct delineation, the volumes 
should end up being interconnected.

• The nodal volumes in the periclavicular area 
follow the large veins in the area with a mar-
gin of 5 mm, as this is where the lymph nodes 
are situated. For the CTVn_IMN volume, 
lymph nodes are located along both the veins 
and arteries, thus both are included with 5 mm 
margin.

• To avoid irradiation of the scapula-humeral 
joint, delineate the humeral head and add a 
1 cm margin around it as a PRV.

• Note any markings (e.g. clips) left by the sur-
geon, and read the surgical remarks to under-
stand the markings.

• Note that these guidelines do not apply to 
patients with locally advanced disease, in 
whom we recommend individualised target- 
determination as also discussed in the ESTRO 
target consensus guideline [6, 7].

19.6  Axillary Level 1: CTVn_L1

The axillary level 1 should include the axillary 
vein with a margin of 5 mm and all surgical scar-
ring from ALND/SLNB (Fig. 19.2). In general, it 
is advisable to crop the volume to exclude the 

PRV from the scapula-humeral joint. Begin 
delineating at the slice 5 mm cranial to the axil-
lary vein to compensate for partial volume effect. 
The medial border here matches the lateral bor-
der of the CTVn_L2 and the interpectoral nodes, 

a

b

c

Fig. 19.2 (a) 3D view of the nodal volumes and CTVp_
Breast. Panel (b, c) overviews of the interconnected 
lymph node volumes in the cranial (b) and more caudal 
(c) aspects. Pink: CTVp_Breast, orange: CTVn_L4, dark 
blue: CTVn_L3, red: CTVn_L2, light green: interpectoral 
muscles, magenta: CTVn_IMN, brown: carotid artery, 
green: scalenus anterior muscle, purple: subclavian artery, 
light blue: internal jugular vein, turquoise: sternum
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while more caudally, the volume extends to the 
thoracic wall. In the ventral direction, the volume 
stops at the major and minor pectoral muscles. In 
the lateral direction, there is no clear anatomical 
boundary. Here, draw a line through the fatty tis-
sue from the lateral edge of the major pectoral 
muscle to the ventro-lateral edge of the latissimus 
dorsi muscle. End the volume caudally at the 
level of costae 4–5, depending on extent of surgi-
cal scarring.

19.7  Axillary Level 2: CTVn_L2

The minor pectoral muscle defines this volume: 
Level 2 contains the volume dorsal to it, but 
extending in the dorsal direction to 5 mm dorsal 
to the axillary vein, limited by the ribs and inter-
costal muscles (Fig.  19.2). In the cranial direc-
tion, start delineating at one slice above the 
axillary artery. Move caudally dorsal to the minor 
pectoral muscle, extending the volume from its 
medial to its lateral edge. Stop at the caudal edge 
of the muscle. If you see scarring from axillary 
lymph node dissection at the caudal part of level 
2, consider excluding it, as nodes have been sur-
gically removed here.

19.8  The Interpectoral Lymph 
Nodes

This volume is the space between the major and 
the minor pectoral muscles (Fig. 19.2). Delineate 
the space with the same cranial/caudal/lateral/
medial boundaries as CTVn_L2. At times, the 
space is largely imaginary, as the muscles lie very 
close to one another—in that case, delineate a 
thin strip of tissue ventral to the minor pectoral 
muscle.

19.9  Axillary Level 3: CTVn_L3

The axillary level 3, previously named the infra-
clavicular volume, lies medial to CTVn_L2 
(Fig. 19.2). Medially, it contains the subclavian 
vein with a margin of 5 mm from the junction of 

the subclavian and jugular veins to laterally the 
medial edge of the minor pectoral muscle. Muscle 
and bone are excluded, meaning that the clavicle 
and the junction of the vessels become the medial 
limit, whereas the ventral border is the dorsal sur-
face of the major pectoralis muscle. The dorsal 
border is 5 mm dorsal to the subclavian vein or 
the ribs/intercostal muscles, whichever comes 
first. The cranial limit is set at one CT-slice (usu-
ally 2–3 mm) cranial to the subclavian artery.

19.10  Axillary Level 4: CTVn_L4

The supraclavicular volume is different in 
patients with breast cancer, head and neck cancer 
and lymphoma, and therefore it is recommended 
to call it level 4  in a breast cancer patient. 
Cranially, the axillary level 4 includes the supra-
clavicular part of the subclavian vein with a mar-
gin of 5 mm (Fig. 19.2). In practice, this means 
that the volume begins one slice cranial to the 
subclavian arterial arch, which can be identified 
in the coronal view. Medially, the volume 
includes the internal jugular vein without a mar-
gin, excluding the internal carotid artery and the 
thyroid gland. Moving in the lateral direction, the 
ventral border of the volume is delineated dorsal 
to the sternocleidomastoid muscle, the sternothy-
roid muscle and the clavicle. The dorsal border is 
the pleura, and the caudal extension includes the 
tissue until 5 mm below the junction of the sub-
clavian and the internal jugular vein. Laterally, 
the volume connects to the CTVn_L3 with the 
inclusion of the anterior scalene muscle, and cau-
dally, it connects to the CTVn_IMN.

19.11  The IMN: CTVn_IMN

The IMN volume lies along the internal mam-
mary vessels on the inner surface of the chest 
wall adjacent to the parietal pleura (Fig.  19.1b 
and 19.2a). The internal mammary arteries both 
originate from the subclavian arteries, whereas 
the internal mammary vein drains to the brachio-
cephalic venous trunk on the right, and to the 
subclavian vein on the left. Delineate the IMN 
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volume around the vessels, adding a 5 mm mar-
gin around both the vein and artery, and crop for 
lung. As the veins end, taper the top of the vol-
ume around the arteries off to connect to the 
CTVn_L4. The caudal limit of CTVn_IMN is 
decided by tumour location. For most tumours, 
ICS 1–3 are included to the cranial part of the 
fourth rib, whereas for lower inner quadrant 
tumours, ICS 4 is also included, as lymphoscin-
tigraphy studies have shown higher frequencies 
of IMN drainage to the lower ICS in this setting 
[9]. Use the sagittal view to determine the ICS.

19.12  Post-delineation

After completing delineation, inspect the overall 
result using the 3D view—by doing this system-
atically, you will gain pattern recognition skills 
and be able to identify important variations and 
mistakes (Fig.  19.2a). All volumes should be 
interconnected. An un-delineated upper medial 
part of the area between the IMN, CTVn_L3, 
CTVn_L2 and caudally the CTVp_breast/
CTVp_thoracic wall is acceptable.

19.13  Summary

In summary, the change to modern treatment 
planning with target-based rather than field-based 
techniques require correct and consistent target 
volume delineation. The best way to achieve this 
lies through practice in both the setting of mas-
tectomy and BCS. We highly recommend inter-
disciplinary cooperation with surgeons and 
radiologists along with the use of recognised and 
updated guidelines in the field. The ESTRO con-
sensus guidelines are currently being validated in 
two randomised trials on hypo- versus normo- 
fractionated loco-regional radiotherapy in 
patients with early breast cancer: the DBCG 
Skagen trial 1 (NCT02384733) and the 

HYPO-G01 (NCT03127995). The field of target 
volume delineation is in constant development 
and requires the dedicated and continuous atten-
tion of the clinician.
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Target Volume Definition 
and Delineation Boost/PBI/SIB

Pierfrancesco Franco and Philip Poortmans

20.1  Background

Post-operative WBI is a standard of care for early-
stage breast cancer patients after BCS [1, 2]. In 
node-negative early breast cancer patients, it 
reduces the rate of any breast cancer recurrence at 
10  years from 31.0% to 15.6% and the 15-year 
breast cancer mortality rate from 20.5% to 17.2%, 
while the corresponding figures in node-positive 
early breast cancer patients are from 63.7% to 
42.5% and from 51.3% to 42.8% [3]. An extra RT 
“boost” dose delivered to the primary tumour bed 
after BCS and WBI decreases local recurrence 
rates from 10.2% to 6.4% at 10 years and from 
16.4% to 12.0% at 20 years [4]. As the relative 
reduction is similar among risk groups, the abso-
lute reduction strongly depends on patient’s and 
tumour’s characteristics including patient’s age, 
tumour biology and grade and resection margins 
[5]. Over the last 20 years, a significant decrease 
in loco-regional recurrence rates was seen follow-
ing improvements in the multidisciplinary diag-

nostic approaches and therapeutic management, 
with only 1.8% loco-regional recurrence rates at 
9 years seen in the “Young Boost Trial” (Fig. 20.1) 
[6, 7]. Moreover, the increased local control rate 
following a boost did not translate into a survival 
benefit and adverse cosmetic effects were noted, 
especially after high boost doses and large boosted 
volumes [4, 8, 9]. Therefore, boost delivery is 
advised to be restricted to patients having high-
risk features for local relapse.

For low-risk patients, PBI was introduced to 
reduce treatment volumes and unintended dose to 
normal tissues, improve access and reduce costs. 
Originally, it was mainly aimed at reducing treat-
ment duration but eligible patients can now be 
treated with a similar 5-day WBI fractionation 
schedule, wiping out this time benefit [10]. It can be 
delivered with EBRT, interstitial and intracavitary 
brachytherapy, and intra-operative electrons or low-
energy photons, each of the techniques bearing their 
particular features [11]. In well- selected patients, 
local control rates are similar to those observed with 
WBI [12–15]. However, also for PBI, cosmetic out-
comes depend strongly on dose-volume parameters 
and time interval between fractions for schedules 
delivering RT twice a day [16, 17].

Paradoxically, nowadays when breast imaging 
is more advanced, identifying the tumour bed is 
more challenging. It is mostly due to the fact that 
the old practice to place the boost field or volume 
over the location of the surgical scar visible upon 
inspection is completely outdated. This is mostly 
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Fig. 20.1 Local breast 
recurrence rate in three 
consecutive trials on 
breast conserving 
therapy from 1980 till 
2012. (Reproduced from 
[6])
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Fig. 20.2 The likelihood to observe residual tumour cells 
in the tissue surrounding of the primary tumour, up to 
1  cm, 2  cm, 3  cm and 4  cm distance from the primary 
tumour, respectively, for tumour diameters up to 2 cm and 
tumour diameter between < 2 and 4 cm. (Based on [18])

Tumour

Excision specimen

Excision Margins

Intra-operative/brachy CTV

Ideal CTV target

Missed CTV by intra
operative/brachy PBI

Fig. 20.3 Illustration highlighting the fact that breast 
tumours are most often eccentrically located within the 
lumpectomy specimen, with an anisotropic location of the 
CTV for boost/PBI that does not coincide with the surgi-
cal cavity. (Reproduced with permission from [19])

a result of the increased use of oncoplastic BCS 
techniques (see oncoplastic surgery section,  
Chap. 35), including remote positioning of the 
scar (e.g. at the edge of the areola) with/without 
relocation of breast tissue to different breast 
quadrants to reduce deformity and improve cos-
mesis. Even if applying anatomy-based treatment 
volume definition, pre- and post-operative imag-
ing and all available clinical considerations, 
proper delineation of the target volume for boost 
and PBI is accompanied with many uncertainties. 
It is well known that with a conventional lumpec-
tomy the amount of tissue removed around the 
primary tumour varies substantially (Fig.  20.2) 
[19], but with oncoplastic procedures, this may 
vary even more depending on the direction taken 
into account. Especially with closed cavity sur-
gery it may be challenging to identify the surgical 
cavity, which is useful to help defining the pri-
mary tumour bed (but is not at all the same!). 

Pathology can describe reliably the microscopic 
tumour- free margins in all six spatial directions, 
enabling the correct estimation of the safety mar-
gin required. Both changing definition of surgical 
margins and increased use of primary systemic 
therapy (PST) influence the pathological exami-
nation that should reflect the estimated distribu-
tion of residual disease.

20.2  General Considerations

For both the boost (high-risk patients, after WBI) 
and PBI (low-risk patients, sole post-operative 
local treatment), the CTV is based on the distribu-
tion of tumour cells around the primary tumour 
which influences the pattern of local tumour 
relapse after BCS (Fig. 20.3) [4, 18, 20]. However, 
delineation of the target volume is subject to many 
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uncertainties. It should be guided by a combina-
tion of preoperative imaging with post- operative 
findings including clinical examination, surgical 
scar, type of surgical procedure and visible post-
operative effects including radio- opaque clips 
positioned within the excision cavity, all helping to 
define the original location of the primary tumour 
within the surgical cavity. The increased use of 
oncoplastic surgery, the refined specification in the 
pathology report, the more frequent use of primary 
systemic therapy, all underpin the importance of a 
thorough multidisciplinary collaboration to opti-
mise target  volume delineation. In any case, the 
surgical cavity or surgical bed most often poorly 
represents the CTV for boost/PBI (Fig. 20.2) [21]. 
Additionally, it is recommended to discuss with 
the surgeon the method for clipping the surgical 
bed, and to compare the clip location to the preop-
erative imaging of the primary tumour to assure 
the reliability of its location (e.g. migration of the 
clips, incorrect clipping on the pectoralis in attempt 
to reduce migration, unrelated to the primary loca-
tion of the primary lesion within the tumour bed).

Several excellent guidelines describing CTV 
contouring for boost/PBI are available [22, 23]. 
However, they fail to be broadly adapted into daily 
clinical practice, where often the erroneous prac-
tice of considering the surgical cavity/bed as the 
target volume for the boost/PBI continues being 
advised [24]. The first attempts to set contouring 
guidelines after oncoplastic surgery, repositioning 
the CTV within the breast with volumes often sep-
arated both from each other and from the surgical 
scars, offer more insights into the thereto related 
challenges [25]. Optimal coordination and commu-
nication between surgeons, radiologists, patholo-
gists and radiation oncologists is essential to ensure 
that the tumour bed and the margins around it are 
adequate to reliably define a correct CTV.

20.3  Definition of the Clinical 
Target Volume

20.3.1  The Primary Tumour Bed

The most appropriate approach is to first define 
the primary tumour bed, representing the area, 
within the breast, where the primary tumour was 

located preoperatively. Thereby, whereas the pri-
mary tumour bed should be located somewhere 
within the surgical cavity, in ideal circumstances 
it should be infinitely small and by no means 
include the entire surgical cavity.

As outlined in the guidelines published by the 
GEC-ESTRO Breast Cancer Working Group, the 
most appropriate delineation in clinical practice 
comprises the following steps: (a) the acquisition 
of a detailed knowledge of the surgical procedure 
on the primary tumour, including the preopera-
tive imaging and detailed pathology report; (b) 
the correct localisation of the primary breast 
tumour before BCS and the transposition of this 
information onto the post-operative imaging; (c) 
the accurate calculation of the size of the safety 
margins from primary tumour bed to CTV, pref-
erably in all directions (Fig. 20.4) [22].

20.3.2  The CTV

The CTV, by definition, constitutes the rim of tis-
sue around the primary tumour bed. Therefore, it 
should be reconstructed from the latter as a start-
ing point. As a minimum, the CTV can be con-
structed using isotropic expansion from the 
primary tumour bed by 1.5 cm or 2.0 cm, respec-
tively for boost or PBI (Fig. 20.5).

Ideally, the surgical specimen should be orien-
tated in space and tumour-free margins should be 
described by the pathologist in all six directions. 
If this can be correctly translated to the planning 
CT-scan, the volume of the CTV could be reduced 
by a factor of 1.9 [24]. If not given, the margin of 
1.5/2.0  cm should be reduced by the minimal 
tumour-free margin (Fig. 20.6) [24, 26]. In case 
of wide tumour-free margins, exceeding 1.0 cm 
(1.5 cm for PBI), we advise to extend by 0.5 cm 
and not less, to accommodate for residual 
 uncertainties. If the tumour-free margin exceeds 
the 1.5  cm in all directions, by definition, the 
entire CTV for the boost has been surgically 
removed and thereby the indication for a boost 
ceases.

The CTV boost/PBI should not extend out-
side of the CTV of the whole breast, limited 
deeply by the chest wall and the pectoral mus-
cles and superficially by the skin. For this, we 
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Fig. 20.4 GEC-ESTRO 
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the CTV boost/PBI. WS 
whole surgical scar, ImTV 
Imaging related target 
volume, ETB estimated 
tumour bed, CTV clinical 
target volume. 
(Reproduced with 
permission from [22])
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Fig. 20.5 Schematic representation of the definition of the CTV boost/PBI
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Fig. 20.6 Guideline used in the “Young Boost Trial” for generation of the CTV boost starting from the primary tumour 
bed (reproduced with permission from [24])
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Fig. 20.6 (continued)
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advise to first contour the CTV whole breast and 
thereafter to crop the CTV boost/PBI within the 
CTV breast using the treatment planning soft-
ware delineation tool.

Important note: Most radiation oncologists 
contour directly the CTV boost, which is a 
 conceptual error from both ICRU and anatomical 

perspectives. Experience also highlighted the fact 
that the introduction of the CT-scan for boost vol-
ume definition led to an increased irradiated vol-
ume, which is related to increased risks for 
fibrosis and adverse cosmetic effects [8, 27]. 
Therefore, when transitioning to correct 3-phased 
contouring (primary tumour bed–CTV boost/

Rim of excision

Partial cavity with seroma

Internal surgical scar

Region expected to encompass
the tumourbed

CTV

Tumourbed after closure 
of lump cavity

Tumour

Micr. extension

Post-op situation: partial seroma cavity

1.5 cm - free margin

1.5 cm

1.5 cm -free margin

Region with microscopic
extension, within 1.5 cm of
primary tumour

Fig. 20.6 (continued)
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PBI–PTV) do mind that target volumes don’t get 
inappropriately increased.

20.3.3  Complicating Factors

In the case of open cavity surgery, fluid exudate 
enters the surgical cavity forming a seroma [28]. 
Whereas this seroma is by definition no part of 
the CTV, it will influence the delineation of the 
primary tumour bed and possibly also the expan-
sion to the CTV (Fig. 20.5) [26].

While clinical findings, including the position 
of the scar and palpable surgical effects, preop-
erative imaging and the presence of surgical 
markers such as clips are all useful in defining the 
primary tumour bed, they may also be highly 
misleading. Especially the inappropriate use of 
clips and/or seroma is a point of concern, particu-
larly when oncoplastic surgical techniques are 
used since they often lead to clip or seroma posi-
tions that are at wide distances from the CTV 
boost/PBI. Therefore, the following basic princi-
ples should be respected concerning the use of 
clips for delineation of the CTV:

• Breast surgeons should follow the GEC- 
ESTRO guidelines for the positioning of sur-
gical clips [22]. They need to be fixed to the 
tumour bed during the surgical procedure 
before performing any breast tissue rotation. 
While in theory six clips should be used to 
represent the boundaries of resection in the six 
main directions, in clinical practice, at least 
four clips are recommended.

• Breast surgeons should participate in or at 
least observe the technical application of 
boost/PBI target volume delineations after 
various types of lumpectomy as part of their 
training in breast surgical oncology, as well as 
part of continuous medical education so they 
may understand the technical issues and the 
importance of bed marking.

• Radiation oncologists should participate in or 
observe various types of lumpectomy proce-
dures (level 1 and 2 oncoplastic procedures) as 
part of their training in breast radiation oncol-

ogy, as well as part of continuous medical 
education.

This would ensure optimal multidisciplinary 
collaboration and optimal targeted treatment in 
the modern era of breast conservation [29].

20.4  Special Considerations

Given the aformentioned considerations, which 
are subjected to multiple uncertainties, the CTV 
for boost/PBI should be rather considered as a a 
geometrical approximation than as an exact ana-
tomical entity. The more extensive and precise 
the information, the smaller the additional mar-
gins required for handling uncertainties. As illus-
trated nicely using a peeled orange, the increase 
of a CTV measuring 5 cm in diameter by a mar-
gin around of merely 0.65 cm already doubles the 
volume from 60 to 120 cm3 [30]. Therefore, mul-
tidisciplinary collaboration including mutual 
training should be mandated to improve both reli-
ability and accuracy of delineation of the boost/
PBI volumes.

Mathematics might help, using the formula to 
calculate the volume of a sphere (4/3*pi*r3). This 
means that, for example, for a tumour measuring 
2  cm in diameter, removed with a minimal 
tumour-free margin of 0.5 cm, the residual CTV 
amounts 29  cm3 for a boost and 61  cm3 for 
PBI. Whereas it is not feasible to use these values 
as an absolute target, it may help clinicians to 
have at least an estimation of the appropriateness 
of the size of the contoured CTV.

For PBI, the clear dose-volume relation for 
side effects, similar to that for the boost, urges to 
limit the size of the CTV PBI, generally advised 
to a maximum of 30% of the whole breast CTV 
[9, 16]. An example of other dose constraints for 
target and OARs to be respected during PBI can 
be found in Table 20.1. If this cannot be achieved, 
also for women with small-sized breasts, we 
strongly advice to use the fractionation schedule 
of the FAST-Forward trial, being 26 Gy in 5 con-
secutive fractions, to avoid increased risks of side 
effects as seen for example with 38.5 Gy in 10 
fractions over 5  days [10]. In patients who are 
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Table 20.1 Dose prescriptions, dose objectives for target 
volumes and dose constraints for organs at risk used in the 
Florence APBI trial [15], the IRMA APBI trial 
(ClinicalTrials.gov Identifier: NCT01803958) and the 

IMPORT-HIGH boost trial (ClinicalTrials.gov Identifier: 
NCT00818051). In IMPORT-HIGH, all patients receive 
40 Gy/15 fr/3 weeks on the whole breast with three differ-
ent boost modalities

Target/OAR Florence APBI trial IRMA APBI trial IMPORT HIGH trial (SIB)
Schedule 30 Gy/5 fractions/2 weeks 38.5 Gy/10 fractions 

b.i.d./1 week
Sequential boost up to 
56 Gy/23 fr/4.6 weeks
SIB up to 48 Gy/15 fr/3 weeks
SIB up to 53 Gy/15 fr/3 weeks

PTV V95% (V28.5Gy) ≥ 95% V90% (V34.65Gy) ≥ 90% PTVTB: V95%  
(45.6 Gy or 50.4 Gy) > 95%

Dmax < 110% prescribed 
dose (33 Gy)

Dmax < 120% prescribed dose 
(46.2 Gy)

PTVTB: Dmean = 48 Gy or 53 Gy

PTVTB: V107%  
(51.4 Gy or 56.7 Gy) < 3%

Ipsilateral 
breast

V15Gy < 50% V19.25Gy < 60% NR

V38.5Gy < 100% NR
Contralateral 
breast

Dmax < 1 Gy Dmax < 1.16 Gy Dmean < 0.5 Gy

Ispilateral lung V10Gy < 20% V11.6Gy < 15% V18Gy < 15%
Contralateral 
lung

V5Gy < 10% NR V2.5Gy < 15%

Heart V3Gy < 10% V1.9Gy < 5%  
(left-sided breast cancer)

V13Gy < 10%

Dmax < 1.9 Gy  
(right-sided breast cancer)

Thyroid gland NR Dmax < 1.9 Gy  
(right-sided breast cancer)

NR

treated twice daily, which we discourage, it is 
important to respect the time-gap between frac-
tions to allow for normal tissue recovery.

For boost irradiation, careful attention should 
be paid in case of an excessively large CTV boost 
that the equilibrium between benefits and side 
effects should be respected, realising that the 
benefits are only considerably large for the 
patients at highest risks for local recurrences. If 
the boost volume cannot be reduced sufficiently, 
omission of the boost or lowering of the boost 
volume are both reasonable options.

In case of SIB, the same principles as for a 
sequential boost apply, except that planning can 
be done with smaller leaf settings around the PTV 
since electronic equilibrium is already obtained 
by WBI. Therefore, reducing the high- dose vol-
ume within the breast outside the boost volume 
(see treatment planning section, Chap. 25).

20.5  Final considerations

As indicated above, the old practice to simply 
place the boost field or volume over the location 
of the surgical scar is completely outdated. Boost 
volumes should be determinded according to pre- 
and post-operative imaging and multidisciplinary 
clinical considerations. For that, optimal and 
direct communication between specialists can aid 
in a correct definiton and delineation of the CTV 
for both boost and PBI.
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Chest Wall Bolus

Jean-Philippe Pignol and Hannah M. Dahn

21.1  Background

In 2001 and 2017 the American Society of 
Clinical Oncology (ASCO) published guidelines 
for postmastectomy radiation therapy (PMRT) 
[1, 2]. Initially it recommended PMRT for 
patients with four or more positive nodes, when 
tumours invaded the chest wall or the skin, for 
“inflammatory” tumours, and tumours larger 
than 5 cm in diameter with metastatic nodes. In 
2017 the indications were extended to include 
patients with 1–3 nodes positive with significant 
additional risk factors like lympho-vascular infil-
tration, aggressive biological subtype, or poor 
response to primary systemic treatment [2]. 
Additional studies suggested that PMRT may be 
recommended when only positive sentinel lymph 
nodes have been removed and no further axillary 
clearance is done, and for patients having persis-
tent nodal disease after primary systemic treat-
ment [3]. Regarding the PMRT technique, the 
ASCO panel of experts concluded: “adequately 
treating the chest wall is mandatory” [1]. 
However, the PMRT protocol details were not 
clarified, notably the dose/fractionation regimen, 
the need of a boost, or the use of a skin bolus. 
Also, there was no clear definition of what is 
included in the chest wall, notably if the dermis 

should be included in the clinical target volume 
(CTV). There is also no precision on the dose 
constraints on various chest wall volumes and 
more precisely for the skin.

21.2  Rationale of Skin Bolus

A skin bolus is a piece of soft tissue equivalent 
material placed on the skin surface to reduce the 
“skin sparing” effect when megavoltage photons 
are used to treat the chest wall. The skin sparing 
effect is due to the dose build-up as electrons are 
put into motion towards the depth of the tissue. A 
dose maximum is reached at the electronic equi-
librium point, when as many electrons are put 
into motion as are stopped after releasing all their 
energy. In shifting the position of the maximum 
towards the skin surface, the main justification of 
skin bolus is to ensure adequate dose distribution 
in the skin to reduce the risk of chest wall local 
recurrence [4].

Calculating the dose on the skin surface with 
standard treatment planning software is impre-
cise since those algorithms cannot handle well 
the dose absorbed before the build-up. Recently 
Monajemi [5] reported doses measured with opti-
cally stimulated luminescence dosimeters 
(OSLD) and tissue equivalent Gafchromic EBT3 
films placed behind 3, 5, or 10 mm of Superflab 
on a breast phantom. Monajemi compared those 
values with those calculated using a treatment 
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planning system (TPS) based on an analytical 
anisotropic algorithm (AAA) calculation engine 
[5]. There was a relatively good agreement 
between measured and calculated dose. 
Interestingly, for a pair of parallel-opposed tan-
gential beams there was no major differences 
between 3  mm and 5  mm, or 10  mm of skin 
bolus, enabling to dose the skin to 102%, 103%, 
and 107%, respectively. This was in clear con-
trast with measurement performed without bolus 
with a skin surface dose measured only at 64%. 
Out of note, there were significant variations in 
the measurements and the calculation of the skin 
surface dose: 64% with EBT3 films, 62% with 
bare OSL, 77% with jacketed OSLD, and 68% 
with the TPS using voxel sizes of 2 mm. From 
this work, it appears that the dose calculation and 
measurement appear more stable after 2–3 mm, 
which is the thickness of the dermis [5].

21.3  Evidence for the Use of Bolus

There are several single centre retrospective 
series reporting on the absence of skin bolus ben-
efit on the reduction of local recurrence [6–10]. A 
first series included 254 patients who were treated 
with PMRT at the St George Hospital in Sydney 
between 1993 and 2003 [6, 7]. A total of 143 
patients received radiotherapy with a 1 cm thick 
bolus applied daily on the whole chest wall, 88 
patients had an eight  cm large parascar bolus 
applied daily, and 23 patients had no bolus. 
Multivariate analysis showed that the use of bolus 
was significantly associated with early cessation 
of treatment. The presence of lympho-vascular 
infiltration and incomplete radiotherapy were 
associated with a higher risk of chest wall recur-
rence. A second series included 106 locally 
advanced breast cancer patients receiving PMRT 
at the Allegheny General Hospital in Pittsburgh 
between 2005 and 2015 [8]. Half were treated 
with bolus and the other half without. The clini-
cal and pathological characteristics were similar 
between groups. There were seven recurrences in 
total, four in the bolus group and three in the no- 
bolus group. There was more acute skin toxicity 
in the bolus arm, leading to more treatment inter-

ruption (37.7% versus 5.6%). Patients with treat-
ment interruption were more likely to fail (17.4% 
versus 3.6%, p  =  0.03). The third series was a 
retrospective review of 314 patients treated at the 
Kent Oncology Centre in the UK between 2005 
and 2010 [9]. Turner reported no difference 
in  local recurrence, 1% in 101 patients treated 
with bolus and 1.8% in 213 patients treated with-
out bolus. There was also no difference in median 
time to relapse or in overall survival. However, 
there was significant difference in patient’s char-
acteristics between the two groups, notably more 
patients had close margin in the bolus group. 
Finally, in 2021 Nichol reported on 1887 patients 
treated with bolus (1569 patients) or without 
bolus (318 patients) between 2007 and 2011  in 
British Columbia [10]. The decision regarding 
omission of bolus was left to the treating radia-
tion oncologist. It was omitted in 51% of the 550 
patients having breast reconstruction and 4% of 
the patients without reconstruction. At 10 years 
there was a 1% difference in chest wall local 
recurrence, 0.9% versus 1.9%, depending on if a 
skin bolus was used or not. In this series there 
were significantly more patients with advanced 
nodal disease (p < 0.001), high grade (p = 0.006), 
and positive lympho- vascular infiltration 
(p = 0.02) in the bolus arm. Those are all factors 
associated with a higher risk of local recurrence 
[11].

These studies present the same methodologi-
cal limitations: They are underpowered to test the 
equivalence of PMRT with or without bolus, the 
follow-up is limited, and being retrospective and 
non-randomised the bolus arm generally includes 
more aggressive cancer characteristics. It is also 
not possible from those studies to identify a sub-
group, if any, that may benefit from a skin bolus.

21.4  Bolus Toxicity

If there is little evidence of a skin bolus benefit 
for PMRT, there are several studies showing that 
a skin bolus increases dramatically the occur-
rence of painful and severe acute skin toxicities 
[6–9, 12]. A prospective cohort evaluating acute 
side effect experienced by 257 patients treated in 
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Toronto was reported in 2015 [12]. A large 
 proportion of patients had severe grade 3 toxici-
ties measured with the NCI CTCAE scale, 
including 28.4% extensive (grade 3) moist des-
quamation and 22.2% severe (grade 3) pain 
impacting on the activity of daily life. The use of 
bolus was the most important independent risk 
factor for severe toxicity on univariate and multi-
variate analysis. When used daily, 41% of the 
patients had extensive moist desquamation and 
32% severe pain. When used on alternate days 
the occurrence of toxicity was halved, with 22% 
experiencing extensive moist desquamation and 
15% severe pain. Without bolus, only 4.2% of the 
patients had severe pain and none had moist 
desquamation.

If radiation acute skin toxicities generally 
resolve within 1–2 weeks [13], there is little data 
available regarding the frequency of long-term 
and permanent side effect of bolus. But three 
studies have demonstrated significant correla-
tions between acute and permanent side effects 
[12, 14, 15]. So it is logical to assume that reduc-
ing PMRT acute skin toxicity could reduce per-
manent long-term toxicities. In 1991 Bentzen 
reported on 229 Danish patients receiving PMRT 
that those who had moist desquamation doubled 
the risk of developing severe telangiectasia, from 
22% to 47%, which impacts the cosmetic out-
come and the health-related quality of life [14]. 
In 2007, Lilla reported on 416 patients receiving 
adjuvant radiotherapy after breast- conserving 
surgery, a similar doubling of telangiectasia and 
fibrosis occured when severe acute skin reactions 
were present [15]. In 2016, the 10 years outcome 
of 241 patients included in a randomised clinical 
trial of adjuvant breast IMRT radiotherapy was 
reported [12, 16]. On univariate and multivariate 
analyses, the occurrence of pain during RT was 
significantly associated with persistence of 
chronic pain. Moist desquamation was signifi-
cantly associated with late subcutaneous fibrosis 
and telangiectasia. It is unknown if the use of 
PMRT with skin bolus may worsen long-term 
toxicity compared to PMRT without bolus, but a 
precautionary principle would suggest omitting it 
whenever possible.

21.5  Variability in the Use 
of Bolus

Without clear consensus from societies and the 
absence of level 1 evidence, it is not surprising 
that the use of skin bolus would vary heavily 
between centres and countries. In 2007 the 
results of a global survey of 1035 radiation 
oncologists from around the world were reported 
[17]. They showed large differences in the clini-
cal indication, frequency, and thickness of bolus. 
The respondents from the Americas used skin 
bolus for PMRT “always” in 82% of the 
responses, compared to 31% in Europe and 65% 
in Australasia. In Europe 20% of interviewees 
would never use bolus and 49% would use it 
depending on various factors. This proportion 
was larger in southern Europe with 52% of the 
radiation oncologists in Italy never using bolus, 
20% in France, 14% in Germany, 12.5% in the 
UK, and 10% in Scandinavia and The 
Netherlands. Those findings were confirmed by 
two additional surveys published both in 2017 
[18, 19]. For Australia and New Zealand, Nguyen 
reported that 91% of the radiation oncologists 
used skin bolus; however, they largely disagree 
on the optimal frequency, daily or alternate days 
[18]. Also, in the UK, Davis showed that 53.5% 
of radiation oncologists always use bolus after 
mastectomy without reconstruction, but only 
17% used it when an immediate reconstruction 
is performed after mastectomy. The author con-
cluded that this was illogical since there is no 
rationale why a breast reconstruction would 
change the skin target volume, especially when 
the prosthesis is placed behind the fascia pecto-
ralis [19].

21.6  Unresolved Questions

The use of bolus is often the source of hot debates 
between specialists, as for many topics where 
evidence is lacking and where decisions are 
based on judgement call. There are several areas 
where additional knowledge and research would 
be helpful.
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21.6.1  Target Volume and Dose

If PMRT has an impact on the local recurrence 
rate and survival by preventing the secondary 
spread of microscopic disease [20–23], it remains 
unclear where the microscopic disease remains. 
In 1986 Erwin Fisher reported the pathology 
finding of breast local recurrence for 1108 
patients included in the NSABP-B06 study and 
treated with surgery alone [24]. Local recurrence 
was a rare event, but out of 110 cases the recur-
rence was found confined in the breast tissue, 
close to the surgical cavity, in 95% of the cases. 
In only 5% of cases the recurrence involved the 
skin or the nipple and this was highly associated 
with the presence of lympho-vascular infiltration. 
This suggests that unless there is an aggressive 
biology, with either skin involvement or the pres-
ence of diffuse lympho-vascular infiltration, the 
target volume should be limited to the lymphatic 
network at the bottom of the dermis, about 3 mm 
in depth. This is in contradiction with the 
International Commission on Radiological 
Protection (ICRP) that recommends including 
the dermis superficial layers of interest as well as 
the basal cell layer at about 70 μm [25].

The other question concerns the dose needed 
to sterilise microscopic cancer clusters in the 
lymphatics. Traditionally, in breast loco-regional 
adjuvant radiotherapy, a lower dose is delivered 
to the regional nodes compared to the breast and 
the seroma, especially if a boost is recommended. 
It is therefore possible that the 64% of surface 
dose would be enough [5].

21.6.2  Reconstruction and Cosmetic 
Complications of Skin Bolus

It is noticeable that in Nichol’s retrospective 
study [10] half of the radiation oncologists wor-
ried about long-term bolus toxicity and its impact 
on breast reconstructions, so they did not use it in 
half of the patients, while the other half of radia-
tion oncologists systematically used it [10]. 
Davis showed the same trend in the UK [19]. In 
2016, Brooks reported a series of 560 retrospec-
tive patients who had breast reconstruction after 
mastectomy [26]. Ninety-seven patients (13%) 

also received RT. Radiation therapy doubled the 
risk of complication, from 27.6% to 58.8%, and 
double the rate of major complication from 
21.8% to 45.4%. Major complications were 
defined as requiring additional surgery. In the 
non-irradiated group 7.1% required a permanent 
removal of the implant, while in the irradiated 
group 19.6% required such removal. On univari-
ate and multivariate analyses, radiotherapy was 
the strongest risk factor of reconstruction compli-
cation (OR  =  4.99, p  <  0.001). The potential 
impact of radiation toxicity on the cosmetic out-
come and reconstruction failure using skin bolus 
is unknown. There is unfortunately no data, and it 
is unknown if avoiding skin bolus to prevent 
moist desquamation and possibly long-term 
fibrosis may improve the rate of breast recon-
struction success [27].

21.6.3  Absolute Benefit of Bolus

While there is no evidence for or against the use 
of a skin bolus, it may be possible to bracket the 
risk. There is a consensus that the modern risk of 
local relapse after PMRT is low, 3.5% without 
radiotherapy and 3% with [11]. This means that 
for the population of patients receiving PMRT 
the benefit of a bolus, increasing the dose to the 
first 3 mm from 63% to 85% or 90%, would be a 
fraction of 0.5% risk of local recurrence. Even 
without level 1 evidence it is hard to accept the 
dire skin side effect and pain for an unknown and 
likely very narrow benefit. The challenge is to 
define the ~5% of patients following the Fisher 
analysis that are at higher risk of true skin recur-
rence [24]. This might better be addressed by a 
consensus conference than a clinical trial [28, 
29].

21.7  Summary

As indicated elsewhere in this book, ESTRO 
delineation guidelines for breast cancer pub-
lished in 2015 and 2016, and later for immediate 
reconstruction in 2019, clearly state that if there 
is no evidence for skin involvement (T4), the skin 
is not considered as part of CTV_chest wall. This 
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review suggests that in the absence of strong clin-
ical evidence there is little justification for using 
a bolus outside of aggressive biology, namely 
extensive lympho-vascular infiltration and/or 
skin infiltration. Using bolus on alternate days 
halves the acute toxicity and a 3–5  mm tissue 
equivalent bolus might be enough.
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Treatment Planning Including 
Dose Calculation

Henrik D. Nissen and Sandra Hol

22.1  Dose calculation

Dose calculation and validation for radiotherapy 
(RT) treatment  planning is a wide and com-
plex subject, and a detailed examination is well 
beyond the scope of the present work. Here we 
focus our discussion on a few points that are 
of particular interest for treatment planning for 
breast cancer patients, both for the individual 
plans and for comparing plans made with differ-
ent treatment planning systems (TPS).

22.1.1  Past

Pencil beam (PB) algorithms are an older tech-
nique for dose calculation. They should no longer 
be used clinically for breast cancer patients, as 
they have significant deviations from measured 
dose in or near low density tissue like the lung. 
However, they have been used extensively until 
about 10  years ago and thus form a significant 
part of the calculated doses in clinical studies with 
long-term follow-up presented in the last decades 
and even up to today. For tangential treatment, 

PB overestimates dose to the lung inside the 
treatment field compared to modern algorithms, 
while doses outside the field are underestimated 
(Fig. 22.1). This has implications for the repre-
sentation of the high dose region of the heart as 
well as the thoracic wall close to the lung, where 
calculated dose may be overestimated.

22.1.2  Present

Modern dose calculation algorithms (e.g. col-
lapsed cone convolution type, AAA or Acuros 
XB) come close to measured data. There exist 
however still differences between the algorithms. 
Even when using measurements from the same 
linear accelerator to model the beam data, the 
resulting calculated dose distributions from a 
specific treatment plan with fixed monitor units 
(MU) (so keeping the actual physical dose deliv-
ered during treatment the same) may have mean 
or median doses vary in the order of 1–2% [1], 
and there are also relative differences in how dose 
is calculated in the lung and near the skin, as may 
be seen in Fig. 22.2. Variations may even be larger 
in smaller volumes, depending on how well beam 
data is modelled by the TPS and the details of the 
algorithm. This is especially relevant in low den-
sity tissue and on tissue-air/lung interfaces and 
should be kept in mind when comparing OAR 
doses between systems. Target doses will typi-
cally be normalised near the prescribed dose, so 
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Fig. 22.1 Breast treatment plan calculated using a pencil 
beam algorithm (top-left) and a collapsed cone algorithm 
(bottom left). Both algorithms are from the Oncentra 
Masterplan TPS. Monitor units were kept fixed between 
recalculations, and both algorithms were optimised for 
clinical use on the same accelerator (i.e. the same physical 

dose would be delivered to the patient from both plans). 
The difference image (bottom-right) highlights the differ-
ences, and the DVH (top-right) shows the differences for 
the CTVp_breast (red), CTVn_IMN (blue), Lung (dark 
green), LAD (white), and Heart (light green)

Fig. 22.2 Breast treatment plan calculated using two dif-
ferent implementations of a collapsed cone algorithm. Top-
left is a collapsed cone algorithm using dose-to-water from 
RayStation (version 8.0.1, RaySearch Laboratories, 
Sweden) and bottom left is a collapsed cone algorithm 
using dose-to-medium from Oncentra Masterplan (version 
4.3.0, Elekta, Sweden). The square grid shows the dose cal-

culation grid, illustrating how variations in placement of the 
dose grid may affect especially skin dose. Doses are scaled 
to have the same average dose to CTVp_breast to better 
illustrate the relative differences in dose distribution in the 
lung and skin. The DVH (top-right) shows the differences 
for the CTVp_breast (red), CTVn_IMN (blue), Lung (light 
green), LAD (white), and Heart (dark green)

H. D. Nissen and S. Hol



161

reported doses there will be similar, while in con-
trast the relative differences between lung dose 
may be clear for high dose regions, with lower 
doses being not strongly affected. Differences are 
also present in the dose build-up region near the 
skin (Fig. 22.2), with the difference between two 
collapsed cone algorithms being 10–20% in the 
first few mm in the present example, consistent 
with results from the literature [2, 3].

It is necessary to study the specific literature 
on a given TPS and dose calculation algorithm, to 
learn how a given system handles dose build-up 
compared to measurements. In the skin, dose cal-
culation is very challenging due to the algorithms 
not fully handling the physics in this region as 
well as the finite voxel size leading to even more 
variations as the skin surface curves (Fig. 22.2). 
However, from about 4 mm below the skin sur-
face, depending on the algorithm, the calculated 
doses with modern algorithms can be considered 
pretty accurate, with better precision near the skin 
with newer algorithms, especially Acuros XB 
and finer dose calculation grid [2, 4, 5]. Dose to 
the skin is often underestimated, so the calculated 
dose may be considered a lower limit for actual 
dose [3]. One study suggests that dose calcula-
tion accuracy near the skin can be increased by 
expanding body outline, to reduce the uncertainty 
related to boundary uncertainties [2]. However, 
for most patients the skin itself is not part of the 
CTV, so that should be cropped to underneath 
the skin while for dose (not volume) optimisa-
tion, even the PTV can be cropped to up to 5 mm 
underneath the skin. In case of involvement of the 
skin, where a high and well-documented dose is 
desired, bolus should be applied, both to create 
sufficient build-up and to shift the uncertainty of 
dose calculations out of the patient.

Out of field dose is a particular concern for 
breast cancer RT, as this relates to the risk of 
inducing heart disease or secondary cancers. In 
general, the TPS is not commissioned to calcu-
late doses far outside the field border, and often 
dose is underestimated outside the field, with dif-
ferences of up to 30% of local dose 3  cm out-
side the irradiated volume [6]. Mean doses are 
typically more reliable for OAR that are extend-

ing not too far from the irradiated volume, and 
where a significant part of the dose is delivered 
in smaller high dose volumes. For breast cancers, 
this means that mean heart dose is likely fairly 
reliable, but mean dose to contralateral breast and 
lung can be unreliable, even if dose to the parts 
closest to the treated breast is in-field and thus 
reliable. For a detailed discussion of out of field 
doses, the reader is referred to the AAPM task 
group 158 report [6].

22.1.3  (Near) Future

Monte Carlo dose calculation algorithms are 
considered the most exact method for dose cal-
culations. These algorithms have been available 
for a long time and have shown excellent correla-
tion with dosimetric measurements, but calcula-
tion times have been prohibitively long, making 
them unfit for routine clinical use. This is how-
ever changing, and Monte Carlo algorithms are 
already available in some commercial TPS. They 
have not seen extensive use in breast cancer 
patients yet, but in principle, they can perform 
more precise dose calculations not only in the 
breast and lung, but also in the surface region and 
outside the irradiated volumes.

22.2  3DCRT Tangential Treatment 
Planning

RT treatment planning for breast cancer has a 
long history, going back more than 50 years and 
current evidence for the benefits—and risks—of 
breast cancer RT, as described elsewhere in this 
book, are largely based on the tangential field 
technique. Since the turn of the millennium, 
CT-based conformal photon RT, generally using 
a similar tangential field set-up, has become 
the standard. In this section, we will focus on 
tangential fields for treating the breast, leav-
ing loco-regional irradiation covering the axilla 
and supraclavicular regions and the internal 
 mammary nodes to subsequent sections. We will 
also focus on patients in supine position as this is 
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the most common, but general principles apply 
equally to patients in prone and lateral position. 
Alternative patient position is discussed in the 
chapter on patient positioning.

The main characteristic of the tangential 
technique is the use of opposed treatment fields, 
angled to include as much of the breast PTV as 
possible, while minimising the amount of lung 
and heart inside the field. The field borders inside 
the body are aligned as closely as possible to cre-
ate a sharp penumbra of the beam and a strong 
dose fall-off gradient moving dorso-laterally 
away from the beam.

Before making treatment plans, it is neces-
sary to have a set of dosimetric objectives for 
target volumes and constraints for OARs, defin-
ing what is considered a good treatment plan. 
These goals should be based on available evi-
dence from relevant trials demonstrating tumour 
control for a given target coverage as well as 
studies examining NTCP and dose response 
for OAR. Organs at risk are discussed in Chap. 
38 on techniques to reduce OAR dose  and a 
review was recently published [7]. A common 
requirement for target coverage is at least 95% 
of the breast target volume should be covered 
by at least 95% of the prescribed dose. This is 
based on experience from both clinical practice 
and trials [8, 9]. For tumour bed boost the typi-
cal requirement is nearly full (98–100%) cov-
erage with 95% of prescribed dose. For nodal 
targets the required dose is often a little lower 
at 85–90% of prescribed dose but the dose 
coverage should still be at least 95% of the 
target volume, but may depend on the balance 
between disease control and dose to OAR.  In 
patients with advance nodal disease and high 
risk for residual subclinical nodal disease in 
the inoperable axilla levels, a high dose cover-
age is recommended. High dose volumes and 
dose inhomogeneity in the target volume are 
correlated to poorer cosmetic outcome after the 
treatment [10]. High dose volumes can be kept 
below 105–107% of prescribed dose in most 
cases, allowing up to 110% only in very small 
volumes. At this level of high dose volumes, 
radiation induced late effects in the breast can 
be kept at a low and acceptable rate [9, 11, 12].

Organs at risk dose  constraints are available 
from many different sources, and there is signifi-
cant heterogeneity in the constraints used in dif-
ferent publications. The main concerns regarding 
dose to OARs during treatment planning are dose 
to the heart (risk of cardiac events) [13], the lung 
(secondary cancers and RT-related pneumonitis) 
and, especially for younger patients, the con-
tralateral breast (secondary cancers).  For boost 
treatments dose to the brachial plexus should also 
be considered.

There are no known lower limits for these 
OAR, below which the dose can be considered 
safe, but local guidelines should be set based 
on what is considered an acceptable risk given 
the overall survival gains of RT for breast can-
cer. Such guidelines are available online from 
various societies, e.g. the Danish Breast Cancer 
Cooperative Group (DBCG) [14] or the American 
Society for Radiation Oncology (ASTRO) [8]. 
Guidelines should regularly be updated to take 
into account new knowledge of late effects and 
should be adapted if technical progress allows.

The first step to generating a good treatment 
plan lies in the definition of the target volume to 
be treated, the CTV. There are two main meth-
ods in use for defining the breast CTV.  The 
older, derived from conventional-simulator based 
treatment set-up defines treatment fields based 
on anatomical fixed points like the mid-sternal 
and mid-axillary lines. Nowadays, anatomically 
based guidelines for target delineation like the 
ESTRO consensus guidelines [15] (see also Chap. 
19 on Target volume definition and contouring) 
bring breast cancer RT planning to the level of 
most other tumour sites. For a recent compari-
son of delineation guidelines see sections about 
Target volume definition and contouring and sec-
tion about Lymph node volumes (Chaps. 19 and 
44) and the publication by Gee et al., [16]. From 
a treatment planning point of view, the choice 
of delineation guideline will affect the treat-
ment plans from a fundamental point of view: 
the conventional set-up starts from the field that 
can afterwards be adjusted to some extent, while 
the anatomically based set-up starts from target 
volumes without predefining any field  set- up, but 
differences between anatomically based guide-
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line target definitions will also affect final field 
set-up. At the end, when using 3D-CRT, basically 
targets are defined slightly differently, which 
leads to slightly different placement of fields, 
which again will affect dose to organs at risk, 
especially the heart. From a dose reporting and 
quality assurance point of view, there is a clear 
advantage in selecting a guideline where targets 
are delineated, and delineation should be done 
before considering field placement, so the tar-
get volumes are based on intent-to-treat rather 
than ability-to-treat. For the individual patient 
this will not make a difference to the final treat-
ment plan, which should always be optimised to 
achieve the best compromise between target cov-
erage and OAR dose for the individual case, but 
for keeping track of changes in target coverage 
or OAR doses over time  as techniques change, 
this is very important, as it allows quatifying the 
dose distribution including compromised target 
coverage due to OAR sparing modifications. This 
quantification is necessary, to be able to compare 
to, learn from and apply results from publications 
from other institutions on breast cancer treatment 
planning techniques. A corollary to this is that the 
quality of the delineations is important, and inter-
nal test cases should be delineated with intervals 
to maintain intra-institution consistency as well 
as consistency with guidelines, but even more 
importantly, the integrity of a delineation should 
be maintained. If a delineation is found to have 
errors when reviewed by other staff, it must of 
course be corrected, but this should be a fairly 
rare event among trained staff. However, if the 
delineation, the intended target, cannot be ade-
quately covered with dose due to constraints on 
OAR doses, going back and reducing the original 
extent of the target delineation to achieve accept-
able coverage should not be allowed, but rather it 
should simply be noted that optimal target cover-
age is not possible for the case, and the planning 
team should decide on how to compromise on 
target coverage or OAR dose to achieve the best 
result (or compromise) in the particular case.

Once the target is defined, a margin is added to 
the CTV. This is the PTV, which is a site-specific 
margin depending on fixation equipment and 
daily imaging technique to account for random 

and systematic errors in the positioning of the 
patient for daily treatment. This margin ensures 
the planned dose to the CTV is achieved even 
though the patient is not positioned perfectly 
every day. Typical PTV margins are 5–10 mm.

With the PTV defined, the medial border of 
the tangential fields for a typical patient anatomy 
is determined almost exclusively by two points: 
the medial and lateral part of the PTV closest to 
the thoracic wall. The field border then mostly 
determines low and medium (up to ~70% of 
prescribed dose) dose to the heart and lung for 
standard tangential treatment fields, allowing a 
first estimate of whether target coverage can be 
achieved while still observing the OAR dose 
constraints. The outer field border is usually 
expanded ~2–3 cm out from the PTV to include 
the air above the breast. This ensures a certain 
amount of robustness against anatomical changes 
of the patient outline due to, e.g. swelling of the 
breast or the appearance or disappearance of 
seroma in the breast.

Today CT-based, multi-field (often referred to 
as field-in-field (FiF) or forward planned IMRT) 
treatment plans should be considered the stan-
dard for tangential planning to achieve a homo-
geneous dose distribution. With the main fields 
defined by the PTV and scaled to deliver a dose 
close to the prescribed dose, the basic technique 
is to use wedged fields and/or subfields (manually 
adapted fields shielding part of the target, equiva-
lent to segments in a step-and-shoot IMRT plan) 
to achieve a homogeneous dose distribution in the 
target. Depending on the shape and size of the tar-
get, the number of fields needed will increase to 
achieve better homogeneity and target coverage. 
While this is advantageous, it comes at the price 
of increased planning and treatment time.

Planning time may be reduced by using a 
hybrid technique, where about 80% of the pre-
scribed dose is delivered with open fields and 
IMRT or VMAT is used to plan the remaining 
dose to ensure homogeneity, or by doing tan-
gential VMAT or IMRT, where the field angles 
are limited to the angles also used for confor-
mal tangential plans. When doing fully inverse 
 optimised plans, they will often be more modu-
lated than FiF plans, and it is necessary to con-
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sider how robust the specific technique will be to 
changes, e.g. swelling, affecting the body outline 
of the patient.

The dose should as a rule of thumb be deliv-
ered with the lowest beam energy available and 
preferably below ~10  MV to minimise neutron 
contamination, which occurs at higher beam 
energies. For large breast volumes the addition of 
higher energy beams might however have advan-
tages, as they can significantly improve dose 
homogeneity.

Beyond the guidelines for indications, tar-
get volume definition and dose objectives, and 
OAR dose constraints, it is necessary to take into 
account patient-specific risk factors. The guide-
lines should be set up to handle most cases, but 
when all demands cannot be met or if there are 
special circumstances, these should be discussed 
within the planning team before or early in the 
treatment planning process. If guideline crite-
ria cannot be met, there are standard strategies 
to explore initially: deep-inspiration breath hold 
is discussed in the section about techniques to 
reduce OAR dose. More advanced planning tech-
niques like IMRT/VMAT or protons should be 
considered for their dose shaping abilities and, 
finally, compromising target coverage is a solu-
tion for some cases, depending on the location 
of the tumour bed and the tumour biology (see 
Chap. 24 about challenging anatomy and Chap. 
39 about particle therapy). Aside from guide-
line deviations, these strategies should also be 
considered if there are specific risk factors, e.g. 
pre-existing heart or lung conditions—especially 
in conjunction with smoking [17], young age, or 
previous RT treatment in the area, which may 
necessitate increased demands on dose reduction 
to OAR.

For the particular case of a pacemaker or ICD 
in the field, it is often possible to have it moved 
to the contralateral side, but even then, special 
care should be taken to minimise neutron con-
tamination (use low energy beams, <10 MV) and 
efforts should be made to minimise dose to the 
ICD or pacemaker, preferably keeping it below 
2 Gy, although dose calculation from treatment 
planning systems are generally unreliable and 
underestimating dose far from the field edge [18].

Partial breast irradiation (PBI) is an evidence- 
based approach to reducing target volumes, 
which then results in reduced OAR dose [19]. 
The standard approach for treatment plan-
ning is the same tangential technique used for 
whole breast irradiation (WBI) just adapted to 
the smaller target volume. The net effect is that 
problems with OAR dose limits are exceedingly 
rare for these patients. The main considerations 
in planning these patients is the choice of beam 
angles, as the small target may allow for, e.g. 
almost anterior-posterior beams for a lateral tar-
get. While the atypical beam angle will minimise 
lung dose, it may also cause dose deposition in 
regions posteriorly to the target, that are not nor-
mally irradiated in standard breast cancer RT, and 
therefore there is limited experience with the risk 
of side effects. In such cases it may be a pref-
erable solution to angle the beams more like a 
standard whole breast treatment plan, to keep the 
high dose volume inside the breast, even if the 
plan becomes less conformal, as here we have 
well established evidence for effect and no harm 
and let the OAR sparing be primarily from the 
reduced cranio-caudal extent. This should be dis-
cussed in the treatment planning team and noted in 
the department guidelines. A second, more com-
plex approach strives for a more conformal dose 
around the PTV, for which non-coplanar beams, 
IMRT and VMAT can be used. The advantage 
of this approach is a decreased dose to the non- 
target breast tissue and a decreased volume that 
receives a significant dose, while the drawback 
is that lower dose volumes can be spread more 
in volumes that would receive no dose with the 
standard approach and where there is limited evi-
dence for the long-term effects of low-dose irra-
diation. While the standard approach is safe and 
easy to apply for especially larger target volumes, 
the more complex approach could be preferable 
for smaller target volumes and when very intense 
dose prescriptions are used.

Boost planning can be divided into sequential 
boost and simultaneous integrated boost (SIB). 
Sequential boost planning is technically quite 
similar to PBI planning, especially the more 
advanced approach. Indeed, the above argument 
for keeping the high dose inside the breast is now 
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reversed: where before the concern was giving 
a high dose to an area, which is not commonly 
irradiated to this dose, the concern in a boost 
is the cumulative effect of the combined effect 
of the primary treatment and the boost giving a 
worse cosmetic outcome [20]. Therefore, in the 
boost setting it is preferably to prioritise dose 
conformity around the boost target, to reduce the 
size of the high dose volume, even at the cost of 
irradiating from atypical angles. The same argu-
ments apply for the SIB plans, but here the dif-
ference is often less pronounced, because dose 
gradients can be made sharper when the primary 
treatment and the boost are planned simultane-
ous. A special consideration when making SIB 
plans is whether to make the SIB as an add-on to 
the primary plan, by adding a few extra fields, or 
if the SIB is fully integrated in the plan, so any 
field may potentially contribute to the SIB dose. 
The advantage of the latter approach is that it will 
typically require fewer treatment fields in total, 
as there is no need to potentially remove hotspots 
from a region just to add a boost dose afterwards. 
The disadvantage comes into play, when a patient 
turns out to be difficult to position for the daily 
treatments, perhaps due to a large breast volume. 
In some exceptional cases, it can be difficult to 
find a position where both the whole breast and 
the boost volume are in an acceptable position 
for treatment. Here the first approach will allow a 
simple separation of the plan into a whole breast 
treatment and if necessary renewed imaging and 
repositioning to ensure optimal coverage of both 
the full breast and the boost volume.

22.3  Summary

Tangential treatment planning for breast cancer 
should be CT-based using multiple fields or flu-
ency to ensure dose homogeneity. It is important 
to have consistently defined structures for plan-
ning and dose reporting to be able to track plan 
quality over time and be able to compare to data 
in the literature. Dose calculation with modern 
algorithms is generally reliable, but near-skin 
dose is still associated with significant uncertain-

ties. Individual patients may have additional risk 
factors, which must be taken into account to make 
an optimal and individualised treatment plan.

References

 1. Guebert A, Conroy L, Weppler S, et  al. Clinical 
implementation of AXB from AAA for breast: plan 
quality and subvolume analysis. J Appl Clin Med 
Phys. 2018;19(3):243–50. https://doi.org/10.1002/
acm2.12329.

 2. Wang L, Cmelak AJ, Ding GX. A simple technique 
to improve calculated skin dose accuracy in a com-
mercial treatment planning system. J Appl Clin Med 
Phys. 2018;19(2):191–7. https://doi.org/10.1002/
acm2.12275.

 3. Court LE, Tishler R, Xiang H, Allen AM, 
Makrigiorgos M, Chin L.  Experimental evaluation 
of the accuracy of skin dose calculation for a com-
mercial treatment planning system. J Appl Clin Med 
Phys. 2008;9(1):2792. https://doi.org/10.1120/jacmp.
v9i1.2792.

 4. Akino Y, Das IJ, Bartlett GK, Zhang H, Thompson 
E, Zook JE.  Evaluation of superficial dosimetry 
between treatment planning system and measure-
ment for several breast cancer treatment techniques. 
Med Phys. 2013;40(1):011714. https://doi.
org/10.1118/1.4770285.

 5. Hoffmann L, Alber M, Söhn M, Elstrøm UV. Validation 
of the Acuros XB dose calculation algorithm versus 
Monte Carlo for clinical treatment plans. Med Phys. 
2018; https://doi.org/10.1002/mp.13053.

 6. Kry SF, Bednarz B, Howell RM, et  al. AAPM TG 
158: measurement and calculation of doses outside 
the treated volume from external-beam radiation ther-
apy. Med Phys. 2017;44(10):e391–429. https://doi.
org/10.1002/mp.12462.

 7. Wright JL.  Toxicities of radiation treatment for 
breast cancer. New York, NY: Springer; 2019. ISBN 
9783030116200.

 8. Smith BD, Bellon JR, Blitzblau R, et  al. Radiation 
therapy for the whole breast: executive summary 
of an American Society for Radiation Oncology 
(ASTRO) evidence-based guideline. Pract Radiat 
Oncol. 2018;8(3):145–52. https://doi.org/10.1016/j.
prro.2018.01.012.

  9. Thomsen MS, Berg M, Zimmermann S, Lutz CM, 
Makocki S, Jensen I, Hjelstuen MHB, Pensold S, 
Hasler MP, Jensen M-B, Offersen BV (2021) Dose 
constraints for whole breast radiation therapy based 
on the quality assessment of treatment plans in the ran-
domised Danish breast cancer group (DBCG) HYPO 
trial. Clinical and Translational Radiation Oncology 
28118–123 https://doi.org/10.1016/j.ctro.2021.03.009.

 10. Mukesh MB, Barnett GC, Wilkinson JS, et  al. 
Randomized controlled trial of intensity-modulated 

22 Treatment Planning Including Dose Calculation

https://doi.org/10.1002/acm2.12329
https://doi.org/10.1002/acm2.12329
https://doi.org/10.1002/acm2.12275
https://doi.org/10.1002/acm2.12275
https://doi.org/10.1120/jacmp.v9i1.2792
https://doi.org/10.1120/jacmp.v9i1.2792
https://doi.org/10.1118/1.4770285
https://doi.org/10.1118/1.4770285
https://doi.org/10.1002/mp.13053
https://doi.org/10.1002/mp.12462
https://doi.org/10.1002/mp.12462
https://doi.org/10.1016/j.prro.2018.01.012
https://doi.org/10.1016/j.prro.2018.01.012
https://doi.org/10.1016/j.ctro.2021.03.009


166

radiotherapy for early breast cancer: 5-year results 
confirm superior overall cosmesis. J Clin Oncol. 
2013;31(36):4488–95. https://doi.org/10.1200/
JCO.2013.49.7842.

 11. Offersen BV, Alsner J, Nielsen HM, et  al. 
Hypofractionated versus standard fractionated radio-
therapy in patients with early breast cancer or ductal 
carcinoma in situ in a randomized phase III trial: the 
DBCG HYPO trial. J Clin Oncol. 2020;38(31):3615–
25. https://doi.org/10.1200/JCO.20.01363.

 12. Coles CE, Griffin CL, Kirby AM, et al. Partial-breast 
radiotherapy after breast conservation surgery for 
patients with early breast cancer (UK IMPORT LOW 
trial): 5-year results from a multicentre, randomised, 
controlled, phase 3, non-inferiority trial. Lancet. 
2017;390(10099):1048–60. https://doi.org/10.1016/
S0140- 6736(17)31145- 5.

 13. Laugaard Lorenzen E, Christian Rehammar J, Jensen 
MB, Ewertz M, Brink C.  Radiation-induced risk 
of ischemic heart disease following breast cancer 
radiotherapy in Denmark, 1977-2005. Radiother 
Oncol. 2020;152:103–10. https://doi.org/10.1016/j.
radonc.2020.08.007.

 14. DBCG.  National guideline for Radiotherapy; n.d.. 
https://www.dbcg.dk/.

  15. Birgitte V, Offersen Liesbeth J, Boersma Carine, 
Kirkove Sandra, Hol Marianne C, Aznar Albert 
Biete, Sola Youlia M, Kirova Jean-Philippe, Pignol 
Vincent, Remouchamps Karolien, Verhoeven 
Caroline, Weltens Meritxell, Arenas Dorota, Gabrys 
Neil, Kopek Mechthild, Krause Dan, Lundstedt 
Tanja, Marinko Angel, Montero John, Yarnold Philip, 
Poortmans (2016) ESTRO consensus guideline on 

target volume delineation for elective radiation ther-
apy of early stage breast cancer version 1.1. Radiother 
Oncol. 118(1):205–8.  https://doi.org/10.1016/j.
radonc.2015.12.027.

 16. Gee HE, Moses L, Stuart K, et  al. Contouring con-
sensus guidelines in breast cancer radiotherapy: com-
parison and systematic review of patterns of failure. 
J Med Imaging Radiat Oncol. 2019;63(1):102–15. 
https://doi.org/10.1111/1754- 9485.12804.

 17. Taylor C, Correa C, Duane FK, et  al. Estimating 
the risks of breast cancer radiotherapy: evidence 
from modern radiation doses to the lungs and heart 
and from previous randomized trials. J Clin Oncol. 
2017;35(15):1641–9. https://doi.org/10.1200/
JCO.2016.72.0722.

 18. Miften M, Mihailidis D, Kry SF, et al. Management 
of radiotherapy patients with implanted cardiac 
pacemakers and defibrillators: a report of the AAPM 
TG-203†. Med Phys. 2019;46(12):e757–88. https://
doi.org/10.1002/mp.13838. PMID: 31571229.

 19. Haussmann J, Budach W, Corradini S, et al. No differ-
ence in overall survival and non-breast cancer deaths 
after partial breast radiotherapy compared to whole 
breast radiotherapy-a meta-analysis of randomized 
trials. Cancers (Basel). 2020;12(8):2309. https://doi.
org/10.3390/cancers12082309.

 20. Brouwers PJAM, van Werkhoven E, Bartelink H, 
et al. Predictors for poor cosmetic outcome in patients 
with early stage breast cancer treated with breast 
conserving therapy: results of the young boost trial. 
Radiother Oncol. 2018;128(3):434–41. https://doi.
org/10.1016/j.radonc.2018.06.020.

H. D. Nissen and S. Hol

https://doi.org/10.1200/JCO.2013.49.7842
https://doi.org/10.1200/JCO.2013.49.7842
https://doi.org/10.1200/JCO.20.01363
https://doi.org/10.1016/S0140-6736(17)31145-5
https://doi.org/10.1016/S0140-6736(17)31145-5
https://doi.org/10.1016/j.radonc.2020.08.007
https://doi.org/10.1016/j.radonc.2020.08.007
https://www.dbcg.dk/
https://doi.org/10.1016/j.radonc.2015.12.027
https://doi.org/10.1016/j.radonc.2015.12.027
https://doi.org/10.1111/1754-9485.12804
https://doi.org/10.1200/JCO.2016.72.0722
https://doi.org/10.1200/JCO.2016.72.0722
https://doi.org/10.1002/mp.13838
https://doi.org/10.1002/mp.13838
https://doi.org/10.3390/cancers12082309
https://doi.org/10.3390/cancers12082309
https://doi.org/10.1016/j.radonc.2018.06.020
https://doi.org/10.1016/j.radonc.2018.06.020


167

Treatment Planning for Breast/
Chest Wall and Regional Lymph 
Nodes Including the Internal 
Mammary Chain

Sandra Hol and Isabelle Mollaert

23.1  From 2D to Hybrid VMAT

Historically, two-dimensional (2D) radiation treat-
ment preparation was based on setups using a 
conventional X-ray simulator. The field arrange-
ment, the geometries, and positions were set dur-
ing simulation based on fluoroscopy and planar 
radiographs. Treatment calculation was performed 
initially just at midline or in a single plane at the 
central axis of the breast, followed by several 
manually made slides and later on a couple of 
slides generated with a CT-extension mounted 
to the conventional simulator. The transition to 
three-dimensional (3D) imaging allowed full 3D 
dose calculation of whole breast irradiation. 3D 
conformal radiation therapy (3D-CRT) based on 
a tangential beam arrangement has been stepwise 
developed adding various methods, such as multi-
leaf collimator (MLC) positioning, beam weight 
optimisation, different beam energies, and wedge 
pair combinations. With the introduction of 3D 
imaging and MLC it became apparent that, con-
cerning collimator rotation, in many cases a trade-
off was required between optimal orientation of 
the wedge and optimal direction of leaf motion, 
leading in many cases to the introduction of the so-

called field-in-field techniques (some regard this as 
forward planning FiF IMRT) to generate homog-
enous dose distributions in all planes [1]. Intensity 
modulated radiation therapy (IMRT) represented 
the next level in the attempt to limit the dose varia-
tion in the target volume whilst reducing the dose 
to organs at risk as much as possible [2]. IMRT 
optimises the beam intensity using either step 
and shoot or dynamic sliding window techniques. 
More recently, volumetric-modulated arc therapy 
(VMAT) and hybrid VMAT, which is a combina-
tion of conventional tangential fields with VMAT, 
are being introduced to optimise dose homogene-
ity and healthy tissue sparing even further.

23.2  IMRT

IMRT is able to deliver a highly conformal dose 
to the target whilst maintaining a high degree of 
dose homogeneity. For most patients, reasonable 
dose coverage can be obtained with 6 MV pho-
tons only. However, with larger breast volumes 
mixed energy (6 and 10 MV) might be required 
for an improved coverage in depth whilst keep-
ing the maximum dose as low as possible. Beam 
energies in excess of 10 MV should be avoided 
because of neutron generation and thereto-related 
radioprotection issues.
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23.3  Gantry Angle

The choice of the gantry angle for the medio- 
lateral (ML) and latero-medial (LM) tangential 
fields is the first and most important step follow-
ing appropriate anatomy-based CTV contouring. 
An optimal gantry angle reduces the dose in the 
lungs, contralateral breast, and heart. By connect-
ing a line from medial and lateral borders of the 
PTV_breast or chest wall and aligning the fields 
with this tangent line (Fig. 23.1a) will result in a 
good first estimation of the angles.

The overlap of the PTV with the lung, the heart, 
and the contralateral breast can be visualised by 
using the so-called beams eye view (BEV). The 
degree of overlap with the PTV can be reduced 
by adapting the beam angles (Fig. 23.1b, c). Care 
should be given also for the contralateral breast, 
especially in young patients.

23.4  MLC/Jaws/Collimator

When fitting the jaws (similarly for the MLC) 
around the PTV possible swelling of the breast 
during the radiation course should be taken into 
account (Fig. 23.2). Larger margins can be taken, 
for instance, in the lateral, caudal, and cranial 
direction. However, in the absence of an ALND 
and with ultrafractionation, these extra margins 
seem less required. We advise to collect IGRT- 

images to acquire estimations of required mar-
gins based on own experience in various clinical 
circumstances including variations in surgery 
and fractionation. In the medial direction the 
jaws are closely fitted to the PTV (e.g. 0.3 cm) 
with the leaves shielding the tissues outside of 
the PTV, including the contralateral breast and 
heart (Fig.  23.2b, red circle). Rotating the col-
limator can further improve the alignment with 
the breast.

23.5  Field-in-Field IMRT

Field-in-field IMRT is a step and shoot technique, 
where you divide your field into several subfields. 
Before adding subfields (Fig.  23.3a), the high 
isodose lines need to be evenly distributed over 
the PTV (Fig. 23.3b) and the condition of 95% 
of the prescription isodose line covering the PTV 
needs to be fulfilled (Fig. 23.3c). In the example, 
three subfields for each field are inserted into the 
plan (Fig. 23.3e). Small weights are inserted into 
the subfields and subtracted from the main fields. 
Variations of these weights with trial-and-error 
were used to create a homogeneous dose distribu-
tion (Fig. 23.3f). In the illustration of Fig. 23.3c, 
before inserting the subfields, the 105% isodose 
line should not cover the entire breast, to keep the 
maximum dose in the end result below 105% of 
the prescribed dose (Fig. 23.3d).

a b c

Fig. 23.1 Basic setup of tangential technique for breast/
chest wall irradiation. (a) The tangential line (red line) 
connecting the medial and lateral PTV_breast borders 
(green dots) illustrate a good estimation for the angle of 

the tangential fields; (b) BEV visualising overlap with 
lung (light green), (c) FOV visualising overlap with heart 
(pink), lung (green), and contralateral breast (yellow)
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ba

Fig. 23.2 Geometrically optimising tangential technique 
settings. (a) Jaws fit around the PTV (in blue) (BEV of 
ML field); (b) jaws and MLC fit around the PTV, where 

the leaves shield the heart if clinically acceptable (gener-
ally if primary tumour bed not close) (red circle) (BEV of 
ML field)

a cb

d

(e-1) (e-2) (e-3)

f 95%

105%

110%

115%

Optimising the field weights Adjusting the plan normalisation

Adding the subfields

Fig. 23.3 Homogenising tangential technique dose dis-
tribution via Field-in-Field technique. (a) Starting with 
two tangential fields; (b) Even distribution of the high 
dose by optimising the field weights indicated by the 
white line; (c) covering of the PTV with the 95% isodose 
line by adjusting the normalisation indicated by the white 

arrow; (d) 105% of the prescription dose covering the 
PTV is not ideal to keep the maximum dose low; (e) The 
leaves are resp. covering the 105% (1-e-1), 110% (1-e-2), 
and 115% (1-e-3) of the prescription dose region for each 
subfield; (f) Final plan with optimised field weights
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23.6  Dynamic MLC Sliding 
Window IMRT

With dynamic MLC sliding window there is a 
continuous leaf motion to create a fluence profile. 
Optimising the fluence map can be achieved fol-
lowing a forward planning method using the irreg-
ular surface compensator (ISC) [3] (Fig.  23.4a) 
with a fluence editor tool or inverse planning for 
IMRT. The irregular surface compensator calcu-
lates a fluence map based on the uneven body 
surface to obtain a homogeneous dose distribu-

tion at a certain depth (central plane inside the 
breast volume perpendicular to the beam inci-
dence). In addition, the dose distribution for indi-
vidual patients is modified with a fluence editor 
(Fig. 23.4b). In case of inverse planning, the dose 
constraints need to be specified before starting the 
optimisation algorithm. The optimiser will place 
the field border closely around the breast tissue. 
As a result, the fluence map outside the breast 
needs to be extended with the fluence editor tool 
in order to create robust plans taking into account 
breathing motion and possible breast swelling.

Fluence map with ISC

FOV LM Field

Optimising the fluence map

FOV ML Field
a

b

Fig. 23.4 Homogenising tangential technique dose distribution via IMRT. (a) Fluence map formed with irregular sur-
face compensator (ISC) before optimisation, (b) fluence map after optimising using editor tool (FOV, field of view)
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23.7  Treatment Planning 
Including the Lymph Node 
Areas

For axillary level 1–4 irradiation (Fig. 23.5a), the 
tangential fields to the breast/chest wall are com-
bined with an adjacent field at an angle of about 
345–350° (left anterior oblique (LAO)) or about 
10–15° (right anterior oblique (RAO)), respec-
tively, for a left or right breast. The isocentre is 
placed at the border of the adjacent fields. An 
opposing field of about 165–170° (right posterior 
oblique (RPO)) or about 190–195° (left poste-
rior oblique (LPO)), generally with higher beam 
energy, can be added to improve coverage of the 
deeply located parts of the axillary lymph nodes 
regions. For nodal irradiation of only the base of 
the axilla (e.g. level 1–2 caudal from the axillary 

vessels), the tangential field setup for breast/chest 
wall can be extended on the cranial side. In case 
of nodal irradiation including the IMN, several 
approaches are possible, including the addition 
of an adjacent field parallel to the medial tangent 
field (Fig. 23.5b).

23.8  VMAT

In some cases, with very extensive and/or chal-
lenging anatomies and/or target volumes, 
volumetric- modulated arc therapy (VMAT) is 
a good alternative to the tangent fields-based 
3DCRT or IMRT approach. Moreover, VMAT is 
gradually becoming the state-of-the-art technique 
at this moment due to its ease of use in the opti-
misation process as well as the efficiency of treat-

170° LPO 350° RAO

ML field -nodal ML - field

Sagittal view Transversal view

Transversal view

a

b

Fig. 23.5 Basic setup of tangential technique for breast/
chest wall combined with regional lymph node irradiation. 
(a) Field setup for irradiation of the axillary lymph node 

levels 1–4, located superior to the left breast, using 350° 
RAO and 170° LPO fields; (b) Field setup for irradiation of 
the internal mammary lymph nodes, using tangent ML
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ment delivery. In addition, the rotational character 
of the treatment renders it less prone to breathing 
motion and swelling issues during the course of 
treatment. Another reason for using VMAT could 
be when the heart dose is above 3.2 Gy with the 
other techniques including respiratory control or 
CPAP with or without respiratory control. In that 
case, treatment planning with VMAT might help 
to reduce the heart to below acceptable levels [4]. 
Two partial arcs are typically chosen with a start 
angle comparable to the angle of the ML field 
of the tangent setup and an ending-point angle 
in the range of 150–160° depending on the indi-
vidual patient’s anatomy. The collimator angle 
is set in a range of 10–20°, with complementary 
angles for the second arc. Due to the low dose 
bath inevitably adhered to rotational techniques, 
VMAT produces a slight increase in the low dose 
range of the dose in the heart and lungs compared 
to the static tangential fields [5]. As such, hybrid 
VMAT offers an interesting alternative in many 
situations. Using VMAT for breast RT, the DVH 

should be carefully evaluated including the low 
dose spectrum as it might result in a low dose 
bath, exposing a large volume of various organs 
to a low dose of radiation.

23.9  Hybrid VMAT

Hybrid VMAT is a combination of two tangen-
tial fields with VMAT that improves dose cov-
erage and dose homogeneity within the target 
volumes compared to the tangent field setup 
combined with adjacent fields for nodal cov-
erage. Hybrid techniques are mostly used for 
breast/chest wall including nodal irradiation. 
The isocentre is placed around the clavicle 
bone, depending on the combination of tar-
get volumes. First, a plan with open tangen-
tial fields is established (Fig.  23.6a). The jaw 
in cranial direction for the ML tangent field is 
set 0.5 cm superior to the isocentre and for LM 
fields 0.5  cm inferior to the isocentre. If pos-

Arc 1: 300° - 30° Arc 2: 30° - 100° Arc 3:  100°- 170°

ML - field LM - field

a

b

Fig. 23.6 Hybrid VMAT technique for breast/chest wall 
combined with regional lymph node irradiation. Hybrid 
VMAT with two tangent fields and three arcs: (a) beams 

eye view (BEV) of ML field and LM field; (b) BEV of 
three arcs, with gantry angles from 300° to 30° for arc 1, 
from 30° to 100° for arc 2 and from 100° to 170° for arc 3
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sible, the axillary nodes and, if applicable, the 
IMN nodes on the same level as the breast are 
included in the tangential fields. The tangential 
field plan is used as a base plan for optimisation 
in the VMAT plan. The arcs make up 20% of 
the dose to the breast and 100% of the dose to 
the nodes above the clavicle. The VMAT plan 
(Fig. 23.6b) consists of three partial arcs rotat-
ing over 70°. The first arc starts at the same gan-
try angle as the ML field, the second and third 
arc starts, respectively, where the first or second 
ends. The arcs cover the entire target volume. 
There are two advantages of using three sub-
arcs instead of one. First, the collimator angle 
can be changed per arc to keep the field width 
as small as possible. Second, it is a good beam 
setup for combining with voluntary moderate 
deep inspiration breath-hold (vmDIBH).

23.10  Summary

Over the last 3 decades, a gradual transition 
form 2D-radiation therapy over 3D-techniques 
and now motion-controlled and volumetric 
approaches has been made. While more advanced 
treatment techniques might be needed to obtain 

optimal dose homogeneity and low doses to 
OAR, especially for anatomically challenging 
cases, for most patients a straightforward less 
resource-demanding approach will suffice.
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Treatment Planning 
for Challenging Anatomies

Sandra Hol, Orit Kaidar-Person, 
and Philip Poortmans

24.1  Background

The “Pareto principle”, named after Vilfredo Fed-
erico Damaso Pareto who stated in 1906 that for 
many outcomes roughly 80% of consequences 
come from 20% of the causes, is often referred 
to as the “80/20 rule”. For many medical applica-
tions, this means that for about 80% of the cases 
or indications a standard approach costing 20% of 
time and efforts will suffice, while for the remain-
ing 20% individualised solutions are required, 
which are demanding up to 80% of the available 
resources. In case of RT, treatment planning pro-
cedures are set up for obtaining optimised dose 
distributions for the “average” patient. Whereas 

with individualisation of treatment planning a 
good compromise between dose objectives for the 
target volumes and dose constraints for the OARs 
can be obtained, some clinical cases demand cre-
ative and highly individualised approaches. There-
fore, in most breast RT, a simple approach will do, 
and approximately 20% of the cases will be chal-
lenging to plan. In this section it is impossible to 
describe all imaginable challenging cases and indi-
cations. In some of them, compromises will have 
to be accepted, including balancing the coverage 
of target volumes against doses to OARs. How-
ever, for most challenges highly individualised 
and sometimes complex or even more challenging, 
out-of-the-box approaches may bring excellent 
clinically feasible solutions. The three cases that 
we present here just represent a few of them. How-
ever, the cases underline that with a combination of 
optimal usage of our technical infrastructure and 
tools with imagination and creativity, a lot is pos-
sible! The treatment plans are taken from real life 
cases and were aimed to fulfil the treating team’s 
treatment objectives. Thereby, this short section is 
aimed to serve as a potential reference for RT plan-
ning teams in case of challenging cases.

24.1.1  Challenging Case 1: Pectus 
Excavatum

An 81-year-old female with an ILC of the left 
breast. Excellent KPS; no comorbidities. She 
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underwent BCS with SLNB: stage pT1c N0 Mx, 
tumour grade 2, 1.1 cm, ER positive; PR negative; 
Her2 negative. Based on this, whole breast irra-
diation of 40 Gy in 15 fractions was prescribed.

The treatment planning CT-scan revealed a 
severe case of pectus excavatum, combined with 
an unfavourable position of the heart, not improv-
ing with respiratory control.

The treatment planning solution consisted 
of VMAT using 2 arcs from a gantry angle 
300–150° and the other way around. Collimator 
angles were at 30° and 330° (Fig. 24.1).

The dose evaluation parameters were as fol-
lows (Table 24.1):

Conclusion: An excellent dose distribution to 
the target volumes could be combined with low 
doses to the OARs. The mean dose of 4.58 Gy to 
the contralateral breast is acceptable in view of 
the age >40 (and thereby low risk of breast cancer 
induction by RT).

24.1.2  Challenging Case 2: Including 
Sternal Bone Metastasis

A 48-year-old female presented with an IDC 
centrally in the left breast. Tumour stage was 
cT3 N1 M1 (solitary lesion at the level of the 

sternal bone), tumour grade 2. ER and PR were 
positive, Her2 negative. She received endocrine 
therapy with a good partial response on imag-
ing. She did not undergo surgery because of 
stage IV.  It was decided to give locoregional 
irradiation. Dose prescription was 44.66 Gy in 
22 fractions (2.03 Gy per fraction) to the elec-
tive volumes (breast and all regional lymph 
nodes) and a high dose simultaneous integrated 
boost to 58.74 Gy in 22 fractions (2.67 Gy per 
fraction) to the primary tumour bed, the bone 
metastasis in the sternum and the visible lymph 
nodes in the axilla.

The treatment planning solution consisted of 
VMAT using 4 arcs and a number of “help vol-
umes” to reduce the dose at the level of the tissue 
between the boost areas and in the lung, using 
both regular optimisation and biological optimi-
sation objectives (Fig. 24.2).

The dose evaluation parameters were as fol-
lows (Tables 24.2 and 24.3):

Conclusion: An excellent dose distribution 
in several levels to the target volumes is com-
bined with very acceptable doses to the organs 
at risk. The mean dose of 8.3 Gy to the contralat-
eral breast is inevitable because of the high dose 
needed in the sternum which is right next to the 
contralateral breast.

24.1.3  Challenging Case 3: Bilateral 
Locoregionally Advanced 
Breast Cancer with IMN 
Metastasis

A 74-year-old woman presented with bilateral 
breast cancer. A PET-CT scan showed uptake in 
both breast tumours, in right axillary and in right 
IMN lymph nodes, without pathological uptake 
elsewhere.Fig. 24.1 Axial view of planning CT showing the dosi-

metric distribution (% isodose line of prescribed dose)

Table 24.1 The doses to OARs

Heart Lungs
Contralateral 
breast

Spinal 
cord PTV CTV

MHD 
(cGy)

V20 
(%)

V10 
(%)

V5 
(%)

MLD 
(cGy)

V30 
(%)

V20 
(%)

V5 
(%) Mean (cGy)

Dmax 
(cGy)

95% 
(%)

95% 
(%)

359 1.3 5 13.3 463 1.3 4.6 27.1 458 483 95.7 99.6
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Fig. 24.2 Radiation planning CT showing the dosimetric distribution

Table 24.2 The doses to OARs

Heart Lungs
Contralateral 
breast Spinal cord

MHD 
(cGy)

V20 
(%)

V10 
(%)

V5 
(%)

MLD 
(cGy)

V30 
(%)

V20 
(%)

V5 
(%) Mean (cGy)

Dmax 
(cGy)

528 3 12.3 33.1 1104 10.4 19.4 62.1 833 1879

Table 24.3 Clinical target volume versus planning target volume coverage

CTVbreast CTVIMN CTVaxilla CTVsupra
95% (%) 95% (%) 95% (%) 95% (%)
99.5 100 100 100
PTVbreast PTVIMN PTVaxilla PTVsupra PTVbreastBoost PTVaxBoost PTVsternalboneBoost
95% (%) 95% (%) 95% (%) 95% (%) 95% (%) 95% (%) 95% (%)
98.3 96.2 99.3 99.6 99.2 99.9 96.5
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• Right-sided cT2 N1, treated with modified 
radical mastectomy. Pathological stage multi-
focal T2 N3: 3 IDC foci of 3.4 cm, 2.4 cm and 
0.5 cm, respectively; all grade 2 with angioin-
vasion. ER and PR were positive; HER2 was 
negative. A total of 13 of the 16 axillary lymph 
nodes were pathologically involved, including 
extracapsular extension and invasion of the 
most cranially located node. Surgical margins 
were free of tumour.

• Left-sided cT2 N0, treated with simple mas-
tectomy and SLNB.  Pathological stage pT2 
N1(sn): IDC of 2.5 cm; grade 1; tumour-free 
margins without angioinvasion. ER and PR 
were positive; HER2 was negative. The SLNB 
showed a macrometastasis with extracapsular 
extension. No ALND was done.

Postoperatively, she started with adjuvant 
endocrine therapy (aromatase inhibitor).

Dose prescription was 43.6  Gy in 20 frac-
tions (2.18 Gy per fraction) to the elective vol-
umes (bilateral chest wall; bilateral axillary 
levels 1–4 and right IMNs) and a simultane-
ous integrated boost to 53.4 Gy in 20 fractions 
(2.67  Gy per fraction) to the enlarged right 
IMNs.

The treatment planning solution consisted of 
VMAT using 2 isocentres with 2 arcs per isocen-
tre. On the left side (isocentre 1) the arcs went 
from 300° to 170° and the other way around with 
collimator angles set to 10° and 350°. On the 
right side (isocentre 2) the arcs went from 60° to 
200° and the other way around with collimator 
angles set to 10° and 350° (Fig. 24.3).

Fig. 24.3 Radiation planning CT showing the dosimetric distribution

S. Hol et al.
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Graph 24.1 Dose volume histogram

Table 24.4 Doses to OARs

Heart Lungs Spinal cord
MHD (cGy) V20 (%) V10 (%) V5 (%) MLD (cGy) V30 (%) V20 (%) V5 (%) Dmax (cGy)
435 1.2 4.6 19.2 1023 9.2 18.9 49.6 1631

Table 24.5 Left side dose coverage

PTV chest wall CTVchest wall PTVaxilla CTVaxilla
95% (%) 95% (%) 95% (%) 95% (%)
95.5 98.8 97.4 100

Table 24.6 Right side dose coverage

PTVChest wall CTVChest wall PTVaxilla CTVaxilla PTVIMN CTVIMN PTVIMNboost CTVIMNboost
95% (%) 95% (%) 95% (%) 95% (%) 95% (%) 95% (%) 95% (%) 90% (%) 95% (%)
96.2 98.6 97.1 100 96.5 100 90 97.5 100

The dose evaluation parameters were as fol-
lows (Graph 24.1, Tables 24.4, 24.5, and 24.6):

Conclusion: An excellent dose coverage and 
homogeneity at two different dose levels to the 
target volumes are combined with doses below 
generally accepted constraints to the OARs.

24.2  Summary

The key to planning cases with challenging anato-
mies or challenging target volumes is to clearly 
define RT planning objectives. These include con-

sidering patient-related, disease-related, and treat-
ment related factors. Patient-related factors such 
as age and comorbidities can dictate the dose con-
straints to various OARs: e.g. younger age will 
limit the dose allowed to the contralateral breast; 
chronic lung disease will limit the MLD and lung 
V5Gy; and in a case of a patient with active heart 
disease, it is even more stringently advised to 
limit the cardiac doses to as low as possible but 
also avoid large doses to the coronary arteries. 
The disease control advantage by covering the 
IMNs should be weighed against the potential 
increase in cardiovascular dose. One should also 
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take into consideration the different dose distribu-
tion and low dose spread that are linked to the dif-
ferent RT techniques such as tangential alignment 
versus volumetric IMRT (low dose bath, depend-
ing on the plan). Therefore, for different patients 

and cases the planning objective can be signifi-
cantly different, and by working together and 
clearly defining the objectives of the treatment 
with a planning team, one can provide excellent 
planning, even for challenging cases.

S. Hol et al.
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Treatment Planning  
for Boost/SIB/PBI

Sandra Hol and Isabelle Mollaert

25.1  Background

An additional radiation dose (boost) to the pri-
mary tumour bed is indicated in case of high-
risk breast cancer, while partial breast irradiation 
(PBI) can be used for low-risk breast cancer 
patients. For both indications, the clinical target 
volume is based on the distribution of tumour 
cells around the primary tumour which influ-
ences the pattern of local tumour relapse after 
breast conserving therapy. Optimal delineation of 
the tumour target volume is important for tumour 
control (in PBI and for boost) and for reducing 
the volume of breast tissue that is exposed to the 
higher boost doses. Subsequently, radiation plan-
ning and plan evaluation are important to reduce 
potential toxicity. Inappropriate field alignment 
can result in high doses within the breast that are 
outside the boost target volume or may result in 
increasing the low dose volume of the lung and/
or heart. This section discusses radiation treat-
ment techniques for tumour bed irradiation, 
both boost and PBI.

25.2  Tumour Bed Boost

A conventional sequential external beam boost 
to the primary tumour bed after whole breast 
radiation therapy can consist of two to three low 
energy beams using dynamic wedges or IMRT 
(Fig.  25.1a, b) or alternatively for a superficial 
PTV_boost, a direct electron field (Fig.  25.2). 
Replacing a low energy field with a higher energy 
field or adding supplementary fields can improve 
the dose homogeneity and the coverage of the 
PTV while decreasing the dose to the tissues out-
side of the PTV. Photon beam directions should 
preferably not be directed towards the heart or 
the contralateral breast. To reduce the dose in the 
lungs, the weight of the beams perpendicular to 
the breast may be limited. Often, simple beam 
setups lead to relatively higher doses to non- 
boost breast tissue, which is likely to contribute 
to adverse cosmetic outcomes. Therefore, also 
depending on the size of the breast, the position 
of the PTV_boost within the breast and individ-
ual anatomical particularities, the dose distribu-
tion can be optimised using dynamic wedges 
in craniocaudal direction, collimator rotation, 
and narrower MLC settings for perpendicularly 
oriented beams as well as non-coplanar beam 
arrangements.

An electron field is sometimes an attractive 
solution, for example, for small-sized breasts 
and for superficial tumours, especially located in 
the upper-inner quadrant. The energy is chosen 
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a b

Fig. 25.1 (a) Boost located on the edge of the breast planned with two beams, (b) boost located in the middle of 
the breast planned with three beams. The 65% and 95% isodose lines are represented in light and dark green

a

b

Fig. 25.2 Very medially located primary tumour in a 
young patient, for which a photon plan would have 
included part of the contralateral breast. A comparison 
was done between a 6 MeV and a 9 MeV electron plan. 
(a) Boost plan using 6 MeV electrons. The 80% isodose 
line misses a small part of the CTV_boost in 
depth,  while in other directions covering the PTV_
boost quite well. This plan was selected. (b) Boost plan 
using 9 MeV electrons with 0.5 cm bolus. The 80% iso-
dose line covers the CTV_boost very generously in 
depth,  while in other directions covering the PTV_
boost quite well. This plan was, however, rejected as it 
extended into the ribs, with a lower-dose extension into 
the lungs and the heart

according to the deep end of the CTV alongside 
the beam axis, where CTV is equal to PTV. Due 
to the limited choice of energies, most often 6, 9, 
and 12 MeV, it can be a struggle to obtain a good 
balance between coverage, and limiting the dose 
behind the CTV, especially when this extends 
into the ribs and the lungs. On some occasions, 
adding a bolus of tissue equivalent material of, 
e.g. 0.5 cm can improve the dosimetric balance. 
However, this should not be combined with 
higher electron energies as this dramatically 
increases the skin dose, unless the skin is part 
of the CTV. Couch and gantry rotation are often 
applied to achieve the best beam setup, which can 
cause unforeseen collisions between the patient 
and the electron applicator. Therefore, attainable 
couch and gantry angles must be verified before 
actual treatment delivery.

25.3  Simultaneous Integrated 
Boost (SIB)

The planning of simultaneous integrated boost 
(SIB) starts with two tangential fields assigned to 
the PTV of the breast. The tangential fields are 
then combined with a beam setup for the boost 
as described above (25.2). However, as electronic 
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equilibrium is already obtained by the tangential 
fields, the MLC’s can be narrowly set, without 
any margin around the PTV_boost, leading to 
smaller volumes receiving higher doses com-
pared to those obtained with sequential boost 
planning (Figs.  25.3 and 25.4). Moreover, dur-
ing beam optimising, the dose to the PTV_breast 

can be optimised as well, taking into account the 
component delivered by the boost to the rest of 
the breast. In case of (hybrid) VMAT planning, 
no additional beams are added, as the boost 
area is included in the arcs, delivering 20% of 
the breast dose and, if indicated, the dose to the 
lymph node areas.

a

b

Fig. 25.3 (a) Axial view, (b) sagittal view. SIB-treatment 
planning for an upper-central tumour of the right breast. 
Treatment planning consists of inverse-planned IMRT 
(fixed beams) based on predefined objectives for CTV_
Breast; PTV_Breast; CTV_Boost; PTV_Boost; lungs and 
heart. As can be appreciated, the dose distribution follows 
a 2-level pattern with a distinct separation of the elective 
whole breast and localised boost dose levels, as treatment 
planning for both takes into account the dose contribution 
from all fields/arcs

a

b

Fig. 25.4 (a) Axial view, (b) sagittal view. SIB-treatment 
planning for an inner-lower tumour of the left breast. 
Treatment planning consists of inverse-planned IMRT 
(fixed beams) based on predefined objectives for CTV_
Breast; PTV_Breast; CTV_Boost; PTV_Boost; lungs and 
heart. As can be appreciated, the dose distribution follows 
a 2-level pattern with a distinct separation of the elective 
whole breast and localised boost dose levels, as treatment 
planning for both takes into account the dose contribution 
from all fields/arcs

25 Treatment Planning for Boost/SIB/PBI
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25.4  Partial Breast Irradiation 
(PBI)

Treatment planning for partial breast irradia-
tion (PBI) is similar to that of the planning of 
a sequential boost as described above  (25.2). 
Alternatively, especially with fractionation 

schedules such as 26 Gy in 5 fractions in 1 week 
(5 consecutive days), a reduced-size breast 
plan can be used, where the two tangent fields 
are fitted around the PTV_PBI.  Adjusting the 
angle of the tangent fields to the location of the 
tumour bed can further lower the dose to lung 
and heart (Fig. 25.5). Figure 25.6a, b is from the 

a b

c

Fig. 25.5 (a) The angle of two tangent fields adjusted to the location of the tumour (b) BEV of the ML field (c) dose 
distribution of PBI for the transversal, sagittal and frontal plane
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b

a

Fig. 25.6 Dose distributions and DVHs for an APBI 
VMAT treatment (30 Gy in 5 fractions) with a partial arc 
taken from the FLORENCE APBI trial [NCT02104895]. 
In (a) the treatment is planned on a free-breathing CT 

scan, while in (b) a DIBH CT is used. As can be observed 
by the DVH, mean heart dose, although quite limited for 
both treatments, is lowered from about 165 cGy using FB 
planning to 53 cGy when DIBH treatment is used

FLORENCE APBI trial [NCT02104895], 30 Gy 
in 5 daily fractions, given once every other day. 
The figures show dose distributions and DVHs 
planned with a partial arc using free-breathing 
and deep inspiration breath hold.

25.5 Summary

Following optimal delineation of the target vol-
ume for boost or PBI, radiation therapy planning 
should be performed meticulously. While for 
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boost treatments, focus should lay on reducing 
dose to non-target breast tissue, for PBI adequate 
coverage carries the first priority. For both, doses 

to OAR, including the lungs and the heart, should 
be kept as low as possible.
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Dosimetric Issues 
and the Transition from 3DCRT 
to IMRT/VMAT

Livia Marrazzo and Marianne Camille Aznar

26.1  Background

The target volume in breast RT can be largely 
heterogeneous depending on the stage, tumour 
biology, risk factors, nodal involvement, and the 
extent of surgery. More often it consists of the 
whole breast, but it can be reduced to the tumour 
bed (as in PBI) or it can extend to nodal regions 
(axillary levels I, II, III, and IV and/or IMN). 
Additionally, a dose boost on the tumour bed may 
be necessary. In postmastectomy patients, the tar-
get is the chest-wall (with nodal regions) but can 
also be very heterogeneous due to the eventual 
presence of prosthesis or tissue expander (see RT 
after breast reconstruction, Chap. 34).

This heterogeneity in target shape and extent, 
together with the anatomical differences among 
different patients, translates in a wide variety of 
RT techniques, each characterised by its own 
peculiarity and dosimetric issues. Generally, dif-
ferent target volumes may benefit from different 
irradiation techniques.

26.2  The Transition from 3DCRT 
to IMRT/VMAT

3DCRT is considered conventional breast 
RT. Two (or more, with mixed energies and dif-
ferent wedge orientations) tangential fields with 
wedges are used to minimise dose to heart and 
ipsilateral lung. With this technique it can be 
challenging to achieve target homogeneity and 
conformity.

An improvement can be obtained by “modu-
lated” tangential fields (generally called “field- 
in- field,” FiF, when the optimisation method is 
forward planning and IMRT when inverse plan-
ning is used to obtain the modulation based on 
fluency), allowing a better dose homogeneity to 
target which translates into superior overall cos-
mesis and reduces the risk of skin telangiectasia 
[1] and the occurrence of moist desquamation [2] 
when compared with a standard wedged tech-
nique (Fig. 26.1).

Multiple fields [3] or helical [4] IMRT and 
VMAT [5] can improve target coverage, homo-
geneity, and dose conformity to the target, at the 
cost of an increase in low doses to contralateral 
organs (lung and breast) which may translate into 
an increased risk of secondary cancer [6]. Spar-
ing of ipsilateral organs at risk can be equivalent 
to what is achievable with previous techniques or 
even be further improved.

In breast radiation therapy, VMAT, with today’s 
technical implementations, is generally much sim-
pler and faster to deliver compared to multiple fields 
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Fig. 26.1 Comparison of dose distribution: (a) 3DCRT 
plan with tangential 6 MV photon wedged beams (3 fields 
with multiple wedges orientations), (b) IMRT plan with 

two tangential 6  MV beams. The improvement in dose 
coverage and homogeneity is particularly evident in the 
sagittal and coronal view

a
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IMRT, while using much less monitor units as in 
the past [5]. VMAT is often delivered using partial 
arcs, in order to minimise the exposure of contralat-
eral organs. Common beam configurations are pre-
sented in Fig. 26.2. Figure 26.2a shows a “bow-tie” 
approach, i.e. two opposing arcs covering around 

60° of rotation, which is the closest to the tangential 
setup used in 3DCRT. Figure 26.2b shows a wider 
(180–220°) partial arc, allowing for more modula-
tion, but also resulting in a larger “dose bath” com-
pared to the “bow-tie” approach. “Bow-tie” arcs 
have been shown to increase the surface dose due 

b

Fig. 26.1 (continued)
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a b

c

Fig. 26.2 Dose distribution for a VMAT left breast plan with simultaneous integrated boost 45/55 Gy in 20 fractions. 
(a) “bow-tie” arcs; (b) partial wider arc; (c) comparison between the DVH obtained with the two arc arrangements

to increased scattering compared to long partial 
arcs [7, 8]. The advantage of using wider arcs is the 
slightly better PTV coverage and sparing of ipsilat-
eral OARs from high doses [9]. Instead, “bow-tie” 
arcs provide better sparing of contralateral breast 
and lung [7, 8, 10]. An example of DVH for these 
two arcs configurations is shown in Fig. 26.2c.

TomoDirect™ modality of TomoTherapy® has 
been also proposed as an option, although char-
acterised by a lower conformity, with hotspots 
outside the PTV, which can be avoided by using 
more than two static angles [4].

The clinical settings in which these more com-
plex techniques express their maximum potential 
are:

• in the case of nodal involvement, where 
3DCRT would require multiple fields, com-
plex geometries, fancy solutions (as the 
 half- beam), and very long delivery times, 
often with suboptimal dose distributions;

• in challenging anatomical situations, where 
tangential beams cannot be used unless sacri-
ficing target coverage or increasing doses to 
organs at risk;

• in bilateral breast treatments [11, 12], where 
contralateral breast is not an OAR and getting 
rid of the constraint on the contralateral breast 
allows an optimal sparing on lungs and heart. 
An example of dose distribution for a bilateral 
breast treatment with Helical TomoTherapy © 
is shown in Fig. 26.3.

L. Marrazzo and M. C. Aznar
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Fig. 26.3 Dose distribution for a bilateral breast treatment with helical tomotherapy

An additional advantage is the possibility of 
delivering a SIB (as shown in Fig. 26.2), thanks 
to the potentiality of modulating the dose distri-
bution [13].

26.3  Dosimetric Issues

When moving from 3DCRT to more complex 
intensity modulated techniques, there are dosi-
metric issues arising that deserve some insights.

26.3.1  Robustness Towards Setup 
Errors and Deformations

One of the concerns is plan robustness towards 
setup errors and anatomical changes, with respect 
to which modulated dose distributions are likely 
to be more sensitive.

This might be particularly true in breast RT, 
where target is a non-rigid organ adjacent to 
the skin. Breast may expand or contract over 

the course of treatment (for instance, due to 
seroma), its position is affected by respira-
tion and can be easily displaced or deformed 
by patient’s setup errors [14, 15]. Tangential 
3DCRT is, by essence, a robust technique: 
possible breast expansion is accounted for by 
“opening” the tangential fields into air, and 
breast contraction and setup errors will have 
a minimal impact on the dose distribution. In 
contrast, inverse-modulated techniques (IMRT/
VMAT) are inherently less robust.

This is why some papers in the literature face 
with the evaluation of IMRT and VMAT plan 
robustness in breast RT, using either recalculation 
on daily CBCT, or deformable image registration 
(DIR) or simulation of patient displacement and/
or breast swelling or shrinkage.

It is worth noting that the widespread use of 
advanced IGRT-procedures, including CBCT 
for daily online correction, allows to efficiently 
compensate for the effects of breast tissue 
deformations and swelling, as well as setup 
errors, thus allowing a safe use of VMAT/IMRT 
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techniques. Moreover, variations are likely to 
be less important with the shorter fractionation 
schemes nowadays introduced in breast radia-
tion therapy.

When comparing wedged 3DCRT, tangential 
IMRT, and multiple beams IMRT, dose distri-
butions from the latter were shown to be more 
seriously affected by shape changes of the breast 
[14], while both patient and breast variations 
induced similar dose distribution deviations in 
3DCRT and tangential IMRT plans, thus making 
tangential IMRT the preferred technique.

The dosimetric effect of soft tissue deforma-
tions and breast tissue swelling was shown to 
be similar for both VMAT and FiF plans if 3D 
image matching was used [16], thus suggesting 
that in VMAT treatments, a daily CBCT match-
ing along with monitoring of the skin surface is 
recommended.

Though these considerations should not pre-
vent the implementation of VMAT/IMRT tech-
niques, it is sensible to deploy this check within 
the overall quality control/image verification pro-
cess.

General reflections on plan robustness cannot 
predict the effect of large deformations, which 
should be evaluated in terms of their clinical 
relevance, and the potential need for replanning 
should be investigated [16].

Recently, robust optimisation tools, origi-
nally developed for proton beam therapy [17], 
have become available within commercial treat-
ment planning systems, thus enabling to include 
setup uncertainties in plan optimisation [18, 19]. 
If such methods are applied to breast VMAT, 
the obtained plans result to be more robust than 
tangent 3DCRT plans to setup errors [18]. Addi-
tional robust optimisation strategies have been 
developed including organ motion [20]. The 
plan is optimised in the nominal (planning CT) 
scenario and over a number of simulated CTs 
generated by DIR based on user-defined organ 
motion. Organ motion-based robust optimisa-
tion VMAT is able to produce clinically accept-
able organ-at- risk sparing plans for locoregional 
breast RT (including the IMN) that are robust to 
inter- fractional changes, therefore reducing the 
likelihood of replanning.

26.3.2  Interplay Effect

Despite the potential benefit provided by intensity 
modulated techniques, concerns have been raised 
regarding the breast motion resulting from patient 
breathing and which can affect the delivered dose 
distribution. In particular it could differ from the 
planned dose distribution due to the interplay 
between the breast motion and the MLC motion.

A common result of the studies investigat-
ing these aspects (both with simulations and 
in- phantom measurements) is that respiratory 
motion-induced dose variations are generally 
relatively insignificant [21].

It is worth noting that the potential impact of 
such effects is unique to the planning technique, 
the TPS used for segmentation, the extent of 
modulation, the characteristics of the delivery 
equipment and should be carefully investigated 
prior to the implementation of modulated tech-
niques for breast radiation therapy.

Although interplay effects are likely of minor 
importance in modulated photon RT, DIBH 
might help further reduce their impact though 
a small amount of residual motion during each 
breath hold.

26.3.3  Skin Flash

In order to improve robustness of treatment 
delivery, a common practice in RT of superficial 
targets is to extend fluence outside the body to 
take into account breathing, possible anatomical 
changes and uncertainties in patient positioning. 
This procedure, commonly known as “skin flash” 
does not intend to treat the skin (which is not part 
of the CTV, except in specific cases where also 
a bolus should be applied), but aims to ensure 
proper target coverage in case of movements/
swelling/deformations.

As mentioned previously, in tangential 3DCRT 
fields, the skin flash is manually performed when 
choosing the beam aperture.

In IMRT, the issue can be faced in several 
ways [3, 22, 23], such as using the skin flash 
tool when available (Eclipse™, Varian Medical 
Systems, Palo Alto, CA or Monaco, Elekta AB, 
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Stockholm, Sweden) or by properly opening the 
segments manually or through scripts after opti-
misation (Pinnacle3, Philips Medical Systems, 
Fitchburg, WI). Not all the TPSs offer auto-
matic solutions in case of VMAT, that not being 
based on a fixed field fluence delivery does not 
allow for an easy modification of control points 
aperture. While Monaco® TPS offers a skin 
flash option inside the VMAT plan optimiser, 
users of other TPSs had to work out alternative 
solutions. A pseudo skin flash strategy was pro-
posed by Nicolini et al. [9], consisting in add-
ing a 10 mm- thick soft tissue-equivalent virtual 
bolus out of the body contour (Fig. 26.3), then 
expanding the PTV of 10  mm of the body in 
the breast region and the PTV contours towards 
the external direction. Once the control points 
have been generated, a final dose calculation is 
performed after replacing the bolus density and 
the final dose distribution is eventually rescaled. 
The method was proved to be robust by several 
papers [9, 16, 24].

A method to select the optimal set of param-
eters to clinically implement the pseudo skin 
flash strategy was proposed by Lizondo et  al. 
[25]. However, plan degradation is inevitable 
upon removal of the virtual bolus (Fig. 26.4) for 
final dose calculation and the further the target is 
expanded outside of the body in the virtual plan, 
the larger the plan degradation [20].

As already underlined in the session on robust-
ness, with proper IGRT the movements/swell-
ings/deformations can be efficiently detected and 

(at least partly) corrected and compensated for, 
thus reducing the need for skin flash. Also, when 
using VMAT, the varying direction of the incom-
ing beams, inherently related to arc-based ther-
apy, decreases the likelihood that movements/
swellings/deformations significantly affect dose 
distributions and, thereby, reduces the utility of 
using a skin flash.

Figure 26.5 is an example of dose distribution 
degradation due to removal of the virtual bolus 
after optimisation.

Gas-filled temporary tissue expanders (not 
commonly used), containing both a substantial 
metallic component and a comparatively large 
volume of gas, are expected to produce increased 
dosimetric uncertainty in breast radiation ther-
apy. This is due to the artefacts produced in CT 
images and also to the dose calculation uncer-
tainties in the presence of high Z materials. If not 
properly handled (with appropriate density over-
rides) the dosimetric effects on dose distributions 
can be not negligible, and it is likely to be more 
important for intensity modulated techniques.

At the same time, inverse planning of modu-
lated rotational RT treatments can produce mod-
ulated fluence distributions that compensate for 
the density heterogeneities in the implant [26]. 
This could arise some concerns on the robustness 
of these dose distributions.

26.4  Auto-Planning for Breast

In RT we are currently attending to the spread 
of automatic planning, which has the potential of 
improving plan quality and standardisation while 
reducing workload. Commercial TPSs have long 
allowed for planning templates or scripted solu-
tion, which can facilitate the work of the planner 
and offer some automation. However, automatic 
planning aims to offer a fully automated work-
flow (i.e. virtually no human interaction required 
to produce a plan). Since breast RT represents 
a large segment of RT treatments, generally 
25–30% of a radiation oncology department, 
automation is likely to play an important role in 
this field and to have a large impact on workload 
and quality.

Fig. 26.4 Example of a virtual bolus for obtaining skin 
flash during VMAT planning
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a b

Fig. 26.5 Example of dose distribution degradation due 
to removal of the virtual bolus after optimisation: (a) dose 
distribution after first optimisation (virtual bolus in place); 

(b) dose distribution after virtual bolus removal and 
recalculation

In addition, automation in planning enables 
the bias-free comparison of different treat-
ment techniques, since it allows to get rid of the 
dependence of plan quality on manual planning, 
thus enabling to finally answer to the question: 
which is the best technique for each breast can-
cer patient/patient group? Nowadays published 
papers on technique comparison are based on 
planning retrospective studies conducted with 
manual planning of few patients.

A further application would be patient selec-
tion, since the possibility of quickly producing 
plans for different techniques (e.g. the appli-
cation of DIBH) and clinical scenarios would 
allow a posteriori (after planning) instead that an 
a priori selection of the best technique for each 
patient. The quick production of plans also has 
implications in adaptive radiation therapy, daily 
replanning, fast re-optimisation.

At last, the increase in standardisation plays a 
role in randomised clinical trials, since it reduces 
the level of variability in plan quality which may 
affect the clinical outcome.

Nowadays the available solutions for auto-
mated planning are [27]:

• Knowledge-based planning (atlas or model- 
based) as Eclipse™ Rapidplan™ (Varian)

• Template-based plan as Pinnacle3 Auto- 
Planning (Philips)

• Multi-criteria optimisation as Erasmus-iCycle 
(Rotterdam)  +  Monaco® (Elekta) (a priori) 
and RayStation Plan Explorer (RaySearch 
Laboratories) (a posteriori)

• Several in-house systems based on script often 
focused on a single patient group or treatment 
technique.

Many applications of automated planning in 
breast RT make use of in-house scripts, alone [28, 
29] or integrated in commercial systems [30, 31]. 
They are mainly on WBI [28, 30, 31] or WBI plus 
locoregional lymph nodes [29], make use of dif-
ferent irradiation technique, sometimes propos-
ing a fully automated workflow from contouring 
to planning. A common result of these studies is 
that autoplans have, on average, more uniformity 
and consistency in plan parameters when com-
pared with manual plans.

Pinnacle automated planning is applied to 
VMAT (A)PBI in [32], where automated plan-
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ning was shown to be at least equivalent and 
overall superior to manual planning and to con-
sistently reduce planning times. A commercial 
solution dedicated to breast is implemented in 
RayStation (RayAutoBreast). It is a fully auto-
mated treatment planning solution for tangential 
IMRT that performs segmentation of all relevant 
structures including the breast, placement of 
beams, setting IMRT optimisation parameters 
and objectives, dose calculation, and automated 
plan reporting, derived from the work of Prin-
cess Margaret Hospital [33, 34]. An application 
of automated plan for individualised selection of 
beam angles and treatment isocentre in tangential 
breast IMRT, based on graphic representations 
of mean doses to organs at risk in a large data-
base of automatically generated IMRT plans, is 
presented in [35]. Except for Princess Margaret 
Hospital experience [34], no large studies on the 
application of fully automated planning to breast 
RT have been published up to now.

26.5  Summary

New RT techniques allow to individualise the 
RT volumes in breast cancer, as opposed to the 
volumes that were in the 2D era. Understanding 
of the target volumes, RT treatment objectives, 
and meticulous RT planning considering the ana-
tomical differences among different patients are 
important steps for proper treatment. Breast can-
cer patients are treated with a curative intent, and 
the RT team should be familiar with each tech-
niques peculiarity and dosimetric issues to assure 
an effective and safe treatment.
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Treatment Delivery

Dirk Verellen and Isabelle Mollaert

27.1  Background

Many factors influence the success of radiation 
therapy. Proper patient and disease evaluation, 
indication for radiation therapy, appropriate 
dose and fractionation are essential parts of the 
process, but defining the radiation volumes and 
assuring the precision and accuracy of radia-
tion delivery are important factors for treatment 
success. Proper delivery of radiation will allow 
accurate target coverage and reduce the risk of 
toxicity. The current section will discuss radia-
tion therapy delivery. 

27.2  Treatment Verification 
Imaging

For treatment delivery, the patient can be aligned 
according to landmarks on the skin via a con-
ventional laser-alignment system, which should 
reflect the patient’s position during the CT-scan 
for simulation purposes. An alternative approach 
is positioning and monitoring of the patient set-
up with an optical surface scanning system (i.e. 
SGRT), matching the real-time surface with the 
CT-based reference.

Different treatment confirmations can be used 
to verify the patient set-up and to ensure the pre-
cision and accuracy of treatment delivery. For 
tangential breast RT, a lateral and an anterior–
posterior image (e.g. kV-kV or kV-MV imag-
ing) are aligned with the corresponding digitally 
reconstructed radiographs (DRR), according 
to the ribs, sternum, chest wall, and vertebrae 
(Fig.  27.1). Based on the online image match-
ing, couch corrections are performed if indi-
cated. After the couch shifts, the tangential MV 
field image (electronic portal imaging (EPI)) 
is acquired to visualise the breast (Fig.  27.1: 
a.3/b.3). If the tangent field image exceeds the 
set-up tolerance, re-positioning or, in case of 
consistent and likely systematic deviations, re- 
simulation of the patient is required. Orthogo-
nal imaging can be replaced by CBCT, which is 
especially useful in case of VMAT, to circumvent 
the final verification with a tangential MV field 
image.

27.3  Quality Assurance: In Vivo 
Dosimetry (IVD)

Traditionally, a diode or thermoluminescent 
dosimeter (TLD) was used for monitoring the 
dose delivered to a patient during treatment. 
The detector was placed on the patient’s skin in 
the centre of the field where the dose gradient 
is small. The reading of the detector was com-
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Set-up anterior-posterior Set-up LI

a1 b1

Set-up ML-field

b3a3

a2 b2

Fig. 27.1 Imaging verification with anterior–posterior kV image (a.1) and lateral kV image (a.2) with corresponding 
DRR (b.1/b.2) followed by an MV ML-field image (a.3) and ML-field DRR (b.3)

pared to the calculated dose delivered to a chosen 
checkpoint (AAPM report NO. 87 TG 62, 2005). 
However, this approach for IVD monitoring the 
breast had several drawbacks:

• Correct placement of the detector with respect 
to the beam axis is challenging on a breast.

• When using wedges, the placement with 
respect to the wedge angle is critical.

• In case of IMRT, this positioning became even 
more complicated.

• Point measurement at the patient’s surface 
becomes useless in case of rotational delivery 
techniques and 3D reconstruction techniques 
are called for.

• Manual placement of detectors introduces 
additional set-up time.

In vivo dosimetry using electronic portal 
imaging device (EPID) can overcome the above 
indicated drawbacks [1]. The transit EPID 
images can be compared to the predicted dose 
or to a baseline (reference image from first treat-
ment fraction) and evaluated with gamma analy-
sis [2]. Compared with point measurements, 
more errors and deviations can be detected and 
translated to corrective actions. As an example, 
the shift in breast positioning as observed by 
analysing the delivered with the expected dose 
is illustrated in Fig.  27.2. On the left image, a 
shift of the thoracic wall is visualised with the 
in  vivo software and on the right image the 
shift is confirmed by looking at the matching of 
the integrated images with the digitally recon-
structed radiograph (DRR). In summary, novel 
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Fig. 27.2 Deviation in breast position. On the left, in vivo 
software results. On the right, offline review images where 
the integrated images could be matched with the digitally 

reconstructed radiograph (DRR) (Adapted with permis-
sion from [1]) 

technologies allowed us to treat and cure patients 
obtaining reduced adverse effects. However, all 
modern radiation therapy techniques are highly 
complex, thus increasing the potential for inac-
curacy. This multi-step multidisciplinary frame-
work is susceptible to errors that may occur due 
to several causes. Indeed, treatment verification 
imaging and QA in radiation therapy, integral 
part of the field of radiation oncology, gained 
increased interest in recent years and represent 
an essential part of treatment delivery.

27.4 Summary

Proper delivery of radiation will allow accurate 
target coverage and reduce the risk of toxicity. 
Therefore, the multidisciplinary RT team need to 

obtain accurate knowledge of the actual delivered 
dose distribution and the potential differences 
from the planned dose. This will ensure both target 
volumes coverage and reduce toxicity to OARs. 
Documentation, reporting, and understanding of 
pitfalls in RT delivery will strengthen knowledge 
and potentially improve patient’s outcome.
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Follow-Up During Treatment

Orit Kaidar-Person, Philip Poortmans, 
and Icro Meattini

28.1  Follow-Up During Treatment

Most guidelines do not address whether on-
treatment-visits (OTV) should be scheduled in-
advance or on demand in case of side effects 
or patient’s preference. Ideally, OTV should be 
exclusively determined according to the poten-
tial side effects and their timing rather than 
stone- aged regulations, without adding potential 
workload to the team and redundant visits for the 

patients. Occurrence and severity of acute side 
effects during RT for breast cancer are mainly 
related to patient’s anatomy, target volumes, 
doses, concomitant treatments, techniques, and 
individual radiosensitivity. Most of those factors 
translate into parameters that determine or can 
be derived from RT planning: dose homogene-
ity, skin dose and use of bolus, electron versus 
photon beams, total doses, and fractionation (all 
discussed in different sections of this book). In 
the past, patients systematically developed symp-
toms during treatment, especially due to pro-
tracted treatment regimens, field-based (instead 
of volume-based) RT techniques, and inhomo-
geneous dose delivery (see dosimetric issues and 
the transition from 3DCRT to IMRT/VMAT sec-
tion).

Apart from skin reactions, mostly expressed 
in skin folds (inframammary and axillary) and 
in the upper-inner quadrants (more exposed to 
weather circumstances including the sun), symp-
toms related to 2DRT planning techniques also 
included oesophagitis in case of lymph nodal RT 
(IMN and peri-clavicular). Finally, the protracted 
period of daily RT delivery, especially combined 
with larger irradiated volumes, can also induce 
fatigue. Therefore, we used to have time-con-
suming weekly patients’ OTV including psycho-
social accompaniment.

Nowadays, with the combination of shorter 
treatment courses, conformal 3D-target volume- 
based RT, reduction of irradiated volumes and 
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doses, significantly less acute side effects are 
observed [1]. Moreover, currently patients are 
overall better informed and accompanied during 
their breast cancer treatment pathway, includ-
ing for the RT component. Conversely, systemic 
therapies used preceding or concomitant with RT 
may increase acute toxicity (see “toxicity sec-
tion” and “concomitant radiation and systemic 
therapy in the adjuvant and metastatic setting” 
sections). Therefore, while much less routine 
OTV is required compared to the past, its need 
should be ideally adopted case-by-case or using a 
pre- defined local protocol.

Indeed, high-level information and counselling 
on potential combination effects using ionising 
radiation and systemic therapies, one of the cru-
cial background objectives of the radiation/clinical 
oncologist core curriculum [2], should be offered 
to the patient. The team should identify patients 
who might not be optimally informed (due to lim-
ited comprehension including disabilities, beliefs, 
age, linguistics). While every effort should be 
made to optimise full comprehension and informed 
consent, this is sometimes not fully achievable, 
which leads to higher levels of demands for close 
guidance through their treatment. Conversely, 
well- informed patients, who reviewed all possible 
available information on different media (e.g. fly-
ers, video, social media, worldwide web) might 
be exposed to excessive out-of-the-context and 
even unreliable data and misinformation which 
eventually might cause stress and anxiety, likewise 
increasing the need for OTV.  For patients with 
locally advanced breast cancer (e.g. inoperable 
patients, skin involvement), who have clinical evi-
dent disease, prescheduled OTV are encouraged, 
to record response to therapy. Factors that might 
indicate that patients will need scheduled OTV 
visits are listed in Table 28.1.

Some RT departments offer patients pre-RT 
sessions with a dedicated team (RTT, nurse) for 
guidance of care during RT to reduce the possi-
bility of acute side effects, reduce pre- treatment 
anxiety, and improve treatment compliance. This 
can be organised as shared sessions for groups of 
patients or on individual basis, both potentially 
reducing OTV-related workload.

It should be noted that with the increasing use 
of hypofractionation, and thereby shorter overall 
treatment courses, acute side effects may some-
times appear only (weeks) after completion of 
RT (mostly 3 weeks after initiation of treatment, 
or 2  weeks in case of preceding or concomitant 
systemic therapy). With the adoption of ultrafrac-
tionation for breast cancer (e.g. FAST FORWARD 
[3] or APBI-IMRT-Florence trial [4, 5] sched-
ules with treatment delivery in 5 fractions over 
1 week), or fractionations similar to the FAST pro-
tocol [6] (five fractions, once a week, over 5 treat-
ment weeks) a remote contact with the patients 
2–3 weeks after completion of RT could be advis-
able, when feasible: questionnaires (web-based 
or one of the electronic patient- reported outcome 
measures [PROM] tools); telephone; telemedicine, 
or even actual visits are all possible options. Due to 
the COVID-19 pandemic, the FAST FORWARD 
protocol was widely adopted [7, 8], even prior to 
full publication of the 5-year follow-up of the trial, 
and telemedicine has become an acceptable tool to 
evaluate toxicity while maintaining social distanc-
ing. Telemedicine allows for a triage to identify 
cases that may need actual visits for further care 

Table 28.1 Factors that might indicate that patients will 
need scheduled OTV

Factors to consider for scheduled OTV
• Extreme age (very young/older adults)
• Frail patients
•  Comorbidities that might limit patient’s compliance 

to RT or increase the risk of side effects
• Body habitus that is prone for toxicity:
   – Large breast size
   – Multiple skin folds, skin tags (“dogears”)
   –  Challenging anatomy and proximity to OAR (e.g. 

oesophagus)
• Advance local disease, such as skin involvement
• RT-related:
   – New RT fractionation/protocol/equipment
   –  Patients who are treated once a week (e.g. FAST 

protocol)
•   Prone to difficulty in compliance with treatment 

position:
   – Difficulties in upwards arm positioning
   – Discomfort and pain
   – Anxiety and stress
• Concomitant systemic therapy

O. Kaidar-Person et al.
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of toxicity [8]. The transition from the consept that 
“every patient must be seen every week” to “visits 
during RT are available on demand, when ques-
tions or side effects arise” takes time, as it requires 
a mindset change in the spirit of the patients and, 
often more difficult to obtain, of the health-care 
providers.

28.2  OTV Documentation

We advise that a different electronic-page format 
will be used for OTV, capturing information of 
the date of initial RT treatment, the number of 
fractions the patient received up to the date of 
evaluation out of the number of fractions given, 
and the total dose planned. This OTV page 
should record PROMs, which are designed to 
capture the common toxicities from radiation in a 
validated scale, including fatigue, pain, discom-
fort of the arm, and objective evaluation of the 
physician or nurse with validated toxicity grading 
(e.g. CTCAE). An example for OTV documenta-
tion is provided in Tables 28.2 and 28.3, which 
were modulated from the EORTC QoL BR23 
and CTCAE. As these forms are helpful for OTV 
and after treatment follow-up, they can serve for 
reference in case a patient is coming for follow-
up after RT is completed for evaluation of symp-
toms. Additionally, in the future, if department’s 
RT protocols are modified this information can 
be used to compare side effects from treatment.

28.3  Summary

On-treatment-visits should be scheduled taking 
into consideration various factors including the 
needs of the patient, chances for side effects, and 
timing of side effects. However, OTV should be 

adjusted to the department workload and patients’ 
need, as obligatory weekly OTV in many cases 
can overload both patients and treating teams. 
OTV should serve the patient to reduce potential 
side effects and possibly anxiety from therapy 
and to increase compliance.

Table 28.2 Example for electronic OTV-form

Patient’s reported outcomes
During the past week:
Please circle:
1.1.  Did you have 

any pain in your 
arm or 
shoulder?

Not 
at all

A 
little 
bit

Quite 
a bit

Very 
much

1 2 3 4
1.2.  Did you have a 

swollen arm or 
hand?

Not 
at all

A 
little 
bit

Quite 
a bit

Very 
much

1 2 3 4
1.3.  Was it difficult 

to raise your 
arm or to move 
it sideways?

Not 
at all

A 
little 
bit

Quite 
a bit

Very 
much

1 2 3 4
1.4.  Have you had 

any breast pain?
Not 
at all

A 
little 
bit

Quite 
a bit

Very 
much

1 2 3 4
1.5.  Have you had 

any breast 
swelling?

Not 
at all

A 
little 
bit

Quite 
a bit

Very 
much

1 2 3 4
1.6.  Have you had 

any increased 
breast 
sensitivity?

Not 
at all

A 
little 
bit

Quite 
a bit

Very 
much

1 2 3 4
7.  Have you had 

skin problems on 
the breast?

Not 
at all

A 
little 
bit

Quite 
a bit

Very 
much

(e.g. itchy, dry, 
flaky)?

1 2 3 4

Modulated from EORTC-Breast (QLQ-BR23) for the 
purpose of this section. Note that this format is not 
validated as a QoL measure, and an updated version, 
QLQ-BR45 is available

28 Follow-Up During Treatment
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Table 28.3 Example for physician of OTV

Pain of skin 0 

None 

1 

Mild 

2 

Moderate 
pain; 
limiting 
instrumental 
ADL 

3 

Severe pain; limiting 
self-care 
ADL 

–

Fatigue 0 

None 

1  

Fatigue 
relieved by 
rest 

2 

Fatigue not 
relieved by 
rest; 
limiting 
instrumental 
ADL 

3 

Fatigue not relieved 
by rest, 
limiting self-care  
ADL 

–

–

–

Radiation
dermatitis 

0 
None 

1 
Faint 
erythema or 
dry 
desquamation

2 
Moderate to 
brisk 
erythema, 
mostly 
confined to 
skin folds 
and creases; 
moderate 
oedema 

3 
Confluent moist 
desquamation, other 
than skin folds and 
creases; bleeding 
induced by 
minor trauma or 
abrasion 

4 
Life-threatening 
consequences,
skin necrosis, or 
ulceration of 
full 
thickness 
dermis; 
spontaneous 
bleeding from 
involved site; 
skin 
graft indicated 

5 
Death 

Breast
oedema 

0 
None 

1 
Asymptomatic
breast 
enlargement 

2 
Symptomatic
(e.g. pain 
or 
psychosocial
impact) 

3 
Severe symptoms; 
intervention 
indicated; need to 
enlarge RT fields 

– –

Pain treatment : None/Tylenol/NSAID/Opioids/other_____________ 

* Special comments about target volumes, dose, and fractionation: example—nodal boost, bolus

# Fraction:

Plan total dose (Gy)/fractions: 

Comments* : 

Cumulative dose to date (Gy):

Treatment used for dermatitis:  calendula/hydrocortisone/Silver sulfadiazine/mepilex 

dressing/other_________ 

**Based on CTCAE v 4.0 

O. Kaidar-Person et al.



207

References

 1. Marta GN, Coles C, Kaidar-Person O, et al. The use of 
moderately hypofractionated post-operative radiation 
therapy for breast cancer in clinical practice: a critical 
review. Crit Rev Oncol Hematol. 2020;156:103090.

 2. Benstead K, Lara PC, Eller Y, et al. Clinical oncology 
module for the ESTRO core curriculum. Radiother 
Oncol. 2020;156:19–22.

 3. Murray Brunt A, Haviland JS, Wheatley DA, et  al. 
Hypofractionated breast radiotherapy for 1 week 
versus 3 weeks (FAST-Forward): 5-year efficacy and 
late normal tissue effects results from a multicentre, 
non-inferiority, randomised, phase 3 trial. Lancet. 
2020;395:1613–26.

 4. Meattini I, Saieva C, Marrazzo L, et  al. Accelerated 
partial breast irradiation using intensity-modulated 
radiotherapy technique compared to whole breast 
irradiation for patients aged 70 years or older: sub-

group analysis from a randomized phase 3 trial. Breast 
Cancer Res Treat. 2015;153:539–47.

 5. Meattini I, Marrazzo L, Saieva C, et  al. Accelerated 
partial-breast irradiation compared with whole-breast 
irradiation for early breast cancer: long-term results of 
the randomized phase III APBI-IMRT-florence trial. J 
Clin Oncol. 2020;38:4175.

 6. Group FT, Agrawal RK, Alhasso A, et  al. First 
results of the randomised UK FAST Trial of radio-
therapy hypofractionation for treatment of early 
breast cancer (CRUKE/04/015). Radiother Oncol. 
2011;100:93–100.

 7. Coles CE, Aristei C, Bliss J, et al. International guide-
lines on radiation therapy for breast cancer during the 
COVID-19 pandemic. Clin Oncol. 2020;32:279–81.

 8. Machiels M, Weytjens R, Bauwens W, et al. Accelerated 
adaptation of ultrahypofractionated radiation therapy 
for breast cancer at the time of the COVID-19 pan-
demic. Clin Oncol (R Coll Radiol). 2020;33:e166.

28 Follow-Up During Treatment



209

Management of Acute Toxicity

Kim Cao and Ilanit Dromi Shahadi

29.1  Background

A consistent rate of patients affected by breast 
cancer treated with RT might develop acute skin 
toxicity. Though in most cases of mild intensity, 
breast RT side effects can significantly impact 
patients’ health-related quality of life for a short 
period.

29.2  Key Information for Clinical 
Practice

29.2.1  Skin Toxicity

Acute radiation dermatitis is the most frequently 
observed side effect related to breast RT and 
affects up to 90% of patients (at different grades 
of toxicity), occurring within 2–4 weeks after the 
start of RT and until 1–2 week(s) after the end of 
treatment. The timing of skin toxicity is highly 
dependent on other factors such as systemic ther-
apy. Radiation activates inflammatory pathways, 
affecting radiosensitive precursors of epidermal 

keratinocytes located in the stratum basale. Epi-
dermis renewal by these stem cells is constant 
(3–4 weeks per cycle), resulting in delayed radia-
tion induced effects, but is accelerated after pre-
ceding chemotherapy, thus these patients tend to 
develop skin toxicity earlier than those who were 
not treated with chemotherapy. Patients report 
symptoms such as discomfort, dryness or sweat-
ing, pruritus, and pain. On physical examination, 
there is mild erythema, and in a minority of cases 
moist desquamation. The most common identi-
fied risk factors for RT-related skin toxicity are: 
patient related factors such as breast size (related 
to RT planning, inframammary, and subcutis 
fold) [1, 2], smoking [3]; treatment-related fac-
tors: beam energy (inhomogeneous RT plan) [4], 
treatment technique [1, 5], the use of bolus as a 
tissue equivalent, and concomitant or previous 
systemic therapies.

An accurate assessment of radiation dermatitis 
according to RTOG or CTCAE scale (Table 29.1) 
is crucial and helps to determine symptomatic 
treatment. The use of quality of life PROMS 
(Patient-Reported Outcomes Measures) can also 
be useful to improve clinical practice. Homoge-
neous collection of these data from the begin-
ning of treatment is important in order to have 
a baseline for patients and unbiased comparison 
over follow-up. Figures 29.1, 29.2, 29.3 and 29.4 
show different presentations of acute skin reac-
tion, occurring within 2 weeks from completion 
of RT course.
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Table 29.1 Toxicity scale

Grade 0 1 2 3 4
CTCAE 
V.5 [82]

Faint erythema 
or dry 
desquamation

Moderate to brisk 
erythema; patchy moist 
desquamation, mostly 
confined to skin folds 
and creases; moderate 
oedema

Moist desquamation in 
areas other than skin 
folds and creases; 
bleeding induced by 
minor trauma or abrasion

Skin necrosis or ulceration 
of full thickness dermis; 
spontaneous bleeding 
from involved site; skin 
graft indicated

Fig. 29.1 Moist desquamation in the mammary fold of a 
patient with large ptotic breasts (grade 2)

Fig. 29.2 Moderate erythema and early pigmentation 
of chest wall at the end of radiation course with bolus 
(grade 2)

Fig. 29.3 Mild erythema of the breast skin (grade 1)

Fig. 29.4 Mild erythema of the breast skin with hyper-
pigmentation (grade 1)

K. Cao and I. D. Shahadi
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29.2.1.1  Hygiene Counselling
Gentle skin washing with water, with or without 
mild soap is recommended during breast RT, sup-
ported by two randomised trials [6, 7]. The effect 
of deodorants on acute skin toxicity was assessed 
in two small randomised studies, and there is no 
evidence to avoid their use during the treatment 
period, including with axillary RT [8, 9]. Other 
practical tips and strict hygiene instructions, 
mainly based on expert clinical experience but 
not substantiated by evidence, are summarised in 
Table 29.2. Attention for patients who have ptotic 
breasts, as this area may be associated with fun-
gal infection due to moist and poor hygiene, and 
this area is prone for RT-related acute side effects 
(Fig. 29.1).

29.2.1.2  Topical Corticosteroids
Corticosteroids have anti-inflammatory proper-
ties and a large number of trials have assessed 
their efficacy in the prevention and treatment 
of radiation dermatitis. The most studied is 
mometasone furoate [10–13]. In a recent study, 
this agent was compared with an emollient 
cream. A total of 124 patients underwent post-
mastectomy RT with the use of daily bolus of 
3–10  mm in all patients, of whom 66% were 

treated with 3DCRT (50  Gy in 25 fractions or 
50.4  Gy in 28 fractions). There was a reduced 
incidence of moist desquamation in the group 
with mometasone compared with control group 
(43.8% vs. 66.7%, p  =  0.012) [13]. However, 
these trials should be criticised for the total RT 
dose and fractionation and the use of bolus, all 
were proved by others to increase skin toxicity 
compared to moderate hypofractionation proto-
cols and bolus omission. Mometasone efficacy 
was observed in a randomised trial including 
patients treated with hypofractionated breast 
RT (40  Gy in 15 fractions) (n  =  120). In the 
mometasone group, mean RTOG scores were 
lower than in the control group treated with an 
emollient (p = 0.046), and there was a significant 
improvement in patients’ quality of life accord-
ing to the DLQI (Dermatology Quality of Life 
Index) [12]. In two smaller randomised stud-
ies, hydrocortisone cream and beclometasone 
spray, respectively, were shown to reduce the 
rate of grade 1–2 radiation dermatitis in breast 
cancer patients treated with conventional RT 
(1.8–2  Gy per fraction) [14, 15]. According to 
the MASCC (Multinational Association of Sup-
portive Care in Cancer), topical steroids are 
the only recommended prophylactic treatment 

Table 29.2 Treatment of breast cancer radiation dermatitis

Grade 
(CTCAE v5) 0 1 2 3 4
Timinga – Day 0–14 Day 10–28
Treatmentsa Patient education. Skincare 

measures:
•  Gentle daily washing with 

water with mild soap
•  Avoid skin irritation (e.g. 

avoid use of fragrance, 
avoid shaving the treated 
area or any other kind of 
hair removal; avoid 
scratching the treated area 
even in case of itchy skin; 
avoid exposure of the 
treated area to extreme 
temperatures)

•  Wear loose-fitting and 
sun-protective clothes (a 
cotton undershirt under a 
non-wire bra)

Consider 
hydrating 
lotions/
creams

–  Advise 
hydrating 
lotions/
creams; 
consider 
bandages 
such as 
Mepilex®

Use hydrating 
lotions/creams; 
consider 
corticosteroid- 
containing cream or 
anti-infectants 
(silver sulfadiazine)
–  In case of 

documented 
infection: 
topical ± sys-
temic antibiotics

Individualised 
care by a 
trained team is 
required:
surgical 
treatment, skin 
graft.

aRevised from “Radiation therapy treatment effects”, Bridget F. Koontz, 2017
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for acute radiodermatitis [16]. However, the 
MASCC based these recommendations on stud-
ies that were conducted with small sample sizes. 
Although the results were in favour of the use 
of prophylactic topical steroids in reducing the 
acute effect of radiation dermatitis, we do not 
recommend for their routine use. By meticulous 
radiation planning, better dose homogeneity and 
the use of shorter radiation schemes (i.e. hypo-
fractionation), and using a bolus only in patients 
who are at high risk for skin recurrence, the rates 
of acute dermatitis can be reduced. The MASCC 
report [16] did not address these factors within 
these trials, nor did the studies evaluated radia-
tion quality assurance. Therefore, we do not rec-
ommend the use of prophylactic topical steroids 
(e.g. mometasone). Topical steroids can be con-
sidered in symptomatic patients, to reduce dis-
comfort associated with itching. The treatment 
duration with topical steroids should be limited.

29.2.1.3  Topical Non-Steroidal 
Agents

Many randomised trials of small size have 
assessed the efficacy of topical skin care cream 
in order to alleviate radiation dermatitis effects, 
but except silver sulfadiazine, no one has shown 
clear clinical benefit. In a randomised study 
including breast cancer patients undergoing RT 
(N = 102), there was significantly less acute skin 
toxicity according to RTOG in the group treated 
with topical silver sulfadiazine versus the control 
group (skincare alone) (p  <  0.001). Trolamine® 
have not shown efficacy in the preventive or 
curative setting [17, 18]. The RTOG 97–13 study 
compared Trolamine to best supportive care in 
women undergoing breast RT (N = 172). There 
was no difference for overall dermatitis between 
the two groups [17]. There is no demonstrated 
efficacy of acid hyaluronic cream [19, 20], calen-
dula [21, 22], aloe vera gel [23], doxepin [24], 
and sucralfate cream [25].

29.2.1.4  Skin Dressings
Safetac-based films (Mepilex®, Mepitel®) are 
absorbent soft-silicone based dressings that pro-
vide a moist environment that promotes wound 
healing. In case of existing erythema, Mepilex 

film reduces the severity of skin reaction com-
pared with aqueous cream in two controlled 
studies, but did not reduce the incidence of 
moist desquamation [26, 27]. In another mono-
centric randomised study, Mepitel® film was 
compared to aqueous cream in the prevention 
of radiation dermatitis for patients treated with 
non-hypofractionation breast RT (N = 78). Moist 
desquamation rate was lower in the Mepitel® 
group than in the control group (0% vs. 26%, 
p < 0.001). Of interest, there was no significant 
bolus effect [28]. There is no evidence of efficacy 
for the use of hydrophilic [29] or silver leaf nylon 
dressings in the preventive setting [30].

Treatments of breast cancer radiation dermati-
tis are summarised in Table 29.2.

29.2.2  Noncutaneous Acute Toxicity

29.2.2.1  Breast Swelling 
and Sensitivity

Patients can experience swelling of the breast 
or the chest wall, causing discomfort and pain, 
which persistent inflammation following surgery 
aggravated by RT.  Risk factors include large 
breasts, a large seroma, extensive surgery with 
complete ALND [31, 32]. In a recent prospective 
study including women treated with breast con-
serving surgery followed by adjuvant breast RT 
(N = 836), 12% of patients reported breast oedema 
prior to the start of RT, 7.1% at 3  months, and 
12.4% at 6 months [33]. These patients reported 
significantly higher levels of breast pain and a 
poorer QoL. Breast swelling is usually transient, 
typically resolving spontaneously within a few 
months after the end of treatment; if persisting, 
manual lymphatic drainage can be proposed.

29.2.2.2  Oesophagitis
Radiation oesophagitis is inflammation, oedema, 
erythema, and erosion of the mucosal surface 
of the oesophagus caused by radiation therapy 
to nearby or related structures. In case of breast 
cancer, it is mostly due to RT to regional nodes 
(medial supraclavicular area). Symptoms include 
throat pain and dysphagia, and the sensation that 
food is stuck [34, 35]. Most cases develop within 
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2–3  weeks post-initial treatment and 6  months 
for late development. Symptoms may be cumu-
lative but are typically self-limiting, regressing 
2–4 weeks after the completion of radiation treat-
ment [34–39].

Studies of dosimetric factors which may influ-
ence the incidence and severity of oesophagi-
tis in breast cancer patients receiving RT to the 
supraclavicular nodes concluded that >15% of 
RNI patients developed symptomatic oesophagi-
tis. IMRT use was associated with higher rates 
of oesophagitis [40]. By limiting the mean dose 
to the irradiated oesophagus to <31  Gy during 
the planning process and ensuring that <1 cm of 
pharynx is included in the radiation field, oesoph-
ageal toxicity may be minimised [38, 41].

The most important measure to prevent this 
side effect is correct target volume delineation 
and RT planning. Early breast cancer need-
ing elective nodal irraidation, who are planned 
according to ESTRO guidelines (2015, 2016), 
and if RT planning is done appropriately, patients 
are not expected to suffer from oesophagitis (see 
Chap. 19). In more advanced breast cases, with 
gross nodal disease (not elective nodal RT) in 
which the planned volumes are often more exten-
sive, care should be given to reduce the dose to 
such OARs, without compromising coverage to 
high-risk volumes.

Treatment is supportive care with adequate 
hydration and nutrition intake. Dietary modi-
fications are rarely necessary in breast cancer 
patients undergoing RT.

29.2.2.3  Arms Symptoms
The main treatment-related risk factors for breast 
cancer-related lymphoedema are axillary lymph 
node dissection (ALND) and regional lymph 
node radiation (RNI) [42–44]. RNI increases 
lymphoedema risk compared to breast/chest wall 
RT alone [44, 45]. Depending on RT planning, 
RNI may be associated with higher risk for late 
arm/shoulder morbidity [46].

Significant correlations (p < 0.05) were found 
between dose–volume histograms (DVHs), and 
arm stiffness, arm pain, use of arm and shoul-
der abduction difference, when arm/shoulder RT 
dose levels were approximately 15 Gy [47].

The START trials showed arm/shoulder pain 
in up to a third of the patients over 5 years after 
treatment, and around 20% of the patients com-
plained about shoulder stiffness [48]. Several 
studies reported paraesthesia as a symptom after 
RT to the supraclavicular lymph nodes in breast 
cancer patients [49]. Two important mesures 
to reduce arm toxicity are: 1) not including the 
operated axilla in the irradiated volumes (see 
the EORTC 22922/10925 trial), unless there is 
residual disease, 2) Proper volume deliniation: 
The ESTRO guidelines (2015, 2016) for elec-
tive nodal delineation recommend adding a PRV 
to the humorous head, to reduce the unneces-
sary dose to the humeral head/arm and reduce 
the chances of arm/shoulder morbidity. Correct 
deliniation of the nodal volumes according to the 
ESTRO guidelines will also avoid the draining 
lymphatics from the arm and back, thus poten-
tially reduce arm symptoms (lymphoedema and 
reduced mobility) (see Chap. 19).

In patients who suffer from arm/shoulder 
symptoms after treatment, physiotherapy is 
advised.

29.2.2.4  Fatigue
Radiation induced fatigue is described as a per-
vasive, subjective sense of tiredness persisting 
over time, interferes with activities of daily liv-
ing, and is not relieved by adequate rest or sleep 
[50–53]. However, fatigue is mostly encountered 
in case of large RT volumes (e.g. Mantle fields), 
protracted RT schemes (e.g. 50 Gy in 25 fractions 
followed by a boost). For shorter RT schedules 
for early breast stage fatigue should be minimal. 
Fatigue at time of RT can be a result of systemic 
therapy, overall treatments, diagnosis of cancer 
and psychological/social distress. In general, RT 
may induce “early fatigue” (occurring during 
treatment or shortly after) and was described in 
up to 80% of patients [54–59]. Fatigue severity 
increases from the beginning to the middle of RT 
and remains elevated from the middle to the end 
of RT with a reduction in fatigue over weekends 
[54, 57]. Radiation induced fatigue decreases to 
pre-treatment levels within 4–8 weeks following 
the completion of the treatment [60]. However, 
the use of hypofractionated RT for breast cancer 
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versus conventional fractionated RT was associ-
ated with less fatigue [61]. Acute RT side effects 
such as radiation dermatitis and prolonged RT 
(with sequential boost for example) were associ-
ated with fatigue at time of RT [62]. Radiation 
induced fatigue is frequently underestimated by 
medical and nursing staff, only about 50% of 
patients discuss it with a physician and in one-
fourth of cases any intervention is proposed to 
the patient [63].

Different measures can be taken to reduce 
treatment-related fatigue. Aerobic exercise is the 
only intervention shown to consistently reduce 
radiation induced fatigue [50, 64–67]. The 
NCCN guidelines recommend a combination of 
endurance and resistance exercises to manage 
radiation induced fatigue [50, 68]. Most of these 
exercises are at least twice weekly and involve 
range of motion/flexibility, muscle strength, 
aerobic training, and mind/body fitness [50, 64]. 
Other interventions investigated include psycho-
social interventions [69], cognitive-behavioural 
therapy [70], relaxation [54, 57–75], comple-
mentary and alternative therapies [76–78], Chi-
nese medicine [79], energy conservation [80], 
and group psychotherapy [54, 81]. Patients 
should be reassured that fatigue could be a com-
plication of the RT, not necessarily a symptom of 
cancer progression [54].

The NCCN Practice Guidelines in Oncology 
currently recommend five non-pharmacologi-
cal interventions to manage fatigue related to 
cancer and/or cancer therapy (not specifically 
for RT-related fatigue), which include activity 
enhancement, psychosocial improvement, atten-
tion-restoring therapy, nutrition, and sleep. The 
NCCN guidelines recommend that after ruling 
out other causes of fatigue, the use of psycho-
stimulants should be considered [50, 68]. How-
ever, this approach should be carefully applied, 
only after psychological evaluation, as most 
patients who are treated for early breast can-
cer have a curable disease. Disease progression 
should be rolled out if the fatigue is not improv-
ing and does not correlate with treatment burden 
(i.e. systemic therapy).

A few pharmacological agents have been 
found effective in the management of radiation-

related fatigue. Correction of anaemia before 
or during the RT (mostly in metastatic/advance 
stage patients) [54, 71–73], treatment of other 
concomitant disturbances (dehydration, malnu-
trition, infections), and side effects of therapy 
may also help. Adjuvant therapies with antide-
pressants, tranquillisers, and analgesic agents 
have also been proposed in the literature [54, 
55, 74]. Importantly, most of the breast cancer 
patients have a curable disease and current RT 
protocols for adjuvant RT are not associated 
with significant fatigue. We advocate to promote 
health-behaviour such activity enhancement, 
nutrition and sufficient sleep. Psychosocial dis-
tress should be identified and appropriate support 
should be offered.

29.3  Summary

Radiation dermatitis is the most frequent acute 
toxicity of breast RT.  Hygiene instructions are 
recommended during the treatment. Swelling and 
sensitivity of the breast are usually transient side 
effects requiring no specific treatment and might 
be alleviated by cold compress. Patients with arm 
symptoms including arm stiffness due to RT and/
or surgery should be reffered to physical therapy.

Fatigue is common during radiation therapy 
and shortly after it. Patients should be informed 
that RT-related fatigue is a transient side-affect 
and is not related to disease progression. Physi-
cal activity is encouraged during RT, and it is 
advised to rearrange activity-rest schedule in 
order to improve patient’s ability to cope with the 
RT period.
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Follow-up Guidelines, Evidence, 
and Recommendations

Merel Kimman, Marjan van Hezewijk, 
and Liesbeth J. Boersma

30.1  Background

30.1.1  Guidelines and Aims 
of Follow-up

After curative treatment for breast cancer, sur-
vivors will generally attend regular follow-up 
examinations. In most countries, guidelines pre-
scribe follow-up visits every 3–4 months in the first 
2–3 years, every 6–12 months up to 5, and annually 
thereafter [1, 2]. Routine blood tests, measurement 
of tumour markers, and/or surveillance imaging 
studies beyond mammography are not recom-
mended in otherwise asymptomatic patients with 
no specific findings on clinical examination [1, 2]. 
The timing of the first mammography is no earlier 
than 6 months after surgery and definitive radiation 

therapy, and subsequent mammograms should be 
performed annually. The exact frequency, duration, 
and intensity (i.e. use of MRIs, bone scans, chest 
radiographs, liver ultrasounds, pelvic exams, com-
puted tomography scans, etc.) differ per country and 
hospital and may depend on factors such as the age 
of the patient, tumour characteristics, or treatment 
modality. The guidelines do not specify who should 
perform the follow-up. Generally, alternations 
between medical specialties ensure that all types of 
therapy-related complications are adequately moni-
tored. However, continuity of care by having a spe-
cialised health care professional acting as a patient 
navigator throughout follow-up is strongly recom-
mended as well [2].

The aims of follow-up are to detect early local 
recurrences or contralateral breast cancer and to 
evaluate and treat therapy-related complications 
(such as menopausal symptoms, osteoporosis, 
and second cancers). For patients who received 
radiation therapy, monitoring and treatment of 
late toxicity is important, with a focus on cosmetic 
outcome, fibrosis, shoulder function, lymphoe-
dema, pain, and cardiac and pulmonary toxicity. 
Importantly, follow-up also aims to provide psy-
chological support and information and refer to 
specialised rehabilitation facilities and services, if 
needed. Depression and intense fatigue frequently 
occur in the months following the end of adjuvant 
chemotherapy and/or radiation therapy. In addi-
tion, there may be long-term survivorship issues 
involving work, family, and sexuality. Assessing 
and addressing these various quality of life issues 
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is an important aspect of follow-up care. Specific 
survivorship programmes can enable patients to 
return to a normal life after breast cancer [3, 4]. 
Finally, follow-up care should encourage a healthy 
lifestyle, including regular exercise, a healthy diet, 
and cessation of smoking [5].

30.2  Key Information for Clinical 
Practice

30.2.1  The Evidence-Base 
for Follow-up Aimed to Detect 
Recurrences

Ten-year overall survival of breast cancer patients 
exceeds 70% in most European regions, with 89% 
survival for local and 62% for regional disease [6, 
7]. Patients who develop a loco-regional recur-
rence have a higher risk of developing distant 
metastases and have worse survival compared to 
patients without recurrence [8]. There is no evi-
dence, however, that routine or intensive follow-
up aimed at early identification of recurrences 
improves prognosis [8, 9]. Most recurrences are 
detected on routine mammography or by women 
themselves in between scheduled follow- up vis-
its. Therefore, alternative strategies for follow-up 
have been proposed, varying in frequency of vis-
its, follow-up providers, and settings (e.g. tele-
phone, e-consult) [9]. Since high-level evidence 
for any particular follow-up strategy is lacking 
there is opportunity for health professionals and 
patients to make a shared decision regarding the 
most suitable care for the individual patient [10]. 
A patient decision aid can help patients under-
stand their own preferences and make informed 
choices. Use of such a decision aid appears prom-
ising in terms of positive effects on shared deci-
sion-making, choice evaluation, and costs [11]. 
Furthermore, a personal recurrence risk, based 
on patient, tumour, and treatment characteristics, 
could identify patients with low recurrence risk 
who might benefit from less frequent follow-up 
[12]. More frequent follow-up may be required 
for specific subgroups of patients, for example, 
those with familial breast cancer associated with 
BRCA mutations, patients with an advanced 

stage at initial diagnosis who are at higher risk of 
distant metastases, or those with a risk factor for 
the development of brain metastases (e.g. young 
age, pulmonary metastases, negative hormone 
receptor status, and HER2 amplification) [2, 6, 
8, 13, 14].

30.2.2  The Evidence-Base for After 
Care to Deal with (Late) 
Treatment Effects and Distress

Optimising Quality of Life (QoL) by detection 
of side effects and distress, providing psycho-
social support and information, and coaching 
to deal with fear of recurrence are crucial aims 
of follow- up. Yet, such QoL outcomes may be 
underestimated by clinicians and underreported 
by patients leading to suboptimal care [15, 16]. 
PROMs are increasingly being used in routine 
clinical care to more accurately characterise these 
outcomes. In The Netherlands, for example, the 
Distress Thermometer is used to detect distress 
in cancer patients and facilitate support for those 
patients who most need and want it [17, 18]. Fur-
thermore, studies have shown that the systematic 
collection of QoL related PROMs can have a 
positive impact on symptom management, QoL, 
and patient–provider communication [19–22]. 
Effects are then most pronounced when results 
of the PROMs are fed back to the health care 
provider or patient and used to support care [20]. 
Specifically for radiation therapy, PROM data 
can be used to monitor toxicity >10 years after 
therapy and identify patients who need attention 
because of severe complaints. Moreover, patients 
are more willing to return a PROM than attend 
the clinic at this time. Hence, PROMs have the 
potential to reduce the number of visits to the 
radiation oncology clinic [23].

Finally, increasing evidence is emerging that 
points towards lifestyle factors having an effect 
on the prognosis of patients with breast can-
cer through impacting on the risk of recurrence 
or other health outcomes. For example, regular 
exercise provides functional and psychologi-
cal benefits [4] and possibly reduces the risk of 
recurrence. A recent systematic review and meta- 
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analysis of the impact of lifestyle on the risk of 
a second new primary cancer in the contralateral 
breast identified BMI is a modifiable risk factor 
for contralateral breast [24]. Nevertheless, most 
of the evidence is not sufficient to warrant a 
strong evidence-based recommendation.

30.3  Recommendations

After curative treatment for breast cancer, 
patients are generally followed clinically for 
at least 5 years after their treatment. An annual 
mammography and clinical examination remain 
the mainstay of follow-up, but high-level evi-
dence for this is lacking. There is no evidence 
to perform more intensive follow-up, including 
scans. Yet, if evidence emerges that treatment of 
oligometastases prolonged survival, this may be 
reconsidered. On the basis of current evidence, 
we recommend:

 – No more frequent or intensive follow-up than 
currently recommended in ESMO and ASCO 
guidelines (i.e. an annual mammography).

 – The use of nomograms and PROMs to support 
personalised follow-up, identifying patients 
for whom less frequent follow-up would be 
safe and preferred, and those who need addi-
tional psychosocial support and coaching.

 – To increase attention to the potential health 
benefits of a healthy lifestyle.

 – Continuity of care by having a specialised 
health care professional, preferably a breast 
care nurse, as a patient navigator throughout 
follow-up.

 – Implementation of PROMs to systematically 
monitor the quality of care.
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Evaluation of Late Toxicity

Carlotta Becherini and Lorenzo Livi

31.1  Background

Clinicians constantly weigh anticipated benefits 
of RT against risks of treatment-associated tox-
icities. Early toxicity may lead to treatment dis-
continuation, which might negatively impact on 
outcomes. Late toxicity causes physical, emo-
tional, and financial burden on patients, their 
families and caretakers. The development of 
increasingly complex multimodal, new tech-
niques and multiagent treatment programmes 
creates further challenges. More quantitative 
measures of severity are lacking to evaluate 
radiation- induced late toxicity.

31.2  Relevant Information 
for Clinical Practice

First of all, it should be recognised that the vast 
majority of breast cancer patients that was treated 
with RT will develop no or only minor late side 

effects. Therefore, the value of routine follow-up 
for screening of side effects is very low, at the 
best. To avoid excessive medical visits, including 
all costs and other conveniences, a system for 
follow-up “on demand” seems to be preferable. 
For this, easy access for the patients needs to be 
organised. As a separate note, routinely sched-
uled follow-up visits can be of added value in the 
framework of clinical trials and research, in 
which case an adapted schedule that tappers-off 
over time might offer sufficient information with-
out being an excess burden to the patients.

31.2.1  Skin Evaluation

Telangiectasia
• Follow-up:

 – Documentation in the preoperative/before 
RT is essential for comparison at the time 
of follow-up.

 – During the first examination, it is important 
to precisely describe the affected area (size, 
depth, morphological aspects, and colour) 
to assess the efficacy of treatment in the 
future.

• Possible screening tools for signs and 
symptoms.
 – Tissue compliance meter (TCM) measure-

ments in the treated breast compared to the 
untreated breast [1].
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 – High-resolution ultrasonography (HRUS) 
is a noninvasive and easily repeatable tech-
nique that detects focal lesions from der-
mal and subdermal tissues quickly and 
accurately [2].

 – When the clinical presentation is unclear or 
suspicious, a biopsy and histopathological 
examination are obligatory.

Fibrosis/Chest Wall Pain
• Follow-up:

 – Documentation in the preoperative/before 
RT is essential for comparison at the time 
of follow-up.

• Possible screening tools for signs and 
symptoms.
 – Tissue compliance meter (TCM), for quan-

titative and objective recording of soft tis-
sue consistency [1].

 – High-resolution ultrasonography (HRUS) 
could be useful but fibrosis could be ham-
pered by pronounced oedema [3].

 – Differential diagnosis between RIF and 
malignancy can be confirmed by imaging 
[4].

Lymphatic evaluation
• Follow-up:

 – Preoperative measurement should be 
obtained [5] followed by regularly sched-
uled postoperative measurements for 
3–5 years, only if lymph nodes were treated 
(surgery/elective nodal RT).

 – Postoperative regular visits depending on 
department/national protocols and grade of 
toxicity.

 – Increased vigilance for identifying subclin-
ical or early-stage lymphoedema (relative 
volume changes of 5–10%) for best oppor-
tunity of early intervention and treatment.

• Possible screening tools for signs and 
symptoms.
 – Critical Preoperative Baseline Measurement.
 – Relative Volume Change (RVC) evaluation:

RVC = ([A2 × U1]/[U2 × A1]) − 1 (A2, 
volume of the affected limb at given 

time point; A1, volume of the affected 
limb at baseline; U1, volume of the 
unaffected limb at baseline; U2, volume 
of the unaffected limb at given time 
point) [6].

 – Objective Screening Measures.
Serial arm circumference measurements 
(compared to unaffected limb): Measure 
in at least six reproducible points (for 
instance, 10 cm above and 10 cm below 
the olecranon process) [7].
Volumetric measurement via water 
displacement.
Perometry (uses infrared light to estimate 
cross-sectional measurement, it also 
identifies subclinical lymphoedema) [8].
Bioimpedance spectroscopy (may not 
detect early- or late-stage lymphoedema 
when tissues become fibrotic) [9].
Lymphoscintigraphy.

Brachial Plexus evaluation
• Documentation in the preoperative/before RT 

is essential for comparison at the time of fol-
low- up as some of the patients will have 
symptoms related to surgery and not 
plexopathy.
 – Possible screening tools from signs and 

symptoms.
Magnetic Resonance Imaging (MRI).
• MRI may be helpful in distinguish-

ing neoplastic plexopathy from 
radiation- induced plexopathy.

• Radiation plexopathy does not pro-
duce nerve enhancement, although 
an increase in T2 signal may be pres-
ent [10].

 – Electromyography (EMG).
• EMG may reveal fasciculations more 

pronounced than clinical symptoms 
but is otherwise of little diagnostic 
benefit [11].

• Myokymia (localised quivering of 
muscles) is present in radiation 
plexopathy 60% of the time and less 
often in neoplastic plexopathy [12].
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Lung evaluation
• Follow-up: during regular follow up visits.
• Possible screening tools for signs and symptoms.

 – Chest X-ray or chest CT when symptomatic.
Most common pulmonary changes on 
CT include patchy, unilateral, or bilat-
eral reticular markings, ground-glass 
opacities, inter/intra-lobular septal lin-
ear thickening, lung consolidation, and 
fibrosis [13]. Rarely, RT can be associ-
ated with bronchiolitis obliterans organ-
ising pneumonia (BOOP).

 – Unclear benefit of lung function tests (e.g. 
spirometry with lung diffusion capacity 
test) for determining the grade of radiation-
induced pneumonitis (RIP).

 – Most patients exhibit normal levels of 
C-reactive protein (CRP) and diagnostic 
differentiation from bacterial pneumonia 
remains challenging [14]. Nevertheless, the 
performance of bronchial lavage sampling 
with subsequent cytology for differential 
diagnosis of RIP from infectious lung dis-
ease is currently under investigation [15].

Heart evaluation
• Follow-up:

 – Assessment of baseline risk of potential 
cardiotoxicity is crucial.

• Possible screening tools for signs and 
symptoms.
 – Three-dimensional echocardiography [16].

Including left ventricular ejection frac-
tion, global longitudinal strain, left ven-
tricular diastolic function, left ventricular 
filling pressure, pulmonary pressure, and 
right ventricular function [17].

 – Cardiac magnetic resonance [18].
Limitations in availability and cost.
Myocardial tissue characterisation (includ-
ing detection of myocardial oedema and 
fibrosis).

 – Cardiac computed tomography [19].
Not routinely used (better in detecting 
coronary artery calcification).

 – Myocardial perfusion studies.
 – Troponin T and N-terminal pro brain natri-

uretic peptide [20, 21].

Quality of life evaluation
• Follow-up:

 – Preoperative and before RT, at regular fol-
low up visits.

• Possible screening tool for signs and symptoms.
 – The quality of life can be evaluated with 

EORTC QLQ-C30 and EORTC QLQ- BR45 
questionnaires.

 – BREAST-Q questionnaire [22] can be used 
to measure patient-reported satisfaction.

 – Disorder specific questionnaires.

Table 31.1 summarises evaluation of late tox-
icities. We recommend to review the section of 
“reporting” (Chap. 32) that covers toxicity scales 
used at clinic and “management of late toxicity” 
section (Chap. 33) that covers treatments of late 
toxicity.

31.3  Summary

Currently, a more analytic approach is grow-
ing around the evaluation of late toxicities. 
There is no evidence to perform more inten-
sive follow-up for late toxicity. Pre-treatment 
evaluation can help to identify patients who 
are prone for late toxicity. Long periods of 
observation are required to adequately assess 
effects of RT alone or combined with surgical 
resection, cytotoxic drugs, and endocrine 
therapy. Early detection, appropriate evalua-
tion, and early intervention could improve 
both patients’ QoL and our knowledge of late 
toxicities.
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Table 31.1 Evaluation of late toxicities: summary

Site Side effect Follow-up Screening tools/diagnostic tools Differential diagnosis
Skin/
subcutis

Telangiectasia Preoperative
Before radiation 
therapy
3 months after RT, 
regular visit for a 
minimum of 
2 years

•  Examination of skin and 
subcutaneous tissue 
(palpation and inspection)

•  TCM measurements
•  HRUS
•  MRI for suspicious 

presentation

Second cancers, 
angiosarcoma

Fibrosis/chest 
wall pain

Second cancers, 
nephrogenic systemic 
fibrosis (NSF, also 
known as nephrogenic 
fibrosis dermopathy)

Lymphatics Lymphoedema Preoperative
Postoperative 
regular visit every 
6–12 months for a 
minimum of 
2–3 years

• Clinical examination
•  Preoperative baseline 

measurement
•  RVC evaluation
• Objective screening measures
     –  Serial arm circumference 

measurements
     –  Volumetric measurement 

via water displacement
     – Perometry
     –  Bioimpedance 

spectroscopy
     – Lymphoscintigraphy

Evaluated for alternate 
causes of new swelling 
including tumour 
recurrence, infection, 
and thrombosis

Brachial 
plexus

Brachial 
plexopathy

3 months after RT, 
regular visit for a 
minimum of 
3–5 years

• Clinical examination
• MRI
• EMG

Neoplastic plexopathy 
(more pain at 
presentation 98% vs. 
10%; rapid progression; 
unusual myokymia)

Lung Radiation- 
induced lung 
injuries

3 months after RT, 
regular visit for a 
minimum of 
3–5 years

• CXR or chest CT when 
symptomatic
• CRP
• Bronchial lavage sampling
• Lung function tests

Bacterial pneumonia, 
infectious lung disease, 
Bronchiolitis obliterans 
organising pneumonia 
(BOOP)

Heart Cardiac damage Before radiation 
therapy
3 months after RT, 
regular visit for a 
minimum of 
5 years

• Clinical examination
• 3D echocardiography
• Cardiac magnetic resonance
•  Cardiac computed 

tomography
• Myocardial perfusion studies
•  Troponin T and N-terminal 

pro–brain natriuretic peptide

RT-related coronary 
artery disease and 
conduction system 
disease same 
morphological features 
as non-RT related
RT-related valvular 
disease: interruptions of 
elastic fibres without 
rheumatic endocarditis 
changes
RT-related pericarditis: 
protein-rich exudates in 
the pericardial sac and 
fibrin in the mesothelial 
lining pericardial cavity
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Reporting of Late Toxicity

Carlotta Becherini and Lorenzo Livi

32.1  Background

Quantification of toxicity is inherently more 
complex than quantification of efficacy, in part 
because the set of possible adverse events is 
virtually unlimited and in part because adverse 
events vary widely in severity from individual 
to individual even after the same therapeutic 
approach. Even when studies include toxicity 
data, the lack of standards for reporting and 
data analysis means that comparisons 
between  studies are often not possible or lack 
credibility [1].

Nevertheless, in comparison with other areas 
of cancer research, the field of RT has been a 
front runner regarding awareness and reporting 
of late morbidity [2].

32.2  Key Information for Clinical 
Practice

32.2.1  Skin Late Toxicity

In a routine clinical practice, two scales are used 
to assess the grade of chronic radiation dermati-
tis. The toxicity criteria of the RTOG and the 
EORTC assess two aspects of chronic radiation 
dermatitis: skin and subcutaneous tissue [3]. 
More detailed assessment can be done through 
the CTCAE [4].

32.2.2  Lymphoedema

Several classification systems are also used to 
describe lymphoedema, including the Campisi 
staging system, and those of the American 
Physical Therapy Association and the NCI’s 
CTCAE [4]. Recently, the Cancer-Related 
Lymphedema of the Upper Extremity (CLUE) 
tool was developed and validated to standardise 
clinical examinations for lymphoedema, provid-
ing a single score accounting for multiple con-
structs [5].

The most commonly used is the staging sys-
tem of the International Society of Lymphology 
(ISL) [6]. The ISL combines two criteria to 
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classify lymphoedema: the “softness” or “firm-
ness” of the limb:

• Stage “0”: subclinical or latent condition 
where swelling is not evident.

• Stage I: early accumulation of fluid relatively 
high in protein content (e.g. in comparison 
with “venous” oedema) which subsides with 
limb elevation. Pitting may occur.

• Stage II: changes in solid structures, limb ele-
vation alone rarely reduces tissue swelling, and 
pitting is manifest. Later, the limb may not pit 
as excess subcutaneous fat and fibrosis develop.

• Stage III: encompasses lymphostatic elephan-
tiasis where pitting can be absent and trophic 
skin changes such as acanthosis, alterations in 
skin character, and thickness, further deposi-
tion of fat and fibrosis.

Within each stage, a limited but nonetheless 
functional severity assessment has utilised sim-
ple excess volume differences assessed as mini-
mal (>5  <  20% increase in limb volume), 
moderate (20–40% increase), or severe (>40% 
increase).

The lymphoedema quality-of-life study 
(LYMQOL) is a condition-specific, validated 
questionnaire used to assess the effectiveness of 
lymphoedema-related treatment plans [7].

32.2.3  Brachial Plexopathy

One of the most commonly used scores to grade 
brachial plexus neuropathy is the modified 
LENT-SOMA score [8]. Pain could be reported 
through the Neuropathic Pain Symptom Inventory 
(NPSI), which is a 12-item scale, with each item 
scored on a 10-point numerical rating scale. 
Scores range from 0 to 120 [9].

Weakness was assessed in radiation induced 
brachial plexopathy studies using the Medical 

Research Council scale [10, 11], which provides 
a semiquantitative estimation of muscle strength.

32.2.4  Lung

In clinical practice, RTOG criteria and the 
CTCAE are the ones most widely used [3, 4]. 
However, most patients will not show any clinical 
symptoms.

The severity of radiation induced lung fibrosis 
can be radiologically measured with the help of 
semiquantitative grading (1–5 points) using 
radiographic features [12]:

• Mild to moderate RILF: “scar-like” patterns 
as characterised by streaky opacities,

• Severe RILF: “mass-like” patterns as depicted 
by focal consolidation and/or ground glass 
opacification with air bronchograms and/or 
traction bronchiectasis.

32.2.5  Heart

Radiation induced cardiac disease holds a 
wide range of deleterious effects on the heart, 
ranging from preclinical findings to symptom-
atic clinical disease, including pericarditis, 
coronary artery disease (CAD), myocardial 
infarction, valvular heart disease, rhythm 
abnormalities, and non- ischemic myocar-
dial and conduction system damages. The 
symptoms and signs of radiation induced car-
diac toxicity are, for the most part, indistin-
guishable from those encountered in patients 
with heart disease due to other aetiologies. 
Therefore, clinical assessment is frequently 
done with the same staging system of non-RT 
related counterparts.

We recommend that the LENT-SOMA 
 system [8] can be considered to describe cardiac 
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effects, as it explicitly addresses clinical, radio-
logical, and functional assessments of cardiac 
dysfunction.

32.2.6  Patient-Reported Outcome 
Measures

In 2017, the International Consortium for Health 
Outcomes Measurement has developed a stan-
dard set of value-based patient-reported outcome 
measures [13]. EORTC QLQ-C30 and -BR45 
and the Body Image after Breast Cancer 
Questionnaire (BIBCQ) were frequently used as 
reliable cancer-related quality-of-life and body 
image-related questionnaires [13, 14], among 

several tools reported in literature (Table 32.1). 
Importantly, it is known that the toxicity burden 
faced by the patients may be greater than 
acknowledged by physicians [15].

Patient-reported outcome measures related to 
breast RT have been investigated and they 
include skin changes, breast shrinkage, breast 
hardness, and low aesthetic outcome, which neg-
atively impact the psychosocial well-being [16]. 
Aesthetic outcomes can also be measured by 
patients themselves according to Harris et al. on 
a 4-category scale: excellent, good, fair, or poor 
[17], either with Body Image Scale [18] or in a 
more detailed way using self-assessment ques-
tionnaire such as used in a number of clinical 
trials.

Table 32.1 Summary of late toxicities assessment tools

Site Disorder Staging system Patient-reported outcome measures
Skina/
subcutis/chest 
wall

Telangiectasias • NCI’s CTCAE
• RTOG
• EORTC / LENT-SOMA

• Patient-reported outcome common 
terminology criteria of adverse events 
(PRO-CTCAE)
• Harvard scale (Cosmesis)
• Body image scale

Fibrosis/chest wall 
pain

Lymphatics Lymphoedema • Staging system of the 
International Society of 
Lymphology (ISL)
• Campisi staging system
• American Physical Therapy 
Association (APTA)
• NCI’s CTCAE

• The lymphoedema quality-of-life 
study (LYMQOL)
• Lymphoedema life impact scale 
(LLIS) questionnaire
• Upper limb lymphoedema (ULL)-27
• MOS—short form McGill pain 
questionnaire
• World Health Organization 
International Classification of 
Functioning Disability and Health 
(WHO-ICF)
• Medical outcome study—short form 
(SF-36)

Brachial 
plexus

Brachial plexopathy • EORTC / LENT-SOMA • Neuropathic pain symptom inventory 
(NPSI)
• 36-item short form health survey and 
the patient global impression of change 
(PGIC)
• Medical Research Council scale for 
weakness

Lung Radiation induced 
lung injuries (RILI)

• NCI’s CTCAE
• RTOG
• EORTC / LENT-SOMA

• EORTC QLQ-C30
• Lung module 13 (QLQ-LC13)

Heart Cardiac damage • EORTC / LENT-SOMA
• Disease specific grading 
tools (e.g. American Heart 
Association, syntax score)

• EORTC QLQ-C30

aLate skin toxicity includes dryness, reduced skin elasticity, hyperpigmentation, depigmentation, etc
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32.3  Summary

Early detection and evaluation, through the 
employment of univocal measures agreed by 
international societies, could improve both 
patients’ QoL and knowledge of late toxicities 
themselves (summarised in Table  32.1). Given 
the variety of treatment modalities and the impor-
tance of evaluating the impact of treatment de- 
escalation, it is important to share decisions with 
patients. Thereby, data-driven patient education 
comparing patients reported outcome measures 
between treatment options can help to define 
treatment goals. Those goals can be any combi-
nation of oncological outcomes such as recur-
rences or survival, side effects, and 
quality-of-life.
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Management of Late Toxicity

Carlotta Becherini and Lorenzo Livi

33.1  Background

Late toxicity refers to a group of side effects that 
occur months and years after radiation therapy 
treatment, which is characterised by many differ-
ent symptoms or conditions of variable severity 
occurring over time. Figures  33.1, 33.2, 33.3, 
33.4, 33.5 and 33.6 are pictures of different types 
of late toxicity. Most patients will present with 
mild changes including de/hyperpigmentation 
(Figs. 33.1 and 33.2).

33.2  Key Information for Clinical 
Practice

33.2.1  Telangiectasias (Fig. 33.3)

• Symptoms: Dilatation of the capillaries caus-
ing them to appear as small red or purple clus-
ters, often spidery in appearance, on the skins.

• Timing: 2–6+ months.
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Fig. 33.1 A patient with mild late effects: no difference 
in colour between the breasts. Nipple/areola lighter on 
treated side compared to untreated side

Fig. 33.2 A patient with late effects with pigmentation of 
breast skin, especially in the area of nipple/areola

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022 
O. Kaidar-Person et al. (eds.), Breast Cancer Radiation Therapy, 
https://doi.org/10.1007/978-3-030-91170-6_33

mailto:lorenzo.livi@unifi.it
https://doi.org/10.1007/978-3-030-91170-6_33


236

Grade 1

Grade 3 = >4/cm2

Fig. 33.3 Telangiectasia. 
Small dilated vessels 
grading: 0 = none,  
1 = <1/cm2, 2 = 1–4/cm2, 
3 = >4/cm2

Fig. 33.4 Morphea-like fibrosis, stiffness of the breast and deformation, 1 year after completion of whole breast irra-
diation and boost

Fig. 33.5 Morphea-like fibrosis, stiffness of the breast and deformation, 1 year after completion of whole breast irra-
diation and boost
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Fig. 33.6 Fibrosis, chest wall necrosis (proven histologi-
cally), 30 years after halsted mastectomy and chest wall 
RT

• Prevention:
 – The local control benefit of a breast boost 

should be weighed against the potential 
long-term complication, such as telangiec-
tasias [1, 2].

 – Bolus should be applied in limited cases 
(see bolus section, Chap. 21).

 – Use of high-energy electron beams 
(>10 MeV) is associated with increased tel-
angiectasias rates compared to lower 
energy electrons or photons [3].

 – Field-in Field planning (i.e. forward 
planned IMRT) leading to dose homogene-
ity showed to decrease telangiectasias 
compared to standard RT [4, 5].

• Management:
 – Long pulsed dye laser treatment [6].
 – Treatment of post-irradiation morphea (rare 

late complication) includes topical and 
intralesional corticosteroids,  phototherapy, 
and systemic immunosuppressive agents in 
various combinations [7].

33.2.2  Fibrosis/Chest Wall Pain

• Symptoms: Pain, breast shrinkage and firm-
ness, cutaneous induration, contraction, ulcer-
ation, delayed wound healing, arm oedema, 
decreased shoulder range of motion.

• Timing: 4–12+ months.
• Prevention:

 – Utilisation of a breast boost should be 
weighed against the potential long-term 
complication [1, 2].

 – Bolus should be applied in limited cases 
(see bolus section, Chap. 21).

 – Use of high-energy electron beams 
(>10  MeV) is associated with increased 
fibrosis rates compared to lower energy 
electrons or photons [3].

 – Minimise the breast volume receiving over 
107% of the prescribed dose. If this is not 
achievable with 3D technique, consider 
using IMRT.

 – Counsel risk associated with reconstructive 
options.

 – Consider prophylactic oral pentoxifylline 
(PTX) 400 mg two or three times a day and 
oral vitamin E (400–1000 IU) daily for at 
least 6 months in patients at high risk for 
radiation fibrosis (i.e. severe acute dermati-
tis, breast oedema, planning to undergo 
reconstruction) [8–10].

Patients should not take PTX while on 
blood thinners.
If patients develop nausea while taking 
PTX, the dose may be reduced to 
200 mg twice a day.
PTX and vitamin E should be discontin-
ued 1 week before any planned invasive 
procedure.

• Management:
 – Anti-inflammatories.

Ibuprofen 400 mg two to three times a day.
Naproxen 250–500 mg a day.
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 – Neuropathic pain.
Duloxetine 60 mg once a day.
Gabapentin 300–1200  mg three times 
a day.
Pregabalin 75–150 mg twice a day.

 – Oral PTX (400  mg two or three times a 
day) and oral vitamin E (400–1000  UI 
daily) for at least 6 months to avoid rebound 
fibrosis [11].

 – Oral PTX-vitamin E-clodronate 
(PENTOCLO protocol). This protocol 
can be considered if pain is associated 
with osteoradionecrosis of ribs/costo-
chondral joint. PENTOCLO protocol: 
800  mg PTX, 1000  IU vitamin E, and 
1600  mg clodronate 5  days per week 
alternating with 20  mg prednisone and 
1000 mg ciprofloxacin 2 days per week 
[12].

 – Conflicting evidence to support hyperbaric 
oxygen therapy. It can be used only for 
patients with no evidence of recurrence/
cancer.

The risk for radiation-induced fibrosis and 
telangiectasia after brachytherapy alone seems 
to depend on the skin dose delivered [13]. 
Proton therapy did not increase the risk for 
radiation fibrosis compared with APBI with 
photons [14], although higher skin toxicity was 
observed.

In case of mastectomy and reconstruction, 
some advice that tissue expanders should be max-
imally expanded prior to RT and not further 
expanded after RT owing to RT-induced oedema 
and tightening of the skin around the expander 
[15].

33.2.3  Lymphoedema

• Symptoms: Abnormal swelling that can 
develop in the arm, hand, breast, or torso; 
increase heaviness and/or pain, and increases 
the risk of delayed wound healing and 
cellulitis.

• Timing: 6+ months.
 – Early onset (<12 months postoperatively): 

associated with axillary lymph node 
dissection.

 – Late onset (>12  months): associated with 
regional lymph node radiotherapy and axil-
lary lymph node dissection.

• Prevention: appropriate reduction of axillary 
surgery and nodal irradiation volumes based 
on disease characteristics (see Chap. 19).
 – In clinically node-negative patients, the rates 

of breast cancer related lymphoedema were 
significantly reduced with the use of sentinel 
node dissection over complete axillary 
lymph node dissection (5% vs. 20%) [16].

 – In patients with up to 2 positive nodes after 
sentinel node dissection, axillary radiation 
is associated with a lower incidence of 
lymphoedema compared to axillary nodal 
dissection (23% vs. 11%) [17].

 – Increased risk to develop lymphoedema 
adding a supraclavicular field (9.9%), pos-
terior axillary boost (14.7%), and internal 
mammary boost (8.3%) [18].

 – Surgery for Lymphoedema Prevention:
Axillary reverse mapping (ARM) [19].
Lymphatic Microsurgical Preventative 
Healing Approach (LYMPHA) [20].

• Recommended prophylaxis.
 – Maintain ideal body weight.
 – Aggressively manage localised infections 

to prevent cellulitis.
 – Range of motion and weight-bearing 

exercise.
 – Physiotherapy.

• Management: The treatment is mostly a con-
servative multimodal approach, which aims to 
improve patient comfort and reduce limb vol-
ume [21]. Treatment options in order of 
increasing symptom toxicity:
 – Exercise [22].
 – Limb elevation (3.1% reduction in arm vol-

ume) [23].
 – Compression garments (32% vs. 15.8% 

reduction at 24 weeks, compared to elastic 
hosiery alone) [24].
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 – Minimise the risk of infection [25].
 – Manual lymphatic drainage (more effec-

tive for patients under the age of 60 years 
and an intervention time of 1  month) 
[26].

 – Complete decongestive therapy.
 – Intermittent pneumatic compression 

[27].
 – For severe lymphoedema, surgical inter-

vention may be considered (lymphatic 
bypass procedures, vascularized lymph 
node transfer, etc.) [28].

There is no compelling evidence to suggest 
that compression garments especially need to be 
worn during air travel [25]. Hyperbaric oxygen is 
not certainly effective; the data about this are 
conflicting, and it is not recommended in case of 
active malignancy [29].

Evidence supporting avoidance of blood pres-
sure measurements on the affected arm is con-
flicting. In the absence of level I evidence, the 
National Lymphedema Network recommends 
avoidance of excessive constriction on the 
affected arm, if possible [21].

33.2.4  Brachial Plexopathy

• Symptoms:
 – Numbness, paresthesia, dysesthesia, pain, 

and/or motor weakness in the hand/arm/
shoulder.

 – Progression of symptoms is gradual in 
about two-third of cases and the patients 
may initially present with paresthesia and 
pain and later progress to have motor weak-
ness in the affected upper limb.

• Timing: 8–12+ months (median 1.5 years).
• Prevention:

 – Decrease total dose and dose per fraction 
[30].

 – Avoid irradiating large volumes of the bra-
chial plexus (V40Gy ≥ 13.5 cm3) [31].

 – Reduce maximum dose to the brachial 
plexus of <55 Gy [31].

• Management: Treatment options in order of 
increasing symptom toxicity.

 – Symptomatic treatment and supportive 
care.

Neuropathic pain: Gabapentin 300–
1200 mg three times a day or pregabalin 
75–150 mg twice a day.
Paraesthesia: Benzodiazepines (such as 
diazepam 2–10 mg three to four times a 
day).
Weakness: Physical therapy.

 – No evidence to support hyperbaric oxygen 
[32].

 – Nerve transfer (minimal evidence to sup-
port) [33].

 – Dorsal column stimulators, transdermal 
electrical nerve stimulation, neurolysis 
with omentoplasty could be helpful in 
managing radiation plexopathy [34].

33.2.5  Lung

• Symptoms:
 – Pneumonitis: Cough, shortness of breath, 

increased oxygen requirements, pleuritic 
chest pain, and/or pyrexia. If treated, typi-
cally resolves.

 – Fibrosis: Dyspnoea. It is an irreversible 
effect which can result in reduced lung 
capacity.

• Timing:
 – Pneumonitis: 4 weeks to 12 months.
 – Fibrosis: 6–12+ months.

• Prevention:
 – When treating comprehensive nodal RT, 

keep ipsilateral lung V20Gy  <  35%, if 
 possible [35].

 – When treating standard tangents, keep ipsi-
lateral lung V20Gy < 20%, if possible [35].

 – When treating hypofractionated dose 
scheme (mostly 40  Gy in 15 fractions), 
keep ipsilateral lung V30 < 10% [36].

 – When treating supraclavicular nodes and 
internal mammary nodes, consider deep 
inspiration breath-hold to decrease lung 
volume inside the irradiated field [37].

 – When planning vIMRT, consider also the 
low dose lung volumes (V5Gy) and dose to 
both lungs.
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• Management:
 – Asymptomatic or with mild symptoms:

Supportive care (e.g. antitussives 
therapy).

 – Avoid glucocorticoid treatment unless 
symptoms become bothersome or pulmo-
nary function declines by more than 
10%.

 – Severe symptoms and evidence of respira-
tory impairment:

Oral glucocorticoid therapy (e.g. 
Prednisone 60 mg per day for 2 weeks 
following dose reduction by 10 mg per 
1–2 weeks) [38].
If the patient is stable or improved, the 
prednisone dose is gradually tapered to 
0.5–0.75 mg/kg per day for the ensuing 
4–6  weeks. Thereafter, it is gradually 
tapered to zero after 3–6 months if the 
patient remains stable.

33.2.6  Heart

• Symptoms: Angina, syncope, dyspnoea, sick 
sinus syndrome, pleuritic chest pain, non- 
anginal chest pain fever.

• Timing: 5–30 years.
 – During treatment (weeks) or after treat-

ment up to 10 years: Pericardial disease.
 – 6 months to 20 years: Conduction system 

disease
 – 4–11  years: Asymptomatic Valvular 

disease
 – 5–20 years: Coronary artery disease
 – 10 years: Symptomatic myocardial injury
 – >16 years: Symptomatic valvular disease

• Prevention:
 – Ensure that dose to the hearth is as low as 

possible.

 – In left-sided breast cancers, or right-sided 
breast cancers involving irradiation of the 
internal mammary nodal chain, consider 
deep inspiration breath-hold, respiratory 
gating, CPAP (see sections on Techniques 
to reduce OAR dose, Chap. 38) [37].

 – Encourage lifestyle modifications (smok-
ing cessation, diabetes control, weight loss, 
dietary modifications, and exercise) to 
minimise cardiac risk [39].

• Management: Treatment options in order of 
recommended use.
 – Refer to a cardiologist if heart failure or 

coronary artery disease is suspected.

33.3  Recommendations

The right knowledge and management of late 
toxicity could reduce patients’ discomfort, allow-
ing the physician to introduce prevention’s strat-
egy whenever it could be possible (Table 33.1).

33.4  Summary

RT increases the risk for late toxicity, but the 
absolute rates for late pulmonary and cardiac dis-
ease were reported to be  low  at 15-years follow 
up [40]. Meticulous volume-based RT planning, 
dose homogeneity, moderate hypofractionation, 
and limiting skin dose are associated with reduced 
acute toxicity and potentially reduce the rates of 
late toxicity. Lifestyle changes are for patient 
well-being and can reduce potential late effects 
and improve QoL. Measures such as avoiding sun 
direct exposure, smoking cessation, healthy nutri-
tion, physical activity are strongly advised. Other 
interventions, as indicated in Table  33.1 can be 
considered in case of late toxicity.
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Postmastectomy Irradiation 
in the Setting of Implant-Based 
Breast Reconstruction

Orit Kaidar-Person and Alice Ho

34.1  Background

Postmastectomy radiation therapy is indicated for 
patients who are at high risk of local and regional 
recurrence. These mostly include patients with 
nodal burden and/or high-risk features of the pri-
mary tumour. Breast reconstruction is increasingly 
performed in breast cancer patients receiving mas-
tectomy, aiming to increase health-related QoL by 
restoring the breast shape [1]. PMRT in the setting 
of breast reconstruction is challenging, as surgical 
techniques evolved in the aim of improving aes-
thetic outcomes, while PMRT is associated with 
increased risk for reconstruction complications 
and can compromise aesthetic results. Additionally, 
the shape of the reconstructed breast may be chal-
lenging for proper PMRT planning [2].

Current PMRT techniques used in the setting 
of immediate breast reconstruction (IBR), regard-

less of the reconstruction type, are similar to post-
operative RT in the case of BCT rather than 
volume-based adapting to the type of mastectomy 
and reconstruction procedure, targeting only areas 
of residual breast tissue and areas that are at risk 
of recurrence (see ASTRO and ESTRO guidelines 
comparison) [3–5]. The use of target volume-
based RT planning may reduce the dose to OARs 
and other non-target tissues and thereby RT-related 
toxicity, without compromising target coverage. 
In 2019, ESTRO published consensus guidelines 
for PMRT irradiation for early-stage breast cancer 
in the setting of immediate implant- based recon-
struction. The work on consensus guidelines in 
case of autologous-based reconstruction is still 
ongoing; however, ESTRO published together 
with the EUBREAST a narrative review of the 
management of patients who underwent autolo-
gous-based IBR and are planned for PMRT [6, 7]. 
The target volumes recommended by ESTRO are 
based on literature research and expert consensus 
and were mainly based on anatomy, including 
lymphatic drainages within the gland and the sub-
cutaneous and deep plexus, location of residual 
breast tissue after mastectomy, patterns of recur-
rence, and previous ESTRO guidelines for chest 
wall and regional nodes irradiation [8–10]. Key 
considerations are based on the observation that 
most of the local recurrences after mastectomy, 
regardless of the surgical procedure, occur at the 
subcutaneous tissue and residual breast tissue, 
followed by the skin (together, between 75 and 
100% in reported literature) [11, 12]. In case of 
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autologous-based reconstruction, recurrences 
were described at the autologous flap margins 
near the native breast skin-envelop (i.e. near the 
native chest wall skin that was not removed at the 
time of mastectomy) [13–15].

Chest wall recurrences invading into the pecto-
ral muscle are less frequent than recurrences at the 
subcutaneous/skin level and may be a result of a 
tumour bed adjacent to or invading the muscle, or 
inter-pectoral lymph node recurrence [16, 17]. 
Areas that are at potential risk for residual subclini-
cal disease include the nipple–areola complex 
(NAC) for early invasive cancer that includes extra-
lesional DCIS (especially low-grade DCIS) which 
often presents as skip lesions, leaving the base of 
the nipple free of DCIS, but might have skip lesion 
in the ducts in the actual unresected nipple core 
[18], cases of central tumours, and patients with 
advanced lymph node status (N2 and N3 stage). 
These were found to have a higher positive nipple 
margin rate in case of NSM, thus this should be 
taken into consideration when discussing the type 
of procedure and at time of PMRT planning [19].

Another point of consideration when assessing 
patterns of local recurrence after mastectomy and 
cosmesis following reconstruction and RT is the 
variability in flap thickness between institutions 
and individual surgeons. Although flap thickness 
can be prospectively assessed, it is hypothesised 
that thin flaps may lead to increase capsular con-
tracture and suboptimal cosmesis, particularly 
when postoperative RT is delivered. The use of pre-
pectoral implants may minimise this complication, 
as fibrosis of the stretched muscle overlying the 
implant is thought to be an aetiology for capsular 
contracture [20–22]. This hypothesis, while attrac-
tive, requires data from uniformly planned studies 
with large numbers of patients in whom pre- versus 
postpectoral implants followed by RT are evaluated 
for reconstruction failure and cosmesis. Moreover, 
the oncological safety of these procedures should 
be evaluated in all breast cancer patients who are 
undergoing these procedures, regardless of PMRT.

Adaptation to of the PMRT volumes based on 
ESTRO’s recommendations necessitates a com-
prehensive understanding of not only the patients 
breast’s anatomy and regional lymphatics drain-
age patterns (which guide the most common indi-

cations for PMRT), tumour location within the 
intact breast prior to the procedure, disease stage 
(e.g. certain fractures were found to be associated 
with increased risk of NAC involvement as 
described above), but also the surgical procedure 
of the mastectomy and IBR. All are essential in 
guiding delineation of the clinical target volume 
of the chest wall (CTVp_chest wall) and lym-
phatic drainage (CTVn) [6, 7].

In cases that information is missing, or patients 
with more advanced disease, treatment volumes 
should be as historically done, covering all areas 
that are at high risk of recurrence, including the 
chest wall and lymphatic drainage as indicated 
without excluding the transplanted/implanted tis-
sue/material.

34.2  Presurgical Considerations

The decision of the type of mastectomy and 
reconstruction should be discussed at a preopera-
tive multidisciplinary meeting and includes 
appropriate assessment of the potential need for 
PMRT. The indications for PMRT are according 
to the risk of recurrence, but there is no consen-
sus if the amount of residual breast tissue should 
be an indication for PMRT for patients who are 
otherwise not candidates for PMRT based on dis-
ease related risk [4].

34.3  PMRT

Per ESTRO guidelines, the skin is not part of the 
CTVp in early breast cancer patients; however, 
the subcutaneous lymphatic plexus (which is 
assumed to be the initial course of lymphatic 
drainage of the breast gland) is part of the CTVp 
as is any residual breast glandular tissue. During 
a total mastectomy/simple mastectomy/modified 
radical mastectomy, part of the skin is removed 
and the remaining skin is pulled together and 
sutured, reducing the surface size of the subcuta-
neous to be included within the CTVp_chest 
wall compared to a CTVp_breast (Fig. 34.1). 
This entails that, in contrast to older handbook, 
the area of the CTVp_chest wall should be sig-
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nificantly smaller compared to the surface occu-
pied by the removed breast.

In contrast, IBR is mostly performed with 
skin-sparing (with removal of nipple–areolar 
complex) or nipple sparing (with preservation of 
skin and nipple–areolar complex) mastectomy. 
As more native breast skin is preserved, there 
remain more residual draining lymphatics and 
potentially residual breast glandular tissue [23]. 
The location of the residual glandular tissue after 
mastectomy varies in individual patients and 
depending on surgical procedure performed 
(with/without skin or nipple sparing), surgical 
technique, and surgeon expertise [4, 22]. 
Common locations of residual glandular tissue 
are upper outer quadrant and NAC (in case of 

NSM) [4, 23]. Surgeons may have a tendency to 
leave more residual breast glandular tissue in 
case of NSM/SSM and IBR, to facilitate recon-
struction, reduce potential complications, and 
better aesthetic outcome [24, 25]. Notably, 
approximately 5–10% of the glandular tissue is 
retained after more traditional surgeries (i.e. not 
NSM/SSM) such as total mastectomy or modi-
fied radical mastectomy [23].

Therefore, awareness for the possibility of 
residual breast tissue should be raised, and in 
some cases also potential residual tumour cells 
(especially tumour deposits within the subcuta-
neous of the native skin breast) [26].

At the time of patient simulation, we recom-
mend that the borders of native breast skin be 
determined in conjunction with the surgeon and 
marked before planning CT scanning. Especially 
as in some cases IBR is performed with a myocu-
taneous flap. In these cases, autologous flap skin 
and subcutaneous are not part of the CTVp. The 
CT simulation scans and other postoperative 
imaging (if done) should also be reviewed for 
residual tissue that is not evident on physical 
examination. The markings should be docu-
mented in the notes used for RT planning.

Per ESTRO recommendations, the CTVp_
chest wall is the volume anterior to the major 
pectoral muscle (Fig. 34.2a, b). The pectoralis is 
not considered part of the CTVp and should only 
be included in case of muscle invasion, and even 

Fig. 34.1 This patient underwent an MRM including 
ALND. The blue shapes or the left breast projected to the 
right chest wall. The orange shape is the CTVp_chest 
wall. The difference is surface between the two is equiva-
lent to the amount of skin that has been excised

a b

Fig. 34.2 Figure 34.2a, b are showing delineation 
according to ESTRO’s guidelines in the setting of sub- 
pectoralis implant-based IBR. (a) Showing the superior 
part of the chest wall. Green is the CTV, Red is the PTV, 
Pink contralateral breast. (b) At the level of the heart (light 

blue) and left anterior descending artery (yellow). Green 
is the CTV, Red is the PTV, Pink contralateral breast. The 
figures are taken from ESTRO-FALCON website, used 
for educational purposes

34 Postmastectomy Irradiation in the Setting of Implant-Based Breast Reconstruction
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in that case most often only partially [8]. Since 
the pectoral muscle is often not well developed in 
females and not as obvious on CT simulation or 
after surgical intervention, knowing the location 
of the implant should guide delineation (pre/post- 
pectoral muscle) [12, 27]. In general, the implant 
(tissue expander or permanent implant) may be 
positioned pre- or below the major pectoral mus-
cle. In both cases, additional materials, e.g. de- 
epithelialized dermal flap, synthetic mesh, or a 
bio-mesh of animal or human tissues (acellular 
dermal matrix, ADM) are often used to provide 
complete coverage of the implant. In case of 
post-pectoral implant, it is usually sutured to the 
inferior part of the pectoral muscle to achieve a 
“pocket” to hold the implant. In case of a pre- 
pectoral implant this is secured in position with a 
mesh/ADM covering the largest part of the super-
ficial surface of the implant, and the CTVp 
includes all the volume that encompasses the 
implant up the pectoral muscle [28, 29].

Per ESTRO recommendation for CTVp_chest 
wall cranio-caudal borders should be defined by 
careful clinical examination at the time of CT 
simulation, taking into account the position of the 
contralateral breast. The medial and lateral bor-
ders should be recommendations for chest wall 
delineation, according to potential residual glan-
dular tissue and anatomy [8, 9].

For proper planning, it is recommended that 
certain volumes will be delineated. These include: 
the implant/autologous flap, the transplanted 
 tissues (skin, fat, muscle). Other OARs that 
should be delineated for treatment planning pur-
poses include heart, lungs, thyroid and, in case of 
axillary lymph node irradiation with a local 
boost, the brachial plexus.

Regardless of the procedure, the transplanted 
tissues (skin, fat, autologous muscle) and syn-
thetic materials (implant, tissue expander, ADM) 
are not part of the CTVp. While limiting the dose 
to these volumes is expected to reduce IBR with 
PMRT-related side effects, there are not recom-
mendations to spare these volumes, yet [30]. In 
general, an objective to limit the dose at 50–70% 
at non-target volumes is feasible and could 
already significantly reduce side effects.

34.4  Fractionation Regimens 
in the Setting of Breast 
Reconstruction

Practice patterns vary widely in terms of fraction-
ation for breast cancer patients with implant recon-
structions. In the USA and Israel, the most 
commonly used fraction sizes to the reconstructed 
chest wall and regional lymph nodes are 1.8–2 Gy 
to a total dose of 50–50.4 Gy. In some European 
countries, including the UK, Belgium, and the 
Netherlands, hypofractionation regimens (e.g. 
40 Gy delivered in 15 fractions over 3 weeks) are 
more commonly employed based on long-term 
data from the START A/B and the Ontario Clinical 
Oncology Group trial trials showing reduced toxic-
ity of hypofractionation schemes compared to the 
historical conventional fractionation (total dose of 
50–50.4 Gy) [31, 32], which was assumed to result 
in reduced toxicity in case of IBR similar to BCT 
or chest wall (see section on dose and fraction-
ation). In the USA, randomised controlled trials 
such as FABREC (NCT03422003) and RTCharm 
(NCT03414970) are comparing historical conven-
tional fractionation vs. hypofractionated regimens 
in breast cancer patients with immediate recon-
structions, with primary endpoints based on 
patient-reported outcome measures. These studies 
will provide important data on whether or not 
hypofractionated radiation may improve quality of 
life as well as reconstruction outcomes. The 2021 
St. Gallen panel and the ESTRO-ACROP guide-
lines (2022) endorsed modrate hypofractionation 
also in the setting of PMRT and IBR, and regional 
node irradiation [33, 34].

34.5  Bolus

Bolus is commonly used for PMRT chest wall 
irradiation (without reconstruction). It is a tissue 
equivalent material placed on the skin that is rep-
resenting the anterior border of the target volume 
and is used during the PMRT to increase the dose 
to the chest wall skin and subcutaneous to reduce 
the risk local recurrences (see section about the 
chest wall bolus, Chap. 21) [35]. Bolus use and 
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protocols (thickness and schedule) vary signifi-
cantly between institution [36–39].

As bolus was found to be the most important 
independent risk factor for severe skin toxicity in 
case of PMRT, due to the increased skin surface 
volume receiving higher radiation dose [35] and 
the lack of evidence-based recommendations on 
if/when to use bolus case of SSM/NSM, its use 
highly varies between institutions. In some insti-
tutions, bolus is routinely used in any IBR 
(because the skin and subcutaneous are preserved 
and considered high-risk target volumes) to allow 
full coverage of these volumes (within the 95% 
isodose line). Per ESTRO recommendations, 
based on dosimetric evaluation by the DBCG, 
due to the shape of the reconstructed breast which 
resembles the shape of the native breast, using 
tangential field-in-field planning, only the lateral 
side of the reconstructed breast tends to have the 
skin-sparing effect compared to other regions of 
the breast mound. Therefore, until further data 
become available, the routine use of a bolus in 
case of IBR is not recommended by ESTRO con-
sensus guidelines and should be considered on an 
individual basis if there is a concern for a high- 
risk area that is not getting full coverage [40].

34.6  PMRT Boost

The use of the boost in case of mastectomy was 
common to provide an additional radiation dose to 
the chest wall scar with the aim to reduce local 
recurrences as a result of tumour cell seeding and 
the area that the native chest wall skin is approxi-
mated [41]. A retrospective study by Massachusetts 
General Hospital [41] evaluated whether to deliver 
a chest wall boost to the mastectomy scar or chest 
wall was independently associated with reconstruc-
tion complications in the setting of breast recon-
struction. The cohort included patients who had 
delayed reconstruction procedures. The study 
showed that radiation boost was significantly asso-
ciated with infection, skin necrosis, and implant 
exposure. For implant reconstruction patients, boost 
was independently associated with higher risks of 
implant failure. Most importantly, the addition of 
the boost was not associated with improving local 
tumour control, even in high-risk subgroups [41]. 

Therefore, we do not recommend routine use of 
boost in case of IBR, and if clinically indicated, it 
should be used with great caution to limit the risk of 
complications.

34.7  Timing of Reconstructions 
Relative to PMRT

Reconstructions can be immediate, delayed, or a 
hybrid of the two approaches, called delayed–
immediate (Fig.  34.3). Immediate reconstructions 
are performed at the time of the mastectomy, 
whereas delayed reconstructions are usually per-
formed 6–12 months after the completion of mas-
tectomy and adjuvant therapy. Practical and 
aesthetic considerations must be taken into account 
when choosing between immediate and delayed 
reconstruction in breast cancer patients who will be 
receiving PMRT. Immediate reconstruction allows 
the preservation of the breast envelope and it is 
facilitated by SSM, since the goal is to replace the 
breast volume rather than to replace the missing 
skin. Conversely, in delayed breast reconstruction a 
substantial proportion of the skin below the mastec-
tomy incision is often severely fibrotic after PMRT 
and needs to be replaced with healthy skin from a 
donor site to adequately reconstruct the breast con-
tour and may therefore limit the amount of tissue 
available for reconstruction. These uncertainties 
emphasise the importance of a multidisciplinary 
approach to anticipating and planning for PMRT, 
particularly in women with clinical stage II breast 
cancer whose lymph node status (the main determi-
nant for requiring PMRT) is either not known or has 
changed based on response to neoadjuvant 
chemotherapy.

Delayed–immediate reconstruction is an 
approach that involves placing tissue expanders at 
the time of mastectomy. After the need for PMRT 
is determined by the radiation oncologist, patients 
who will not receive PMRT will complete recon-
struction with an implant or flap, whereas patients 
who will receive PMRT will typically undergo 
irradiation of the tissue expander followed by 
definitive reconstruction at a later time [42]. This 
option not only permits the opportunity to avoid 
RT to an autologous flap (in the event a flap recon-
struction is planned), but also carries the benefits 
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Fig. 34.3 Sequencing of 
breast reconstruction. 
RT radiotherapy, TE 
tissue expander.  
(a) Immediate 
reconstruction  
(b) Delayed 
reconstruction  
(c) Immediate - delayed

of providing an immediate breast mound for the 
patient after mastectomy.

34.8  Timing of PMRT in Two-Stage 
Expander/Implant 
Reconstruction

For patients who receive two-stage expander/
implant reconstruction, the optimal timing of 
PMRT delivery (RT to the TE vs. RT to the PI; 
Figs. 34.3 and 34.4) continues to be a subject of 
considerable controversy, even following numer-
ous large retrospective series and prospective tri-
als specifically examining this question 
(Table 34.1 and Fig. 34.4).

The rate of reconstruction failures varies sub-
stantially from 0 to 40%, depending on whether 
PMRT was delivered to the tissue expander or to 
the permanent implant [43, 45–47]. While these 
retrospective studies provided some of the earli-

est evidence for increased rates of implant loss 
following radiation to the tissue expander (versus 
radiation to the permanent implant), we acknowl-
edge that certain flaws limit interpretation of 
these findings. In the series by Nava and col-
leagues [44], 20 out of 50 patients (40%) had 
implant failures when RT was delivered to the 
tissue expander, compared with seven of 109 
patients (6.4%) who were treated with RT to the 
permanent implant (p  <  0.0001). Surgeons’ 
assessment of the shape and symmetry of the 
reconstructed breast showed a higher incidence 
of good results in patients who received RT to the 
permanent implant than those who received RT 
to the tissue expander. The incidence of Baker 
grade IV capsular contracture was the highest in 
patients who received RT to the permanent 
implant, compared with those who received RT 
to the tissue expander (13.3% vs. 10.1% vs. 0% 
in the no RT group; p = 0.0001) [44]. A  subsequent 
large Memorial Sloan-Kettering series corrobo-
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rated these findings, reporting a higher propor-
tion of patients with reconstruction failure among 
patients receiving RT to the tissue expander com-
pared with those patients receiving RT to the per-
manent implant, although this finding was not 
statistically significant (18·1% vs. 12·4%) [45]. 
An important finding was that the number of 
patients with moderate to severe capsular con-
tracture was higher in patients who received radi-
ation to the permanent implant, relative to those 
who received RT to the tissue expander, raising 
the issue of the “trade-off” of higher rates of cap-
sular contracture, albeit reduced incidence of 
implant failures for those receiving RT to the per-
manent implant [45].

The “optimal” timing of PMRT in breast cancer 
patients receiving two-stage expander/implant 
reconstruction remains an elusive question even 
today, as the largest prospective study examining 
this very specific topic has reported no differences 
in the number of complications between the groups. 
A 2016 prospective study by the Mastectomy 
Reconstruction Outcomes (MROC) group showed 
no difference in outcomes between those patients 
who received RT delivered to the tissue expander 
and those who received RT to the permanent 
implant [50]. Endpoints included major complica-
tions, implant loss, and reconstruction failure, 
defined as removal of the tissue expander or perma-

Table 34.1 Reconstruction failure rates and the timing 
of radiotherapy treatment

Total 
number 
of 
patients 
(n)

Median 
follow-up 
(months)

Failure 
rate

Anderson et al. [43]
   Permanent implant 12 48 0%
   Tissue expander 62 48 4.8%
Nava et al. [44]
   Permanent implant 109 –a 6.4%
   Tissue expander 50 –a 40.0%
Ho et al. [45]
   Permanent implant 151 86 13.3%
Hvilsom et al. [46]
   Permanent implant 49 –a 4.1%
   Tissue expander 76 –a 13.2%
Baschnagel et al. [47]
   Permanent implant 4 24 18.0%b

   Tissue expander 90 24 –a

Cordeiro et al. [48]
   Permanent implant 210 72 16.4%
   Tissue expander 94 72 32.0%
Fowble et al. [49]
   Permanent implant 13 46 7.7%
   Tissue expander 86 46 19.8%
Santosa et al. [50]
   Permanent implant 46 14 8.7%
   Tissue expander 104 16 11.5%

aNot stated
bOf all patients

a

b

Mastectomy
and tissue
expander

Mastectomy
and tissue
expander

Reconstruction

Reconstruction

8 weeks

 6 months6 weeks

8 weeks

Adjuvant chemo

Expansion

ExpansionNAC RT

RT

Fig. 34.4 Radiotherapy timing during two-stage tissue 
expander-permanent implant reconstruction. (a) 
Radiotherapy is delivered to the permanent implant. (b) 
Radiotherapy is delivered to the tissue expander, which is 

exchanged for a permanent implant more than 6 months 
after RT. RT radiotherapy, chemo chemotherapy, NAC 
neoadjuvant chemotherapy
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nent implant without subsequent replacement. All 
patients were followed for at least 2  years after 
reconstruction. The overall proportion of patients 
with reconstruction failure was 10.7%, with no sig-
nificant difference between the two groups. 
Similarly, there was no difference in the proportion 
of patients who had major complications between 
the two groups, indicating that timing of RT was not 
a significant predictor of complications.

Although the incidence of capsular contrac-
ture varies substantially between studies [43, 
45–47, 51], capsular contracture represents a sig-
nificant long-term complication following radia-
tion to an implant reconstruction and can lead to 
poor cosmesis, pain, and discomfort to the 
patient. In the absence of persuasive evidence to 
suggest that one timing of PMRT is superior to 
the other, choosing the option that minimises 
capsular contracture in weighing the risks and 
benefits of irradiating the expander or implant.

Clearly, high-quality evidence evaluating the 
type and timing of breast reconstruction in the set-
ting of PMRT is still required [51]. Standardisation 
of outcome target delineation, standardisation of 
measures, more prospectively collected data on 
radiation technique-related risk factors (such as 
dosimetry, fractionation, and radiation modality), 
and the inclusion of patient- reported outcomes will 
accelerate progress in this important aspect of breast 
cancer therapy. For additional information, we rec-
ommend to read the Oncoplastic Breast Consortium 
(OPBC) recommendations for mastectomy and 
breast reconstruction in the setting of PMRT [52].
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Oncoplastic Breast Conserving 
Surgery

Nicola Rocco, Naama Hermann, 
and Marco Bernini

35.1  Background

Oncoplastic breast conserving surgery (BCS) 
techniques for the treatment of breast cancer have 
been developed with the aim of providing better 
results in terms of cosmetic outcomes when com-
pared with standard BCS, potentially improving 
postoperative quality of life (QoL), reducing pos-
itive margins and re-intervention rates [1]. This is 
especially useful in the case of a challenging 
position of the tumour within the breast (e.g. the 
upper-inner quadrant or at the lower pole) and in 
case of an unfavourable tumour/breast size ratio.

A consensus definition and classification sys-
tem of oncoplastic BCS has been recently devel-
oped by the American Society of Breast Surgeons 
(ASBrS), deriving from a systematic review of 
the published literature [2]. The ASBrS defined 

oncoplastic BCS as “breast conservation surgery 
incorporating an oncologic partial mastectomy 
with ipsilateral defect repair using volume dis-
placement or volume replacement techniques 
with contralateral surgery as appropriate” 
(Table 35.1).

35.1.1  Volume Displacement 
Techniques

Volume displacement is defined as closing the 
lumpectomy defect and redistributing the not- 
resected volume over the preserved breast. It is 
further divided into two levels according to the 
classification by Clough [3]: level I techniques 
consider the excision of less than 20% of breast 
volume without skin excision; level II techniques 
allow larger volume resections (20–50% of breast 
volume), encompassing more complex proce-
dures deriving from breast reduction techniques, 
also called therapeutic mammoplasties, involving 
extensive skin excision and breast reshaping 
(Fig. 35.1).

Level I volume displacement techniques con-
sist of glandular flap rearrangements around the 
defect caused by the lumpectomy without skin 
excision. These techniques are preferably used 
for premenopausal patients with a higher glandu-
lar component of the breast, therefore reducing 
the risks of fat necrosis postoperatively [4].
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Table 35.1 Breast conserving oncoplastic surgery techniques

Oncoplastic technique
% Breast 
excised volume

Skin 
excision

Use of regional 
and distant flaps

Asymmetry to 
contralateral breast

Consider contralateral 
symmetrization surgery

Volume displacement
   Level I <20 No No Slight Rare
   Level II 20–50 Yes No Noteable Common
Volume replacement 20–50 Yes Yes Slight Rare

Upper quadrant junction:
inferior pedicle mammoplasty

Upper inner quadrant:
round block or

batwing technique

Upper outer quadrant:
lateral mammoplasty

Lower inner quadrant:
V mammoplasty

Lower outer quadrant:
J mammoplasty

Lower quadrant junction:
superior pedicle mammoplasty

Fig. 35.1 Oncoplastic techniques for breast conservation (from Clough et al. [3])

Level II displacement techniques are mainly 
inspired by reduction mammoplasties techniques. 
In small or medium volume breasts with slight or 
medium ptosis, a complete peri-areolar approach 
could be considered according to the “round 
block” technique described by Benelli [5], with a 
major skin undermining, detaching the glandular 
tissue from the skin and chest wall. This tech-

nique could be used for tumours located in any 
quadrant of the breast.

In large volume breasts or medium volume 
breasts with severe ptosis, superior or inferior 
pedicle-based breast reduction techniques could 
be used for tumours located at the lower or upper 
quadrants, respectively. The techniques for treat-
ing tumours located at the lower quadrants are 
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borrowed from aesthetic surgery [6, 7], with the 
use of superior vascular pedicles. The skin excess 
excision could follow a vertical or a Wise pattern 
[8] depending on the breast volume and ptosis, 
larger volumes, and higher degrees of ptosis 
requiring a Wise pattern rather than a vertical 
scar (Fig. 35.1).

The techniques for treating tumours located at 
the upper quadrants are based on inferior and 
posterior vascular pedicles as described by 
Ribeiro and Robbins [9, 10]. The choice of the 
skin excess excision pattern is made on the same 
considerations as for superior vascular pedicles 
techniques.

There are also other vascular pedicles that 
may be useful for treating tumours located in 
other quadrants, such as the medial [11, 12] and 
lateral pedicles [13, 14] and the vertical bi- 
pedicled flap (McKissock technique) [15].

Breast conserving oncoplastic techniques for 
tumours located in the central quadrant could be 
selected according to breast volume and ptosis. 
Centrally located tumours in medium/small 
breasts with slight/medium ptosis could be 
treated with the rotation of an infero-lateral 
dermo-glandular pedicle, preserving a skin island 
that replaces the NAC, a technique originally 
described by Grisotti [16]. Centrally located 
tumours in large volume breasts or medium vol-
ume with high degree of ptosis could be treated 
with breast reduction patterns as described above, 
preserving a skin pad for immediate NAC 
replacement.

35.1.2  Volume Replacement 
Techniques

Volume replacement techniques in oncoplastic 
BCS use local and regional flaps to correct the 
partial mastectomy defect. Defects in the lower 
quadrants of the breast can be addressed using 
local flaps such as abdominal adipo-fascial flaps 
or thoraco-epigastric perforator flaps. Defects in 
the lateral quadrants can be rebuilt with lateral 
chest wall perforator flaps including lateral inter-
costal artery perforator (LICAP) flap, lateral tho-

racic artery perforator (LTAP), and thoracodorsal 
artery perforator (TDAP) flap [17].

Distant flaps (latissimus dorsi miniflap, omen-
tal flap) used for partial volume replacement are 
most commonly pedicled and can be used to 
reconstruct infero-medial defects.

The use of free flap volume replacement tech-
niques is also described after BCS [18]. They are 
adaptable to repair defects in any breast 
quadrant.

Some authors proposed algorithms and flow 
charts with the aim of helping breast surgeons in 
the choice of the best oncoplastic technique 
according to tumour location, breast volume, and 
ptosis [4, 19], some others developed and vali-
dated a decision support system also considering 
other decisional drivers as tumour stage, risk of 
positive margins, and patient wishes [20].

35.2  Oncoplastic Breast 
Conserving Surgery 
and Radiation Planning

When creating a radiation plan for patients who 
underwent oncoplastic surgery, teamwork and 
clear communication between the breast surgical 
oncologists and the radiation oncologists are of 
paramount importance.

Unlike after the so-called standard lumpecto-
mies, when performing oncoplastic BCS the sur-
gical incisions on the skin often do not directly 
overlay the tumour bed. In addition parenchymal 
flaps could be moved from other quadrants to fill 
the defect in the tumour bed or the tumour bed 
could be replaced with loco-regional or even dis-
tant flaps in cases of volume replacement tech-
niques. Furthermore, the surgical cavity margins 
may be rotated and moved to other quadrants of 
the breast.

It is important for the radiation oncologists to 
understand the new arrangement of the breast tissue 
when evaluating margins and looking for the tumour 
cavity. Notably this is even more pronounced when 
a boost or partial breast irradiation (PBI) is consid-
ered, as in some cases the tumour bed may not be 
easy to identify, or simply no longer exists.

35 Oncoplastic Breast Conserving Surgery
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Cavity marking (thoroughly discussed in the 
next section) and detailed operation reporting 
might be of great help, but direct communication 
with the surgical oncologist who performed the 
surgery is probably the best way for the radiation 
oncologists to understand the breast tissue 
arrangement postoperatively.

35.3  Cavity Marking 
in Oncoplastic Breast 
Conserving Surgery

Breast radiation therapy (RT) is an essential com-
panion of BCS [21, 22]. Randomised trials have 
demonstrated a significant reduction of local 
recurrence with an additional boost dose of 
10–16  Gy or equivalent to the primary tumour 
bed [23, 24].

Therefore, in order to achieve an adequate 
tumour bed identification, placing surgical clips 
at the excision cavity has been recommended to 
improve the accuracy of boost field rather than 
clinical information only [25–27]. Despite the 
increasing trend for computed tomography (CT)-
based target delineation, boost planning based on 
clips with conventional simulator still forms the 
base of most clinical practices [28].

There are many studies reporting that 
CT-based tumour bed definition, based on post-
operative seroma and preoperative imaging, 
exceeds the clipped tumour (rather surgical) bed 
by a variable millimetre gap, outside the conven-
tional boost field borders, which were simulated 
directly based on the clips [29–32]. Unfortunately, 
clips are not capable to demarcate very reliably 
the tumour bed but rather mark the surgical bed, 
not being the same as the tumour bed [33]. 
However, its role as an aid to assist in defining the 
excision cavity is widely recognised [34]. Nearly 
half of tumour beds on planning CT were unsat-
isfactorily visualised [29–32]. Under these cir-
cumstances, the routine use of clips and the way 
such clips are positioned by surgeons, in terms of 
number and sites, are definitely a topic to be con-
sidered in a teamwork between breast surgeons 
and their fellow radiation oncologists colleagues. 
Hence, a standardisation of clips placement 

should be regarded as an important part of surgi-
cal protocol [35].

More recently, the habit of “clipping” the sur-
gical cavity should be regarded as essential due to 
the introduction of two independent revolution-
ary approaches in BCS, namely PBI and onco-
plastic BCS. In External Beam Radiation Therapy 
(EBRT) PBI, the exact tumour bed definition is of 
utmost importance, considering that the RT will 
be aimed at the tissue surrounding the tumour 
area only and that there is not going to be a Whole 
Breast Irradiation (WBI). In the majority of tri-
als, PBI was performed requiring clip positioning 
at the surgical site [35, 36]. For example, in the 
APBI (Accelerated Partial Breast Irradiation) - 
IMRT (Intensity Modulated Radiation Therapy) - 
Florence trial the positioning of at least 4 clips at 
tumour resection margins was required to draw 
the PBI-Clinical Target Volume (CTV) [36].

In the IMPORT trial’s protocol the researchers 
suggested the routine use of paired 6 mm titanium 
clips around the tumour bed as follows [35]: 1—
medial, lateral, superior and inferior: half-way 
between skin and fascia; 2—deep: mid- point, usu-
ally the pectoral fascia (posterior); 3—anterior: 
close to the suture line, avoiding skin dimpling.

Some studies, albeit few in literature, have 
found that clip placement is helpful in oncoplastic 
breast surgery and that 4 clips, on the glandular 
resection margins, are the minimum sufficient 
number effective for an adequate tumour bed iden-
tification in oncoplastic BCS [37–41]. For target 
volume definition and contouring of the tumour 
bed, please review the chapter entitled “Target vol-
ume definition and contouring-boost/SIB/PBI”.

35.4  Oncoplastic Breast 
Conserving Surgery Versus 
Standard Breast Conserving 
Surgery: The Evidence

35.4.1  Patient-Reported Outcome 
Measures (PROMs)

The positive effects on PROMs are among the 
strongest supposed advantages of oncoplastic 
BCS compared to standard BCS. Currently this 
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has not been thoroughly studied, and reports are 
mostly observational. Observational studies 
comparing QoL after oncoplastic or standard 
BCS did not show significant differences in 
terms of QoL (assessed with different tools) 
[42–44].

Observational studies comparing patients’ sat-
isfaction with aesthetic outcome after oncoplastic 
versus standard BCS show conflicting results 
[43–49].

Acosta-Marin [45], Di Micco [42], Lansu 
[50], Plasdottir [47], Rose [43], Santos [48], and 
Tenofsky et  al. [49] did not report significantly 
different patient-reported cosmetic outcomes 
(assessed with different methods) between onco-
plastic and standard BCS.

Schechter et al. [44] reported significantly bet-
ter patient-reported cosmetic outcomes assessed 
with BREAST-Q [51] with oncoplastic 
BCS. Ojala et al. [46] reported significantly bet-
ter patient-reported cosmetic outcomes assessed 
with BCTOS (Breast Cancer Treatment Outcome 
Scale) [52] with standard BCS.

Lansu et  al. assessed the cosmetic outcome 
with a standardised objective tool (BCCT.core) 
showing better cosmetic results with standard 
BCS [50].

35.4.2  Surgical Outcomes

Oncoplastic BCS is not associated with signifi-
cantly higher rates of surgical complications 
(infection, seroma, haematoma, bleeding, non- 
healing wound, wound dehiscence, skin necrosis, 
pain, abscess formation) compared to standard 
BCS, without any significant impact on timing to 
adjuvant treatments [44, 45, 47, 53–62].

Statistically significant lower rates of positive 
surgical margins are associated with oncoplastic 
BCS compared to standard BCS [42, 47, 54, 55, 
58–60, 63–68], with significantly lower re- 
excision rates due to positive margins [42, 47, 49, 
53, 58–61, 63, 67–69], despite the fact that 
patients treated by oncoplastic BCS had larger 
tumour size.

35.4.3  Oncological Outcomes

Loco-regional recurrences have been demon-
strated to be not significantly reduced with onco-
plastic BCS compared to standard BCS [53, 55, 
58, 62], without any significant impact on 
disease- free and overall survival [54, 62, 64, 
69–72].

35.5  Summary

Despite the low level of evidence supporting the 
use of oncoplastic BCS, these techniques are 
broadly accepted and used worldwide for the 
treatment of many breast cancer patients, extend-
ing the benefits of BCT for patients who might 
otherwise not be eligible for breast conservation. 
Oncoplastic BCS extends the role of BCS by 
enabling complete excision of a greater range of 
tumours, helping to achieve clear margins with 
acceptable cosmetic results without compromis-
ing oncological results. Conversely, oncoplastic 
BCS consumes more time and potentially more 
resources and today cost-effectiveness is a major 
concern. The application of oncoplastic BCS 
must be justified and this is why we need the pro-
duction of more robust evidence, possibly in a 
randomised setting and using standardised tools 
for the assessment of outcomes.

Due to lack of evidence-based data, some 
unanswered questions remain about radiation 
planning after oncoplastic BCS. Not only is the 
tumour bed often quite more challenging to iden-
tify, but also it may no longer exist (neither as a 
potential space nor as a seroma field cavity), but 
rather be transferred to different quadrants of the 
breast as part of the volume displacement flaps. 
In that context, the use of radiation techniques 
that rely on identification of the tumour bed, such 
as PBI and tumour bed boost remains to be evalu-
ated in this perspective. For both, intraoperative 
radiation therapy, delivered after tumourectomy 
and before oncoplastic tumour re-arrangement, 
seems an attractive approach to potentially over-
come the challenges of identifying the tumour 
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bed. However, this approach should be evaluated 
in a clinical study.

When planning RT after oncoplastic BCS, 
clear communication between the surgeon and 
the radiation oncologist is of paramount impor-
tance. While global standardisation is still lack-
ing, understanding of the surgical procedure and 
identification of the tumour bed, when possible, 
should be part of the multidisciplinary care.
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Sequential Boost Versus SIB

Pierfrancesco Franco and Melanie Machiels

36.1  Background

Breast conserving therapy—consisting of BCS 
followed by whole breast irradiation (WBI)—has 
been well established by several randomised tri-
als [1, 2]. An additional boost dose to the tumour 
bed has been shown to increase local relapse-free 
survival in selected patients [3].

With external beam RT, this extra dose to 
the tumour bed can be delivered either with a 
sequential boost approach or with a concomitant 
or simultaneous integrated boost (SIB). When 
delivering a sequential boost, treatment consists 
of two phases, the first being directed to the entire 
set of target volumes and the boost limited to the 
primary tumour bed with a margin, with a pro-
gressive shrinkage of target volumes.

In the context of breast cancer, a sequential 
boost is typically delivered in 4–8 extra frac-
tions which prolong the overall treatment time 
by 1–2 weeks. Of note, the boost dose, together 
with other cofactors, negatively influences cos-
metic outcomes, especially in case of large boost 
volumes [3–5].

Over the past few decades, there is a growing 
interest in the delivery of a concomitant or SIB 
for breast cancer. SIB is generally managed as a 
single treatment plan for the entire course of treat-
ment with different radiation doses for the whole 
breast and tumour bed. The term ‘simultaneous 
integrated boost’ was introduced by Mohan et al. 
to describe the delivery of different doses per 
fraction to different target regions including an 
elective dose to the entire set of target volumes 
and a higher dose to the high risk volumes [6]. 
This allows to modulate dose levels depending on 
the specific risk of recurrence.

There are basically two different approaches 
to manage the delivery of a concomitant boost in 
this clinical setting.

 1. The SIB employed as an additional dose given 
to a specific volume (the tumour bed in this 
case) on top of the dose received by the elec-
tive volumes (whole breast with/without 
lymph nodes). With this approach, the dose 
per fraction to the elective volumes can be 
given with conventional fractionation or 
hypofractionation, while the boost dose to the 
tumour bed is given as an extra dose in the 
same treatment fraction within the same treat-
ment plan (SIB) or using a different set of cal-
culations (concomitant boost). The overall 
treatment time is reduced compared to the 
delivery of a sequential boost (model 2  in 
Table 36.1).
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Table 36.1 Example for dose and fractionations of whole breast with/without simultaneous integrated boost

Type of 
SIB Prescription

WBI Boost
Fraction 
size

Number of 
fractions

Total 
dose

Fraction 
size

Number of 
fractions

Total 
dose

Total dose 
incl WBI

Model 1 No boost 2.67 15 40.05 0 0 0 40.05
With boost 2.18 20 43.6 0.49 20 9.8 53.4

Model 2 No boost 2.67 15 40.05 0 0 0 40.05
With boost 2.67 15 40.05 3.2 15 48 48

Fraction size (Gy), total dose (Gy)

 2. The SIB combining a stable dose per fraction 
to the boost volume with a higher number of 
fractions, for which, at the same time, the 
dose to the elective volumes has to be 
decreased. The dose to the elective volumes 
can be delivered using conventional or hypo-
fractionation (model 1 in Table 36.1).

Model 2 leads to a benefit in terms of patient’s 
convenience and radiation oncology department 
throughput. For both, a significant dosimetric 
advantage is provided. This allows to be on the 
safer side with respect to the risk of increasing 
the rate of side effects (by decreased high-dose 
volume sizes while the maximal dose remains 
constant or lowered based on radiobiological 
calculations). In other settings, such as head 
and neck cancer, fractionations schemes usu-
ally employ lower dose per fraction (generally 
≤1.8 Gy). This allows for a slight contraction in 
overall treatment time, to deliver the full dose to 
the high-dose volumes.

The use of SIB was significantly associated 
with improved patient compliance, health-related 
QoL, lowered patient-related costs, and increased 
utilisation of BCT [7, 8]. Tumour bed boost inte-
gration is also theorised to improve disease con-
trol due to the overall increased dose per fraction 
to the tumour bed in accelerated fractionation 
compared to sequential boost.

This chapter provides a critical appraisal of 
the available evidence of administration of a 
sequential boost as compared to a SIB in breast 
cancer patients who are planned for BCT.

36.2  Existing Literature

36.2.1  Dosimetry

Compared to the sequential delivery of a boost 
dose to the tumour bed, the use of SIB is based 
on the incorporation of the boost within the WBI 
and potentially provides a dosimetric advantage 
for both OARs and target volumes (Fig.  36.1). 
An example of a comparison between a sequen-
tial boost and SIB using a conventional 3DCRT 
technique is shown in Fig. 36.2. Several dosimet-
ric comparison planning studies investigated the 
potential advantage of boost integration. Singla 
et al. compared SIB plans using IMRT versus a 
sequential boost using 3DCRT tangential fields to 
deliver a 16 Gy boost above 50.4 Gy of conven-
tionally fractionated WBI. Albeit, 28 fractions to 
the whole breast plus 8 additional fractions to the 
tumour bed were given in the 3DCRT arm versus 
28 fractions of 1.8 Gy were given to the whole 
breast and of 2.37 Gy to tumour bed in the IMRT 
SIB arm [9]. An improvement in target confor-
mality (up to 67%) could be detected with IMRT 
SIB as a reduction in mean lung dose (MLD) and 
maximum heart dose. Hurkmans et al. performed 
a planning study of SIB using inverse optimisa-
tion vs a 3-field boost approach [10]. The com-
parison demonstrated a similar volume of whole 
breast and tumour bed receiving >95% of the pre-
scribed dose and similar mean heart dose (MHD) 
and MLD.  Interestingly, the SIB approach pro-
vided a reduction in the volume of whole breast 
(excluding the boost volume) receiving >95% of 
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a b

Fig. 36.1 Exemplary dose distribution of a SIB

Fig. 36.2 Comparison between a sequential boost and 
SIB with a conventional 3D-CRT technique as used in 
2012 (ESTRO course, courtesy S.  Hol, Tilburg, NL). 
Note: only the planning at the central axis through the 
PTV boost is shown. SIB =  left; sequential =  right. (a) 

Breast treatment planning is identical for SIB compared to 
sequential. (b) For SIB the MLCs can be put at the PTV 
borders, while for sequential a 0.5–0.8  cm margin is 
required to obtain electronic equilibrium. (c) After sum-
ming both treatment plans further optimising can be done

a

b
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the prescribed dose, with hence a smaller vol-
ume receiving the high-boost dose and a better 
conformality [10]. This is in line with other find-
ings. Van der Laan et  al. reported on compara-
tive planning study of SIB in 30 patients affected 
with left-sided breast cancer, comparing standard 
RT (50 Gy in 25 fractions +16 Gy in 8 fractions 
as a sequential boost versus a forward-planned 
3DCRT WBI delivering 1.81 Gy × 28 fractions 
with a concomitant boost of another 0.49  Gy 
(2.3  Gy daily) [11]. With boost incorporation, 
the mean volume getting ≥107% of whole breast 
prescribed dose was reduced by 20%, the mean 
volume of breast tissue outside the tumour bed 
receiving ≥95% of the boost dose was reduced 
by 54% and MHD and MLD were reduced by 
10%. More data about the use of this SIB tech-
nique with a slight reduction of the total number 
of fractions (28 vs. 33 and 31 vs. 38, respectively, 
for the standard and the high-boost dose with 
SIB vs. sequential boost) will become available 
soon after the analysis of the “Young Boost Trial” 
[12]. Consistently, in a comparison between 
3DCRT and helical tomotherapy for WBI, Hijal 
et al. demonstrated that a tomotherapy-based SIB 

approach leads to the reduction in excess irradia-
tion of the whole breast excluding the tumour 
bed. With 3DCRT, a large amount of breast tissue 
outside tumour bed was unnecessarily irradiated 
[13]. This issue has a clinical translation. It has 
been shown that, during the delivery of sequen-
tial boost, even if given with tomotherapy-based 
IMRT and steep dose gradients, the adjunctive 
dose received by the breast tissue outside the 
tumour bed may be correlated with acute skin 
toxicity [14]. On the same platform, but with 
the use of SIB, the authors were able to limit the 
unintended irradiation of breast tissue outside the 
tumour bed and to consequently reduce the acute 
skin profile toxicity as will be discussed hereaf-
ter [15]. However, when using VMAT/vIMRT 
techniques or any beam arrangement that is not 
aligned with the conventional tangential tech-
niques for breast cancer, care must be given to 
identify RT doses to non-target tissue, e.g. con-
tralateral breast, low doses to the lungs, liver, 
etc. The key of the dosimetry advantage of SIB 
compared to sequential boost is mainly due to 
smaller beam arrangement used in case of beam 
(see treatment planning section).

c

Fig. 36.2 (continued)
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36.2.2  Toxicity

There are concerns that when using the SIB tech-
nique, a higher dose per fraction is administered 
to a part of the breast, which might increase the 
incidence of toxicity. However, better dose con-
formity can be reached if doses to the whole 
breast and to the boost volume are optimised 
simultaneously as demonstrated previously. Fur-
thermore, when giving a sequential boost, hot 
spots of the WBI plan can coincide with hot spots 
in the boost plan, despite modern treatment plan-
ning systems allowing to take the dose delivered 
by the WBI plan into account when planning the 
boost, setup differences or anatomy changes are 
currently not considered.

Main toxicity data on the use of a SIB for 
BCT in early stage breast cancer consists of non- 
comparative series and has been thoroughly sum-
marised in a systematic review published in 2016 
[16]. In only ten studies grade 3 acute toxicities 
were observed and ranged from 1% to 7% [7, 15, 
17]. It was noted that the incidence of acute radia-
tion dermatitis across studies was reversible, with 
six studies (46%) reporting resolution of moderate 
to severe toxicities within 12 weeks of finishing 
RT.  Considering late toxicity, largest experience 
comes from a large prospective cohort investigat-
ing 982 patients treated with normofractionated 
WBI with a SIB [18]. After 3 years, 8.5 and 3.7% 
of patients had grade ≥2 fibrosis in the boost area 
and grade ≥2 telangiectasia, respectively. In other 
smaller series, longest median follow-up reported 
was 5.1 years [19]. The incidence of moderate to 
severe late toxicities ranged from 1% to 9% and 
0% to 9% for both breast fibrosis and telangiecta-
sia, respectively [15, 19, 20].

More recently, Cante et al. published data from 
178 patients treated with hypofractionated WBI 
(45 Gy total dose) and a concomitant boost to the 
tumour bed (50 Gy total dose) over 4 weeks [21]. 
With a median follow-up of 117 months (range 
4–140), they reported grade 2 (fibrosis) and grade 
3 (telangiectasia) skin toxicity in 7% and 5% of 
the patients, and good or excellent cosmesis in 
87.8% of the patients. Lansu et  al. retrospec-
tively investigated and compared the cosmetic 
outcomes of a SIB versus a sequential boost, in 

the setting of hypofractionation in patients who 
underwent oncoplastic surgery [22]. The authors 
reported that the SIB and hypofractionation did 
not have an influence on cosmetic outcome but 
had a favourable influence on quality of life, 
while oncoplastic surgery negatively influenced 
cosmesis. Krug et  al. demonstrated low acute 
toxicity (grade ≥2 skin toxicity of 14.7%) and 
high treatment adherence to hypofractionated 
WBI with SIB [23].

Comparative data are scarce, with only three 
randomised controlled trials found. A series of 
400 patients treated to 40.05 Gy in 15 fractions 
to the breast in prone position and randomised 
between a daily SIB of 0.5 Gy (2.67 Gy + 0.5 Gy) 
or a weekly 2  Gy SIB demonstrated compa-
rable acute grade 2 and long-term toxicity 
between both groups with a median follow-up of 
45 months [24]. One randomised controlled trial 
in 69 patients showed less toxicity in the SIB arm 
after 1  year of follow-up, while heart and lung 
function were not impaired [25]. Results need to 
be interpreted with caution since in this trial other 
factors differed between the SIB and sequential 
boost arm. A more recent phase II randomised 
controlled trial evaluated whether the combina-
tion of a SIB with prone hypofractionated WBI 
would increase acute toxicity compared to the 
routinely used hypofractionation scheme of 
40.05 Gy in15 fractions plus a sequential boost 
of 10 Gy in four fractions or 14.88 Gy in six frac-
tions [26]. It was demonstrated that the rate of 
moist desquamation was not different between 
both treatment arms. In both arms, 7% of patients 
developed moist desquamation, nonetheless, the 
incidence of grade 2/3 dermatitis and pruritus was 
reduced by one-third in the SIB arm (p = 0.037 
and p = 0.015, respectively).

An impact of used treatment planning tech-
nique also impacts toxicity as is demonstrated 
in Fig.  36.3. In the aforementioned systematic 
review, it was noted that only three of the five 
studies that employed IMRT (both forward- 
planned and inverse-planned-IMRT) or VMAT 
to deliver the boost dose concurrently reported 
incidences of grade 3 acute skin toxicity totalling 
three events representing 0.4% of the total cohort 
[16]. In contrast, concurrent boosts delivered 
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Fig. 36.3 Comparisons between field-in-field and IMRT 
for SIB, as used in 2019 (ESTRO course, courtesy S. Hol, 
Tilburg, NL). Note: only the planning at the central axis 
through the PTV boost is shown. FiF = left; IMRT = right. 
Dose prescription = 21*2.17 Gy on the whole breast and 

21*2.66 Gy on boost. (a) SIB right-sided breast cancer. 
(b) SIB left-sided breast cancer. Note: volumes dosimetry 
is expressed using percentage (%), mean heart and lung 
doses using cGy

a
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b

Fig. 36.3 (continued)
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using conventional 3DCRT techniques generally 
reported higher incidences of grade 3 toxicity. 
These results support previous studies proposing 
a correlation between IMRT and reduced inci-
dence of acute radiation dermatitis [7, 27, 28].

In conclusion, randomised evidence on toxic-
ity and cosmetic outcome is limited, but suggest 
that SIB gives at least comparable acute toxicity 
and, in some series, even less toxicity as com-
pared to a sequential boost, independently of 
the WBI fractionation scheme. However, with 
 current evolution towards ultra-hypofractionated 
WBI, these findings might need to be reassessed. 
Late toxicity profiles appear to be comparable to 
historical controls using a sequential boost.

36.3  Future Perspectives (and 
Unmet Needs)

Few prospective studies are currently investi-
gating the role of boost integration during WBI 
employing hypofractionation and will help clari-
fying the clinical advantage of boost integration 
during WBI. The RTOG 1005 trial is a phase III 
prospective trial investigating accelerated WBI 

for early breast cancer, comparing standard RT 
(50 Gy/25 fractions) (with the hypofractionation 
option of 42.7 Gy in 16 fractions; 2.67 Gy daily) 
followed by a sequential boost of 12–14  Gy in 
6–7 fractions vs a hypofractionated schedule of 
40 Gy in 15 fractions (2.67 Gy daily) with a con-
comitant boost of 3.2 Gy to the tumour bed (up to 
48 Gy in 15 fractions). This trial has been closed 
to accrual and results are eagerly awaited (RTOG 
1005) [29]. The IMPORT High Trial testes dose 
escalated RT delivered with IMRT (both for-
ward- and inverse-planned IMRT) in early breast 
cancer patients with higher than average risk of 
local recurrence, with the primary end-point of 
palpable induration inside boost volume of irra-
diated breast [30]. The standard arm comprises 
40.5 Gy in 15 fractions and a sequential tumour 
bed boost of 16 Gy in 8 fractions for adjunctive 
1.6 weeks (23 fractions for a total of 4.6 weeks). 
Two different experimental arms were chosen: in 
addition to 36  Gy in 15 fractions to the whole 
breast and 2.67  Gy  ×  15 fractions to the index 
quadrant, the first arm receives 3.2 Gy × 15 frac-
tions (up to 48 Gy), while the second arm gets 
3.53 Gy × 15 fractions (up to 53 Gy) to the tumour 
bed (Fig. 36.4). These schedules were calculated 

CONTROL TEST GROUP 1 TEST GROUP 2

40Gy/15Fr

40Gy/15Fr 40Gy/15F

36Gy/15Fr 36Gy/15F

46Gy/15Fr + 16Gy/8Fr 48Gy/15 Fr 53Gy/15 Fr
sequential
dose escalation

concomitant
dose escalation

concomitant
dose escalation

Fig. 36.4 Study design IMPORT HIGH trial (Full protocol available at https://www.isrctn.com/ISRCTN47437448; 
registered under NCT00818051)
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(considering an α/β ratio = 3 Gy for tumour con-
trol) as isoeffective to 60 Gy and 69 Gy, respec-
tively. The global sample size is 2568 patients.

Further, Skagen Trial 1 was initiated in 2015 to 
introduce hypofractionation and SIB as a Danish 
Breast Cancer Group standard for loco- regional 
treatment of early breast cancer. Eligible patients 
are women affected by pT1-3 pN0- N3 M0 breast 
cancer, treated with regional nodal RT after 
mastectomy or BCS. Patients are randomised to 
normofractionated (50  Gy/25 fractions) versus 
hypofractionated (40 Gy/15 fractions) RT on the 
whole breast/chest wall and regional nodes, and 
patients will receive SIB without any randomisa-
tion. The primary endpoint of the trial is the rate 
of lymph oedema on the treated side.

The aforementioned trials and others 
(Table 36.2) will provide evidence on boost integra-
tion during WBI after BCS for early breast cancer.

36.4  Summary

Tumour bed boost strategies in postoperative 
RT for breast cancer are considered an area of 
high investigational potential. A SIB approach 
provides a better conformality and a reduc-
tion in dose administered to the whole breast 
volume. Albeit evidence on toxicity and cos-
metic outcome is limited, it suggests that SIB 
gives at least comparable acute toxicity and, in 
some series, even less toxicity as compared to 
a sequential boost. The success of SIB is how-
ever highly dependent on correct planning tech-
niques and contoured target volumes, since no 
technique can correct for poor contouring. As 
there is currently no consensus on dose and frac-
tionation, it is expected that results from ongo-
ing randomised- controlled trials will further 
enhance the knowledge on this topic.

Table 36.2 Ongoing trials investigating the role of boost integration during WBI

Study Country
Primary 
end-point

Target 
population (n)

Dose and fractionation (experimental arm)

Whole breast
Index 
quadrant Tumour bed

RTOG 1005 USA In-breast 
relapse

2300 40.05 Gy/15 fr 
(2.67 Gy daily)

/ 48 Gy/15 fr 
(3.2 Gy daily)

IMPORT-
HIGH

UK Palpable 
induration

2568 36 Gy/15 fr 
(2.4 Gy daily)

40.05 Gy/15 
fr (2.67 Gy 
daily)

I: 48 Gy/15 fr 
(3.2 Gy daily)

II: 53 Gy/15 
fr (3.53 Gy 
daily)

IMRT MC-2 Germany Cosmesis 502 50.4 Gy/28 fr 
(1.8 Gy daily)

/ 64.4 Gy/28 fr 
(2.3 Gy daily)

UZB trial Belgium Pulmonary-
heart function

123 42 Gy/15 fr 
(2.8 Gy daily)

/ 51/15 fr 
(3.4 Gy daily)

Arm mobility 
and 
lymphoedema

SKAGEN 1 
trial

Denmark Lymph 
oedema rate 
treated side

2000 40 Gy/15 fr 
(2.67 Gy daily)

/ I: 52.2 Gy/18 
fr (2.9 Gy 
daily)
II: 
45.75 Gy/15 
fr (3.05 Gy 
daily)

fr fractions
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Partial Breast Irradiation

Indrani S. Bhattacharya and Charlotte E. Coles

37.1  Background

Data from >10,000 patients in randomised con-
trolled trials (RCT) demonstrate whole-breast 
irradiation (WBI) following breast-conserving 
surgery (BCS) reduces local recurrence risk and 
breast cancer mortality [1]. However, radiation 
therapy (RT) is not without risk including normal 
tissue toxicities [2], cardiac effects, [3] and sec-
ond cancers [4]. Improvements in breast cancer 
care have led to a substantial fall in local relapse 
rates over recent decades [5]. For example, in the 
UK, a breast radiotherapy trial conducted 
between 1986 and 1998 reported a 5-year local 
recurrence rate of 8.0% (95% CI 6.5–9.5%) [6]. 
In contrast, the START trials conducted between 
1998 and 2002 had a 5-year local recurrence rate 
of 3.1% (95% CI 2.6–3.7%) [2]. Even lower lev-
els of 5-year local recurrence have been reported 
in both the IMPORT LOW trial conducted 
between 2007 and 2010 [7] and FAST FORWARD 
trial conducted between 2011 and 2014 [8]. 
Although the relative benefit from breast RT 
remains the same, the absolute benefit is much 

smaller by virtue of the decreased local relapse 
rate. Furthermore, risks of RT remain the same 
regardless of the degree of benefit.

For some patients with a low-risk of local 
relapse, benefits of WBI may not outweigh the 
risks. Local relapse risk is highest in and around 
the tumour bed [9] meaning women with low- 
risk disease may not require WBI. In women with 
low-risk disease, the volume irradiated can be 
reduced to the area in and around the tumour bed, 
i.e. the partial breast, thereby reducing side- 
effects [10] and potentially treatment times [11].

However, partial breast irradiation (PBI) is not 
a new concept. PBI trials conducted in the 1980s 
showed local relapse rates in patients receiving 
PBI were significantly higher than those receiv-
ing WBI [12] which is likely related to older RT 
techniques as well as sub-optimal patient 
selection.

There has now been a resurgence in the inter-
est in PBI with a range of trials being conducted 
internationally. Techniques employed to deliver 
PBI include intraoperative RT (IORT), brachy-
therapy, and external beam RT (EBRT). 
Accelerated PBI (APBI) is where the overall 
treatment time is shorter compared with ‘stan-
dard’ WBI. It should also be noted that ‘standard’ 
WBI was 5-weeks +/-boost for the vast majority 
of PBI trials. A major challenge in interpreting 
results of PBI studies is the vast heterogeneity 
between techniques in terms of the total dose, 
fractionation, overall treatment time, and 
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 irradiated volume. Furthermore, another chal-
lenge for PBI trials and trial design is the low 
event rate in early breast cancer.

Priorities include achieving at least as good 
and certainly no worse local control with reduced 
toxicity using an easily deliverable technique that 
is acceptable and convenient for patients.

37.2  Existing Literature

PBI may be delivered using a variety of tech-
niques including IORT, brachytherapy, and 
EBRT. Technical details of IORT and brachyther-
apy are covered in detail elsewhere. In brief, 
IORT offers the potential for a rapid ‘one-off’ 
treatment without having to return for daily RT 
treatments, providing the histology is favourable. 
IORT has been delivered using electrons (IOeRT) 
and photons as per the ELIOT [13] and TARGIT 
[14, 15] trials, respectively. ELIOT randomised 
women to 50 Gy in 25 fractions over 5 weeks + 
boost versus IOeRT 21 Gy to tumour bed [13]. 
5-year local relapse was 4.4% (95% CI 2.7–6.1) 
and 0.4% (95% CI 0.0–1.0) for the IOeRT and 
WBI groups, respectively [HR 9.3 (95% CI 3.3–
26.3)] (Table  37.1). Although the local relapse 
rate in the IOeRT group was significantly greater 
than patients receiving WBI, the IOeRT local 
relapse was still within the pre-specified equiva-
lence margin and there was no difference in over-
all survival. On review of the baseline 
characteristics, a considerable proportion had 
high-risk features (>25% were lymph node posi-
tive and 20% G3 tumours). This trial like many 
others began recruitment prior to the establish-
ment of GEC-ESTRO/ASTRO guidelines [16, 
17]. When the multivariable analysis was re- 
analysed according to GEC-ESTRO/ASTRO risk 
groups, local recurrence in the low-risk groups 
was similar highlighting the importance of patient 
selection. Although toxicity was not systemati-
cally recorded, a difference in skin toxicity 
favouring IOeRT was reported but IOeRT patients 
had increased fat necrosis [13].

TARGIT randomised women to IORT using 
50 kV photons or WBI. The trial had two strata; 
pre-pathology given at time of BCS and post- 

pathology given after BCS where the wound was 
re-opened [14, 15] (Table  37.1). Local relapse 
rates in the control group were in fact much lower 
than originally anticipated at the time of trial 
development. Furthermore, 20% patients receiv-
ing IORT in the pre-pathology strata required 
additional WBI due to unfavourable histology 
results after definitive surgery [14]. There was 
also no systematic collection of toxicity data.

GEC-ESTRO randomly assigned women to 
APBI with interstitial brachytherapy; either high 
dose rate or pulsed dose rate versus WBI 50 Gy 
with a 10 Gy tumour bed boost [18]. At a median 
follow-up of 6.6  years, local recurrence was 
1.44% (95% CI 0.51–2.38) with APBI and 0·92% 
(0.12–1.73) with WBI (difference 0.52%, 95% 
CI −0.72 to 1.75; p = 0.42). There was a compre-
hensive assessment of toxicity by patients and 
clinicians [19]. Overall toxicity was low in both 
groups but there was a statistically significant dif-
ference in favour of G2–3 skin toxicity for APBI 
at 5  years (10.7% [95% CI 8.0–13.4)] WBI vs 
6.9% (4.8–9.0) APBI (difference  –3.8%, 95% 
CI-7.2–0.4; p = 0.020) [20].

PBI trials delivered using EBRT include 
Florence [21], IMPORT LOW [7], RAPID, [22] 
and NSABP B-39/RTOG 0413 [23]. The smaller 
of these trials is Florence which randomised 520 
women to APBI using IMRT 30 Gy in 5 fractions 
on alternate days versus conformal WBI 50 Gy in 
25 fractions plus a boost [21]. At 10-years local 
recurrence rates were 3.7% and 2.5% [HR 1.56 
(95% CI 0.55–4.37, p = 0.40)] in the APBI and 
WBI groups, respectively, with reduced toxicity 
in the APBI group. These results are reassuring in 
terms of safety of delivering PBI using EBRT 
although the small patient numbers should be 
interpreted with caution regarding efficacy of 
PBI.

IMPORT LOW randomised 2018 women to 
receive 40 Gy WBI (control), 36 Gy WBI, and 
40 Gy to the partial breast (reduced-dose group), 
or 40 Gy to the partial breast only (partial breast 
group) in 15 daily treatment fractions using sim-
ple field in field (FiF) [7]. At a median follow-up 
of 72 months, local relapse rates were 1.1% (95% 
CI 0.5–2.3), 0.2% (0.02–1.2), and 0.5% (0.2–1.4) 
in the WBI, reduced-dose, and PBI groups, 
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respectively. IMPORT LOW provided a sole test 
of irradiated volume as the dose/fractionation in 
all groups was identical with regard to disease 
control and toxicity. Toxicity was significantly 
less in the reduced and PBI groups compared 
with the WBI group [7, 24] (Table 37.1).

Furthermore, it is now possible to deliver PBI 
in 1-week using the techniques in IMPORT 
LOW. The recently published FAST FORWARD 
[8] trial was designed in parallel with IMPORT 
LOW [7] with the same control group. FAST 
FORWARD (26 Gy in5 fractions) showed non- 
inferiority with 40 Gy in15 fractions for efficacy 
and similar toxicity, whilst IMPORT LOW 
showed non-inferiority with 40 Gy in15 fractions 
for efficacy and reduced toxicity. This has 
enabled the FAST FORWARD fractionation to 
be seamlessly adopted for PBI and has been 
approved by the UK community with >90% con-
sensus [25]. It should be noted that an RCT of 
1-week versus 3-weeks PBI would have required 
many thousands of patients given the very-low 
event rate with many years of follow-up. This 
would not be fundable or ethical hence both trials 
designed in parallel.

RAPID trial randomised women to WBI 
42.5 Gy in 16 fractions or 50 Gy in25 fractions 
daily ±boost versus APBI 38.5 Gy in 10 fractions 
twice daily using 3DCRT/FIF [22]. At a median 
follow-up of 8·6 years, the cumulative incidence 
of local recurrence was 3.0% (95% CI 1.9–4.0) in 
the APBI group and 2.8% (1.8–3.9) in the WBI 
group (HR 1.27, 90% CI 0.84–1.91). This result 
was reported as meeting the pre-specified condi-
tions of the trial for one-sided non-inferiority of 
the primary endpoint (to exclude HR >2.02 cal-
culated from 5-year estimated recurrence rates).

In contrast, NSABP B-39/RTOG 0413 ran-
domly assigned women to receive either APBI 
(via EBRT or brachytherapy) or WBI with an 
optional tumour bed boost [23]. APBI dosage 
regimens were 38.5 Gy with EBRT or 34 Gy for 
brachytherapy in 10 twice daily fractions over 
1-week. At 10-years local recurrence was 4.6% 
(95% CI 3.7–5.7) for APBI and 3.9% (3.1–5.0) 
for whole-breast irradiation (HR 1.22, 90% CI 
0.94–1.58), thus not meeting their pre-specified 
conditions for two-sided equivalence defined as a 

maximum 50% increase in relative risk (i.e. to 
exclude HR ≤0.677 or ≥1.50 irrespective of 
timepoint).

RAPID [22] and NSABP B-39/RTOG 0413 
[23] raise an important point regarding non- 
inferiority and equivalence trials. Essentially 
non-inferiority trials aim to show that the inter-
vention is no worse than standard treatment, 
whilst equivalence trials aim to show the inter-
vention is no better and no worse than the stan-
dard treatment. Non-inferiority or equivalence 
boundaries must be specified beforehand. 
However, determining these boundaries is not 
always simple. The HRs reported show that both 
trials were similar in their estimates of relative 
effect of APBI compared with WBI.  However, 
RAPID concluded that the non-inferiority condi-
tions for local recurrence were met, whereas 
NSABP B-39/RTOG 0413 concludes that the 
equivalence conditions were not met. Clinically, 
the HRs and associated CI are similar between 
the two trials and any differences in interpreta-
tion are related to statistical design [26].

Regarding toxicity, NSABP B-39/RTOG 0413 
reported similar toxicity between the treatment 
groups although detail was limited in the primary 
endpoint publication and a further toxicity publi-
cation is planned [23]. However, in RAPID cos-
metic outcome was significantly worse in patients 
receiving ABPI [22]. This could be due to twice 
daily fractionation where the equivalent dose in 
2 Gy per fraction (EQD2) is around 53 Gy; how-
ever, it may in fact be as high as 65 Gy if incom-
plete repair between fractions is considered [27]. 
Additional factors associated with adverse cos-
mesis in patients receiving APBI include tumour 
location, smoking, age, and seroma volume 
(p < 0.05) and smoking was associated with cos-
metic deterioration (p = 0.02) [28]. We await fur-
ther publications in order to understand the 
difference between these two trials.

From the studies described above, it is clear 
local relapse rates are low and PBI is suitable 
and safe for a subgroup of patients with low-risk 
breast cancer. Challenges regarding heterogene-
ity between techniques, total dose, fraction-
ation, and irradiated volume still exist. More 
detail concerning how these individual tech-

37 Partial Breast Irradiation
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niques interact to cause normal tissue toxicities 
is required.

Regarding ongoing trials, The Danish Breast 
Cancer Group are conducting the Natural trial 
with low-risk patients being randomised to PBI 
(using EBRT 40  Gy/15  F) or no radiotherapy 
(including no endocrine treatment in some cen-
tres). Eligibility criteria include women with 
breast cancer ≥60  years having had breast- 
conserving surgery with pT1, pN0, ER ≥10%, 
HER2 neg, grade 1–2, non-lobular type, and mar-
gins ≥2 mm [29]. This is a non-inferiority trial 
recruiting 926 patients using a cut-off of an ipsi-
lateral local recurrence rate of 4% in patients not 
having radiotherapy.

It should also be noted that as well as EBRT 
and other IORT techniques already described 
above, there are various other technologies 
available to deliver PBI, for example, the 
Mammosite Radiation Therapy System (RTS) 
[30] for which there are less data available but 
already in clinic use.

37.3  Patient Selection

Importance of patient selection for PBI is key as 
was highlighted in the ELIOT trial [13] where 
there was a significant increase in local relapse in 
high-risk patients. It is likely these patients were 
only included due to the lack of guidelines at the 
time of recruitment. PBI should be considered for 
those patients with low-risk disease especially 
outside the setting of a clinical trial. Overall the 
PBI guidelines are similar albeit with some dif-
ferences [16, 17, 31–33] (Table 37.2). For exam-
ple, in the ESTRO guidelines [16], eligible 
patients may have high grade or oestrogen recep-
tor negative tumours in contrast to the UK guide-
lines [31, 32]. Furthermore, ESTRO guidance 
also has an intermediate-risk group who may 
receive PBI within a clinical study [16]. In con-
trast, the American Society for Radiation 
Oncology (ASTRO) defines three patient groups 
which include suitable, cautionary, and unsuit-
able [17]. Of note the ASTRO guidelines state 

that IORT using electrons should be restricted to 
patients in the ‘suitable’ category. In general, the 
guidelines described above reflect the majority of 
patients treated within the PBI trials but not nec-
essarily meeting the criteria for the individual tri-
als. The priority is to offer PBI to patients with 
low-risk disease. Patients with any high-risk fea-
tures, e.g. Grade 3 tumours, triple negative sub- 
type and those with a BRCA mutation should not 
be recommended PBI. The 2022 European 
Society for Radiotherapy and Oncology Advisory 
Committee in Radiation Oncology Practice 
(ESTRO-ACROP) consensus recommendations 
on patient selection and dose and fractionation 
for external beam radiotherapy in early breast 
cancer identified low risk-features suitable for 
PBI: luminal-like subtypes small tumour (≤3 
cm), absence of lymph vascular space invasion, 
non-lobular invasive carcinoma, tumour grade 
1–2, low-to-intermediate grade DCIS (sized ≤2.5 
cm with clear surgical margins ≥3 mm), age at 
diagnosis 50 years or more, unicentric or unifocal 
lesion, clear surgical margins (>2 mm), node 
negative (including isolated tumour cells), and no 
use of primary systemic therapy and neoadjuvant 
chemotherapy [34].

It is likely these current guidelines will evolve 
further. Given the low local relapse rates there 
may be a group of patients where the risks of 
radiotherapy completely outweigh the benefits 
and RT can be safely avoided. The results of the 
omission of RT trials being conducted interna-
tionally are awaited [35–40].

37.4  Practical Suggestions When 
Implementing PBI 
Using EBRT

The following may be useful when considering 
PBI implementation using EBRT:

 1. When selecting patients consider those with 
low-risk features including smaller, node- 
negative tumours with favourable histology 
and in older patients.

I. S. Bhattacharya and C. E. Coles
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Table 37.2 Summary of PBI Guidelines

ASTRO [17] GEC-ESTRO [16] NICE [31]

RCR 
consensus 
[32] IOERT [33]

Age ≥50 years >50 years ≥50 years ≥50 years ≥50 years
Tumour size ≤2 cm ≤3 cm ≤3 cm ≤3 cm ≤2 cm
Margins ≥2 mm ≥2 mm Clear 

margins
≥1 mm –

Grade Any Any G1–2 G1–2 G1–2
LVSI No No – No –
ER status Positive Any Positive Positive Positive 

(luminal A)
Multifocality Unifocal Unifocal – – Unifocal
Histology IDC or other favourable 

sub-types
IDC, mucinous, 
tubular, 
medullary, and 
colloid

Invasive 
cancer, 
lobular 
excluded

Lobular 
excluded

Ductal and 
other 
favourable 
histologies

Pure DCIS If screen detected, low- 
intermediate nuclear grade, 
≤2.5 cm size, and resected 
with margins negative at 
≥3 mm

Not allowed Not allowed Not 
allowed

–

N-stage N0 N0 N0 N0 N0
Neo-adjuvant 
therapy

Not allowed Not allowed Not allowed Not 
allowed

Not allowed

 2. The technique used should be determined by 
local resource and expertise; for example, 
brachytherapy or IORT using electrons (for 
appropriate patients) may be preferable for 
some centres, whereas others will favour 
EBRT techniques.

 3. When delivering EBRT, daily or alternate day 
treatments should be used as per the IMPORT 
LOW and FLORENCE trials, respectively, 
with 5 fractions being offered.

 4. It is essential to minimise the heart dose in 
left-sided tumours; techniques such as deep 
inspiratory breath-hold (DIBH) can enable 
this, although may not be required if the 
tumour bed is in the upper half of the left 
breast.

37.5  Summary

RCT data demonstrates PBI using certain tech-
niques can achieve at least as good and certainly 
no worse local recurrence rates as WBI with 
reduced toxicity and be delivered in shorter treat-
ment times. Considerable heterogeneity exists 
between the techniques with a range of dose/frac-

tionations being employed with differences in 
irradiated volume and treatment times. More 
detail regarding how these individual techniques 
interact to cause normal tissue toxicities is 
required. Selection of appropriate patients for 
PBI is key. Finally, patients must be fully 
informed regarding treatment options enabling 
them to actively participate in the shared decision- 
making process.
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Techniques to Reduce Dose 
to Organs at Risk

Marianne Camille Aznar and Livia Marrazzo

38.1  Introduction

As survival rates improve, increasing attention is 
paid to treatment toxicity, varying between poten-
tially fatal side effects (e.g. second primary can-
cers, radiation-associated heart disease) and 
negative impacts on quality of life (e.g. pain, 
fatigue). Dose–effect relationships (DER) derived 
from large epidemiological studies have been 
established and suggest a linear relationship 
between dose and major coronary events [1] as 
well as second primary cancers [2]. However, it is 
unclear to which extent DERs established for 
average dose to a whole organ and 3DCRT tan-
gential treatments can help us optimise dose 
deposition in modern, often inverse-modulated 
treatments. Though this is an active ongoing field 
of research, the evidence available to date sug-
gests that reducing the dose to OARs should have 
a clinically relevant impact on toxicity reduction.

Efforts have predominantly focussed on the 
dose to the heart and lungs [3, 4]. In a systematic 
review of the literature published between 2003 
and 2013, Taylor et al. [3] report that an MHD of 

around 4 Gy for left-sided breast/chest wall irra-
diation, is increasing to 8 Gy when the IMNs are 
included. Doses to the ipsilateral lung published 
between 2010 and 2015 suggest an MLD ranging 
from 8 Gy for the breast/chest wall alone, to 
14 Gy when nodal regions where included in the 
target volume [4]. However, it should be noted 
that both systematic reviews report large varia-
tions between studies, and that other large studies 
suggest lower doses may be delivered in clinical 
practice [5] or in recent years [6] thanks to the 
increased awareness and improved tools to lower 
doses to OARs.

In this section, we review some of the 
approaches developed to decrease the dose deliv-
ered to OARs in breast cancer irradiation. Some 
of these techniques are widely implemented, oth-
ers have been only investigated in selected cen-
tres or in academic settings, and their large-scale 
implementation remains to be investigated.

38.2  Improved Delineation

Target volume delineation is a crucial step in 
radiation treatment planning and is widely recog-
nised to be particularly sensitive to uncertainties 
[7]. Consensus guidelines are available to reduce 
this uncertainty [8, 9], but still require a certain 
degree of experience and interpretation. Feng 
et  al. [10] produced an atlas for contouring the 
heart and coronary arteries, and Duane et al. [11] 
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have suggested an atlas of cardiac segments for 
use in retrospective studies of radiation- 
associated cardiac toxicity. However, in clinical 
practice, such extensive contouring is too time- 
consuming, and hinders a full optimisation of 
treatment delivery taking into account the dose to 
cardiac substructures.

Automatic contouring has been suggested as a 
solution not only to save time and improve the 
clinical workflow but also as a tool to increase 
consistency, and thereby possibly reduce delinea-
tion uncertainties. Several commercial solutions 
are available, often based on either a) “template” 
patients followed by deformable image registra-
tion and contour propagation or b) artificial intel-
ligent approaches, such as deep learning (DL). 
There is a clear trend of improvement (i.e. auto-
matic solutions becoming closer and closer to the 
quality of manual contouring) in the published 
literature [12]. Though small structures in low- 
contrast regions (e.g. coronary arteries) are still 
challenging for both algorithms [13] and human 
observers [14] alike, this is an area of continuous 
development. For example, Morris et  al. [15] 
have suggested that training a neural network on 
both CT and MRI significantly improved perfor-
mance for the segmentation of coronary arteries.

As algorithms improve, the potential of dose 
reduction to cardiac substructures could be con-
siderable. In Hodgkin lymphoma patients, Levis 
et al. [16] have shown that the dose to coronary 
arteries and the left ventricle can be reduced con-
siderably by including constraints in the optimi-
sation, without a significant increase in dose to 
other OARs.

However, without the knowledge and experi-
ence of the treating team (RTT, radiation oncolo-
gist, etc.) of proper delineation, one cannot 
reliably supervise and correct the automatic 
delineation. Therefore, it is recommended that 
teams will have proper teaching for target volume 
and OARs delineation, which can be done in var-
ious settings including by national and interna-
tional courses (such as ASTRO and ESTRO 
courses) and ESTRO’s FALCON online 
fellowship.

38.3  Breathing Adaptation

The use of moderate DIBH is arguably the most 
common approach to reduce the dose to the heart 
in breast cancer but is also used in other patient 
groups (e.g. Hodgkin lymphoma, lung cancer). 
The recent survey on “Patterns Of Practice in 
Adaptive and Real-Time Radiotherapy” (“POP- 
ART RT”) [17] revealed that out of 200 respond-
ing centres, over 50% offered some form of 
breathing adaptation (breath-hold or gating in 
deep inspiration) to their breast cancer patients. 
However, the percentage of breast cancer benefit-
ting from this approach varied widely between 
institutions.

By inflating the lungs and increasing the dis-
tance between the heart and the chest wall, deep 
inspiration offers a more favourable irradiation 
geometry (see Fig. 38.1).

Compliance is generally very high (>90%) and 
the dosimetric impact can be considerable, espe-
cially for patients where the IMNs are irradiated 
[3]. However, breathing adaptation often requires 
an investment in time (to coach patients prior to 
treatment simulation) and training (communica-
tion between the patient and the treatment person-
nel is crucial to ensure a good compliance and 
reproducibility) (see Chap. 18). Following the 
popularity of DIBH, many reports are available 
reviewing the dosimetric benefits [18, 19] and the 
comparative advantages of different technical 
approaches (see Figs. 38.2 and 38.3) [20, 21].

It is worth highlighting that DIBH does not 
necessarily require a technical investment, and 
that equipment-free solutions have been pro-
posed [22]. Though this approach is breast- 
specific and does not have the advantage of 
translation to other patient groups (as commer-
cial solutions do), it offers to possibility to rap-
idly “scale up” and offer DIBH to a large number 
of patients [23].

There has been a recent interest in techniques 
which could assist patients in achieving a deep 
inspiration or holding it for longer. For example, 
CPAP, often used in individuals suffering from 
sleep apnoea, has been successfully used in 
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Fig. 38.1 Anatomical changes and heart sparing in Deep 
Inspiration Breath Hold (DIBH).Top row: free breathing 
scan in coronal (left) and transaxial (right) views. A por-
tion of the heart (outlined orange) is included in the tan-
gential fields (red and green beam lines). Bottom row: 

DIBH and the inflation of the lungs push the heart in the 
inferior, medial and posterior direction (clearly visible in 
the coronal view- left). The distance from the chest wall is 
increased (right: transaxial view at the same heart level as 
in the top row)

breast cancer RT (see Fig.  38.4) [24]. More 
 technologically intensive approaches such as 
mechanical ventilation, with or without oxygen, 
have led to long breath holds of up to >5 min in 
healthy volunteers [25]. Though more research is 
needed regarding the potential clinical benefit of 
prolonged breath hold, and its safety in cancer 
patients, it could potentially be beneficial in lon-
ger treatments, such as proton beam radiation 
therapy.

38.4  Planning Considerations

As mentioned in Chap. 26, different treatment 
planning techniques will be appropriate for dif-
ferent target volumes. Before considering the 
technical approaches used to reduce the dose to 
the heart and lungs, it is worth noting that two 
non-technical factors will arguably have the larg-
est influence. The first one is the extent and 
thereby size and geometry of target volumes: 
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Reflective marker box

a b

c d

Fig. 38.2 Example of DIBH guidance equipment: here, 
the RPM ™ from Varian Medical Systems (Palo Alto, 
USA). With the patient in treatment position (a), a small 
marker box is placed on the sternum or the abdomen. The 

reflective markers on box (b) are tracked by an infrared 
camera (d). In (d) the visual guidance given to the patient 
is shown

breast alone vs nodal region, whole breast vs par-
tial breast. The second one is the prescription 
dose: the shift from 50 Gy in 25 fractions to mild 
hypofractionation regimens (e.g. 40  Gy in 15 
fractions) probably explains the trend in 
decreased physical dose to the heart in recent 
years [3, 6]. This trend will be even more pro-
nounced with the adoption of the FAST 
FORWARD regimen [26]. However, it is impor-
tant to note that, though the physical dose is 
reduced, the relative biological effect of those 
newer regimens on the heart remain unknown. 
While the transition from 50 Gy in 25 fractions to 
40 Gy in 15 fractions is likely to even reduce the 
radiobiological equivalent dose to the heart and 
lungs [27], the same needs to be confirmed for 
the 26 Gy in 5 fractions schedule.

In the systematic reviews cited previously [3, 
4], several technical factors systematically 

reduced the dose to the heart and lungs: irradia-
tion with protons, use of DIBH, prone or lateral 
positioning (see Fig. 38.5). Proton therapy is dis-
cussed in a dedicated section within this book, 
but its limited availability, complexity and price 
means it will be necessary to collect strong evi-
dence about its clinical benefits in breast cancer 
patients. Prone positioning is used in few institu-
tions and requires dedicated equipment to keep 
the patient in a stable position (see Chap. 17). 
Though it can be combined with regional node 
irradiation [28], the data is relatively sparse. 
Lateral positioning faces the same issues and is 
used even more rarely [29]. The data on the posi-
tive impact of DIBH is particularly clear, as high-
lighted by the breast cancer expert panel of the 
DEGRO [30]. However, the role of VMAT/IMRT 
was less clear [31]. Though studies diverge, there 
seems to be a consensus that IMRT/VMAT can 
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Fig. 38.3 Example of DIBH guidance equipment: here, 
the Catalyst system (C-RAD, Uppsala, Sweden). The sur-
face of the patient is tracked and followed by the radiation 
therapist (RTT) on a monitoring screen. The respiratory 

signal is measured as the motion of a “primary point” (in 
red in the image). The beam is automatically switched on 
when the patient is in the correct “gating window” (see 
insert top right)

further reduce high OAR dose (e.g. in case of 
MHD >3  Gy) but will have no effect or even 
increase moderate to low OAR doses [32]. 
Though synchronous bilateral breast cancer is 
rare, many studies have reported the advantages 
of IMRT/VMAT in this challenging situation, 
both in terms of target volume coverage and 
homogeneity as well as OAR dose [33–35].

At the opposite end of the spectrum, VMAT 
could also have a role in case of smaller target 
volumes, where conformality is especially impor-

tant, for example, APBI [36]. Hybrid techniques, 
that is, the combination of open tangential fields 
with modulated fields, are also increasingly used: 
their advantage is to enhance the robustness of 
VMAT/IMRT, while still providing some modu-
lation and targeted avoidance of OARs.

As a general role in RT planning, the OARs 
that need to be delineated are the ones that are in 
the range/path of the radiation beams. With the 
use of VMAT these may need to be adapted com-
pared to tangential beam arrangements as this 
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Fig. 38.4 Example of DIBH guidance equipment: here, 
the Continous Positive Airway Pressure (C-PAP) equip-
ment used at the Sheba Medical centre. C-PAP machines 
(left) are widely used to treat sleep apnea, and are avail-

able from many manufacturers. The patient is fitted with a 
mask (right) and air pressure encourages the inflation of 
the lungs during treatment

can result in different dose distribution to OARs 
(e.g. dose to contralateral breast, low doses to the 
liver).

38.5  Alternative Delivery Systems

As mentioned in Chap. 26, changes in the shape 
or volume of the target volume may require adap-
tive re-planning. MR-guided RT delivery systems 
(i.e. “MR-linacs” or MR-Cobalt systems, see 
Fig.  38.6) have been designed to facilitate fre-
quent online re-planning (while the patient lies 
on the treatment couch), and some versions allow 
gating (e.g. in deep inspiration). In addition, the 
superior soft tissue of MR imaging may enable 
better visualisation of some structures (e.g. breast 
glandular tissue; lumpectomy cavity) [37] inter- 
and intra-fractions. Those monitoring abilities 
might even enable the delivery of one-fraction 

treatments, for example, for APBI [38]. In theory, 
the possibility of daily adaptation could enable 
the use of tighter CTV-PTV margins [37] and 
thereby reduce the dose to OARs.

38.6  Gaps in Knowledge, Future 
Research

Though reports of dose reduction have generally 
concentrated on the heart and lungs, other OARs 
such as the oesophagus, thyroid or liver may be 
increasingly relevant when large volumes are 
irradiated with inverse-modulated approaches. 
Retrospective evaluations of volumetric IMRT 
for breast cancer patients suggest an larger low 
dose bath and an increased risk of nausea [39] or 
dysphagia [40]. Though retrospective toxicity 
studies are notoriously difficult to interpret, often 
are based on erroneous (excessively large) target 
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Fig. 38.5 Prone treatment using the “crawl position” at 
Ghent University Hospital. Top row: patient set up. 
Bottom row: isodose for left-breast irradiation in supine 

(left) and prone position (right). Images courtesy of 
Vincent Vakaet and Bruno Speleers, Ghent University, 
Dept. of Human Structure and Repair, Ghent, Belgium

Fig. 38.6 Partial Breast Irradiation on the ViewRay Mridian™. Images courtesy of Dr. Jennifer Dolan, Henry Ford 
Health Systems (Michigan, USA)

volumes, especially for the chest wall, and some 
sub-optimal results might result from a “learning 
curve” in the sue of newer technologies, these 
concerns should not be dismissed. It is well 
acknowledged that “moderate” toxicities are 
under-reported, though they could have at least a 
temporary significant effect on the quality of life 
of patients.

38.7  Summary

As we move towards more individualised treat-
ments, and the possibility of irradiating larger 
volumes in some patients, it becomes increas-
ingly important to develop dose response rela-
tionship figures related to the dose to OARs 
beside heart and lungs, such as the thyroid, the 
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oesophagus, or even the liver when necessary. 
While we await these data, awareness of the dose 
deposition outside of commonly delineated 
OARs is warranted.
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Particle Therapy

Anna M. Kirby and Liesbeth J. Boersma

39.1  Background

39.1.1  Rationale for Particle Therapy 
in Breast Cancer

Particle therapy is a form of radiation therapy in 
which high energy ionised particles, most com-
monly protons or neutrons, are aimed at the target 
tissue. In the context of breast cancer treatment, 
proton beam therapy (PBT) is the most com-
monly used particle therapy and is therefore the 
focus of this section. In contrast to standard 
external beam radiation therapy delivery using 
photons and/or electrons in which the highest 
dose is deposited within centimetres of the entry 
point of the beam into the body, PBT delivers 
most of the dose over a narrow-defined depth 
(known as a Bragg peak) within the tissue. By 
changing the energy of the delivered protons, 
radiation dose can be distributed within the 
patient such that there is a much sharper fall off 
in dose between especially the dorsal edge of the 

target volume and the adjacent non-target tissues 
than there would be with standard photon ther-
apy. In certain clinical situations, this might facil-
itate the delivery of radiation to target tissues 
whilst delivering lower doses to neighbouring tis-
sues such as heart and lung. Since the costs of 
PBT are, however, much higher than of photon 
therapy, proper selection of those patients that are 
expected to derive a clinically relevant benefit is 
crucial. Here, we discuss the clinical scenarios 
that might benefit most from the use of PBT, the 
clinical and technical literature around the use of 
PBT in breast cancer and currently recruiting 
PBT trials.

39.1.2  Potential Applications of PBT 
in Breast Cancer

The two main areas of interest in applying PBT 
to breast cancer have been partial breast irradia-
tion and locoregional irradiation. For partial 
breast irradiation, in the light of a non- randomised 
comparative study showing higher skin toxicity 
in PBT patients than in those treated with pho-
tons [1], and given more recent data showing the 
efficacy and relatively low toxicity of other par-
tial breast irradiation techniques [2, 3], it seems 
unlikely that PBT will prove advantageous 
enough over current evidence-based partial breast 
irradiation techniques to become a cost-effective 
standard of care.
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In the context of locoregional irradiation for 
breast cancer, however, there may be more to be 
gained. The organs that are expected to benefit 
most from PBT are heart, lungs and contralateral 
breast, with most studies focussing on prevention 
of cardiac injury [4]. Several recent trials have 
shown disease-free and overall survival benefits 
from inclusion of the internal mammary nodes 
chain (IMN) in the radiation therapy target vol-
ume [5–8]. However, given the proximity of the 
IMN to the heart, and given that irradiation of the 
IMN can therefore increase the radiation dose to 
the heart, there are concerns over increased risks 
of late cardiac toxicity [9] which may be greater 
in younger women and persist for decades after 
treatment [10]. Whilst the benefits of IMN-RT 
will significantly outweigh the risks for many 
patients, there is likely to be a relatively small 
subgroup of women in whom, due to chest wall 
shape and/or cardiovascular risk factors, even the 
most advanced photon technique of volumetric 
modulated arc therapy (VMAT) in combination 
with deep-inspiration breath-hold (DIBH) would 
struggle to cover the target volume, especially the 
IMN, without unacceptably increasing the risk of 
late cardiac effects [11]. In this group of women, 
PBT could be advantageous by more precisely 
targeting the target tissues with a steep fall off in 
dose between the target volume and heart such 
that both target and normal tissue constraints are 
met with consequent lower long-term risk of car-
diac damage. The steep fall off in dose also 
reduces dose to lung and contralateral breast tis-
sues with consequent lower risks of second pri-
mary cancers in either of these organ systems 
[12–15].

39.1.3  Dosimetric, Clinical 
and Technical Literature

At present there are no data from randomised 
clinical trials to support the use of PBT outside a 
clinical trial. There is, however, a growing litera-
ture on dosimetric gains of PBT, early clinical 
outcomes and technical aspects.

Dosimetry studies in the locoregional breast 
radiation therapy setting show reductions in dose 

to normal tissues for PBT.  One study of 14 
patients scanned in free-breathing and breath- 
hold and planned for radiation therapy to the 
breast/chest wall and locoregional lymph nodes 
including the IMC, demonstrated that PBT 
achieved lower doses than the best-performing 
photon technique of VMAT in DIBH to heart 
(median mean heart dose 0.5–1.0 Gy for PBT in 
DIBH and free-breathing versus 2.6  Gy for 
VMAT-DIBH), ipsilateral lung (ipsi lung V17 Gy 
16–19% versus 28%) and contralateral breast 
(mean dose 0.2 Gy versus 1.5 Gy) [16]. A similar 
dosimetry study in 20 breast/chest wall patients 
planned for VMAT in DIBH versus intensity- 
modulated PBT also reported lower doses for 
PBT versus VMAT in heart (3.9 Gy PBT versus 
0.4 Gy VMAT), ipsilateral lung (ipsi lung V20Gy 
18% versus 12%) and contralateral breast (mean 
dose 3.1 Gy versus 0.3 Gy) [12]. The latter paper 
suggests that such dose reductions could translate 
to an order of magnitude lower risk of second 
malignancies in contralateral breast and lung. 
Other groups suggested that the use of PBT in 
young women (instead of VMAT and DIBH) 
would reduce the risk of a radiation-induced con-
tralateral breast cancer by sixfold [14] and for 
lung cancer two-fold [17].

Whilst dosimetry studies show lower physical 
doses from PBT on paper, it should be borne in 
mind that the biological effects of PBT are less 
well understood than the biological effects of 
standard photon radiation therapy. Current PBT 
planning systems assume the biological effect of 
PBT to be around 10% higher than that of photons 
(expressed as a relative biological effectiveness 
(RBE) of 1.1). In reality, RBE depends on a num-
ber of factors including the dose per fraction, the 
responsiveness of the tissue to radiation (expressed 
as alpha–beta ratio) and the linear energy transfer 
(LET) which increases along the path of the PBT 
beam peaking just beyond the Bragg peak. A 
number of models (known as variable RBE mod-
els) have been developed to take account of these 
factors albeit that clinical validation of the models 
is difficult outside the context of a randomised 
controlled trial. Variations in patient position on a 
day-to-day (interfraction) and intrafraction basis 
could also affect the  delivered dose with particular 

A. M. Kirby and L. J. Boersma



299

concern over where the higher dose at the end of 
the Bragg peak is deposited. Consequences of 
inaccuracies in either the estimation of biological 
effect and/or the consistency of patient position 
and shape could include significant increases in 
delivered PBT dose to critical structures distal to 
the beam edge (including the ribs and/or the left 
anterior descending coronary artery). To counter-
act these uncertainties, PBT planning techniques 
[12, 18], algorithms for calculating biological 
dose [19], and methods for set-up verification [20] 
are continually being optimised. Nevertheless, 
caution is therefore advised in applying the results 
of dosimetric studies outside the context of a clin-
ical trial.

Whilst efforts to better predict the biological 
consequences of PBT are ongoing, data from 
more recent clinical studies using the most mod-
ern PBT techniques in breast patients are rela-
tively reassuring. Jimenez and colleagues at 
Massachusetts General reported outcomes in 69 
breast cancer patients requiring radiation therapy 
to breast/chest wall and locoregional lymph 
nodes treated with PBT between 2011 and 2016 
[21]. Patients early in the trial were treated with 
3D-passively scattered proton therapy and later 
on with pencil beam scanning (PBS). Patients 
were prescribed 45 to 50.4 Gy (RBE) in 1.8 to 
2.0  Gy per fraction. Maximum toxicities were 
grade 3 skin dermatitis in 3 (2%) patients, and 
grade 2 radiation pneumonitis in one (1%) 
patient. Grade 1 telangiectasia were reported in 
16 patients (11%) but all were in the earlier 
3D-passively scattered PBT group with no cases 
in the PBS group. Seven patients (5%) experi-
enced grade 1 rib fractures, slightly higher than 
reported in the photon literature [22]. In view of 
this, ongoing PBT studies referred to below 
include rib toxicity as endpoints. Smith and col-
leagues at the Mayo Clinic reported outcomes in 
51 patients who received intensity-modulated 
PBT to the chest wall and implant-based recon-
structions between 2015 and 2017 [23]. A total of 
37 patients were treated to 50 Gy in 25 fractions 
and 14 patients to 40 Gy in 15 fractions. Maximal 

acute dermatitis was grade 1  in 63% patients, 
grade 2 in 33% and grade 3 in 4% patients. In 8 
out of 51 irradiated reconstructed breasts, the 
reconstruction failed (comparing favourably with 
the 20–30% implant failure rates reported in the 
photon literature [24–26]). Five out of 14 patients 
treated with 40  Gy in 15 fractions experienced 
reconstruction failure compared with three out of 
37 patients treated with 50  Gy in 25 fractions. 
Although this was statistically significant, the 
authors acknowledge that the numbers are small. 
Indeed it would be expected that 40  Gy in 15 
fractions should be gentler on late-reacting tis-
sues than 50 Gy in 25 fractions. Going forward, 
prospective (including (randomised) controlled) 
trials will be invaluable to furthering our under-
standing of all oncological and normal tissue out-
comes following PBT.

Parallel to the development of randomised 
clinical trials (RCTs) of PBT, the technical lit-
erature around PBT planning and delivery in 
breast cancer patients is increasing. PBT tech-
niques have advanced considerably over the last 
10–20  years with more modern intensity- 
modulated proton therapy (IMPT) delivered 
using PBS techniques allowing for modification 
of the skin dose to meet pre-specified constraints 
reflected in lower skin toxicity rates using IMPT 
as compared to older PBT techniques. 
Optimisation of planning approaches using mul-
tiple beams will reduce the likelihood of depos-
iting higher doses beyond the edge of the Bragg 
peak at the same spots in crucial organs such as 
the ribs and LAD.  Meanwhile, approaches to 
deal with the effects of set-up errors and changes 
in patient shape on PBT delivery are also being 
standardised through methods such as uncer-
tainty analysis [27]. These entail evaluating the 
PBT plan under different uncertainty scenarios 
to check that the PBT plan would meet target 
and normal tissue constraints under a range of 
conditions [12, 18, 27]. Such approaches also 
require evaluation in the clinic, ideally in the 
context of RCTs or controlled prospective 
cohort studies.
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39.1.4  Current Clinical Trials in PBT

As mentioned above, level one clinical evidence 
for the benefit of proton therapy over photon ther-
apy in breast cancer patients is still lacking. Two 
large randomised clinical trials are currently 
recruiting patients aiming to fill this knowledge 
gap: the RADCOMP trial (NCT02603341) and 
the DBCG trial (NCT04291378). The 
RADCOMP trial aims to randomise 1278 
patients, between PBT (either PBS or passively 
scattered PBT) and photon therapy to at least the 
internal mammary chain, with conventional frac-
tionation schemes (1.8–2.0 Gy per fraction). The 
trial is powered to detect a reduction in major car-
diac events at 10  years after radiation therapy 
from 6.3% to 3.5% with a power of 80% and a 
one-sided alpha of 0.05 [28]. The other endpoints 
include oncological control, other normal tissue 
toxicities and quality of life. The trial aims to 
complete accrual between 2016 and 2020; by 
2019, 700 patients had been accrued.

The DBCG trial has a similar primary end-
point, that is, radiation associated ischaemic and 
valvular heart disease 10 years after RT. This trial 
aims to randomise 1502 patients with a photon- 
based mean heart dose ≥4 Gy or V17/20Gy to the 
ipsilateral lung ≥37%, between photon therapy 
and PBT, using 50  Gy in 25 fractions with or 
without a boost. Assuming that the mean heart 
dose will be reduced from 4 Gy with photons to 
0.5 Gy with PBT, and assuming an excess rela-
tive risk of 20% per Gy MHD [29], the trial is 
powered to detect a reduction from 10.2% risk of 
cardiac events 10  years after photon therapy to 
6.3% after PBT.  The trial aims to complete 
recruitment by 2027.

Although RCTs are still considered the most 
valuable evidence by most medical doctors, it has 
also been argued that RCTs evaluating techno-
logical improvements are not always required, or 
even suitable [30]. The pitfall of the above- 
mentioned trials is that the results may be affected 
by the learning curve inherent in a trial of new 
technology [31]. In addition, patient selection 
may be too broad, for example, all patients under-

going IMN treatment, or all patients with a MHD 
≥4  Gy from their photon plan. Whilst PBT is 
likely to deliver lower MHDs in the majority of 
patients, in only a subgroup will the MHD reduc-
tion be large enough (depending on other cardiac 
risk factors) to deliver a clinically meaningful 
reduction in risk of late cardiac effects. 
Furthermore, PBT is only expected to be cost- 
effective if patients are selected on the basis of 
expected better outcome [32]. It has been argued 
that if the dosimetric advantages are expected to 
translate into a clinical benefit, it may not be 
ethical anymore to randomise patients. 
Therefore, in the Netherlands, PBT for breast 
cancer patients is reimbursed if the predicted 
reduction in the lifetime risk of acute coronary 
events (ACE) is larger than 2%, provided that 
prospective data-registration is ensured with the 
aim of validating the applied predictive model 
[33]. This approved predictive model to estimate 
the lifetime risk of ACE is based on the model of 
Darby et  al. [9]. Darby et  al. found a relative 
increase in ACE of 7% per Gy MHD (in contrast 
to the 20% increase in ACE per Gy MHD in the 
DBCG data [29]). The absolute incidence of 
ACE is estimated by applying the relative risk of 
ACE of Darby to the absolute incidence of ACE 
in the Dutch population, for male and female 
patients, for all ages between 40 and 70 years of 
age, and for patients with and without cardiovas-
cular risk factors. From January 2019 until 
October 2020 more than 200 breast cancer 
patients have been treated with PBT, in the 
Netherlands, based on this selection procedure, 
using a moderate hypofractionation scheme 
(15–22 fractions of 2.67 Gy [34]).

Finally, the Mayo Clinic randomised 15 vs 25 
fractions PBT after mastectomy recruiting 109 
patients during 2016–2020, with a primary end-
point of grade 3 late effects (NCT 02783690). A 
follow-on study in which patients are randomised 
between 15 fractions photon therapy vs. 5 frac-
tions PBT is now recruiting aiming to recruit 98 
patients between June 2020 and June 2022, with 
the primary endpoint being ≥ Grade 3 complica-
tion rate at 2 years (NCT04443413).
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39.2  Summary

PBT is currently a rapid evolving technique, with 
assumed clinical benefits in a small subset of 
patients, which should be carefully selected. 
Sound clinical data of large RCTs and cohorts of 
patients, treated with contemporary proton ther-
apy techniques are therefore eagerly awaited.
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Preoperative Radiation

Sara Lightowlers and Yazid Belkacemi

40.1  Background

40.1.1  Rationale and Objectives

40.1.1.1  Downstaging Tumours 
to Facilitate Breast- 
Conserving Surgery

After Whole Breast Irradiation
For women with breast tumours too large for 
BCS, it is possible to downstage the tumour using 
PST [1]. However, low-grade ER-positive can-
cers frequently poorly respond to chemotherapy 
[2] and are less likely to be amenable to conser-
vative surgery [2]. In certain cases primary endo-
crine therapy may be used; however, this is often 
reserved for elderly or frail patients [3]. 
Experience from other tumour sites suggests that 
RT could potentially be used to downstage a 
locally advanced cancer prior to surgery [4]. 
There is some limited evidence from historical 
series to support this approach in breast cancer. 

Calitchi et al. [5] reported a series of 75 women 
with T2/T3  N0–2 tumours diagnosed between 
1977 and 1992, initially unsuitable for conserva-
tive surgery due to breast–tumour volume ratio. 
Receptor status was not reported, but the major-
ity of patients (61%) had well-moderately differ-
entiated infiltrating ductal carcinoma. Following 
treatment with preoperative RT to a dose of 
45 Gy over 5 weeks, BCS (lumpectomy or reduc-
tion mammaplasty) was successfully performed 
in all patients; 55% had good or excellent cos-
metic results. In another series [6] of 41 women 
with ER-positive breast tumours treated with pri-
mary RT and endocrine therapy, 45% underwent 
BCS, having previously been judged ineligible 
for surgery.

After Partial Breast Irradiation
PBI is currently an accepted treatment option for 
selected patients in the postoperative setting and 
is recommended in multiple national and interna-
tional guidelines for tumours [7–9]. PBI may be 
indicated for comparable tumours in the preop-
erative setting and delivering this treatment prior 
to surgery also has potential advantages. The 
postoperative primary tumour bed may be diffi-
cult to define (see Chap. 20); reports have found 
high interobserver variability amongst oncolo-
gists delineating the clinical target volume in this 
setting [10]. Modern oncoplastic techniques fur-
ther complicate this; oncologists’ defined tumour 
bed volumes have been reported to be  significantly 
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different from those defined by surgeons [11] 
(see Chap. 35). Irradiating the tumour prior to 
surgery likely reduces the risk of geographic miss 
of the target. It may also reduce the irradiated 
volume, as it avoids the need to irradiate the com-
plex and large tumour bed following oncoplastic 
surgery including possible postoperative seroma 
or haematoma. The tissue irradiated to a high 
dose is then removed surgically, limiting the risk 
of fibrosis and poor cosmesis. The PAPBI I trial 
of preoperative PBI, in which 100% of patients 
had a good or excellent cosmetic outcome at 
3 years, supporting the concept requiring further 
study [12] (Table 40.1).

Improving Survival Outcomes
The overall survival benefit of systemic treatment 
is established in adjuvant and preoperative set-
tings [13]. An advantage of the preoperative 
approach lies in risk stratification, with the aim of 
further improving outcomes. For example, the 
pathologic response to PST in HER2 positive and 
triple-negative subtypes provides predictive and 
prognostic information that can be used to direct 
the subsequent treatment strategy; non- 
responders may benefit from T-DM1 [14] and 
capecitabine [15] respectively. In addition, pCR 
in triple-negative and HER2-positive subtypes is 
reported as a surrogate marker for better survival 
[16]. Thus, increasing local response rates is an 
attractive target for further research for all breast 
cancer subtypes.

A large number of phase 1–2 studies are cur-
rently exploring combinations with targeted 
drugs or immunotherapy to look for increased 
response signals. The idea of enhancing the 
immune effect of radiation to the primary tumour 
in situ is of particular interest; the pre-clinical 
and clinical rationale for combining immunother-
apy and RT in breast cancer is thoroughly 
reviewed by Formenti and Ye [17]. This increas-
ing understanding of the breast cancer biological 
response to radiation could be used to direct pre-
cision medicine approaches for RT and drug–
irradiation combinations.

40.2  Existing Literature

40.2.1  Whole Breast Radiation 
Therapy Alone

Early data on preoperative WBI comes from ret-
rospective and single arm studies from the 1970s, 
80s and 90s, in a variety of patient populations [5, 
18–20]. Those reporting on locoregional control 
found rates between 76% and 91% at 10–15 years. 
pCR rates were likewise inconsistently recorded, 
but were found to be between 8% and 19% in 
those studies that did so. Retrospective patholog-
ical review in the study by Riet et al. [20] allowed 
analysis of response to preoperative radiation by 
breast cancer subtype. This series of 187 patients 
treated between 1970 and 1984 with 45Gy to 
whole breast and regional nodes reported an 
overall pCR rate of 10% in the whole population 
and 26% in triple-negative tumours. After a 
median follow-up of 32 years, locoregional con-
trol rates were 89% at 20 and 30 years, with DFS 
rates of 35% and 27% at 20 and 30 years.

The only randomised trial of preoperative RT 
reported in the historical literature is the Swedish 
breast cancer trial [21]. The 960 patients with 
early breast cancer diagnosed between 1977 and 
1992 were treated with either mastectomy alone 
or mastectomy with postoperative or preopera-
tive RT. At 16-year median follow-up, no differ-
ence in overall survival was observed between 
patients irradiated pre- or postoperatively.

40.2.2  Partial Breast Irradiation 
Alone

The first trials of PBI in the preoperative setting 
are now reported. The Dutch PAPBI study [12, 
22] is a phase 2 trial of accelerated PBI (either 
4Gy in 10 fractions over 2 weeks or 6 Gy in 5 
fractions over 1 week), in low-risk node-negative 
breast cancers (<3 cm on MRI and pathologically 
node negative on pre-treatment SLNB). The trial 
reported four local recurrences in the 70 patients 
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treated, three of which were thought to be related 
to the biopsy track. As stated above, cosmetic 
outcome was good or excellent in 89% at 1-year, 
and 100% at 3-year. In contrast, the United States 
APBI feasibility study of 27 patients reported by 
Nichols et  al. [23], in which patients received 
3.85Gy in 10 fractions (two fractions a day) over 
1 week, reported no local recurrences but a lower 
rate of good/ex cellent cosmetic outcome: 79% at 
1-year. Rates of pCR were 10% and 15% respec-
tively; the United States trial also reported a drop 
in Ki67%, taken as a surrogate of radiation 
response, in an additional 19 patients. The hypo-
fractionation of preoperative PBI is taken further 
by Horton et  al. [24], who report preoperative 
delivery of single fraction SBRT up to 21 Gy to 
32 patients with low-risk breast cancers less than 
2 cm in size, without dose limiting toxicity.

40.2.3  Whole Breast Radiation 
Therapy with Systemic 
Therapy

The historical literature also includes several 
series of preoperative RT delivered concurrently 
with chemotherapy [18, 25–33]. The acute toxic-
ity described in these reports is consistent with 
the increase in toxicity found with concurrent 
chemoradiation in the postoperative setting [34]. 
In some cases, this resulted in delays to surgery 
and in problems with wound healing. Oncologic 
outcomes, again, were inconsistently reported, 
but rates of pCR up to 45% have been observed 
[30]. More recently, in the phase 2, S14 study 
[35, 36], 60 patients ineligible for breast- 
conserving surgery were treated with 4 cycles of 
5-FU and vinorelbine and concurrent radiation 
(50  Gy to whole breast and 46  Gy to regional 
nodes, over 5  weeks). Following this preopera-
tive treatment, 69% went on to have conservative 
surgery, with 27% having had a pCR. However, 
36% of patients experienced G3–4 toxicity. Five- 
year overall survival, and distant-disease free sur-
vival were 88% and 83%, respectively.

40.2.4  Partial Breast Radiation 
Therapy with Systemic 
Therapy

Bondiau et  al. [37] combined SBRT with sys-
temic treatments in a phase 1 study dose escala-
tion study: 25 breast tumours were treated with 3 
fractions of preoperative SBRT delivered along-
side docetaxel chemotherapy. Nine patients 
(36%) achieved a pCR, and 23 (92%) underwent 
breast-conserving surgery despite having initially 
been thought to require mastectomy. Grade 3 
skin toxicity was experienced by one patient who 
received 28.5 Gy in 3 fractions, but no other dose 
limiting toxicities were observed. The authors 
conclude safety of SBRT up to a dose of 31.5 Gy, 
but recommend, based on efficacy-toxicity trad-
eoff, that the schedule of 25.5 Gy in 3 fractions 
be taken forward to phase 2. The preoperative 
radiation is considered as a boost dose; all sub-
jects in the trial also received 50 Gy in 25 frac-
tions postoperative RT to the whole breast and 
regional lymph nodes following surgery. No 
update has been published to date.

40.3  Ongoing Trials

40.3.1  Open Phase 3 Trials

The follow on to the PAPBI study, PAPBI-II 
(NCT02913729) [38], is a phase 3 trial recruiting 
since 2016. Low-risk patients (grade 1 or 2 
tumours that are ER-positive and HER2-negative, 
with size <3  cm) are randomised between pre- 
and postoperative PBI (28.5  Gy in 5 fractions). 
The primary endpoint in this trial is cosmetic out-
come, secondary endpoints include tumour 
response and postoperative complications. The 
German phase 3 trial NEORAD (NCT04261244) 
[39] opened in July 2020, aiming to recruit 1826 
patients. A higher risk patient population with 
indications for preoperative chemotherapy will be 
enrolled in this trial and randomised to either WBI 
(40.5 Gy in 15 fractions) given preoperatively fol-
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lowing systemic treatment, or postoperatively. 
The primary outcome measure will be DFS.

40.3.2  Ongoing Early Phase Trials

Phase 1–2 trials of preoperative breast radiation 
therapy are in progress in a diversity of settings. 
Those delivering WBRT include the UK PRADA 
trial (NCT02771938) [40] in patients requiring 
mastectomy following preoperative systemic 
therapy and wishing to have immediate breast 
reconstruction. The UK feasibility study Neo-RT 
(NCT03818100) [41] is recruiting patients with 
low-grade ER-positive and HER2-negative 
tumours greater than 2 cm in size, for whom RT 
may facilitate breast-conserving surgery. 
Following WBI (40 Gy in 15 fractions or 26.5 Gy 
in 5 fractions with or without SIB) patients 
receive 20  weeks endocrine therapy, allowing 
time for tumour regression in response to 
treatment.

The Belgian trial Feasibility Study of 
Accelerated Preoperative Radiotherapy for Early 
Breast Cancer (NCT02858934) [42] is another 
single-arm trial, of accelerated whole breast pre-
operative radiation (25  Gy in 5 fractions, plus 
SIB to the tumour) in patients with low-grade 
ER-positive and HER2-negative tumours. 
Preoperative accelerated PBI also continues to be 
investigated in the United States study MRI- 
Based Preoperative Accelerated Partial Breast 
Irradiation (NCT02728076) [43], recruiting 
patients with clinical stage I–II ER-positive 
breast cancers, in which MRI imaging is used in 
the planning procedure. Postoperative complica-
tions is the primary outcome measure, and sec-
ondary outcome measures include feasibility of 
MRI-based treatment planning.

Early phase trials of preoperative breast irra-
diation with sequential systemic therapy include 
the French study Néo-APBI-01 (NCT02806258) 
[44], a phase 1/2 trial randomising between the 
control arm 6–8 cycles of primary systemic ther-
apy, and primary systemic therapy with the addi-
tion of accelerated PBI planned between cycles. 

The patients recruited are those with higher risk 
luminal B-like and triple-negative cancers, for 
whom chemotherapy prior to breast surgery is 
indicated; the primary outcome is pCR rate. The 
Phase I trial fixed the tumour dose to 25 Gy in 10 
twice daily fractions Translational research on 
predictive parameters of pCR is planned.

Building on the data from Horton et al. [24] 
and Bondiau et al. [37], a number of early phase 
trials investigating the use of preoperative RT to a 
boost tumour volume only, with or without sys-
temic therapy, are also in progress. The PRECISE 
trial (NCT03359954) [45] is a single arm trial of 
preoperative boost alone in ER-positive and 
HER2-negative breast cancer, with the primary 
objective of evaluating the change in tumour- 
infiltrating lymphocytes before and after the 
boost. In ER-positive HER2-negative cancers, 
the CBCV trial (NCT03804944) [46] is ran-
domising patients receiving preoperative letro-
zole between boost radiation alone (24 Gy in 3 
alternate day fractions), in combination with 
pembrolizumab, recombinant FLT-3 ligand, or 
both. The European trial NeoCheckRay 
(NCT03875573) [47] delivers preoperative boost 
SBRT (24 Gy in 3 daily fractions) in combination 
with paclitaxel, with or without the addition of 
the anti-PDL1 durvalumab and the anti-CD73 
antibody oleclumab. In triple-negative breast 
cancer, the PANDoRA trial (NCT03872505)l 
[48] will randomise 140 patients between preop-
erative systemic therapy (carboplatin, paclitaxel 
and durvalumab) alone, or with the addition of 
boost SBRT (24 Gy in 3 alternate day fractions). 
All of these trials for which radiation dose is 
available deliver a moderately hypofractionated 
preoperative radiotherapy schedule similar to that 
recommended by Formenti [17] and by Bondiau 
[37], and patients in these trials also go on to 
receive standard of care postoperative radiation 
therapy at the discretion of the treating clinician. 
In contrast, the Italian single arm ROCK trial 
(NCT03520894) [49] is aiming to treat 25 
patients with low-grade, ER-positive and HER2- 
negative breast cancer with a single preoperative 
21 Gy fraction to a partial breast volume.
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40.4  Summary

A significant number of ongoing studies investi-
gating preoperative RT approaches in breast can-
cer as well as recently completed trials is 
available, with modern RT techniques including 
PBI and SBRT being included in preoperative 
research. Moreover, dedicated studies according 
to breast cancer subtype are set up. Preliminary 
results indicate that these concepts are both fea-
sible and safe. The introduction of preoperative 
irradiation directed to the primary tumour could 
offer a number of opportunities to increase our 
knowledge of tumour biology, including immu-
nology, response to RT in breast cancer, and 
improve not only quality of life for patients, but 
also potentially survival outcomes.
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Brachytherapy

Vratislav Strnad

41.1  Background

Brachytherapy as a minimal invasive technique 
of RT that allows for delivering a high-RT dose in 
a precise, small in-breast target volume avoiding 
to the greatest extent the exposure of adjacent 
OARs and thereby radiation side effects. It results 
in excellent local control with low rates of side 
effects. Thus, brachytherapy is commonly used 
in the treatment of patients with low-risk breast 
cancer as APBI—or by patients with defined risk 
factors as a RT boost in addition to WBI [1–10]. 
As logical consequence, brachytherapy repre-
sents one of the most reported irradiation tech-
niques for APBI or for salvage APBI after in case 
of recurrence after BCT [1, 11, 12]. Importantly 
and as general rule applies that PBI trials using 
multicatheter brachytherapy demonstrated iden-
tical long-term results as the PBI trials using 
EBRT [1, 13–18]. In contrast to it, the published 
data about brachytherapy as a boost are limited 
and not distinct from results using different 
EBRT techniques [19–22]. Until now, no signifi-
cant differences have been reported in terms of 
local control, late side effects and cosmesis 
between brachytherapy and other boost tech-
niques. However, prospective head-to-head com-
parison is missing. Due to the fact that as well 

different boost techniques as different APBI tech-
niques result in similar excellent oncological out-
comes, the current challenge is to define factors 
that could guide treatment decisions.

The point is that interstitial brachytherapy as 
boost or APBI is a technique with high precision, 
which make possible to easily shape the refer-
ence isodose respecting as well individual anat-
omy of tumour and breast, as the individual 
different resection margins in different direc-
tions. Moreover, brachytherapy as APBI in com-
parison to all other available techniques of EBRT 
including CyberKnife® based techniques, reduces 
significantly radiation dose in the majority of 
clinical scenarios to all surrounding tissues and 
organs, especially to the lung [2, 23, 24]. In this 
context, the recently published detailed dosimet-
ric analysis by Hoekstra et  al. plays a role of 
some nontrivial consequence [24]. First not sur-
prisingly, this dosimetric analysis demonstrates 
impressively that in general PBI using multicath-
eter brachytherapy reduces significantly dose to 
all surroundings OARs compared not only to 
WBI but also to all other techniques of 
PBI. Beyond that, what is remarkably and clini-
cally important, are the results regarding second-
ary cancer. It is know that PBI may have a 
favourable impact on risk of second cancer in the 
contra-lateral breast and lung for older patients at 
low risk of recurrence [25] and simultaneously 
that lung cancer accounted for 75–97% of sec-
ondary malignancies by breast cancer patients 
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[24]. Calculating “Secondary cancers Lifetime 
Attributable Risks” with modified BEIR-VII for-
malism for the specific survival of breast cancer 
patients for a typical early stage patient irradiated 
at 50 year old, the excess risks of secondary lung 
cancer were 1.1% for multicatheter HDR- 
brachytherapy, between 2.2% and 2.5% for 
3DCRT or CyberKnife®, 3.5% for VMAT for 
APBI, and 3.8% for WBI [24]. Similar differ-
ences have been observed also for other age 
groups. Finally, based on this analysis, it seems 
evident that APBI using multicatheter brachy-
therapy among others has the potential to reduce 
risk of secondary cancer of the lung twofold to 
fourfold compared to WBI and onefold to three-
fold compared to other APBI techniques. With 
other words, multicatheter brachytherapy reflects 
very well the ALARA (“as low as reasonably 
achievable”) principle of radiation protection of 
surrounding structures. As a consequence, we as 
breast experts have to consider this advantage of 
brachytherapy as well by indication of boost 
techniques as by indication of APBI technique by 
patients with breast cancer.

41.2  Key Information for Clinical 
Practice

Numerous brachytherapy techniques are avail-
able to deliver APBI or a boost. Interstitial mul-
ticatheter brachytherapy represents the most 
investigated brachytherapy technique to deliver 
both APBI and tumour bed boost [1, 5, 6, 10, 11, 
20, 26]. However, to make brachytherapy for 
APBI easier, in North America single-entry 
devices were developed as an alternative, with 
the first being the single-lumen MammoSite® 
applicator [27, 28], followed by multi-lumen and 
strut applicators [29–31]. The MammoSite 
device consists of inflatable balloon catheter that 
is placed after open cavity surgery in the tumou-
rectomy cavity. Typically, the MamoSite® fills 
the tumourectomy cavity, giving a spherical or 
ellipsoid dose distribution. The main limitation 
of MammoSite® device is the extraordinary 
restricted possibility to vary the shape and size 

of reference isodose and as a consequence lack 
of possibility to adapt the shape and size of refer-
ence isodose respecting most usual resection 
margins in different directions. Simultaneously 
the possibility to avoid OAR as skin is very lim-
ited. To overcome these problems encountered 
with MammoSite® were developed other single- 
entry devices as Contura®, ClearPath®, SAVI® 
and the electronic brachytherapy [29, 31, 32]. 
The Contura® is very similar to the MammoSite® 
device with additional catheters inside of bal-
loon to be able to steer radiation dose on the sur-
face of inflatable balloon. The other 
devices—ClearPath® and SAVI®—use instead 
inflatable balloon dispersed source catheter with 
different architectures. Finally, electronic 
brachytherapy device such as the Axxent® sys-
tem have been proposed—a miniature X-ray 
tube that steps through a catheter similar as an 
Ir-source. This X-ray tube operates with 50 kV 
and the dose distribution is similar that of J-125. 
Importantly all these single- entry devices request 
as obligate precondition that BCS be performed 
as open cavity surgery and this fact poses an 
important limitation for using single-entry 
devices. Finally, no randomised trials are avail-
able evaluating specific single- entry applicator-
based brachytherapy alone for PBI. Both these 
facts limit substantial possible use and as conse-
quence, the clinical use of single- entry devices 
for PBI is limited to North America. Additionally, 
for single-entry devices no international guide-
line is currently available. Hence, in following 
we describe the clinical practice merely for mul-
ticatheter brachytherapy.

Worthy of mention is also the fact that as well 
multicatheter brachytherapy as the single-entry 
devices can be used in the time of breast- 
conserving surgery or in a separate procedure 
later. While stressing that we strictly recommend 
and prefer to perform PBI procedure as separate 
procedure after BCS (typically after 8–10 weeks) 
for the simple reason that only in such time 
schedule it is possible to respect all key requested 
information as tumour size, resection margins, 
and related prognostic factors needed for medical 
indication for PBI [12].
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41.3  Treatment Planning 
and Catheter Insertion

In order to plan treatment, the radiation oncolo-
gist needs for appropriate treatment planning to 
have a detailed surgical and pathological report 
including size of resection margins in six direc-

tions, knowledge about number and position of 
surgical clips, images of preoperative mammog-
raphy, ultrasound and, where necessary and 
available, magnetic resonance imaging (MRI). 
The standard procedure for catheter insertion for 
multicatheter brachytherapy (Figs. 41.1 and 41.2) 
is to insert appropriate number of catheters trans-

a b

c1 c2

d e

Fig. 41.1 Typical sequence of insertion of single-leader 
catheters for APBI using multicatheter brachytherapy: (a) 
Insertion of guide needle, (b) Projection of in-breast scare 
on template with inserted guide needle and needles of 

lower row, (c) Final arrangement of needles with and 
without template, (d) Final arrangement of catheters, (e) 
Final arrangement of catheters with visualisation of in- 
breast scar on skin surface
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Fig. 41.2 An example of typical dose distribution of APBI with multicatheter brachytherapy

cutaneous and image-guided—with the help of 
computed tomography, ultrasound or X-ray mon-
itoring and preferably using template guidance. A 
square or triangular arrangement of all catheters 
is reasonable [12, 33]. When open cavity surgical 
technique has been used, it is mostly very easy to 
identify the seroma cavity and to decide suitable 
arrangement of needles. After closed cavity sur-
gery or oncoplastic surgery, the marks on the 
skin scar and surgical clips in tumour bed region 
are important prerequisite for adequate identifi-
cation of tumour bed location. Notably, in any 
case the radiation oncologist has to visualise the 
estimated localisation and size of CTV before 
insertion of the first guide needle and has to 
check continuously the position of all catheters 
during insertion to guarantee accuracy, appropri-
ate size and shape of implant volume. For 
CT-based pre- implant treatment planning and 
consecutive insertion of catheters after open or 
closed cavity surgery various policies exist, but 
in general the catheter positions are at first deter-

mined using the 3D rendering of the target vol-
ume, patient anatomy and virtual simulation of 
optimal catheter positions during pre-implant 
CT-imaging. Catheter insertion follows later, 
using predefined skin marks and identical tem-
plate parameters. Ultrasound based pre-implant 
treatment planning and catheter insertion is par-
ticularly suitable for patients with seroma after 
open cavity surgery. X-ray based pre-implant 
treatment planning and catheter insertion after 
closed or open cavity surgery can be performed 
in a similar manner as the CT-based procedure, 
but an important precondition is that the resec-
tion margins of the surgical bed inside the breast 
must be marked with appropriate number of sur-
gical marker clips (at least 4, ideally 6 clips). For 
more details, please see corresponding guideline 
[12]. Furthermore, we strictly recommend defin-
ing the target in accordance with current pub-
lished guidelines [34, 35]—for more details see 
Chapter Target volume definition and contour-
ing-boost/SIB/PBI.
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41.4  Treatment Schedules

First, we recommend that the selected fraction-
ation for PBI correspond to a biologically equiva-
lent total dose EQD2 (α/β = 4–5 Gy) in the range 
of 42–45 Gy. As consequence the most common 
prescription utilised for PBI with HDR- 
brachytherapy and validated in prospective trials 
are 32 Gy in 8 fractions, 30.1 Gy in 7 fractions, 
34.2 Gy in 9 fractions or v 34 Gy in 10 fractions. 
The HDR-brachytherapy for APBI is typically 
scheduled twice a day, with an interval between 
fractions of at least 6 h, and with a total treatment 
time of 4–5  days. For PBI with PDR- 
brachytherapy pulsed-dose 0.5–0.8  Gy/pulse, 
and a total dose 50  Gy, scheduled every hour, 
24 h per day with total treatment time 4–5 days is 
a typical regime.

The current recommended schedules for boost 
with HDR-Brachytherapy is 8 to 12 Gy in 2 frac-
tions, or 9 to 15  Gy in 3 fractions, scheduled 
twice a day, with an interval between fractions of 
at least 6  hours, and a total treatment time of 
1–2 days, or a single fraction of 7–10 Gy, depend-
ing on the preferred total EQD2 [12, 26]. The rec-
ommended total dose for boost with 
PDR-Brachytherapy is 10–20 Gy arranged iden-
tical as for APBI.

41.5  Dose–Volume Parameters 
and Dose Constraints

For an appropriate objective assessment of any 
treatment plan of breast brachytherapy, quantita-
tive parameters have to be analysed, considered 
and documented. Based on the ESTRO-ACROP 
guideline [12] and NSABP Protocol B-39/RTOG 
0413 [36], we recommend the following dose–
volume limits.

 1. Coverage index (CI): V100 ≥90–95% (i.e. at 
least 90% of the CTV/PTV had to receive the 
prescription dose)

 2. V150 <65 cm3

 3. V200 <15 cm3

 4. Absolute volume irradiated by prescription 
dose ≤300 cm3

 5. Dose non-uniformity ratio (DNR) ≤35
 6. Conformal index (COIN) ≥65

The current recommended dose–volume lim-
its for OARs [12, 24, 36], according the pub-
lished data and guidelines, which should be in 
each PBI-patient documented and respected, are 
summarised in Table 41.1.

41.6  Summary

Breast brachytherapy is an interventional tech-
nique of RT requiring local or general anaesthe-
sia, which make possible to deliver very precisely 
the prescribed dose in strictly limited in-breast 
target volume and simultaneously to avoid of the 
utmost significance the radiation exposure of 
lung, hearth and skin. Nevertheless, the related 
recent standards and guidelines must be respected 
to assure optimal results.
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Intraoperative Radiation Therapy

Gerd Fastner, Douglas Zippel, and Vered Noy

42.1  Background

In the case of breast conserving therapy, RT 
delivered as WBI has been shown to be an indis-
pensable therapeutical component following 
BCS, in order to significantly reduce the local 
recurrence risk by two-thirds as well as for an 
appreciable benefit in long-term survival [1]. An 
additional dose escalation to the tumour bed as a 
boost (10–16  Gy), has contributed a further 
increase in  local breast control (LC), with the 
absolute highest benefit demonstrated for 
younger patients [2]. For such a dose augmenta-
tion, different techniques such as brachytherapy 
and IORT were suggested for tumour bed boost 
(see Chap. 41) [3] with favourable LC rates in 
numerous oncological risk constellations.

In addition, in selected subgroups with a low 
local recurrence risk, PBI to the affected index 
breast quadrant after BCS, has been confirmed to 
be a feasible treatment option either by external 
photons [4], brachytherapy [5] or IORT [6]. APBI 
is defined as accelerated PBI in which the overall 
treatment duration is shortened significantly (as 
opposed to PBI protocol used in the IMPROT 
LOW trial [4]. All methods for APBI have the 
aim of decreasing the treatment burden for appro-
priate patients by reducing both treated volumes 
and duration. IORT can be done by low energy 
photon IORT device (50 kV X-ray device) [7] or 
electrons (IOeRT) [8].

Mobile IORT technology led to increased use 
of IORT-PBI, mostly 50 kV low-energy X-rays 
[9] and IOeRT [8] However, these techniques are 
not identical, with large differences concerning 
surgical techniques, dose distributions, dose 
homogeneity and skin doses [10]. The 50  kV 
spherical applicator is relatively easy to use. It is 
positioned within the lumpectomy cavity without 
special preparations other than haemostasis. The 
applicator provides the therapeutic dose around 
at the applicator surface (the size of the applica-
tor can be adjusted to the surgical cavity), with a 
steep dose gradient and leading to only 25% of 
the prescribed dose at 1  cm distance from the 
applicator (Supplement Fig.  1 [7]). Complete 
haemostasis is needed as bleeding in the lumpec-
tomy cavity during the procedure will reduce the 
RT dose to the cavity. The applicator should be 
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applied in an adequate distance from the skin, as 
a distance of less than 1 cm can lead to significant 
skin doses and complications [11]. The 50  kV 
low-energy X-rays IORT results for APBI were 
reported in a large randomised clinical trial; how-
ever, it failed to demonstrate non-inferiority to 
WBI. Therefore, per guidelines it is not approved 
for clinical use outside a clinical trial or prospec-
tive registries [12].

This chapter highlights IOeRT, given as a 
boost and as APBI. On the basis of recently pub-
lished recommendations of the ESTRO Task 
Force group for IORT [8] a detailed overview 
will be given on the available literature, patient 
selection criteria, surgical, technical and physical 
aspects of IOeRT, in order to enable an imple-
mentation of this technique in daily clinical 
practice.

42.2  Rationale and Clinical 
Results

42.2.1  IOeRT as a Boost

In regard to treatment accuracy as well as to min-
imise the risk for a higher grade of late normal 
tissue effects, IOeRT provided as a circumscribed 
Boost of 10–11 Gy (Dmax) to the tumour bed has 
reported to offer some advantages during clinical 
practice: avoidance of geographic as well as tem-
poral misses of the verified target tissue, com-
plete skin protection and tight treatment volumes 
[3, 13]. From a biological point of view, IOeRT 
might increase anti-tumour effects by blocking a 
potential stimulation of cell proliferation by the 
wound exudate, which was reported after appli-
cation of higher singles doses several times [14–
21]. In retrospective unselected large cohort 
analyses, boost-IOeRT has demonstrated a high 
LC, with actuarial 6- and 10-year LR rates of 
0.8% and 2.7%, respectively [13, 22]. Also, in 
subgroup analyses of patients at “higher risk” for 
in-breast LR, such as after preoperative chemo−/
immunotherapy of locally advanced breast can-
cer or triple-negative subtypes, IOeRT has shown 
favourable results at least comparable to conven-
tional boost methods [23, 24]. Additionally, the 
combination of boost-IOeRT with moderate 

hypofractionated WBI, seems to be feasible in 
terms of acute/subacute toxicity as well as breast 
cosmesis outcome [25].

42.2.2  IOeRT as APBI

For APBI, IOeRT was investigated in the ran-
domised prospective ELIOT trial with a single- 
dose of 21 Gy. After a mid-term follow-up period, 
patients treated with IOeRT demonstrated higher 
LR rates compared to those after WBI (4.4% vs. 
0.4%, p < 0.0001) but with no significant differ-
ences in survival [6]. Importantly, for the 69.5% 
of the patients in the experimental arm that were 
classified as low-risk (i.e. none of the following 
risk factors: ≥4 positive lymph nodes, grade 3 
tumours, tumour size >2 cm and triple-negative 
subtype), an LR-rate of only 1.5% was observed, 
which is in line with the 5-year data for “suit-
able” APBI-patients according to current ASTRO 
guidelines [26, 27]. A classification by GEC- 
ESRTO [28] was performed for 1822 patients, 
who were treated with full dose IOeRT outside 
the ELIOT trial [29]., Accordingly, 32% (n = 573) 
of these patients could be classified as “good can-
didates” for an APBI approach with a 5-year LR 
rate of 1.9% [30]. Moreover, a similar exercise 
for the same cohort revealed in 16% (n  =  294) 
patients rated as “suitable” according to ASTRO- 
criteria with a 5-year LR of 1.5%, respectively 
[26]. Furthermore, the guideline classification for 
APBI-patients by ASTRO [26] and ESTRO [30] 
recommendations was supported by several other 
published clinical data sets [31, 32].

42.3  Toxicity and Cosmetic 
Outcome (Boost and APBI)

42.3.1  Acute Toxicity and Late 
Normal Tissue Effects

Wound complications (infection, haematoma, 
delayed wound healing and seroma) were 
reported for boost-IOeRT between 3% and 4.9% 
and after APBI between 1% and 16% [13, 25, 29, 
31, 33–41]. Grade 3 fibrosis as a subacute/late 
reaction following APBI was observed in the 
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range of 2–6% and as grade 2 fibrosis in up to 
30% of cases [33, 39, 40, 42]. After IOeRT as a 
boost, grade 3 fibrosis occurred in less than 2% 
and grades 1–2  in between 10% and 25% of 
cases, respectively [25, 43–45]. These data on 
acute and late toxicity after IOeRT, do not seem 
to be inferior from those by means of standard 
WBI.  In the ELIOT-trial acute skin reactions 
were rarely observed and turned out to be supe-
rior compared to those verified after WBI, but 
with no differences in terms of for late reactions 
(fibrosis, retraction, pain or burning sensation) 
[6]. However, fat necrosis were detected signifi-
cantly more frequently after IOeRT than with 
WBI (p = 0.04) [6]. Furthermore, IORT as APBI 
with 50-kv X-rays, investigated within the 
TARGIT-trail, has not demonstrated to initiate a 
higher rate of wound complications compared to 
standard EBRT [46], Some single institutional 
experiences, which performed IORT either as 
Boost or as APBI, reported rates for seroma, hae-
matoma and perioperative infections in the range 
of 11–15.8%, 5.8% and 2–3%, respectively [47–
49]. Ebner F et  al. observed no differences in 
terms of postoperative seroma compared to a 
control group without IORT [50]. Additional 
reports after IORT along the “TARGIT-concept” 
about late toxicity was published by then 
Mannheim-group in 2012 [11]. Accordingly, 
IORT as APBI or applicated as a Boost followed 
by WBI was not observed to initiate a higher rate 
of radiotherapy-related late side effects (i.e. pain, 
fibrosis, breast oedema ulceration, retraction 
hyperpigmentation and lymphoedema) compared 
to conventional WBI alone, which was accompa-
nied with significant more telangiectasia 
(p = 0.049). Of note, within a treatment related 
subanalysis, a higher grade (2/3) of fibrosis 
occurred more frequently after IORT as a boost 
plus WBI (37.5%) compared to WBI (18.4%) or 
IORT (5.9%) alone, respectively [11].

42.3.2  Breast Cosmesis

First experiences for objective breast cosmesis 
after boost IOeRT reported excellent/good results 
in 86% of cases [51] or as clinical overall impres-
sion after long term observation [45]. After 

median follow-up periods of 45 and 56 months, 
including 261–583 analysed patients, excellent/
good results rated by doctors and patients were 
reported in 64–75% and in 86–91%, respectively 
[13, 25]. Objective scorings done by doctors 
were performed on the basis of photographs in 
predefined positions. Breast cosmesis was evalu-
ated using an international scoring-system [52] 
and did not demonstrate a remarkable difference 
between baseline and annual evaluations thereaf-
ter [25]. Cosmesis after APBI was also assessed 
by doctors and patients and were implemented 
using different scoring systems with excellent/
good ratings in more than 90% for both groups 
[36, 37, 53–55]. However, there was some differ-
ences in cosmesis assessment between patient 
and doctors in some analyses [36, 37]. The cur-
rent literature on clinical outcome data of IOeRT 
adopted as boost or APBI is summarised in 
Table  42.1 [13, 22–25, 43–45, 51, 54, 56] and 
Table 42.2 [6, 26, 29–38, 40–42, 57–60].

42.4  Patient Selection (Boost 
and APBI)

Patient eligibility for primarily boost or PBI and 
subsequently for performing this with an IOeRT 
technique, is determined within a multidisci-
plinary tumour board according to international 
guidelines and recommendations [8, 12]. If 
IOeRT will be performed as APBI, as definitive 
pathology is missing at the time of treatment, 
additional breast MRI has turned out to be advan-
tageous in order to get some more clinical infor-
mation about obvious contraindications [e.g. 
multifocality or suspicious lymph nodes) render-
ing such patients as ineligible in up 12.5% of 
cases [61, 62] especially with risk factors such as 
tumour sizes larger than T2, invasive lobular his-
tology or premenopausal status [62]. For APBI, 
the following criteria for patient selection are 
listed [27, 28, 63]: age 50 years or older, unicen-
tric tumours 2 cm or smaller, hormone positive 
and HER2-negative receptor status, tumour grade 
1–2 with ductal or other favourable histological 
types and a negative nodal status (pN0 (i−/i+)). 
Please refer for additional reading in the PBI and 
omission of radiation sections.
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Table 42.1 Evidence on IOeRT-Boost (reused with the agreement of Elsevier on 22nd of September 2020, G et al., 
Radiother Oncol 2020; 249:150–157, page 153)

Author FUP Patients
Patient 
selection Technology

IORT dose 
(range) EBRT LC OS/DFS

Merrick 
et al. [44]

a71 mo
(up to 
144)

21 Stage
I–II

IOERT Dmax:
10–15 Gy

45–50 Gy
Fx: 1.7-2 Gy

Crude 
100%

OS: 
Crude 
90.5%

Dubois 
et al. [54]

Min. 
24mo

101
51/50

Stage
I–II (III)

IOERT/no D90%:
10 Gy

45 Gy
Fx:2 Gy

Crude 
100%
vs nc

nc

Lemanski 
et al. [45]

a109 mo
(60–
180)

50 Stage
I–II

IOERT D90%:
9–20 Gy

50 Gy
Fx:2 Gy

Crude 96% nc

Ciabattoni 
et al. [51]

nc 234 
(122/112)

Stage
I–II

IOERT/
ext. e

Dmax:
10 Gy

50 Gy
Fx: nc

Crude 
100% vs 
98.2% (nc)

nc

Reitsamer 
et al. [56]

a51/81 
mo

378 
(190/188)

Stage
I–II

IOERT/
ext. e

Dmax:
10 Gy

51–56 Gy
Fx: 1.7 Gy

b100% vs 
95.7% (ss)

nc

Ivaldi GB 
et al. [43]

a8.9 mo
(0.8–
32.4)

204 Stage
(0) I–III

IOERT Dmax:
13.3 Gy

37.05 Gy
Fx: 2.85

c100% nc

Fastner 
et al. [22]

a72.4 mo
(0.8–239)

1109 Stage
I–III

IOERT Dmax:
6–15 Gy

50–54 Gy
Fx: 
1.7–2 Gy

d99.2% OS:
d91.4%

Fastner 
et al. [23]

a59/67.5 
mo
(3–120)

107
(81/26)

Stage
II–III

IOERT/
ext. e

Dmax:
10 Gy

51–57 Gy
Fx: 
1.7–1.8 Gy

d98.5% vs 
88.1% (ns)

OS:
d86.4% vs 
92% (ns)

Fastner 
et al. [24]

a97 mo
(20–
170)

71 Stage
I–II

IOERT Dmax:
7–12 Gy

a54 Gy
Fx:1.6–
1.85 Gy

e89% OS:
e69%

Kaiser et al. 
[13]

a121 mo
(4–200)

770 Stage
I–III

IOERT Dmax:
5–12 Gy

a54 Gy
Fx:1.6–2 Gy

f97.2% OS:
f85.7%

Fastner 
et al. [25]

a45 mo
(0–74)

583 Stage
I–II

IOERT Dmax:
11 Gy

40.5 Gy
Fx: 2.7 Gy

Crude 
100%

DFS:
g97.8%

mo months, LC local control, OS overall survival, nc no comments, ss statistically significant, ns not significant, D90% 
90%-reference-isodose, Fx dose per fraction, OS overall survival, LC local control, FUP follow-up
aMedian
bActuarial 5-year rate
cActuarial 9-months rate
dActuarial 6-year rate
eActuarial 8-year rate
fActuarial 10-year rate
gActuarial 3-year rate ext

For both IOeRT treatment options, as a boost 
and APBI, invasive breast cancer has to be con-
firmed by a biopsy before BCS. However, IOeRT 
applied as a boost should be especially considered 
after histopathological proof of malignancies with 
a high potential to locally recur as well as for 
patients with one or more of several risk factors 

according to national and international guidelines 
like: younger age (at least <50  years), tumour 
grading 3, the absence of positive hormonal recep-
tors, confirmed triple negative,  positivity for Her2, 
lymphovascular invasion (LVI), no clear resection 
margins, extensive intraductal component (EIC) 
and tumour sizes >2 cm, respectively [64–67].
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42.5  IOeRT Surgical and Technical 
Procedures (Boost and APBI)

IOeRT can be delivered using mobile or standard 
linear accelerators (Fig. 42.1) within a dedicated 
operating theatre. The tumour should be preop-
eratively localised if not clearly palpable, and the 
sentinel lymph node, if SLNB performed, is 
labelled with isotope mapping. The operating 
room is set up to facilitate easy access of the 
accelerator to the patient lying prone with the 
affected side’s arm extended at 90°. In addition, 
the bed must be positioned to allow a radiation 
beam absorber to be inserted below the surgical 
table, to prevent dissemination of any radiation 
beyond the floor of the operating room. Surgery 
commences with an axillary sentinel lymph node 
biopsy which will be sent for frozen section 
pathology analysis prior to RT in order to confirm 

a nodal negative status. This allows for time to 
proceed with the surgical procedure as well as for 
docking the accelerator to the applicator tube. 
The lumpectomy is performed in a standard man-
ner with emphasis on achieving clean resection 
margins and removing the breast mass down to 
the fascia of the pectoral muscle. Site and length 
of the incision, are selected in accordance to the 
affected breast quadrant and tumour size, respec-
tively. Notably, in situations where the tumour is 
detected in a very peripheral or inferior breast 
site, the ability to mobilise sufficient tissue for 
sub dermal flaps may be compromised, and 
therefore may be less suitable for IOeRT.  The 
incision should be wide enough, in order to insert 
tube applicators and/or shielding discs with a 
minimum diameter of at least 3–4 cm. After sur-
gical tumour removal, subdermal flaps are mobil-
ised in all directions and fixed with temporary 
sutures to create a tumour bed as target volume 
for irradiation. Considering that 90% of subclini-
cal tumour cells are scattered within a circumfer-
ential distance of 4  cm from the macroscopic 
index tumour [68], the following margin- 
distance—for an appropriate CTV-definition 
could be recommended: By taking into account 
the amount of tumour free resections margins 
provided by the surgeon a CTV of least 2 cm cal-
culated from the macroscopic tumour edge has to 
be considered in all directions and encompassed 
by the 90% isodose (boost and APBI) To achieve 
this from a technical standpoint, appropriate sizes 
of electron tubes (diameters of 3–12  cm with 
bevel angles of 0°, 15°, 30° and 45°) and energies 
(4 and 12 MeV) are essential. From a practical 
point of view, for APBI, a tube diameter of 4 cm 
larger than the macroscopic tumour diameter was 
reported [42]. Furthermore, the thickness of the 
defined tumour bed can be evaluated either by 
ultrasound measurement or by inserting a needle 
probe until it touches the protective disc at four 
points (12, 3, 6 and 9 o’clock) (Supplement 
Figs. 2, 3, and 4 [8]) and then measuring the dis-
tance with a sterile ruler.

At this point the accelerator can be moved 
towards the patient. If the “hard-docking” sys-
tem is used, the upper part of the applicator is 

Fig. 42.1 IOeRT as “hard-docking” technique uisng 
LIAC HWL® accelerator, Sordina Technologies, Vicenza, 
Italy (as an alternative “soft-docking” technique provided 
by Mobetron-system®,IntraOp Medical,Sunnyvale, 
United States, is available)
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coupled directly to the head of the accelerator, 
and this connection is accomplished with three 
metallic clasps. Please note that the accelerator 
head can be rotated to allow straight docking 
between the upper connector and the lower 
applicator tube. In addition, the surgical table 
can also be tilted to achieve better alignment for 
docking. The lower tube is inserted into the 
wound cavity, such that it fits snugly within the 
incision confines, anterior to the sutured flaps. A 
second technical option to provide a correct 
positioning between the electron- tube and the 
accelerator’s head but without a direct rigid fix-
ation is feasible by a “soft- docking” system on 
the basis of laser-light alignment (Fig. 42.1) A 
bevelled applicator end may be selected if the 
curvature of the chest wall does not allow for 
direct coverage of the flaps. When the upper 
connector and the lower tube have docked, this 
is reinforced with another set of metallic clips 
and the patient is ready for treatment. The posi-
tion of the beam absorber underneath the table 
is verified by a shield positioning device to 
ensure that it effectively blocks the path of radi-
ation towards the operating room floor. At the 
time of RT, all operating room personnel are to 
leave to a safely shielded location within or out-
side the operating room. Delivery of radiation 
takes typically about 1–2 min. When the treat-
ment is concluded, the accelerator is undocked 
from the applicator. The applicator tube is 
removed from the surgical wound, the subder-
mal flaps are opened, and the protective disc is 
also removed, which is followed by closing the 
incision in the usual manner [6].

To assure the safety of the procedure and staff, 
we recommend that prior to starting this tech-
nique, the teams need to have training and a writ-
ten protocol for the preparations needed prior to 
each case. Each case should be documented 
including the depth, dose, bevel, angle, energy, 
and other relevant treatment features. Moreover, 
the operating theatre should be arranged that all 
of the applicators and instruments are easily 
available.

42.6  Physical Aspects and Dose 
Recommendations

In general, for boost IOeRT proceeding WBI a 
dose range of 9–10 Gy as 90% isodose (D90) can 
be recommended for all clinical risk constella-
tions [13] with a defined dose limitation of 5 (7) 
Gy (D45) at bony structures, (Supplement Fig. 2). 
For this dose prescription, the application of a 
prepectoral shielding disc is not mandatory.

If IOeRT is indicated as APBI, usually single 
doses of 21 Gy (D90) are applied as “full-dose” 
RT.  In this case, the rib surface is usually pro-
tected by a lead shielding (Fig.  42.1), which is 
temporarily fixed to the chest wall, with the plas-
tic side up—to absorb scattered dose—and the 
metallic side down to the chest wall. The diame-
ter of such a shielding disc should be selected as 
1–2 cm larger than the appropriate tube sizes, in 
order to avoid any mismatch during the irradia-
tion procedure.

42.7  Whole-Breast Irradiation 
After Definitive IORT

A particular case is when IORT was given for 
PBI (21  Gy), like with IOeRT, and the final 
pathology reports showed unexpected adverse 
factors, requiring re-excision or further RT, like 
WBI (e.g. lymph node tumour involvement)). In 
the latter, WBI with relative sparing of the already 
irradiated tissue (like an “inverse SIB”) could be 
administered using volumetric IMRT, delivering 
full-dose RT to the breast while limiting the dose 
to the irradiated tissue (in the case of IOeRT often 
around 100 cc) to 70–80% of the prescribed dose.

42.8  Summary

In summary, there are different APBI methods. 
IOeRT is one of the techniques, when available 
and well-prepared, that provides sufficient cover-
ing of the target volume while sparing OARs. 
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Also, according to the ESTRO Task Force group 
for IORT [8], IOeRT as a boost enables excellent 
LC in several high-risk groups. IOeRT as APBI is 
now  recommended as an alternative to WBI for 
highly selected low-risk breast cancer patients 
[8], estimated to being at least about 15–25% of 
all BCT cases [69].
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Defining the Target Volumes 
and Radiation Doses after Primary 
Systemic Therapy

Shira L. Galper, Galia Jacobson, 
and Angel Montero

43.1  Radiation Therapy after 
Primary Systemic Treatment

Breast cancer is treated with a multimodal 
approach including the combination of systemic 
treatment, surgery and RT. In recent years, it has 
become increasingly common to administer pri-
mary systemic treatment (PST) prior to surgery 
and RT.  An analysis based on 5,500 women 
included in different randomised studies compar-
ing primary versus adjuvant systemic treatment 
showed equivalent results in terms of survival. 
However, PST could prevent mastectomy in 25% 
of patients unsuitable for conservative surgery 
upfront, while <5% of patients initially eligible 
for conservative surgery required a mastectomy 
due to disease progression under PST [1].

Currently, PST is progressively being used for 
patients affected by breast tumours with unfa-
vourable prognostic factors. A pCR has been rec-
ognised as a predictive prognostic factor for 
survival, especially in HER2-positive (HER2+)/
hormone receptor–negative and triple-negative 
(TNBC) breast cancer patients [2, 3].

After PST, consensus exists in favour of post-
operative WBI after BCS, regardless of the patho-
logical response. In contrast, the role of RT after 
PST and mastectomy requires further investiga-
tions due to the absence of high-level evidence. 
Since data from randomised trials answering this 
question is lacking, guidelines are based on avail-
able evidence coming from retrospective studies, 
several using data from prospective studies 
addressing systemic therapy questions, character-
ised by heterogeneity in the sample sizes, stages 
at diagnosis, older chemotherapy schedules and 
non-uniform criteria for PMRT administration. 
Table  43.1 summarises clinical and pathologic 
risk factors for LRF in various studies of PST fol-
lowed by mastectomy with or without PMRT [4–
27]. Identifying a subgroup of breast cancer 
patients with LRF risk after PST and mastectomy 
being low enough to avoid PMRT remains a chal-
lenge [28] (please refer to the section about omis-
sion of radiation therapy, Chap. 45).

43.2  Tumour Bed Boost after PST

After BCS, postoperative RT to the whole breast 
is standard treatment for most patients irrespec-
tive of PST. Tumour bed boost has been shown to 
be beneficial in all patients undergoing breast 
conserving treatment, with a similar proportional 
effect independent of the absolute recurrence 
risk. Therefore, the largest absolute benefit is 
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Table 43.1 Impact of different clinical and pathological risk factors in locoregional risk relapse after primary systemic 
treatment and mastectomy

Author Type of study Objective N
MFU 
(months) PMRT

Factors associated 
with increased risk of 
locoregional failure

Stage IIB (cT3N0)
Garg  
2004 [4]

Retrospective Clinical and 
pathologic predictors 
of LRF in early 
breast cancer after 
PST and mastectomy 
w/o PMRT

132 46 0 cT3 (p = 0.0057)

Huang  
2004 [5]

Retrospective Role of PMRT after 
PST

676 69 80% cT3 (p = 0.002)

Nagar  
2011 [6]

Retrospective Role of PMRT after 
PST in cT3N0

162 75 73.45% cT3 (p < 0.001)

Meattini  
2014 [7]

Retrospective Role of PMRT after 
PST

170 92.4 57.6% cT3 (p = 0.015)

ypN0
Le Scodan 
2012 [9]

Retrospective Role of PMRT in 
stage II-III breast 
cancer patients ypN0 
after PST

134 91.4 58.2% No increased LRF 
risk when PMRT 
was omitted in 
ypN0 (p = 0.18)

Shim  
2014 [10]

Retrospective Role of PMRT after 
PST and ypN0

151 59 69.5% No increased LRF 
risk when PMRT 
was omitted in 
ypN0 (p = 0.148)

Rong  
2017 [13]

Retrospective Role of PMRT after 
PST and ypN0

185 70 48% No increased LRF 
risk when PMRT 
was omitted in 
ypN0 (p = 0.071)

Cao  
2018 [14]

Retrospective Role of PMRT in 
clinical T1-2N1 after 
PST

88 67 85.2% PMRT decreases 
LRF risk in ypN0 
(94.7% vs. 72.9%, 
p = NR)

Krug  
2019 [15]

Retrospective Role of PMRT after 
PST

817 51.5 82.7% No increased LRF 
risk when PMRT 
was omitted in 
ypN0 (p = 0.06)

Miyashita 
2019 [25]

Retrospective Role of PMRT after 
PST

3226 >60 30.7% No increased LRF 
risk when PMRT 
was omitted in 
ypN0 (p = 0.81)

Zhang  
2020 [16]

Retrospective Which patients 
benefit from PMRT 
after PST

4236 NR 69% PMRT decreased 
LRF risk in ypN0 
(p = 0.0003)

Wang  
2020 [18]

Retrospective Role of PMRT h 
T1-2N1M0 achieving 
ypN0 after PST

142 72 77.5 PMRT decreased 
LRF risk in ypN0 
(p = 0.006)

Molecular subtypes
Wright  
2013 [19]

Retrospective Identify predictors of 
LRF after PST and 
PMRT

464 50.5 100% TNBC (p < 0.0001)

(continued)
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Table 43.1 (continued)

Author Type of study Objective N
MFU 
(months) PMRT

Factors associated 
with increased risk of 
locoregional failure

Yang 
(2015) [20]

Retrospective Contribution of 
biologic subtype to 
LRF after PST, 
mastectomy and 
PMRT

233 62 100% TNBC (p = 0.003)

Arsenault 
2015 [21]

Retrospective Prognostic factors for 
LRF in HER2+ 
treated with PST

157 (142 
mastectomy)

43 79.6% ER negative 
(p = 0.006)

Cho 2019 
[24]

Retrospective Role of PMRT after 
ypN0 following PST 
according to 
molecular subtype

189 78 58.7% No significance of 
molecular subtype 
in LRF (p = 0.708)

Age
Garg 2004 
[4]

Retrospective Clinical and 
pathologic predictors 
of LRF in early 
breast cancer after 
PST and mastectomy 
w/o PMRT

132 46 0 Age < 40 
(p = 0.0001)

Garg 2007 
[26]

Retrospective Role of PMRT in 
patients <35 years 
old after PST

107 72 75% PMRT decreased 
LRF risk in 
age < 35 (p = 0.001)

PMRT post-mastectomy radiation therapy, PST primary systemic treatment, MFU median follow-up, LRF locoregional 
failure, pCR pathologic complete response, ER oestrogen receptor, PR progesterone receptor, TNBC triple-negative 
breast cancer, NR not reported

reported in young women or tumours with grade 
3 disease, large tumour size, presence of LVI, or 
TNBC breast cancer [29–31].

Data regarding the benefits of a tumour bed 
boost largely comes from studies where chemo-
therapy was offered in the adjuvant setting. There 
is limited data regarding the benefit or omission 
of a tumour bed boost in patients who have 
undergone PST. Cho et al. reported on boost out-
comes in patients who had a pCR on the 
KROG12–05 and 16–16 trials [24]. 180 patients 
had pCR, 12.2% of whom who did not receive a 
primary tumour bed boost. Despite having more 
aggressive disease with more N2–3 disease and 
more patients receiving RNI, the patients who 
had breast boost omitted faired equally as well 
regarding LRC, DFS, and OS at 5  years. This 
study has its limitations given its unplanned anal-
ysis nature and the limited number of patients 
who had boost omitted preventing its generaliz-
ability. In a study including 1082 patients with 
HER2+ breast cancer who participated in the 

HERA trial and received trastuzumab, local con-
trol at 11 years was not improved with delivery of 
a boost (93% vs. 91%, p  =  0.33), suggesting a 
lack of benefit for a tumour bed boost in this sub-
group of patients [32]. At present, one should 
consider omitting the boost to the primary tumour 
bed for those who did achieve a pCR and offer a 
boost for those not in pCR in patients for whom 
one would offer a postoperative boost including 
young age, grade 3 disease, and large tumour 
size, and/or TNBC breast cancer [33–35]. (Please 
refer to the section about target volume definition 
and contouring-boost/SIB).

43.3  Regional Nodal Irradiation 
after PST

Lymphatic drainage of the breast includes the 
axillary levels 1–4 and the IMN.  In the case of 
pre-PST cN+ disease, SLNB alone with dual 
tracer and harvesting >2 LN, combined or not 
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with a targeted LN dissection of the clipped node, 
can be performed after a complete response on 
imaging with an acceptably low false negative 
rate of less than <10% [33, 34]. If a pre-PST cN+ 
patient is found to be ypN0 in this setting, no fur-
ther surgery is required and RNI nodal volumes 
should include all axillary levels and, especially 
in case of centrally or medially located primary 
tumours, the IMN. The NSABP 51 trial investi-
gates the omission of RNI is this clinical situation 
for stage IB-II breast cancer patients (https://
clinicaltrials.gov/ct2/show/NCT01872975).

ALND is typically performed for anyone with 
positive nodes by clinical examination or imag-
ing tests after PST. The omission of ALND with 
residual nodal disease only on pathological exam-
ination of the SLNB after PST is controversial and 
currently under investigation. The ALLIANCE 
A011202 trial is comparing results of ALND ver-
sus axillary RT when a positive SLNB is found 
after PST with a nodal cCR (https://clinicaltrials.
gov/ct2/show/NCT01901094).

In the setting of ALND and ypN+, RT treat-
ment volumes should include the breast/CW and 
all axillary levels including, especially in case of 
centrally or medially located primary tumours, 
the IMN. The dissected axilla, typically levels 1 
and part of 2, should not be included in the treat-
ment field, except in case of incomplete dissec-
tion, to decrease the risk of lymphoedema 
[35–37].

43.3.1  Boost to Positive Non- 
resected LN

Advances in imaging techniques, with the 
increasing use of PET-CT and MRI, make it pos-
sible to identify the existence of metastatic 
involvement in the axillary or IMN nodes. Often, 
these lymph node regions are not suitable for sur-
gical resection, in which cases one can consider 
regional nodal irradiation with a boost to the 
affected nodes [38, 39].

IMN involvement is a known as a poor prog-
nostic factor for survival in patients with breast 
cancer [40]. Recent studies in which contempo-
rary imaging modalities such as CT, MRI or 

PET-CT were performed, showed incidences of 
imaging-based IMN involvement ranging 
between 11 and 16% in breast cancer patients 
with advanced nodal disease (cN2-N3) [41, 42]. 
In the past, radical mastectomy and IMN dissec-
tion were performed for patients with IMN 
involvement, with surgical IMN treatment being 
abandoned because of high morbidity without 
survival benefit [43]. In recent years, multimodal 
treatments including breast surgery without IMN 
dissection, systemic therapy, and RT have been 
administered for patients with IMN positive 
breast cancer. Data on the long-term treatment 
outcomes of clinically IMN-positive patients 
who receive RT to the involved area without sur-
gical dissection are scarce. Moreover, whether 
boost irradiation is beneficial and what dose 
should be administered remains unknown. Few 
studies have assessed the clinical outcomes of 
IMN boost irradiation and the optimal radiation 
dose to radiologically apparent IMN at diagnosis 
in breast cancer patients (Table  43.2) [41, 
44–49].

As seen on Table 43.2, with multimodal treat-
ment, the IMN control rates are excellent, with an 
IMN recurrence rate of 0–11%. In these studies, 
boosts with 6–16 Gy have been administered to 
the IMN region. See Fig.  43.1 illustrating an 
electron- based IMN boost.

Several retrospective studies showed PST fol-
lowed by surgery and postoperative RT achieving 
acceptable in-field regional control rates in 
patients with extensive nodal involvement. A 
higher RT boost dose was associated with worse 
DFS in these patients [45, 50, 51], a fact that 
could be explained in part because patients with a 
higher tumour burden in the lymph nodes are 
more likely to receive higher doses of 
RT. However, the major patterns of failure were 
distant metastases, suggesting that the burden of 
residual disease after preoperative chemotherapy 
is a prognostic factor for LRC, as well as for DFS 
[50]. While controversial, some recommend 
boosting the involved nodes because of the diffi-
culty of treating persistent LN disease. In those 
cases, it is important to contour the OAR such as 
the brachial plexus and remain below tolerance 
levels.
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Fig. 43.1 IMN Boost following chest wall irradiation to an IMN node that was PET positive prior to PST and had a 
complete response on PET following PST. Treatment with a direct 12 MeV field with 10 Gy in 5 fractions

Table 43.2 Summary of studies in which multimodal treat-
ment was performed without dissection of the internal mam-
mary lymph node for patients with breast cancer and internal 
mammary lymph node metastases [48]. Table adopted from 

open-access publication: K.  Yang, H.  Kim, D.H.  Choi, 
W.  Park, J.M.  Noh, W.K.  Cho, Optimal radiotherapy for 
patients with internal mammary lymph node metastasis from 
breast cancer, Radiation Oncology 15(1) (2020) 1–12

Authors
No. of 
patients

Median FU 
(months)

Pathologic 
confirmation 
of IMN+

Chemotherapy 
regimen

Median IMN RT 
dose (range)

IMN 
recurrence

5-year 
survival rates

Zhang 
et al. 
[16]

96 41 9% AT-based (100%) 60.0 Gy 
(50.0–72.0 Gy)

11% DFS  
56%, OS
76%

Joo et al. 
[44]

70 51 57% T-based (94%) 60.0 Gy 
(56.0–66.0 Gy)

2.9% DFS  
72%, OS
77%

Park 
et al. 
[45]

15 38 0% T-based (73%), A 
based (20%)

50.4 Gy 
(50.4–55.8 Gy)

6.7% DFS  
67%, OS
79%

Noh 
et al. [46]

45 57 40% AT (54.5%), AC 
(29.1%)

50.0–50.4 Gy 
+/− boost

0% DFS 66%, 
OS 76%

Sachdev 
et al. [47]

25 38 Not reported Not reported 50.4 Gy 
(45.0–64.4 Gy)

0% Not 
reported

Yang 
et al. 
[48]

84 58 48% T-based (100%) 62.5 Gy 
(50.0–66.5 Gy)

2.4% DFS  
72%, OS
81%

Kim 
et al. 
[49]

95 43 2% Not reported 50.0 Gy 
+/− boost

3.2% DFS  
70%, OS
84%

FU Follow-up, IMN+ Metastasis to the internal mammary lymph nodes, IMN Internal mammary node, RT Radiation 
therapy, A Adriamycin, T Taxane, DFS Disease-free survival, OS Overall survival

43.4  Doses

Recommended doses to the breast/CW should 
have an EDQ2 of 44–50 Gy. This corresponds to 
historical conventional fractionation doses of 

45–50 Gy in 25–28 fractions (protracted regimen) 
and hypofractionation doses of 40–42.56  Gy in 
15–16 fractions. RT to the regional nodes with 
protracted fractionation should be 45–50  Gy in 
25–28 fractions and with hypofractionation  
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37.5–42.56  Gy in 15–16 fractions [52]. General 
recommendations regarding the tumour bed boost 
dose are 10–16 Gy for those receiving protracted 
fractionation. For those using hypofractionation, 
boosts of 10–12.5 Gy in 4–5 fractions have been 
used as well as simultaneous integrated boosts 
with doses up to 3–3.4 Gy per fraction [48].

A reasonable treatment approach for deter-
mining the indication and RT dose for a nodal 
boost would be to reimage patients after PST 
with PET-CT. If the originally positive unresect-
able node lost FDG avidity, one can consider an 
EDQ2 dose of 10 Gy boost. If the involved node 
is still FDG avid, one can consider an EQD2 dose 
of at least 16 Gy boost to the involved node.

43.5  Summary

Systemic therapy, once administered solely in the 
adjuvant setting, is progressively being offered in 
the preoperative setting. While postoperative RT 
to the breast after PST and BCS is always recom-
mended, prospective studies are evaluating the 
value for RNI after PST. In this section, we pre-
sented the evidence for potential omission of 
PMRT in certain subsets of patients deriving 
from the existing literature. We also presented 
recommendations for target coverage after PST 
including when and what type of RNI should be 
offered.
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Lymph Nodes Volumes

Giulio Francolini, Sileida Oliveros, 
and David Dodwell

44.1  Background

In 2005, data from 8,500 patients treated with 
mastectomy plus axillary lymph node dissection 
(ALND) for node positive (LN+) early breast 
cancer were included in an EBCTCG meta- 
analysis of post-mastectomy irradiation (PMRT) 
to the chest wall and regional lymph nodes vs no 
PMRT. Absolute reductions of 17%, 5.4%, and 
4.4% in  locoregional recurrence, 15-year breast 
cancer mortality, and overall mortality respec-
tively were reported [1]. However, the effects of 
PMRT in patients with 1–3 positive lymph nodes 
after ALND were not separately reported. A fur-
ther EBCTCG meta-analysis involving 8,135 
women, of which 3,786 women had a mastec-
tomy with at least ALND up to level 2 with zero 
(N0), 1–3, or ≥4 positive nodes, was performed. 
Patients were enrolled in trials assessing locore-
gional RT, including the chest wall and the axil-
lary and internal mammary nodes (IMNs). 
Improvements in  locoregional recurrence and 

breast cancer mortality were identified for women 
with positive nodes. These effects were indepen-
dent of the number of involved nodes and of the 
use of adjuvant chemotherapy [2].

44.2  Evidence Base for Regional 
Nodal Irradiation (RNI)

Prior to the publication of the four key studies 
described below, evidence for RNI was derived 
from the EBCTCG meta-analysis and a large 
number of retrospective studies. However, due to 
fear for late morbidity and lacking evidence of 
the contribution of the individual lymph node 
areas, clinical practice varied broadly.

The EORTC 22922 trial enrolled 4,004 
patients with stage I-III early breast cancer, either 
centrally/medially located (irrespective of axil-
lary involvement) or externally located with axil-
lary involvement. After BCS or mastectomy, 
patients were randomised to receive whole-breast 
or chest wall irradiation with or without RNI. A 
modest but statistically significant improvement 
in breast cancer mortality and any breast cancer 
recurrence but not in overall survival after RNI 
was seen [3].

The MA.20 trial enrolled 1,832 patients with 
node-positive or high-risk node negative early 
breast cancer treated with BCS and adjuvant sys-
temic therapy. Patients were randomised to 
undergo whole breast irradiation with or without 
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RNI.  After 10  years of follow-up, RNI was 
reported to improve DFS, but there was no sig-
nificant impact on overall survival (OS) [4].

In a randomised controlled trial of IMN-RT, 
Hennequin and colleagues did not demonstrate 
an OS benefit for IMN-RT in trial of 1,334 
patients. This study was not powered to exclude a 
modest benefit of IMN-RT and breast cancer 
mortality and recurrence outcomes were not 
available [5].

A prospective population-based cohort study 
was conducted in Denmark between 2003 and 
2007. Patients with node-positive early breast 
cancer received IMN-RT if they had right-sided 
breast cancer but not if they had left sided breast 
cancer. After a median follow-up of 9 years OS 
was significantly better in patients with right- 
sided cancer who received IMN-RT (HR 0.82; 
p = 0.005) [6].

44.3  Target Volume Selection 
in RNI

In 2013/14 the EORTC carried out the NORA 
survey, to explore patterns of practice among 
affiliated centres.

• After BCS and ALND in patients with macro-
metastatic nodal involvement, 13%, 65%, and 
2% of centres recommended target coverage 
of IMN, infra/supraclavicular (axilla levels 
3–4), and axillary (level 1–2) nodes, respec-
tively, while this was 15%, 65%, and 57%, 
respectively, after SLNB without ALND.

• After mastectomy and ALND, axillary levels 
3–4 nodes in pN0 (i+), pN (mi), and LN+ 
were treated in 6%, 63%, and 61% of centres, 
respectively, and extracapsular extension was 
considered the most important factor to rec-
ommend axillary nodal RT. Moreover, axillary 
nodes were treated in 40% of centres in 
patients with ≥3 positive nodes, regardless of 
the number of examined nodes [7].

As evidence for RNI derives mostly from 
RCTs involving the irradiation of both the IMN 
and axillary nodes it is reasonable to state that 

RNI should in most circumstances include all 
nodal volumes, only excluding the part removed 
by ALND [8] (Table 44.1).

44.4  Level 1–2 of the Axilla

Close liaison between radiology, surgery and 
oncology services is needed to manage the lower 
part of the axilla, with the aim of obtaining prog-
nostic information while minimising the risk of 
recurrence and treatment-related morbidity. The 
use of SLNB for the clinically and radiologically 
node negative axilla is now the key to modern 
axillary management.

If the SLNB is pathologically negative, posi-
tive with isolated tumour cells (ITCs) or with 
micrometastatic disease (<2 mms) only, no fur-
ther axillary treatment is required.

After an SLNB for a macrometastasis in 1–2 
nodes, then there are a number of reasonable 
options including observation, ALND or axillary 
irradiation. RCTs including the AMAROS and 
OTOASAR studies and the older Edinburgh trials 
have confirmed that in the clinically node nega-
tive (cN0) axilla with a positive SLNB or axillary 
node sample, axillary irradiation is as effective in 
preventing recurrence as ALND and has a signifi-
cantly lower risk of lymphoedema [13–16]. As a 
consequence, axillary RT in these circumstances 
is increasingly preferred.

If ≥3 nodes are involved with macrometastatic 
disease, then ALND is often still recommended. 
Following ALND the operated axilla should not 
be irradiated routinely but this could be consid-
ered if there is macroscopic residual disease as 
defined by the surgeon, the pathologist or on the 
basis of imaging.

44.5  Patient Selection 
and Guidelines

Currently patient selection for RNI is dominated 
by traditional prognostic factors (stage and grade) 
and site of tumour within the breast as central/
medial tumours are more likely to be associated 
with involved IMNs. An interim analysis of the 
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Table 44.1 Patient selection for RNI in available international guidelines

International 
Consensus 
Guideline

4 or more positive axillary 
nodes (usually after 
ALND)

1–3 positive axillary nodes 
(after ALND or SLNB)

N0—central or medially located 
tumours or other high risk factors

ESMO [9]a Comprehensive nodal RT 
L1–4, IMN

Comprehensive nodal RT 
L1–4, IMN

Not routinely recommended

Royal College of 
Radiologists 
(UK) [10]

Should be considered, 
particularly N2-N3 
(>3 + LNs) disease

Should be considered, 
particularly central/medial 
tumours

Considered for T4N0
Not routinely recommended

NCCN [11] Recommended RNI 
including
SCF, infraclavicular 
(IFC), IMN and any part 
of the axillary bed at risk

Strongly considered RNI 
including
SCF, infraclavicular (IFC), 
IMN and any part of the 
axillary bed at risk

After mastectomy - Tumours >5 cm 
or margin positive: Consider RT to 
CW +/− RNI.
Tumour ≤5 cm and negative margins 
but <1 mm: Consider RT to CW 
+/− RNI in high risk features
Tumour ≤5 cm and negative margins 
>1 mm - RT not recommended
After BCS - high risk features

ASCO  
2016 [12]b

Recommended RNI 
(SCF, IFC, axillary 
apical node and IMN

Recommended RNI (SCF, 
IFC, axillary apical node 
and IMN, even in T1-T2 
disease

Not routinely recommended

In node positive axillary disease after ALND, RNI is indicated but excluding the resected part of the axilla which should 
not be irradiated as risk of lymphoedema after ANC and axillary RT increases up to 40%
SCF supraclavicular region (axilla level 4), IFC intraclavicular region (axilla level 3), IMN internal mammary node chain
PMRT reduces the risks of LRF, any recurrence, and breast cancer mortality for patients with T1–2 breast cancer with 
one to three positive axillary nodes after ALND
aESMO guidelines [9]: After SLNB without subsequent ALND, comprehensive RNI is recommended for patients with 
involved lymph nodes and it is difficult to discriminate which component of the RNI is more important to irradiate. 
After ALND, routine axillary irradiation should not be given to the operated part of the axilla
bASCO guidelines: the prognostic and therapeutic impacts of a particular number of positive nodes may be different in 
patients who undergo SLNB without ALND than in those who undergo ALND, because the total number of positive 
nodes may only be inferred if only SLNB is performed

EBCTCG meta-analysis of RNI demonstrated a 
greater absolute benefit of RNI according to the 
burden of pathological axillary nodal involve-
ment although the proportional effects of RNI 
were not significantly different between groups 
defined by the degree of nodal involvement (pN0, 
pN1-3, and pN4+) or site of tumour within the 
breast [17].

Table 44.1 summarises RNI recommendations 
from different international guidelines. See also 
the sections about breast and lymph node anat-
omy and target volume delineation (Chaps. 11 
and 19).

An approach of recommending RNI based on 
number of involved lymph nodes cannot be 
applied to patients in whom ALND has not been 
performed and it is an increasingly common 
practice to advise axillary RT or no further axil-
lary treatment after a SLNB has identified macro-

metastatic (≥2  mms) pN-positive disease [13, 
18]. The use of nomograms and predictive tools 
to predict the risk of further nodal involvement 
could inform decision-making concerning RNI if 
ALND is not performed [19].

Tailored approaches based on molecular 
characterisation in this population are currently 
the object of ongoing trials and are not ready to 
be incorporated in current practice [20].

44.6  Dose Fractionation

Moderate hypofractionation schedules (15–16 
fractions of 2.6–2.7  Gy/fraction) are recom-
mended for routine postoperative RT of most if 
not all breast cancer patients. The very recent 
adoption of a daily, 5-fraction schedule of 26 Gy 
for whole breast and chest wall irradiation [21] 
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has led to consideration of this schedule in RNI 
and the result of the FAST Forward nodal sub-
group study results are awaited.

44.7  RNI after Primary Systemic 
Therapy (PST)

There is no robust prospective evidence to inform 
decisions about RNI after PST. Many guidelines 
urge caution when making decisions about RT 
tailored by response to PST and decisions based 
on clinical and radiological staging and histologi-
cal confirmation of axillary nodal status prior to 
systemic therapy are commonly used. Trials of 
postoperative locoregional radiation therapy after 
PST are a priority (see section on RT after PST, 
Chap. 43).

44.8  Clinical Target Volume (CTV) 
Delineation

Historically, anatomic boundaries have been used 
to define two-dimensional fields aimed to cover 
regional nodal volumes. Up to date delineation of 
target volumes is a critical part of contemporary 
RT planning workflow. For this reason, ESTRO 
and RTOG [22, 23] developed contouring guide-
lines aimed to define nodal CTVs for modern 3D 
volume-based conformal radiation therapy. An 
overview of suggested anatomical descriptions/
boundaries for nodal CTV definition in the 
ESTRO and RTOG atlases is discussed in section 
on delineation (Chap. 19).

44.9  RNI Related Toxicity

The EBCTCG reported non-breast cancer mor-
tality risks from 28 trials of PMRT.  The odds 
ratio for non-breast cancer death was 1.54  in 
 trials including IMN irradiation vs 1.22 in trials 
without [24]. This finding, although not a 
direct  finding from randomised evidence 
 naturally heightened concerns about cardiac tox-
icity. Direct randomised evidence is however 
preferable to quantify toxicity. In the EORTC 

22922/10925 trial, there was a significant 
increase in pulmonary fibrosis (4.4% vs 1.7%), 
but no increase in cardiac events. With current 
RT, allowing to adapt the lung constraints based 
on correct delineation of lymph nodes CTV and 
chest wall/breast CTV, these rates are expected 
to be lower. The MA.20 trial reported an increase 
in acute radiation dermatitis (49.5% vs 40.1%), 
pneumonitis (1.2% vs 0.2%), lymphoedema 
(6.9% vs 4.5%), telangiectasia (8.4% vs 4.5%), 
and subcutaneous fibrosis (4.1% vs 2%) with 
RNI.  Risks of brachial neuropathy and cardiac 
disease were equivalent [4]. Of note, no increased 
rates of lymphoedema were seen in the EORTC 
trial, likely because irradiation of the axillary 
part removed by ALND was explicitly not 
allowed. The AMAROS trial of ALND vs. axil-
lary radiation therapy incorporated an estimation 
of lymphoedema and shoulder mobility. At 
5  years the risk of lymphoedema was signifi-
cantly lower in patients treated by axillary radia-
tion therapy. Shoulder mobility was not 
significantly different between treatment groups 
but within the quality- of- life assessment shoul-
der abduction was more difficult in patients who 
had axillary radiation therapy. This was of bor-
derline significance. The ESTRO guidelines 
advise shielding of the humeral head and this 
may further reduce the risk of impaired shoulder 
movements.

44.10  Summary

Further follow-up of the trials of RNI and patient- 
level meta-analysis will elaborate on the thera-
peutic index of RNI.  Modern RT techniques 
including Volumetric Modulated Arc Therapy- 
VMAT and breath hold techniques, can signifi-
cantly reduce irradiation of organs at risk and 
have the potential to reduce the risk of toxicity 
from modern RNI providing target volume irra-
diation is not compromised [25, 26]. Given all 
these factors it is likely that modern RNI carries a 
very low risk of serious toxicity. Recent trials 
confirm an acceptable toxicity profile for RNI 
compared to the benefits that this treatment 
provides.
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Omission of Radiation

Elisabetta Bonzano and Icro Meattini

45.1  Background

45.1.1  Radiation Therapy Omission 
after BCS in Low-Risk Breast 
Cancer

Whole breast irradiation (WBI) represents the 
standard of care for most of postoperative patients 
receiving a BCS, significantly reducing both the 
rate of ipsilateral breast tumour recurrence and 
breast cancer death [1].

The first generation of prospective randomised 
phase III clinical trials, conducted in the 
1980s–1990s to identify a low-risk group of 
patients in whom WBI might be safely omitted 
after BCS, used very broad inclusion criteria and 
obtained a consequent vague profile of patients at 
low risk of recurrence [2].

The Ontario Clinical Oncology Group 
(OCOG) trial (1984–1989) randomised 837 
node-negative (up to 4 cm) breast cancer patients 
to receive WBI (416 patients) or no RT (421 
patients). A dose of 42.5 Gy in 16 fractions over 
3  weeks was given for WBI, followed by a 
12.5 Gy boost dose to the tumour bed in 5 frac-
tions. No endocrine therapy was used. After a 
median follow-up of 43  months, LR rate was 
5.5% with WBI and 25.7% without. After a 
median follow-up of 91  months, LR rate was 
11% with WBI and 35% without, while no differ-
ence in OS was observed. Young age (<50 years), 
tumour size (>2  cm) and higher tumour grade 
were found to be predictors of LR [3].

The Milan III trial (1987–1989) enrolled a 
total of 567 patients (aged <71 years; tumour size 
<25 mm), to receive WBI (294 patients) or no RT 
(273 patients). RT consisted of 50 Gy in 25 frac-
tions WBI followed by a boost up to 10 Gy in 5 
fractions. Node-positive patients received adju-
vant chemotherapy in case of ER-negative 
tumours (17%) or endocrine therapy if 
ER-positive (12%). Long-term results showed a 
10-year LR incidence of 23.5% with WBI as 
compared to 5.8% without. No 10-year OS dif-
ference was observed, while age was found to be 
a significant factor affecting LR rate [4–5].

A relevant study accounting for tumour size is 
the NSABP B-21 trial (1989–1998), which 
enrolled 1009 patients with invasive node- 
negative breast tumours sized equal or less than 
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1 cm. Patients were randomised to receive adju-
vant endocrine therapy only (336 patients), WBI 
(50 Gy in 25 fractions with or without a boost) 
and placebo (336 patients), or WBI plus endo-
crine therapy (337 patients). The cumulative 
8-year IBTR rate was 16.5% for tamoxifen only, 
9.3% for WBI only, and 2.8% for WBI plus 
tamoxifen arm. WBI benefit in LR occurrence 
was observed independently of ER status, while 
no difference in OS rate was shown [6].

The SweBCG 91 RT trial (1991–1997) ran-
domised 1187 T1-2N0 patients to receive (593 
patients) or not (594 patients) WBI (48–54 Gy in 
24–27 fractions). Adjuvant endocrine therapy or 
chemotherapy were prescribed in stage II 
patients. The 5-year LR was 14% for no-RT 
patients and 4% for those receiving RT, while at a 
median follow-up of 15.6 years the LR rate was 
23.9% and 11.5%, respectively. OS did not sig-
nificantly differ between arms [7, 8].

Patient enrolment was heterogeneous, mainly 
based on the tumour size, negative axillary nodes, 
free-resection margins after BCS, and age criteria 
were often quite broad, resulting in the inability 
to clearly identify a subset of patients at very 
low-risk of recurrence eligible for a de-escalation 
of postoperative treatments [9–12]. Although 
clinical features of breast cancer at diagnosis still 
represent major prognostic factors for early 
breast cancer, it is clear nowadays that they could 
not represent anymore the only assessed factors 
to correctly stratify patients for the risk of relapse 
and allocate them to the optimal postoperative 
treatment approach.

Trials of second generation tried to create a 
more reliable profile of low-risk patients, with a 
systematic use of age thresholds, hormonal 
receptor status, and tumour biology factors for 
precise allocation. Strict selection criteria allow 
to better target the patient population in order to 
perform reliable subset analyses.

The Toronto and British Columbia trial 
(1992–2000), randomised 769 T1-2 patients aged 
more than 50 years to receive adjuvant endocrine 
therapy alone (386 patients) or endocrine therapy 
plus WBI (383 patients) [13].

WBI consisted of a moderate hypofraction-
ated schedule of 40 Gy in 16 fractions, followed 
by a boost of 12.5 Gy in 5 fractions. Five-year LR 

rate was 7.7% in the exclusive endocrine therapy 
arm and 0.6% in WBI plus endocrine therapy 
arm. At 8-year, LR rates increased to 17.6% and 
3.5%, respectively. Five-year DFS was in favour 
of combined treatments arm (91% vs 84%), while 
OS did not significantly differ.

According to an increased percentage of hor-
mone receptor-positive tumours in the elderly, the 
biology of breast cancer in this population setting 
may be less aggressive. Based on data from Early 
Breast Cancer Trialists’ Collaborative Group 
(EBCTCG) meta-analysis, where patients aged 
≥70, with small and ER-positive tumours receiv-
ing tamoxifen, showed relatively less benefit from 
RT in terms of OS, several studies have been con-
ducted to establish if RT omission was possible 
for a very low-risk group of patients [1, 13–16]. 
According to health conditions, comorbidities, 
and poor compliance, the balance between receive 
or not RT in older adults with early breast cancer 
is still a matter of constant debate and ongoing 
investigations. Therefore, minimising treatment 
in older adult patients to warrant a good profile of 
health-related QoL without compromising sur-
vival represents a key-point [17].

Two randomised clinical trials investigated RT 
omission in elder women at low LR risk after 
BCS followed by endocrine therapy: PRIME II 
[18] and CALGB 9343 [19] studies.

The PRIME II trial, enrolling ER-positive 
women, aged >65 years, with a low risk of local 
recurrence (cT1-T2N0 tumour sized ≤3 cm, with 
clear resection margins and hormonal receptor 
positive status). RT was given to the whole breast 
up to 40–50  Gy in 15–25 fractions over 
3–5  weeks. A boost to the tumour bed was 
allowed up to 10–15  Gy. The study showed a 
5-year LR rate of 3.3% in the RT omission group 
versus 1.2% in the RT group, a rate low enough 
to consider the omission of postoperative RT in a 
well-selected group of patients [18]. No risk fac-
tors predictive for LR were found except for the 
omission of WBI (HR: 4.87). At the recent 
10-year follow-up update [20]. LR rate was fur-
ther reduced by RT, with a significant difference 
found in regional recurrence (9.8% vs 0.9% rate 
in favour of RT arm; P = 0.00008); in the sub-
group of patients omitting RT with low ER status, 
the 10-year LR rate was 18.8% (P = 0.007). As 
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regard the secondary endpoints of distant metas-
tases, contralateral breast cancer or OS, no differ-
ences were found.

In the CALGB 9343 trial a total of 636 clinical 
ER-positive stage I patients aged more than 70 
were randomised after BCS and axillary sam-
pling or dissection to receive adjuvant tamoxifen 
alone (319 patients) or with WBI (317 patients) 
[19]. WBI was delivered up to 45 Gy in 25 frac-
tions over 5 weeks, including level I-II axillary 
nodes. A sequential electron boost of 14 Gy in 7 
fractions was given. Tamoxifen was administered 
for 5 years. The 5-year IBTR rate was 1% in the 
WBI and tamoxifen arm and 4% in the tamoxifen 
alone arm [21], while at a median follow-up of 
12.6 years it was 2% and 9%, respectively [19]. 
No significant difference in terms of OS, time to 
distant metastasis, or ultimate breast preservation 
was observed between arms [19].

It should be note that these were both negative 
trials for their primary endpoints (LR rate) and 
they were under powered for secondary survival 
outcomes. Moreover, CALBG 9343 did not 
report histologic tumour grade and in PRIME II 
study only 3% of patients had a grade 3 tumour. 
Also, information on comorbidity in both trials 
was not reported. Depending on the value placed 
on the LR event occurrence, omission of RT 
could be considered only in selected patients and 
after a careful multifactorial and multidisci-
plinary evaluation.

The British Association of Surgical Oncology 
(BASO) II study was a randomised clinical trial 
with a 2x2 factorial design evaluating the effect 
of the addition of WBI or endocrine therapy or 
both in early breast cancer after BCS. Eligibility 
criteria included patients <70 years of age with 
node negative invasive breast cancer sized 
<20  mm, with histological grade 1 or specific 
good prognosis histology, and no evidence of 
lymph vascular invasion [14]. The four treatment 
arms included BCS only, BCS plus WBI, BCS 
plus endocrine therapy or BCS plus WBI plus 
endocrine therapy. At a median follow-up time of 
10  years, the cumulative incidence of LR was 
10.2% for patients not receiving RT (both BCS 
only and BCS plus endocrine therapy groups), 
3.9% for those receiving RT (BCS plus WBI and 
BCS plus WBI plus endocrine therapy groups), 

11.7% for those not receiving endocrine therapy 
(BCS and BCS plus WBI groups) and 4.2% for 
patients receiving tamoxifen (BCS plus endo-
crine therapy and BCS plus WBI plus endocrine 
therapy groups). The annual rate of LR was 0.4% 
in patients receiving WBI or endocrine therapy, 
1.2% and 1.3% in those having WBI or tamoxi-
fen omitted, respectively. The risk of LR was 
reduced by both WBI or endocrine therapy, with 
a non-significant improvement in terms of OS.

Main studies investigating the omission of RT 
in selected patients affected by early breast can-
cer are reported in Table 45.1.

Patients selection is therefore of utmost impor-
tance. There is a growing burden of knowledge 
concerning the impact of tumour’s biology on dis-
ease outcome. Biology signature might not be 
able to overcome the impact on prognosis of clini-
cal features but should be strongly integrated in 
the decision-making process, in order to avoid 
over- or under-treatment and to implement per-
sonalised RT approaches. In order to help physi-
cians and patients to make treatment decisions, 
also nomograms based on prognostic factors are 
becoming widely applied to quantify the likeli-
hood of the specific events of interest. At the MD 
Anderson Cancer Center, a specific nomogram 
was developed to assess the benefit of RT for 
older patients with breast cancer treated with 
BCS. It is based on age (range from 66 to 79 year), 
ethnicity, tumour size, ER and nodal status [24].

A nomogram was also developed and vali-
dated to assess the benefit of RT after BCS in 
older adult patients who do not meet the CALGB 
9343 criteria. ER, PR, grade, ethnicity, T-stage, 
and N-stage were included as predictors [25].

45.1.2  Interaction between 
Postoperative RT 
and Adjuvant Endocrine 
Therapy

Frailty represents a risk factor for mortality and the 
knowledge of pre-existing frailty is a crucial factor 
in the treatment decision of older adults. For 
patients older than 70 years affected by low- risk, 
hormone-positive breast cancer, the chance to de-
escalate systemic therapy is currently investigated. 

45 Omission of Radiation
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Ferreira and colleagues [26], reported how endo-
crine therapy might have a major detrimental 
impact on health-related QoL scores, especially in 
postmenopausal women. Estimation models pre-
dicted how for healthy older women with biologi-
cally favourable disease, postoperative RT or 
endocrine therapy was related with not different 
5-year survival rates [27]. Therefore, to capture the 
side-effect profile of RT alone or when combined 
with other therapies represents an important issue 
for older adults’ patients. Furthermore, due to the 
wide spectrum of potential adverse events of endo-
crine therapy (i.e. bone fragility, thromboembolic 
events, sexual and cognitive dysfunctional, arthral-
gia/myalgia) in elder patients the adherence rate to 
therapy declines over time [28].

The adherence to adjuvant endocrine therapy 
is of utmost importance. It should be considered 
that poor compliance with endocrine therapy in 
elderly women is common, and long treatment 
gaps may be frequent [29]. The BIG 1–98 pro-
spective trial (a four-arm, phase III, double-blind, 
RCT, comparing adjuvant letrozole versus 
tamoxifen) showed that the proportions of treat-
ment discontinuation were 38.4% in patients 
aged over 75  years [30]. Advances in RT tech-
niques, which allow even shorter treatment 
schedule with both moderate and ultra- 
hypofractionation, and the reduction of target 
volumes using partial breast irradiation, make 
adjuvant breast RT well tolerated by most of the 
patients [31–32]. Moreover, duration of endo-
crine therapy is increasing, so QoL should be 
considered when weighing this against the omis-
sion of RT [33]. Information about the pros and 
cons of all options and the balance risk of local 
recurrence against the burden of different treat-
ments should be provided to patients to make 
themselves take an informed decision.

45.1.3  Radiation Therapy Omission 
after Primary Systemic 
Therapy (PST) in High-Risk 
Breast Cancer

PST is a standard of care in selected breast cancer 
treatment, historically aimed to achieve resect-
ability converting inoperable tumours to opera-

ble, downstaging the primary tumour and 
providing prognostic information based on path-
ological response. However, currently an 
increased number of patients are candidate to 
receive a PST even when not locally advances, 
due to the predictive value of response to PST in 
specific tumours profiles. As a result, an increased 
number of relatively high-risk but early breast 
cancer patients will be treated with a preoperative 
systemic treatment. Nevertheless, the indication 
of adjuvant RT after PST represents an area of 
constant debate [34, 35]. The crucial point is to 
establish whether the extent and the intensity of 
RT should be based on clinical tumour stage, as 
historically recommended, or on the tumour 
extent after PST or both [34, 36].

Indeed, there may be a subgroup of high-risk 
women affected by breast cancer for whom the 
benefit of RT is small and for whom the omission 
of RT does not affect survival outcomes [37]. 
Several research aiming to establish the effect of 
RT in women with a pathologic complete 
response (pCR) to PST after BCS are still ongo-
ing [34, 35]. Clinical tumour stage and tumour 
biology are the most important predictors of pCR 
in breast cancer patients receiving PST: lower 
clinical T-stages correlated with a higher pCR 
rates [38], and a pCR seems to be also a strong 
prognostic factor, especially in triple-negative or 
human epidermal growth factor receptor 2 
(HER2)-overexpressing breast tumours [36].

Concerning de-escalation of RT treatment, a 
consistent burden of data derived from MD 
Anderson studies. Huang et al. in 2004 reported 
data on 676 patients, stage I-IV, who underwent 
mastectomy after PST with or without 
PMRT. As regard patients initially staged with 
clinical stage I-IIB, who had a pCR, and 
patients who had stage II disease with ypN1a 
(1–3 involved lymph nodes) found out there 
was no significant difference in 10-year LRR 
rates [39]. In 2007, McGuire et  al. confirm 
these data, analysing 106 pts. stage I-III, one-
third were clinical stage I or II who developed 
pCR after PST, none of 32 patients who had 
clinical stage I or II diseases at presentation had 
an LRR, the 10-year LRR rates were 0% regard-
less of whether PMRT was delivered [40]. Both 
mention that a benefit in terms of LRR with 
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PMRT was seen with clinical stage III, or 
greater, breast cancer presentations only.

However, it should be taken into account that 
the vast majority of patients included in the 
above-mentioned studies was treated at same 
institution, with overlapping observation time 
periods. Hence, there is a concrete risk of 
patients’ cohorts overlap and selection biases due 
to the retrospective nature of these analysis.

In 2012, Mamounas and colleagues, combin-
ing data from the NSABP B-18 and from NSABP 
B-27, corroborated results from the MD Anderson 
studies, demonstrating that stage II disease 
patients that achieved a pCR following PST had 
an overall low risk of LRR [35]. Overall, these 
data suggest that the initial pre-chemotherapy 
burden of disease is crucial when making deci-
sions regarding the benefit of postoperative RT 
[36] (Table 45.2).

Furthermore, Krug el al. conducted a retro-
spective explorative analysis of three large pro-
spective randomised phase III trials (GeparTrio, 
GeparQuattro, and GeparQuinto) to analyse the 
impact of postoperative PMRT on LRR and sur-
vival [46]. In 3481 patients with a median follow-
 up of 55.9 months, RT use as compared with no 
RT, showed to improve 5-year LRR-free survival, 
without an improvement in DFS. It has to be con-
sidered that 61.3% of patients had clinically posi-
tive lymph nodes and 45.6% had clinical T3–4 
tumours. Both subgroups had a significantly 
lower risk of LRR when treated with RT in the 
absence of a DFS benefit, while patients with 
cN0 had no benefit from RT and showed a worse 
DFS [46].

45.1.4  Ongoing Trials and Future 
Prospects

Several trials are currently investigating opti-
mising de-escalation approaches according to 
the strategy of precision medicine for low-risk 
patients (i.e. EUROPA NCT04134598, EXPERT 
NCT02889874, NATURAL NCT03646955, 
PRECISION NCT02653755, PRIMETIME 
ISRCTN41579286, IDEA NCT02400190, 
LUMINA NCT01791829) (Table 45.3).

Notably, all published studies investigating 
on this subset of patients were designed and 
performed in order to evaluate RT omission, 
regardless of utilisation of and compliance to 
ET.  The only exception is represented by the 
ongoing EUROPA trial, focussing on older 
adults (≥70 years) affected by good prognosis 
primary BC, evaluating if postoperative 
RT-alone is able to avoid the long-term toxicity 
of endocrine therapy and favourably impact on 
health-related QoL in this potentially frail pop-
ulation [47].

The IDEA (Individualized Decisions for 
Endocrine Therapy) trial (NCT02400190) is a 
multicentric prospective single-arm observa-
tional study (University of Michigan Cancer 
Center) assessing loco-regional relapse rate 
after BCS in post-menopausal women (aged 
50–69), planned to undergo postoperative endo-
crine therapy. Inclusion criteria include unifocal 
T1N0 hormonal receptor-positive HER2-
mbatgive patients stratified by a gene expression 
signature based on the 21-gene recurrence score 
assay OncotypeDX (Genomic Health Inc., 
Redwood City, CA), able to estimate the risk of 
LR [52].

The PRECISION (Profiling Early Breast 
Cancer for Radiotherapy Omission) trial is a non- 
randomised phase II trial (Dana Farber Cancer 
Institute-NCT02653755), evaluating the omission 
of WBI after BCS in patients aged 50–75 at low-
risk receiving adjuvant endocrine therapy. Patients 
over 75 are excluded due to potential competing 
causes of death. The trial relies on Prosigna Breast 
Cancer Assay (NanoString Technologies Inc., 
Seattle, WA) for gene expression profiling using 
PAM50 gene signature. This test measures the 
transcriptional profile of 50 classifier genes to 
generate a clinically validated score for the 
10-year risk of distant recurrence [50].

The EXPERT (Examining PErsonalised 
Radiation Therapy for Low-risk Early Breast 
Cancer) phase 3 trial, run by the Breast Cancer 
Trial Group in Australia and New Zealand, with 
inclusion criteria similar to the PRECISION trial, 
will employ Prosigna in order to identify low-risk 
breast cancer patients (aged more than 50 years, 
Stage I, ER positive, HER2 negative) [48].
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The LUMINA study is a multicentric single- 
arm prospective cohort trial (Ontario Clinical 
Oncology Group-OCOG), investigating the 
hypothesis that Immunohistochemical 4 (IHC4) 
positive clinical factors may be able to identify 
low-risk patients. The trial evaluates the risk of 
IBTR after BCS and in patients aged more than 
55  years receiving adjuvant endocrine therapy. 
The low-risk population is characterised by nega-
tive axilla, Luminal A-like subtype, size less than 
2 cm, free margins, and no Grade 3 nor lymph 
vascular invasion or extensive intraductal compo-
nent tumours. IHC4 score is an inexpensive tool 
predicting risk of distant recurrence in women 
with early breast cancer based on ER, PR, HER2, 
and Ki67 index [53].

In the UK, the PRIMETIME trial is a pro-
spective biomarker-directed case-cohort study 
that plans to enrol 2400 women aged more than 
60 affected by T1N0 tumours, having positive 
hormonal receptors, negative HER2, and Grade 
1–2. Patients are planned to be scored according 
to IHC4 + clinical factors with a dedicated cal-
culation algorithm. Those stratified in the “very 
low risk” category, will be spared WBI [51]. In 
Denmark, based on results from the UK IMPORT 
LOW and the DBCG RT PBI trials, 40 Gy/15 fr 
EBRT-PBI is standard since April 2016 for 
selected low risk breast cancer patients. 
Currently, a prospective randomised trials tests 
whether PBI can be safely omitted in selected 
low risk breast cancer patients without causing 
unacceptable high risk of local failure. The trial 
started on 5 September 2018, aims to accrue 926 
participants, and should be completed by 2035 
(NCT03646955) [49].

The future of precision medicine will be based 
on the integration of clinical features (patient- 
and disease-related) with biomarkers and gene- 
signatures. Another interesting example is the 
genomic-adjusted RT dose (GARD) score, which 
employs the gene expression–based radiosensi-
tivity index and the linear quadratic model to 
determine the therapeutic effect of RT. This score 
showed also to be an independent predictor of 
RT-specific outcomes and to be able to estimate 
the probability for both relapse- and distant 
metastasis-free survival [54]. However, the cost- 

effectiveness and the reliability of this multi-
modal assessment has to be carefully evaluated 
within clinical trials.

Concerning high-risk patients, the NSABP 
B51/RTOG 1304 phase 3 trial should clarify the 
optimal locoregional strategy after PST. The pri-
mary aim is to evaluate whether the addition of 
regional nodal RT will improve invasive DFS rates 
in clinical node-positive patients who convert to 
ypN0 disease. Patients with clinical T1-3  N1 
breast cancer receiving PST, with pathological 
negative lymph nodes (either by SLNB or ALND) 
are randomly assigned for WBI with or without 
RNI, including the IMN. Mastectomy patients will 
be randomised to PMRT, including RNI or no 
RT. The primary endpoint is 5-year invasive breast 
cancer recurrence-free interval with a superiority 
margin of 4.6% and a planned sample size of 1636 
patients. The first results will be expected in July 
2023. The results of the NSABP-B51 trial will 
provide prospective randomised data to delineate 
future PMRT recommendations in the setting of a 
pCR or ypN0 status after PST [55].

45.2  Summary

We should definitely favour to adopt the term of 
optimisation of the extent of, rather than merely 
searching for de-escalation of treatments, since 
the latter is a term easily misunderstood and com-
parable to the concept of over- and under- 
treatment. Strong evidence is needed to identify 
an optimised, cost-effective, and personalised 
treatment for patients affected by breast cancer. 
However, we undoubtedly support the worth-
while value of personalising RT for each unique 
breast cancer patient.
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Older Adult Patients

Isacco Desideri, Theodora Karnakis, 
and Etienne Brain

46.1  Background

46.1.1  Older Adult Definition 
and Geriatric Assessment

The global population is not only growing rap-
idly but also ageing at an accelerated pace, pro-
jecting 434 million people over age 80 from 2040 
[1]. This epidemiological transition comes with a 
rising number of older adults presenting with 
multi-morbidities including (other) cancer [2, 3]. 
Indeed, more than 60% of all cancers are diag-
nosed after the age of 65, displaying age- 
dependent intrinsic and extrinsic changes (e.g. 
inflammation, immunosenescence, environmen-
tal, psychosocial) responsible for frailty [4]. This 

multidimensional decline, poorly approached by 
chronological age alone, requires an in-depth, 
general, and holistic assessment of each single 
person to avoid the alleged and feared common 
under-treatment, but also the likely even more 
frequent overtreatment [5]. The Société 
Internationale d’Onco Gériatrie (SIOG, 
International Society of Geriatric Oncology, 
www.siog.org) strongly recommends the use of 
geriatric assessment to guide treatment decision 
in older patients with cancer [6].

Geriatric assessment is multidimensional; 
evaluates different domains including physical 
function, cognition, nutrition, comorbidities, 
psychological status, and social support; and 
allows stratifying patients between fit, frail, and 
vulnerable status, depending on the reversibility 
of deficits. It can unveil geriatric issues requiring 
specific geriatric interventions to make the treat-
ment feasible [7], bringing prognostic informa-
tion to consider in models of competing risks for 
outcome, and eventually improving the treatment 
benefit/risk ratio. However, geriatric assessment 
implementation in routine remains a challenge 
and requires important training and education, 
mixing the world of oncology and geriatrics to 
create a shared language and using a screening 
tool as the gateway or minimum starting point to 
any cancer treatment decision-making [8].

SIOG has published recommendations for 
breast cancer management in the older patient 
(last update accepted for publication 2021, 
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Lancet Oncology), from early-stage BC to meta-
static setting [9].

46.1.2  Radiation Therapy

Following breast-conserving surgery (BCS), 
whole breast irradiation (WBI) remains the gold 
standard, as supported by the Oxford overview 
[10]. However, the CALGB 9343 trial ran-
domised 636 women aged 70 and older after 
BCS between adjuvant tamoxifen alone or with 
WBI, showing no impact on overall survival of 
the omission of RT [11]. Therefore, many guide-
lines [e.g. National Institute for Care and 
Clinical Excellence (NICE), National 
Comprehensive Cancer Network (NCCN)] have 
now implemented such strategy in good progno-
sis luminal tumours at some expense of 
increased local relapse. However, the recently 
presented 10-year update of the PRIME-2 trial, 
randomising low- risk patients aged 65 or older 
between endocrine therapy with or without 
WBI, showed a continuing increase of local 
recurrences in the arm without WBI (9.8% vs. 
0.9% at 10 years, p = 0.00008), a decreased risk 
of regional recurrences (0.5% with vs. 2.3% 
without WBI, p = 0.014), without any impact on 
the other endpoints. The benefit of WBI was 
especially pronounced in the ER-low (18.8% 
without WBI) subgroup, compared to ER-high 
(9.2% without WBI), p = 0.007 [I Kunkler, pre-
sented at the SABCS meeting 2020].

Shorter courses using hypofractionated sched-
ules are very attractive alternatives to standard 
WBI, avoiding multiple burdensome transporta-
tions, especially in older patients. Although with 
no specific focus on this segment of the popula-
tion, several randomised trials have demonstrated 
equivalent rates of local control and late toxicity 
(cosmesis) using various regimens, taken suc-
cessfully to its next step of ultra-hypofractionated 
WBI as in the FAST Forward trial (26 Gy in 5 
fractions over 1 week only) [12].

The boost of RT to the tumour bed after BCS 
is a matter of debate for older patients. Although 
it decreases local relapse [13], the absolute ben-
efit decreases with age, while risks of late adverse 

effects such as fibrosis increase [14, 15]. 
Therefore, in most current guidelines, a boost is 
advised after age 60 only in case of a high risks of 
local recurrence.

Partial breast irradiation (PBI) combines 
increased dose per fraction and small target 
volume confined to the tumour bed, and may 
be intensified by shortening treatment dura-
tion, namely accelerated PBI (APBI). Although 
not studied specifically for older patients, it 
represents an attractive de-escalating strategy 
as found in several prospective phase III clini-
cal trials (see Table  46.1) [16–21]. However, 
only one subgroup analysis focused on PBI for 
patients aged 70 and older with good prognosis 
early breast cancer [oestrogen receptor-positive 
(ER+), axillary node-negative, pT <3  cm, and 
clear margins], showing an improved quality 
of life profile and equivalent local relapse rates 
compared with WBI [22]. Therefore, the UK 
consensus recommends PBI for women aged 
50 and older, with this favourable phenotype 
[23], as do the European Society for Therapeutic 
Radiology and Oncology (ESTRO) [24, 25] 
and the American Society for Radiotherapy and 
Oncology (ASTRO) [26].

The specific single fraction intra-operative RT 
(IORT) has also been tested in two large phase III 
randomised clinical trials with conflicting results, 
and different IORT techniques (electron vs. kV) 
making its recommendation specifically for older 
patients still controversial [16, 17]. In an attempt 
to further minimise the number of days of RT, 
others have investigated innovative hypofrac-
tionated brachytherapy-based schedules, show-
ing promises with APBI in 2  days using HDR 
brachytherapy [27], single 18  Gy fraction with 
multi- catheter HDR brachytherapy [28], or a 
3-fraction schedule [29]. Despite excellent local 
control and acceptable toxicity profiles compared 
with standard schedules, none again was stud-
ied in older patients. This stresses the need for 
specific research to fill in the gap of knowledge 
for the most prominent segment of our patients’ 
population, deserving better than one retrospec-
tive analysis on older populations [30], or a small 
series (26 older patients) treated with HDR- 
brachytherapy [31].
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46.2  Systemic Treatments

Perhaps the most provocative consideration 
regarding the missing information for the treat-
ment of older patients derive from the systemic 
treatments. Indeed, there is a constant discrep-
ancy between the lack of (or light) impact of 
age on treatment outcome read in drug labels 
and what is observed in real-life, where more 
than twice adjustments and compliance issues 
occur after an age of 65–70. This statement is 
not limited to chemotherapy but applies also to 
more recent targeted agents as anti-HER2 ther-
apies [32] or other biologics as CDK4/6 inhibi-
tors [33], underlining the limitations of scales 
that predict toxicity to chemotherapy as the 
CARG [34] and CRASH scores [35], or the 
more recent CARG-Breast Cancer to be used 
for adjuvant chemotherapy [36]. Even soft sys-
temic treatments, with low-grade toxicity, 
affect compliance in more than 50% of older 
patients [37].

In both adjuvant and metastatic settings, 
main efforts are directed towards a stricter 
selection of patients requiring chemotherapy, 
exploiting  optimisation of hormonotherapy for 
those with ER+ disease or of anti-HER2 thera-
pies in case of HER2-positive phenotype. 
However, if adjuvant chemotherapy in older 
patients remains usually a challenge given the 
often severe, although acute and of short-dura-
tion, side effects overstretching functional 
reserves, adjuvant endocrine therapy may also 
be an issue with chronic musculoskeletal events 
and extended prolonged discomfort. This espe-
cially highlights the importance to reach the 
good treatment decision, balancing treatment 
duration, intensity, life expectancy, patients’ 
willingness, and cancer prognosis.

This challenge is best epitomised by the 
EUROPA trial (NCT04134598) comparing in 
women aged 70 and older following BCS for 
luminal-like EBC endocrine therapy and no RT 
versus breast RT and non hormonotherapy, based 
on health related quality of life by patient reported 
outcome measures [38].
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Non-resectable Patients

Einav Gal-Yam and Philip Poortmans

47.1  Background

The term non-resectable (inoperable) breast can-
cer refers to the situation where upfront surgery 
will not achieve complete excision of all tumours 
with clear margins. These cancers can present as 
primary locally advanced tumours with no evi-
dence of metastases, as locoregional recurrent 
tumours after an initial primary breast cancer, or 
in the context of recurring or newly diagnosed 
metastatic disease. Overall, the prognosis of non- 
resectable disease, even in the non-metastatic set-
ting is poor [1]. As in other clinical presentations, 
optimal management requires involvement of a 
multidisciplinary team, balancing the options for 
cure and for care to discuss a personalised 
approach for each individual patient [2]. Even 
when cure cannot be obtained, patients with 
advanced locoregional disease may live for sev-
eral years.

47.2  Locoregional Non-resectable 
Disease in the Absence 
of Distant Metastases

Primary Non-Resectable Disease Locally and/
or regionally advanced non-resectable breast 
cancer generally refers to stage III disease includ-
ing T0-3/N2-3 tumours with involvement of 
either matted/fixed ipsilateral axillary, and/or 
ipsilateral infraclavicular, supraclavicular or 
IMNs, or T4 tumours extending to the chest wall 
structures or the skin. While primary locally 
advanced non-resectable tumours at presentation 
occur at a frequency of less than 10% in Europe 
and the USA, they are still common in develop-
ing countries and observed in up to 60% of cases 
[3]. HER2-positive and triple-negative locally 
advanced breast cancer (LABC) generally occur 
in younger patient populations, while hormone 
receptor positive locally advanced disease occurs 
more often in older or deprived patients [3].

Treatment should be delivered by a combined 
modality approach involving medical, radiation, 
and surgical oncologists. At presentation, sys-
temic workup should be performed to rule out the 
presence of detectable distant metastases. If no 
metastatic disease is detected then primary sys-
temic therapy (PST) incorporating standard pro-
tocols aimed at cure is warranted. In most HER2 
positive and triple negative cases, 6–8 cylces of 
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Fig. 47.1 CT imaging in RT position of a locoregionally 
advanced breast cancer patient pre (left) and post (right) 
systemic therapy. The initially pathological lymph nodes 

in axilla level 4 (supraclavicular) left disappeared 
completely

combination chemotherapy are used. In the case 
of HER2 positive disease dual HER2 blockade 
(usually with trastuzumab and, if available, per-
tuzumab) is added to the chemotherapy back-
bone. This treatment results in resectability of 
most tumours and in complete responses in 
25–70% [4]. In triple-negative Programmed 
death-ligand (PDL-1) positive patients, recent tri-
als have shown that addition of immunotherapy 
to the chemotherapy backbone significantly 
increased complete response rates up to ~65% [5, 
6]. In stage IIIB, the benefit of addition of pem-
brolizumab was the greatest with pathologic 
complete responses in 48.6% of patients vs 
23.1% in the placebo arm [7].

In the case of hormone receptor positive dis-
ease responses to systemic chemotherapy or endo-
crine therapy are much more modest with complete 
responses encountered in less than 10% of the 
cases [8]. Since endocrine treatment has not been 
amply examined in premenopausal patients, 
younger patients with higher grade luminal 
tumours will usually receive chemotherapy, while 
older patients with lower-proliferative tumours 
may receive endocrine treatment, usually with aro-
matase inhibitors. Trials comparing chemotherapy 
with endocrine therapy in these cases showed 
comparable efficacy [8]. Addition of targeted 
drugs such as CDK4/6 inhibitors to endocrine 
therapy in the preoperative setting is evaluated in 

ongoing trials and may eventually have a role in 
some luminal tumours [9]. In all cases in which 
non-resectable disease is reduced to resectable dis-
ease, surgery followed by postoperative locore-
gional RT is indicated, aiming at definitive cure 
[3]. For patients which are not rendered resectable 
by treatment, as occurs more often in luminal-like 
breast cancer, RT either preoperative with delayed 
surgical resection after 2–3 months or in a radical 
setting, followed by long-term endocrine therapy 
can lead to prolonged disease-free survival [10].

Patients presenting with regionally advanced 
disease should be seen by the radiation oncolo-
gist prior to initiation of therapy to carefully doc-
ument the extent of initial nodal involvement, 
preferably using a CT-scan in the RT-treatment 
position for later image coregistration (Fig. 47.1).

Inflammatory breast cancer is a special entity 
of LABC with a characteristic oedema and redness 
of the breast caused by involvement of the dermal 
lymphatics by cancerous cells. Inflammatory 
breast cancer tends to be hormone receptor nega-
tive and to occur in younger patients often present-
ing without distant metastases at diagnosis but 
invariably evolving towards an ominous disease 
course including locoregional progression, if no 
response can be obtained with PST. Even in those 
cases, radical locoregional treatments are indi-
cated to prevent the burden of locoregional pro-
gression. In case of a good response to PST, 
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mastectomy with axillary dissection should be 
planned, without an immediate reconstruction and 
swiftly followed by locoregional RT. [3]

Locoregional recurrent disease refers to the 
ipsilateral recurrence of either breast/chest wall 
or regional nodal disease. Risk factors for locore-
gional recurrence include larger primary tumour 
size and positive nodes, negative hormone recep-
tors, and younger age [11]. Again, systemic work 
up is required to exclude the presence of concom-
itant distant metastases. Most isolated ipsilateral 
local regional recurences are resectable and 
should be surgically excised, followed by postop-
erative RT and systemic therapy including re- 
administration of chemotherapy, which was 
shown to be beneficial in ER negative tumours 
and endocrine therapy in hormone positive 
tumours [12]. However, diffuse skin recurrence 
presenting as rash, or multiple skin papules, 
bulky chest wall or nodal recurrence involving 
musculoskeletal or neurological features, and 
supraclavicular or internal mammary nodes are 
generally not amenable to upfront resection. In 
these cases PST should be used as an approach to 
downsize recurrent disease. The choice of PST 
depends largely on which prior systemic treat-
ment was given and the time that elapsed from 
the primary tumour until recurrence. Systemic 
protocols utilised usually resemble those in the 
metastatic setting. If the tumours become resect-
able then surgery may be attempted. However, 
extensive chest wall and supraclavicular/internal 
mammary resections are currently less performed 
and RT may be used instead. In the case where 
the disease is not amenable to surgery, systemic 
therapy is given continuously to reach a maximal 
response, followed by consolidation radiation.

In case of previous RT, re-irradiation can be 
considered, depending on the individual case 
 presentation and the risk for subsequent locore-
gional recurrences. Hyperthermia can be 
added to re- irradiation for recurrences like at the 
chest wall (see sections “Reirradiation”and 
“Hyperthermia”) [13].

Non-Resectability due to Medical 
Conditions Patients who are in a medical con-
dition not allowing a major surgical intervention, 
or for those refusing surgery, radical RT can still 

offer durable disease control and—eventually—
cure. However, doses required to obtain sustained 
tumour control are higher compared to elective 
post- or preoperative RT and thereby often go 
with side effects including fibrosis, skin changes, 
and, rarely, radiation necrosis and ulceration. 
Already in 1980, Pierquin et  al. reported on 43 
patients with T3 breast cancer that were treated 
with exclusive RT, leading to only 23% locore-
gional persistent or recurrent disease at 5 years, 
with an overall disease-free survival of 56% [14]. 
In another study, 187 patients with T2-T4 or N2 
tumours treated between 1970 and 1984 under-
went preoperative RT followed by mastectomy 
and axillary lymph node dissection. A pathologi-
cal complete response was obtained overall in 
10%, amounting to 26% in triple-negative breast 
cancer patients. After a follow-up of 32 years, the 
25-year locoregional control rate was 89%, with 
DFS and OS rates both at 30%. Reassuringly, 
postoperative grade  >  2 complication rate was 
only 19% [10]. Therefore, RT without surgery 
may be considered as an option for controlling 
disease symptoms and delaying or even prevent-
ing local progression (Fig. 47.2) [15].

47.3  Locoregional Non-resectable 
Disease in the Presence 
of Distant Metastases

Overall, about 5% of all new breast cancer diag-
noses are made in stage IV. Additionally, up to 
25% of all initial early breast cancer patients 
progress over time to incurable disease, most 
often due to distant metastases. Part of these met-
astatic patients present with synchronous non- 
resectable local or regional disease. While 
locoregional disease is not life-threatening, it 
may often lead to devastating symptoms for 
which effective treatments are required. 
Additionally, in specific cases of metastatic 
 disease aggressive treatment to the local tumour 
may be beneficial.

In patients with metastatic disease, a careful 
evaluation should be made to estimate possible 
disease courses. Depending on factors including 
tumour burden, molecular tumour subtype, sys-
temic therapy options, co-morbidity, and per-
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Fig. 47.2 Clinical image of a patient before and after 
radiation therapy combined with chemotherapy. She 
was originally not amenable to surgical therapy. Left: 

after induction chemotherapy and 1 day before starting 
RT. Right: 3 weeks after RT. Reproduced with permis-
sion from [15]

sonal preferences, several therapeutic approaches 
may be envisagable.

Local breast palliation: In patients who pres-
ent with bulky, painful or ulcerated breast 
tumours in the context of diffuse metastatic dis-
ease, treatment objectives are usually of pallia-
tive intent. This can include local surgery de 
propreté, like already described in 1988 [16]. 
However, most often RT is used with schedules 
varying depending on the extent of locoregional 
tumour burden and estimated life expectancy. 
While satisfactory palliation can be obtained 
with short courses RT varying between single 
doses of 8–10  Gy and 20  Gy in 4 fractions, 
patients with a longer life expectancy might ben-
efit longer from higher-doses schedules such as a 
total dose of 39–45 in 13–15 fractions [17]. Since 
the publication of the FAST-Forward Trial, 26 Gy 
in 5 fractions in 1 week should be considered as 
well, although experience in the advanced dis-
ease is still missing and results of the nodal sub-
study are awaited [18]. An additional dose of 
6 Gy to the tumour bulk could be considered as 
well [19].

Locoregional treatment in the context of 
metastatic disease: The benefit of primary 
tumour resection and/or RT in stage IV breast 

cancer has been at the centre of debate for many 
years with mixed results coming mainly from 
retrospective trials [20]. The first reported ran-
domised trial, including 350 stage IV breast can-
cer patients, failed to show an advantage from 
early initiation of locoregional treatments with a 
medias OS of just 20  months [21]. In the pro-
spective multicentre phase III, randomised 
MF07–01 trial, a total of 274 treatment-naïve 
stage IV breast cancer patients were treated 
either with locoregional treatment (LRT) fol-
lowed by systemic therapy or with systemic ther-
apy alone. In a longer follow-up of median 
40  months, median survival was significantly 
improved: 45  months after combined and 
40  months after systemic treatment only. 
Moreover, an unplanned subgroup analyses 
showed that the risk of death was statistically 
lower in the LRT group than in the ST group for 
ER/PR positive patients (p  =  0.01), for HER2 
positive patients (p = 0.01), for patients younger 
than 55 years (p = 0.007) and for patients pre-
senting with solitary bone-only metastases 
(p = 0.04) [22]. This may be explained by a syn-
ergistic interaction between biology and target 
treatments (endocrine and anti-HER2) with 
RT. In a recently reported randomised phase III 
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Presentation of in-operable breast cancer

Synchronous Metastatic Disease Locoregional disease only-No distant metastases

Oligometatsatic Diffuse metastatic

Systemic therapy  - usually palliative regimens

In case of excellent 
response  - Definitive 
treatment of breast 
including surgery and 
postoperative RT 
Or consolidation RT only 
to breast/nodes can be 
considered. 
Consider SBRT to 
oligometastases

Consider “Definitive” RT 
postponing switch of systemic 
therapy    

Oligoprogression after 
initial complete 
response

Palliative radiation 
of breast and nodes 
if needed.

Primary systemic therapy 

Resectability achieved:
Surgery followed
by postoperative RT  and 
adjuvant systemic therapy if 
appropriate

Non resectable:
RT + continuation of systemic 
therapy

Locoregional recurrence without metastatic disease:
Treat similarly as above but systemic therapy depends 
on previous protocols and disease free interval-

Assess for Resectability

Fig. 47.3 Schematic algorithm for treatment in the various scenarios of presentation of inoperable breast cancer

Fig. 47.4 Locally advanced inoperable breast cancer

trial of systemic therapy plus early local therapy 
(surgery and RT) versus systemic therapy alone 
in 256 women with de novo stage IV who 
responded to initial systemic therapy, median OS 
survival was 54 months and was not prolonged 
in the patients undergoing local treatment, nor 
was quality of life improved. Moreover, OS was 
worse among the patients with TNBC (n = 20) 
that received local treatment, possibly due to 
interruption of the chemotherapy [23]. In the 
same study, long-term QoL was evaluated in the 
cohort of patients who survived at least 3 years 
since randomisation. A total of 81 patients were 
analysed; 55 of whom had locoregional treat-
ments together with systemic treatment. 
Locoregional treatment did not affect physical 
health, mental health, daily activities, or energy 
at 3  years compared to the time of diagnosis 
(p  >  0.05). However, these variables were sig-
nificantly better in stage I-III BC patients 
(p < 0.001) [23].

Thus, in selected cases, especially in low 
tumour burden and/or oligometastatic disease 
(often considered as less than five metastases 
detected by whole body imaging such as 
PET-CT, see ESTRO and EORTC consensus 
recommendations and taking into consideration 
biological factors as well, locoregional treat-
ments identical to those in the non-metastatic 
disease can be considered, especially after 
achieving a good response to an initial course of 

systemic therapy [24]. Surgery and RT should 
be combined similarly to patients without 
metastases, except for withholding elective 
treatment of for example lymph node regions 
that were initially not involved. If surgery is not 
performed, consolidative RT may be indicated, 
including a boost dose to the sites of highest dis-
ease burden, using fractionation schedules as 
mentioned above.

Figure 47.3 summarises suggested clinical 
approach in cases of inoperable breast cancer. 
Figures  47.4 and 47.5 show cases of advanced 
chest wall disease, that treatment is aimed for 
palliation and local control.
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a b

Fig. 47.5 (a, b) Locally advanced inoperable breast cancer, both cases resulted in self-amputation of the breast

47.4  Summary

We have described the various treatment options 
for patients presenting with inoperable breast 
cancer in different scenarios (see summary in 
Fig.  47.3). As systemic therapies are becoming 
more and more effective following the introduc-
tion of subtype specific and biologically targeted 
drugs, and RT techniques are evolving in parallel, 
their combined use in a well-concerted manner 
contributes to the prolongation of survival of 
breast cancer patients and improvement of their 
quality of life. The key remains a well-co- 
ordinated action of the entire multidisciplinary 
team who treat the breast cancer patients.
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Genetic Syndromes and RT 
for Breast Cancer

Rinat Bernstein-Molho, Bella Kaufman, 
and Lynda Wyld

48.1  Genetic Syndromes 
and Breast Cancer Risk

Most breast cancers are caused by somatic, non-
hereditary, mutations acquired during the life-
time. However, some women are born with a 
germline mutation in one of their critical tumour 
suppressor genes. The majority of these women 
are heterozygotes and only when further somatic 
mutation occurs, does the function of the gene 
tumour suppressor gene decline (Knudson’s two 
hit hypothesis [1, 2]) resulting in progression of 
the process of carcinogenesis. A number of key 
single gene mutations are linked to breast cancer 
development [3] and these account for up to 9% 
of all breast cancers [4]. These may be single 
gene mutations with variable penetrance that are 
classified according to the level of risk they 
 confer (High risk: >four-fold increase; moderate: 

2–four fold increase risk). BRCA1 and BRCA2 
mutations together account for over 50% of all 
hereditary breast cancers [4], with CHEK2 
accounting for 11.7%, ATM for 9.7%, and PALB2 
for 9.3% [4] (Fig. 48.1) [5]. These genes are now 
widely and reliably tested for, either individually 
or via gene panels. There are also a range of low 
risk gene mutations [3] and over 100 single 
nucleotide polymorphisms (SNPs) linked to a 
slightly increased breast cancer risk [6]. These 
low-penetrance genes and SNPs are not routinely 
tested for at present and understanding their clin-
ical impact is more challenging as their effects 
may be very small. Interactions between SNPs 
complicates matters further. Cumulative risk 
scores based on SNP profiles are currently being 
developed but are not yet in clinical use [7].

The characteristics of key gene mutations 
linked to breast cancer risk are shown in 
Table 48.1. For the majority of the listed muta-
tions risk reducing strategies are now well 
described, including imaging surveillance start-
ing at a young age (using an age stratified combi-
nation of MRI or mammography), and primary 
prevention with either pharmacological strategies 
such as use of selective oestrogen receptor modu-
lators (SERMS, such as tamoxifen or raloxifene) 
or aromatase inhibitors [8, 9], and risk-reducing 
surgery [10], both of which are effective. 
Moreover, for women newly diagnosed with 
breast cancer, the presence of such mutations has 
implications for treatment.

R. Bernstein-Molho (*) · B. Kaufman 
Breast Cancer Unit, Oncology Institute, Chaim Sheba 
Medical Center, Tel-Hashomer, Israel 

Sackler School of Medicine, Tel-Aviv University, 
Tel-Aviv, Israel
e-mail: rinat.bernstein@sheba.health.gov.il 

L. Wyld 
University of Sheffield, Sheffield, UK 

Doncaster and Bassetlaw Teaching Hospitals NHS 
Foundation Trust, Doncaster, UK
e-mail: L.wyld@sheffield.ac.uk

48

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022 
O. Kaidar-Person et al. (eds.), Breast Cancer Radiation Therapy, 
https://doi.org/10.1007/978-3-030-91170-6_48

mailto:rinat.bernstein@sheba.health.gov.il
mailto:L.wyld@sheffield.ac.uk
https://doi.org/10.1007/978-3-030-91170-6_48


374

Breast cancer cases
without known

genetic mutation

85%−90%

Breast cancer cases
with known mutation

10%−15%

ATM
PTEN

CHEK2

P53

CDH1

Lynch Syndrome

PALB2

STKII

BRIP1

Other

BCRA2

30%

BCRA1

30%

Fig. 48.1 Incidence of identifiable genetic mutations in patients with breast cancer (reproduced from Peleg Hasson 
et al., 2020 [5])

48.2  Genetic Syndromes 
and Breast Cancer 
Management

The main locoregional impact of carriage of 
these genes in woman with breast cancer is the 
increased risk of second primary cancers. While 
BRCA1/2 mutation carriers with unilateral breast 
cancer have similar risk of ipsilateral recurrence 
after breast-conserving therapy (BCT) compared 
to sporadic cases, contralateral breast cancers are 
significantly greater in carriers versus controls, 
with reported 10- and 15-year estimates of 26% 
and 39% for carriers and 3% and 7% for controls, 
respectively (HR, 10.43; P < 0.0001) [62]. Many 
treating physicians and women therefore con-
sider mastectomy as the primary treatment and 
may also propose and request contralateral risk 
reducing mastectomy. Data from several studies 
has shown that whilst risk reducing mastectomy 
in an unaffected carrier is associated with an 
extension of life expectancy [10], especially in 
BRCA1 carriers, removal of the contralateral 
breast in carriers with breast cancer, at least in the 
short to medium term, carries little to no survival 
benefit [63]. This is due to the primary cancer 
having a predominant impact on life expectancy, 
with the highest risk of recurrence in the first 

3  years. However, more nuanced analysis finds 
that for women with DCIS or good prognosis pri-
mary breast cancer there may be a benefit [64]. 
Longer-term studies looking at 10-year survivors 
of their primary cancer, also shows a beneficial 
impact as the effect to reduce second cancers 
becomes stronger [65]. Nevertheless, this 
approach should be based on individual consider-
ations, including, apart from the prognosis of the 
primary cancer, also considerations including 
age, comorbidity, and patients’ preferences. The 
2021 NCCN Guidelines suggest that premeno-
pausal carriers of BRCA mutations should con-
sider additional risk reduction strategies, 
weighing up the potential risk reduction of con-
tralateral mastectomy against the risk of tumour 
recurrence [66].

RT is standard after BCS and many women 
who are diagnosed with breast cancer and have 
their surgery before they know their carrier status 
may be faced with a genetic test result after they 
have had conservation surgery. They may then 
wish to review their surgical decision before they 
have RT.  A woman may not wish to make an 
immediate decision to have mastectomy (and 
increasingly reconstruction in these younger 
women) for risk reduction purposes, especially 
considering what we know about the lack of 
short- and medium-term impact on survival. 
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Table 48.1 Characteristics of key gene mutations linked to breast cancer and evidence for RT-related complications

Gene 
mutation Syndrome

Population 
gene 
frequency

Lifetime breast 
cancer risk

Breast cancer clinical 
characteristics

Increased risk 
for RT 
complications 
(level of 
evidence)

BRCA1 
[11]

Breast and ovarian cancer, 
prostate cancer, pancreatic 
cancer

1/400–
1/800 [12]

60% 
(confidence 
interval, CI, 
40–75) [13]

Median age ~ 40–42 [13, 
14]
Basal epithelial 
triple-negative subtype 
~65% [15, 16]

No (high) 
[17–25]

BRCA2 
[26]

Breast and ovarian cancer, 
male breast cancer, prostate 
cancer, pancreatic cancer

1/400–
1/800 [12]

55% (CI: 
41–70) [13].

Median age 45 [13], 
range 55–64 [14]. 
Similar subtype 
distribution to sporadic 
breast cancer [27] 
although triple-negative 
slightly more likely in 
women over 50

No (high) 
[17–25]

PALB2 
[28, 29]

Increased breast cancer risk 
and also pancreatic and 
prostate cancer but less 
certainty than for BRCA 
genes. Biallelic mutation 
carriers have Fanconi’s 
anaemia

~1/900 
[30, 31]

45% (CI: 
31–56%) [32]

Less certainty than for 
BRCA1/2 due to less 
data but probably an 
excess of triple-negative 
cancers [4, 32].

Unknown (no 
data)

CHEK2 
[33]

Link to breast, colon, renal, 
sarcoma, and prostate cancer

1/160–
1/235 [30, 
31]

Odds ratio: 
~2.5 (95% CI 
2–3.1) [30, 
31]

Tends to be associated 
with higher grade, larger 
cancers and inferior 
survival rates. Linked to 
ER-positive tumours 
[30, 34].

Unknown 
(very limited)

ATM 
[35]

Key gene regulating DNA 
damage response. 
Homozygotes (Louis Bar 
syndrome) have progressive 
ataxia, extreme radiation 
sensitivity, cutaneous 
telangiectasia, and high 
cancer risk (leukaemias, 
lymphomas and breast 
cancer). Heterozygotes have 
only increased cancer risk
(mostly breast, and possibly 
prostate cancer).

1/242–
1/338 [30, 
31]

33% 
(24–40%) 
[36]

Linked to ER-positive 
tumours [30, 34]

Unknown 
(limited and 
inconsistent) 
[25, 37–41]

CDH1 
[42]

Hereditary diffuse gastric 
cancer syndrome due to 
mutation of the intercellular 
adhesion molecule 
e-cadherin. Linked to early 
onset diffuse gastric cancer 
and breast cancer [43]

1/4225–
1/5424 
[30, 31]

39% 
(12–84%) by 
age 80 [44]
42% 
(23–68%) 
[45]

Lobular breast cancer, 
especially if bilateral. 
Median age 46 [46]

Unknown (no 
data)

(continued)
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Table 48.1 (continued)

Gene 
mutation Syndrome

Population 
gene 
frequency

Lifetime breast 
cancer risk

Breast cancer clinical 
characteristics

Increased risk 
for RT 
complications 
(level of 
evidence)

TP53 
[47]

Li-Fraumeni syndrome. Key 
gene in DNA repair. 
Increased risk of breast 
cancer, brain cancer, 
adrenocortical carcinoma, 
lung cancer, sarcomas, 
lymphomas, and a range of 
other cancers.

1/5000 
[47]–
1/25000 
[31]

75%, 
(50–100%), 
6.4-fold 
increased risk 
(4.3–9.3) [48]

Median age 33 years. 
Excess of Her2-positive 
cancers [49]. Increased 
risk (30%) of second 
cancer within radiation 
field [50]. 
Approximately 5–8% of 
women under 30 with 
breast cancer will have 
LFS

Yes (limited) 
[25, 51–55]

STK11 
[56]

Peutz–Jeghers syndrome: 
Skin pigmentation, GI 
hamartomas and increased 
risk of GI, gynae and breast 
cancers

1/10000–
1/150,000 
[31, 57]

45% 
(27–68%) by 
age 70 [57]

Median age for breast 
cancer diagnosis 44 [57].

Unknown (no 
data)

PTEN 
[58]

Cowden syndrome. Mutation 
of a tumour suppressor gene 
in the PI3K-AKT-mTOR 
pathway. Syndrome includes 
macrocephaly, 
mucocutaneous hamartomas, 
thyroid, breast, endometrial, 
renal, and colorectal cancers

1/8500–
1/250,000 
[31, 59]

39% age 70 
(24–58%) 
[60]

Median age 42 for breast 
cancer

Unknown 
(very limited) 
[61]

However, if they complete their conservation 
therapy and have RT, this may make subsequent 
reconstruction more difficult. In particular, per-
forming SSM/NSM on irradiated skin is associ-
ated with a higher risk of wound and nipple 
necrosis, which may place the reconstruction at 
risk, especially if implants are to be used. 
Similarly, there is a significantly higher rate of 
reconstruction complications if implant recon-
struction is performed in an irradiated field [67]. 
The increasing use of PST (mostly due to stage 
and tumour biology) allows a helpful delay to 
permit the woman to choose the most suitable 
surgical option based on genetic test results. 
However, this option is only available for patients 
who have an indication for systemic treatment 
based on preoperatively available information.

48.3  RT-Related Complication 
in Patients with Hereditary 
Syndromes - Existing Data 
and Unmet Needs

Studies that investigated RT-related toxicity in 
BRCA1/2 mutation carriers with early breast can-
cer found no evidence of a significant increase in 
acute and late radiation effects or contralateral 
breast cancer events related to radiation exposure 
compared to women with sporadic breast cancer 
[17–19]. Therefore, for mutation carriers who 
desire breast conservation, BCT should be 
offered if clinically appropriate. A number of 
studies evaluating the risk of contralateral breast 
cancer in women with a BRCA1/2 mutation found 
that RT was not associated with an increase in 
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contralateral breast cancer events [20–23]. 
Moreover, a study evaluating prophylactic con-
tralateral breast RT in BRCA1/2 carriers with 
early breast cancer found a significant reduction 
of subsequent contralateral breast cancers and a 
delay in their onset, with no increased toxicity at 
a median follow-up of 58 months [24].

For women with breast cancer who are carri-
ers of a germline TP53 mutation (who are 
expected to be unable to repair tissue damage 
from DNA-damaging RT and be at risk for sig-
nificant RT-associated sequelae), there is limited 
evidence to inform the clinical question of the 
role of RT. The recommendations are based on a 
single case series by Heymann et al. [51]. In this 
study of six women, there were 11 events, con-
sisting of three contralateral breast cancers, three 
ipsilateral breast recurrences, two RT-induced 
cancers, three new primary cancers. In contrast, 
only one event, (contralateral breast cancer), was 
reported among the two patients who had not 
received postoperative RT.  Additional case 
reports support this observation [52–55]. 
Therefore, based on the expert panel opinions, 
irradiation of the intact breast in TP53 mutation 
carriers is contraindicated and mastectomy is the 
recommended therapeutic option [25]. 
Postmastectomy RT should only be considered in 
patients with significant risks of locoregional 
recurrence.

For women with rare high-risk syndromes like 
PTEN-hamartoma tumour syndrome (which 
includes Cowden syndrome) or hereditary diffuse 
gastric cancer syndrome, there is no data on 
increased toxicity from RT. A single case report 
on increased toxicity in the setting of germline 
PTEN mutation was published in 2019 [61], how-
ever a causal relationship between Cowden syn-
drome and radiation sensitivity remains unclear, 
warranting further study in larger cohorts of 
Cowden syndrome patients.

Data regarding rates of toxicity in patients 
with moderate-penetrance breast cancer suscepti-

bility genes (e.g. PALB2, ATM, and CHEK2) are 
limited or inconsistent (specifically in the case of 
ATM mutation carriers). Reassuring data about 
risks associated with BRCA1/2 mutations should 
not be extrapolated when caring for these patients. 
High-quality data related to the risk of RT in car-
riers of a germline ATM mutation with breast 
cancer are missing. Since patients with ataxia tel-
angiectasia (having biallelic ATM mutations) 
have an increased sensitivity to ionising radia-
tion, with preclinical data confirming reduced 
ability of skin cells to replicate after x-ray expo-
sure, concerns about the risk of RT in heterozy-
gous ATM carriers were raised [37]. Case reports 
of radiation skin toxicity in heterozygous ATM 
mutation carriers exist [38, 39], but whether the 
incidence is higher than in other breast cancer 
populations is unclear. Data on the risk of contra-
lateral breast cancers are also inconsistent, with 
some showing no increased risk [40, 41], and one 
showing significantly higher risk [38]. Potential 
absolute risks of ionising radiation for diagnostic 
purposes and RT at conventional doses for het-
erozygous carriers seem to be small [68]; how-
ever, more research is needed.

A single study suggested that patients with a 
specific polymorphism in RAD50 gene who were 
exposed to ≥1 Gy to the contralateral breast had 
a fourfold greater contralateral breast cancer risk 
than unexposed carriers [69]. However, this 
observation requires replication, and the impact 
of rare variants and haplotypes in RAD50 and 
other genes involved in the DNA double-strand 
break response on radiation-induced contralat-
eral breast cancer warrants further investigation.

48.4  Current Recommendations/
Guidelines

A multidisciplinary joint ASCO-ASTRO-SSO 
Expert Panel including 52 members published 
guidelines based on a systematic review of the 

48 Genetic Syndromes and RT for Breast Cancer



378

existing literature and a formal consensus process 
[25]. Several recommendations for local and sys-
temic therapy were developed, though noticing 
the limited high-quality evidence available for the 
local therapy’s clinical questions. The recommen-
dations regarding RT are summarised here.

 1. There is no evidence of increased toxicity or 
contralateral breast cancer events from radia-
tion exposure in BRCA1/2 carriers.

 2. Radiation therapy should not be withheld in 
ATM carriers based on the currently available 
data. The risk-benefit ratio needs to be indi-
vidually discussed.

 3. For patients with germline TP53 mutations, 
mastectomy is advised; RT is contraindicated 
except in those with significant risk of locore-
gional recurrence.

48.5  Summary

Although many genes associated with moderate 
to high risk for hereditary breast cancer are 
involved in DNA repair and radiation response 
pathways, data on adverse outcomes with the 
appropriate use of therapeutic radiation is limited 
or missing. Given the rarity of non–BRCA1- 
BRCA2–associated hereditary breast cancer, it is 
likely that data will continue to be limited to 
anecdotal experiences and retrospective series. 
Since most of the available data are derived from 
observational studies and data from RCTs are 
lacking, the recommendations provided here for 
locoregional management of early breast cancer 
in patients with hereditary predisposition are 
mostly based on expert panel consensus. For 
women with breast cancer who are treated with 
BCT or with mastectomy, for whom postmastec-
tomy RT is considered, RT should not be with-
held because of mutation status, except for 
mutations in TP53. For women with breast can-
cer who are carriers of a germline TP53 muta-
tion, irradiation of the intact breast is 
contraindicated. Mastectomy is the recom-
mended therapeutic option. Postmastectomy RT 
in TP53 mutation carriers should only be consid-
ered in patients with significant risk of locore-

gional recurrence. There is no evidence of a 
significant increase in toxicity or contralateral 
breast cancer related to radiation exposure among 
patients with a mutation in a BRCA1/2 or a 
moderate- penetrance gene. Data regarding rates 
of toxicity between heterozygous ATM mutation 
carriers and noncarriers are limited and inconsis-
tent. Potential absolute risks seem to be small; 
however, more research is needed.
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Breast Cancer in Young Women

Elzbieta Senkus and Shani Paluch-Shimon

49.1  Background

Breast cancer in young women (≤40  years) is 
an uncommon disease, representing only a small 
proportion of all breast cancer patients in devel-
oped countries (4% of new estimated cases in 
the USA), with a cumulative risk of 0.4–0.45% 
of being diagnosed with breast cancer by age 40 
[1, 2] and of 4.64% in the age group 15–39  in 
the Netherlands (https://iknl.nl/en/ncr). There is 
no effective screening tool for early detection of 
breast cancer in young women, and young women 
often have higher breast density and therefore 
imaging by mammography is often less effective; 
hence, MRI of the breast is often indicated as part 
of the diagnostic workup. Breast cancers arising 
in young women are characterised by higher pro-
portion of grade 3, triple- negative phenotype or 
HER2 overexpression, lymphovascular invasion, 
lymphocytic infiltration and on gene expression 
profiling—by higher proportions of basal-like 
and HER2-enriched tumours, as compared with 
older women. Young women have less favourable 

outcomes than older women [3–6], particularly 
for Luminal-A like tumours, irrespective of stage 
at diagnosis [7].

Breast cancer at an early age is more likely to 
be associated with an increased familial risk and 
hereditary cancer syndrome, specifically germ-
line mutations in BRCA1 and BRCA2 are more 
common in young women (see section about 
genetic syndromes). The presence of a germline 
mutation will impact therapeutic decisions and 
risk-reducing measures; thus, all women diag-
nosed with breast cancer ≤40  years should be 
offered genetic testing. The other significant risk 
factor for early onset breast cancer is mantle or 
chest wall radiation before the age of 25—these 
women have a cumulative risk of developing 
breast cancer by age 40–45 as do BRCA1/2 muta-
tion carriers [8, 9].

Young women with breast cancer face a mul-
titude of unique challenges along the continuum 
of care—from concerns and risks to their fertil-
ity secondary to therapies they receive, dealing 
with the complexity of a hereditary cancer syn-
drome, psychosocial distress that is accentuated 
by the young age at diagnosis and numerous 
survivorship issues including premature meno-
pause that may be induced by treatments they 
receive [10].
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49.2  Key Information for Clinical 
Practice

49.2.1  Special Considerations 
in Systemic Therapy

Historically young women were more likely to 
receive chemotherapy based on their age at diag-
nosis. However, it is now well established that 
systemic treatment decisions should be rather 
based on extent of disease and the biological 
characteristics of the tumour (including tumour 
size, nodal status, hormone receptor (HR) and 
HER2 overexpression or amplification, prolifera-
tion, and grade), patient’s comorbidities and pref-
erences. Young age alone is not a reason to give 
more aggressive therapy and the guidelines for 
choice of systemic therapy should follow those 
for women with breast cancer of all ages [11, 12]. 
The omission of adjuvant chemotherapy in young 
and very young women (≤35  years at diagno-
sis) with HR+ disease is appropriate in selected 
cases with favourable clinical and pathological 
features including low gene expression profiles, 
as for older women. It is important to note that 
young women were under-represented in both 
retrospective and prospective studies evaluating 
gene expression signatures as aids for deciding 
upon use of chemotherapy in hormone-positive 
(HR+) breast cancer. Unplanned subgroup analy-
ses of the prospective studies have suggested that 
women under 50 may derive benefit from chemo-
therapy (or from the endocrine changes induced 
by chemotherapy) for genomic scores and clini-
cal characteristics for which endocrine therapy 
would suffice in women over 50 [13]. Thus, 
while they may be used, this should be done 
with caution. Notably, commercially available 
prognostic genomic assays in HR+ early breast 
cancer have not been developed to predict which 
endocrine therapy is more appropriate according 
to genomic risk. For premenopausal with HR+ 
disease, choice of endocrine therapy includes 
tamoxifen or ovarian function suppression (OFS) 
in combination with tamoxifen or an aromatase 
inhibitor (in premenopausal women aromatase 
inhibitors can only be used if combined with 
ovarian function suppression). In women at 

higher risk of relapse, OFS with tamoxifen or an 
aromatase inhibitor (AI) is associated with a sig-
nificant improvement in outcomes compared to 
tamoxifen alone [14, 15]. Notably, chemotherapy 
induced amenorrhea is not always indicative of 
ovarian function, so that when use of an AI is 
considered, OFS with monthly formulations of a 
GnRH analogue is imperative and ovarian func-
tion should be routinely monitored with serum 
hormonal profiles.

49.3  Unique Issues for Young 
Women

49.3.1  Fertility and Pregnancy

All young women diagnosed with breast cancer 
should be counselled about the potential impact 
of treatment on their fertility and should be 
offered fertility preservation [11, 16]. The use of 
a GnRH analogue as an ovarian protectant dur-
ing chemotherapy should be offered but is not 
instead of fertility preservation [17]. Concerns 
about fertility are a major source of psychologi-
cal distress and cause of nonadherence to ther-
apy in young women and therefore addressing a 
young woman’s fertility concerns is a critical to 
the success of her treatment and to her wellbeing 
[18, 19]. All retrospective available data demon-
strate no detrimental effect of pregnancy after a 
breast cancer diagnosis in terms of breast cancer 
outcome [20–23], irrespective of subtype [24]. 
Results are awaited for the POSITIVE study 
which is the first prospective study evaluating 
endocrine therapy interruption and pregnancy in 
young women with HR+ breast cancer. Timing of 
pregnancy after breast cancer should be decided 
upon with the treating oncologist giving care-
ful consideration to initial stage of disease and 
patient preference, with an understanding that 
when the woman has HR+ disease, endocrine 
therapy needs to be resumed and completed after 
delivery.

Breast cancer during pregnancy is uncommon. 
In the majority of cases, termination of the preg-
nancy is not indicated, and treatment of the breast 
cancer should follow existing guidelines [25, 26] 
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and be managed by a multidisciplinary team with 
expertise in this area. Young women need to be 
counselled about nonhormonal contraceptive 
options.

49.3.2  Survivorship

Young women face a plethora of survivorship 
issues—many related to the side effects of endo-
crine therapy and the consequences of premature 
menopause. A significant proportion will suffer 
from sexual dysfunction and issues with body 
image and sexuality [27, 28]. Other key issues for 
young women will include neurocognitive symp-
toms (“onco-brain”), adverse impact on return to 
work and employment, and the consequences of 
a hereditary cancer syndrome including tailored 
screening and risk-reducing measures (such as 
risk-reducing salpingo-oophorectomy and risk- 
reducing mastectomy) [29]. Addressing all of 
these issues is imperative to ensuring quality of 
life and treatment adherence [30]. While not all 
survivorship issues can be prevented or resolved, 
many can be alleviated by early intervention.

49.4  Special Considerations 
in Local Therapy

49.4.1  Outcomes of Locoregional 
Therapies in Young Breast 
Cancer Patients

Breast cancer in young women is associated with 
higher risk of locoregional recurrence, even if 
corrected for stage and tumour characteristics. 
This phenomenon is observed in case of both 
breast-conserving therapy (BCT) and mastec-
tomy [31–33].

Age was the only independent prognostic fac-
tor for local control (P = 0.0001) in the EORTC 
“boost versus no boost” trial (Fig. 49.1) and the 
largest absolute improvement from the use of 
additional radiation dose (boost) to the tumour 
bed was seen in patients aged ≤40 [34].

However, over the past four decades local 
recurrence rates decreased consistently thanks to 

improved diagnostics, and local as well as sys-
temic treatments (Fig.  49.2). In three consecu-
tive trials on breast conserving therapy accruing 
between 1980 and 2012, the 10-year local recur-
rence rate dropped from about 20% in one of 
the original mastectomy vs. BCT trials (EORTC 
10801), to about 10% in the EORTC boost trial 
(patients between 40–50 years of age) to about 
2% in the Dutch “Young Boost Trial” (patients 
below 50 years of age, about ¼ of them below 
40 years of age) [35]. This led to selective omis-
sion of a boost dose to the primary tumour bed 
also in young patients without high-risk factors 
for local recurrence.

In women who have undergone mastectomy, 
young age is associated with poorer locore-
gional control [36]. Among patients enrolled 
in 13 International Breast Cancer Study Group 
(IBCSG) randomised trials, age <40  years, 
involvement of ≥4 lymph nodes, and inadequate 
axillary surgery were the key determinants of 
>15% risk of locoregional recurrence [37].

Importantly, similar or inferior long-term out-
comes are observed in patients who have under-
gone mastectomy, compared to those undergoing 
BCT, although young BCT patients generally 
demonstrate higher locoregional recurrence rates, 
compared to those treated with mastectomy [32, 
38–40]. In a systematic meta-analysis (22,598 
patients ≤40  years from five population-based 
studies) and one pooled analysis of two clinical 
trials (10,898 BCT patients and 11,700 mas-
tectomy patients), after adjustments for tumour 
stage, a nonsignificant trend for a lower risk of 
death was found in patients who underwent BCT 
(HR 0.9) (Fig.  49.3) [41]. Additionally, signifi-
cantly higher breast cancer specific and over-
all survival rates were observed for stage IIB 
patients aged 20–34 years form the Surveillance, 
Epidemiology, and End Results (SEER) Program 
database, treated with BCS and radiation therapy, 
compared to mastectomy without RT [42]. The 
most plausible explanation for superior outcomes 
following BCT is the almost universal use of RT 
in this population. In contrast, in a large (129,692 
patients) population-based Dutch study compar-
ing BCT with mastectomy, in the long follow-up 
cohort (treated 1999–2005) the benefit of BCT 
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Fig. 49.1 Cumulative incidence of ipsilateral breast 
tumour recurrence for the whole study population by age. 
(Adapted with permission from: Bartelink H, Maingon 
P, Poortmans P, et  al. Whole-breast irradiation with or 

without a boost for patients treated with breast-con-
serving surgery for early breast cancer: 20-year follow-
up of a randomised phase 3 trial. Lancet Oncol. 2015 
Jan;16(1):47–56)
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Fig. 49.2 Local breast recurrence rate in three consecu-
tive trials on breast conserving therapy from 1980 till 2012 
(Adapted with permission from: Poortmans PMP, Arenas 
M, Livi L.  Over-irradiation. Breast. 2017 Feb;31:295–

302, modified from Poortmans P, Aznar M, Bartelink 
H. Quality indicators for breast cancer: revisiting histori-
cal evidence in the context of technology changes. Semin 
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was seen in all subgroups, except in patients 
<40 years with T1-2N0-1 disease [40]. Similarly, 
in the more recent cohort (2006–2012) from the 
same study, treated with contemporary adjuvant 
systemic therapy, the benefit of BCT was limited 
to T1-2N0-1 patients >50 years.

Additionally, a recent retrospective study 
reported that in BRCA1/2 mutation carrier breast 
cancer patients treated with skin-sparing/nipple- 
sparing mastectomies without PMRT there was 
a higher rate of local recurrences than those 
who underwent mastectomy and PMRT or BCT, 
despite earlier stage disease in the non-PMRT 
group. The authors attributed the higher local 
recurrence rate to the residual breast tissue and 
potential residual disease in such skin-sparing/
nipple-sparing mastectomies [43] . These data 
provide strong support for offering BCT to all 
suitable patients, regardless of age. Younger 
patients are at higher risk of locoregional failure, 
but more extensive surgery does not reduce the 
risk of distant failure or death.

Interestingly, although young patients develop 
local failures more often than older patients, their 
prognosis following local recurrence and overall 
survival seem to be better, compared to the older 
population [44, 45]. Importantly, the age at diag-
nosis matters even among “young” patients: in 

a series of 167 women with T1-2 tumours, aged 
26–45, treated with BCT, including brachyther-
apy boost, age ≤ 35 was associated with a three- 
fold increase in the risk of local failure, together 
with high tumour grade and negative hormone 
receptor status [46].

49.4.2  Role and Technical Aspects 
of RT in Young Breast Cancer 
Patients

Increased risk of local recurrence after BCT in 
younger women provides a rationale for the use 
of more “aggressive” RT.  Indeed, the EORTC 
“boost versus no boost” trial demonstrated the 
largest absolute benefit from the tumour bed 
boost in patients aged <40, although the relative 
risk reduction was similar among all age groups 
[31]. As a result, this approach is uniformly rec-
ommended in women <50 by most guidelines 
[47–49]. As the local recurrence risk is higher in 
young patients, even with use of standard dose 
boost, there are attempts to improve these results 
by further radiation dose escalation. The optimal 
tumour bed dose in patients ≤50 has been tested 
in the “young boost” trial, comparing standard 
boost of 16 Gy to 26 Gy and the primary results 
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are awaited, while the cosmetic impact of increas-
ing the boost dose was clearly cumbersome [50].

Fractionation regimen in young breast can-
cer patients should not differ from those used 
in older patients. Further data waits for ultra- 
hypofractionation, as used in the FAST-Forward 
trial in the young population [51]. The 2018 
American Society for Radiation Oncology 
(ASTRO) guidelines for whole breast irradiation 
(WBI) clearly states that there is no evidence of 
deleterious effects of moderately hypofraction-
ated WBI in younger patients; thus, the decisions 
regarding its use should be made irrespective of 
age [52].

Young patients are not only at risk of true recur-
rence but also of second primary cancers within 
the conserved breast, therefore the policy of lim-
iting the irradiation volume only to the tumour 
bed (partial breast irradiation—PBI) is generally 
not recommended in this population. According 
to the guidelines of the Groupe Européen de 
Curiethérapie-European Society for Therapeutic 
Radiology and Oncology (GEC- ESTRO) and 
ASTRO, PBI is considered appropriate and safe 
only in the age group >50 (without other defined 
risk factors), whereas, women ≤40 are clearly 
defined as “unsuitable” for PBI [53, 54].

Young patients who have undergone mastec-
tomy share risk factors for locoregional failure 
with older age groups: primary tumour size and 
nodal stage, as well as lack of RT and appropri-
ate adjuvant systemic therapy [55]. PMRT is 
indicated for the majority of young node-positive 
patients with some data suggesting benefit from 
irradiation in selected node-negative population. 
In a study of 502 patients with T1–2N0 tumours 
treated with mastectomy, after a median follow-
 up of 77 months, local recurrence rates in patients 
>40 and ≤40 were 1.7% and 7%, respectively; 
prognostic factors for locoregional recurrence in 
patients ≤40 included tumour size and presence 
of lymphovascular invasion [56].

Ductal carcinoma in situ (DCIS) is relatively 
infrequent in young women, being predomi-

nantly a screen-detected condition (most coun-
tries provide screening mammography from the 
age of 50), but if observed, is associated with 
high risk of local failure. Among 1607 women 
treated for DCIS in Ontario between 1994 and 
2003 with breast conserving surgery and RT 
the 10-year cumulative local recurrence rate for 
patients younger than 45  years was 27%; for 
each year of increase in age the local recurrence 
rate decreased by 4%. In a Rare Cancer Network 
multicentre study of 373 DCIS patients ≤45, 
after median follow-up of 72 months, the local 
relapse- free survival was 63% for patients aged 
≤39 years and 81% for those aged 40–45 years. 
In this study, conservative surgery without post-
operative RT resulted in an unacceptable 10-year 
local recurrence rate of 54%, while irradiation 
without tumour bed boost was associated with 
reduction in  local relapse (28% 10-year local 
recurrence rate) and further improvement was 
seen in those given the tumour bed boost (14% 
10-year local recurrence rate)—p  <  0.0001 
(Fig. 49.4) [57].

49.4.3  Utilisation of Radiation 
Therapy in Young Breast 
Cancer Patients

In spite of generally higher risk of local failure, 
young patients seem to be the population most 
often exposed to suboptimal local treatments. In 
317,596 patients from the US National Cancer 
Database, in the youngest age group (≤35 years) 
the adjusted odd ratio of having a mastectomy 
(versus patients aged 61–64) exceeded 2; higher 
frequency of mastectomy was also seen in other 
“younger” patients. Of concern, young women 
treated with conservative surgery were less likely 
to receive radiation (OR 0.69 for women ≤35). In 
contrast, the probability of receiving PMRT, both 
when indicated and when there were no indica-
tions for postoperative irradiation, was higher 
among younger patients [58].
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Fig. 49.4 Local relapse-free survival by treatment group 
(Adapted with permission from: Omlin A, Amichetti M, 
Azria D, et al. Boost radiotherapy in young women with 

ductal carcinoma in situ: a multicentre, retrospective 
study of the Rare Cancer Network. Lancet Oncol. 
2006;7(8):652–6)

49.4.4  Complications of Radiation 
Therapy in Young Breast 
Cancer Patients

Young women, following the expected long 
post- treatment survival, are also at greater risk 
of long-term treatment toxicities. Indeed, among 
the participants of the Women’s Environmental, 
Cancer, and Radiation Epidemiology (WECARE) 
study, women <40 who received >1.0  Gy of 
absorbed dose to the contralateral breast had 
a 2.5-fold greater risk for contralateral breast 
 cancer (CBC) than unexposed women; this risk 
increase was not observed in women >40 [59]. A 
nonsignificant trend for increase in cardiovascu-
lar mortality among younger patient cohorts irra-
diated for cancer of the left breast was observed 

in the analysis of 308,861 women from the SEER 
database [60]. The issue of cardiac toxicity is, 
however, in the present time, largely obviated 
by the use of modern RT techniques, including 
deep inspiration breath hold. In contrast, in the 
EORTC “boost” study, the only cohort which 
did not experience increased risk of severe fibro-
sis related to boost administration were patients 
<41 years [34].

49.5  Conclusions

Young patients are at increased risk of locore-
gional recurrence irrespective of type of surgery. 
Long-term outcomes after BCT are at least equal 
and possibly superior to mastectomy, which may 
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be related to lesser use of RT in patients that 
undergo mastectomy. Age, as a risk factor for 
locoregional failure, should be taken into account 
when considering indications for postmastec-
tomy or regional irradiation. However, as young 
patients may be at increased risk of long-term 
treatment toxicities of RT in view of their longer 
life expectancy, meticulous care should be given 
to the use of optimal irradiation techniques.
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Oligometastatic 
and Oligoprogression Disease

Cynthia Aristei, Melanie Machiels, 
Laura Torres Royo, and Meritxell Arenas Prat

50.1  Background

First reported in 1995, oligometastatic disease 
(OMD) was identified as intermediate between 
local and diffuse metastatic disease, with lesions 
limited in number and extent [1]. This led to 
changing the treatment paradigm, on the basis of 
the hypothesis that “if the primary cancer site 
was controlled, and the metastatic sites ablated 
by metastasis-directed therapy, a prolonged 
disease- free interval, and perhaps even cure, may 
be achieved” [2].

In early 2020, given such a broad spectrum of 
different OMD presentations, a joint ESTRO and 
EORTC document discriminated between 
induced OMD, that is, a history of poly- metastatic 
disease and genuine OMD, with the latter being 
sub-divided into recurrent or de novo 

OMD.  Furthermore, the de novo form was dif-
ferentiated into synchronous (occurring simulta-
neously with the primary tumour) and 
metachronous (occurring at least 3 months after 
diagnosis). Oligorecurrence is metachronous, 
repeat, OMD in patients not under active sys-
temic therapy; Oligoprogression is progressive 
OMD on imaging in patients under active sys-
temic therapy and Oligopersistence is stable 
OMD or a partial response on imaging in patients 
under active systemic therapy [3] (Fig. 50.1). A 
few months later the ESTRO-ASTRO consensus 
document defined OMD as 1–5 metastatic 
lesions, with a controlled primary tumour being 
optional, but where all metastatic sites must be 
safely treatable [4].

Oligometastatic breast cancer treatment varies 
with type of oligometastatic state and case. 
Metastasis-directed therapy is facilitated by 
recent advances in anatomical and functional 
imaging, surgical and ionising as well as non- 
ionising ablative techniques. Local ablative ther-
apy may include local treatments such as surgery, 
radiation therapy, radiofrequency ablation, or 
cryoablation. Stereotactic ablative radiation ther-
apy, is a valid option for OMD, and includes 
administration of high-dose irradiation to a lim-
ited target volume. The steep dose gradient 
around the target ensures maximum sparing of 
surrounding healthy tissues which are at risk of 
toxicity. It is less invasive than surgery and can be 
applied to up to more lesions in diverse organs 
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Synchronous 
oligometastasis:metastasis 
occurring simultaneously
(pink dots) with the primary 
tumour (pink flower).

Oligorrecurrence: primary 
tumour under control 
(green flower), and 
metachronous metastasis 
(Pink dots).

Oligoprogression:
progressive OMD (Pink 
dot) in patients under 
treatment with 
response of the primary 
tumour (green flower) 
and other metastasis 
(green dot)

Oligopersistence: stable 
OMD or a partial 
response (green dots)  on 
imaging in patients under 
active ST

Fig. 50.1 Different presentations of OMD are represented graphically with the definition below them

[5–8]. There are different definitions for SBRT, in 
some countries it is defined as RT given in up to 
5 to 8 large fractions, while in other countries it is 
defined by the dose size of the fraction and total 
dose and treatment intent (e.g. ablative versus 
one large fraction for palliation).

Advances in RT techniques enabled most RT 
departments to adopt SBRT for metastatic 
directed therapy in OMD safely over recent years 
(Fig. 50.2).

This chapter provides a critical appraisal of 
oligometastatic breast cancer treatment in clini-
cal practice and its perspectives.

50.2  Existing Literature

As several systemic therapy options are available 
for metastatic breast cancer, fewer series have 
focused on SBRT in oligometastatic breast can-
cer than in oligometastases from other primary 
cancers such as lung, colorectal and prostate. 
Several dose and fractionation schemes as well as 
techniques to control organ motion (i.e. gating, 

dampening, tracking) were described, each more 
or less appropriate for specific metastatic loca-
tions. Use of appropriate equipment for high- 
precision RT is generally recommended together 
with delivery of high biological equivalent doses 
(BED). The few available retrospective studies 
were flawed by significant heterogeneity such as 
different types of primary tumours, number, size 
and location of metastases, RT techniques, doses 
and fractionation schemes. Furthermore, they 
were often restricted to patients who were not 
candidates for surgery. All these variables pre-
cluded drawing firm conclusions. Despite these 
limitations, SBRT provided local control of 
metastases ranging from 67% to 95% [5], which 
was long-lasting in most patients. Several single 
arm studies reported it was safe and well- tolerated 
with few side effects [8–11].

The results from the SABR-COMET Phase II 
Randomised Trial were encouraging [12]. In this 
trial 99 oligometastatic patients (only 13 patients 
with breast cancer in the SBRT group) with up to 
5 metastases were randomised to receive either 
palliative standard of care treatments alone 
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Fig. 50.2 Example of a patient treated with SBRT for 
liver metastases. Top row illustrates the dose distribution, 
and bottom row illustrates the abdominal compression 

used to reduce treatment uncertainties (e.g. inter- and 
intra-fractional motion)

 (control group), or standard of care plus SBRT to 
all metastatic lesions. Median overall survival 
(OS) in the SBRT arm significantly improved 
from 28 to 41 months. The NRG-BR002 phase 
IIR/III trial of standard of care systemic therapy 
with or without SBRT for newly oligometastatic 
breast cancer (NCT02364557) was presented at 
ASCO annual meeting 2022. Metastatic directed 
therapy failed to show signal for improved PFS 
for patients with oligometastatic breast cancer at 
a median follow up of 35 months. Therefore, the 
phase III OS study will not start. Patients with 
oligometastatic breast cancer as defined by 
NRG-BR002 have long PFS and OS; high dose 
SBRT was safe with low rates of treatment-
related adverse events, like the standard of care 
arm of the study. Local therapy for metastatic 
breast cancer enters a rapidly evolving landscape; 

there is the need for disease specific and biology-
driven trials investigating ablative treatments for 
oligometastases.

Several ongoing clinical trials, with some 
including a range of primary tumours and metas-
tasis locations, explore the role of SBRT in com-
bination with systemic therapy in the management 
of oligometastatic breast cancer patients 
(Table 50.1)

50.3  Practical Guidelines

Planning for SBRT should be according to RT 
quality assurance treatment guidelines, according 
to the site, size, and proximity to OARs, regard-
less of tumour histology. Every effort should be 
made to ensure precise delivery of an adequate 
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Table 50.1 Ongoing clinical trials that explore the role of SBRT in combination with systemic therapy in the manage-
ment of oligometastatic breast cancer

Trial/Identifier/Principal 
investigator/Country/Accrual 
time Population and study summary

Estimated 
enrolment/
Phase

Primary end-point (P)/Secondary 
end-point (S)

SABR/SBRT trials
aSABR BC (STEREO-SEIN)
NCT02089100
France
2014–2023

SABR vs no specific treatment
HHRR+ BC ≤ 5 M1 lesions, ≤ 
10 cm or ≤ 500 mL; liver 
M1 ≤ 7 cm

280
Phase 3

P: PFS (minimal follow-up 
3 years)
S: Cumulative rate of LR and OS

SABR for spinal M1 
tumours
NCT03392233
China
2017–2027

Single group assignment
BC, PC, NSCLC
SABR spinal M1
(3 fx 24 Gy or 3 fx 30 Gy)

100
Phase 2

P: The rate of relief pain (1 week 
after RT to 2 years later)
S: Degree and duration of pain 
relief, toxicity incidence.

aSOC± SABR ±
SURGERY M1 BC
NCT02364557
USA
2014–2022

SBRT (1–3-5 fx) or surgery at 
the discretion of treating 
physician vs SOC without 
intervention
BC ≤ 4 M1 lesions, ≤ 5 cm

402
Phase 2–3

P: PFS (up to 3 years), OS (up to 
8 years)
S: New M1, adverse effects 
incidence, CTCs previous and 
after treatment in blood, ctDNA 
levels in plasma.

SOC ± SABR for M1
CANCER
NCT03808337
USA
2019–2022

SOC + SABR vs SOC
TNBC, NSCLC
1–5 M1 SABR (lung: 5 fx 
50 Gy, 4 fx 48 Gy, 3 fx 54 Gy / 
others: 3 fx 27–30 Gy, bone: 1 
fx 24 Gy)

142
Phase 2

P: PFS (up to 2 years)
S: OS

SABR vs SOC breast and 
lung M1
NCT03808662
USA
2019–2022

SOC + SABR vs SOC
TNBC, NSCLC
1–5 M1 SBRT (3 fx 27/30 Gy, 5 
fx 50 Gy)

160
Phase 2

P: PFS (up to 52 weeks)
S: OS (up to 100 months)

aSABR for inoperable lung 
and liver M1 from BC
NCT02581670
De rose/ Italy
2015–2020

Single group assignment
BC with lung and liver M1
SBRT <5 M1; < 5 cm

58
Phase 2

P: Toxicity, LC (2 years)
S: PFS, OS, QoL

aIntervention to liver and 
pulmonary M1 BC (IMET)
NCT02251353
Turkey
2014–2022

BC with lung and liver M1
Resection +/− radiofrequency 
ablation, transcatheter arterial 
chemoembolization, CyberKnife 
radiosurgery vs no intervention

300
Cohort

P: OS (3 years)
S: PFS (3 years),
Morbidity due to
Treatment modality (6 months)

Standard treatment
± SABR in solid tumours 
with BONE M1 
(STEREO-OS)
NCT03143322
France
2018–22

SOC+ SABR vs SOC +/− 
palliative RT
BC, PC, lung cancer
1–3 bone M1
SBRT (7 fx 27 Gy, 5 fx 35 Gy)

196
Phase 3

P: PFS (1 year)
S: PFS, bone PFS, local control, 
cancer specific survival, SBRT 
toxicities, QoL, pain and cost 
utility (1, 2 and 3 years)

Immunological effects of
Cyclophosphamide in MBC
NCT02441270
Belgium
2015–2016

Single group assignment
SABR +cyclophosphamide
BC with ≥2 M1 (skin, 
subcutaneous, lymph node, 
superficial lesions)

5
Phase 1

P: Immunological effects
In blood and tumour
Biopsies
S: Clinical/radiographical 
response of irradiated and 
non-irradiated M1
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Table 50.1 (continued)

Trial/Identifier/Principal 
investigator/Country/Accrual 
time Population and study summary

Estimated 
enrolment/
Phase

Primary end-point (P)/Secondary 
end-point (S)

SABR + ANTI-PD1 in TNBC 
M1
NCT03151447
China
2017–2018

Anti-PD1 (JS001) + SABR
TNBC at least 1 M1 > 1 cm
(liver, lung, bone, brain, or 
lymph nodes)

18
Phase 1

P: Adverse events related to 
treatment

SABR + Atezolizumab in 
advanced TNBC
(AZTEC)
NCT03464942
Australia
2018–2022

SABR + Atezolizumab vs SBRT
TNBC ≥1 M1 measurable
SBRT (1 fx 20 Gy or 3 fx 
24 Gy)

52
Phase 2

P: PFS (24 months)
S: Best objective response, 
adverse events incidence, PFR 
between different regimens, 
duration of response, disease 
control rate, time to treatment 
failure, OS between different 
regimens

Vaccination with FIt3L, RT 
and poly-ICLC
NCT03789097
USA
2019–2023

Single group assignment
Pembro + 
FIt3L + RT + poly-ICLC
MBC, NHL, HNSCC

56
Phase 1–2

P: Dose limiting toxicity 
(63 days)
S: Overall response rate 
(6 months)

SABR and oncolytic virus 
therapy before 
Pembrolizumab for M1
TNBC and NSCLC
NCT03004183
USA
2017–2022

Single group assignment
ADV/HSV-tk + Valacyclovir + 
SBRT + Pembrolizumab
TNBC, NSCLC
SABR (5fx 30Gy)

57
Phase 2

P: Objective response rate 
(30 days after last 
Pembrolizumab)
S: Duration response, OS, PFS, 
adverse events, antitumour 
activity, clinical benefit rate 
(30 days after last 
pembrolizumab)

Single dose SABR (SRS) trials
aSRS in BC with brain M1
NCT04061408
China
2019–21

Single group assignment
HER2+ BC with brain M1 
(1–10) SRS (3–5 fx of 8 Gy) 
+/− anti-HER2 (allowed)

170
Phase 2

P: Intracranial LC (2 years)
S: Intracranial distant M1 rate, 
PFS, OS, adverse events

aLocal therapy for brain M1 
HER2+ BC (local HER-O)
NCT02898727
Australia
2017–2020

Single group assignment
Neurosurgery +/− SRS or SRS 
alone (1 fx 20 Gy to 3 fx 
24 Gy) + anti-HER2
HER2+ BC with brain M1 (1–5)

50
Phase 2

P: Percentage of WBRT 
12 months after local therapy
S: Distant failure, LC, extra- 
cranial failure, pattern of first 
failure, OS and cause of death, 
adverse events, neurocognitive 
function

aT-DM1 alone vs T-DM1+ 
TMZ following SRS or 
surgery brain M1 HER2+ 
BC
NCT03190967
USA
2018–2022

T-DM1 vs T-DM1 + TMZ
Previous SRS, surgery or WBRT
HER2+ BC with brain M1

125
Phase 1–2

P: MTD of TMZ used with 
T-DM1, median time to 
progression
S: Adverse event, time to WBRT, 
median survival

aSRS + Pembrolizumab
Brain M1 BC
NCT03449238
USA
2018–2024

Single group assignment
Pembrolizumab + SRS
BC with brain M1 (2–10, 
5 mm - 4
Cm)

41
Phase 1–2

P: Tumour response non- 
irradiated 8 weeks, abscopal 
response, OS
S: Abscopal effect elsewhere in 
the body

(continued)

50 Oligometastatic and Oligoprogression Disease



398

Table 50.1 (continued)

Trial/Identifier/Principal 
investigator/Country/Accrual 
time Population and study summary

Estimated 
enrolment/
Phase

Primary end-point (P)/Secondary 
end-point (S)

aSRS + Atezolizumab
Brain M1 TN BC
NCT03483012
USA
2018–2021

Single group assignment
Atezolizumab 
(anti-PD-L1) + SRS
TNBC with brain M1 (≤ 5)

45
Phase 2

P: PFS (24 weeks)
S: Extracranial objective 
response, clinical benefit, OS, 
toxicity, radiation necrosis, 
patient outcome, abscopal 
response rate

aSRS + Nivolumab
BRAIN M1 BC
NCT03807765
USA
2019–2022

Single group assignment
Nivolumab + SRS
BC with brain M1 (≤ 10, ≤ 
4 cm)

14
Phase 1

P: DLT up to 8 weeks)
S: Intracranial local/distant brain 
tumour treatment (3, 6, 
12 months), PFS (12 months), 
OS (24 months)

P Primary end-point, S Secondary end-point, BC Breast Cancer, fx fraction, ctDNA Circulating Tumour DNA, CTCs 
Circulating tumour Cells, DLT Dose Limiting Toxicities, HHRR Hormonal Receptors, HNSCC Head and Neck cancer 
Squamous Cell Carcinoma, LC Local Control, LR Local Recurrence, MBC Metastatic Breast Cancer, MTD Maximum 
Tolerated Dose, M1 metastases, NHL Non-Hodgkin Lymphoma, NSCLC Non–Small Cell Lung Cancer, OS Overall 
Survival, PC Prostate Cancer, PFS Progression-Free Survival, QoL Quality of Life, RT Radiation therapy, SABR/SBRT 
Stereotactic Ablative Radiation Therapy, SOC Standard of Care, TMZ Temozolamide, TNBC Triple-Negative Breast 
Cancer, WBRT Whole Brain Radio-Therapy
a Exclusively oligometastatic breast cancer

RT dose using advanced technologies and/or 
techniques that facilitate smaller set-up margins, 
all without compromising tumour coverage and 
limiting dose to normal tissues. At present, no 
evidence limits SBRT use to a maximal number 
of metastases, or a maximal lesion size. The only 
limitation is the ability to deliver curative intent 
SBRT safely, which can vary case-by-case. In 
fact, the primary goal of SBRT is to maximise 
tumour control and minimise short and long-term 
side effects. No firm recommendations can be 
made for SBRT in breast cancer.

In clinical practice, input is required from a 
multidisciplinary team that considers all options 
including metastatic-directed therapy as well as 
systemic therapy. Decision-making should take 
into account that oligometastatic treatment varies 
with type of oligometastatic state and case. To 
maximise long-term remission all OMD sites 
should be treated as progression often occurs at 
mapped metastatic locations. Tailoring therapy is 
the goal when safe delivery of SBRT is indicated 
and feasible. Risks and benefits must be assessed, 
bearing in mind lesion location and adjacent 

organs, volume of the lesion, length of systemic 
therapy interruption, and expected clinical 
benefit.

In synchronous and metachronous metastasis, 
prognosis, treatment options and risk of occult 
disseminated metastases can differ, with the 
length of the disease-free interval appearing to 
have a prognostic impact in the latter form [13]. 
Locoregional control of the primary tumour is 
not mandatory but should be taken into account 
as a prognostic factor when treating metachro-
nous OMD. Whether SBRT is of benefit or not to 
patients with oligometastatic breast cancer 
requires further investigation as no studies have, 
as yet assessed its efficacy in the different histo-
logical subtypes. Molecular breast cancer sub-
types impact upon prognosis and may be linked 
to an intermediate oligometastatic breast cancer 
status with limited metastatic capacity. Metastatic 
patterns in breast cancer patients with different 
subtypes are well-known [14]. HER2-positive 
and triple-negative tumours usually metastasize 
to visceral sites and luminal tumours to the bones. 
All subtypes, other than triple-negative, are more 
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likely to metastasize into intermediate oligometa-
static breast cancer and might consequently 
 benefit more from SBRT. Furthermore, receptor-
positive lesions were associated with better out-
comes than receptor-negative metastases [10, 
15]. Although young patients with hormone 
receptor-positive bone or subcutaneous oligo-
metastatic breast cancer are ideal candidates for 
SBRT, patients with other molecular subtypes 
should not be excluded from SBRT. SBRT should 
be administered to patients with HER2-positive 
tumours who are receiving systemic anti-HER2 
therapies and to triple-negative patients, particu-
larly if they are receiving immunotherapy, as it 
should improve response and extend survival. 
Finally, in selected cases, SBRT may serve to 
delay systemic therapy.

50.4  Unmet Needs

Although SBRT use is increasing, many issues 
need to be clarified and many open questions 
need to be answered.

First of all, a “true” oligometastatic state 
should be defined together with the appropriate 
imaging tools and type of follow-up. Indeed, con-
ventional imaging (CT, bone scan) seems to play 
a limited role in the detection of oligometastatic 
breast cancer. New metabolic and functional 
imaging tools have a higher sensitivity and speci-
ficity [16], but the information they provide is not 
always sufficient for the diagnosis of a “true” 
oligometastatic state. Furthermore, issues arise 
with the follow-up after breast cancer treatment. 
Although a more intensive approach than clinical 
examination and annual mammography seems 
required, what should constitute it still remains to 
be established. Risk factors including disease 
stage, biopathology and other features should be 
taken into account [17] .

Little information is available on efficacy and 
toxicity when SBRT is combined with systemic 
therapy [18]. As timing remains unclear, several 

ongoing studies are investigating outcome, safety 
and when to deliver SBRT during treatment with 
new drugs such as checkpoint inhibitors or 
targeted- therapies [19]. As most Radiation 
Oncology Centres do not administer systemic 
therapy, close collaboration is crucial between 
radiation and medical oncologists who should be 
aware of SBRT potentialities. SBRT should be 
considered as a valid option that should not be 
reserved for patients who do not respond to sys-
temic therapy schedules.

To meet these needs, attempts are being made 
to understand the immunomodulating effect of 
SBRT and to identify molecular biomarkers and 
imaging patterns that detect OMBC and predict 
response to therapy [20]. Depending on the 
molecular subtype and gene profile, single and 
total doses might need to vary. These approaches 
fit in with the overall goal of precision medicine 
which is to define a unique disease phenotype 
and to tailor therapy so as to cure each single 
patient. Big data mining is expected to draw a 
new scenario in oligometastatic breast cancer 
[21, 22] and, in fact, the ESTRO and the EORTC 
joined in the OligoCare study, that is, a pragmatic 
observational basket study in order to evaluate 
outcomes after radical RT for oligometastatic 
patients [NCT03818503].

50.5  Summary

Oligometastatic breast cancer impacts disease 
outcome and often requires systemic therapy 
which is inevitably associated with toxicity and 
worse QoL. SBRT is a valid, safe option whether 
administered alone or combined with systemic 
therapy as it controls disease progression and 
favourably influences survival and QoL.  The 
associated issues and open questions which were 
explored in this chapter need investigation so as 
to identify patients most likely to benefit from it 
and to establish its place in current therapies for 
oligometastatic breast cancer.

50 Oligometastatic and Oligoprogression Disease
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Re-irradiation

Sabine Oldenborg 
and Jean-Michel Hannoun-Levi

51.1  Background

Postoperative breast cancer RT is crucial for 
reducing the risk of the occurrence of local 
relapse [1–5]. However, despite an optimal thera-
peutic approach, some patients may experience a 
local ipsilateral breast tumour recurrence (IBTR) 
or a new primary tumour in the same breast, with 
a 20-year cumulative incidence rate of 15% in 
older series, which is reduced significantly over 
the last four decades [2, 5, 6].

For second-IBTR or new primary breast can-
cer occurring in a previously irradiated area (i.e. 
Hodgkin disease, thoracic irradiation, BCT), sal-
vage mastectomy was historically considered as 
the standard treatment, with no other alternative 
of care. However, advances in screening pro-
grammes and early detection, with effective treat-
ments including locoregional and systemic 
therapies, decreased 5-year and 10-year rates of 
LRR with overall survival increasing [6]. 
Prolonged survival increases the chances for LR 
and LRR and/or second ipsilateral breast cancer, 
enforcing the need for re-treatment, including 
reirradiation, especially for the approximately 

half of recurrent breast cancer patients that pres-
ent with isolated LR or regional only or 
LRR.  Therefore, as RT is an integral part of 
breast conserving approach and is increasingly 
used in the postmastectomy setting for the first 
occurrence of breast cancer, re-irradiation as part 
of definitive treatment for locoregional recur-
rence gained more interest over the years.

Understanding of the fundamental principles 
of reirradiation is essential for the management 
of these patients. The current section aims to pro-
vide clinicians tools to manage the different sce-
narios of LRR with the limitation that most 
published data about reirradiation comes from 
animal studies, retrospective cohorts, with only 
limited data from prospective multicentre early 
phase trials.

51.2  Second Breast-Conserving 
Surgery

Historically the standard therapeutic approach of 
ipsilateral in-breast recurrence after BCT is mas-
tectomy with rates of second recurrence after sal-
vage mastectomy of approximately 10% [7, 8]. In 
selected cases, especially late-onset limited in- 
breast recurrence (including second primaries) or 
patients who refuse mastectomy, a second BCS 
can be considered [8–13]. Salvage BCS without 
reirradiation is not the recommended approach as 
it is associated with poor outcome and increased 
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mortality, however it can be offered in selected 
low risk patients who refuse mastectomy or BCS 
and reirradiation [14]. In general, local recurrence 
rates following repeat BCS without RT range 
from 10 to 50%, with most reports in the 30–35% 
range [8–13]. It seems that local control rates of 
salvage lumpectomy was similar those in pro-
spective trials of newly diagnosed breast cancer 
patients treated with BCS alone [8–13] and the 
addition of repeat irradiation in LR significantly 
decreased local failure after salvage lumpectomy 
similar to that seen at primary diagnosis. 
Therefore, reirradiation should be offered in case 
of second BCS. Even though over the years RT 
planning and delivery significantly improved to 
optimise therapy and reduce OAR exposure, the 
use of 3D-CRT, DIBH and particle therapy in reir-
radiation to reduce RT-related toxicity and 
increase the therapeutic ratio is not well described 
in the literature. Today, the largest multicentre 
trial evaluating second BCT approach was con-
ducted by the GEC-ESTRO Breast Cancer 
Working Group [10, 15] treated with salvage BCT 
including APBI with interstitial brachytherapy. 
Additionally, the RTOG 1014 phase II trial 
reported second BCT approach with EBRT-PBI 
[16]. Nevertheless, little is known about second-
BCS and whole-breast irradiation [17]. As reirra-
diation is often offered in case of LRR after 
salvage mastectomy for non- metastatic recur-
rence much can be learned about the risks for 
OAR toxicity in case of whole breast reirradiation 
[18, 19]. Therefore, patients who have an explicit 
wish for breast conservation could be considered 
for salvage breast-conserving surgery followed by 
reirradiation, preferably partial breast irradiation 
to reduce potential toxicity. Moreover, as most of 
the data comes from the GEC-ESTRO Breast 
Cancer Working Group work [10, 15].

51.3  Challenges of Reirradiation 
and Maximal 
Cumulative Dose

Patients who have second LR or LRR without evi-
dence of metastatic disease have a potential cura-
tive disease. Therefore, the two key principles of 

RT should not be compromise in this setting espe-
cially when considering treatment approach: dis-
ease control while minimising potential RT 
related toxicity. Treatment protocols for locore-
gional recurrence vary from country to country, in 
some the standard locoregional treatment 
approach is salvage mastectomy with/without 
reirradiation with/without hyperthermia while in 
others, second BCS and interstitial brachytherapy 
is the preferred approach. The OAR in case of 
reirradiation may change according to the tech-
nique (e.g. interstitial brachytherapy versus 
EBRT), and may include the skin, subcutis and 
lymphatic basins, heart, lungs, ribs, shoulder joint 
and brachial plexus and any other uninvolved tis-
sue that might by exposed to RT dose. Depending 
on the RT volumes and treatment planning (e.g. 
vIMRT), other organs such as liver and thyroids 
gland should be considered. Efforts should be 
made to reduce potential RT dose to these organs 
including considering DIBH also for right-side 
RT if it provides dosimetric advantage for OARs 
and reduce the irradiated volumes if possible (e.g. 
by PBI, brachytherapy).

Reirradiation of the axillary lymph node areas 
should be avoided as it can lead to injury to the 
brachial plexus and lymphoedema; both lym-
phatics and nerves are slowly proliferative tissues 
with a higher risk for residual sub-clinical dam-
age. Late osseous damage was estimated to have 
a α/β ratio of 1.8–2.8 Gy, indicating that the bone 
is behaving like a late responding tissue [20]. 
This complication can be a result of fractures, 
also associated with menopause, systemic treat-
ments including aromatase inhibitors and osteo-
porosis. Additionally, osteonecrosis, which may 
result from radiation or from prolonged bisphos-
phonate treatment can also be the underlining 
process leading to rib fractures [21]. Rib fracture 
was reported in 7% of the patients at 5-year after 
reirradiation and hyperthermia [18]. Factors that 
are associated with increased risks for rib frac-
ture include high RT doses (dose inhomogeneity 
resulting from multiple overlapping fields in the 
reirradiation setting and areas receiving 140% of 
the planned dose), high dose per fraction (e.g. 
4 Gy per fraction), large RT volumes and older 
2D techniques [18]. However, these data are from 
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reirradiation of salvage mastectomy patients, 
thus little distance from the body surface to the 
rib cage and close proximity to lungs and heart. 
In case of second BCS, depending on the case, 
the breast glandular tissue and the pectoralis 
muscles might allow to reduce the dose near the 
rib cage. Additionally, with current TPS and 
3DCRT planning, reirradiation can be done with 
homogenous planning with limited volumes 
receiving over 105% of the dose. Therefore, in 
these cases PBI, brachytherapy can have an 
advantage.

There is less data regarding the tolerance of 
the heart and/or lungs to reirradiation, therefore 
the dose should be limited as possible. Table 51.1 
lists the normal tissue constraints in a prospec-
tive phase II trial of PBI-reirradiation. 
Additionally, the study by Fattah et  al. [17] of 
whole breast reirradiation summarised the dose 
to OARs in case of breast/chest wall with/with-
out regional lymphatics reirradiation which can 
be used for clinical reference. However, due to 
the lack of data on OAR tolerance to reirradia-
tion, there is no consensus for normal tissue dose 
constraints in case of breast/chest wall reirradia-
tion. Patients with comorbidities or previous 
sequela from previous irradiation, the tolerance 

for reirradiation can be reduced. A publication 
summarising studies of reirradiation for breast 
cancer [19] reported that the RT cumulative dose 
(EDQ2) in these studies ranges from less than 
80 Gy to more than 130 Gy without significant 
toxicities. However, it is important to emphasise 
that these values are retrieved from small cohorts, 
using various RT schedules (per fraction, num-
ber of fractions per week and total dose), vol-
umes and techniques, and toxicity not well 
reported [22, 23].

51.4  General Principals when 
Considering Reirradiation

As the two key principals of RT of not compro-
mising disease control while minimising poten-
tial RT related toxicity should lead the decision 
for selecting the patients who are good candi-
dates for second BCS and reirradiation. Patients 
who have aggressive disease, radioresistant 
tumours or potentially reduced normal tissue tol-
erance should not be considered for second 
BCS. Therefore, the fundamental points to take 
into consideration for reirradiation should include 
[24] the following.

• Full evaluation of the previous irradiation 
course, guiding subsequent treatment 
planning.

• Careful consideration of the clinical benefit of 
reirradiation.

• Careful evaluation of other potential con-
tributors to poor tolerance of reirradiation 
including comorbidities and systemic 
therapy.

• Careful evaluation of current disease and the 
possibility to reduce the irradiated volumes 
and doses to normal tissues; including omis-
sion of elective volumes, using  radiosensitizers, 
such as chemotherapy and/or hyperthermia to 
reduce the radiation dose.

As of today, the choice between second BCS 
and salvage mastectomy remains under debate 

Table 51.1 Normal tissue dose constraints used in the 
NRG Radiation Therapy Oncology Group (NRG/RTOG), 
1014 prospective phase II trial of 3D-external beam par-
tial breast reirradiation, 1.5 Gy x 30 (twice a day), to a 
total dose of 45 Gy

Normal tissue Constraints
Uninvolved 
ipsilateral breast

<60% of whole breast receive 
≥ of prescribed dose
<35% of whole breast receive 
prescribed dose

Contralateral breast <3% receive prescribed dose
Ipsilateral lung <15% receive 30% of the 

prescribed dose
Contralateral lung <15% receive 5% of the 

prescribed dose
Heart
   Right side RT
   Left side RT

<5% receive 5% of the 
prescribed dose
<5% receive 5% of the 
prescribed dose

Thyroid Maximum point dose of 3% of 
the prescribed dose

51 Re-irradiation
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but both options can be discussed with the patient. 
The GEC-ESTRO Breast Cancer Working Group 
[10, 15] analysed 754 patients who experience a 
IBTR treated either by salvage mastectomy (377 
patients) or second BCT (reirradiation was PBI 
with interstitial brachytherapy) (377 patients), 
the salvage treatment was not considered as prog-
nostic factor in univariate analysis for any type of 
oncological items including third IBTR. However, 
time length between primary and salvage surgery 
(<36  months) and tumour size (≥30  mm) were 
both considered as prognostic factors in multi-
variate analysis for cumulative incidence of dis-
tant metastasis, disease-free, specific and overall 
survival (Table  51.2) [15]. Consequently, it 
appears that the impact of a second BCT is more 
systemic than local whatever the performed sal-
vage local treatment (salvage mastectomy versus 
second BCT) while early local relapse 
(<36 months) could be candidate to adjuvant sys-
temic therapies.

Basically, facing to IBTR, the first step is to 
consider the guidelines regarding the tumour fea-

tures (Fig. Decision tree): if there is an indication 
of mastectomy (which remains the same whether 
it is a first or an IBTR: large tumour size, multi-
focality/centricity, extensive intraductal compo-
nent), second BCT is definitely ruled out. If 
salvage mastectomy is not mandatory, technical 
feasibility of a second BCT has to be carefully 
evaluated. Indeed, the cutaneous and subcutane-
ous consequences of the first surgery and irradia-
tion, the total delivered dose for the primary, the 
resultant breast size and the cosmetic impact 
have to be taken into consideration. Finally, 
patient’s choice remains crucial after a full and 
detailed explanation of the risk and benefits of 
each salvage treatment.

Table 51.2 Multivariate analyses for prognos-
tic factors of oncological outcomes performed on 
the matched (1:1) dataset (754 patients).

Patient selection for second BCS and reirra-
diation is highly important. Figure  shows an 
example for decision tree for second conserving 
therapy (2ndCT) with reirradiation APBI 
(APBrI).

If it was a primary tumour,
would we suggest a

conservative treatment?
Guidelines related to tumour features (efficacy)

Consequences of the treatment of the primary
(toxity, breast size ...)

Are 2nd lumpectomy and APBrl
technically acceptable?

Patient choice
for 2ndCT

yes

yes

yes

no

no

no

Salvage
mastectomy

2nd CT
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Table 51.2 Multivariate analyses for prognostic factors of oncological outcomes performed on the matched (1:1) 
dataset (754 patients)

Multivariate analysis

Oncological outcomes
Data Hazard ratio Confidence interval 

95% p value
Cumulative incidence of 
third ipsilateral breast 
tumour event

No

Cumulative incidence of 
regional relapse

No

Cumulative incidence of 
distant metastasis

Time length between primary 
and salvage surgery 
(<36 months)
Period of salvage surgery
≤31.12.2001
≥01.01. 2002/≤31.12.2009
≥01.01. 2010
Tumour size (≥30 mm)

1.78
1
0.58
0.35
2.89

(1.02–3.08)
–
(0.34–0.94)
(0.17–0.68)
(1.70–4.87)

0.035
–
0.026
0.001
<0.001

Disease-free survival Time length between primary 
and salvage surgery 
(<36 months)
Period of salvage surgery
≤31.12.2001
≥01.01. 2002/≤31.12.2009
≥01.01. 2010
Tumour size (≥30 mm)

1.92
1
0.61
0.42
1.89

(1.23–3.00)
–
(0.40–0.91)
(0.24–0.71)
(1.16–3.06)

0.003
-
0.014
0.001
0.008

Specific survival Age (<48 year)
Time length between primary 
and salvage surgery 
(<36 months)
Tumour size (≥30 mm)
Tumour grade
1
2
3

1.78
1.71
2.09
1
2.22
2.51

(1.08–2.93)
(0.94–3.10)
(1.14–3.82)
–
(1.06–4.64)
(1.20–5.29)

0.019
0.050
0.014
–
0.029
0.012

Overall survival Time length between primary 
and salvage surgery 
(<36 months)
Tumour size (≥30 mm)

2.01
1.67

(1.23–3.28)
(0.96–2.90)

0.004
0.048

51.5  Reirradiation Protocols After 
Second BCS

51.5.1  Partial Breast Irradiation

At this time, there has been no phase III trial 
directly comparing these two therapeutic 
approaches. Nevertheless, encouraging results in 
terms of oncological and cosmetic outcomes 
after second BCS with additional partial breast 
reirradiation have been provided by the GEC- 
ESTRO Breast Cancer Working Group and the 
RTOG 1014 [10, 15, 16]. The initial report by 

the GEC-ESTRO Breast Cancer Working Group 
[10], included 217 patients reported that at a 
median follow-up of 3.9  years, local control 
rates were encouraging with 5- and 10-year actu-
arial second LRR rates of 5.6% and 7.2%, 
respectively. Distant metastases rates are 9.6% 
and 19.1% and overall survival 88.7% and 
76.4%, respectively. In the multivariate analysis, 
histological grade was a prognostic factor for a 
second local relapse (p = 0.008) and for overall 
survival (p  =  0.02), while tumour size was a 
prognostic factor for distant metastases 
(p = 0.03). The rate of grade 3–4 complications 
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was 11% and an excellent to good cosmetic 
result was obtained in 85% of the patients [10]. 
A recent publication by the Breast cancer work-
ing group of the GEC- ESTRO reported the 
results of a matched-pair analysis between sal-
vage mastectomy and BCS and brachytherapy of 
1327 patients [15]. Data were collected from 15 
centres in 7 European countries. Among the 
1327 analysed patients (mastectomy, 945; con-
servative treatment, 382), 754 were matched by 
propensity score (mastectomy, 377; second BCS, 
377). The analysis included patients of all ages 
presented no evidence of skin involvement or 
distant metastatic disease, had no history of con-
tralateral breast cancer, had a tumour staged 
T1–2, and had at least 12 months between pri-
mary and salvage surgery. The median follow-up 
was 75.4 months (95% confidence interval [CI], 
65.4–83.3) and 73.8 months (95% CI, 67.5–80.8) 
for mastectomy and second BCS, respectively 
(P  =  0.9). In the matched analyses, no differ-
ences in 5-year overall survival and cumulative 
incidence of third breast event were noted 
between mastectomy and conservative treatment 
(88% [95% CI, 83.0–90.8] vs 87% [95% CI, 
82.1–90.2], P = 0.6 and 2.3% [95% CI, 0.7–3.9] 
vs 2.8% [95% CI, 0.8–4.7], P  =  0.4, respec-
tively). The 5-year cumulative incidence of sal-
vage mastectomy in the second BCS group was 
3.1% (95% CI, 1.0–5.1).

The RTOG 1014 Phase 2 trial recently pub-
lished short term outcomes of EBRT-PBI reirra-
diation in case of second BCS [16]. Eligible 
patients were those with unifocal, in-breast 
recurrences of less than 3 cm, and at least 1 year 
after primary BCT.  The reirradiation protocol 
was of 1.5 Gy twice daily for 30 treatments dur-
ing 15 days to a total dose of 45 Gy. The trial 
included a total of 65 patients but only 58 were 
included in the published analysis. The actual 
patient population were low risk patients includ-
ing only 60% invasive cancer and over 90% of 
the lesions were less than 2  cm with predomi-
nantly ER positive tumours. The 5-year cumula-
tive of local recurrence was 5% (95% CI, 
1%–13%). Seven patients underwent ipsilateral 
mastectomies for a 5-year cumulative incidence 
of 10% (95% CI, 4%–20%) [16].

Therefore, conservative treatment could be 
considered a viable option for salvage treatment 
in selected cases indicated above [15].

Recently, new reirradiation techniques have 
emerged in combination with salvage lumpec-
tomy, mimicking the process of a first breast 
conservative treatment, such as 3DCRT 
(Table  51.3), balloon-based brachytherapy and 
IORT (Table 51.4). The most used and well doc-
umented reirradiation technique is accelerated 
and partial breast reirradiation using multicathe-
ter interstitial brachytherapy (Tables 51.5) [24]. 

Table 51.3 Partial breast reirradiation with external beam radiotherapy [11]

Authors

# 
pts

MFU 
(months)

Irradiation 
techniques

Dose (Gy) 3rdIBTE rate 
(%)

5-y OS 
(%) ≥ G3 tox. 

(%)
Total 
(Gy) Dose/f

Mullen et al. 
[12]

17 75 Cobalt + E- 50 2 – – –

Deutsch et al. 
[13]

39 51.5 E- 50 2 – – –

Janssen et al. 
[14]

83 35 3D CRT 45 1.8 14.5a 76 0

Thorpe et al. 
[10]

50 12.7 Proton 45–76 – – 97 16

Arthur et al. 
[6]

58 12 3D CRT 45 1.5 
(BID)

– – 2

# pts. number of patients, MFU median follow-up, E- electron, Dose/f dose per fraction, 3rdIBTE third ipsilateral breast 
tumour event rate, OS overall survival, ≥G3 tox. grade 3 and higher toxicity rate, 3DCRT 3D conformal radiation 
therapy
a@ 21 m
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Table 51.4 Partial breast reirradiation with IORT [11]

Authors
# 
pts

MFU 
(months)

Irradiation 
technique

Median Dose 
(Gy)

3rdIBTE-FS 
(%)

5-y OS 
(%)

≥ G3 tox. 
(%)

Kraus-Tiefenbacher 
et al. [15]

17 26 X 50 kV 20 100 – –

Chin et al. [16] 12 14 X 50 kV 20 100 – 0
Thangarajah et al. [17] 41 58 X 50 kV 20 89.7 82 0
Blandino et al. [18] 30 47 E- 18 92.3 91.2 21

# pts. number of patients, MFU median follow-up, X 50 kV X photons of 50 kV, E- electron beam, 3rdIBTE-FS third 
ipsilateral breast tumour event free survival rate, OS overall survival, ≥ G3 tox. grade 3 and higher toxicity rate

As these treatments are becoming widely avail-
able, and as opposed to multicatheter brachy-
therapy, require less specialised expertise, we 
recommend that these cases will be documented 
in prospective cohorts and close follow up to 
allow for careful evaluation before widely adopt-
ing this approach.

51.5.2  Whole Breast Re-irradiation

Mastectomy is the recommended treatment 
approach in patients who are not candidates for 
partial breast reirradiation. However, some 
patients received previous whole breast RT but 
were not exposed to a full dose and/or the RT 
volume included the entire breast volume (e.g. 
Hodgkin lymphoma patients). These patients 
often can be safely reirradiation to the whole 
breast up to the same doses as for other breast 
cancer patients. Moreover, in cases that patients 
refuse mastectomy and are not candidates for 
PBI because of high risk for recurrence, reirra-
diation of the whole breast can be considered 
after discussing with the patient the lack of data 
to support this approach and the risk of long-
term toxicity. Reports of whole breast reirradia-
tion are scarce and with limited number of 
patients, and toxicity data mainly comes from 
reirradiation of the chest wall [17, 22, 24]. A 
recent publication by a group from the Mayo 
Clinic [17] reported their experience with reir-
radiation for locoregional recurrent or second 
primary breast cancer. The study included 72 
patients underwent reirradiation for second BCS 

or mastectomy. Median time between RT 
courses was 73 months and the median cumula-
tive dose of both RT courses was 103.54  Gy 
(EDQ2). Sixty one percent of the patients were 
treated in a curative intent, and 47% had gross 
residual disease at time of reirradiation. Fifty-
two patients (72%) were treated with photons 
with/without electrons and 20 (28%) with pro-
tons. The most common acute toxicity was radi-
ation dermatitis grade 1 in 60%, grade 2 in 31% 
and grade 3 in 8% based on the CTCAE scale. 
One additional patient experienced grade 3 skin 
necrosis during treatment. However, it was not 
clear from the publication if it was progressive 
disease or due to radiation planning (e.g. bolus) 
as the authors noted that the patient had diffuse 
dermal lymphovascular invasion and indicated 
that it was a probable contributor to acute toxic-
ity. Reirradiation volumes (breast/chest wall 
only or with regional lymphatics), and concur-
rent capecitabine at reirradiation were the only 
variables significantly associated with the devel-
opment of acute grade 3 adverse events. Late 
grade 1 toxicity included brachial plexopathy in 
one patient, osteonecrosis in one, soft tissue 
necrosis in two patients (3%), decreased range 
of shoulder motion in 10%, chest wall and soft 
tissue fibrosis in 15%, and lung fibrosis in 18%. 
Osteonecrosis of the anterior second rib was 
experienced by a patient treated with curative 
intent using photons initially and at reirradia-
tion. The irradiated volumes completely over-
lap, and courses were 46  months apart with 
cumulative dose 100.4 Gy (50 Gy to the breast 
followed by 50.4 Gy to the chest wall and nodes 
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at reirradiation). Late grade 2 toxicity included 
brachial plexopathy 3%, lymphoedema in 3%, 
soft tissue necrosis in 3%, wound complication 
in 4%, decreased range of shoulder motion in 
6%, skin infection in 8%, new chest wall and 
soft tissue fibrosis in 13% and telangiectasia in 
13%. However, both patients with brachial 
plexopathy the axilla was not retreated, and the 
plexopathy was noted with subsequent axil-
lary  recurrence with plexus involvement. 
Importantly, the investigators indicate that the 
time between RT courses and reirradiation was 
significant for toxicity at any time and overall a 
rate of 13% of patients experiencing grade 3 
toxicity at any point (10% acute skin toxicity 
and 3% late skin necrosis), with none of the 
patients experiencing grade 4 or 5 toxicities. At 
2  years, locoregional recurrence-free survival 
was 93.1% and overall survival was 76.8% 
among curative intent patients treated without 
gross disease [17].

If such an approach is planned, we recommend 
meticulous RT planning, homogenous RT plans 
with minimising areas of doses over 100% and 
reducing the doses to the ribs and costochondral 
junction. Minimising OAR exposure as possible. 
Patients treated with this approach need to be fol-
low up carefully to evaluate and document any 
RT-related toxicity. Prospective databases and 
reporting these cases will allow for further data of 
the outcome of whole breast reirradiation with/
without regional node using new RT techniques. 
Documenting and reporting RT related toxicity in 
daily practice is discussed in other sections.

51.5.2.1  Technical Considerations 
for Multicatheter Image- 
Guided Brachytherapy

The GEC-ESTRO published practical guide-
lines for multicatheter image-guided brachy-
therapy for breast cancer patients [25, 26]. The 
implantation of plastic tubes or more rarely 
rigid needles can be performed during or after 

the lumpectomy time. Each procedure has its 
own advantages and disadvantages [27]. 
Whatever the timing of the implant, it must be 
built according to the square/triangle geometric 
rules of the Paris System. During the implant, 
once the needle is inserted in the proximal 
entrance-skin point, it is crucial to target with 
the highest precision the expected exit-skin 
point and to push the needle in one (or two) ges-
ture to keep the needle/catheter as straight as 
possible. The objective is to provide an implant 
with at least 2 plans (avoiding single plan except 
for very thin target volume with very few breast 
tissue) and keeping in mind that it is simpler to 
place a tube which will be not used to properly 
cover the target rather than to insert an extra 
tube after the post-implant CT-scan. The planifi-
cation should be based of 3D-imaging analysis 
(CT-scan). Target (CTV) delineation modalities 
regarding the type of surgery (open or closed 
cavity) were already described by the Breast 
Cancer Working Group of GEC-ESTRO [25, 
28]. The CTV must consider safety margins 
which are defined as the sum of “size of existing 
surgical resection margins” plus, “size of the 
added safety margins” [25, 28]. The presence of 
4–6 clips marking the borders of the lumpec-
tomy should be a prerequisite for brachytherapy 
but must be differentiated from those which 
were implanted at the time of lumpectomy per-
formed for the primary breast cancer. The pre-
scribed dose for APBrI is the same compared to 
its used for APBI: 34 Gy in 10 fractions (twice 
daily), 32 Gy in 8 fractions, 30.1 Gy in 7 frac-
tions [25, 29]. The dose distribution optimisa-
tion must follow and respect the recommended 
dose-volume limits for implant, CTV and organs 
at risk (ipsilateral non- target breast, skin, rib, 
heart and ipsilateral lung) (Table 51.5) [25]. The 
dose distribution will be checked in each view 
(frontal, sagittal and  transversal) in order to 
avoid V200  >  1  cm and confluence of 2  V200 
isodoses.
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During the daily treatment it is essential to 
check before each fraction:

 – the appearance of the skin: infection, flow, 
colour, deformation with potential haematoma 
(a daily disinfection around the puncture holes 
is warranted).

 – the position of the catheters by verifying that 
the distal part remains in contact to the skin. In 
case of major displacement of the catheter, a 
new planification should be performed.

At the end of the treatment (after the last frac-
tion), all catheters can be removed without any 

local anaesthesia. There is no need of systematic 
antibiotic prescription.

51.6  Summary

For IBTR or new primary breast cancer occurring in 
a previously irradiated area salvage mastectomy 
with/without reirradiation with/without hyperther-
mia was historically considered as the standard 
locoregional treatment approach. However, recent 
data suggest that in selected cases, second BCS and 
reirradiation can be offered to patients who opt for 
breast preservation. A multidisciplinary discussion 
should be associated with the shared decision-mak-
ing process and informing the patient for pro and 
cons of each approach. In view of the potential 
long-term disease-free survival, meticulous target 
volume delineation and selection of the most appro-
priate techniques should be used to decrease the risk 
of toxicity. Data should be recorded and long-term 
follow is needed before adopting these treatments 
as the main approach in case of recurrence.
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Re-irradiation Combined 
with Hyperthermia

Sabine Oldenborg and Jean-Michel Hannoun-Levi

52.1  Background

There is a strong biological and clinical rationale 
for the application of hyperthermia as an adjunct 
to RT and/or chemotherapy, as its biological 
working mechanism are complementary to, and 
synergistic with both treatment modalities. First 
of all, hyperthermia (temperatures up to 
41–45  °C) alone induces protein denaturation 
leading to cytotoxicity. This process is limited 
and predominantly takes places in hypoxic, aci-
dotic and nutrient-deprived cells, in parts of the 
tumour where chemotherapy and RT are less 
effective [1, 2]. In contrast, normal tissue is not 
affected as it is protected by perfusion through 
organised vascular structures. This effect of 
hyperthermia it too limited to be used as a single 
treatment modality. However, hyperthermia has 
also proven to interfere with the DNA repair 
mechanisms [3, 4], enhance perfusion and re- 
oxygenate tumour tissue [2, 5–11]. Thus, when 
combined, hyperthermia can enhance the effect 
of RT and/or chemotherapy. This enables using 
lower doses of these treatments to achieve the 

same cytotoxic effect, while potentially reducing 
the side effects of re-treatment.

52.1.1  Indications

Indication for re-irradiation plus hyperthermia: 
combined DEGRO [12] and Dutch Institute for 
Healthcare Improvement guidelines [13]:

 1. Adjuvant
• Locoregional recurrence (LRR)/second 

primary tumour, in previously irradiated 
area in, the presence of one or more risk 
factors listed below.

• If possible, it should be given after salvage 
ablation/resection ± systemic therapy.

• Curative intention with M0 or M1 
oligometastases.

• Axilla recurrence without local recurrence: 
presence of recurrent LN, excised LN or 
elective regional re-irradiation.
The following risk factors are considered 

when counselling the patient: LVI, grade 3, 
age ≤40 years, triple-negative tumour, tumour 
size >3  cm, resection margins (close vs. R1 
vs. R2), multi-centricity, diffuse tumour 
growth, history of ≥1 previous LRR, nodal 
involvement, distant metastases, remaining 
options (and response to) systemic therapy. 
High-grade DCIS, if incompletely resected, 
could be considered as well.
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 2. Palliative/Symptomatic (please see also the 
section about inoperable breast cancer).
• Inoperable LRR in previously irradiated 

area (± neoadjuvant systemic therapy).
• Individual determination of curative or pal-

liative intention.

In case of areas of overlap with previous radi-
ation fields ≤50%, consider re-irradiation with-
out hyperthermia.

52.1.2  Clinical Results

Clinical evidence comes from the combined 
results of 5 phase III trials demonstrated a signifi-
cant 26% increase of complete clinical response 
rates and a 20% improvement of the 3-year local 
control (LC) rate to 43%, when hyperthermia 
was added to re-irradiation for patients with non- 
resectable locoregional recurrent breast cancer in 
previously irradiated areas [14]. Toxicity was not 
affected by the addition of hyperthermia. A recent 
meta-analysis by Datta et al. [15] supported the 
combined results of the 5 phase III trials, pub-
lished in 1996 [14]. In 16 studies (779 patients 
from single-arm studies and 83 patients from 
two-arm studies) complete response was 
improved from 38% for re-irradiation alone to 
66.6% for re-irradiation with hyperthermia. A 
mean ERBT re-irradiation dose of 36.7 Gy (range 
29.4–50.5 Gy) was delivered at an average dose 
per fraction of 2.7 Gy (2–4 Gy). Soon after the 
results of the 5 randomised trials became known, 
the Dutch National guidelines adopted the com-
bination of re-irradiation plus hyperthermia as 
standard of care for recurrent breast cancer in 
previously irradiated area, preferably preceded 
by surgery [13]. As a consequence, over time, 
more patients with LRR breast cancer were 
treated with re-irradiation plus hyperthermia than 
anywhere else in the world. To get more insight 
in the long-term results of this treatment and vari-
ables that could affected these results, data form 
two Dutch hyperthermia institutes, using the 
same hyperthermia devices, were collected from 
1988 up to 2006. In the one institute patients 
were irradiated with 4 Gy X 8 fractions, twice a 

week to a total dose of 32 Gy, using abutted pho-
ton and electron fields, whereas in the other insti-
tute patients were irradiated with 3  Gy X 12 
fractions, four times a week to a total dose of 
36  Gy, using either one single small electron 
field, or an alternating combination of electron 
fields. The clinical complete response rate was 
30–58% for 583 treated patients depending on 
tumour size [16–18]. These rates were lower than 
expected based on the results from the prospec-
tive studies. The inclusion of small, single, easily 
treatable lesions in prospective studies shifted to 
including patients whose tumours even covered 
the whole chest wall, in daily practice. This was 
done to reduce local tumour burden as no other 
treatment options were left.

For the patient group that received re- 
irradiation plus hyperthermia as adjuvant treat-
ment after surgery, the 5-year LC rate was 70%. 
The most important factor that affected duration 
of LC was time interval to recurrence. In the ran-
domised trials late toxicity reports and analyses 
were hampered by different scoring criteria, lack 
of data and limited follow-up time. In the retro-
spective analysis, the fact that patient inclusion 
criteria in all daily practice allowed for treatment 
of patients with stigmata from previous treatment 
modalities still present, resulted in a higher 
cumulative ≥ grade 3 toxicity rate (33%) than 
expected. Whereas the difference in re-irradiation 
schedule and technique had no influence on 
tumour control, it did significant influence late 
toxicity. The 3-year risk on ≥grade 3 late toxicity 
doubled after 4 Gy X 8 fractions with large, abut-
ted photon/electron fields [19, 20]. The re- 
irradiation schedule and inclusion criteria are 
now adapted to these results. What happens if re- 
irradiation plus hyperthermia precedes surgery is 
not known.

52.1.3  Techniques: Re-irradiation 
Plus Hyperthermia

For adjuvant intent, the core target volume 
encompasses the high-risk part of the mastec-
tomy area (in case of ablatio for recurrence with 
indication for re-RT) or the area of re-resection 

S. Oldenborg and J.-M. Hannoun-Levi



415

(in case of resected chest wall recurrence after 
previous mastectomy). The CTV encompasses 
this area with a generous margin, generally 3 cm 
circular on the skin and the subcutis up to the 
underlying muscles or chest wall. If possible, 
margins can be individualised, among others 
based on patient’s anatomy, tumour size and 
resection margins. For palliative/symptomatic 
intent, the CTV encompasses the chest wall area 
recurrent disease with a margin of ±3 cm circular 
on the skin and the subcutis up to the underlying 
muscles or chest wall. The dose schedule used in 
The Netherlands is 2 Gy X 23 fractions given, in 
5 fractions a week to a total dose of 46 Gy, unless 
physical condition requires otherwise. Once a 
week this is combined with hyperthermia. The 
RT technique depends on the size and shape of 
the target volume. The dose constraints for OARs 
are determined individually, based on size and 
site of target volumes, and location and extend of 
areas overlapping with earlier RT. The DEGRO 
guidelines also recommend a total re-irradiation 
dose of 45–50 Gy, with the addition that cumula-
tive doses should not exceed 100–110 Gy (2 Gy 
equivalent dose), time interval between primary 
radiation and re-irradiation should be >1  year, 
and severe radiogenic stigmata, caused by late 
radiation effects from previous RT, should be 
absent.

International quality assurance guidelines 
exist for both the application of hyperthermia as 
well as for the technical requirements for heating 
devices [21, 22]. Local hyperthermia, also 
referred to as superficial hyperthermia, is applied 
to superficially located target volumes and there-
fore commonly used to treat LRR of breast can-
cer. Although different devices exist Contact 
Flexible Microstrip Applicators (CFMA), con-
nected to a 434  MHz generator are frequently 
used. For maximum effect on tumour tissue and 
limited effect on normal tissue, hyperthermia 
treatments are given, preferably, within 1 h before 
or after re-irradiation. This is done once a week, 
for the duration of the re-irradiation schedule. To 
be able to monitor temperatures during treatment, 
thermometry is to be placed on the skin at repre-
sentative locations across the treatment volume. 

Special attention should be paid to locations with 
a high risk of hot or cold spots, for example, scars 
and shallow depth bones. For target volumes 
extending >1  cm deep invasive thermometry is 
performed using closed end Teflon catheters. 
After thermometry is installed, the CFMA is 
placed in such a way that its intrinsic water bolus 
matches with the irregular contours of the skin 
surface, to provide efficient coupling of the elec-
tromagnetic energy into the patient (Fig.  52.1). 
The minimal goal of the treatment is to reach a 
minimum of ≥41 °C for 60 mins throughout the 
re-irradiation volume, while skin temperatures of 
43–44 °C for 60 mins must be avoided, due to the 
risk of blistering. With the tools currently avail-
able (water-bolus temperature, power, isolation 
material) it remains quite challenging to reduce 
local hotspots and/or pain while retaining thera-
peutic temperatures in the gross of the re- 
irradiation volume.

52.1.4  Specific Clinical Situations 
and Contraindications

Though there are temperature constraints to avoid 
local overheating, it appears that temperature 
ranges and time intervals for blistering to occur, 
differ per patient, and are not predictable. 
Probably, they depend on pre-treatment individ-
ual patient characteristics like skin sensitivity, 
stigmata from previous RT, chemotherapy and / 
or surgery. These may include extensiveness of 
previous surgery, scar dehiscence, postoperative 
infection, age, smoking history, diabetics, inter-
val from last treatment to current re-irradiation 
plus hyperthermia. Skin flaps and scars are not a 
contraindication for hyperthermia, but as physi-
ology is disturbed in these areas, they require 
additional monitoring [23–25]. In case of a 
seroma pocket in the treatment volume invasive 
thermometry inside as well as along the wall of 
the cavity is necessary, as electromagnetic heat-
ing of the fluid can cause extensive temperature 
rises. Catheters need to be removed after every 
treatment, and replaced before the start of a new 
treatment, because of infection risk (Table 52.1).
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Fig. 52.1 Materials and Methods for treatments set-up (With courtesy of P.J. Zum Vörde Sive Vording, P. Pavoni, MD 
ALBA Medical System)

Table 52.1 Contraindications and relative contraindications for hyperthermia

Contraindications Relative contraindications
1. Pregnancy
2.  Pacemaker/ICD in the hyperthermia field, as 

the EM electromagnetic field might cause 
disturbances. The cardiologist should be 
consulted about the PM/ICD-dependency of 
the patient, similar to RT without 
hyperthermia. If non-dependent, the PM/ICD 
can be switched off before and re-initiated 
after treatment. If the patient is PM/
ICD-dependent, treatment should take place 
in presence of a cardiologist/pacemaker 
technician and crash trolley

1.  Silicone implants in the hyperthermia field. The risk of 
leakage, hotspots, or deformations on the long-term are not 
clear.

2.  Saline-filled implants in the hyperthermia field. The risk of 
leakage, hotspots, or deformations on the long-term are not 
clear.

3.  Tissue expanders filled with saline in the hyperthermia field. If 
the patient and surgeon are prepared to empty the tissue 
expander, the treatment could take place.

4.  Surgical stents and/or clips in the hyperthermia field might 
cause hotspots and overheating. It depends on their size, 
direction and whether treatment can take on the heating device 
place or not.

5. Other protheses or implants in the hyperthermia field.
 **For all prosthesis, it is dependent on location and depth.

52.1.5  Improvements

RT and hyperthermia characteristics may contrib-
ute to long-term tumour control and side- effects. A 
comparative study compared two different reRT 
regimens: either 4 Gy X 8 fractions, two times per 

week (once with hyperthermia) based on abutting 
photon-electron fields or 3 Gy X 12 fractions, four 
times per week (twice with hyperthermia) based 
on single or multiple electron fields. Hyperthermia 
was delivered within 1 h after RT using the same 
system to heat the tumour area to 41–43 °C. While 
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Pre-treatment situation: tumour indicated in red; CFMA
applicator in place, waterbolus in contact with skin

CFMA

water bolus

Heating phase: simulated temperature distribution on the skin
and in depth simulated

44ºC
42ºC
40ºC
38º
target

Fig. 52.2 Preliminary example of HT treatment planning system: PLAN2HEAT (with courtesy of P.  Pavoni, MD 
ALBA Medical System)

the 5-year infield local control rates were similar, 
the 5-year overall  survival rates were 13% lower 
and 5-year ≥ grade 3 toxicity was more than twice 
after the 4 Gy X 8 fractions schedule using lim-
ited-sized electron fields.

Apart from RT techniques, which are continu-
ously improving, hyperthermia devices are being 
adjusted and updated too. For instance, multi- 
element systems are being built to allow for 
detailed 2D steering. In this way, heat can be 
steered away from unwanted hot-spots, while 
maintaining high temperatures in the target area. 
Also, hyperthermia treatment planning systems 
are being developed, using the dielectric proper-
ties of different tissues in combination with per-
fusion parameters. In the future this will enable 
predicting hotspot on forehand and help to decide 
how to obtain the most homogenous heating pat-
tern. Invasive thermometry will then no longer be 
necessary. In addition, this system will be devel-
oped to allow for real-time adaptive planning for 
real time correction (Fig. 52.2).

In addition to a handful high quality hyper-
thermia institutes throughout Europa, Asia, and 
the US, there are a lot of private clinics offering 
“alternative hyperthermia” at high costs (both 
financially and ethically). These private practices 
do not comply to the international clinical and 
technical guidelines developed by the European 
Society for Hyperthermic Oncology (ESHO). It 
would, therefore, be extremely useful for patients, 
and oncology professionals to be able to gain 
access to an interactive map, with only HT clin-
ics, working according to the ESHO guidelines. 
Both patient and professionals could then be able 
to locate the nearest reliable hyperthermia centre 
and obtain the right information and advice. 
Unfortunately, such a map does currently not 
exist, nor do audits. Members of the ESHO are 
working on displaying an updated list of centres 
working together on clinical studies on their web-
site, as a surrogate option. An alternative might 
be offered here, by contacting institutes that par-
ticipated in studies listed in the reference list.
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52.2  Summary

Hyperthermia added to reirradiation improves 
clinical outcomes. Though not intrinsically toxic 
the combination of hyperthermia with reirradia-
tion can lead to an accumulation of ≥ grade 3 
toxicities, especially in patients presenting with 
stigmata from prior treatments. Therefore, a care-
ful selection of patients, techniques and doses is 
needed, preferably based on individual situa-
tions. Biological research will hopefully aid this 
process in the future. However, clinical data 
should continuously be updated to reflect upon 
current and new protocols. While hyperthermia 
has proven its value in pre-clinical and clinical 
studies, it is still not widely used.
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Concomitant Radiation 
and Systemic Therapy 
in the Adjuvant and Metastatic 
Setting

Ivica Ratosa and Luca Visani

53.1  Concomitant Radiation 
and Chemotherapy 
(Fluoropyrimidines, 
Anthracyclines, Taxanes)

53.1.1  Background

Standard of care, when combining adjuvant treat-
ment following surgery for early breast cancer, is 
postoperative chemotherapy followed by 
RT.  Concomitant administration of chemother-
apy and RT is a point of concern both for the 
adjuvant and advanced disease setting and it 
remains controversial. Consequently, concurrent 
administration is commonly avoided in clinical 
practice, as recommended by several interna-
tional guidelines.

53.1.1.1  Fluoropyrimidines
Early breast cancer
• Fluoropyrimidines are a class of antimetabolites 

anticancer drugs represented by floxuridine and 
fluorouracil (5-FU), and capecitabine [1].

• Adjuvant capecitabine for 6–8 triweekly 
cycles currently represents the recommended 
adjuvant regimen in patients with triple-nega-
tive breast cancer whose tumours did not 
achieve a pathologic full response after pri-
mary systemic therapy, having demonstrated a 
significant advantage in terms of both DFS 
and OS in the phase III CREATE-X trial [2].

• Anyway, a major point of discussion is repre-
sented by the safety of the concomitant admin-
istration of capecitabine together with RT, 
since in the study the two treatments were 
given sequentially to avoid increased toxicity 
[2], and most international guidelines recom-
mend giving adjuvant capecitabine after the 
completion of RT [3].

• In a recently published retrospective matched 
analysis, conducted on 64 patients with resid-
ual triple-negative breast cancer after preop-
erative chemotherapy with anthracyclines and 
taxanes, including 16 patients who received 
capecitabine-RT and 48 who received RT 
alone, radiation dermatitis was not signifi-
cantly different between the two groups, but 
the capecitabine-RT group was more likely to 
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require modifications in the RT schedule, 
including RT treatment breaks [4].

• In another matched cohort retrospective study, 
combined capecitabine/RT was associated 
with worse OS in clinical and matched con-
trols, after adjusting for clinical size, patho-
logical stage, and lymphovascular invasion [5].

Locoregionally advanced and metastatic 
breast cancer
• Small phase I/II studies have shown some 

benefit in pCR rate and local control with 
5-FU-based chemoradiation therapy in locally 
advanced breast cancer without significant 
additional toxicity [6, 7].

• In a single-centre phase II prospective trial, 
the capecitabine-RT combination showed a 
53.9% rate of at least grade 3 non-dermatitis 
toxicity (gastrointestinal and hand–foot skin 
reaction) and a 50% rate of grade 3 or higher 
treatment-related skin toxicity in patients with 
inoperable disease after chemotherapy, resid-
ual nodal disease after definitive surgery, 
unresectable chest wall or nodal recurrence 
after a prior mastectomy or oligometastatic 
disease. After a median follow-up of 
12.9  months, 19 out of 32 (73%) included 
patients had partial or complete response [8]. 
Compared to non–triple-negative breast can-
cer phenotypes, patients with triple-negative 
phenotype had poorer median OS (22.8 vs 
5.1  months; p  =  0.001) and 1-year locore-
gional recurrence-free survival (63% vs 20%; 
p = 0.007) [8].

53.1.1.2  Anthracyclines
Early breast cancer
• Concurrent chemoradiation therapy after breast 

surgery was investigated in limited series and 
remains controversial, because of concerns of 
toxicity with anthracyclines and RT [9].

• A retrospective single institution cohort study 
conducted on 400 patients treated with con-
comitant adjuvant chemoradiation with either 
anthracyclines or CMF, after mastectomy or 
BCS, demonstrated that anthracyclines and 
concurrent RT reduced breast cancer relapse 

rate, and significantly improved local relapse- 
free survival (LRFS), event-free survival, and 
OS in patients receiving more than one cycle, 
although leading to increased haematologic 
and non-haematologic toxicities [9].

• Sixty-seven patients treated with BCS fol-
lowed by 3DCRT and concomitant 
anthracyclines- based regimens were com-
pared in terms of compliance and acute toxic-
ity with the same number of patients irradiated 
sequentially. Acute grade ≥2 skin toxicity was 
significantly higher in the concomitant group 
compared to the sequential group, although 
there were no differences regarding the inci-
dence of grade 3 desquamation. Mean RT 
duration was longer in the concomitant group, 
and haematological toxicity represented the 
main cause of treatment discontinuation, with 
higher rate of grade 3–4 neutropenia in the 
concomitant group [10].

• In a study evaluating long-term cardiovascular 
toxicity of 600 breast cancer patients who 
received concomitant chemoradiation, the risk 
of cardiovascular events was further increased 
in case of concomitant left-sided irradiation 
and doxorubicin ≥250 mg/m2 [11].

• The SECRAB trial was a phase 3 randomised 
controlled trial, comparing concomitant to 
sequential chemotherapy RT combination in 
2297 patients with early breast cancer. Most 
patients (54.2%) received cyclophosphamide 
methotrexate and 5-FU (CMF), followed by 
anthracycline chemotherapy (45.3%). Three- 
quarters (75.5%) of patients received hypo-
fractionated RT (40–42.5  Gy in 15–16 
fractions). After a median follow-up of 
10.7 years, the 10-year local recurrence rates 
were 4.6% and 7.1% (hazard ratio 0.62; 
p = 0.012), respectively, and the greatest ben-
efit was seen for the anthracycline-CMF 
group. There was no significant difference in 
the median OS or DFS. With respect to toxic-
ity, patients in the concomitant arm developed 
higher rates of moderate/severe acute skin 
reaction (24% versus 15%; p  <  0.0001) and 
telangiectasia (3% versus 1.7%; p  =  0.03), 
compared to sequential arm [12].
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Locoregionally advanced and metastatic 
breast cancer
• The anthracyclines-RT combination was 

mainly explored before the early 1990s. 
Gastrointestinal toxicity was moderate, but 
bone marrow depression was marked in all 
cases in a study conducted on 107 advanced 
breast cancer patients treated with epirubicin–
ifosfamide and concomitant RT [13].

53.1.1.3  Taxanes
Early breast cancer
• Most studies that explored the feasibility of 

the combination of taxanes and RT after sur-
gery or in locally advanced disease were pub-
lished in the 2000–2006 period, following the 
introduction of these drugs in the adjuvant 
treatment (Table 53.1) [14–22].

• Although several experiences have shown 
mild skin events, taxane-based concurrent 

chemoradiation demonstrated to lead to sig-
nificant lung toxicity, for example, pneumoni-
tis, especially using paclitaxel given at weekly 
and every-three-weeks at doses of 60 mg/m2 
and 175 mg/m2, respectively [23].

• In the routine clinical practice, postoperative 
RT is typically delivered with a target interval 
of 3–4  weeks after taxane therapy, and this 
sequential administration does not appear to 
result in increased pulmonary toxicity.

Locoregionally advanced and metastatic 
breast cancer
• In a monocentric study conducted on 51 

patients, concurrent RT delivered with 60 Gy 
in 2  Gy/fraction together with weekly pacli-
taxel demonstrated an acceptable toxicity pro-
file. Another similar study with patients 
treated for locoregional recurrence, either 
inoperable or resected, showed that concur-

Table 53.1 Clinical studies on the combination of taxanes and radiation therapy after surgery or in locally advanced 
disease

Study

Patients 
(n)

Paclitaxel RT dosing (Gy)

Toxicity (%)
Dose (mg/
m2) Schedule

Elmongy et al., 1999 
[14]

32 175–225 Every 
3 weeks

50.4–63 G3 skin toxicity (28)

Bellon et al., 2000 [15] 8 20–35 Every 
3 weeks

46.80–50.40 plus boost Acute skin toxicity 
requiring
Delay exceeding 
5 days (35)

9 135–175 Every 
3 weeks

Taghian et al., 2001 
[16]

7 175 Every 
3 weeks

40–46 plus 6–20 boost Pneumonitis (14)

14 60–100 Weekly
Hanna et al., 2002 [17] 20 175 Every 

3 weeks
BCS: 45 plus 16 boost
Mastectomy: 50.4 plus 
10 boost

G3 skin toxicity (35)
Pneumonitis (25)

Formenti et al., 2003 
[18]

44 30 Twice 
weekly

45–46 G3 skin toxicity (10)

Kao et al., 2005 [19] 16 20–30 Every 
2 weeks

60 G3 or higher skin 
toxicity (24)

17 80 Weekly
Burstein et al., 2006 
[20]

16 60 Weekly Mastectomy: 45 plus 
4–10 boost
BCS: 45 plus 10–16 
boost

Pneumonitis (19)
24 135–175 Every 

3 weeks

Chakravarthy et al., 
2006 [21]

38 30 Twice 
weekly

45 plus 14 boost Skin toxicity (3)

Chen et al., 2010 [22] 44 175 Every 
3 weeks

39.60 plus 14 boost G3 skin toxicity (5)

Abbreviations: RT radiation therapy, BCS breast conserving surgery, G grade
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rent taxanes-RT, particularly with paclitaxel, 
showed radiation dermatitis in the treatment 
field as the most prominent toxicity, and also 
mucositis with dysphagia occurred frequently. 
No patients had grade 3 radiation pneumoni-
tis, and only 2% experienced grade 2 radiation 
pneumonitis [24, 25].

• Concomitant taxanes and RT outcomes were 
explored only anecdotally in case reports in 
the setting of metastatic disease, showing 
acceptable toxicity profile [26].

• In clinical practice, a short time interval before 
and after taxane-based chemotherapy admin-
istration is proposed for the metastasis- 
directed RT delivery (2–3  weeks, depending 
on the treated volume, total RT dose, and 
fractionation).

53.2  Concomitant Radiation 
Therapy and New Drugs

Combining RT with new systemic agents can be 
challenging in everyday clinical practice, as 
data on the treatment combination from the key 
randomised controlled trials, that lead to the 
new drug approval, are often lacking. In the era 
of the precision medicine, the concurrent com-
bination of the new (targeted) drugs and RT will 
also require adaptation of the drug to the spe-
cific tumour biology, alongside with the redefin-
ing of the total radiation dose prescription, 
fractionation, treated volume, and dose to the 
organs at risk. Technical innovations in radia-
tion oncology, allowing to deliver extremely 
high dose per fraction with a high precision to a 
small anatomical volume, might help to facili-
tate the improvement of the therapeutic index in 
the future.

53.2.1  Cyclin-Dependent Kinase 4/6 
Inhibitors

Cyclin-dependent kinase 4/6 inhibitors (palboci-
clib, ribociclib, and abemaciclib have a median 
half-life of 29, 32, and 55 h, respectively) repre-

sent the standard of care for ER-positive 
 HER2- negative advanced breast cancer [27]. 
Selective inhibition of cyclin-dependent kinase 
4/6 affects the cell cycle by interfering with the 
transition from the G1 phase of the cell cycle to 
the S phase, reducing retinoblastoma protein 
phosphorylation and inducing G1 cell-cycle 
arrest [28]. Irradiation of the normal cells results 
in delayed progression through the G1, S, and G2 
phases of the cell cycle [29]. Cells are most resis-
tant to irradiation in G0, in early G1, and in the 
late S phase of the cycle. Conversely, cells are 
most radiosensitive in late G1, G2 and through-
out the M phase of the cell cycle [30]. Concomitant 
cyclin-dependent kinase 4/6 inhibitor and RT 
could result in a higher percentage of G2/M cells, 
higher proportion of apoptotic cells, and lower 
proportion of S2 cells [31].

• There is minimal available information 
addressing the efficacy and toxicity of concur-
rent RT and cyclin-dependent kinase 4/6 
inhibitors. Limited data from retrospective 
studies (Table  53.2) suggest that concurrent 
administration of cyclin-dependent kinase 4/6 
inhibitors with RT is well tolerated, with a 
modest increase of grade 3 or higher AEs, hae-
matological toxicity being the most common. 
However, grade 2–3 oesophagitis (dysphagia, 
odynophagia) and radiodermatitis were 
reported with concomitant administration of 
palbociclib and RT [32–34], as well as lung 
toxicity and grade 3 enterocolitis [35–37]. 
Enhanced toxicity was mainly reported with 
2-dimensional RT and with larger target vol-
umes. In selected cases with smaller 
metastases- directed RT volumes, RT may be 
carried out with low toxicity, without stopping 
systemic treatment such as cyclin-dependent 
kinase 4/6 inhibitors (depending on the 
 vicinity of the organs at risk, especially gastro- 
intestinal organs) [32, 38–44].

• In clinical practice, RT is typically delivered 
during the „off cycle week “(palbociclib and 
ribociclib), or the cyclin-dependent kinase 4/6 
inhibitors are withheld 1–3  days before and 
1–3 days after treatment.
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Table 53.2 Relevant retrospective studies of concurrent radiation therapy and cyclin-dependent kinase 4/6 inhibitors

Study
Type of 
CDK4/6I (%)

RT site 
(%)

RT 
techniques

Median total 
RT dose 
(range)

Patients 
(treated 
sites)

Timing with RT 
(%) ≥G3 toxicity (%)

Hans et al, 
2018 [38]

Palbociclib 
(100)

Bone 
(80)

3DCRT, 
SBRT

20 Gy and 
60 Gy

5 (5) Concomitant 
(100)

Neutropenia (40)
Anaemia (20)
Thrombocytopenia 
(40)

Meattini 
et al, 2018 
[39]

Ribociclib 
(100)

Bone 
(100)

VMAT, 
3DCRT

20 Gy 
(20–30)

5 (5) Concomitant 
(100)

Neutropenia (20)
Vomiting and 
diarrhoea (20)

Figura et al, 
2019 [40]

Palbociclib 
(67)
Abemaciclib 
(33)

Brain 
(100)

SRS 21 Gy 
(18–30)

15 (42) RT before or 
concomitant 
(43)

None ≥G3 toxicity
Radio-necrosis (2 
lesions)

Ippolito 
et al, 2019 
[41]

Palbociclib 
(79.2)
Ribociclib 
(20.8)

Bone 
(91.6)

VMAT,
IMRT,
3DCRT

30 Gy 
(8–36)

16 (21) Concomitant 
(>80)

Neutropenia (31.3)

Chowdhary 
et al, 2019 
[42]

Palbociclib 
(100)

Bone 
(78.2)

3DCRT, 
SBRT, 
IMRT

30 Gy 
(18–37.5)

16 (16) RT before, 
after or 
concomitant 
(31.3)

No ≥G3 toxicity

Beddok 
et al, 2020 
[32]

Palbociclib 
(100)

Bone 
(75)

HT, 
VMAT, 
SRS

Schedules:
20 Gy/5 fr
30 Gy/10 fr
8 Gy/1 fr
18 Gy/1 fr

30 (35) Concomitant 
(100)

Neutropenia (3)

Guerini 
et al, 2020 
[43]

Palbociclib 
(50)
Ribociclib 
(33.3)
Abemaciclib 
(16.7)

Bone 
(100)

3DCRT, 
HT, 
VMAT

Schedules:
20 Gy/5 fr
30 Gy/10 fr
8 Gy/1 fr
30 Gy/3 fr

18 (32) Concomitant 
(100)

Ileitis (5)
Neutropenia within 
3 months after RT 
(61)

Ratosa et al, 
2020 [44]

Palbociclib 
(65.2)
Ribociclib 
(32.6)
Abemaciclib 
(2.2)

Bone 
(80.7)

3DCRT, 
SBRT, 
HT

20 (8–63) 
Gy

46 (62) RT before, 
after or 
concomitant 
(34.8)

Before the start of 
RT (6.5)
During RT (4.3)
2-weeks after RT 
completion (15.2)
6-weeks after RT 
completion (23.9)

Abbreviations: CDK4/6I cyclin-dependent kinase 4/6 inhibitor, RT radiation therapy, G3 grade 3, 3DCRT 3- dimensional 
conformal radiation therapy. SBRT stereotactic body radiation therapy, VMAT volumetric modulated arc therapy, IMRT 
intensity modulated radiation therapy, SRS stereotactic radiosurgery, HT helical tomotherapy

53.3  Anti-HER2 Therapy

53.3.1  Monoclonal Antibodies 
(Pertuzumab, Trastuzumab)

Pertuzumab and trastuzumab are humanised 
recombinant monoclonal antibodies used in a 
conjunction with chemotherapy for the (neo)
adjuvant treatment of early [45, 46] and advanced 

[27] breast cancer with HER2-overexpression. 
Trastuzumab, with or without pertuzumab is also 
used in one-year long maintenance therapy in the 
adjuvant setting for HER2-positive breast cancer 
[47]. Due to small to modest risk of development 
of congestive heart failure or decline in ejection 
fraction (LVEF), patients, receiving trastuzumab 
are undergoing routine heart monitoring during 
treatment.
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Early breast cancer
• Trastuzumab in combination with adjuvant 

breast RT does not appear to increase any 
heart or skin toxicity [48]. Use of modern CT- 
based treatment planning and heart-sparing 
RT techniques may further lower the risk.

Advanced breast cancer
• Very limited data originating from small retro-

spective studies do not show increased toxic-
ity in the setting of palliative metastasis-directed 
RT, SBRT, SRT or whole brain irradiation and 
concomitant use of trastuzumab or pertu-
zumab [49, 50].

53.3.2  Dual Tyrosine Kinase Inhibitor 
(Lapatinib)

• Lapatinib, a small molecule with a median 
half-life of 24 h, acts as a reversible inhibitor 
of HER1 and HER2, by acting on the catalytic 
site of the tyrosine kinase domain in the intra-
cellular domain of the HER1/2 [49] and it is 
used as a treatment option in patients with 
metastatic HER2-overexpressing breast can-
cer [27]. Preclinical data suggest that lapatinib 
can potentiate radiation-induced cell death by 
increasing radiation-induced apoptosis and 
senescence when used in a combination with 
RT [51].

• Limited data from small retrospective studies 
are supporting the efficacy and safety of the 
administration of concurrent lapatinib and 
SRS.  Two studies demonstrated improved 
local control rates post-SRS and no increased 
risk of radio-necrosis (1–1.3% vs. 3.5–6.3%) 
for patients undergoing concurrent adminis-
tration of lapatinib and SRS compared to 
patients undergoing SRS-alone [52, 53].

53.3.3  Trastuzumab Emtansine 
(T-DM1)

The antibody-drug conjugate T-DM1 uses the 
trastuzumab antibody to deliver a cytotoxic agent 
mysantine (DM1) to HER2 expressing tumours. 

Mysantine induces apoptosis by interfering with 
microtubules in a dividing cell [54]. Trastuzumab 
emtansine (T-DM1) improves DFS in the post- 
primary systemic therapy setting for patients 
with residual invasive HER2-positive disease 
[55]. It is also a preferred choice after first line 
trastuzumab-based therapy in HER2-positive 
advanced breast cancer, providing OS benefit for 
those patients [27].

Early breast cancer
• Following the KATHERINE trial, postopera-

tive RT was delivered concurrently with 
T-DM1 in the post-primary systemic therapy 
setting [55].

• T-DM1 seem to be safely administered 
together with RT. For patients receiving trastu-
zumab only vs T-DM1 in the adjuvant setting, 
reported grade 2 (9.9% vs 10.8%) and grade 3 
(1.0 vs 1.4%) radiation skin injuries were 
comparable. Radiation pneumonitis (of any 
grade) occurred in 0.7% patients receiving 
trastuzumab compared to 1.5% patients in the 
trastuzumab emtansine group [55].

Advanced breast cancer
• Prospectively collected data on T-DM1 and 

palliative RT are lacking. In the phase 3 
EMILIA trial, patients who received RT within 
14 days of randomisation were excluded [56].

• The concurrent or sequential administration of 
T-DM1 and SRS is feasible. However, AEs in 
patients treated with T-DM1 and concomitant 
or sequential RT (interruption of T-DM1 for 
≥1 week before SRS) included higher rates of 
clinically significant radio-necrosis (50–57% 
vs 28.6%), alopecia (25% vs 14.3%) and brain 
oedema (25% vs 28.6%). Cases were reported 
as developing intracranial haemorrhage with 
parenchymal brain metastases while on T-DM1, 
although the relationship with RT is not well 
established and seems not to be dependent on 
the timing of the drug administration [57–59].

• Small series of patients with metastatic HER2 
disease treated for bone metastases concur-
rently with T-DM1 and palliative RT showed 
no increased toxicity [60].
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53.4  Poly-Adenosine 
Diphosphate Ribose 
Polymerase Inhibitors

53.4.1  Olaparib, Talazoparib

Poly-adenosine diphosphate ribose polymerase 
(PARP) inhibitors such as olaparib and talazoparib 
are a preferred treatment option for patients with 
triple-negative breast cancer and known germline 
BRCA mutations [27]. Olaparib and talazoparib 
interfere with posttranslational modification of 
proteins involved in many cellular mechanisms, 
particularly DNA repair. As such, these drugs are 
potential radiosensitizers, based on their ability to 
enhance unrepaired DNA  damage [61].

• The combination with palliative RT may lead 
to an increased rate of AEs, especially haema-
tological, which could be amplified following 
pelvic or large-field spinal RT [62].

• In a single institutional dose-escalating phase 
I study, evaluating the combination of concur-
rent olaparib and 50 Gy in 25 fractions of RT 
delivered to the breast or chest wall in patients 
with locoregionally advanced or metastatic 
triple-negative breast cancer, the authors 
reported grade 3 radiodermatitis in 8.3% and 
grade 3 or higher lymphocytopenia in 45.8% 
patients [63]. In another phase I study of con-
comitant veliparib and postmastectomy RT, 
the absolute rate of any grade 3 AEs was 10% 
at 1-year and 46.7% at 3-year. Most common 
AEs were skin fibrosis, induration, and lymph-
oedema [64].

53.5  The Phosphatidylinositol 
3-Kinase-AKT (PI3K) 
and Mammalian Target 
of Rapamycin (mTOR) 
Pathway

53.5.1  Everolimus

Everolimus (in combination with exemestane) is 
used as a treatment alternative beyond first line in 
selected patients with advanced ER-positive/

HER2-negative breast cancer [27]. Everolimus 
belongs to a class of drugs that inhibit mamma-
lian target of rapamycin (mTOR) and has been 
shown to be a potent radiosensitizer drug [65].

• Everolimus, an oral drug, is in general well 
tolerated, but its usage can be complicated 
with a serious AE. The combination of evero-
limus and RT may enhance AEs, especially 
lung toxicities, including grade 3 or 4 intersti-
tial pneumonitis and lung fibrosis [66, 67].

• Cases of an inflammatory reaction within a 
previously irradiated volume occurring 
months after RT (a radiation recall phenome-
non), resulting in enhanced radiodermatitis or 
colitis were also reported with everolimus 
administration [68, 69].

53.5.2  Alpelisib

Alpelisib, with a half-life of 7.6 hours, is an oral 
inhibitor of phosphatidylinositol-4,5- 
bisphosphate 3-kinase, catalytic subunit alpha 
(PIK3CA). It is approved as a treatment option in 
a combination with fulvestrant for patients with 
ER-positive/HER2-negative PIK3CA-mutated 
breast cancer, showing a progression-free sur-
vival benefit [27, 70].

• Alpelisib monotherapy is correlated with 
increased toxicity profile. Typical AEs include 
hyperglycemia, maculopapular rash, fatigue, 
and gastrointestinal symptoms (i.e. nausea, 
mucositis, and diarrhoea), which can lead to 
dose reductions, interruptions, or discontinua-
tion in most patients (≈70%) receiving the 
drug [27, 70]. These AEs are reversible and 
manageable with appropriate monitoring and 
supportive medications [71].

• Data on efficacy and safety of alpelisib and RT 
combination are lacking. Preliminary data 
suggest that concomitant use of alpelisib an 
RT may enhance toxicity profile [72]. Highly 
conformal RT techniques are recommended 
for all patients undergoing metastasis-directed 
palliative RT to minimise radiation exposure 
of organs-at-risk. Until more data become 
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available, stopping the drug few days before 
and after RT is believed to be reasonable to 
avoid enhanced toxicity, taking into consider-
ation the drug half-life.

53.5.3  Eribulin Mesylate

Eribulin (eribulin mesylate), an inhibitor of cell’s 
microtubule dynamics, is a potential treatment 
option for selected pretreated group of patients 
with metastatic breast cancer [27]. Overall, 
grade ≥ 3 AEs include neutropenia (54.2%), alo-
pecia (34.6%), leukopenia (31.4%), global 
peripheral neuropathy (27.4%), nausea (22.2%), 
and anaemia (19.1%) [73].

• Extremely limited data exist evaluating toxic-
ity profile of an eribulin and RT combination. 
However, few small studies reported an 
acceptable toxicity profile. The most common 
AEs grade 3 or 4 being neutropenia (22.4–
53.1%) and anaemia (35.4%) [74, 75].

53.5.4  Concomitant Radiation 
Therapy and Immunotherapy

The combination of immune checkpoint inhibitors 
(anti-programmed cell death protein 1, PD-1; 
pembrolizumab, nivolumab or anti-programmed 
death ligand, PD-L1; atezolizumab, avelumab, 
durvalumab) and RT is an emerging treatment 
strategy in patients with early or advanced breast 
cancer. A high level of evidence is now available, 
showing that RT could act as a as a potent immune 
response modulator and can trigger a systemic 
response in specific situations of a highly immu-
nogenic tumour, especially when combined with 
systemic immunomodulatory agent [76]. 
Appropriate patient selection, the ideal dosing and 
fractionation, the optimal sequencing (concurrent, 
sequential) are still a matter of uncertainty, in part 
because of a lack of mechanistic insights [76]. 
Some of the directions, that will foster the safety 
and efficacy of the radioimmunotherapy combina-
tions in the near future would include revisiting 
doses and fractionation schedules (including dose 

de-escalation and non- ablative personalised 
doses), reducing treatment volumes, sparing 
organs at risk such as draining lymph nodes and 
the intestine (immune cells, gut microbiome opti-
misation), redefining dose- volume histograms, 
minimising concomitant administration of chemo-
radiation, employing radiomics (by longitudinal, 
noninvasive monitoring of the tumour microenvi-
ronment), and clarifying the therapeutic values of 
the particle therapy [77].

Early breast cancer
• In the phase 3 KEYNOTE 522 study it was 

demonstrated that the percentage of patients 
with stage II or III triple-negative breast can-
cer and pCR was significantly higher among 
those receiving pembrolizumab in addition to 
standard of care-neoadjuvant chemotherapy 
(64% vs 51.2%; p < 0.001). In the postopera-
tive phase, patients received RT as indicated 
and pembrolizumab or placebo every 3 weeks 
for up to 9 cycles. The incidence of treatment 
related grade 3 or higher AEs was 78.0% with 
pembrolizumab-chemotherapy group com-
pared to 73.0% in the placebo-chemotherapy 
group. No AEs specifically related to the post-
operative RT delivery were reported [78].

Advanced breast cancer
• Based on the data from phase 3 clinical trials, 

the combination of chemotherapy and immune 
checkpoint inhibitors is approved in the first- 
line treatment for patients with PD-L1 posi-
tive (≥1%) metastatic triple-negative breast 
cancer [27].

• In the Impassion130 phase 3 clinical study, 
451 patients with untreated metastatic triple- 
negative breast cancer were randomly assigned 
to receive atezolizumab with nab-paclitaxel 
and 451 were assigned to receive placebo plus 
nab-paclitaxel. In the intention-to treat patient 
population, median OS was 21.0 months with 
atezolizumab and 18.7 months in the placebo 
group (p = 0.078). A clinically meaningful OS 
benefit with atezolizumab plus nab-paclitaxel 
was seen in patients with PD-L1 immune cell- 
positive disease (41% of all patients) with the 
median OS of 25 vs 18 months with placebo. 
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Palliative RT was administered in 32 patients 
(7.1%) in the atezolizumab nab-paclitaxel 
group and in 24 (5.3%) patients in the placebo 
nab-paclitaxel group. It was not required to 
hold atezolizumab or placebo during palliative 
RT, whereas nab-paclitaxel was interrupted per 
institutional policy/standard of care. The most 
common grade 3 or higher AEs in the atezoli-
zumab group were neutropenia (8%), periph-
eral neuropathy (6%), decreased neutrophil 
count (5%), and fatigue (4%). No increase in 
grade 3 or higher AEs with palliative RT (brain 
RT included) was reported [79, 80].

• In a phase 2 clinical study assessing the effi-
cacy and safety of pembrolizumab and RT in 
patients with metastatic triple-negative breast 
cancer (n  =  17, unselected for programmed 
death-ligand 1 expression), patients received 
30  Gy in 5 fractions of 6  Gy over 5–7  days 
with 3DCRT technique. Pembrolizumab was 
administered 1–3 days after the first RT frac-
tion and given triweekly thereafter until pro-
gressive disease or unacceptable toxicity. 
Irradiated sites were lymph nodes, bone, 
breast/chest wall or lung. The overall response 
rate for the whole cohort was 17.6%. The most 
common grade 3 or higher AEs reported were 
lymphopenia (12%), soft-tissue infection (6%) 
and fatigue (6%). No patient discontinued 
treatment due to treatment related AEs [81].

• The concurrent combination of immune 
checkpoint inhibitors and brain SRS appears 
to be safe and efficacious, with 1-year OS 
64.6% and 51.6% (p < 0.001) for concurrent 
and sequential therapy, respectively, and with 
overall incidence rate of radio-necrosis for all 
studies of 5.3% [82].

53.5.5  Concomitant Radiation 
Therapy and Endocrine 
Therapy

The relationship between RT and endocrine ther-
apy is not completely understood and still contro-
versial—in the absence of the high-quality 
data—regarding the potentially increased toxic-
ity (dermatitis, pneumonitis, skin and lung fibro-

sis) due to enhanced radiosensitivity, and/or 
reduced efficacy when RT and endocrine therapy 
are administered concurrently [83, 84].

• Data from retrospective studies and system-
atic reviews suggest that the therapeutic regi-
mens of tamoxifen or aromatase inhibitors 
given concurrently or sequentially with post-
operative RT both appear to be reasonable 
options with no statistically meaningful dif-
ference in terms of 10-year local control, OS, 
and RFS [84–86].

• Tamoxifen may potentiate post-radiation tis-
sue retraction and fibrosis in the skin and lung, 
via the induction of the transforming growth 
factor (TGF)-β signalling. Tamoxifen may, if 
given in combination with RT, slightly 
increase the incidence of the pulmonary 
 fibrosis, irrespective of the tamoxifen-RT 
sequencing or fractionation regimen [84].

• There is no evidence of increased treatment- 
related toxicity (radiation dermatitis or pul-
monary toxicity) with concurrent aromatase 
inhibitors and RT regimens [84].

• Fulvestrant, used as a single agent or, even 
more commonly, combined with the novel 
drugs (i.e. cyclin-dependent kinase 4/6 inhibi-
tors or alpelisib) in the first or second line in 
de novo or recurrent advanced breast cancer, 
does not appear to increase AEs when com-
bined with RT [87].

• In clinical practice, both concurrent or sequen-
tial endocrine therapy-RT regimens are 
accepted and often based on the local clinical 
practice patterns.

53.6  Summary

Technical improvements, including 3D-based 
postoperative RT for breast cancer, the use of 
IMRT/VMAT for more complex target volumes, 
SBRT/SRS for metastasis and the use of IGRT, 
allow to deliver RT with a high anatomical preci-
sion, and reduce the doses to non-target volumes. 
Additionally, new systemic therapies are con-
stantly introduced into daily use, in the adjuvant 
or metastatic setting. Data for the safety and 
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 efficacy of combing these new systemic treat-
ments is often lacking. Therefore, we advise that 
centres create predefined protocols and prospec-
tive database to evaluate toxicity and efficacy of 
these new protocols.
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and Núria Jornet

54.1  Background

Over the last decades, quality management has 
been of unique importance in modelling the 
structure of modern radiation oncology depart-
ments. Quality management programmes set 
benchmarks related to personnel, equipment, 
procedures and policies and have been a valuable 
conductor for the proper and safe functioning of 
the radiation oncology process [1]. Risk manage-
ment is a core part of any quality management 
programme and includes prospective risk assess-
ments before implementing any new technique or 
before any modification of processes, incident 
reporting and incident learning systems and risk 
mitigation strategies. In 2013, Council Directive 
2013/59/Euratom of 5 December 2013 [2] laying 
down basic safety standards for protection against 
the possible dangers arising from exposure to 
ionising radiations, recognised prospective risk 
assessment as mandatory before implementing 
any new technique or equipment.

54.2  Risk Assessment

RT is a complex process where distinct specialists 
such as radiation oncologists, medical physicists, 
RTTs and/or nurses work in close cooperation to 
prepare and deliver treatment. Safe delivery of RT 
is a complex task that has become even more chal-
lenging due to last years’ advances in techniques 
and technologies that are worldwide quickly 
adopted by all radiation oncology departments. A 
number of accidents, among others in France [3, 4] 
and in the USA [5–9], brought RT safety into the 
media front pages. Thus, in early 2010, after these 
mediatic accidents and following the report “To 
Err is Human” from the Institute of Medicine 
(IOM) [10], we observed a growing interest in 
incident learning as a key tool to ensure the safety 
and quality of care in radiation oncology, with 
more than 40 publications on incident learning 
systems (ILS). Several reports on ILS focusing on 
radiation oncology, issued by international organ-
isations [11–15], highlighted the importance on 
reporting not only incidents but also “near misses”. 
While incidents are defined as unwanted or unex-
pected changes from normal system behaviour 
which cause an adverse effect to persons or equip-
ment, a “near miss” (or “good catch”) would be 
defined as an event or situation that could have 
resulted in an accident, injury, or illness but did not 
either by chance or through timely intervention.

G. N. Marta (*) · W. F. P. Neves-Junior (*) 
Department of Radiation Oncology, Hospital 
Sírio-Libanês, Sao Paulo, Brazil 

N. Jornet 
Núria Jornet Hospital de la Santa Creu i Sant Pau, 
Barcelona, Spain
e-mail: NJornet@santpau.cat

54

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022 
O. Kaidar-Person et al. (eds.), Breast Cancer Radiation Therapy, 
https://doi.org/10.1007/978-3-030-91170-6_54

mailto:NJornet@santpau.cat
https://doi.org/10.1007/978-3-030-91170-6_54


438

Almost 20000 patients per year have their 
treatment impaired to some unidentified level by 
poor-quality RT procedures in the USA [16]. 
Although it is difficult to estimate the error rates 
associated with radiation oncology, Eric Ford 
et  al. suggested a rate of misadministration of 
0.2% [17], even if this rate may be an underesti-
mation. According to US Nuclear Regulatory 
Commission, more than 60% of radiation oncol-
ogy incidents are due to human errors [18, 19]. 
The activities and failures of individual people is 
the central issue of the problem, but their ratio-
nale and behaviour is greatly induced and con-
trolled by their working setting and by larger 
structural processes. Foremost RT errors often 
include combinations of several individuals and a 
sum of broader contributing aspects [20].

The prospective risk assessment differs from 
ILS in its setting in time. Indeed, the purpose is to 
prospectively search for possible error pathways, 
before any incident has occurred, aiming to pre-
vent further accidents in radiation oncology. 
Even if there are different methodologies to per-
form prospective risk analyses, all coincide in the 
definition of potential adverse events (initiating 
event) and score the risk as a combination of 
occurrence probability of the event, the probabil-
ity of detection (safety barriers in place) and the 
severity of the consequence. The latter range 
from irrelevant or inconvenient incidents to cata-
strophic events (including the patient death).

As recognised by the British Institute of 
Radiology, Institute of Physics and Engineering 
in Medicine National Patient Safety Agency, 
Society and College of Radiographers and The 
Royal College of Radiologists report, in any 
structure errors are to be expected; nonetheless, 
by understanding why they happen, it is possible 
to reduce their incidence and increase detection 
before harm occurs [12].

The purpose of a risk assessment and quality 
management platform is to safeguard the patient 

from accidents, recognising factors that contrib-
ute to incidents and creating strategies to manage 
and mitigate errors. See also “Quality Assurance 
Programmes in Radiation Oncology” section.

54.3  Tools to Assess and Mitigate 
Risks

Traditionally, in radiation oncology, quality 
improvement was mainly achieved through tech-
nological advances. As such, quality assurance 
(QA) has mainly been equipment-based follow-
ing guidelines on the tests, tolerances and fre-
quencies issued by scientific societies. This 
approach is often referred as “prescriptive” QA, 
with many documents prescribing all sorts of 
tests with different periodicities. An example is 
the American Association of Medical Physics 
(AAPM) task group 142 [21] regarding QA of 
medical linear accelerators, that recommends the 
routine tests including daily, monthly and annual 
tests with associated tolerance levels. In the last 
years it has been difficult to keep the pace with 
new technology, so that the early adopters have 
faced the challenge of its implementation and at 
the same time developing QA guidelines. In 
order to streamline QA of new technologies and 
techniques is important to prospectively perform 
a risk analysis of not only the technology but the 
entire process which will most probably be 
affected by its implementation. This will help to 
identify the issues in which we should focus from 
a quality and safety perspective. When focusing 
only on prescriptive equipment QA, many 
resources are spent on testing parts that can 
remain stable for long periods of time whilst 
almost no effort is dedicated to address inade-
quate process design, information flow, deficient 
training, documentation, miscommunication, 
misunderstanding and human errors. This is in 
contrast with the lessons learned from ILS, show-
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ing that most incidents are not due to failures in 
the equipment but in the process itself.

Therefore, a change in paradigm was needed. 
The adoption of prospective risk analysis meth-
ods allows to better “think systems” and design 
more efficient and effective allocation of 
resources, enhancing quality and safety together. 
A turning point towards risk assessment was the 
publication of the AAPM task group 100 (TG 
100) report [22] that presented a structured meth-
odology based on Failure Mode and Effect 
Analysis (FMEA) to analyse clinical processes, 
identifying and ranking risks in order to develop 
prioritised actions to mitigate them. The FMEA 
analysis must be performed by a multidisci-
plinary team and starts from a process map 
describing each step or the process or workflow. 
The first part of the analysis is an exercise of pos-
sibilities, where for each step as many possible 
potential failure modes need to be identified. 
Next, for each of these modes, one or more poten-
tial causes that may lead to it are also identified—
and for this task, incident learning systems can be 
useful, bearing in mind that each failure mode 
can, and usually does, have several causes. There 
is no single cause/person responsible, and there 
should be safety circle of care to prevent medical 
errors (at different layers) to stop an error to 
occur and identify it prior to its occurrence ( 
“good catch”). Finally, for each failure mode, 
assuming it occurs, the potential effect or impact 
on the outcome of the process is to be 
determined.

The second part of FMEA consists of scoring 
the list of failure modes, causes and effects, con-
sidering the likelihood of affecting the outcome 
of the process and the impact on it. The multidis-
ciplinary team must assign numerical values 
(from 1 to 10) to three parameters that describe 
[1] the following.

 1. “O” (occurrence): how likely a given cause 
for the specific failure can occur;

 2. “D” (lack of detectability): how likely the fail-
ure will not be detected in time to be 
prevented;

 3. “S” (severity): how severe the effect of the 
failure might be.

Although previous institutional experience or 
studies might be available to help choosing those 
values, its selection will largely depend on expert 
opinion. The TG 100 has developed scales and 
terminologies for O, S and D parameters that are 
specifically related to RT outcomes and observa-
tions and are recommended to be used [1]. 
Finally, these three parameters are multiplied to 
result on a single quantity called risk priority 
number (RPN = O × D × S). This metric is then 
used to rank each failure and drive the quality 
management programme to prioritise resources 
and efforts on higher RPN value, or higher risk 
failures. On the same lines el Foro Ibero- 
americano de Organismos Reguladores 
Radiológicos y Nucleares developed a prospec-
tive risk evaluation methodology based on risk 
matrices [22]. They have developed a software 
tool (SEVRRA) [23] with the purpose of facili-
tating the evaluation of the risk level of radiation 
oncology departments. The different potential 
failure modes will be classified in four catego-
ries: very high, high, medium and low risk.

While new quality control tests can be 
designed to tackle specific process failure modes 
that deal with equipment malfunctioning, an 
effective quality management programme should 
also deal with failure modes related to human 
errors. In order to minimise the probability of 
occurrence and maximise the detectability differ-
ent actions can be taken [13].

 1. Automation: May help in reducing human 
errors, it can also be used for QA.

 2. Peer review: double checks of clinical deci-
sions, contours, treatment plans, in-room 
imaging checks and so on.
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 3. Checklists: utmost importance on standardi-
sation of practices, procedures and on ensur-
ing compliance. Helps prevent humans on 
relying solely on memory on performing mul-
tiple tasks.

 4. Audits: independent evaluation of critical pro-
cesses or implementation of new technologies.

 5. Staff training and competency: continuing edu-
cation on operational and safety procedures.

 6. Policies and procedures: careful and clear 
description and documentation, readily avail-
able to everyone to ensure standardisation and 
compliance. Clear distribution of tasks and 
responsibilities between staff groups.

 7. Communication: clear lines of communication 
among the team with objectivity and complete-
ness of information to fulfil tasks. Methods of 
flagging non-standard situations or dissemina-
tion of warning of non-standard behaviours.

 8. Incident learning system: a formalised sys-
tem, method or organisation for logging, 
reporting and evaluating incidents and near- 
misses. This needs to be accessible to all 
teams and periodically re-evaluated by a 
commission.

 9. Converting the data collected from the learn-
ing system to change policies, department 
procedures, training, checklists and so on.

All these processes should be known/transpar-
ent to the team members and be part of RT depart-
ment daily routine. It is human to err and for 
machines to malfunction, but it is our responsi-
bility to learn, prevent and make appropriate 
modifications to prevent the next incident. As it is 
very tempting to apportion blame to just one 
issue or person, however such an approach will 

drive to additional errors and problems and is not 
part of the safety and quality management. 
Moreover, there is no place for seeking blame, as 
there is no single process/person responsible. It 
should be a team effort to create a friendly and 
safe environment for reporting errors, or “near 
miss”. All should be part of the culture of safety 
and excellence.

54.4  Summary

RT department should adopt the quality control 
measures according to the national (if available) 
and international QA programmes, but also adopt 
quality control tests according to department 
workflow. Special care should be given when 
changing RT protocols/techniques, and appropri-
ate training is advised. Implementation incident 
and near misses reporting and learning systems, 
is utmost important for risk assessment and qual-
ity management. Regular feedback to the staff 
members will improve the quality culture of the 
organisation which is the key for any success of a 
quality management programmes. Our goal 
should be to adopt strategies to improve patient 
care reducing any non-compliance to protocols 
that could lead to an adverse event. Medical 
errors have an impact on the lives the patients 
their relatives and also on medical staff that were 
involved in the incident and may threaten trust in 
the healthcare system. It is in our ability, as a 
team, to welcome a quality culture which should 
include patient safety, and therefore provide not 
only a good quality treatment but a safe one.

Figure 54.1 illustrates the essential aspects of 
process control.
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Fig. 54.1 Highlight the importance of keeping workload 
moderate; this needs a good staffing provision with a clear 
definition of roles and responsibilities. The interface with 

the equipment has to be clear, preferably in the national 
language; and keep the alerts strictly to what is necessary 
with clear codes on the severity of the alert
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Treatment-Related Quality 
Assurance

Angelo Filippo Monti and Maria Grazia Brambilla

55.1  Background

Treatment-related quality assurance in breast RT 
is complex and requires a thorough understand-
ing of all steps to produce a final clinical accept-
able treatment plan. Not only would these steps 
be grounded on dosimetry and RT planning, but 
they have also to take account of simulation and 
interaction with boundary conditions, such as 
patient’s individual anatomy and ancillary 
devices and conditions that might be able to 
influence the planned treatment’s delivery or out-
comes. This chapter focuses on some key ele-
ments of treatment-specific QA, in order to 
present an overview of the main factors that could 
compromise treatment preparation and delivery 
itself. Clear procedures in terms of prescription, 
techniques, dose calculation and delivery are 
illustrated; hints and practical advice are reported.

55.2  Methods for Treatment- 
Related Quality Assurance

Naming A standardised volumes’ naming 
(nomenclature) in target volumes and OARs dur-
ing delineation is strongly suggested; this will 
help to prevent confusion among clinicians and 

facilitate treatment plan quality control. Consistent 
language and terminology are known to have an 
impact on workflow management and to reduce 
errors [1, 2], for example bilateral breast irradia-
tion needs attention, in order to avoid serious mis-
understandings during treatment. Additionally, it 
is encouraged to use consistent naming recom-
mended by the Global Harmonization papers. 
This will allow automation of reports and pooling 
or data capturing in national or international reg-
istries [2]. For breast cancer, the recommended 
nomenclature for CTVs is used in ESTRO delin-
eation guidelines [3].

Geometry The inter- and intra-observer vari-
ability in volume delineation should be evaluated 
and prevented or at least minimised. Particularly, 
the correct shape and location of the CTV and 
nearby located OARs are important parameters in 
ensuring optimal plans to minimise the side 
effects of RT [4, 5]. Automatic contouring can be 
a very useful aid to assist clinical practice to 
reduce variability and improve consistency, but 
clinicians have to be carefully cultured regarding 
its functioning in order to avoid unpredictable 
errors [6].

Patient positioning is also a concern, it should 
be supportive and comfortable to be tolerated by 
the patient and maintained during the whole 
treatment thus its variability should be always 
evaluated and controlled (see section on patient 
positioning) [7, 8].
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Several techniques that can help to reduce the 
OARs exposure exist (see section on Techniques 
to reduce OAR dose). These include DIBH [9], 
gating techniques, CPAP [10], or four- 
dimensional CT [11] to reduce the heart dose in 
case of left-sided breast RT as well as of lung 
dose in any side and possibly heart dose in case 
of right IMN-RT.  Yet these techniques require 
patients and staff training and cooperation for a 
successful clinical application, so a QA pro-
gramme should be instituted as well [12, 13].

Breathing is a concern when considering 
changes in body shape. In case of IMRT based on 
tangential fields, in which the beam is tightly fit-
ted to the target, it is a common practice to extend 
the photon fluence outside the limit of the body 
contour to account for changes in shape and posi-
tion of the target (CTV) due to respiration or to 
potential breast oedema. This situation, however 
and in contrast to what is often claimed, is not an 
issue in VMAT treatments thanks to the rotation 
of the beam that thereby does not skim off at a 
constant area. Moreover, the skin itself is not part 
of the target volume, except for T4b,c,d disease, 
and treatment series are becoming shorter follow-
ing the introduction of moderate and now ultra- 
hypofractionation. Nevertheless, various 
strategies are available in the TPS, including auto 
expansion of the beam fluence outside of the 
body contour, to avoid underdosage of the sec-
tion of the target moving outside the body bor-
ders in case this might be an issue [14–16].

Techniques and TPS Different RT techniques 
can be used for breast cancer RT. Conventional 
tangential wedge fields, field-in-field, IMRT, 
VMAT, tomotherapy, and several hybrid tech-
niques that combine for example tangential fields 
with VMAT [17]. Each of them may provide dif-
ferent dose distributions even when planning the 
same case. Among these, intensity modulated 
techniques are growing in their utilisation 
because of their superior dose shaping and homo-
geneity or, in the case of for examples SIB, a 
desired dose inhomogeneity [15, 18]. Whichever 
the technique used, QA in the RT treatment plan-
ning process is essential to ensure that the calcu-

lation algorithms can correctly reproduce the 
delivered dose [19, 20]. Independent dose audits 
found that TPS errors in dose calculations are 
possible, especially with complex techniques, 
highlighting the need for careful beam modelling 
in the TPS [21]. An independent software for MU 
recalculation can help to identify the presence of 
TPS errors [22]. But, pure recalculation is not an 
exhaustive substitute for dose delivery 
QA. Especially in complex modulated plans with 
lots of MLC segments, a second dose engine 
check cannot prevent failures in dose delivery 
due to LINAC malfunctioning. Absolute dose 
should be measured at the treatment machine 
preferably in more than one single point; this can 
be done with pre-treatment measurements with 
dedicated dosimetric phantoms or the on-board 
EPID (Fig. 55.1), which can be used in vivo mea-
surements too [23, 24]. Pre-treatment verification 
should be executed in advance for each patient, 
whenever a new technique is introduced; once the 
technique is consolidated and an acceptable con-
fidence is reached, weekly or monthly QA can be 
implemented on reference plans [20].

Another issue concerning the TPS is the dose 
prediction in inhomogeneous tissues, such as 
lung, in which some outdated pencil beam-based 
TPSs are known to fail. Improvements in the cal-
culated dose have been shown when the TPS 
algorithm considers photon scatter and changes 
in electron transport properly. For this reason, 
whenever possible, a modern type-b (i.e. 
Collapsed Cone) or Monte Carlo algorithm 
should be preferred for dose calculation [25–27]. 
This suggestion is also valid for dose prediction 
in superficial and build-up regions, in which 
type-a and fast hybrid algorithms (such as AAA) 
are proved to be inaccurate. When one of this 
algorithms is used to calculate the dose, to par-
tially minimise the inaccuracy related to the dose 
interpolation between calculated points in the 
TPS, a small dose grid size (≤2 mm), should be 
used [28].

Other Considerations Care should be taken 
when additional devices are involved in breast 
treatment as in the following.
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c

a b

Fig. 55.1 Pre-treatment QA with an on-board EPID in a 
breast treatment: (a) EPID dose measurements; (b) TPS 
dose prediction at EPID surface, (c) Comparison with a 
gamma metrics with a 3% dose-difference, a 3  mm 

distance- to-agreement and a 10% dose cut-off. Results are 
summarised in the histogram: the percentage of points sat-
isfying the gamma requirements (in green) is 98.4, dotted 
lines highlight areas of discrepancies

Bolus material is widely used in PMRT or in 
cases that the skin is intentionally part of the tar-
get volume (see section “chest wall bolus”). The 
primary goal of using a bolus is to serve as a “tis-
sue equivalent” slice over the build-up region to 
overcome the skin sparing effects of a megavolt-
age photon beam, therefore, to allow for a suffi-
cient and uniform dose to the subcutis and skin 
(if it is part of the CTV). Although, a bolus can 
improve the PTV coverage at the surface (if indi-
cated to do so), and may homogenise the dose 
distribution, care must be given to accurate fit of 
the bolus to the chest wall. This should be veri-

fied during every sessions, because inadvertent 
air gaps between the bolus and the skin can 
reduce the delivered dose, compromising the tar-
get coverage, especially in high risk patients with 
skin involvement (e.g. for ESTRO recommenda-
tions skin is part of CTV in case of T4b,c,d 
tumours only) [29].

CIEDs (Cardiac implantable electronic 
device) are a particular concern in breast cancer 
as they are often located close to the target vol-
umes. If direct or scattered dose can reach the 
CIED, its cumulative dose should be estimated 
prior the treatment. Due to the variety of models 
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in literature there are examples of some devices 
that have suffered deleterious effects at a dose of 
0.15  Gy, while others exhibited dose tolerance 
above 20 Gy. Therefore, the manufacturer should 
declare the maximum admissible dose of their 
device. Modern CIED are less sensitive to accu-
mulated dose and safer, especially during imag-
ing procedures. Anyhow international protocols 
agree to keep the cumulative dose at <5 Gy level 
[30]. Even if out of the primary beam, CIEDs can 
be exposed to magnetic and radiofrequency fields 
or neutrons, which may be considered. Over the 
course of neutron-producing therapy (15 and 18 
MV photon or proton therapy), the risk of device 
malfunction has been found to be between 12% 
and 29% per course of treatment. It is preferred to 
avoid use of protons, and limit photon use to 
energies less than (or equal to) 10 MV in order to 
reduce such risks.

The presence of either prostheses or tissue 
expanders is not generally a problem in the tech-
nique choice, because of their near tissue- 
equivalence. The implanted material does not 
strictly form part of the CTV and should there-
fore not be irradiated per se, anyway it has lack of 
radiation sensitivity for doses up to 60 Gy [31]. 
Care should be taken if metal or high-density 
material is part of the prostheses. In these cases, 
their artefact should be managed in order to avoid 
dose miscalculation; this can be done by assign-
ing a bulk density to the artefact itself or adapting 
the electron densities inside the TPS [32]. 
Capsular contracture, which rates are increased 
after RT, and which can compromise the surface 
dose and the consequent breast reconstruction, 
can be limited by lowering the dose to the non- 
target volumes that are surrounding the implanted 
material such as the pectoral muscles and the 
chest wall [33].

55.3  Summary

Breast radiation treatment is a complex proce-
dure, it requires highly specialised equipment, 
trained professionals as well as specified proto-
cols. Treatment-related quality assurance 
includes control and measurement procedures 

strictly connected to the technical part of the 
treatment process, involving all acting devices 
and steps, and a constant improvement should be 
always pursued.
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Patient-Specific Quality Assurance

Enrico Clementel and Coreen Corning

56.1  Introduction

The importance of QA in RT cannot be over-
stated: indeed, in most modern departments, 
quality and safety activities accompany the 
patient along their journey from referral to treat-
ment. The aim of such activities is two-fold: min-
imise the risk of accidents and provide optimal 
quality of treatment (see section on quality assur-
ance programmes in radiation oncology).

Patient-specific QA activities are part of a 
larger departmental risk management strategy 
which must cover both structural/systematic and 
human errors and their interplay [1]. Patient- 
specific QA addresses elements along the treat-
ment path (Fig. 56.1) that are heavily dependent 
on specific features of the tumour, such as: delin-
eation of targets and organs, beam arrangement, 
dose prescription and dose limitation to organs at 
risk. Patient-specific QA intervenes across the 
treatment chain and has a twofold aim: avoid 
continued reproduction of human and systematic 
errors to a patient’s treatment and, with equal 
importance, ensure optimal quality of treatment, 
that is, maximise the therapeutic ratio. From a 
risk management perspective, patient-specific 
QA represents the last set of barriers to mitigate 
mistakes. It also represents an important quality 

improvement tool. This chapter focusses on key 
elements of patient-specific QA, in particular 
peer review, delivery QA and IGRT protocols.
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Table 56.1 Example of a template protocol for peer review

Patient class-specific checklist—template Acceptable
Acceptable 
variation

Unacceptable 
variation

Image co-registration (if applicable)
Target delineation
(margins, extension, anatomical barriers. Separate boost 
entry if required)
Target coverage
(prescription, uniformity, acceptable compromises. Separate 
boost entry if required)
OAR delineation (extension, PRV margins)
OAR dose constraints (provide priority and thresholds for all 
prescription doses, if multiple)
Overall outcome
Date and signatures

Bold: radiation oncologist, Italic: medical physicist. Details from the actual clinical protocol for the selected patient 
class should be reported, including guidance on delineation borders, margins, and dose-volume thresholds.

56.2  Methods 
for Patient-Specific QA

Peer review is a process defined as a reassess-
ment of the treatment plan by a multidisciplinary 
team of one or more radiation oncologists, medi-
cal physicists and dosimetrists/RTTs. According 
to an analysis of literature on peer review, 10% of 
peer-reviewed plans are modified and 2.5% 
undergo major modifications, averaged over 
mixed diseases sites. This study suggests that 
peer review is a valuable tool, albeit such rates 
may differ across different disease sites [2]. 
Furthermore, it has been observed that plans not 
conforming to established clinical protocols 
result in worse outcome for patients [3].

If departmental resources do not allow for 
peer review of all plans, the frequency of peer 
review should include a proper selection based 
on the disease prevalence, anatomical location, 
dose fractionation schedule and chosen treatment 
technique.

Peer review is primarily a tool to reduce inter- 
observer variability in the clinic: as such, the re- 
evaluation of the patient plan should not only be a 
“second opinion” but also a systematic evaluation 
based on a predefined protocol. Such  protocols 
should ensure scoring of plans against the depart-
mental protocol for the specific class of patients 
considered. For example, peer review of locore-
gional treatment of breast cancer patients should 

include an evaluation on target volume and organ 
at risk delineation and coverage; recognising that 
left vs right breast irradiation scoring might differ 
concerning dose constraints (e.g. for the heart). 
The peer-review protocol should list which ele-
ments of the plan should be evaluated, by which 
staff members, and against which criteria. We 
report an example in Table 56.1.

Measurement of delivery of the plan on a 
phantom, or delivery QA, can be considered part 
of the peer-review process. Delivery QA can be 
performed by a variety of techniques, a detailed 
breakdown of which is beyond the scope of this 
chapter. It is, however, important to sample the 
output dose distribution, preferably on several 
points, and compare with the planned distribu-
tion, for example by means of gamma analysis. 
Pure recalculation of dose distribution checks 
only the quality of the beam model so it must be 
coupled with absolute output measurements to 
offer a complete end-to-end delivery QA.

56.3  Recording Peer-Review 
Outcome

Recording peer-review outcome is as important as 
conducting peer review. Wet-ink signed paper 
records or digitally signed Electronic Health 
Records can be used. All peer-review parameters 
should be recorded in an electronic database or 
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spreadsheet, preferably entered directly by the 
reviewers. If paper records are used, double data 
entry in an electronic spreadsheet is recommended, 
that is, data should be entered by two different per-
sonnel independently with a simple automated 
identity check to minimise the risk of input 
mistakes.

It is highly recommended to establish a proper 
taxonomy of peer-review outcomes for the 
records, and to use standard terminology for 
structures and dose-volume parameters. This 
standardisation effort greatly facilitates retro-
spective studies and inter-departmental data shar-
ing. It is recommended to classify peer-review 
outcomes using the terminology suggested by the 
Global Harmonization Group as Per Protocol 
(green light), Acceptable Variation (yellow light), 
Unacceptable Variation (red light, replan) [4], to 
use AAPM TG 263 for structure naming and 
dose-volume parameters [5] and the Global 
Harmonization Group OAR consensus contour-
ing guidance for delineation of organs at risk [4].

More importantly, recording peer-review 
feedback allows for observation of intra- and 
inter-departmental historical trends, a crucial tool 
for quality management. Plan elements which 
frequently perform poorly in peer review can 
prompt corrective actions to be taken, and intra- 
reviewer biases addressed to improve consis-
tency of the peer-review process across the 
department. Frequent reports should be produced 
on the aggregated peer-review records by the 
 departmental quality manager and discussed with 
the multidisciplinary team.

56.4  IGRT Methods

In room IGRT is an essential step for high-qual-
ity RT treatment delivery for breast cancer 
patients. It not only provides verification of target 
volume dose delivery which has been shown to 
increase overall survival [6, 7] but also allows for 
the adaption/individualisation of margins to 
reduce normal tissue toxicity. IGRT employs 
either 2D or 3D imaging and/or surface guidance. 
The type of image guidance used is dependent on 
locally available equipment, whereas the fre-
quency and timing (online versus offline) is 

driven by the chosen treatment technique, dose/
fractionation schedule, local practice of adaptive 
RT, target and normal tissue motion versus the 
possible detrimental effect of its dose to the 
patient [8]. Because of these variabilities strict 
guidance is left to national guidelines or, where 
these do not exist, up to the department itself.

56.5  Summary

Patient-specific QA is necessary to ensure high- 
quality standards of treatment and should be con-
ducted according to pre-specified protocols. Its 
benefits not only affect the individual patient, but if 
organised correctly, the entire patient population. 
Outcomes should be recorded as part of a depart-
ment’s long-term quality improvement strategy.
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