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   Foreword   

 Over the past few decades, the great strides in early detection and treatment of 
breast cancer have led to a growing population of survivors of the disease. Breast 
cancer survivors comprise a diverse group of individuals with unique concerns and 
needs. Internationally, there is wide variation both culturally and with regard to 
access to optimal screening and treatment, as well as supportive care resources that 
lead to substantial heterogeneity in care and outcomes. Nevertheless, identifying 
and addressing the universal concerns and common issues facing patients after the 
diagnosis of breast cancer are of utmost importance to the common goal of breast 
cancer care mitigating not only the mortality but the morbidity, both medical and 
psychosocial, of the disease and associated treatment. Further, with increased glo-
balization, especially in the fi elds of medicine and communications, patients living 
with, through, and beyond breast cancer seem to have much more in common than 
not, particularly women living in developed nations. 

 In this well-crafted book edited by Drs. Ring and Parton, salient issues are identi-
fi ed and reviewed, with an eye toward educating clinicians about optimal strategies 
from which their breast cancer survivor patients may benefi t. Equally important is 
the attention paid to practices where evidence for benefi t is lacking and debunking 
preconceived notions that can lead to suboptimal care, such as the practice of screen-
ing for systemic recurrence in an early stage breast cancer survivor. Chapters cover 
the main domains of cancer survivorship care including detection of recurrence and 
new disease, as well as extensive attention to the detection, management, and pre-
vention of important long-term late effects. The authors also address the increas-
ingly important area of modifi cation of health behaviors such as diet and physical 
activity to improve symptoms, emotional well-being, and potentially disease out-
comes. Finally, this text, which is devoted to practical ways to set up clinics to 
deliver survivorship care, provides valuable models that clinicians can adopt and 
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adapt to improve the day-to-day care provided in their health systems for the grow-
ing number breast cancer survivors living in and receiving care in diverse settings.  

2016, Boston, MA, USA Ann H. Partridge, MD, MPH
 Director, Adult Survivorship Program 

 Dana-Farber Cancer Institute
 Associate Professor of Medicine 

 Harvard Medical School

Foreword
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  Pref ace    

 Breast cancer is the most commonly diagnosed cancer in women, with 1.67 million 
women estimated to be diagnosed with breast cancer globally every year [1]. Many 
of these women are diagnosed with localized (early) breast cancer and are treated 
with curative intent. Fortunately, over the last few decades, there have been signifi -
cant improvements in long-term survival rates. As a result, there are many more 
women living with a history of invasive breast cancer, with an estimated 570,000 
breast cancer survivors thought to be living in the UK and 3.1 million women in the 
USA [2, 3]. 

 However women with a prior diagnosis of early breast cancer remain at risk of 
relapse, may be continuing on treatment and surveillance, and may also be experi-
encing long-term sequelae of breast cancer or its treatment. Despite this, the major-
ity of these women have been discharged from routine follow-up in breast surgical 
and cancer units. As a result, breast cancer survivors come into contact with a vari-
ety of healthcare professionals who may be less familiar with the issues and needs 
of this patient population. 

 We recognize this challenge in our clinical practices and from our discussions 
with our patients, and as a result set out to write a comprehensive overview regard-
ing the care of women with a diagnosis of early breast cancer following completion 
of their initial hospital-based treatment. In doing this, we have drawn on a multidis-
ciplinary authorship refl ecting the necessary relevant expertise but also the different 
perspectives such that a holistic picture of management is provided. 

 We hope that this book provides a useful reference document and source of prac-
tical advice for the health care professional involved in the care of breast cancer 
survivors. 

    Surrey UK                     Alistair     Ring     
May 2016                   Marina     Parton    
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Chapter 1
Introduction

David Okonji and Alistair Ring

Abstract  Breast cancer is the second most common cancer in the world and the most 
common cancer to be diagnosed in women. In the UK, there has not only been a 6 % 
increase in the incidence of breast cancer over the last 10 years, but also a doubling of 
survival rates in the last 40 years. This improvement in outcomes has been contributed 
to by the evolving management of the disease. The majority of women diagnosed with 
early breast cancer (Stages I-III) undergo surgery as their primary treatment modality. 
After surgery adjuvant therapy may then be used to treat occult micrometastatic dis-
ease and reduce the risks of local and distant recurrence. Reductions in mortality rates 
with the addition of chemotherapy (20–40 %), trastuzumab (up to 40 %), endocrine 
therapy (approximately 30 %) and radiotherapy (approximately 5 %) are observed. 
Hence, in 2010 in the UK, there were more than half a million “breast cancer survi-
vors”: women living with a past history of breast cancer. This number is projected to 
reach nearly 2 million by 2040. In current breast surgical and oncological practice 
many of these women will be discharged from routine follow-up. However, these 
patients will not only continue to require monitoring for recurrence but also for the 
potential long term sequelae of their prior breast cancer treatment.

Keywords  Breast Cancer • Epidemiology • Adjuvant • Surgery • Chemotherapy • 
Trastuzumab • Endocrine therapy • Radiotherapy

�Breast Cancer Incidence and Mortality

Breast cancer is the second most common cancer in the world and the most com-
mon cancer to be diagnosed in women with an estimated 1.67 million new breast 
cancer cases diagnosed in 2012 [1]. Incidence rates vary considerably across the 

D. Okonji, MBBCh, MRCP, FRACP (*) • A. Ring, MA, FRCP, MD 
Breast Unit, The Royal Marsden NHS Foundation Trust, Surrey, UK
e-mail: david.okonji@rmh.nhs.uk; Alistair.ring@rmh.nhs.uk
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mailto:Alistair.ring@rmh.nhs.uk
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world regions, ranging from 27 per 100,000 in Africa and Eastern Asia to 96 per 
100,000 in Western Europe. In the UK, in 2011, the age-standardized incidence of 
breast cancer was approximately 125 per 100,000 meaning that the lifetime risk for 
women in the UK of being diagnosed with breast cancer was 1 in 8 [2]. Over the last 
10 years the incidence of breast cancer has increased by 6 % in the UK (Fig. 1.1).

Despite these increases in incidence, the number of women dying from breast 
cancer has been decreasing since the 1970s (Fig. 1.2). Overall there has been dou-
bling of survival rates from breast cancer in the last 40 years from 40 to 80 % [2]. 
Approximately 80 % of women diagnosed with early stage breast cancer in the UK 
are expected to survive their disease by more than 10 years, with 65 % expected to 
have an overall survival of 20 years or more [2].

These improvements in survival are likely to be due to a number of reasons, 
including earlier diagnosis (through screening programs) better surgical techniques 
and the increasing use of adjuvant therapies to reduce the risks of disease recurrence.

�Prevalence of Breast Cancer Survivors

An inevitable consequence of the increased breast cancer incidence combined with 
improved survival rates is that there will be more “breast cancer survivors”: women 
living with a past history of breast cancer. In 2010, there were estimated to be 
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Fig. 1.1  European Age standardized incidence rates per 100,000 population for UK women from 
1975 to 2011 (Adapted from Cancer Research UK [2]. Available at: http://www.cancerresearchuk.
org/health-professional/cancer-statistics/statistics-by-cancer-type/breast-cancer/incidence-
invasive#heading-Two. Accessed 15 Oct 2015)

D. Okonji and A. Ring

http://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/breast-cancer/incidence-invasive#heading-Two
http://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/breast-cancer/incidence-invasive#heading-Two
http://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/breast-cancer/incidence-invasive#heading-Two


3

570,000 female breast cancer survivors in the UK, and this is projected to reach 
nearly 1.7 million by 2040 [3]. In the US, it was estimated that there were more than 
3.1 million women living with a history of invasive breast cancer in 2014, with this 
number projected to increase to 3.9 million by 2024 [4].

This large and increasing population of breast cancer survivors represent a het-
erogeneous group in terms of their personal characteristics (age, co-morbidities, 
race and social situation), as well as tumor characteristics (stage and biological 
type) and the treatments received. These factors influence the survivor’s prognosis, 
her experience of treatment and ultimately the impact on her life.

�Population Characteristics of Breast Cancer Survivors

Age is a significant risk factor for breast cancer (Fig. 1.3). The largest increase in 
incidence rates in the last 3  years has been seen in those over 50  years of age 
(Fig. 1.1), with 80 % of new diagnoses made in this group. This in part may be a 
reflection of the advent of the mammographic screening program [2]. Over one 
third of women diagnosed with breast cancer in the UK are aged 70 or older at the 
time of diagnosis, and given the aging of the population, the number of older women 
diagnosed with breast cancer is increasing rapidly [5].

As a result many breast cancer survivors are likely to be older, meaning an 
increased likelihood of pre-existing co-morbidities and reductions in functional status 
which will have implications for the survivorship population’s ongoing needs [6].
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Fig. 1.2  Breast cancer incidence and mortality rates for woman in England from 1971 to 2011 
(Adapted from Office for National Statistics, 2015: Part of Cancer Statistics Registrations, England 
(Series MB1), No. 42, 2011 Release. Released: 27 Sept 2013 [Online]. Available at: http://www.
ons.gov.uk/ons/rel/vsob1/cancer-statistics-registrations--england--series-mb1-/no--42--2011/sty-
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Obesity is also a risk factor for breast cancer and rates of obesity in the UK (and 
much of the developed world) are increasing. In the UK in 2011 only 39 % of 
women had a healthy Body Mass Index (BMI: 18.5 to < 25) [7]. In one UK study 
nearly half of women aged 40 or under when diagnosed with breast cancer were 
overweight (BMI ≥ 25 or < 30) or obese (BMI > 30) at diagnosis [8]. Obesity is 
recognized to be associated with a worse outcome from breast cancer, and the man-
agement of obesity and advice around exercise and diet will become increasingly 
important amongst breast cancer survivors [9] (Chaps. 8 and 9).

In the UK, there is a racial disparity in breast cancer incidence with the highest 
incidence rate seen in Caucasians at 122–126 per 100,000, followed by that in those 
of Afro-Caribbean decent at 69–108 per 100,000 with the lowest in Asians at 60–92 
per 100,000 [10]. Similar patterns are seen in the US [11]. From the socioeconomic 
perspective, there is an inverse relationship between breast cancer incidence and 
income, with 14 % lower incidence rates seen in socially deprived areas between 
1996 and 2010 [12]. However, African-American race and low socioeconomic 
group are associated with late stage at presentation, which may in part account for 
the worse survival rates seen in these groups [13]. Recognition of the differing 
social and cultural needs of breast cancer survivors will be central to effective plan-
ning of the ongoing healthcare needs of this population.

�Tumor Characteristics

Breast cancer is described in terms of histo-pathological variables which influence 
treatment recommendations and outcome. These are divided into breast cancer 
stage and breast cancer biology.
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Fig. 1.3  UK Average number of new female breast cancer cases per year & ages specific inci-
dence rates per 100,000 Population from 2009 to 2011 (Adapted from Cancer Research UK, 2015 
[Online] [2]. Available at: http://www.cancerresearchuk.org/health-professional/cancer-statistics/
statistics-by-cancer-type/breast-cancer/incidence-invasive#heading-One. Accessed 15 Oct 2015)

D. Okonji and A. Ring

http://dx.doi.org/10.1007/978-3-319-41858-2_8
http://dx.doi.org/10.1007/978-3-319-41858-2_9
http://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/breast-cancer/incidence-invasive#heading-One
http://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/breast-cancer/incidence-invasive#heading-One


5

�Breast Cancer Stage

Breast cancer staging takes into account: Tumor size (T), and involvement of axil-
lary lymph Nodes (N) and presence of distant Metastases in any other part of the 
body (M) [14]. Clinical, radiological and pathological parameters can be utilized to 
determine overall TNM stage, and more often than not a combination of all three are 
used to provide prognostic information. Table 1.1 describes the Stages I-IV of breast 
cancer based on pathological TNM staging:

In England in 2013, 44 % of women were diagnosed with stage I disease, 40 % 
stage II and 10 % stage III. Six percent of women were diagnosed with Stage IV or 
distant metastatic disease at presentation [12]. The importance of stage is that it 
describes the risks of recurrence and prognosis. Hence for women who are diag-
nosed with stage I breast cancers nearly all women (99 %) will survive for 5 years 
or more after diagnosis. For stage II breast cancers 93 % will survive for 5 years or 
more after diagnosis, and for stage III breast cancer the rate is 72 % [15]. Nonetheless 

Table 1.1  Breast cancer staging by TNM

Stage Primary tumor size Nodal involvement Metastases

I T1 N0 M0
II T1 N1 M0

T2 N0-1 M0
T3 N0 M0

III T0-2 N2 M0
T3 N1-3 M0
T4 N0-3 M0

IV Any T Any N M1

Key:

Staging Pathological description

Tumor size T1 ≤20 mm
T2 >20 mm but ≤50 mm
T3 >50 mm
T4 Any size with direct extension to the chest wall or 

overlying skin
N-stage N0 No histologically detected node metastases

N1 Metastases in 1–3 axillary nodes
N2 Metastases in 4–9 axillary nodes
N3 Metastases in ≥10 axillary nodes or in 

infraclavicular nodes
M-stage M1 Detectable distant metastatic disease

Adapted from https://cancerstaging.org/references-tools/quickreferences/Documents/Breast 
Medium.pdf. Accessed on 25 Jan 2016
Used with permission of the American Joint Committee on Cancer (AJCC), Chicago, Illinois. The 
original and primary source for this information is the AJCC Cancer Staging Manual, Seventh 
Edition (2010) published by Springer Science + Business Media

1  Introduction
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it is important to recognize that the risks of relapse extend beyond 5 years, such that 
patients may relapse many years following their initial diagnosis and treatment.

Women who present with stage IV (metastatic) breast cancer or develop stage 
IV disease having been diagnosed and treated for earlier stages of breast cancer 
in the past are not regarded as curable. The aims of treatment here are to prolong 
survival and to maintain quality of life. The median survival for women under these 
circumstances varies considerably according to breast cancer subtype, performance 
status and disease burden at presentation: but based on clinical trial data median 
survival may be estimated as between 1 and 5 years [16–18]. This patient popu-
lation are not the topic of this book: these patients have specific treatment needs 
around prolongation of survival and maintenance quality of life, which are distinct 
to the needs of women with stage I-III breast cancer who are treated in a potentially 
curative setting.

�Breast Cancer Biology

In addition to stage, a breast cancer may also be described in terms of key biological 
features. These include tumor grade, estrogen receptor (ER) and progesterone 
receptor (PR) status and expression of HER2.

Hormone receptor (ER and PR) status plays both prognostic and predictive roles 
in breast cancer outcomes. Women with ER positive breast cancer have a better 
5-year overall survival than women with ER negative breast cancer (85 % vs 68 % in 
one population studied) [19]. This may be partly explained by the association of ER 
negative status with high tumor grade and HER2 expression (see below) and con-
tributed to by the fact that women with ER negative disease do not benefit from 
adjuvant endocrine therapy [20]. In the UK in 2007, hormone receptor status was 
available for 61 % of surgically treated invasive breast cancers [21]. Of these 84 % 
were ER positive, a similar incidence to the US SEER database for 2010, where the 
rate was 82.7 % [22].

In the UK and SEER databases, 15 % of patients presenting with early breast 
cancer over-expressed the HER-2 receptor (as defined by immunohistochemistry 
for the receptor or gene amplification). Women with so-called “HER2 positive” 
breast cancer have an increased risk of relapse [23, 24]. However, the advent of a 
monoclonal antibody directed to HER2 (trastuzumab, also known as Herceptin®) 
provides the opportunity to use a targeted therapy to reduce the risks of relapse in 
this population [25, 26]. As such HER2 status is a key prognostic and predictive 
variable in planning the management of early breast cancer.

Approximately, 10 % of patients present with breast cancer which does not 
express either hormone receptor (ER or PR) or HER2 [22, 27]. This is a disease 
subtype where endocrine therapy and trastuzumab are not indicated and where the 
risk of relapse is high [28].

A consideration of the stage and biology of breast cancer is therefore central to 
predicting the risks of recurrence (discussed in more details in Chap. 2). It is vital to 
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be able to predict this as accurately as possible, as it influences treatment recom-
mendations and may also affect life choices for that patient following completion of 
initial treatment.

�Treatment Overview for Early Breast Cancer

Breast cancer survivors may have experienced a range of treatments which, aside 
from the impact of the diagnosis and risks of recurrence have significant implica-
tions for experience of life beyond a diagnosis of early breast cancer. In 2008 in the 
UK alone, it was estimated that 44,000 women would benefit from rehabilitative 
support following completion of their treatment [29].

�Surgery

The majority of women diagnosed with early breast cancer undergo surgery as their 
primary treatment modality. This can either be in the form of breast conserving 
surgery (wide local excision) or a mastectomy. In the UK in 2007, 50,286 women 
were diagnosed with invasive or non-invasive breast cancer; of those women 82 % 
underwent surgery (57 % underwent breast conserving surgery and the remain-
der mastectomy). Breast conserving surgery was more common in women with 
screen-detected breast cancers, which tended to be smaller [21]. Breast reconstruc-
tion may be offered at the time of mastectomy or delayed until primary surgery 
and adjuvant therapies have been completed. (Delayed breast reconstruction and 
the need for surgery for other indications in breast cancer survivors are discussed 
in Chap. 12).

Surgery to the breast is performed in conjunction with some form of axillary 
procedure. This is necessary to confirm the stage of the breast cancer (see section 
“Introduction” in Chap. 4). This can be in the form of sentinel lymph node biopsy 
(SLNB) or axillary node dissection. SLNB is usually considered in women with 
clinically and radiologically negative nodes pre-operatively. It is a means to try to 
restrict more extensive axillary surgery to those patients who definitely need it. A 
blue dye usually in conjunction with a radioisotope is injected into the breast prior 
to surgery, enabling identification of the first draining node of the region of the 
breast. This node (the “sentinel” node) is therefore representative of the rest of the 
axillary lymph node basin. If on subsequent pathological examination or real-time 
examination (using molecular assays or frozen sections) this node is involved a 
completion axillary node dissection is considered. Although the necessity of com-
pletion dissection in all patients with positive sentinel nodes is debated [30], and a 
number of ongoing trials are addressing this issue. Those women who have patho-
logically confirmed axillary lymph node involvement prior to breast surgery, or are 
deemed to warrant further axillary surgery following a SLNB, are offered axillary 
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lymph node dissection. This involves a more extensive procedure (defined anatomi-
cally into levels I, II and III), with a higher risk of late complications, including 
pain, hypersensitivity and lymphedema (Chap. 11).

�Adjuvant Chemotherapy

Women with early breast cancer who have had apparent removal of all macroscopic 
disease by surgery, may eventually relapse with stage IV breast cancer and die from 
metastatic disease. This is thought to occur as a result of occult micrometastatic 
disease, which may already be present at the time of surgery. For this reason, adju-
vant systemic therapy may be considered to reduce the risks of disease recurrence. 
A meta-analysis of several trials has shown that 6 months of anthracycline-based 
chemotherapy following surgical resection of early breast cancer results in approxi-
mately 40 % reduction in mortality rates from breast cancer in women less than 
50 years of age and a 20 % reduction in those between 56 and 69 years [31]. A fur-
ther large meta-analysis subsequently demonstrated that the addition of taxane-
based chemotherapy to anthracycline chemotherapy resulted in a further 15 % 
reduction in breast cancer mortality rates [32].

The absolute benefits of chemotherapy are determined by disease stage and biol-
ogy. Therefore it is only women whose breast cancer is at a higher risk of recurrence 
who are offered chemotherapy as these women derive the greatest absolute benefits. 
As a result of the EBCTCG analyses most women who receive chemotherapy are 
offered poly-chemotherapy with anthracyclines (epirubicin or doxorubicin), tax-
anes (docetaxel or paclitaxel) or combinations of the two classes of agent. Treatment 
is administered intravenously on a day unit basis for 3–6 months. Aside from the 
immediate side-effects, breast cancer survivors may at risk of long-term side-effects 
from adjuvant chemotherapy exposure. These may include impact on fertility and 
induction of the menopause (Chaps. 13 and 15), cardiac toxicity (Chap. 16), risk of 
secondary malignancy (Chap. 17), and cognitive changes (Chap. 18).

�Adjuvant Trastuzumab (Herceptin®)

The previously poor prognosis associated with HER2 positive breast cancer has 
been improved by adjuvant trastuzumab. When trastuzumab (a monoclonal anti-
body targeted to HER2), has been added either concomitantly or sequentially to 
adjuvant chemotherapy, up to 39 % reduction in the mortality rates have been 
achieved [25, 26]. These original trials compared 1 year of trastuzumab with no 
additional therapy, and as such the standard treatment duration of trastuzumab was 
established as 1 year. Long term follow-up of the HERA trial [33] did not demon-
strate benefit of longer (2 years) of therapy, and currently trials are examining if 
shorter durations may be effective [34, 35]. One year of trastuzumab involves 
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intravenous or subcutaneous treatment given once every 3 weeks for 18 doses. In 
terms of day to day side-effects most patients tolerate trastuzumab very well, with a 
small risk of hypersensitivity reactions when the drug is first administered. However, 
there is a risk of cumulative cardiac toxicity which is of long-term relevance to 
breast cancer survivors (see Chap. 16).

�Adjuvant Radiotherapy

Adjuvant radiotherapy is the current standard of care for patients with early breast 
cancer following breast-conserving surgery, and in patients with a high risk of local 
recurrence following mastectomy. According to the Oxford overview analysis: 
5-year local recurrence risks were 7 vs 26 % (2P < 0.00001) and 15-year breast can-
cer mortality risks 30.5 vs 35.9 % (2P = 0.0002) in those who underwent radiother-
apy following breast conserving surgery compared with those under-going surgery 
alone [36]. Radiotherapy following breast-conserving surgery was associated with 
similar proportional reductions in local recurrence across all age groups. However, 
the absolute benefits of treatment were smaller in older patients as their overall risk 
of local recurrence was less, and there may be a population of older patients with 
low risk breast cancer where radiotherapy may be safely omitted [36, 37]. Adjuvant 
breast radiotherapy is usually administered as daily treatment (Monday to Friday) 
over 3 weeks in a cancer center. However, some patients are also given a boost to the 
tumor bed and may receive more prolonged courses, and a variety of different sched-
ules are in routine clinical use or being examined in clinical trials. Some patients 
may receive radiotherapy to the loco-regional lymph node groups as well as to the 
breast or chest wall. Adjuvant radiotherapy may be associated with post-treatment 
changes in the breast or lymph node groups (Chap. 11) and potentially contribute to 
risks of cardiac toxicity (Chap. 16) and secondary malignancy (Chap. 17).

�Adjuvant Endocrine Therapy

The majority of breast cancers are estrogen receptor (ER) positive. In those women 
with ER positive breast cancer, adjuvant endocrine therapy is routinely offered. The 
addition of endocrine therapy following either adjuvant chemotherapy and/or radio-
therapy confers a further 31 % reduction in mortality rates [31]. Historically the 
selective estrogen receptor modulator tamoxifen has been the mainstay of treatment 
in premenopausal women, although increasingly ovarian function suppression is 
being offered. In post-menopausal women aromatase inhibitors are the agents of 
choice (Chap. 6). Women may be advised to take adjuvant endocrine therapy for up 
to 10 years, and side-effects, which may manifest as menopausal symptoms (Chap. 
13) or impact on bone health (Chap. 14) may be challenging for many patients and 
are key considerations for many breast cancer survivors.
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�Summary

The focus of this book is patients with earlier stages of breast cancer (stage I-III) 
where the goal of treatment is cure. It is in this setting where the ongoing monitor-
ing for recurrence and the longer term sequelae of the diagnosis and treatment are 
most relevant. In current breast surgical and oncological practice many of these 
women are discharged from routine follow-up. These patients may subsequently 
come into contact with a variety of healthcare professionals who may be less famil-
iar with the issues and needs of this patient population. This book will therefore 
provide a framework to guide health care professionals in the care of early breast 
cancer survivors.
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    Chapter 2   
 Predicting Risk of Disease Recurrence                     

     Belinda     Yeo     

    Abstract     Most patients with early breast cancer do not recur after treatment with 
multimodality therapy. A minority of patients remain at signifi cant risk of relapse and 
for some, this risk persists up to and beyond 10 years after diagnosis. Decision tools 
and genomic assays assist in stratifying patients into low and high risk so that adju-
vant treatment intensity and its potential toxicities can be limited to those who have 
the most to gain from them. Defi nitive treatment for the intermediate risk patients 
remains uncertain. The four main breast cancer subtypes show distinct patterns and 
timing of recurrence although these may change over time as better adjuvant systemic 
and targeted agents begin to change the natural history of recurrent breast cancer.  

  Keywords     Breast cancer recurrence   •   Risk stratifi cation   •   Decision-aids   •   Late relapse  

      Introduction; What Does Recurrence Mean? 

 In the setting of a patient being diagnosed and treated for early breast cancer, the 
term ‘recurrence’ usually describes a time-dependent event in which the cancer 
relapses. This may be identifi ed when a patient presents with symptoms that warrant 
investigation, symptomatic recurrence, or it may be found asymptomatically, usu-
ally in the context of imaging being performed for another reason. Other than dedi-
cated breast imaging usually with mammography, current guidelines do not 
recommend the routine radiological surveillance of patients in follow up to detect 
asymptomatic recurrence, as this does not impact on overall survival. It should be 
acknowledged however that if a survival advantage is identifi ed through the detec-
tion and treatment of biochemical and/or oligometastatic relapse, future  surveillance 
guidelines may need to be adjusted accordingly. 

        B.   Yeo ,  FRACP, MBBS, BA      
  Olivia Newton-  John Cancer Research Institute,    Melbourne ,  Australia   
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 Recurrence may occur locoregionally and/or with distant metastases. Local 
recurrence describes relapse in the ipsilateral breast, whereas regional recurrence 
includes nodal involvement of the ipsilateral axilla, supraclavicular, infraclavicular 
or internal mammary chain, as well as contralateral breast disease. Distant recur-
rence (DR) or metastatic disease denotes relapse in any organ outside the breast 
(e.g. lung, liver, brain, bones) as well as distant lymph nodes and skin involvement. 

 The distinction between these types of recurrence is signifi cant for the reason 
that whilst locoregional relapse may be treated with curative intent, it is unusual to 
achieve a cure once distant metastatic disease is established. Table  2.1  shows some 
of the common terminology used to describe time to event endpoints in breast can-
cer studies [ 1 ].

       What Are the Risks of Recurrence? 

 As shown in Fig.  2.1 , despite an increasing incidence of breast cancer, outcomes 
have improved for all breast cancer subtypes [ 2 ]. From a recent review of epidemio-
logical data from the USA (SEER), overall survival rates have improved from 74 % 
in 1975 through 1977 to 90 % in 2003 through 2009 [ 3 ].

   In 2016, the majority of woman treated with early breast cancer will be cured 
with multimodality therapy. This is likely in part due to breast cancer screening, 
although there remains some controversy about its impact on overall survival [ 4 – 6 ]. 
Improvements in systemic therapy, namely endocrine therapy, chemotherapy and 
targeted agents, have signifi cantly improved long term survival and decreased recur-
rence rates for all subtypes of early breast cancer [ 2 ]. 

 The Early Breast Cancer Trialists’ Collaborative Group (EBCTG) have shown 
in their long-term follow up analysis that 5 years of adjuvant tamoxifen compared 
with no endocrine therapy nearly halves the risk of recurrence and reduces chance 
of dying from breast cancer by about a third [ 7 ]. More recently in their meta-
analyses from over 30,000 women treated within a randomized trial comparing 
the aromatase inhibitors (AIs) with tamoxifen, they demonstrated a further 30 % 

  Table 2.1    Common 
terminology used to describe 
endpoints in breast cancer  

 Acronym  Endpoint 

 BCSS  breast cancer specifi c survival 
 iDFS  invasive disease free survival 
 dDFS  distant disease-free survival 
 RFS  relapse free survival 
 LRFS  locoregional relapse-free survival 
 RFI  recurrence-free interval 
 BCFI  breast cancer-free interval 
 DRFI  distant recurrence-free interval 
 PFS  progression-free survival 
 TTP  time to progression 
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 proportional reduction in recurrence achieved with the AIs compared with tamoxi-
fen and a 15 % reduction in breast cancer mortality [ 8 ]. Combination adjuvant che-
motherapy reduces the relative risk of death from breast cancer by about a third 
[ 9 ]. For woman with HER2 positive breast cancer, 1 year of adjuvant trastuzumab 
nearly halves the relative risk of recurrence as well as improving overall survival 
by 34 % [ 10 ,  11 ]. 

 Adjuvant radiotherapy after breast conserving surgery signifi cantly reduces the 
risk of locoregional or distant recurrence at 10 years (absolute reduction 15·7 %, 
2p < 0·00001) as well as breast cancer mortality (absolute reduction 3·8 %, 
2p = 0·00005) [ 12 ]. EBCTCG have also shown that post-mastectomy radiotherapy 
reduces recurrence and breast cancer mortality in a subset of women with positive 
lymph nodes [ 13 ].  

    Why Do We Need to Better Identify the Risk of Recurrence? 

 Many of our adjuvant therapies have unpleasant and in some cases severe side 
effects. Polychemotherapy is well known to cause short-term toxicities including 
alopecia, fatigue, nausea and vomiting, and yet, many patients receive adjuvant che-
motherapy for only small improvements in survival. Hence it is important to identify 
which patients have a signifi cant risk of recurrence and may warrant  chemotherapy, 
to justify the these side effects. 
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  Fig. 2.1    Breast cancer incidence and mortality rates in UK over the past 30 years (Adapted from 
Cancer Research UK statistics, Available from   www.cancerresearchuk.org    )       
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 Whilst adjuvant endocrine therapy (ET) is offered to almost all women with 
hormone receptor (HR) positive early breast cancer, it too has potential side effects. 
Given the demonstrated benefi t of 10 years of adjuvant endocrine therapy when 
compared with stopping at 5 years from trials such as MA17 [ 14 ], aTTom [ 15 ] and 
ATLAS [ 16 ], it is a current research priority to identify which patients may be at 
risk of long term relapse as those who will have the most to gain from extending 
treatment out to a decade. In addition, recent results from the SOFT [ 17 ] and TEXT 
[ 18 ] trials, designed to evaluate the role of ovarian suppression alongside ET in 
premenopausal, demand further research into risk stratifying which young women 
justify this more intensive therapy [ 19 ].  

    How Can We Identify Those at Highest Risk? 

 In this era of personalized medicine, the aim is to use our adjuvant therapies judi-
ciously, treating those who have the most to gain from them, and sparing those who 
have little or nothing to gain, their burden. Traditionally this risk stratifi cation has 
relied upon estimating a woman’s risk of recurrence based on clinicopathological 
factors such as tumor size, grade and nodal status. However it is well recognized 
that breast tumor biology also drives risk.  

    Intrinsic Subtypes 

 Gene expression studies have identifi ed at least four ‘intrinsic’ breast cancer 
 subtypes: luminal A, luminal B, HER2-enriched and basal-like [ 20 ,  21 ]. Such stud-
ies have helped to differentiate between the two major groups of ER positive breast 
cancer. Luminal A tumors are characterized by high expression of ER and proges-
terone (PgR) receptor and low proliferation and have the best prognosis of all the 
intrinsic subtypes; whilst luminal B tumors exhibit lower ER and PgR expression 
and high expression of proliferation genes [ 20 ]. Luminal B tumors are considered a 
more aggressive phenotype compared with Luminal A, with higher rates of relapse 
[ 22 ] and are hence more likely to be treated with adjuvant chemotherapy. 

 Patients diagnosed with luminal A tumors have the highest rates of survival at 
10 years, compared to luminal B, HER2 enriched and basal-like subtypes [ 23 ]. In 
a historical series of nearly 4000 women with breast cancers diagnosed between 
1986 and 1992, 70 % of patients with luminal A tumors were alive at 10 years com-
pared with between 46 and 62 % for the other subtypes [ 24 ]. It is worth noting 
that these outcomes describe a series of patients treated prior to the routine use 
of taxanes and HER2 directed therapy. From the HERA trial, recurrence rates in 
the  trastuzumab- treated arm were signifi cantly improved: the rate of local recur-
rence was 3.7 %, regional recurrence 1.4 % and distant recurrence 13.4 % at 
8 years [ 25 ].  
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    Prognostic Versus Predictive Tests 

 Prognostic information gives an estimation of prognosis or in the case of breast 
cancer, the risk of recurrence, based on clinical or biological characteristics, usually 
in an untreated patient. It can be helpful risk stratifying patients for treatment deci-
sions. Predictive information describes the likely benefi t of treatment on the tumor. 
Whilst most molecular and non-molecular decision aids offer prognostic informa-
tion only, some provide predictive information as to the relative benefi t of treatment. 
The commonly used decision aids and molecular risk prognostic and predictive 
assays are described below.  

    Non-molecular Decision Aids 

 There are several decision tools that use clinicopathological and immunohistochem-
ical information provided in routine clinical practice for prognostication (Table  2.2 ). 
All three of these tools were developed in patients prior to the widespread use of 
aromatase inhibitors.

      Nottingham Prognostic Index 

 Nottingham Prognostic Index (NPI) is a prognostic tool originally developed in the 
1980s using a retrospective analysis of nearly 400 woman with primary operable 
breast cancer [ 26 ]. It uses tumor size (in centimeters), grade and nodal status to risk 

   Table 2.2    Comparison of information required in decision tools for adjuvant decision-making   

 Characteristic  NPI  AoL  Predict  IHC4 + C 

 Mode of detection  –  –  ✓  – 
 Patient age  –  ✓  ✓  ✓ 
 Tumor size  ✓  ✓  ✓  ✓ 
 Grade  ✓  ✓  ✓  ✓ 
 Nodal status  ✓  ✓  ✓  ✓ 
 ER  –  ✓  ✓  ✓ 
 PgR  –  –  –  ✓ 
 HER2  –  –  ✓  ✓ 
 ET for 5 years  ✓  ✓  ✓ 
 Ki67  –  –  ✓  ✓ 
 Chemo/no chemo  –  ✓  ✓  – 
 Available online  ✓  ✓  ✓  – 
 Prognostic info  ✓  ✓  ✓  ✓ 
 Predictive info  –  ✓  ✓  – 
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stratify patients into good (≤ 3.4), moderate (3.4–5.4) and poor (>5.4) prognostic 
risk groups, corresponding to survival estimates of 80 %, 42 % and 13 % respec-
tively [ 27 ].  

    Adjuvant! Online 

 Adjuvant! Online (AoL) is a prognostic tool using tumor size, grade, nodal status as 
well as ER status (positive or negative) and clinical characteristics of patient age and 
underlying comorbidities, to estimate the 10 year risk of recurrence and overall 
survival [ 28 ]. It is based on SEER data and has been independently validated by 
Olivotto el al. in over 4000 stage 1 and 2 breast cancer patients [ 29 ]. It also serves 
as a predictive tool estimating the additional benefi t of endocrine therapy and che-
motherapy based on data from the EBCTCG [ 30 ]. It is still widely used by clini-
cians for adjuvant decision-making and is freely available online (  www.
adjuvantonline.com    ).  

    Predict 

 Predict is an online prognostic model used to predict overall survival using tumor 
size, grade, nodal status, ER, and Ki67 (“positive or negative”) as well as the patient 
age at diagnosis. It was developed in 5694 woman from a UK cancer registry diag-
nosed with EBC between 1999 and 2003 and was validated in an independent UK 
breast dataset of 5468 diagnosed in the same years [ 31 ]. It has also been validated 
in a Canadian dataset [ 32 ] and has been updated to include HER2 status [ 33 ]. An 
interesting feature of the model is that it adjusts for the mode of detection of breast 
cancer (screen vs. symptomatically detected), showing an inferior stage-for-stage 
survival for patients with a symptomatic presentation [ 34 ].  

    The IHC4 + C Score 

 The IHC4 + C score is a prognostic tool that estimates the residual risk of distant 
recurrence at 10 years in postmenopausal women with HR positive breast cancer 
that have received 5 years of endocrine therapy. It incorporates both immunohisto-
chemical parameters of estrogen receptor (ER), progesterone receptor (PgR), HER2 
and the proliferation marker, Ki67, as well as the clinicopathological parameters of 
tumor size, grade, nodal status and type of endocrine therapy administered for 
5 years (tamoxifen vs. aromatase inhibitor). 

 The IHC4 + C score was developed from a retrospective analysis of 1125 
patients with ER positive disease from the TransATAC cohort who did not receive 
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 chemotherapy and validated in an independent Nottingham cohort of 786 patients. 
It has been shown in a retrospective study to perform similarly to the Oncotype 
DX Recurrence Score in predicting distant recurrence [ 35 ]. In a prospective deci-
sion impact study in a clinically relevant population, use of the IHC4 + C score has 
been shown to signifi cantly reduce adjuvant chemotherapy recommendations [ 36 ]. 
Further work is on going to produce standardized input for the IHC4 algorithm 
before it can be used routinely throughout the UK [ 37 ].   

    Commercially Available Molecular Assays 

 Table  2.3  identifi es fi ve of the molecular and multigene scores now available to the 
clinician, most of which aim to provide better prognostication for the individual 
patient’s risk of relapse [ 38 ]. Despite their availability these remain inaccessible to 
the majority of patients treated for early breast cancer largely due to cost.

      Recurrence Score 

 Oncotype DX Recurrence Score (RS) is a 21 gene assay is based on the gene expres-
sion using RNA extracted from FFPE tissue. It was originally developed using 
quantitative reverse transcription (qRT) PCR on 447 breast cancers, of which 223 
were from NSABP-20, a phase III adjuvant clinical trial examining the benefi t of 
chemotherapy in addition to tamoxifen in node negative, HR positive breast cancer 
[ 39 ]. From an original list of 250 candidate genes associated with survival, 16 genes 
(and 5 housekeeper genes) were selected weighted by proliferation, HER2 and ER 
signaling [ 40 ]. The RS numerically ranges from 0 to 100, with low (RS < 18), inter-
mediate (RS 18–30) and high (RS > 30) risk categories. RS has been independently 
validated the NSABP-B14 and TransATAC [ 41 ] cohorts. There is no consensus as 

   Table 2.3    Molecular tools currently commercially available for the prediction of recurrence   

 Test  Description  Test output 

 Oncotype DX RS  21 gene-based expression profi le; FFPE 
(RNA) 

 Low, intermediate and high 
risk scores 

 Prosigna ROR  50 gene-based expression profi le using 
Ncounter (RNA) 

 ROR scores, intrinsic 
subtypes 

 Endopredict  12 gene-based expression profi le using 
qRT-PCR; FFPE (RNA) 

 Low risk vs. high risk 
scores 

 Mammaprint  70-gene-based expression profi le, 
microarray; Fresh tissue (DNA) 

 Low vs. high risk scores 

 BCI  Multi-gene assay (HOXB13:IL17BR + MGI) 
using qRT-PCR; FFPE (RNA) 

 Low vs. high risk scores 
for each assay 

  Modifi ed from Sestak and Cuzick [ 38 ]  

2 Predicting Risk of Disease Recurrence



22

to the optimal treatment for those in the intermediate-risk range and clinical trials 
are currently underway to address this uncertainty (Table  2.4 ). RS is the most widely 
used genomic breast cancer assay in the United States and is endorsed by the 
American Society of Clinical Oncology (ASCO) [ 42 ], St Gallen [ 43 ] and most 
recently by NICE for the United Kingdom [ 44 ].

   Two main studies have assessed the RS in its ability to predict chemotherapy 
benefi t. Paik et al. reported that RS predicts magnitude of chemotherapy benefi t in 
a study using 651 node negative patients from NSABP-B20. Patients with a high 
recurrence score had a large benefi t from chemotherapy (relative risk, 0.26; 95 % 
CI, 0.13–0.53) whilst patients with low-RS did not [ 45 ]. In a population of 367 
woman with node positive breast cancer from the SWOG-8814, Albain et al. 
reported a benefi t of chemotherapy in those tumors with a high RS (HR 0.59, CI 
0.35–1.01, p = 0.033) and no signifi cant benefi t in patients with a low RS (HR 1.02, 
CI 0.54–1.93, p = 0.97) [ 46 ].  

    Prosigna ®  ROR 

 The identifi cation of four intrinsic subtypes (luminal A, B, HER2-like, basal) was 
identifi ed through gene expression profi ling examining nearly 2000 genes in 84 
breast cancers [ 47 ] and shown to be predictive of relapse-free and overall survival 
[ 20 ]. From this original set 50 genes, involved in proliferation, estrogen regulation, 
HER2, and basal and myoepithelial characteristics were selected [ 21 ] that showed 
prognostic signifi cance for relapse-free survival [ 40 ]. Neilsen et al. validated the 
PAM50 intrinsic subtyping using qRT-PCR in 786 ER positive patients treated with 
tamoxifen [ 48 ]. In a premenopausal population from the prospective phase III 
MA12 trial, comparing tamoxifen versus placebo, 398 breast tumors were subtyped 
using the PAM50 assay and shown to be prognostic for both DFS and OS (P = 0.0003 
and P = 0.0002 respectively) [ 49 ]. 

 Prosigna, licensed in 2012, is the commercially available prognostic assay based 
on the PAM50 gene signature using the nCounter Analysis System developed by 
NanoString Technologies. The risk of recurrence (ROR) score is derived from an 
algorithm based on the PAM50 gene signature, intrinsic subtype, tumor size, nodal 
status, and proliferation score, based on a subset of 11 proliferation genes [ 48 ]. The 
test has been validated in 2 large independent datasets from the TransATAC [ 50 ] and 
ABCSG-8 [ 51 ] trials.  

    Endopredict ®  

 Endopredict (EP) is a multigene signature based on RNA expression of 8 cancer 
related genes and 3 housekeeping genes using RT-qPCR [ 52 ]. It predicts the likeli-
hood of distant recurrence in patients with HR positive, HER2-negative breast 
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cancer treated with adjuvant endocrine therapy with prespecifi ed cut-offs for low 
(<10 % risk of distant recurrence at 10 years) and high risk (>10 % risk). It was 
developed using 964 ER-positive, HER2-negative tumors from patients treated with 
adjuvant tamoxifen only. EP has been validated in two large trials from ABCSG-6 
(n = 378) and ABCSG-8 (n = 1324) showing continuous EP was an independent pre-
dictor of distant recurrence in multivariate analysis (ABCSG-6: P = 0.010, 
ABCSG- 8: P < 0.001) [ 52 ].  

    Mammaprint 

 Mammaprint is a 70-gene profi le using microarray developed originally from 78 
patients with predominantly HR positive, node negative breast cancer, stratifying 
into low-risk or high-risk prognostic groups [ 53 ]. It has been independently vali-
dated in 307 node negative patients from fi ve European centers [ 54 ] as well as in a 
larger series on younger woman with node positive and node negative disease [ 55 ]. 
Whilst originally developed on microarrays using RNA from freshly frozen tissues, 
in an independent validation study, Mammaprint has been shown to be high repro-
ducible using FFPE, with an overall equivalence of 91.5 % (CI 86.9–94.5) between 
the 211 independent matched FFPE and fresh tumor samples [ 56 ].  

    Breast Cancer Index 

 Breast Cancer Index (BCI) is a prognostic assay based on qRT-PCR and has been 
developed from the combination of two gene signatures: HOXB13:IL17BR, a two 
gene ratio that predicts recurrence in tamoxifen treated patients [ 57 ], and the molec-
ular grade index (MGI), consisting of fi ve cell cycle-related genes [ 58 ]. BCI has 
been shown to signifi cantly predict 10 year risk of breast cancer of recurrence 
beyond standard clinicopathological factors [ 59 ].   

    Other Biomarkers for Predicting Risk of Recurrence 

 Achieving a pathological complete response (pCR) after neoadjuvant therapy 
is signifi cantly associated with improved overall survival [ 60 ] and it is currently 
approved as surrogate endpoint to accelerate drug development and licensing [ 61 ]. 
Alternatively, identifying residual disease after pre-surgical treatment has become a 
way of identifying a higher risk population who may then be targeted for novel adju-
vant therapies. However it is recognized that in HR positive disease, not achieving a 
pCR doesn’t necessarily portend a poor prognosis, given many of these patients do 
very well. Both the baseline and residual Ki67 values after exposure to pre- surgical 
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therapies have been shown to be prognostic [ 62 ,  63 ]. A combined score using the 
residual cancer burden, Ki67 and ER has been shown predict long term outcome 
after neoadjuvant chemotherapy [ 64 ]. 

 The identifi cation of micrometastatic disease either in the form of circulating 
tumor cells or tumor DNA may provide a method of tracking patients in follow up 
to identify those at future risk of clinical relapse [ 65 ,  66 ]. If preclinical relapse can 
be reliably identifi ed by such techniques, it is also necessary to show that interven-
ing before clinical relapse (whilst the patient is asymptomatic and without measur-
able disease) improves survival.  

    What Are the Timeframes for Relapse? 

 Breast cancer relapse can occur at any time, even decades after the original diagno-
sis. There are more typical patterns for the timing of relapse depending on the breast 
cancer subtype. Triple negative and HER2 positive breast cancers tend to relapse 
early, in the fi rst few years whereas the risk for HR positive breast cancers continues 
up to 10 years and even beyond [ 67 ,  68 ]. It is this ongoing risk that has become a 
major focus of research to identify those patients at risk for late relapse, in order to 
better tailor extended adjuvant endocrine therapy. The existing genomic assays have 
been interrogated for their ability to predict late relapse [ 69 – 72 ]. Whilst none of 
these have been originally designed for this purpose, currently the ROR and BCI 
outperform the other signatures in their ability to predict distant recurrence after 
5 years [ 69 ,  70 ]. 

 Obtaining a metastatic biopsy at the point of fi rst (or indeed subsequent) relapse 
is now recognized as an important consideration, provided the site is safely acces-
sible with a core needle. It is important to reassess ER, PgR and HER2 on the meta-
static relapse, particularly if there has been a long disease-free interval, as these may 
change in up to 15 % of patients [ 73 ]. This also provides an opportunity to molecu-
larly profi le the tumor at the time of relapse, which may guide further therapy and/
or clinical trial eligibility.  

    What Are the Patterns of Relapse? 

 Breast cancer can relapse at virtually any site. In Kennecke’s historical series, bone 
was the most common site of distant metastases in all subtypes except basal-like 
[ 24 ]. Triple negative breast cancers are more likely to present with visceral metasta-
ses [ 74 ]. Local recurrence should be treated with curative intent if feasible and 
radiotherapy should be considered, pending prior treatment [ 75 ]. Primary systemic 
therapy to achieve operability may also be used. 

 Cerebral metastases are more common in triple negative and HER2 positive 
 disease. With improvements in effective systemic therapies to control extracranial 
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disease, the treatment of brain metastases has become more aggressive as patients’ 
outcomes improve. In a more modern series, the median overall survival after the 
development of brain metastases was longest for HER2 positive disease [ 76 ]. 

 Oligometastatic disease describes very limited metastatic spread, ether as a sin-
gle lesion or a single site with only a few metastatic lesions identifi ed. This select 
group of metastatic patients has been identifi ed as a possible target for more aggres-
sive local therapies using either modern ablative or surgical techniques. Further 
prospective studies are needed and patient selection is obviously critical to best 
select those who are likely to achieve long term survival.  

    Conclusion 

 The majority of patients diagnosed with early breast cancer are cured with multimo-
dality therapy. There are multiple decision aids and molecular assays to help stratify 
patients so that we can better tailor systemic therapies accordingly with particular 
emphasis on later relapse risk in HR positive disease. It is likely as modern adjuvant 
therapies improve, the typical patterns of relapse as described in historical series 
may also change the natural history of recurrent disease.     
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    Chapter 3   
 Detection of Recurrence: Clinical Follow-Up                     

     Anne     Mc Loughlin       and     Nicola     Roche     

    Abstract     Breast cancer follow up after treatment of early disease has evolved in 
recent years to allow for a more patient centered approach. Various models of follow 
up successfully exist, aiming to provide early detection of treatable local recurrence 
in the ipsilateral or contra-lateral breast, identify symptoms suggestive of secondary 
breast cancer and to support patients who may have treatment related sequelae, albeit 
physical or emotional. A novel model for a patient-led approach is outlined in detail.  

  Keywords     Clinical follow up   •   Early detection   •   Psychological support  

   With improvements in early cancer detection, novel and expanding treatment options 
and the growing elderly population the number of cancer survivors is burgeoning. 
Worldwide it is estimated that over 25 million people are living with a history of cancer 
[ 1 ]. Within the UK, over two thirds of women diagnosed with breast cancer now sur-
vive more than 20 years [ 2 ]. The growth in cancer survivorship has led to a substantial 
increase in the number of people requiring follow up care. Because of the complexity 
of problems faced by people with cancer appropriate and acceptable follow up care is 
important. Whilst many enjoy a good quality of life, some survivors sustain treatment 
or disease related health problems that persist for many years. Along with the on- 
going risk of recurrence, potential long term and late effects of cancer treatment 
include neuropathy, fatigue, pain, cardiovascular compromise, lymphedema, depres-
sion, sexual dysfunction, cognitive and functional decline, as well as secondary malig-
nancy. This chapter aims to assess the evidence for the benefi ts of clinical follow up 
following a breast cancer diagnosis and discuss how recent changes in follow up care 
may help to meet the ongoing physical and emotional needs of survivors, ensuring that 
those living with and beyond their cancer diagnosis receive the information and sup-
port they need to lead healthy and active lives following completion of treatment. 
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 The aim of breast cancer follow up is:

    1.    The early detection of treatable local recurrence   
   2.    Early detection of contralateral breast cancers   
   3.    Identifi cation of symptoms suggestive of secondary breast cancer   
   4.    Management of treatment related sequelae and provision of psychological 

support.     

    Guidelines 

 For many years the traditional model of follow up has been a series of clinical 
appointments at increasing intervals following initial treatment. Indeed the American 
Society for Clinical Oncology (ASCO) still recommends a physical examination 
every 3–6 months for the fi rst 3 years, every 6–12 months for years 4 and 5, and 
annually thereafter [ 3 ]. On the other hand, in the UK, the National Institute for 
Clinical Excellence [ 4 ] focuses more on a more patient directed follow up and with 
agreed care plans.  

    Clinical Examination and Routine Appointments 

 Intuitively more frequent clinic visits should lead to earlier detection of recurrence 
and improved survival. However there is no evidence to support this and several 
publications have questioned the effectiveness of outpatient appointments, high-
lighting that most recurrences or new breast cancers are detected either by a routine 
surveillance mammogram or as interval events with patients presenting with new 
symptoms in between appointments [ 5 – 7 ]. 

 Regular clinical examination rarely detects local recurrence [ 8 ,  9 ] and is not 
known to confer any survival benefi ts. There is little evidence to support the role of 
clinical breast examination and breast self- examination; indeed some authors sug-
gest that they may do more harm than good [ 10 – 12 ]. 

 Whilst there is no evidence that routine follow up improves prognosis or reduces 
rates of recurrence, many women may value follow up for the reassurance it offers 
them, in particular the availability of specialist expertise as well as access to diag-
nostic tests [ 13 ]. However long waiting times, rushed consultations and lack of con-
tinuity [ 14 ] often result in consultations that frequently read fail to address the real 
concerns for patients, hence the current trend in breast cancer follow up towards 
patient directed follow up. 

  Early detection of recurrence and contralateral breast cancers     The rates of in 
breast tumor recurrence (IBTR) have fallen with modern multi-modality treatment, 
with current IBTR rates of around 5 % at 10 years [ 15 ]. Non-gene carriers are also 
at a small increased risk of contralateral breast cancer (CBC) in comparison to the 
general population, the risk of CBC being in the region of 0.6 % per year [ 16 ]. 
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The development of IBTR has an adverse impact on survival. The time from 
 treatment of the primary to IBTR being signifi cant with those occurring after a 
shorter interval having a worse prognosis. The early detection of IBTR and CBC 
confers a survival advantage [ 17 ]. Current UK practice is to perform a surveillance 
mammogram every 12–24 months for 5 years or till the patient reaches the age of 
routine breast screening through the NHS breast screening programme. The inci-
dence of IBTR and CBC has been shown to be fairly constant over the fi rst 10 years 
supporting a longer surveillance strategy. Optimal imaging strategies for detecting 
local recurrence are discussed further in Chap.   4    .   

    Identifi cation of Early Secondary Disease 

 Multiple diagnostic investigations designed to detect metastatic (or secondary) dis-
ease are not recommended, as they have not been shown to prolong survival and 
may even have a detrimental effect on the quality of life [ 3 ]. Guidelines do not 
recommend the use of routine bloods and tumor markers in the follow up of asymp-
tomatic patients [ 18 ]. Whilst a rise in tumor markers such as CA 15.3 may predict 
disease recurrence in advance of symptoms, there is currently no evidence that this 
translates to a survival advantage or improved quality of life. Advances in detection 
of circulating tumor cells [ 19 ] or more recently detection of circulating tumor DNA 
[ 20 ] may prove to be more sensitive predictors of recurrence but studies still need to 
demonstrate that a therapeutic intervention at an early stage translates to a better 
outcome in terms of survival and quality of life  

    Models of Follow Up Care 

 No consensus exists as to where follow up should take place, within the hospital or 
primary care, and which type of health professional doctors or nurses, should pro-
vide follow up care [ 21 ,  22 ]. Alternative methods of follow up such as nurse led or 
follow up in primary care have demonstrated high levels of acceptability, with no 
reduction in the quality of life or increase in anxiety. Strategies focusing less on 
survival and more on patient’s satisfaction have shown benefi ts to patients [ 6 ,  21 ]. 
However much of the research published to date is not powered suffi ciently to 
establish safety. 

 Within the UK, work has been undertaken to improve the quality and effective-
ness of care and support to those living with and beyond cancer. When the National 
cancer survivorship initiative set out its goals for cancer care in its vision document 
[ 23 ] it highlighted fi ve key shifts, outlined in Table  3.1 , necessary to deliver high 
quality care and support to people living with and beyond a cancer diagnosis. 
Current health policy advocates a move away from routine follow up to an approach 
based on individualized needs and preferences along with the promotion of  recovery, 
health and well-being following completion of treatment, with an aim that by 2020 
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every person with cancer will have access to elements of this ‘recovery package’ 
[ 24 ]. Information should be provided on long term side effects alongside rapid 
access to specialist medical care if and when problems arise [ 25 ] and emphasis is 
placed upon addressing the holistic needs of patients as shown in Table  3.2 .

    This desire to improve the quality and effectiveness of services has been greeted 
with enthusiasm within many breast units who are keen to implement new mod-
els of survivorship care, so that follow up services are patient-led, enabling ongo-
ing access to clinical teams as needed. These types of follow up are referred to as 
Patient led follow up or Open access follow up and are underpinned by an ethos 
of supported self-management. There is evidence to suggest that implementation 
of new models of care, for those living with and beyond their cancer diagnosis 
can improve the quality of life for people following treatment for cancer through 
addressing their needs, and helping them to return to living their lives as positively 
as possible [ 23 ,  25 ].  

    Potential Model for Patient-Led Care 

 The key components to successful patient led care are listed in Table  3.3 . Many 
models exist but a potential framework is outlined in this section.

   Table 3.1    Five shifts in care and support for people living with and beyond cancer   

 A cultural shift in the approach to care and support for people affected by cancer to a greater 
focus on recovery, health and well-being after treatment 
 A shift towards holistic assessment, information provision and personalized care based on 
assessment of individual risk, needs and preferences. 
 A shift towards supported self-management, an approach which empowers individuals to take 
responsibility for their condition 
 A shift from a single model of follow up care to tailored support that enables early recognition 
of the consequences of treatment and the signs and symptoms of further disease 
 A shift from an emphasis on measuring clinical activity to a new emphasis on measuring 
experience and outcomes for cancer survivors through routine use of patient reported 
outcomes 

  DH 2010 [ 23 ]  

  Table 3.2    Addressing the 
holistic needs of the patient  

 Address physical and practical concerns 
 Signposting to national/local support groups 
 Support self- management courses 
 Refer to allied health care support 
 Advice related to lifestyle: stop smoking, weight loss 
 Information or referral to physical activity program 
 Information or referral on diet and nutrition 
 Referral for counseling/psychological support 
 Support related to work and fi nancial concerns 

  DH 2011 [ 25 ]  
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    End of treatment consultation     Patient suitability should be confi rmed at a 
 multidisciplinary meeting (MDM). Patients who may be less suitable for entry in to 
a supported self-management program at the end of hospital based treatment may 
include patients with learning disabilities, very elderly patients, those with mental 
health problems or those who do not speak English as fi rst language. At the end of 
treatment, patients are invited to attend a consultation with a specialist nurse or 
other member of the multidisciplinary team. It has long been recognized that the 
skills of specialist nurses could be harnessed to provide a quality service whilst 
reducing the burden on hospital clinics [ 26 ]. Breast care nurses are uniquely placed 
to address the information and psychosocial needs of affected women and to pro-
vide follow up services. Telephone follow up in particular by specialist breast care 
nurses has positive benefi ts for women with breast cancer and can provide a fast 
responsive system when patients really need it [ 26 ,  27 ].  

  Holistic needs assessment (HNA)     Holistic needs assessment is a process of 
 gathering and discussing information with the patient in order to develop an 
understanding of what the person living beyond their cancer knows, understands 
and needs [ 23 ,  25 ]. Patients are given a HNA form which they can complete before 
the end of treatment consultation. This is shown in   http://www.londoncanceral-
liance.nhs.uk/media/60440/London%20Holistic%20Needs%20Assessment_
print%20version_2013.pdf    . The assessment results are used to inform a 
Survivorship care plan and can identify unmet needs and help address physical, 
practical and psychological concerns. It is recognized that treatment completion is 
a time of uncertainty for patients and some report a lack of support from health 
professionals. While many patients adapt well to the physical and psychological 
effects of breast cancer well after completing treatment, research has identifi ed 
that up to 30 % of all patients had fi ve or more unmet needs at the end of treatment. 
The most frequently reported are fear of recurrence, psychological needs, fi nan-
cial diffi culties and altered relationships [ 28 ]. Patients can be referred to the 
appropriate rehabilitation or supportive services within the hospital, community or 
voluntary sector.  

  End of treatment summary     The Survivorship care plan is a communication tool 
that empowers the user to self-manage and improve their quality of life. The plan 
for follow up care is confi rmed including mammographic (or other) surveillance, 
duration of endocrine treatment and frequency of DEXA bone density scans. These 

   Table 3.3    Key components of supported self- management   

 Holistic Needs Assessments to identify and address any outstanding needs and to ensure 
patient has the knowledge and confi dence to self-manage 
 End of Treatment Summaries and Survivorship Care Plans 
 Access to Health and Well-being events 
 A Remote Monitoring System to manage ongoing surveillance tests 
 Good communication between specialist and primary care teams 
 A system that allows rapid re -access to the specialist team if needed 

  DH 2010 [ 23 ], 2011 [ 25 ]  
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dates are recorded, along with the diagnosis and treatment summary on the patients 
end of treatment care plan. End of treatment summaries can help to support commu-
nication with primary care and any further reviews undertaken by the GP. Patients 
are given a Treatment Summary and a Survivorship care plan is developed, which 
can be shared with the General Practitioner (GP).  

  Trigger symptoms and signs     Patients need to become breast aware. This involves 
getting used to what the treated breast looks and feels like, as well as noticing any 
new changes. Surgery and radiotherapy alter the appearance, feel and sensation of 
the breasts after treatment. For example, the area around the scar may feel lumpy, 
numb or sensitive. Breast awareness is important for patients who have had breast 
conserving surgery or a mastectomy (with or without a reconstruction) and should 
be undertaken in addition to receiving regular mammograms. Getting to know how 
it looks and feels so an individual knows what is normal will help them to feel more 
confi dent about noticing changes and reporting them. It is also important to be 
aware of any new changes in the other breast and report them as soon as possible. 
Signs and symptoms of secondary (metastatic disease) are discussed and appropri-
ate written information is offered. See Table  3.4 .

     Data management     Imaging surveillance is managed remotely; patients attend the 
hospital for annual mammograms and receive the results by post. A virtual  clinic/
MDM runs each month to capture patents who may have: completed endocrine 
treatment, benefi t from extended adjuvant therapy, benefi t from switching endo-
crine treatment or have completed mammographic surveillance and should return to 
the NHS Breast Screening Programme. Key events such as mammogram appoint-
ments, completion or switch dates of endocrine treatment and dates of DEXA scans 
are fl agged on a database. A robust data base with ability to fl ag key events and 
recall patients for investigations is essential and key to running a safe patient led 
follow up. It also allows for data collection and research. If patients develop local or 
metastatic recurrence, they receive appropriate treatment and are taken off the 
remote monitoring system.  

   Table 3.4    Signs and symptoms of a possible recurrence   

 Changes to look and feel for  Signs and symptoms to report 

 A change in shape or size of the breast  Lymphedema or tingling in arm 
 A lump or thickening that feels different  Bone pain greater than 2 weeks 
 Change in skin texture such as puckering or dimpling  Pain beneath the rib cage or swelling 
 Swelling in the upper arm  Ongoing nausea 
 Pain  Persistent cough or breathlessness 
 Nipple discharge  Early morning headaches 
 Redness or a rash on the skin and or around the nipple 
 An inverted nipple or changes in the position or shape of 
the nipple 
 A swelling in the arm pit or around the collar bone 
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  Access to specialist team     Once patients enter the program, access to the breast 
unit is through the specialist nursing team whom they can phone should  problems or 
concerns arise. The specialist nurse can provide advice or organise a return to clinic 
on an as needs basis, depending on the  signifi cance of new symptoms, worries or 
concerns that they may have.  

  Health and well-being promotion     Advice on health promotion and lifestyle 
issues such as smoking, diet and exercise, weight management and alcohol intake 
are also discussed. Studies indicate a higher prevalence of obesity and lower levels 
of physical activity among cancer survivors compared to the general population 
[ 29 ]. Life expectancy for breast cancer survivors has been generally increasing, 
however those with a higher BMI and low physical activity levels are not only at 
increased risk of cancer recurrence [ 30 ] but could develop co-morbidities such as 
hypertension, cardiovascular disease and osteoarthritis. Evidence is now growing to 
support the role of physical activity during and after cancer treatment. Discussions 
about diet and physical activity are likely to be well received by patients. Following 
a diagnosis of cancer many patients will be focused on their health and may be more 
receptive to messages around lifestyle risk factors. This represents a teachable 
moment [ 31 ] which could be used to help people modify aspects of their lifestyle to 
reduce a variety of health conditions. Breast Units should be encouraged to run or 
sign post patients to health and well-being events. However attendance at these 
events is often low, supporting the idea that may patients return to normal after can-
cer treatment with a smaller proportion needing more intensive support and help.  

  The patient-led follow-up model; a potentially suitable model for future breast 
cancer services     The perceived benefi ts of this supported self-managed or patient 
led approach to follow up are that women who are well and have no concerns do not 
need to attend the hospital. The anxiety associated with clinic appointments is 
decreased and unnecessary appointments are reduced. Giving attention to survivor-
ship issues enables health professionals to respond effectively to straightforward 
problems that patients identify. Patients have their needs met in a timely manner, are 
better informed about their disease, treatment and longer term effects. Equally, 
patients who have more complex diffi culties can be identifi ed and referred to the 
appropriate specialist services. The reduction in unnecessary outpatient appoint-
ments for those who no longer require face to face appointments in turn releases 
capacity for those with complex needs and helps improve access for new referrals. 
Patients will understandably enquire about the value of scans, tumor markers and 
other tests that might lead to either reassurance or early detection but at present 
more intensive surveillance has not been shown to promote clinically signifi cant 
changes in the time to recurrence or to improve survival or quality of life. Most 
patients will accept this, once the rationale is explained to them [ 32 ]. Chapman et al. 
[ 33 ] undertook an audit to assess patient satisfaction and GP workload following the 
introduction of patient led breast cancer follow up. A questionnaire was sent to 217 
patients at low risk of recurrence. There were 130 respondents (60 %) and of these 
126 (97 %) patients had a clear idea of how to contact the breast unit. Only 10 of 277 
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GP respondents (3.7 %) referred a patient back to the breast unit. Shepherd et al. [ 27 ] 
examined a model of care for breast cancer patients based on the concept of point of 
need access and investigated the effectiveness of this model in comparison to rou-
tine 6 monthly reviews. Two hundred fourteen patients participated, overall there 
was no increased risk of psychological morbidity or decline in quality of life when 
routine review was discontinued, the recurrences observed were unlikely to have 
been detected at a routine visit. Point of need access is acceptable to the majority of 
patients; there is no evidence to support the view that that regular clinical review 
improves psychological morbidity or quality of life. Rechis et al. [ 34 ] highlights 
post treatment cancer survivors who received an End of Treatment Summary 
reported that their needs had been met, including receiving information about pos-
sible late effects.   

    Conclusion 

 Breast cancer is a heterogeneous disease and it is unlikely one follow protocol will 
be suitable for all patients. It is clear that most retrospective reviews of routine clinic 
visits have not been helpful in establishing either the best schedule for such visits or 
indeed whether visits are necessary [ 5 ]. There is no evidence that routine clinical 
follow up improves survival. The majority of breast cancer patients have a favorable 
prognosis and will live for many years after diagnosis. Follow up care should focus 
on diagnosis and management of second primary cancer, management of long term 
hormonal therapies, evaluation and management of treatment complications and the 
provision of ongoing psycho social support. The continued development of patient 
led follow up is likely to mean that in the future primary care will have an increas-
ingly important role to play in supporting patients in the self- management of their 
conditions. Brearley et al. [ 35 ] recognizes that there has been a substantial amount 
of research describing many of the problems experienced by cancer survivors; this 
is strongest in the periods soon after treatment. As the complexity of treatment 
increases many patients report on-going side effects and concerns as well as lack of 
self-confi dence. There will need to be greater ability of health professionals to iden-
tify and treat survivorship issues, more data is needed to understand the needs of 
this group and the effectiveness of interventions for the problems they have.     
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    Chapter 4   
 Detection of Recurrence: Imaging Strategies                     

     Kate     Downey       and     Steven     Allen     

    Abstract     Women who have undergone previous treatment for early breast cancer 
are at risk of recurrent disease at local or distant sites, as well as the development of 
new primary breast cancers. Breast imaging improves survival when compared to 
clinical examination alone. Annual mammography is the routine imaging modality 
of choice, with MRI and ultrasound reserved for specifi c populations and problem- 
solving. Some scenarios such as mammographically occult tumors, imaging the post-
mastectomy breast and higher risk groups require specifi c consideration. Routine 
imaging to detect distant recurrence in asymptomatic patients is not performed, as 
this approach has not been shown to improve survival. Future directions, including 
the roles of tomosynthesis and new imaging strategies to detect distant recurrence 
and in particular oligometastatic disease are also discussed in this chapter.  

  Keywords     Mammography   •   Recurrence   •   MRI   •   Ultrasound  

      Introduction 

 Women who have been treated for early breast cancer are at risk of recurrent disease 
within the breast itself as well as at distant sites and also remain at risk of develop-
ing a second primary breast malignancy. Breast imaging improves survival when 
compared to clinical examination in women who have completed treatment for 
early breast cancer. It detects smaller, impalpable and less invasive tumors that have 
a much better prognosis than those that are clinically detectable [ 1 – 4 ]. Depending 
on the surgery performed, both the treated and contralateral breast are subject to 
imaging surveillance which is stratifi ed according to risk and usually takes the 
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form of yearly mammography either in conjunction with a fi xed routine outpatient 
appointment and clinical examination or as part of the ‘Open Access Follow Up’ 
system; a program advocated by the London Cancer Alliance and widely adopted in 
many cancer centers in the UK [ 5 ].  

    Current Imaging Modalities Used in Breast Cancer Survivors 

    Mammography 

 Mammography is the imaging modality of choice for imaging surveillance following 
treatment for early breast cancer for both invasive disease and ductal carcinoma in situ 
(DCIS). The sensitivity of routine surveillance mammography for detecting ipsilateral 
breast cancer recurrence has been reported in the literature as 64–67 % with a specifi c-
ity of 85–97 % [ 6 ]. For detecting contralateral metachronous tumors, annual mam-
mography has a reported sensitivity of 70.8 % [ 3 ] and up to 81–88 % if combined with 
clinical examination [ 7 ]. The National Institute for Clinical Excellence (NICE) recom-
mends annual mammographic surveillance in all those treated for early breast cancer 
following diagnosis until entering the NHS British screening programme (NHSBSP) 
at 50 years of age. The fi rst post-treatment mammogram appointment is advocated at 
12 months following initial diagnosis to prevent false positive reports due to treatment 
effects especially following radiotherapy. Mammographic follow up at shorter inter-
vals than 12 months following conservative treatment has not been shown to affect 
survival [ 8 ]. In those already 50, annual mammography is recommended for 5 years as 
most episodes of local recurrence occur within the fi rst 5 years following treatment. 
The frequency of imaging surveillance following 5 years is unclear; however the 
Royal College of Radiologists does not advocate routine surveillance after 75 years of 
age [ 9 ]. The evidence for earlier detection defi nitively improving outcome in those 
over 75 is currently lacking; however in an aging population this is likely to change. 

 The mammographic appearance of recurrent disease is often very similar to the 
primary tumor [ 10 ] and most frequently occurs at the excision site or within the 
same quadrant [ 11 ] following wide local excision. Granular or pleomorphic calcifi -
cation within the surgical bed at follow up mammography is suggestive of recurrent 
disease especially if DCIS was present within the original pathological specimen 
(Fig.  4.1 ). Benign dystrophic calcifi cation relating to scar tissue often occurs within 
the surgical bed in the breast following surgery. This is usually coarse or curvilinear 
but can sometimes be diffi cult to distinguish from malignant calcifi cation. A low 
threshold for biopsy is warranted in the investigation of post surgical calcifi cation 

  Fig. 4.1    Reconstructed medio-lateral oblique (MLO) and cranio-caudal (CC) ‘c’ views from two 
consecutive tomosynthesis studies following previous wide local excision for DCIS. Images 1 year 
following surgery ( a ,  b ) demonstrate normal post-operative appearances however 2 years  following 
surgery ( c ,  d ) there is an area of pleomorphic calcifi cation near the excision site in keeping with 
recurrent DCIS         
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unless typically benign features are demonstrated. Survival benefi t may not be 
 associated with detecting low or even intermediate grade DCIS however it has been 
reported that up to approximately one third of cases of recurrence following surgery 
for DCIS contains invasive disease [ 12 ]. Optimal sampling of indeterminate calcifi -
cation is performed under stereotactic guidance with either a stereo-core or stereo- 
vacuum technique. The sample obtained is imaged whilst the breast is still 
compressed to ensure representative calcifi cation is present within the specimen and 
a marker clip is usually deployed at the site of biopsy to ensure the exact location of 
sampling is known.

   Recurrent disease in men is usually clinically apparent and mammographic sur-
veillance following treatment for male breast cancer is not routinely offered. An 
ultrasound is usually suffi cient for diagnosis in men who present with symptoms of 
recurrent disease.  

    Magnetic Resonance Imaging and Ultrasound 

 MRI has a higher sensitivity in comparison to mammography for differentiation of 
post-treatment changes from recurrent disease and reported as ranging from 86 to 
100 % [ 13 ,  15 ]. There is however a signifi cant false-positive rate especially when 
MRI is performed within 18 months of surgery [ 16 ]. 

 The reported sensitivity and specifi city of ultrasound ranges from 71 to 91 % and 
82 to 98 % [ 17 – 20 ]. It has been shown that ultrasound in addition to mammography 
increases the diagnostic yield of recurrence detection in high risk women however 
a high false positive rate is also demonstrated [ 21 ]. 

 There is currently insuffi cient evidence to advocate the routine use of MRI or 
ultrasound in the post-treatment breast. Under NICE guidelines, neither MRI nor 
ultrasound are currently offered for routine surveillance in patients who have been 
treated for DCIS or early invasive disease [ 22 ]. They are often however used as 
adjuncts to mammography in those patients who have mammographically occult 
primary tumors, as a problem solving tool when clinical and conventional imag-
ing appearances are discordant and in those who have a genetic predisposition to 
breast cancer. 

 Appearances of recurrent disease on MRI are often similar to the primary tumor 
and both morphological and enhancement characteristics are assessed [ 13 ]. Tumor 
is usually demonstrated as a mass that is low signal on T1-weighted and intermedi-
ate to high signal on T2-weighted imaging with avid and early contrast enhance-
ment. Enhancement can either be homogeneous, heterogeneous, rim or non-mass 
like. As for primary tumors, kinetic analysis of contrast enhancement characteris-
tics can help to distinguish benign from malignant enhancement. Type I curves 
demonstrate progressive enhancement and are usually associated with benign 
lesions with a less than 10 % chance of malignancy [ 23 ]. The sensitivity and speci-
fi city for a benign lesion when associated with a type 1 curve is 53 and 71 % [ 24 ]. 
Type II curves demonstrate initial uptake followed by a plateau phase and type III 
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curves demonstrate relatively rapid uptake followed by a washout phase. Both type 
II and III curves are more concerning for malignancy; up to 76 % of tumors with a 
type III curve are associated with malignant tumors [ 25 ]. The specifi city of detect-
ing malignancy with a type II curve is reported as 75 % with a sensitivity of 43 % 
and although specifi city with a type III curve is high (up to 90 %), sensitivity is low 
(as low as 21 %) [ 24 ]. 

 Appearances of recurrent disease on ultrasound may also be similar to the 
primary tumor; hypoechoic, irregular, associated posterior acoustic shadowing 
and increased vascularity. Ultrasound can be helpful to confi rm the malignant 
nature of a clinically palpable or mammographically apparent mass and to assess 
the axilla or neck for associated lymphadenopathy. Ultrasound is also more 
 sensitive than mammography when there is chest wall recurrence. Typically, 
once recurrence is suspected on mammography, ultrasound is used to confi rm 
mammographic fi ndings and guide percutaneous biopsy for histopathological 
confi rmation. 

 Axillary recurrence following standard treatment of the axilla is rare and most 
cases following lymph node dissection are detected clinically [ 26 ]. Abnormal lymph 
nodes can be detected incidentally on mammographic MLO views but ultrasound of 
the axilla is performed when palpable lymph nodes are detected clinically or when 
recurrence occurs within the breast. If there are imaging fi ndings of concern 
(rounded shape, loss of the fatty hilum, cortical thickening) a fi ne needle aspiration 
or core biopsy of the lymph node is performed for analysis.   

    Mammographically Occult Tumors 

 Patients who are diagnosed with mammographically occult tumors, especially in 
those with dense breasts, are considered for ultrasound surveillance in addition to 
yearly mammogram. If a tumor is both mammographically and ultrasound occult, 
MRI is usually performed. The individual imaging pathway should be confi rmed at 
a subspecialty breast multidisciplinary meeting or by the patient’s consultant and 
documented in the patient notes/electronic patient record.  

    Imaging the Post Mastectomy Breast 

 Under current guidelines, if there are no concerning features on clinical examina-
tion, routine imaging of the ipsilateral post mastectomy soft tissues is not recom-
mended. Although recurrence rates following mastectomy are low, a small volume 
of breast tissue may remain especially after skin-sparing mastectomy within the 
anterolateral chest wall and axilla and within the posterior breast over the pectoralis 
muscle. Mammographic imaging of the mastectomy site does not increase the detec-
tion of recurrence [ 27 ]. Reconstruction post mastectomy is either implant- based or 
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comprised of autologous tissue (myocutaneous or free perforator fl ap) grafts. Free 
perforator fl aps such as the deep inferior epigastric perforator (DIEP) fl ap recon-
struction are gaining popularity in many institutions that can offer microsurgery; 
as well as improved cosmetic results, they are associated with fewer complications 
at the donor site, earlier mobilization post surgery and a shorter hospital stay than 
muscle-based reconstruction. Although rare, when ipsilateral recurrence occurs in 
the reconstructed breast, it is usually superfi cial in location within the skin envelope 
or within the subcutaneous fat and clinically detected as a palpable mass. Less than 
one third are posteriorly located at the chest wall [ 28 ]. If there is clinical concern, 
an ultrasound is most often performed which will help to confi rm malignant appear-
ances of a palpable mass and can guide biopsy if the lesion is located within the 
subcutaneous tissues (Fig.  4.2 ). Recurrent disease is often found medially within the 
breast due to lymphatic drainage to the internal mammary lymph node chain that 
is not dissected at mastectomy. Ultrasound appearances usually represent that of 
the primary tumor however occasionally recurrent disease within the reconstructed 
breast can be non-specifi c in appearance. Distinguishing recurrent disease from 
benign lesions such as fat necrosis can be sometimes be challenging and there should 
be a low threshold for image guided biopsy. A clinical punch biopsy is performed if 
the lesion is cutaneous. MRI may be used as a problem- solving tool when clinical 
and ultrasound fi ndings are discordant or inconclusive however false positive cases 
may occur at the interface between the fl ap and the residual breast tissue where areas 
of post-surgical contrast enhancement may mimic recurrent disease [ 29 ].

       Higher Risk Groups 

 Women who are considered higher risk are those with BRCA 1, BRCA 2 or TP53 (Li 
Fraumeni syndrome) mutations or a signifi cant family history. The London Cancer 
Alliance and NICE recommends that these patients should have annual imaging 
with either mammography alone, MRI alone or MRI with mammography depend-
ing on age and mutation type [ 5 ,  22 ]. Under these guidelines, BRCA1, BRCA 2 and 
TP53 mutation carriers or those at high risk of carrying BRCA1 or TP53 mutations 

  Fig. 4.2    Ultrasound 
image of the chest wall 
demonstrating a palpable 
12 mm hypoehoic 
irregular mass in keeping 
with a subcutaneous 
recurrence (histology: 
invasive ductal carcinoma) 
following previous 
mastectomy       
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from untested or inconclusively tested families are recommended to have annual 
MRI from 30 to 39 years (20–49 years in TP53 carriers or a risk of TP53 >30 %) 
and then annual MRI and mammography from 40 to 49 years. From 50 to 69 years, 
those who are BRCA carriers are offered annual mammography ± MRI.  

    Staging in Recurrent Disease 

 Identifi cation of asymptomatic metastases has not to date been shown to prolong 
survival and therefore cross-sectional and or nuclear medicine imaging studies do not 
form part of normal surveillance protocols after treatment for breast cancer [ 30 ,  31 ]. 
When locally recurrent disease is detected however all patients are restaged before a 
defi nitive treatment plan is confi rmed to optimize patient outcome as a signifi cant 
number will have systemic disease [ 32 ]. When recurrent disease is detected, those at 
particular risk of disseminated disease are those who initially had lymph node posi-
tive disease, skin involvement or lymphovascular space invasion [ 33 ]. Restaging is 
also performed when patients are symptomatic or rising tumor markers are detected 
suggesting recurrent disease. A CT of the chest abdomen and pelvis is usually 
 performed with a high start to ensure the supraclavicular fossae are included. 
 100–150 ml of iodinated contrast medium is injected at 3–4 ml/s and images are 
acquired in the portal venous phase at 1 mm sections reconstructed for viewing at 
3 and 5 mm slice thickness [ 34 ]. Multi-planar reformats are often helpful especially 
when assessing the skeleton for bone metastases. CT is usually suffi cient for staging 
in the context of recurrent disease however a combination of CT, liver MRI, whole 
spine MRI and  18 PET-CT may be required. Liver MRI with the use of contrast can 
help to distinguish benign from malignant liver lesions and PET-CT or Tc-99 m-MDP 
bone scans can defi ne skeletal metastases and nodal involvement. In patients with 
elevated tumor markers or clinical or imaging fi ndings in keeping with recurrent 
disease, FDG PET-CT has been found to have a sensitivity of between 91 and 97 % 
and a specifi city between 76 and 92 % for detecting disease recurrence [ 35 ]. It is 
however costly and involves ionizing radiation. Specifi c symptoms may guide further 
investigations such as MRI of the brain and brachial plexus.  

    Future Directions 

    Tomosynthesis 

 Tomosynthesis is a mammographic technique which uses a digital detector and 
multiple x-rays that move in an arc around the breast to build a 3D image. It 
addresses the problem of soft tissue superimposition resembling pathology encoun-
tered with conventional 2D mammography and may help to detect recurrent dis-
ease earlier than mammography, especially within the dense breast. Digital Breast 
Tomosynthesis (DBT) has shown to improve cancer detection and reduce recall 
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rates [ 36 ,  37 ] in the screening setting and some studies have suggested that DBT 
could be used as an alternative to additional views in the symptomatic/surveillance 
setting [ 38 ,  39 ]. More studies are warranted to establish DBT as a viable alternative 
to mammographic surveillance post treatment. In our institution, it is used as a prob-
lem-solving tool replacing conventional compression views when required and is 
recommended in younger patients aged 40–50 years who often have denser breasts 
or in patients of any age with a P4/5 examination. It can also be used to guide ste-
reotactic biopsy in cases of suspected DCIS recurrence not visible on ultrasound.  

    Oligometastatic Disease 

 Most work in the literature concentrates on loco-regional recurrent disease and 
there is limited data on oligometastatic recurrence. It is known that the survival rate 
for patients with metastatic disease is continuously improving aided not only by 
improvements in systemic therapies but also advancements in imaging techniques 
capable of diagnosing small volume disease at an earlier timepoint [ 40 ]. Certain 
patients with oligometastatic disease that are managed appropriately can attain long 
term survival [ 41 ]. In the near future detecting oligometastatic disease may have a 
survival benefi t owing to advances in surgery for metastatic disease as well as focal 
therapies such as stereotactic radiotherapy, radiofrequency and microwave ablation 
techniques [ 42 ]. This could mean that we see an increase in the use of whole body 
imaging in the form of PET-CT, whole body MRI or indeed combined whole body 
PET-MRI [ 43 ].  

    Risk Stratifi ed Surveillance 

 Risk of recurrent disease is multifactorial and is not only linked to original stage but 
also the molecular identity of the tumor. Rather than adopting a standardized sur-
veillance strategy, monitoring post treatment may increasingly be stratifi ed with 
timing and modality of imaging linked to individual patient risk. This clearly 
involves a multidisciplinary team approach including oncologists, surgeons, pathol-
ogists and radiologists.   

    Conclusion 

 At present imaging strategies to detect locoregional recurrent disease are centered 
on mammography. Ultrasound and MRI are reserved for guiding biopsies and prob-
lem solving or in those patients with dense breasts or those deemed at higher risk 
(genetic or family history). Patients who are symptomatic, have rising tumor markers 
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or histopathologically proven locoregional recurrence undergo formal  staging with 
cross sectional imaging to ascertain the presence of disseminated disease and to 
optimize treatment strategies.     
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    Chapter 5   
 Follow Up of Patients with Germline 
Mutations in High Risk Predisposition Genes                     

     Zoe     Kemp     

    Abstract     Patients with germline mutations in high risk predisposition genes have 
signifi cantly raised risks of certain cancers compared to those in the general popula-
tion and may be affected at a young age. For a patient this can give an explanation 
as to why they have developed cancer but it can also indicate that they are at 
increased risk of further primaries. 

 This chapter will review the genetic architecture of breast cancer and will con-
sider how knowledge of a germline mutation can translate into clinical practice. It 
will focus on how an understanding of the risks of cancer associated with  BRCA1  or 
 BRCA2  germline mutations can guide the follow up of those who have already been 
affected by breast cancer. Both the risk of contralateral breast cancer and of ovarian 
cancer will be considered and what measures can be taken to reduce these risks. 

 Finally we will also consider family issues related to germline mutations includ-
ing fertility and preimplantation genetic diagnosis and cascade testing.  

  Keywords     Predisposition genes   •    BRCA1/BRCA2    •   Contralateral mastectomy   • 
  Ovarian cancer   •   Ovarian screening   •   Risk reducing surgery  

      The Genetic Architecture of Breast Cancer Susceptibility 

 Inherited susceptibility to breast cancer arises through germline mutations in pre-
disposition genes. Three classes of susceptibility genes have been described, each 
distinctive in terms of prevalence in the population and the degree of risk of breast 
cancer conferred. Although this classifi cation partly refl ects the methodology 
employed to discover the genes, it also provides a useful framework for understand-
ing the genetic architecture of breast cancer and its application to clinical practice 
[ 1 ,  2 ] (Table  5.1 ).
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   The three classes of predisposition alleles are:

•    Rare, high-penetrance alleles  
•   Rare, moderate-penetrance alleles  
•   Common, low-penetrance alleles    

    Rare, High-Penetrance Predisposition Genes 

 Mutations in these predisposition genes are rare (UK population carrier frequency 
≤0.1 %) but heterozygous carriers have a 10–20 fold relative risk of developing 
breast cancer. This group is dominated by  BRCA1  and  BRCA2 , the protein products 
of which are integral to DNA double-strand break repair. Pathogenic mutations usu-
ally result in protein truncation and hence inactivation. Pathogenic germline muta-
tions in  TP53 ,  PTEN ,  STK11 , and  CDH1  also cause increased risk of breast cancer.  

    Rare, Moderate-Penetrance Predisposition Genes 

 For other rare predisposition genes (UK population carrier frequency ≤0.6 %) pen-
etrance is more moderate with a 2–4 fold relative risk of breast cancer. The lower 
level of risk means that most carriers will not develop the disease and the disease 
may not always segregate with the mutation within families. 

 Breast cancer predisposition genes residing in this category were identifi ed 
through the examination of candidate genes, chosen because of their involvement in 
the  BRCA1/2  pathways. They include  CHEK2 ,  ATM ,  BRIP1  and  PALB2 .  

    Common, Low-Penetrance Predisposition Genes 

 These are common variants that confer very little risk alone but may act multiplica-
tively thus generating larger risk. Predisposition variants are identifi ed through 
breast cancer case-control series but very large numbers of samples are required to 
generate robust results.  

    Clinical Utility 

 The advent of next generation sequencing has revolutionized the capacity and speed 
of genetic testing. However, the clinical utility of the information generated is depen-
dent on being able to determine whether an identifi ed variant is pathogenic [ 3 ]. Even 
then substantial evidence is required to generate risk estimates of breast cancer. 
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 For these reasons the main focus of this chapter will be on  BRCA1  and  BRCA2 . 
Here knowledge of variants and risk is most advanced though continues to mature. 
Evidence regarding breast cancer predisposition genes will be accelerated through 
new technology and may blur the distinction between high, moderate and low pen-
etrance groups in the future.   

    Germline  BRCA1  and  BRCA2  Mutations and Risks of Cancer 

 The relative risk of breast cancer associated with rare, high penetrance genes is 
described above but for the purpose of counseling and consideration of management 
options absolute risks are more helpful. Reliable risk estimates are diffi cult to obtain 
since fi gures will vary depending on whether they are derived from population- 
based studies unselected for family history or family-based studies. For example 
risks estimates based on families ascertained because of multiple affected individu-
als will be much higher. It is therefore important to know the population from which 
the estimates are derived [ 4 – 6 ]. 

 A useful approach is to use a range of risk as in the Cancer Genetics Clinical 
Protocols developed by the Institute of Cancer Research and the Royal Marsden 
Hospital. These protocols describe the lifetime risk of developing breast cancer for 
 BRCA1  carriers as between 60 and 90 % and for  BRCA2  45–85 %. The lifetime risks 
of developing ovarian cancer are described as 40–60 % and 10–30 % for  BRCA1  and 
 BRCA2  respectively [ 7 ]. 

 Given these risks there are a number of areas that should be discussed with car-
riers following a breast cancer diagnosis (Box  5.1 ). 

     Contralateral Breast Cancer in  BRCA  Carriers 

 For  BRCA  carriers who are undergoing or have completed treatment for unilateral 
breast cancer, the risk of subsequent contralateral primary is of understandable con-
cern. Increasing requests for bilateral mastectomy have been observed both in 
 BRCA  mutation carriers and those with negative or unknown  BRCA  status [ 8 ]. This 

  Box 5.1. Important Discussion Points for  BRCA1/2  Carriers Following a 
Primary Diagnosis of Breast Cancer 
•     Risk of contralateral breast cancer versus risk of recurrent disease  
•   Risk of ovarian cancer  
•   Fertility  
•   Cascade testing    
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may in part be attributable to the trend in earlier genetic diagnosis as testing becomes 
more widely available and can be carried out during neoadjuvant therapy thus 
potentially infl uencing surgery and chemotherapy decision making. 

 It is therefore essential that reliable risk estimates of contralateral disease are 
communicated to patients and that these are balanced with the risk of recurrence 
from any current or previous breast cancer, the risks and effi cacy of the proce-
dure, and the affects of adjuvant treatment and risk reducing bilateral salpingo- 
oophorectomy [ 9 ]. 

    Risk of Contralateral Breast Disease in  BRCA  Carriers 

 The annual risk of contralateral disease is approximately 0.5 % in the general popu-
lation but rises to 2.5–3 % in  BRCA  carriers [ 6 ,  10 ]. For carriers risk is also increased 
by young age at diagnosis of fi rst breast cancer and family history of breast can-
cer. In a retrospective study Graeser et al .  report a cumulative risk for contralateral 
breast cancer 25 years after fi rst breast cancer of 47.4 % (95 % CI, 38.8–56.0 %). 
For  BRCA1  patients with an initial diagnosis of breast cancer under the age of 40, 
the 25 year cumulative risk was 62.9 % (95 % CI, 50.4–75.4 %) compared to 19.6 % 
(95 % CI, 5.3–33.9 %) for those diagnosed after the age of 50. A similar but not 
statistically signifi cant trend was also observed in  BRCA2  carriers [ 11 ]. In addi-
tion to age, Metcalfe et al .  report an effect of family history with carriers under 50 
years with 2 or more fi rst-degree relatives with early onset breast cancer being at 
increased risk compared to those with no fi rst-degree relatives with breast cancer 
(50 vs. 36 %,  P = 0.005 ) [ 10 ].  

    Impact of Contralateral Prophylactic Mastectomy 

 When considering contralateral prophylactic mastectomy (CPM) it is important to 
consider what the procedure achieves. It is clear that it reduces the risk of contralateral 
breast cancer and therefore reduces the likelihood of a woman needing to undergo 
breast cancer treatment again. It also negates the need for surveillance imaging 
which in itself can be a source of great anxiety for some women. However, whether 
CPM conveys an overall survival benefi t in  BRCA  carriers remains controversial. 

 There are limitations to the available published data. For example Metcalfe et al .  
performed an observational study in 390  BRCA  carriers with stage I or II breast 
cancer. A 48 % (HR 0.52, 95 % CI 0.29–0.93; P = 0.03) reduction in death from 
breast cancer was observed in those who underwent mastectomy of the contralateral 
breast. However, the fi ndings were only statistically signifi cant in the second decade 
post surgery and only 20 deaths occurred in this time compared to 59 in the fi rst 
decade. It should also be noted that information on receptor status was not available 
for many participants and was therefore not included in the analysis [ 12 ]. 
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 In Heemskerk-Gerritsen et al .  a prospective study of  BRCA  carriers with a his-
tory of primary breast cancer, a reduction in mortality was observed in those car-
riers who underwent CPM compared to those who remained under surveillance 
(HR 0.49, 95 % CI 0.29–0.82). This advantage persisted when patients who had 
died within 2 years of primary diagnosis, and therefore might not have had the 
 opportunity for CPM, were excluded (HR 0.55, 95 % CI 0.32–0.95). The greatest 
survival benefi t was observed when primary diagnosis occurred before 40 years, 
was grade I or II, not triple negative disease and in patients who had not received 
adjuvant chemotherapy. Therefore the advantage was seen in those with the highest 
risk of contralateral disease and the lowest risk of primary breast cancer specifi c 
mortality and emphases the need to take both factors into consideration [ 13 ]. 

 This is not an area where randomized clinical trials are feasible or appropriate 
but the move towards more routine genetic testing at the point of diagnosis to aid 
treatment decisions may allow a more straightforward comparison of surgical 
approaches. Long term follow up will remain a necessity. 

 Overall contralateral prophylactic mastectomy remains a very personal decision. 
It is a decision that needs to be informed regarding risks of current and potential 
new primaries and effi cacy of surgery. However, it is also a decision about body 
image, sexuality and managing anxiety, and a comprehensive multidisciplinary 
approach to address these facets of care needs to be used.  

    Breast Screening in  BRCA  Carriers 

 There is a consensus that women who carry  BRCA  mutations should be screened 
annually for breast cancer using a combination of magnetic resonance imaging 
(MRI) and mammography. In the UK the National Institute for Clinical Excellence 
recommends MRI from ages 30–49 and mammography from 40 to 69 whereas in 
the United States the National Comprehensive Cancer Network advises MRI from 
25 to 75 years and mammography from 30 to 75 years [ 14 ,  15 ]. No specifi c guid-
ance exists for the follow up of those who have been diagnosed with breast cancer 
but annual screening for those who have not had bilateral mastectomy should con-
tinue after routine follow up has fi nished.    

    Ovarian Cancer in  BRCA  Carriers 

 As alluded to above the risk of ovarian cancer in  BRCA1  carriers is 40–60 % over 
the course of a lifetime and in  BRCA2  carriers 10–30 %. For  BRCA1  carriers most 
of this risk is conferred after the age of 40 and for  BRCA2  carriers after the age of 
50 [ 16 ]. It is therefore generally recommended that carriers should have risk reduc-
ing bilateral salpingo-oophorectomy from the age of 40 onwards and once child- 
bearing is complete. 
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    Ovarian Screening 

 Many patients enquire about screening for ovarian cancer, either as a tool prior to 
risk reducing surgery or as an alternative to surgery. The majority of women with 
ovarian cancer present with advanced disease (FIGO stage III-IV). Outlook for 
these women is poor with the probability of surviving 5 years being less than 
30 % [ 17 ]. 

 For a screening test to be effective is must therefore be able to demonstrate a 
clinically meaningful stage shift, with patients being diagnosed at an earlier stage of 
ovarian cancer resulting in improved overall survival. It is also important to evaluate 
the number of surgeries performed due to false positive screening tests for each case 
of invasive cancer diagnosed. Whilst the tumor marker CA-125 and transvaginal 
ultrasound (TVUS) are both highly sensitive in the diagnosis of late stage disease 
their value as screening tools is far less certain. 

 The Prostate, Lung, Colorectal and Ovarian (PLCO) cancer screening random-
ized controlled trial and the United Kingdom Collaborative Trial of Ovarian Cancer 
Screening (UKCTOCS) have both evaluated annual CA-125 and TVUS use in post 
menopausal women. The PLCO study did not demonstrate a stage shift or an 
improvement in mortality [ 18 ]. Mortality data is still awaited from the UKCTOCS 
study but they have reported 4.8 surgeries per invasive disease diagnosis [ 19 ]. 

 In the initial phase of the United Kingdom Familial Ovarian Cancer Screening 
Study (UKFOCSS), women with a >10 % lifetime risk of ovarian cancer were 
screened prospectively with annual CA-125 and TVUS. Although sensitivity was 
>80 % the proportion of early stage disease diagnosed was disappointing although a 
trend towards optimal cytoreduction was noted. Four surgeries were reported for 
each invasive cancer diagnosed. 

 Work continues both in UKFOCSS with the evaluation of more frequent screen-
ing and in other studies (Gynecologic Oncology Group Trial 0199 study) but at the 
current time ovarian cancer screening cannot be considered a safe alternative to risk 
reducing surgery [ 20 ,  21 ].  

    Risk Reducing Bilateral Salpingo-Oophorectomy 

 The prophylactic removal of both ovaries and fallopian tubes reduces the risk of 
ovarian cancer by approximately 80 % [ 16 ,  22 ]. The fallopian tubes are removed in 
addition to the ovaries as a signifi cant proportion of ovarian cancer is thought to 
derive from the fallopian tubes. The risk of primary peritoneal cancer remains and 
occult primaries may be discovered at the time of surgery. 

 Most authors suggest surgery from 40 years onwards although some have recom-
mended intervention as early as 35 years. Decision making in these pre-menopausal 
women needs to balance age-related risks of cancer with the long term effects of 
premature menopause such as cardiovascular disease and bone health [ 23 ]. This has 
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generated research into the idea of a two-stage procedure where the fallopian tubes 
are removed fi rst and the ovaries nearer the natural age of menopause [ 24 ,  25 ].  

    Impact of Oophorectomy After Breast Cancer Diagnosis 

 For carriers of germline  BRCA1  and  BRCA2  mutations without a prior breast cancer 
diagnosis who undergo RRBSO there is a reduction in their subsequent breast can-
cer risk. This is most marked in women who have surgery whilst premenopausal but 
is also seen in the post-menopausal group [ 26 ,  27 ]. 

 The question as to whether risk reducing bilateral salphingo-oophorectomy 
(RRBSO) impacts survival in those who have already had a breast cancer diagnosis 
is more contentious. Finch et al. reported a reduction in all cause mortality including 
those carriers with a history of breast cancer and Domchek et al. reported a decreased 
risk of breast cancer disease-specifi c mortality [ 16 ,  27 ]. However, suggestions that 
 BRCA1  carriers with estrogen receptor negative disease would benefi t from early 
oophorectomy have been met with more skepticism [ 28 ,  29 ].   

    Other High-Risk Predisposition Genes 

 Germline mutations in the  TP53  gene are associated with a spectrum of cancers 
including breast cancer, sarcomas, brain tumors, adrenocortical carcinoma and 
childhood cancers. When this pattern is seen within a family it is known as Li 
Fraumeni syndrome. However mutations may be identifi ed in families without clas-
sic histories. Lifetime risks of cancer are high and are infl uenced both by family 
history and the position and type of mutation. 

 Other genes where mutations confer a high risk of breast cancer are  PTEN  
(Cowden’s syndrome),  STK11  (Peutz-Jeghers syndrome) and  CDH1  (diffuse-type 
gastric cancer and lobular breast cancer). Although the risk of breast cancer with 
these syndromes is not disputed, robust risk estimates are lacking due to ascertain-
ment bias in studies.  

    Implications for Family Members 

    Fertility and Preimplantation Genetic Diagnosis (PGD) 

 Fertility is an important issue for many young breast cancer patients and for carriers 
of mutations in high penetrance disposition genes there is the additional concern of 
whether their future offspring will inherit their germline mutation. 
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 Preimplantation Genetic Diagnosis (PGD) involves the testing of genetic mate-
rial from an embryo to determine whether it has inherited a specifi c germline muta-
tion from one of the parents. Assisted reproductive techniques are used to obtain and 
fertilize eggs with subsequent testing of the embryo.  

    Cascade Testing 

 Cascade testing is the testing of relatives of known carriers. It is an important mech-
anism of identifying those at risk of disease. 

 Breast cancer and genetics teams will help patients to convey information to 
family members so that they can chose whether or not they wish to be tested to see 
if they also carry the mutation. For fi rst degree relatives the risk will be 50:50. For 
 BRCA1  or  BRCA2  families, children should not be tested since there is no risk of 
childhood cancers but should wait until adulthood when they can make their own 
choice about testing.   

    The Future 

 The integration of germline information into clinical decision-making requires a 
foundation of meticulous data collation to enable accurate determination of which 
variants are pathogenic and robust estimates of the risks of cancer associated with 
them. 

 For genes such as  BRCA1  and  BRCA2  this process is well underway and initia-
tives such as BRCA Challenge, a collaboration between the Global Alliance for 
Genomics and Health and the Human Variome Project, will drive forward improved 
data sharing. For other genes, such as the moderate penetrance gene  PALB2 , data 
is only just beginning to emerge making its use in a clinical setting challenging 
[ 30 ,  31 ]. 

 Both scientists and the clinician in the clinic must strive to translate this com-
plexity into understandable risks and choices of risk-reducing strategies.     
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    Chapter 6   
 Endocrine Therapy                     

     Stefania     Redana     

    Abstract     Adjuvant endocrine therapy reduces breast cancer recurrences and deaths 
in women with hormone receptor positive breast cancer. Tamoxifen has been the 
standard of care for the past 30 years, until aromatase inhibitors (AIs) proved to be 
superior in preventing disease recurrence and improving breast cancer mortality in 
post-menopausal women. Nevertheless, women with early breast cancer remain at 
risk of relapse for at least 15 years after diagnosis, despite 5 years of adjuvant endo-
crine therapy. Extended adjuvant therapy with an AI after 5 years of tamoxifen and, 
more recently ten consecutive years of tamoxifen, have proven to further reduce the 
risk of recurrence in women who remained disease free after completion of 5 years 
of tamoxifen. Whether extended endocrine therapy with an AI leads to further ben-
efi t for patients treated with adjuvant AI for 5 years, is being investigated in several 
ongoing trials. In pre-menopausal women, where AIs are contraindicated, tamoxi-
fen has been the standard of care. However recently, the role of ovarian function 
suppression/ablation in combination with tamoxifen or exemestane has been shown 
to be superior to tamoxifen alone in selected pre-menopausal patients, at the expense 
of increased toxicities. A challenge for clinicians is now selection of patients most 
likely to benefi t from extended adjuvant therapy and the management of side effects 
to maximize adherence.  

  Keywords     Endocrine therapy   •   Tamoxifen   •   Anastrazole   •   Letrozole   •   Exemestane  

      Introduction 

 Endocrine therapy is the oldest form of targeted therapy, and dates back to 1880s 
when Thomas Nunn described a case of regression of breast cancer in a pre- 
menopausal woman, after her menstruation ceased [ 1 ]. Adjuvant endocrine therapy 
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following surgery is the mainstay treatment for women with hormone receptor posi-
tive (ER positive) early breast cancer (EBC), and leads to a reductions in both recur-
rence rates and mortality, irrespective of age, menopausal status, or use of adjuvant 
chemotherapy. The fi rst widely available anti-hormonal treatment was the selective 
estrogen-receptor modulator – tamoxifen – which has been used for more than four 
decades and continues being a valid treatment option.  

    Endocrine Therapy for the First 5 Years 

    Tamoxifen 

 The fi rst adjuvant tamoxifen trial randomized 1285 stage II pre-menopausal or stage 
I and II post-menopausal patients with breast cancer to receive tamoxifen for 2 years 
or no further treatment [ 2 ,  3 ]. At a median follow-up of 66 months, patients on 
tamoxifen had a signifi cant 36 % reduction (95 % CI 23–47 %) in the risk of recur-
rence and a signifi cant 29 % reduction (95 % CI 12–42 %) in the risk of death. The 
benefi t was independent of menopausal, nodal and ER status [ 3 ]. Long term follow-
 up of this study suggested tamoxifen to have immediate effects on events, but also 
delayed effects on survival. Since this study, numerous adjuvant systemic therapy 
studies have been conducted and have collectively been analyzed by the Early 
Breast Cancer Trialists’s Collaborative Group (EBCTCG) in a series of meta- 
analyses. The fi rst meta-analysis of adjuvant tamoxifen included approximately 
30,000 women randomized to receive adjuvant tamoxifen for 1, 2 or 5 years or no 
endocrine therapy, as part of clinical trials. Allocation to tamoxifen signifi cantly 
reduced mortality amongst women ≥50 years of age, with a 20 % reduction in the 
annual odds of death during the fi rst 5 years [ 4 ]. Subsequent updates of this analysis 
clearly demonstrated superiority of 5 years of tamoxifen over shorter duration [ 5 ]. 
With a median follow-up of 13 years, the most recent meta-analysis shows that 5 
years of tamoxifen reduces 15-years risks of breast cancer recurrence and death in 
ER positive breast cancer. A 39 % reduction in recurrence rate was observed over all 
time periods (RR 0.61, p < 0.00001). Breast cancer mortality was reduced by about 
a third throughout the fi rst 15 years after randomization (rate ratio (RR) 0.70 
p < 0.00001). The RRs were 0.71 in years 0–4, 0.66 in years 5–9 and 0.68 in years 
10–14, all signifi cant. The absolute mortality difference tripled from year 5 to year 
15, indicating a carryover effect for many years after treatment discontinuation. 

 Despite the obvious benefi ts of adjuvant tamoxifen, some patients are primarily 
resistant to tamoxifen or will develop resistance after an initial benefi t. Moreover, 
prolonged use of tamoxifen increases the risk of life threatening conditions such as 
thromboembolic events and uterine cancer, in particular in women aged ≥55 years 
[ 6 ]. This has stimulated interest in alternative endocrine therapies, including the use 
of ovarian function suppression or ablation in pre-menopausal women and aroma-
tase inhibitors in post-menopausal women.  
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    Ovarian Function Suppression in Pre-menopausal Women 

 Ovarian ablation was one of the fi rst available treatments for breast cancer [ 7 ] and 
its effectiveness was confi rmed by a 1996 EBCTCG meta-analysis [ 8 ]. However, 
with the availability of several other endocrine therapies, the role of ovarian ablation 
(usually by bilateral oophorectomy) or ovarian suppression (through use of LHRH 
analogs) remained controversial. Several trials addressed this topic and a 
 comprehensive systematic review published in 2007 included almost 12,000 pre-
menopausal women with EBC receiving standard of care treatment who were ran-
domized to receive luteinizing hormone releasing hormone (LHRH) or not [ 9 ]. 
LHRH in combination with tamoxifen or chemotherapy signifi cantly reduced the 
risks of recurrence by 13 % (p = 0.02) and the risk of death after recurrence by 15 % 
(p = 0.03). This improvement was not signifi cant when LHRH was used as the only 
adjuvant therapy. 

 Recently, results of two large randomized phase III studies (the TEXT and SOFT 
trials) evaluating ovarian suppression with adjuvant endocrine therapy for pre-
menopausal women with ER positive EBC became available [ 10 ,  11 ]. These studies 
were designed not only to investigate the benefi t of adding ovarian suppression to 
tamoxifen, but also to investigate the role of adjuvant aromatase inhibitor (exemes-
tane) in combination with ovarian suppression in pre-menopausal patients. 
(Aromatase inhibitors are only indicated in pre-menopausal patients if they have 
undergone ovarian ablation or are receiving ovarian function suppression, to render 
them post-menopausal). A pre-planned combined analysis was carried out. Eligible 
patients were pre-menopausal women with ER positive breast cancer who had 
undergone complete surgical excision of primary breast cancer and radiotherapy 
when deemed necessary. 

 In the TEXT trial all patients received the LHRH analog triptorelin 3.75 mg 
every 28 days and were randomized to receive either tamoxifen or exemestane. If 
chemotherapy was administered, triptorelin was started concomitantly to chemo-
therapy, if not patients started endocrine therapy 6–8 weeks after commencing trip-
torelin [ 10 ]. At a median follow-up of 68 months a signifi cant 28 % reduction in the 
risk of recurrence was observed favoring exemestane (HR 0.72, p > 0.001) and 5 
years DFS was 91.1 % in the exemestane arm compared to 87.3 % in the tamoxifen 
arm. The rate of freedom from breast cancer was also improved for patients receiv-
ing exemestane with HR 0.66, p > 0.001. OS did not signifi cantly differ between the 
two treatment groups [ 10 ]. 

 In the SOFT trial patients who remained pre-menopausal after completion of 
adjuvant or neoadjuvant chemotherapy were randomized to receive tamoxifen for 5 
years, ovarian suppression plus tamoxifen or ovarian suppression plus exemestane 
in a 1:1:1 ratio [ 11 ]. 

 Results of comparison between tamoxifen and tamoxifen + ovarian suppression 
in 3066 patients in the SOFT trial became available in January 2015 [ 11 ] showing 
no signifi cant benefi t from adding ovarian suppression to tamoxifen in the whole 
population (HR for DFS 0.83, p = 0.10). However, for women whose cancer was 
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deemed at suffi cient risk to warrant adjuvant chemotherapy, 5 years freedom from 
breast cancer was 82.5 % amongst those assigned ovarian suppression plus tamoxi-
fen and 78 % for those receiving tamoxifen alone. In the small subgroup of patients 
younger than 35 years of age (350 patients), of whom 94 % received adjuvant che-
motherapy, 5 years freedom from breast cancer was 67.7 % (95 % CI 57.3–76.0) in 
the tamoxifen group, 78.9 % (95 % CI 69.8–85.5) in the ovarian suppres-
sion + tamoxifen and 83.4 % (95 % CI 74.9–89.3) in the ovarian suppression plus 
exemestane group. 

 In conclusion, ovarian suppression in combination with tamoxifen or exemes-
tane should be considered for pre-menopausal patients with EBC at suffi cient risk 
to warrant adjuvant chemotherapy. However, the side effects of this treatment and 
impact on quality of life should not be underestimated. (These are discussed in 
Chaps.   13     and   14    ).   

    Aromatase Inhibitors (AIs) 

 Aromatase is the enzyme catalyzing the conversion of endogenous androgens to 
estrogens in post-menopausal women or in pre-menopausal women whose ovarian 
function has been suppressed or whose ovaries have been removed [ 12 ]. Development 
of third generation AIs (letrozole, anastrozole and exemestane) provided a method 
of estrogen deprivation without a signifi cant effect on other endocrine pathways. 
These drugs were found to almost completely inhibit aromatase activity [ 13 ,  14 ]; 
and proved to be superior to tamoxifen as fi rst line therapy in patients with meta-
static breast cancer [ 15 – 17 ]. 

 Third generation AIs have been studied as adjuvant endocrine therapy for post-
menopausal women with EBC in several randomized trials, both as upfront treat-
ment in comparison with tamoxifen and after an initial 2–3 years of tamoxifen 
(Table  6.1 ). Endocrine therapy containing an AI is now recommended as standard 
of care adjuvant treatment for post-menopausal women with EBC.

       Up-Front Trials 

    ATAC Trial 

 The ATAC trial was the fi rst trial to be published which presented data directly 
comparing tamoxifen and an AI in the adjuvant treatment of EBC [ 26 ]. A total of 
9366 post-menopausal women with early invasive breast cancer were randomized 
1:1:1 to receive anastrozole or tamoxifen or the combination of anastrozole plus 
tamoxifen for a total of 5 years after completion of their loco-regional treatment, 
and chemotherapy when appropriate. At the time the trial was started, patients with 
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ER negative or unknown status were allowed to enter the study and 84 % of enrolled 
patients had known ER positive breast cancer. The fi rst results were released after 
a median follow-up of 33.3 months. Patients receiving anastrozole had signifi -
cantly improved disease free survival (DFS) compared to patients randomized to 
either tamoxifen (HR 0.83, p = 0.013) or the combination (HR 0.81, p = 0.006). 
Results with the combination treatment were not signifi cantly different from those 
with tamoxifen alone. DFS improvement was evident for women with ER positive 
breast cancer but not for those with ER negative disease. With longer follow up of 
10 years, long term superior effi cacy of anastrozole over tamoxifen was confi rmed 
[ 18 ]. Treatment with anastrozole led to improved DFS, time to recurrence (TTR) 
and time to distant recurrence (TTDR). In women with ER positive breast cancer, 
the absolute reduction in recurrence was 2.7 % at 5 years and 4.3 % at 10 years with 
HR 0.86 (p = 0.003) for DFS. The greatest benefi ts were seen during the fi rst 2 
years of active treatment, but differences remained signifi cant throughout the 
entire follow-up and after treatment completion. With longer follow-up, evidence 
of a non signifi cant reduction in mortality became evident.  

    BIG 1–98 Trial 

 This trial involved 8010 post-menopausal women with ER positive breast cancer 
who were randomized to receive letrozole or tamoxifen for 5 years or the 
sequence of tamoxifen for 2 years followed by letrozole for 3 years or letrozole 
for 2 years followed by tamoxifen for 3 years. The primary analysis published in 
2005 [ 27 ], compared the two groups assigned to receive letrozole or tamoxifen 
initially. The primary end point was DFS defi ned as time from randomization to 
local, regional or distant recurrence, new invasive contralateral breast cancer, any 
second non breast cancer or death without breast cancer recurrence. At a median 
follow-up of 25.8 months patients randomized to letrozole had a signifi cant 19 % 
(HR 0.81, p = 0.003) reduction in the risk of a DFS event compared to patients on 
tamoxifen, similarly the risk of distant disease progression was reduced in 
patients receiving letrozole (HR 0.78, p = 0.001) [ 27 ]. With longer (median 
8.7 years) follow-up letrozole continued to signifi cantly improve distant recur-
rence free interval, breast cancer free interval, DFS (HR 0.82 (95 % CI, 0.74–
0.92)) and OS (HR 0.79 (95 % CI, 0.69–0.90)) when compared with tamoxifen 
monotherapy [ 19 ]. 

 In the sequential treatment comparison, at a median follow-up of 8.0 years after 
randomization, non-signifi cant differences in any of the four endpoints was 
observed, for any sequences. However, letrozole monotherapy tended to be better 
than tamoxifen followed by letrozole, especially in controlling distant recurrences 
in patients at higher risk of early relapse. Nonetheless switching to tamoxifen  after  
an initial 2 years of letrozole, would seem to be a reasonable option for patients who 
require letrozole cessation for any reason [ 19 ].  
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    TEAM Trial 

 The tamoxifen and exemestane adjuvant multinational (TEAM) trial was initially 
designed to compare head to head 5 years of exemestane with 5 years of adjuvant 
tamoxifen in post-menopausal women with ER positive EBC. However, after report 
of initial results of the IES [ 28 ], the protocol was amended to compare 5 years of 
exemestane monotherapy with sequence of tamoxifen for 2.5–3 years followed by 
exemestane to complete 5 years of adjuvant treatment. At a median follow- up of 
5.1 years, DFS at 5 years was not signifi cantly different in the two treatment groups: 
86 % vs 85 % in the monotherapy group and sequential group, respectively. No dif-
ference was observed in term of OS, RFS and DDFS between patients on mono-
therapy or sequential treatment [ 25 ].  

    Switch Strategy Trials 

 Several trials have addressed the topic of switching to an AI after initial 2–3 years 
of tamoxifen in post-menopausal women with ER+ BC (Table  6.1 ), including the 
Italian Tamoxifen Anastrozole (ITA) trial, the Arimidex-Nolvadex 95 (ARNO 95) 
trial, the Austrian Breast and Colorectal Cancer Study Group −8 (ABCSG-8), the 
Intergroup Exemestane Study (IES). Results of all these trials were consistent in 
showing benefi t favoring the switch to an AI after initial treatment with tamoxifen 
for 2–3 years.  

    Meta-analysis of Aromatase Inhibitors Versus Tamoxifen 
in Early Breast Cancer 

 Recently, the Early Breast Cancer Trialists’ Collaborative Group published a 
patient- level meta-analysis of randomized trials of AIs versus tamoxifen [ 20 ]. 
This meta-analysis addressed three different comparisons in almost 32,000 post-
menopausal women with ER positive EBC randomized in trials of AIs versus 
tamoxifen (either upfront or sequential strategies). Primary outcomes were any 
recurrence of breast cancer (distant, loco-regional, new primary contralateral 
breast cancer), breast cancer mortality, death without recurrence and all-cause 
mortality. 

 In trials comparing 5 years of an AI versus 5 years of tamoxifen, both recurrence 
and mortality were signifi cantly reduced for patients treated with AI. Signifi cant 
reduction in recurrence rates was noted during years 0–1 and 2–4 after surgery, but 
not thereafter. The absolute difference in 10 years recurrence risk was 3.6 % (95 % 
CI, 1.7–5.4 %) being 19.1 % in the AI group and 22.7 % in the tamoxifen group. 
Allocation to AI signifi cantly reduced the rate of local recurrence, contralateral 
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recurrence and distant recurrence. Patients treated with AI had 15 % reduced risk of 
breast cancer death and 11 % reduced risk of all cause mortality compared to patients 
treated with tamoxifen. 

 Comparison of 5 years of AI versus 2–3 years of tamoxifen followed by an AI to 
complete 5 years, showed a signifi cant reduction in recurrence was observed only 
during the time period when treatment differed (RR 0.74, 95 % CI 0.62–0.89; 
2p = 0.002) and was similar when both groups were receiving an AI. A non signifi -
cant reduction in breast cancer mortality was noted favoring patients on AI mono-
therapy (RR 0.89, 95 % CI 0.78–1.03; 2p = 0.11). 

 Finally, comparison of 2–3 years of tamoxifen followed by an AI to complete 5 
years versus 5 years of tamoxifen demonstrated a signifi cant improvement in both 
recurrences and mortality in favor of AI containing therapy. This difference was 
signifi cant during years 2–4 after randomization, but not after treatment completion. 
The absolute difference in 10 years recurrence risk was 2 % (95 % CI, 0.2–3.8 %): 
17 % in the AI group and 19 % in the tamoxifen group. Similar to the head to head 
comparison, allocation to an AI signifi cantly reduced distant recurrence, contralat-
eral recurrence, breast cancer mortality and all-cause mortality. 

 Overall, risk ratios favored AIs during the periods when treatment differed, the 
recurrence rate was about 30 % lower in patients receiving an AI during year 0–1 
(RR 0.70, 95 % CI 0.61–0.81; 2p = <0.0001) and during years 2–4 (RR 0.71, 95 % 
CI 0.62–0.80; p < 0.0001), with little and non signifi cant further effect after year 5. 

 In conclusion, adjuvant AI for post-menopausal EBC reduces recurrence rates 
by about 30 %, compared to tamoxifen, while treatment differs, but not thereafter. 
Five years of AI treatment reduces 10 years breast cancer mortality by about 15 % 
compared to tamoxifen. This benefi t is independent from age, nodal status and pro-
gesterone receptor status. In two of these trials crossover from tamoxifen to an AI 
was allowed after results of other trials were released. Therefore, the real benefi t 
of AIs in this setting, with full compliance, may be larger. Adjuvant AIs for post-
menopausal women with ER positive breast cancer, upfront or after a few years 
of tamoxifen, is now considered a standard of care. Whether one AI is better than 
another remains an unresolved issue. Head to head comparison between anastro-
zole and exemestane for 5 years failed to show any superiority of the steroidal AI 
compared to non-steroidal [ 29 ]. The Gruppo Italiano Mammella 3 (GIM3) study is 
a 6 arms study in which ER+ HER2- post-menopausal patients are randomized to 
receive anastrozole or letrozole or exemestane for 5 years or tamoxifen for 2 years 
followed by each of the AIs for 3 years [ 30 ]. Results will hopefully be available 
soon and might add some clarity to this issue.   

    Endocrine Therapy Beyond 5 Years 

 ER positive breast cancer is characterized by a long term risk of relapse. The 
Oxford Overview shows that about 50 % of breast cancer recurrences occur more 
than 5 years after diagnosis [ 5 ,  31 ]. Despite adjuvant tamoxifen for 5 years some 
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patients have an annual rate of relapse in excess of 2 % for about 15 years [ 32 ]; 
and a similar risk remains for at least 10 years after adjuvant AIs [ 18 ]. On the 
basis of these observations, there is a rationale to extend hormonal therapy beyond 
5 years. 

    Extended Tamoxifen Beyond 5 Years 

 Several small studies in the mid 1990s explored prolonged tamoxifen beyond 5 
years, but the results were inconclusive [ 33 ,  34 ]. In both studies a non-statistically 
signifi cant benefi t in favor of 5 years of tamoxifen was observed, and in fact sug-
gested a potential detrimental effect of continuing tamoxifen for longer than 5 years. 
However in 2013 the results of two much larger trials addressing the question of 
tamoxifen beyond 5 years became available. 

 The Adjuvant Tamoxifen: Longer Against Shorter (ATLAS) trial [ 35 ] included 
12,894 women with EBC who remained disease free after completion of 5 years of 
adjuvant tamoxifen. Patients were randomized to receive tamoxifen for an addi-
tional 5 years or no further treatment. Among 6846 women with ER positive breast 
cancer, continuing tamoxifen signifi cantly reduced breast cancer recurrences 
(p = 0.002), breast cancer mortality (p = 0.01) and overall mortality (p = 0.01). The 
benefi t became evident after 10 years of treatment with only modest reduction of 
recurrences during the 5 additional years (years 5–10). Likewise, mortality was 
signifi cantly reduced only after 10 years of tamoxifen and no effects were seen 
during active treatment. The apparent benefi t of continuing tamoxifen for a total of 
10 years is the combined effect of two factors: the carryover effect of the fi rst 5 
years of treatment and the additional therapeutic benefi t of the second 5 years of 
treatment. These results suggested that 10 years of tamoxifen treatment can 
approximately halve breast cancer mortality during the second decade after diag-
nosis, at the expenses of side effects that normally occur during the active treat-
ment period. 

 A UK trial with similar design (Adjuvant Tamoxifen: To offer More?) included 
6953 women with ER positive or unknown breast cancer who were disease free 
after 5 years of tamoxifen and were randomized to continue tamoxifen for a total of 
10 years or stop after 5. Similarly to the ATLAS trial, 10 years of tamoxifen reduced 
breast cancer recurrence (p = 0.003) in a time dependent manner. RR was 0.99 dur-
ing years 5–6, 0.84 in years 7–9 and 0.75 later. Likewise, breast cancer mortality 
was reduced (p = 0.05) with evident benefi t accruing only after year 9 RR 0.86. The 
authors concluded that 10 years of adjuvant tamoxifen compared to none, reduces 
breast cancer mortality by about a third in the fi rst decade after diagnosis and by half 
afterwards [ 36 ]. 

 A combined analysis of these two trials enhanced statistical signifi cance of 
extended tamoxifen on recurrence (p < 0.0001), breast cancer mortality (p = 0.002) 
and overall survival (p = 0.005) benefi ts [ 36 ].  
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    Extended AI After 5 Years of Tamoxifen 

 In post-menopausal women, the alternative to further tamoxifen after an initial 5 
years, is an AI. A seminal trial, NCIC-CTG MA.17/BIG 1–97 (MA.17 hereafter) 
assessed effi cacy of 5 years of letrozole after 5 years of adjuvant tamoxifen in this 
population of patients [ 37 ]. At a median follow-up of 2.4 years, patients receiving 
letrozole had a signifi cant 43 % reduction in the risk of recurrence (p = 0.00008) 
and a non signifi cant reduction in all cause mortality. As a consequence, the trial 
was unblinded and patients on placebo were offered selective crossover to letro-
zole. Several further analysis followed, including an ITT analysis at 64 months 
follow-up showing a persistent 32 % benefi t in DFS despite 66 % of patients on 
tamoxifen crossing-over to letrozole [ 38 ]. A more recent analysis has confi rmed 
that patients initially assigned to receive letrozole had signifi cantly better DFS 
(HR 0.52), distant DFS (HR 0.51) and better OS (HR 0.61), compared to control 
patients [ 39 ]. Amongst patients who were pre-menopausal when starting tamoxi-
fen and became post-menopausal during treatment, the reduction in DFS events 
was about 75 % (HR 0.26, p = 0.03), suggesting this strategy should be adopted for 
all pre-menopausal patients who become post-menopausal during tamoxifen 
treatment [ 40 ]. 

 The 66 % of patients crossing over in MA.17, provided the opportunity of ana-
lyzing whether starting an AI a considerable time after stopping tamoxifen is still 
benefi cial [ 41 ]. In this sub-population, with a median follow up of 5.3 years, there 
was a signifi cant reduction in the risk of recurrence (HR 0.37, p < 0.0001) and a 
signifi cant reduction in distant DFS (HR 0.39, p = 0.004). These results suggest that 
starting letrozole up to 7 years after initial diagnosis, can still improve prognosis for 
post-menopausal women with ER positive EBC patients who have completed 5 
years of tamoxifen. 

 Subsequently, a number of other trials have investigated the role of AIs following 
completion of 5 years of tamoxifen. In the Austrian Breast and Colorectal Cancer 
Study Group (ABCSG) 6a trial, 856 ER+ patients who were disease free after 5 
years of adjuvant tamoxifen (± aminoglutethimide) were randomized to receive an 
additional 3 years of anastrozole or no further treatment. At a median follow-up of 
62.3 months, women who received anastrozole had a signifi cant 38 % reduction 
in the risk of recurrence (p = 0.31), and no signifi cant difference in OS [ 42 ]. In the 
NSABP B-33 trial, 1598 post-menopausal patients with clinical T1-3, N0, M0 ER 
and/or PR+ BC, disease free after completion of adjuvant tamoxifen, were random-
ized to receive exemestane for 5 years or placebo. The study was discontinued early 
after results of the MA.17 were released and 44 % of patients on placebo crossed 
over to exemestane. At a median follow-up of 30 months, original assignment to 
exemestane led to a non signifi cant 32 % reduction in the risk of recurrence (HR 
0.68, p = 0.07) but a signifi cant improvement in 4 years RFS (96 % vs 94 %, RR 
0.44, p = 0.004) [ 43 ]. 

 An EBCTCG meta-analysis of these trials showed AI therapy was associated 
with an absolute 2.9 % decrease in BC recurrence (relative decrease, 43 %, 
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p < 0.0000) and an absolute 0.5 % decrease in BC mortality (relative decrease 27 %, 
2p = 0.11) at a median follow-up of 2.5 years [ 44 ].  

    Extended AIs Beyond 5 Years of Adjuvant AIs 

 Up-front AIs are now considered standard of care for post-menopausal women with 
ER positive EBC rendering results of the above mentioned trials not applicable to 
women who are post-menopausal at diagnosis (and who will start an AI rather than 
tamoxifen). Whether continuing AIs beyond 5 years in these women can further 
improve these patients prognosis is being investigated in several ongoing trials 
(Table  6.2 ).

   Table 6.2    Ongoing clinical trials of extended aromatase inhibitor endocrine therapy for early 
breast cancer   

 Clinical trial 
 Clinical trial 
number  Patients population  Treatment 

 Number 
of patients 

 Primary 
end point 
(s) 

 MA.17R  NCT00754845  Completed 4.5–6 yrs 
of AI, with or without 
prior T a  
 AI completed ≤2 yrs 
prior treatment 
assignment 

 L vs Placebo 
for 5 yrs 

 1918  DFS 

 DATA  NCT00301457  T for 2–3 yrs  A for 6 yrs vs 
A for 3 yrs 

 1900  DFS 

 SALSA  NCT00295620  Any prior endocrine 
therapy for 5 yrs 

 A for 2 yrs vs 
A for 5 yrs 

 3500  DFS 

 NSABP-B42  NCT00382070  AI or T → AI b   L vs Placebo 
for 5 yrs 

 3966  DFS 

 LEAD  NCT01064635  T for 2–3 yrs and 3 
months 

 L for 2–3 yrs 
vs L for 5 yrs 

 4050  DFS 

 SOLE  NCT00553410  Any prior endocrine 
therapy c  for 4–6 yrs 

 Continuous L 
for 5 yrs vs 
Intermittent L d  

 4800  DFS 

   a Including patients previously enrolled in MA.17 
  b Prior endocrine therapy must have consisted of an AI or a combination of up to 3 years of T fol-
lowed by an AI. T may not have been given during years 4 and 5 of the 5 years of adjuvant endo-
crine therapy 
  c Must have completed 4–6 years of prior adjuvant T, AI or a sequential combination of both. When 
calculating 4–6 years, neoadjuvant endocrine therapy should not be included 
  d 48 months over 5 years: 4 × 9 months (9 months followed by 3 months treatment-free interval in 
years 1–4, → 36 months) plus 1 × 12 months in year 5 → 48 months 
  Yrs  years,  AI  aromatase inhibitor,  T  tamoxifen,  L  letrozole,  DFS  disease free survival,  A  anastro-
zole,  DATA  Different Durations of Anastrozole after Tamoxifen trial,  SALSA  Secondary Adjuvant 
Long-term Study with Arimidex trial,  LEAD  Letrozole Adjuvant Therapy Duration trial,  SOLE  
Study of Letrozole Extension trial  
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        Conclusions 

 Several treatment options are now available for women with ER positive early 
breast cancer. For post-menopausal patients AIs given for 5 years have replaced 
tamoxifen. For pre-menopausal women, tamoxifen remains the standard therapy for 
many patients, however in those at high risk of recurrence ovarian function suppres-
sion and an aromatase inhibitor should be considered. The role of extended adjuvant 
endocrine therapy beyond 5 years is well established, with the use of tamoxifen 
(in pre-menopausal women) and the option of (switching to or continuing) an AI in 
post-menopausal women. With so many options available, the challenge will now 
be to identify those patients who benefi t most from extended adjuvant therapy, and 
to manage the side-effects of treatment to maximize adherence (Chaps.   13     and   14    ).     
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    Chapter 7   
 Systemic Therapies to Reduce the Risk 
of Recurrence in Early Breast Cancer: 
New Strategies                     

     Narda     Chaabouni    ,     Christos     Nikolaou    , and     Mark     Harries     

    Abstract     The systemic adjuvant treatment of early breast cancer (EBC) has 
 benefi ted from a multifaceted approach. Generic cytotoxic approaches, as well as a 
more targeted approach to the estrogen receptor or HER2 receptor are now estab-
lished standards of care. Decades of innovative trials exploring bisphosphonates in 
breast cancer prevention and EBC for bone protection, as well as large prospective 
randomized trials have resulted in an overwhelming case for benefi t in post meno-
pausal women. Therapies such as everolimus and the PARP inhibitors, established 
in the secondary breast cancer setting, are being explored in the adjuvant setting for 
utility. Similarly, observational and retrospective studies have demonstrated a strong 
reduction in breast cancer risk with the use of metformin and aspirin, and hence 
large prospective randomized trials are underway.  

  Keywords     Bisphosphonates   •   Aspirin   •   Cyclooxygenase   •   Add- aspirin   •   Metformin   • 
  Everolimus   •   PARP inhibitors  

      Introduction 

 Breast cancer related outcomes have improved dramatically over the last few 
decades due in large part to earlier diagnosis through screening and progress in 
adjuvant treatments including chemotherapy, hormone therapy and targeted therapy 
such as Trastuzumab. Bisphosphonates, traditionally used to prevent skeletal related 
events in metastatic breast cancer and anti-estrogen therapy induced bone loss have 
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been evaluated in several randomized clinical trials in the adjuvant setting and have 
shown a benefi cial effect in a selected subset of patients as evidenced from the 
results of a recent meta-analysis. This chapter aims to review the results of trials 
evaluating the role of adjuvant bisphosphonates in early breast cancer as well dis-
cussing current studies exploring other systemic therapies such as aspirin, metfor-
min and other targeted therapies.  

    Bisphosphonates 

 Bisphosphonates are synthetic analogs of pyrophosphate that strongly bind to the 
hydroxyapatite crystals of bone and are released from the bone surface during bone 
resorption [ 1 ]. Bisphosphonates are then internalized by osteoclasts and produce 
cellular changes which eventually result in apoptosis of these cells [ 2 ]. 
Bisphosphonates are classifi ed into non-nitrogen containing (clodronate and etidro-
nate) and nitrogen containing compounds or aminobisphosphonates (alendronate, 
risedronate, pamidronate, and zoledronate) [ 3 ]. 

 Initially used in patients with osteoporosis, bisphosphonates now are approved 
for use for the prevention of skeletal-related events in patients with bone metastatic 
disease, the treatment of hypercalcemia of malignancy, and to prevent bone loss 
associated with anti-estrogen therapy using aromatase inhibitors [ 2 ]. 

 Bone is the most common site of distant metastasis in breast cancer [ 4 ]. It is 
thought that the bone microenvironment plays a major role in the development and 
growth of disseminated tumor cells (DTC). DTC have been found in the bone mar-
row in up to 30–40 % of patients with early breast cancer and are thought to be a 
source for subsequent distant metastases seeding at other secondary sites. The pres-
ence of such cells in the bone marrow at diagnosis is a strong negative prognostic 
factor for risk of recurrence [ 5 ]. DTC may remain dormant for many years in “pre-
metastatic bone niches” where they are able to evade systemic chemotherapy [ 6 ]. 
Bisphosphonates are thought to alter the bone microenvironment by reducing the 
release of bone-derived growth factors and other modulators making the bone envi-
ronment less favorable for dormant tumor cells to survive [ 6 ]. 

 Data from preclinical studies prompted adjuvant studies of oral and intravenous 
bisphosphonates. The fi rst study to report a benefi t on breast cancer outcomes was 
a trial of oral clodronate in a cohort of 302 breast cancer patients with micrometa-
static disease in bone marrow. Patients in this study were randomized to receive 
daily clodronate for 2 years or standard of care follow-up. At a median follow-up of 
3 years, there was a signifi cant reduction in the incidence of distant metastases, 
bone and visceral metastases as well as a signifi cant survival advantage in patients 
in the clodronate arm [ 7 ]. 

 Subsequently, results from a large double-blind multicenter trial of 1069 patients 
with EBC showed that patients treated with 2 years of clodronate had a 41 % reduc-
tion in the risk of developing bone metastases at 5 years (P = 0.043) and a 23 % 
reduction in death with a median follow-up of 5.6 years (P = 0.048). Interestingly 
the majority of patients enrolled in this trial were postmenopausal (61–64 %) [ 8 ]. 
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However, results from these 2 early studies were contradicted by a Finnish study 
which enrolled 299 women with axillary node positive breast cancer and random-
ized them to either adjuvant clodronate for 3 years or control. At 10 years follow-up, 
Disease-free survival (DFS) was signifi cantly lower in the clodronate arm (50 %) 
versus patients in the control arm (64 %; P = 0.004). Postmenopausal, ER positive 
women were the only subgroup not to have a negative effect from 3 years of clodro-
nate treatment [ 9 ]. 

 Data from the National Surgical Adjuvant Breast and Bowel Project protocol 
B-34 (NSABP-34) showed no DFS or overall survival (OS) benefi t in patients 
treated with clodronate for 3 years, however subgroup analyses showed women 50 
years or older treated in the clodronate arm had superior recurrence-free interval 
(P = 0.045), bone metastasis-free interval (P = 0.027) and non-bone metastasis-free 
interval (P = 0.014) compared to placebo [ 10 ]. 

 Oral ibandronate was explored in the German adjuvant intergroup node-positive 
(GAIN) study: 3023 in which patients with early stage node positive breast cancer 
considered suitable for dose-dense chemotherapy were randomly assigned 1:1 to 
oral ibandronate 50 mg per day for 2 years versus observation. Similarly to the 
NSABP-34 results, patients on the ibandronate arm did not have a DFS or OS ben-
efi t compared to the observation arm. However, a trend towards improved DFS was 
observed in younger patients (<40) who had chemotherapy induced menopause or 
who had received ovarian suppression with LHRH treatment, and in postmeno-
pausal patients (>60) [ 11 ]. 

 Findings suggesting adjuvant bisphosphonates are benefi cial in a “low estrogen” 
environment were strengthened by the ABCSG-12 trial, which showed that twice 
yearly intravenous zoledronate (ZA) in premenopausal women receiving ovarian 
suppression with LHRH treatment resulted in a 32 % improvement in DFS 
(P = 0.009) [ 12 ]. Similarly, the AZURE trial showed ZA reduced the risk of devel-
oping bone metastases and improved disease outcomes in women with established 
menopause (more than 5 years postmenopausal) [ 13 ]. Although designed to investi-
gate the effi cacy of ZA in preventing therapy-induced bone loss in postmenopausal 
women with hormone receptor positive EBC, the  ZO-FAST  trial showed an 
improvement in DFS and OS rates with up-front therapy in patients older than 60 
years or more than 5 years post-menopausal [ 14 ]. 

 These results suggest adjuvant bisphosphonates may be of clinical benefi t and 
led The Early Breast Cancer Trialists’ Collaborative Group ( EBCTCG)  to conduct 
a meta-analysis to clarify whether adjuvant bisphosphonates reduced the risk of 
bone and other metastases, and whether menopausal status affected effi cacy. The 
study analyzed individual patient data from 26 trials including 18,766 women 
(11,767 of whom were post-menopausal) with early breast cancer who were ran-
domized to bisphosphonates or a control group with no bisphosphonate. Taking all 
women together, regardless of menopausal status, the meta-analyses found a highly 
signifi cant reduction only in bone recurrence, and not in other breast cancer out-
comes. However subset analysis showed that the absolute reduction with 
 bisphosphonate use in postmenopausal women at 10 years was 3.0 % for breast 
cancer recurrence, 3.4 % for distant recurrence, 2.2 % for bone recurrence and 3.3 % 
for breast cancer related mortality [ 15 ].  
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    Aspirin 

 Aspirin inhibits the enzyme cyclooxygenase (COX) that is responsible for the 
 formation of prostanoids which are involved in the infl ammatory response. Aspirin 
inhibits both isoforms of enzyme cyclooxygenase COX 1 and COX 2, although 
it preferentially inhibits COX 2 [ 16 ]. COX 2 synthesizes large amounts of pros-
taglandin E2 which stimulates tumor angiogenesis and proliferation, promotes 
infl ammation and thrombosis and inhibits apoptosis and immune response [ 16 , 
 17 ]. High concentrations of prostaglandins have been found in cancers compared 
with the surrounding normal tissues, supporting the hypothesis that prostaglandins 
might promote tumor growth and invasion [ 18 ]. As well as inhibiting COX, aspirin 
may act directly with other molecules and pathways implicated in tumor genesis 
[ 19 ,  20 ]. 

 Individual patient data meta-analyses of randomized controlled trials primarily 
designed to assess the cardiovascular benefi ts of aspirin showed signifi cant reduc-
tions in cancer incidence and cancer mortality associated with regular aspirin use 
(>3 years) in both the short and long term [ 21 – 23 ]. In addition, an updated analysis 
of observational studies on aspirin and cancer risk showed that the relative risk of 
developing breast cancer in aspirin users was 0.83 (95 % CI 0.76–0.91) in 10 case- 
control studies, and 0.93 (95 % CI 0.87–1.00) in 22 cohort studies [ 24 ]. 

 ADD-ASPIRIN a phase III, multi-center, double-blind, placebo-controlled ran-
domized trial will assess the effects of aspirin on disease recurrence and survival 
after primary therapy in common non-metastatic solid tumors. This study is cur-
rently recruiting patients in four tumor site specifi c cohorts: breast, colorectal, gas-
tro esophageal and prostate cancer. Patients will be randomized after a run-in period 
in a 1:1:1 ratio to either 100 mg aspirin, 300 mg aspirin or a matched placebo orally 
for 5 years. The co primary endpoint will be overall survival and invasive disease- 
free survival for the breast cohort. The secondary endpoints in all patients will 
include adherence, toxicity including hemorrhage, cardiovascular events and some 
tumor site-specifi c secondary outcome measures. (www.Add- aspirintrial.org).  

    Metformin 

 In recent years, there has been a growing interest in examining the role of metfor-
min as an anti-cancer drug. Preclinical studies show that metformin can inhibit the 
growth of cancer cells by modulating several molecular pathways either directly or 
through downstream targets [ 25 ]. The key mechanism of action of metformin is 
thought to be mediated via activation of adenosine monophosphate-activated  protein 
kinase (AMPK) which inhibits the mammalian target of rapamycin (mTOR) path-
way responsible for cell growth and proliferation. Metformin may also act indi-
rectly through inhibition of the insulin/IGF-1 signaling pathway resulting in reduced 
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tumor cell growth. In addition, metformin may have immune modulatory properties 
enhancing T cell mediated immune response to tumor antigens [ 24 ,  26 ]. 

 Data from observational studies has shown that diabetic patients treated with met-
formin have reduced breast cancer risk and better cancer related outcomes [ 27 ,  28 ]. 
A retrospective study of patients who received neoadjuvant chemotherapy for breast 
cancer showed that diabetic cancer patients receiving metformin during their chemo-
therapy had a higher pathological complete response rate than diabetic patients not 
receiving metformin (24 % versus 8 %, P = 0.007) [ 29 ]. Results from a recent meta-
analysis performed on 37 studies, with a total of 1,535,636 patients comparing met-
formin users and non-users reported overall cancer incidence summary relative risk 
(SRR) as 0.73 and a 6 % reduction in breast cancer incidence [ 30 ]. 

 So far, no trial has provided any data on survival benefi t with the use of metfor-
min in breast cancer but the phase III Randomized double-blind Trial of Metformin 
versus Placebo in Early stage Breast cancer MA-32 trial is addressing this question 
and results are expected in a few years’ time (  https://clinicaltrial.gov/ct2/show/
NCT01101438    ).  

    Everolimus 

 The phosphatidylinositol-3-kinase/protein kinase B/mammalian target of rapamy-
cin (PI3K-AKT-mTOR) pathway is one of the main pathways that regulates cell 
regulation, growth and metabolism [ 31 ]. Dysregulation of this pathway is frequently 
observed in tumors and hyperactivation has been linked with disease progression 
and treatment resistance. In breast cancer the PI3K/Akt/mTOR pathway is impor-
tant in the sensitivity of breast cancer cells to endocrine therapy [ 32 ]. Resistance 
of cancer cells to endocrine, cytotoxic and HER-2 targeted therapy can be devel-
oped through activation of the PI3K/Akt/mTOR pathway [ 33 ,  34 ]. Everolimus is an 
oral mTOR inhibitor with antitumor activity in preclinical models [ 35 ] and subse-
quent effi cacy in clinical trials. It is approved both in Europe and USA for the treat-
ment of ER positive HER-2 negative advanced breast cancer in combination with 
exemestane in patients resistant to non-steroidal aromatase inhibitors, based on the 
BOLERO-2 trial results [ 36 ]. 

 Two large phase III trials will evaluate the role of everolimus in the adjuvant set-
ting. In the  UNIRAD  trial premenopausal and postmenopausal women with ER 
positive HER-2 negative disease and at least 4 lymph nodes at diagnosis will receive 
routine adjuvant endocrine therapy. Patients still disease-free at 2 years will be then 
randomized to everolimus or placebo for 2 years in addition to hormone therapy. 
The primary endpoint is disease-free survival at 2 years post-randomization, and 
secondary endpoints include overall survival and biomarker assessments. In the 
United States, the SWOG trial S1207 will evaluate the addition of 1 year of 
 everolimus to standard endocrine therapy in high risk patients (  https://clinicaltrial.
gov/ct2/show/NCT01805271    ).  
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    PARP Inhibitors 

 The poly (ADP-ribose) polymerases (PARPs) are a family of enzymes involved in 
 various cellular processes. The most abundant of these multifunctional enzymes, 
PARP1 plays a key role in the repair of DNA single-strand breaks through the repair of 
base excisions [ 37 ]. When PARP is inhibited, double strand DNA breaks (DSBs) accu-
mulate and under normal conditions are repaired via the BRCA pathway- dependent 
homologous recombination (HR) mechanism [ 38 ]. The simultaneous inhibition of 
these two major repair pathways, HR and PARP, causes loss of DNA integrity and cell 
death whereas inhibition of either one of the two pathways alone does not, due to ade-
quate function of the alternative repair mechanism [ 38 ]. The dysfunction of BRCA1 
or BRCA2 tumor suppressor proteins results in lack of homologous recombination 
and sensitization of cancer cells to PARP inhibition [ 39 ,  40 ]. In addition, inhibition 
of PARP acts synergistically with DNA damaging chemotherapeutics and many trials 
have tested this hypothesis in preclinical and clinical setting [ 41 ]. 

 In Breast cancer, PARP inhibitors have been tested in BRCA mutated tumors as 
well as in triple negative breast cancer (TNBC) subtype where molecular and patho-
logic features resemble BRCA1 related breast cancers [ 42 ]. In a phase II trial olapa-
rib was administered to women with BRCA1 and/or BRCA2 defi cient advanced 
breast cancer with overall response rate of 41 % and Progression Free Survival 
(PFS) of 5.7 months [ 43 ]. Toxicities were mainly of low grade with the most fre-
quent adverse events being fatigue, mild to moderate nausea, vomiting and anemia. 

 A few phase II and phase III trials are currently investigating the effi cacy of 
PARP inhibitors in earlier stages [ 44 ]. The randomized, double-blind placebo con-
trolled multicenter, phase III  Olympia  trial will assess the effi cacy and safety of 
adjuvant therapy with olaparib versus placebo in patients with high-risk HER2- 
negative primary breast cancer and germ line  BRCA -mutations, who have com-
pleted defi nitive local and systemic neoadjuvant (without pcR) or adjuvant treatment. 
The primary end point of the trial will be invasive disease free survival, and the 
secondary end points are overall survival, distant-disease-free survival and the 
development of new primary invasive cancers [ 43 ]. Recruitment began in April 
2014 and the results are eagerly awaited.  

    Conclusion 

 Compelling evidence from the Early Breast Cancer Trialists’ Collaborative Group 
meta-analyses shows that adjuvant bisphosphonate use for 2–5 years in postmeno-
pausal women signifi cantly reduces the risk of bone recurrence and signifi cantly 
improves overall survival. Given the favorable toxicity profi le of these drugs, a change 
of standard practice has been advocated and efforts are currently underway to com-
mission the use of adjuvant bisphosphonates in the UK. Future research should aim 
to defi ne whether late intervention of adjuvant bisphosphonates would be of benefi t. 
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 Aspirin and metformin may prove to be effective adjuvant therapies which could 
benefi t patients worldwide and have a huge impact on global cancer burden. 
However, until the results of the prospective randomized trials of these agents are 
known the drugs remain experimental for this indication. 

 Targeted therapies such as Evorilimus and PARP inhibitors are also being testing 
in randomized trials in early breast cancer the results are eagerly awaited. 

 The treatment landscape in early breast cancer is evolving beyond standard cyto-
toxic and hormone therapies. The history of adjuvant therapy in breast cancer has 
been one of small incremental gains and the agents discussed in this chapter are part 
of this evolving story.     
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    Chapter 8   
 Exercise in Breast Cancer Survivors                     

     Nawa     Mustafa     Amin       and     Alistair     Ring    

    Abstract     Epidemiological studies have shown that regular exercise reduces the 
risks of cardiovascular and cerebrovascular disease. As a result the UK Chief 
Medical Offi cer recommends that the population aged between 19 and 64 years 
should take 150 min of moderate intensity exercise in bouts of 10 min or more every 
week. There are a number of biological mechanisms by which exercise might be 
expected to be particularly benefi cial in women with breast cancer. These mecha-
nisms suggest that physical activity might have the potential to prevent primary 
breast cancer, reduce the risk of recurrence in women with a prior diagnosis of early 
breast cancer, and improve overall survival following a breast cancer diagnosis. 
This chapter discusses the clinical evidence from non-randomized studies that exer-
cise can improve survival outcomes in women with a prior diagnosis of early breast 
cancer. The other potential health benefi ts of exercise in breast cancer survivors are 
also discussed, including the impacts on bone health, cancer-related fatigue and 
adherence to endocrine therapy.  

  Keywords     Physical activity   •   Exercise   •   Breast cancer  

      Introduction 

 Epidemiological studies suggest that people who take regular exercise have a lower 
risk of developing type II diabetes, cardiovascular disease, and cerebrovascular 
disease, including vascular dementia [ 1 ]. Consequently, the UK Chief Medical 
Offi cer recommends that the UK population aged between 19 and 64 years should 
take 150 min of moderate intensity exercise in bouts of 10 min or more every week. 
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One suggested approach is to carry out 30 min of moderate intensity activity per 
day, fi ve days per week. Additionally, it is recommended that muscle strengthening 
activities are performed on two or more days per week. Similar guidelines are 
available for older adults (aged 65 and older) [ 1 ] (Tables  8.1  and  8.2 ). Whilst this 
is national guidance, it is evident that a signifi cant proportion of the population do 
not take this level of exercise on a regular basis [ 2 ].

    There are a number of biological mechanisms by which exercise might be 
expected to be benefi cial in women with breast cancer including effects of physical 
activity on sex hormones, insulin and insulin-like growth factors (IGFs) as well as 
other obesity-related factors (e.g. adipokines, infl ammation) and immune function 
[ 3 ,  4 ]. These mechanisms suggest that physical activity might have the potential to 
prevent primary breast cancer, reduce the risk of recurrence in women with a prior 
diagnosis of early breast cancer, and improve overall survival following a breast 
cancer diagnosis. 

 This chapter addresses whether women who have had a diagnosis of early breast 
cancer should specifi cally be encouraged to undertake physical exercise, and if they 
do, what benefi ts they might derive.  

    Exercise and Breast Cancer Outcomes 

 In a 2014 meta-analysis of 16 prospective studies of breast cancer survivors it was 
found that physical activity was associated with lower risk of breast cancer mortality 
[ 5 ]. Amongst breast cancer survivors high versus low pre-diagnosis physical activity 
was associated with decreased risk of overall mortality and breast cancer mortality. The 
summary relative risks (RRs) of overall and breast cancer mortality were 0.77 [95 % 
confi dence interval (CI) = 0.69–0.88] and 0.77 (95 % CI = 0.66–0.90, respectively). 
Furthermore, high versus low post-diagnosis physical activity was also associated with 

    Table 8.1    The recommendations for exercise in adults 19–64 and ≥65 years   

 Regimen  Recommended activities 

 A  At least 150 min of moderate aerobic activity e.g. cycling or fast walking every 
week,  and  
 Strength exercises on ≥2 days a week that work all the major muscles (legs, hips, 
back, abdomen, chest, shoulders and arms) 
  OR  

 B  75 min of vigorous aerobic activity e.g. running or a game of singles tennis every 
week,  and  
 Strength exercises on ≥2 days a week that work all the major muscles (legs, hips, 
back, abdomen, chest, shoulders and arms). 
  OR  

 C  A mix of moderate and vigorous aerobic activity every week e.g. two 30-min runs 
plus 30 min of fast walking equates to 150 min of moderate aerobic activity,  and  
 Strength exercises on ≥2 days a week that work all the major muscles (legs, hips, 
back, abdomen, chest, shoulders and arms) 
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decreased overall and breast cancer mortality. For post-diagnosis physical activity, the 
summary RRs of overall and breast cancer mortality were 0.52 (95 % CI = 0.42–0.64) 
and 0.72 (95 % CI = 0.60–0.85), respectively. Each 10 metabolic equivalent task-hour/
week increase in post-diagnosis physical activity (equivalent to current recommenda-
tions of 150 min/week of at least moderate intensity activity) was associated with 24 % 
(95 % CI = 11–36 %) decreased total mortality risk among breast cancer survivors. 
Breast cancer survivors who increased their physical activity by any level from pre- to 
post-diagnosis showed decreased total mortality risk (RR = 0.61; 95 % CI = 0.46–0.80) 
compared with those who did not change their physical activity level or were inactive/
insuffi ciently active before diagnosis. The authors concluded that physical activity fol-
lowing a diagnosis of breast cancer was associated with reduced mortality risk. A key 
question is whether this association is causative. 

 The Nurses’ Health Study was a prospective observational study conducted in 
nearly 3000 female nurses in the US who were diagnosed with stage I-III breast 
cancer between 1984 and 1998 [ 6 ]. The women were followed up until death or 
June 2002. Nurses enrolled in this study answered a number of questions about 
lifestyle, diet, medication use and one item on the questionnaire regarded physical 

    Table 8.2    Intensity in 19–64 years and ≥65 years   

 Intensity  19–64 years  ≥65 years 

 Moderate  Walking fast 
 Water aerobics 
 Riding a bike on level ground or with 
few hills 
 Doubles tennis 
 Pushing a lawn mower 

 Walking 
 Water aerobics 
 Riding a bike on level ground or with 
few hills 
 Doubles tennis 
 Pushing a lawn mower 

 Hiking 
 Volleyball 
 Skateboarding 
 Rollerblading 
 Basketball 

 Ballroom and line dancing 
 Volleyball 
 Canoeing 

 Vigorous  Jogging or running 
 Swimming fast 
 Aerobics 
 Riding a bike fast or on hills 
 Singles tennis 
 Football 
 Martial arts 

 Jogging or running 
 Swimming fast 
 Aerobics 
 Riding a bike fast or on hills 
 Singles tennis 
 Football 
 Martial arts 

 Rugby 
 Skipping rope 
 Hockey 
 Gymnastics 

 Hiking uphill 
 Energetic dancing 

  Individual physical and mental capabilities should be considered when interpreting the guidelines. 
 Daily chores such as shopping, cooking or housework do not count towards the recommended 
150 min as the effort is not enough to raise heart rate. However, they are important as they break 
up periods of sitting with light activity which is important.   Generally, 1 min of vigorous activity 
provides the same health benefi ts as 2 min of moderate activity. Seventy-fi ve minutes of vigorous 
activity can give similar health benefi ts to 150 min of moderate activity    
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activity. In one analysis of the Nurses’ Health Study, breast cancer mortality was 
analyzed with respect levels of physical activity. Weekly physical activity was con-
verted into metabolic equivalent Task (MET). A MET is approximately equivalent 
to the energy cost of sitting at rest, and activities are assigned a MET score depend-
ing on their intensity. Participants were defi ned according to their physical activity 
category: <3, 3–8.9, 9–14.9, 15–23.9, or ≥24 MET hours per week [ 6 ]. Three MET- 
hours is equivalent to walking at average pace of 2–2.9 mph for 1 h. 

 Compared with women who engaged in less than 3 MET-hours per week of 
physical activity, the adjusted relative risk (RR) of death from breast cancer was 
0.80 (95 % confi dence interval [CI], 0.60–1.06) for 3–8.9 MET-hours per week; 0.50 
(95 % CI, 0.31–0.82) for 9–14.9 MET-hours per week; 0.56 (95 % CI, 0.38–0.84) for 
15–23.9 MET-hours per week; and 0.60 (95 % CI, 0.40–0.89) for 24 or more MET-
hours per week (P for trend = .004). The benefi t of physical activity was particularly 
apparent among women with hormone-receptor positive tumors. The RR of breast 
cancer death for women with hormone-receptor positive tumors who engaged in 9 or 
more MET-hours per week of activity compared with women with hormone-receptor 
positive tumors who engaged in less than 9 MET-hours per week was 0.50 (95 % CI, 
0.34–0.74). Compared with women who engaged in less than 3 MET-hours per week 
of activity, the absolute unadjusted mortality risk reduction was 6 % at 10 years for 
women who engaged in 9 or more MET-hours per week [ 6 ]. This apparent benefi t 
of physical activity remained signifi cant when adjusted for age, body mass index, 
menopausal status, hormone receptor status, disease stage and chemotherapy use. 

 These data from the meta-analysis including the Nurses’ Health Study are from 
un-randomized observational studies and it is possible that some of the fi ndings are 
confounded by factors which have not been taken into consideration. The question 
as to whether exercise defi nitively improves breast cancer outcomes would require 
a randomized trial and it seems unlikely that such a trial would be undertaken given 
the obvious population health benefi ts of the intervention under consideration (such 
that all women should be recommended to take exercise anyway regardless of breast 
cancer benefi ts) and of course the complexity of delivering and ethically controlling 
such a trial. Furthermore the benefi ts of exercise even in breast cancer survivors 
may not be restricted to benefi ts in terms of breast cancer recurrence.  

    Exercise and Additional Health Benefi ts in Breast Cancer 
Survivors 

    Depression and Mood 

 Depression and other mood disorders are not uncommonly associated with a 
 diagnosis of early breast cancer (Chap.   19    ) and given the potential positive effects 
of physical activity on depression in the general population, the additional benefi ts 
in breast cancer survivors are an attractive concept. In a 2011 systematic review and 
meta-analysis of fi fteen RCTs, it was found that exercise produced modest effects 
on depression in cancer survivors across cancer types (primarily breast), stages 
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(predominantly early stage) and baseline severity of depressive symptoms (most 
were not depressed) [ 7 ]. The overall effect size, under a random effects model, 
was −0.22 (CI −0.43, −0.09, p = 0.04). Signifi cant moderating variables (p < 0.05) 
were exercise location, exercise supervision, and exercise duration. The authors 
concluded that exercise had modest positive effects on depressive symptoms with 
larger effects for programs that were supervised or partially supervised, not per-
formed at home, and at least 30 min in duration. Limitations included that only one 
study identifi ed depression as the primary endpoint [ 7 ].  

    Cancer-Related Fatigue 

 Cancer related fatigue is one of the most commonly reported symptoms by cancer 
survivors [ 8 ]. Fatigue has been reported as a side effect of all types of cancer treat-
ment [ 9 ], impacting almost all cancer survivors and sometimes continuing to be 
problematic for years after completion of treatment ([ 10 ,  11 ], Chapter   20    ). The sug-
gestion that exercise may have a useful role in reducing fatigue is of great interest 
considering that cancer survivors have reported fatigue to be a more distressing than 
other symptoms related to cancer or its treatment including pain, nausea, and vomit-
ing [ 12 – 14 ]. 

 Brown et al. investigated the effi cacy of exercise in reducing cancer related 
fatigue in a meta- analysis of 44 RCTs including 3254 participants. Overall they 
concluded that exercise reduced fatigue among cancer survivors when compared to 
controls. Furthermore, fatigue levels improved in direct proportion to the intensity 
of resistance exercise (β = 0.60, P = 0.01), and was reduced to a greater extent in 
older cancer survivors (β = 0.24, P = 0.04) [ 15 ].  

    Quality of Life 

 Cancer and its treatment can have a negative impact on quality of life (QOL) [ 16 ]. 
QOL incorporates physical, emotional, and social well-being [ 17 ]. One meta- analysis 
of 78 studies and 3629 participants explored the effi cacy of exercise in improving 
QOL in cancer survivors and found that exercise had a positive and signifi cant effect 
on the QOL of cancer survivors. The authors also found that interventions were espe-
cially successful in women and when the aim was intense aerobic exercise [ 18 ].  

    Impact of Exercise on Bone Health 

 Bone health is particularly important in breast cancer survivors as treatment may 
increase the risk of osteoporosis and fractures (Chap.   14    ). Estrogens play a key role 
in bone protection and reduced levels (as a result of chemotherapy, endocrine 
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therapy or surgery) may contribute to bone loss. Nutrition, including vitamin D and 
calcium supplementation (Chap.   9    ), smoking cessation and medication, including 
bisphosphonates are important osteoporosis management strategies in the general 
population as well as breast cancer survivors. However weight-bearing exercises, 
such as walking, climbing stairs, weight training and dancing, may also help prevent 
bone loss and may be an additional reason to encourage physical activity in breast 
cancer survivors [ 19 ]. 

 Peppone et al. conducted a pilot study looking at Tai Chi Chuan (TCC), a moder-
ate form of weight-bearing exercise equivalent to walking, which improves aerobic 
capacity and strength among breast cancer survivors [ 20 ]. They randomly assigned 
16 breast cancer survivors to TCC (3 times per week, 60 min per session for 12 weeks) 
or standard support therapy (exercise control). Serum levels of  N- telopeptides of 
type I collagen (NTx), a marker of bone resorption, and bone- specifi c alkaline phos-
phatise (BSAP), a marker of bone formation, were measured at baseline and after 
the intervention. Survivors in the TCC group had a greater increase in levels of bone 
formation and a signifi cant decrease in bone resorption compared with the control 
group. This pilot study suggested that weight-bearing exercise exerts positive effects 
on bone loss through increased bone formation and decreased bone resorption in 
breast cancer survivors [ 20 ]. Other small studies have demonstrated the apparent 
benefi ts of resistance training on bone densitometry [ 21 ]. Winters-Stone et al., con-
ducted a randomized, controlled trial in 106 postmenopausal women with early stage 
breast cancer who had completed adjuvant chemotherapy and/or radiotherapy [ 22 ]. 
Patients were required to be free from osteoporosis and were randomly assigned to 
participate in 1 year of three times-weekly progressive, moderate-intensity resis-
tance and impact exercise or in a similar frequency and length control program of 
progressive, low-intensity stretching. Women who were assigned to the resistance 
and impact training program preserved bone mineral  density at the lumbar spine 
(0.47 vs. –2.13 %; P = 0.001) and had lower markers of bone turnover compared with 
controls. Whilst long-term follow-up studies and documentation of improvements 
in clinically relevant fracture rates have not been demonstrated in large populations 
of breast cancer survivors, the benefi ts of exercise on bone health in the non-cancer 
population are likely to be replicable in breast cancer survivors.  

    Adherence to Endocrine Therapy 

 Up to 50 % of breast cancer survivors who are taking aromatase inhibitors (AI) suffer 
from arthralgia, which may contribute to non-adherence and discontinuation rates 
of up to 20 % in the fi rst year of use [ 23 – 25 ]. In the HOPE (Hormones and Physical 
Exercise) study, breast cancer survivors who had been taking an AI for at least 6 
months and reported ≥3 of 10 for worst joint pain on the Brief Pain Inventory (BPI) 
were randomly assigned to an exercise intervention or usual care for 1 year [ 26 ]. 
The exercise intervention comprised 150 min/week of moderate-intensity aerobic 
exercise and twice-weekly supervised resistance exercise sessions. One hundred and 
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twenty-one women were randomized and it was found that AI-associated arthralgia 
symptoms worsened over time in women randomly assigned to usual care (accord-
ing to BPI and other measures). However in those women assigned to exercise, 
worst pain scores reduced by approximately 29 % or 1.6 points. On average, pain 
scores in women randomly assigned to exercise decreased from moderate at base-
line to mild at the end of intervention period (BPI worst pain score of approximately 
6 to 4 points). Women randomly assigned to exercise also experienced increase in 
cardiorespiratory fi tness, upper and lower body strength and losses in body weight 
[ 26 ]. Given the impact of arthralgia on quality of life, and the long term impact of 
AI non-adherence on breast cancer outcomes [ 27 ], exercise has the potential to pro-
vide a substantial health benefi t to women with AI-associated arthralgia.   

    Levels of Physical Activity in Breast Cancer Survivors 

 The data discussed in the preceding sections provides some evidence that exercise 
might be benefi cial in breast cancer survivors. However, perhaps one of the biggest 
challenges is in encouraging and enabling women to take the prescribed levels of 
physical activity. Zhao et al. examined the prevalence of lifestyle-related risk factors 
among 7443 women aged ≥18 years and reported a prevalence estimate of 53.8 % 
for engaging in physical activity ≥150 min/week [ 28 ]. Those women answering 
questionnaires may of course tend to be those who are more aware and engaged 
with lifestyle factors and therefore this study may over-estimate the levels of physi-
cal activity. 

 The HEAL study demonstrated declines in physical activity, by an estimated 2 h 
per week and 11 % (P <0.05), following a diagnosis of early breast cancer. A 50 % 
decrease in physical activity was observed among women who were treated with 
radiation and chemotherapy and a 23 % (P < 0.05) decrease in those who were 
treated with radiation only [ 29 ]. Therefore not only are many women not taking the 
recommended levels of exercise following a diagnosis of breast cancer, but levels of 
exercise may actually decline. The reasons for this are likely to be multifactorial and 
there is clear evidence that an intervention is warranted.  

    Interventions to Increase Levels of Physical Activity 

 Successful interventions to increase levels of activity in breast cancer survivors will 
need to provide counseling to explain the justifi cation for the recommendations, as 
well as practical advice and encouragement to enable patients to exercise more in a 
sustainable manner. 

 In one randomized controlled trial breast cancer survivors were assigned either to 
usual care or 12 weeks of a home based walking intervention. The intervention was 
a single 30 min face-to-face counseling session followed by fi ve 15 min  telephone 
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counseling sessions. Patients were instructed to increase walking frequency, dura-
tion and intensity. Physical activity was recorded by pedometers. Adherence was 
94 % and those undergoing the intervention reported signifi cantly increased levels 
of physical activity compared with those undergoing usual care [ 30 ]. There are a 
number of other examples of bespoke physical activity interventions for cancer sur-
vivors [ 31 ,  32 ] although an important aspect will be whether the lifestyle changes 
made will be sustainable over time. A number of studies are ongoing to attempt to 
identify the optimal means by which to increase exercise behavior in breast cancer 
survivors. However in the meantime, given the recommendations for breast cancer 
survivors are no different to those of the general population, it may be appropriate 
to simply signpost patients to existing Department Health/NHS England initiatives 
to increase physical activity [ 33 ] with the emphasis to women that the recommenda-
tions have particular relevance given their previous breast cancer.  

    Conclusions 

 There is evidence to suggest that breast cancer survivors who take more physical 
exercise have lower risks of breast cancer recurrence, and may experience a number 
of additional health benefi ts. There is no randomized clinical trial evidence, but 
such a trial would be methodologically and ethically challenging to conduct. 
Furthermore these apparent benefi ts are in addition to the well-established benefi ts 
of exercise in terms of cardiovascular and cerebrovascular disease which remain 
relevant to breast cancer survivors many of whom will die from competing causes 
of mortality and not breast cancer. Therefore breast cancer survivors should be rec-
ommended to take regular exercise along the lines for current guidelines for the 
general population (Tables  8.1  and  8.2 ). In the longer term, ongoing studies may 
identify specifi c bespoke interventions which are more suited to the needs and abili-
ties of breast cancer survivors, to enhance adherence and sustainability of lifestyle 
change.     
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    Chapter 9   
 Dietary Components and Breast Cancer 
Survivorship                     

     Clare     Shaw     

    Abstract     The development of breast cancer is multi-factorial and lifestyle factors, 
including diet, have been implicated in its etiology. The relative infl uence of different 
lifestyle factors on breast cancer risk varies between individuals. However the factors 
for which there is the most evidence of risk modifi cation are maintaining a healthy 
weight, being physically active and not drinking alcohol. Many other factors have 
been suggested to be benefi cial in terms of cancer prevention and prevention of recur-
rence: including the optimal balance of the diet, the consumption of fruit and vegeta-
bles, use of dairy products, soy foods, vitamin and mineral supplements. This chapter 
will concentrate on the concerns of women who have undergone treatment, many of 
whom may change their behavior with the aim of infl uencing the course of their dis-
ease and their overall health. This change in health related behavior may occur at 
diagnosis, during treatment or at the end of treatment and the time may be different 
for each individual. The seeking of relevant information and subsequent change in 
behavior has been identifi ed as the changeable moment and it is important that people 
have access to balanced, evidenced based information to support their choices.  

  Keywords     Diet   •   Alcohol   •   Soy   •   Vitamins   •   Weight   •   Weight loss   •   Body composi-
tion and dairy  

      Introduction 

 The development of breast cancer is multi-factorial and lifestyle factors, including 
diet, have been implicated in its etiology. The relative infl uence of different lifestyle 
factors on breast cancer risk varies between individuals. However the factors for 
which there is the most evidence of risk modifi cation are maintaining a healthy weight, 
being physically active and not drinking alcohol [ 1 ]. Many other factors have been 
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suggested to be benefi cial in terms of cancer prevention and prevention of  recurrence: 
including the optimal balance of the diet, the consumption of fruit and vegetables, use 
of dairy products, soy foods, vitamin and mineral supplements. This chapter will con-
centrate on the concerns of women who have undergone treatment, many of whom 
may change their behavior with the aim of infl uencing the course of their disease and 
their overall health. This change in health related behavior may occur at diagnosis, 
during treatment or at the end of treatment and the time may be different for each 
individual. The seeking of relevant information and subsequent change in behavior 
has been identifi ed as the changeable moment and it is important that people have 
access to balanced, evidenced based information to support their choices.  

    Weight Gain and Changes in Body Composition 
During and After Cancer Treatment 

 Weight gain is common for women undergoing treatment for early breast cancer 
and has been identifi ed as occurring in both pre and postmenopausal women. Early 
studies identifi ed that this weight gain could be as much as up to 11 kg in 25 % of 
women receiving adjuvant chemotherapy [ 2 ]. In this study women who were under 
observation, but did not receive chemotherapy, also gained a median of 1.8 kg fol-
lowing diagnosis over a 60 week period. In recent years there appears to be a reduc-
tion in the magnitude of weight gain with reports of median weight gains of 1.0 kg, 
2.0 kg and 1.0 kg documented at 6, 18 and 36 months post-diagnosis respectively 
[ 3 ]. The underlying relative contributions of chemotherapy, endocrine therapy and 
lifestyle changes associated with a diagnosis of breast cancer to weight gain are not 
clear. Irrespective, weight gain continues to affect a high proportion of women 
being treated for breast cancer with 50–96 % of women being affected [ 4 ]. 

 Body composition refers to the proportion of fat and fat-free mass (water, muscle 
and bone) in the body, and is an important prognostic factor in cancer patients. The 
presence of sarcopenia, the severe depletion of skeletal muscle, can be present in 
those who are of a normal weight or are overweight. As being overweight or obese 
is a risk factor for post-menopausal breast cancer, this condition is often left undi-
agnosed. A cohort of 514 women participants in the Health, Eating, Activity and 
Lifestyle (HEAL) study underwent measurements in body composition via whole 
body dual-energy X-ray absorptiometry (DEXA) scanning at baseline and at 2 years 
post diagnosis [ 5 ]. A total of 68 % of women gained weight and 74 % gained body 
fat. Data were also collected on physical activity and exercise. There was a signifi -
cant trend of increasing gains in weight for those who had a decrease in sports or 
recreational physical activity. This was most notable in younger post-menopausal 
women compared to older post-menopausal women and pre- menopausal women. 
Weight gained during chemotherapy was associated with an increase in fat mass 
and a decrease in lean body mass, a pattern known as sarcopenic obesity. This has 
implications for dietary advice regarding weight management in women following 
a diagnosis of breast cancer as it is important that advice is directed both at overall 
weight loss and also preservation of lean body mass.  
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    Implications of Weight Gain Following Breast Cancer 
Treatment 

 Increased body weight is known to be a risk factor for the development of 
 post- menopausal breast cancer. Furthermore a number of studies have identifi ed 
that being obese  following  a diagnosis of breast cancer confers worse breast cancer 
and overall survival compared with women of normal weight. A systematic review 
combining the results from 82 studies, including over 213,000 breast cancer survi-
vors, concluded that being overweight or obese increased the risk of dying in both 
pre and post-menopausal women [ 6 ]. The relative risks (RRs) of total mortality 
were 1.41 (95 % confi dence interval (CI) 1.29–1.53) for obese women (BMI >30 kg/
m 2 ) and 1.07 (95 % CI 1.02–1.12) for overweight (BMI >25.0 to < 30 kg/m 2 ) women. 

 Aside from body weight assessed at a single time point,  changes  in body weight 
may also be important; particularly as these changes may occur during or after treat-
ment for breast cancer. The systematic review by Chan et al examined the risk asso-
ciated with weight gain before diagnosis, less than 12 months after diagnosis and 12 
months or more after diagnosis of breast cancer [ 6 ]. Data were analyzed with respect 
to the increased risk conferred by gain of 5 kg/m 2  increments of BMI before, less 
than 12 months after, and more than 12 months after diagnosis. Increased risks of 
17 %, 11 % and 8 % for total mortality and 18 %, 14 % and 29 % for breast cancer 
mortality were observed, respectively [ 6 ]. In addition to its effects on survival out-
comes, obesity and/or weight gain may also adversely affect surgical outcomes with 
higher rates of infection and poor wound healing, fatigue, lymphedema and func-
tional decline [ 7 ,  8 ]. There may also be an impact for some women in terms of 
body-image and quality of life. 

 Weight management is therefore a priority for women following treatment for 
breast cancer, although it should be recognized that there is a paucity of evidence as 
to the relative impact this has on rates of recurrence and survival.  

    Interventions for Weight Management After Breast Cancer 
Treatment 

 Intervention studies in women without a diagnosis of breast cancer have focused on 
both dietary intervention and exercise as means of infl uencing body composition, 
aiming to preserve lean body mass and reduce body fat. A study in overweight, 
physically inactive women used a tailor-made dietary program for all participants. 
In addition some women were randomized to a program of weight loss induced 
mainly by an exercise program [ 9 ]. The primary the aim was to reduce body weight 
by 5–6 kg. Participants were monitored with respect to dietary intake and exercise, 
via an exercise log, and had frequent contact with their dietitian or physiotherapist. 
A control group aimed to remain weight stable by following a standardized diet and 
their usual physical activity patterns. Changes in body composition were measured 
using DEXA scanning. Two hundred and thirty-two (95.5 %) of women completed 
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the 16 week trial. All anthropometric measurements showed a signifi cant decrease 
in both intervention groups versus the control group [ 9 ]. The mainly exercise group 
showed a greater decrease in waist and hip circumference although the results were 
not signifi cant. Decreases in body fat were statistically signifi cantly greater in the 
mainly exercise group versus the diet group. Lean mass was preserved in the mainly 
exercise group compared with control whereas the diet group lost lean mass [ 7 ]. 

 This model of losing weight whilst maintaining fat free mass has been used as an 
approach in a small study in breast cancer. A study enrolled 28 survivors of triple 
negative breast cancer who were overweight (BMI >25 kg/m 2 ) in a randomized, 
controlled trial of moderate intensity aerobic exercise and diet counseling compared 
to usual care [ 10 ]. Twenty-three women completed the study and over the period of 
the study there was a signifi cant reduction in body weight, BMI and body fat was 
observed when compared to controls [ 8 ]. 

 This and other studies are important as they support successful weight reduction 
in women who have completed treatment for breast cancer, something that many 
women do not feel is possible [ 8 ,  11 ]. Of great interest is whether particular dietary 
approaches support better adherence to dietary change and if they are able to infl uence 
metabolic parameters such as insulin sensitivity and lipid profi les. One such dietary 
approach that has attracted much interest is the use of intermittent energy restriction 
(IER) compared to the conventional approach of daily energy restriction (DER) [ 12 ]. 
In the popular press this is often referred to as the 2 day diet or intermittent fasting 
and has been used for overall weight loss, not just in breast cancer. The approach is 
to restrict dietary intake for two consecutive days a week to 2500–2717 kJ/day and 
less than 40 g carbohydrate using a relatively high protein intake to maximize satiety. 
This is compared with dietary advice that is aimed at reducing energy intake by 25 % 
on a daily basis, following a Mediterranean style diet. This approach was trialed in a 
group of women at high risk of breast cancer and indicated that, in the short term, the 
IER was superior to DER with respect to the improvements in insulin sensitivity and 
the loss of body fat [ 12 ]. This approach is currently being trialed in conjunction with 
150 min of moderate exercise per week in 170 women who are having chemotherapy 
after surgery for breast cancer. Outcomes being measured include weight, body fat 
and muscle mass, blood levels of hormones and infl ammation linked to the risk of 
recurrence, well-being and side effects from chemotherapy [ 13 ].  

    Diet After Cancer Treatment 

 Much is written in the research literature and popular mass media about diet and 
breast cancer. Many beliefs about food and breast cancer persist in the absence of 
supporting scientifi c evidence [ 14 ]. A comprehensive review of worldwide research 
on breast cancer survivors was published by the World Cancer Research Fund in 
October 2014 and provides a thorough systematic review of the literature. 

 Women often make changes to their diet following a diagnosis of breast can-
cer, however, their understanding of what constitutes an optimal dietary intake is 
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not always in accordance with dietary current recommendations [ 15 ]. Similarly, 
 implementing what women think of as a healthy diet is not always achieved with 
some not consuming the recommendations for fruit and vegetables and dietary fi ber 
nor the limits for saturated fat and energy intake [ 15 ]. 

    General Recommendations 

 A number of randomized trials have been carried out which have aimed to establish 
the optimal overall balance of the diet with respect to reducing breast cancer inci-
dence and the risk of recurrence. Interest in the consumption of dietary fat origi-
nated from animal experiments in the 1950s which demonstrated the promotion of 
tumor growth with high fat diets. The Woman’s Health Initiative (WHI) dietary 
modifi cation trial randomized over 48,000 women with no prior history of breast 
cancer to a reduction in the intake of dietary fat to 20 % of their total energy intake, 
or to a control group. There was a reduction in the number of cancers in the women 
who ate a reduced fat intake (HR 0.91, 95 % CI 0.83–1.01) although this was not 
statistically signifi cant [ 16 ]. 

 Later the Women’s Intervention Nutrition Study (WINS) randomized 2437 post- 
menopausal women with early-stage breast cancer to a reduced fat diet of 15 % of 
energy from fat or a control group. Women in the intervention group successfully 
reduced their fat intake and lost weight and showed an improved relapse-free sur-
vival although statistically this was deemed to be of borderline signifi cance (hazard 
ratio 0.76, 95 % CI: 0.60–0.98, P = 0.03 from Cox Proportional Hazard model). A 
survival analysis was completed at 108 months follow-up, and there was no statisti-
cally signifi cant difference between the groups overall (HR 0.8, 95 % CI: 0.64–1.07, 
P = 0.146). However, in a subgroup analysis, there was an apparent improved survival 
in women with ER negative, PR negative breast cancers, assigned to the intervention 
(HR 0.3, 95 % CI: 0.18–0.74, P = 0.003). Long term dietary studies of this type are 
diffi cult to manage and expensive, particularly with respect to long term dietary com-
pliance. In the WINS study there was a large reduction in the proportion of women 
who did not complete the dietary assessments with only 40 % responding at 5 years. 
It is unlikely that those that did not respond had maintained such strict dietary habits 
for the duration of the study and this would ultimately affect the  ability of the study 
to detect whether adherence to a low fat diet does infl uence outcome [ 17 ,  18 ]. 

 The Women’s Healthy Eating and Living (WHEL) randomized trial used a com-
bined dietary approach and aimed to assess whether a major increase in the consump-
tion of vegetables, fruit and dietary fi ber in conjunction with a reduction in dietary fat 
would infl uence invasive breast recurrence, the presence of a new primary or death 
[ 19 ]. A total of 3088 women previously treated for early stage breast cancer, aged 
18–70 years old at diagnosis were recruited to the study. Those in the intervention 
group were counseled to consume a daily target of 5 vegetable servings, 16 oz vegeta-
ble juice, 3 fruit servings, 30 g of dietary fi ber and 15–20 % of energy intake from fat. 
The control group were provided with printed material on the usual 5-a-day dietary 
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guidelines. The intervention group successfully made dietary changes in accordance 
with the counseling during the fi rst 4 years. Follow up at 7.3 years did not show any 
signifi cant difference between the two groups in terms of breast cancer events or mor-
tality. Following a secondary analysis of the WHEL study population, it was identi-
fi ed that the women with the highest reported intakes of total vegetable intake at their 
baseline measurement had an overall lower hazard for breast cancer recurrence or the 
development of a new primary [ 20 ]. This potentially protective effect was greater in 
women receiving tamoxifen and was greatest for women who consumed high lev-
els of cruciferous vegetables such as broccoli, caulifl ower and cabbage. Whilst this 
analysis points to a potentially protective effective of vegetables in those receiving 
tamoxifen the results cannot be generalized to the whole breast cancer population. 

 A number of lifestyle intervention studies are currently in progress. One of these 
is the SUCCESS C study [ 21 ]. This is a study in 3547 women with early stage 
HER2 negative breast cancer in the adjuvant setting, where patients undergo two 
randomizations. The fi rst of these compares anthracycline-taxane adjuvant chemo-
therapy with a taxane-only regimen. The second randomizes women with a BMI 
24–40 kg/m 2  to a lifestyle intervention or observation. The lifestyle intervention 
involves a low fat, low energy diet in combination with physical activity provided 
by dietitians, a lifestyle coach, trained nurses, physicians and psychologists [ 21 ]. 
More randomized intervention studies of this type are required to ascertain the 
effect of changes in diet and body composition. 

 The World Cancer Research Fund International Continuous Update Project has 
reviewed the evidence for diet, nutrition, physical activity in breast cancer survivors 
[ 22 ]. The report identifi ed limitations in either design or execution of published 
research meaning that the data is still not strong enough to make specifi c recom-
mendations for breast cancer survivors. Some evidence suggests that improved sur-
vival after breast cancer is linked with a healthy body weight, being physically 
active, eating foods containing dietary fi ber and having a lower intake of total fat, 
and in particular, saturated fat. However overall, breast cancer survivors are gener-
ally advised to follow the general recommendations for a healthy lifestyle to reduce 
cancer as shown in Table  9.1 .

    Table 9.1    General recommendations for a healthy lifestyle to reduce cancer risk [ 23 ]   

 Be a healthy weight: Keep weight as low as you can within the healthy range 
 Move more: Be physically active for at least 30 min every day and sit less 
 Avoid high-calorie foods and drinks: Limit high calorie foods and avoid sugary drinks 
 Enjoy more grains, vegetables, fruits and beans 
 Limit red meat and avoid processed meat: Eat no more than 500 g (cooked weight) a week of 
red meat and eat little, if any processed meat 
 For cancer prevention, don’t drink alcohol: If you do, limit alcoholic drinks to two for men and 
one for women a day 
 Eat less salt: Limit your salt intake to less than 6 g (2.4 g sodium) a day by adding less salt and 
eating less food processed with salt 
 Don’t rely on supplements: Eat a healthy diet rather than relying on supplements to protected 
against cancer 
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       Specifi c Considerations 

    Alcohol 

 The consumption of alcohol has been identifi ed as a risk factor for the development 
of breast cancer from large prospective cohort studies [ 24 ] although the mechanisms 
are unclear. It is also unclear as to whether alcohol consumption following diagnosis 
infl uences survival. Whilst individual studies have indicated that alcohol consump-
tion adversely affects prognosis, a recent meta-analysis of 11 studies concluded that 
moderate post diagnosis alcohol consumption was not associated with overall sur-
vival (HR, 0.95; 95 % CI, 0.85–1.05) [ 25 ]. This was also the conclusion of the World 
Cancer Research Fund review of the evidence in their Continuous Update Programme 
[ 22 ]. Advice on alcohol consumption following treatment for breast cancer should 
therefore be in keeping with the general recommendations for health (Table  9.1 ).  

    Dairy Foods 

 Dairy foods such as milk, yogurt, butter and cheese have been the subject of some 
controversy with respect to breast cancer etiology and following diagnosis. A num-
ber of reports in the mass media have encouraged women to reduce their intake of 
dairy foods and this is a common change that women make following diagnosis 
[ 26 ]. Concern has been expressed over the high dietary fat content of dairy foods, 
contaminants in milk and hormones in milk such as estrogens and Insulin like 
growth factor (IGF-1) [ 14 ]. However, dairy foods are also a good source of calcium 
so their overall contribution to dietary intake of minerals is an important consider-
ation, particularly in a population of women who may be at risk of bone mineral 
density loss as a result of their breast cancer treatment (Chap.   15    ). 

 Studies have failed to provide a link between the consumption of dairy foods and 
recurrence or breast cancer specifi c survival [ 27 ]. One study suggested that high-fat 
dairy intake, but not a low fat dairy intake, was related to poorer overall survival in 
long term breast cancer survival [ 28 ]. This suggests that it is not dairy foods per se 
which may infl uence outcome but may be present in those taking a high fat diet. 
Current evidence indicates that it is not necessary to reduce or exclude dairy foods 
from the diet following treatment for breast cancer [ 22 ].  

    Soy Foods 

 Soy food consumption varies greatly around the world with higher levels of con-
sumption in Asian populations compared to Western countries. Soy foods have 
attracted attention with relation to breast cancer due to their isofl avone content. 
These compounds bind to estrogen receptors and exert estrogen like activity and 
therefore have been called phyto-estrogens. Their cellular action appears to vary 
in different tissues and is due to selective binding and activation of ER β receptors 
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in comparison to ER α receptors [ 29 ]. Soy beans contain a number of isofl avones 
including genistein, daidzein and glycitein. The processing of soy beans can alter 
the amount of isofl avones contained in the food with a much reduced quantity in 
products such as isolated soy protein. Fermentation of soy beans in foods such as 
natto and miso does not alter the isofl avone concentration. The availability of phy-
toestrogenic activity may vary also between individuals as it is partially dependent 
on the production of more metabolically active compounds through metabolism by 
gut microbiota. For example the isofl avone daidzein may be metabolized to the more 
easily absorbed and more metabolically active equal in the gut of some individuals. 

 There is concern as to how phyto-estrogens may infl uence cellular activity, par-
ticularly growth of breast cancer cells. These concerns arose from in vitro studies, 
where isofl avones were found to promote mammary tumor growth in animal mod-
els, and potentially interfere with the activity of tamoxifen [ 29 ,  30 ]. There have been 
no intervention studies which have examined the infl uence of phytoestrogen intake 
on breast cancer survival. However, some evidence from epidemiological studies 
indicates that consumption of 10 mg or more of isofl avones confers a benefi t in 
terms of a reduction of total mortality, breast cancer specifi c mortality and breast 
cancer recurrence when compared with a consumption of less than 4 mg. These 
results are from the pooling of 3 large studies with a total of 9514 breast cancer 
patients who were followed up for a mean of 7.4 years [ 29 ,  30 ]. Some of these stud-
ies have focused on populations of Asian women where intake of isofl avones is 
higher than in Western populations and can range from 10 to 40 mg per day. 

 The World Cancer Research Fund Continuous update concluded that although 
the evidence was limited it was generally consistent and suggestive of an inverse 
relationship between consumption of foods containing soy and all-cause mortality 
[ 22 ]. Nonetheless there remains concern about the use of concentrated isofl avone 
supplements (such as red clover) in women with breast cancer, and their use is not 
recommended. These supplements provide a much greater concentration of 
 phytoestrogens and may have adverse interactions with biological mechanisms or 
prescribed medication [ 14 ].  

    Vitamins and Mineral Supplementation 

 There has been much interest in whether vitamins, minerals and bioactive com-
pounds found in food can confer protection against cancer both in terms of preven-
tion and in the reduction of risk after diagnosis. The potential for these compounds 
to exert their action may be via a direct effect on cellular growth or via other bio-
logical systems, for example, infl uence over the hormonal axis. 

 The use of vitamin and mineral supplementation is common amongst women 
diagnosed with breast cancer. Studies report usage among cancer patients and 
longer- term survivors of 64–81 %, which is higher than the usage of 50 % in the 
general American population [ 31 ]. Usage is especially high in people with breast 
cancer and in those with a higher level of education. In other cancer diagnoses, such 
as lung cancer, stomach cancer and colorectal adenomas the use of vitamins and 
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minerals supplements has been demonstrated to have an adverse effect on outcome 
with higher rates of recurrence in people taking high dose supplementation, particu-
larly for beta-carotene and retinol [ 32 ]. There is concern that the use of high dose 
anti-oxidant vitamins may be protective for cancer cells, reducing the effi cacy of 
chemotherapy or radiotherapy although this has not been substantiated in clinical 
trials [ 32 ]. 

 Data on vitamin supplementation after breast cancer diagnosis was collected in a 
number of cohort studies both in the United States and China [ 33 ]. These pooled 
data suggest that post treatment supplement use of vitamins A, B, C, D, E and mul-
tivitamins, assessed 1–5 years post diagnosis, reduced the risk of death by 16 %. 
Vitamin E was associated with a decreased risk of recurrence (RR: 0.88; 95 % CI 
0.79–99) and vitamin C with a decreased risk of death (RR; 0.81: 95 % CI 0.72–
0.92) [ 33 ]. Other meta analyses have also concluded that the use of vitamin C post 
diagnosis of breast cancer may be associated with a reduced risk of mortality [ 34 ]. 
It is not clear, however, to what extent vitamin ingestion is associated with healthier 
lifestyle and better adherence to endocrine therapy which may also explain this 
observation. 

 Vitamin D is a fat soluble vitamin that can be obtained from dietary sources such 
as liver, oily fi sh, fi sh liver oil and egg yolks or from the action of ultra violet light 
on the skin which facilitates the conversion of pre vitamin D3 to 1,25 dihydroxyvi-
tamin D or calcitriol. Vitamin D is important as it promotes the absorption of cal-
cium in the gut and maintains adequate serum calcium and phosphate levels. These 
in turn enable normal mineralization of bone. Declining bone density is of concern 
in women following treatment for breast cancer due to the effect of hormone treat-
ment on calcium bone deposition. The optimal level of supplementation of vitamin 
D and calcium to improve bone density and reduce the risk of fracture has not been 
determined. A systematic review of calcium and/or vitamin D supplementation and 
its effect on bone mineral density (BMD) was published in 2013 [ 35 ]. Levels of 
supplementation were 500–1000 mg for calcium and 200–1000 IU for vitamin D 
and most of the studies were based on assessment of BMD before and after supple-
mentation. These doses of supplementation were found to be inadequate to prevent 
BMD loss in both pre and postmenopausal women with breast cancer [ 35 ]. Close 
monitoring of bone health is therefore essential in this population (Chap.   15    ). 

 There is much interest in other potential effects of vitamin D as some evidence 
suggests that higher circulating levels of 25-hydroxyvitamin D levels may confer a 
better prognosis amongst cancer patients, although this requires further studies before 
recommendations can be extended to women with early breast cancer [ 36 ,  37 ].    

    Summary 

 Diet and lifestyle changes are an important aspect of living with and beyond breast 
cancer. Many women are interested in changing their diet following treatment. 
Increasing evidence indicates that body composition, the balance of dietary intake 
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and some specifi c food groups may infl uence outcomes in breast cancer, including 
breast cancer associated morbidity and overall survival. 

 It is essential that women have access to evidence based dietary information dur-
ing and after treatment to enable them to make informed choices regarding lifestyle 
and health related behaviors, some of which may infl uence the course of their disease.     
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    Chapter 10   
 Identifying and Managing the Consequences 
of Treatment for Early Breast Cancer                     

     Natalie     Doyle     ,     Nicola     Cunningham     , and     Richard     Henry     

    Abstract     Increasing numbers of women are living for signifi cant periods of time 
after diagnosis and treatment for early breast cancer. For many of these women the 
consequences of cancer treatments can be debilitating and distressing yet little is 
known about their experience of survival. The Recovery Package facilitates the 
identifi cation and management of the consequences of treatment. This is achieved 
through the offer of a structured, person centered means of assessing and delivering 
the appropriate levels of support to these women at a time and in a way that is con-
sistent with their wishes and needs.  

  Keywords     Consequences of treatment   •   Supported Self-Management   •   Person 
Centered Care   •   Recovery Package  

      Introduction 

 The incidence of cancer has risen signifi cantly in recent years. One in three people 
will develop cancer and half of adults diagnosed with the disease are predicted to 
survive 10 years or more [ 1 ]. Current estimates by the National Cancer Survivorship 
initiative (NCSI) suggest that almost 1.8 million people in England are living with 
and beyond cancer and that this number is rising by over 3 % per annum [ 2 ]. 

 Eighty percent of women with breast cancer might expect to live 5 years or 
more after their initial treatment with many going on to live at least a further 
decade and over 60 % likely to live at least 20 years [ 3 ]. This means that, in the 
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UK, whilst 48,000 women are at the point of diagnosis or undergoing treatment 
and another 44,000 at the rehabilitative stage, this is by far outweighed by the 
222,000 undergoing early monitoring (2–10 years) and a further 226,000 women 
in late monitoring [ 4 ].  

    The Experience of Survival 

 Whilst the chronology of survival can be readily established much less is known 
about the experience of survival. Brennan et al. [ 5 ] maintain that cancer is an 
inherently distressing experience and all women with breast cancer will live with 
the consequences of their disease and its treatment. Although many will learn to 
self- manage (often with appropriate support) an in depth understanding of their 
outcomes is limited by the unavailability of comprehensive data which addresses 
the experience of people living with and beyond cancer. The 2014 National 
Cancer Experience Survey [ 6 ] provides some understanding of the experiences of 
those who are treated as inpatients, but not their ongoing and longer term experi-
ences. The Quality of Life of Cancer Survivors in England [ 7 ] reported on the 
quality of life of people living with and beyond cancer 1, 2, 3 and 5 years after 
treatment. Women with breast cancer frequently showed ongoing high levels of 
pain, worry about the future, concern about weight gain, arm swelling and body 
image issues. 

 All people with cancer will undergo a life changing experience that begins at the 
point of diagnosis and evolves over time. Whilst there is a degree of commonality 
among those with cancer, the experience for each individual will ultimately be dis-
tinctive, personal and unique. This may not necessarily be negative as many women 
report positive outcomes, however, a constant uncertainty persists, particularly after 
the completion of hospital-based treatment [ 8 ].  

    The Consequences of Breast Cancer Treatment 

 Much of the literature on the consequences of cancer treatments focuses on single 
specifi c effects of therapy such cardiotoxicity [ 9 ], neurotoxicity [ 10 ] or anxiety 
[ 11 ]. Whilst this is useful it is important that it should not obscure the reality that the 
sequelae of cancer treatments are often characterized by multiple effects that can be 
highly complex and inter related. Early rehabilitation intervention has been shown 
to either prevent or minimize many of the consequences of breast cancer and its 
treatments. Thus physical activity can minimize long term cardiac morbidity and, 
when linked to dietary interventions, can reduce both cancer specifi c and all-cause 
mortality [ 12 ]. Performance of gentle upper limb exercises immediately post opera-
tively and continued for life reduce the chances of lymphedema developing. 
However, many of the effects of cancer and its treatment can be obscured or 
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exaggerated by concurrent diseases. Approximately one third of those living with 
and beyond cancer have one other long term condition whilst a further third have 
three or more [ 13 ]. 

 Many women with breast cancer have undergone prolonged and aggressive mul-
timodal anticancer therapy which is accompanied by signifi cant toxicities. The 
nature, length and complexity of cancer treatment means that the consequences 
often vary signifi cantly in frequency, timing, severity and impact on quality of life. 
Consequently the level, intensity and type of support that is required will vary. The 
specifi c effects of radiotherapy, chemotherapy and other treatment approaches are 
detailed elsewhere in this volume and consideration is given to their acute or long 
term nature. Many of the most debilitating and demoralizing are ongoing and per-
sistent effects such as fatigue [ 14 ] and pain [ 15 ] whilst the mental health and psy-
chological support needs of those living with and beyond cancer are only now 
starting to gain parity of esteem. 

 Whilst some consequences of treatment might be predictable the response of 
those affected by the experience may not be. Similarly, other treatment effects may 
be more diffi cult to anticipate and the reaction of those affected consequently more 
uncertain. Successful support of the individual and management of these conse-
quences may ultimately depend upon an individually tailored approach to care and 
fundamental to this is empowerment of the individual. This is best realized through 
person centered approaches to care.  

    Person Centered Care 

 The central tenet behind person-centered care is ensuring that the needs and goals 
of the individual become central to the process of care [ 16 ] with an emphasis on 
what matters to them rather than what is the matter with them [ 17 ]. Price [ 18 ] sug-
gests that this requires health professionals to work with each person’s defi nition of 
their situation and that the practice of person-centered care is predicated on support-
ing people to participate in decision-making and to self-manage their condition 
wherever possible. This means that the woman with breast cancer should be regarded 
as a partner rather than passive recipient of care. In addition, healthcare profession-
als need to comprehend the psychosocial challenges faced by people living with and 
beyond breast cancer and by what motivates them [ 19 ] whilst Collins [ 20 ] stresses 
the importance of an interplay of philosophy, principles and activities (see Fig.  10.1 ).

1. Affording people dignity
 respect and compassion
2. Offering coordinated care,
 support or treatment
3. Offering personalised
 care, support or treatment
4. Being enabling

  Fig. 10.1    Principles of 
person centered care [ 20 ]       
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       Self-Management and Self-Effi cacy 

 Foster and Fenlon [ 21 ] maintain that reducing dependence on healthcare profes-
sionals and increasing a person’s sense of control and wellbeing is desirable. 
According to McCorkle et al. [ 22 ] supported self-management empowers the indi-
vidual with cancer and their carers by bolstering the confi dence of those affected by 
the disease and its treatment. It also prevents or minimizes the longer term compli-
cations associated with the disease and reduces the burden on health services [ 21 ]. 
This is achieved by implementing a range of strategies for supporting self- 
management. These include focusing on self-effi cacy, behavior change, technical 
skills and information provision [ 23 ]. 

 Whilst self-management might be regarded as the ideal for women with early 
breast cancer, they need to be supported in a way that promotes self-effi cacy. 
Bandura [ 24 ] regards this as a belief in one’s ability to achieve something, and 
maintained that a person’s sense of self-effi cacy is principally infl uenced by their 
achievements (giving positive performance feedback), followed by their physiologi-
cal states (experiencing low levels of stress), vicarious experience (seeing others 
achieve) and verbal persuasion (strengthening their expectations). 

 The ability to self-manage can be adversely affected by low self-confi dence and 
a feeling of vulnerability whereas a fund of personal and environmental resources, 
underpinned by a professional attitude and support in secondary and primary care 
characterized by early intervention can enhance and support self-management [ 21 ]. 

 Behavior change can occur at a population, community or individual level, with 
signifi cant life events acting as a catalyst for individual reassessment [ 25 ]. A cancer 
diagnosis has been shown to provide an opportunity for promotion of health related 
behavior change [ 26 ]. This has been referred to as the ‘teachable moment’. Teachable 
moments are cueing events which occur when life events, such as the experience of 
cancer, alter the individual’s self-concept or social role in a way that prompts the 
individual to ‘take stock’ and re-evaluate life, particularly in relation to lifestyle 
behaviors [ 27 ].  

    Stratifi ed Follow Up and Supported Self-Management 

 Stratifi ed follow up envisages that the Multi Professional Team and the individual 
living with cancer make a decision about the optimal form of aftercare. This is based 
on disease progression, response to treatment and the perceived needs and circum-
stances of the person with cancer. 

 Maximizing the degree of self-management is regarded as the desirable goal in 
aftercare. This would mean fewer hospital based appointments and a requirement 
for primary or local secondary care to respond to more routine issues. 

 Supported self-management may not always be the optimal method of support 
for those living with and beyond cancer. However, in breast cancer this is rapidly 
becoming the norm for a majority of people through initiatives such as open access 
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follow up. This is enabled by providing those who are deemed eligible for supported 
self-management with information about signs and symptoms of recurrence, clear 
pathways to follow if they are concerned and a guarantee of a fast, explicit route to 
re-access services if necessary [ 28 ]. 

 Shared care occurs when those affected by cancer continue to have face-to-face, 
phone or email contact with professionals as part of continuing follow-up. Thirdly, 
complex case management occurs when those affected by cancer are given intensive 
support to manage their cancer and/or other conditions (Fig.  10.2 ).

       The Recovery Package 

 The information needed by women living with and beyond breast cancer and their 
carers can be provided by the Recovery Package [ 2 ]. Its overall intention is to sup-
port self-management (as outlined previously), the adoption of healthier lifestyles 
and the reduction of health care service use. The Recovery Package is best delivered 
in a partnership between a clinical team and a person living with cancer having 
jointly deciding on the apposite form of stratifi ed aftercare for the individual [ 29 ]. 

 The four components of the Recovery Package (Fig.  10.3 ) contribute to a person-
alized plan of care for each individual aimed at reducing usage of hospital and pri-
mary care services [ 2 ]. These components are:

•     Holistic Needs Assessment and care planning  
•   Treatment Summary  
•   Health and Well Being event  
•   Cancer Care Review    

Self-care with support
and open access
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Complex case
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  Fig. 10.2    Stratifi ed 
pathways of care [ 2 ]       
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 The Independent Cancer Taskforce [ 30 ] advises that everyone with cancer has 
access to all aspects of the Recovery Package [ 31 ] with a recommendation that the 
necessary services to provide this are commissioned by 2020.  

    Treatment Summary 

 A Treatment Summary should be completed at the end of each treatment phase and 
given directly to the woman with breast cancer and the Primary Care Team. It pro-
vides a summary of the treatments that have been received and outlines their pos-
sible consequences such as lymphedema and reduced shoulder range of movement. 
It includes arrangements for planned follow up including future surveillance (such 
as mammographic and endocrine monitoring) and it contains alert symptoms that 
may require re-access to the specialist team. The value of the Treatment Summary 
is that it supports communication between the cancer center and primary care, 
empowering the person with cancer and informing the cancer care review.  

    Holistic Needs Assessment and Care Planning 

 The National Cancer Action Team [ 32 ] defi ne a Holistic Needs Assessment 
(HNA) as, “a process of gathering information from the patient and/or carer in 
order to inform discussion and develop a deeper understanding of what the person 
understands and needs”. It is concerned with the whole person by incorporating 
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their physical, psychosocial, spiritual and emotional wellbeing into the assess-
ment process. 

 HNA is undertaken by skilled practitioners who have an intimate knowledge of 
the practice of caring and working with individuals, an understanding of biological 
and psychological developments through the lifespan, an appreciation of the needs 
of this population and the impact of cancer on women with breast cancer 

 HNA usually comprises a concerns checklist, a distress thermometer and a care 
plan. The concerns check list allows the woman to specify which issues are of most 
concern to them. Subsequent discussion with a healthcare professional provides an 
opportunity to explore the issues raised and to jointly agree how best to address 
them. Some issues may lend themselves to immediate resolution following discus-
sion and/or imparting of information. Simply allowing the person the opportunity 
and space to talk may, in itself, be suffi cient to ameliorate any concerns. However, 
other issues may involve prompting or encouraging the individual to take a specifi c 
action themselves to address their concern or lead to intervention by a healthcare 
professional. Finally, there are those issues for which the appropriate response must 
always be to make onward referral to specialist services. Following the discussion, 
a care plan is agreed which documents the agreed actions and provides a record of 
the discussion. 

 The NCSI [ 2 ] suggest a number of key times when a holistic assessment of needs 
should be conducted. These include when the patient is diagnosed; at the start and 
end of treatment; when it is determined that the patient cannot be cured; when the 
patient enters the end-of-life stages; any time that the disease recurs; or whenever a 
professional caring for the patient feels that it is needed [ 32 ]. These deliberately 
coincide with signifi cant milestones in the pathway where needs might reasonably 
be expected to change. It may be problematic establishing a categorical link between 
high levels of distress and specifi c phases of the patient experience [ 33 ] so assess-
ments may also be undertaken at the request of the patient. 

 The inclusion of HNA onto the National Cancer Outcomes Data Set as a pilot 
item means that all relevant data will be more readily accessible to inform service 
improvement initiatives.  

    Health and Well Being Events 

 The NCSI [ 2 ] defi nes health and well-being events as opportunities for those living 
with and beyond cancer and their carers to get the information they need at the end 
of treatment to support them to take an active role in their recovery. Whilst they may 
have value during treatment, for most people they are most usefully offered at the 
end of treatment. The aim of the health and well-being event is to provide the infor-
mation to enable those living with and beyond cancer to:

•    Promote healthy lifestyle choices  
•   Make lifestyle changes  
•   Manage the consequences of cancer and its treatment    
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 Typically, these are group events in which women affected by breast cancer 
are given the opportunity to engage with others living with and beyond cancer as 
well as a range of health care professionals e.g. doctors, clinical nurse special-
ists, allied health professionals, and complementary therapists. They frequently 
include ‘market stalls’ of relevant services such as local smoking cessation ser-
vices, gyms and voluntary agencies. The events also offer expert advice on health 
promotion in order to minimize risk of recurrence and encourage healthy living. 
Support is given to underpin the confi dence and skills needed to self-manage. 
Access to fi nancial and benefi ts advice and vocational rehabilitation as well as 
specifi c issues relating to breast cancer such as early detection of recurrence, body 
image, physical activity, diet, sexual functioning and lymphedema prevention 
should be addressed  

    Cancer Care Review 

 The Cancer Care Review should be carried out by the women’s GP or designated 
member of the primary care team within 6 months of their cancer diagnosis. It helps 
people affected by cancer to understand what information and help is available to 
them in their local community thus underpinning the principles of supported 
self-management.  

    Conclusion 

 It is essential that pathways and services which can minimize the consequences of 
breast cancer treatments and address needs are designed and commissioned. The 
advantages offered by such an approach are that women with early breast cancer 
will access healthcare services less, that signifi cant economic benefi ts to the indi-
vidual and society will be realized and there will be an improved quality of life for 
all those women who are affected by this disease and its treatment. 

 Whilst the Recovery Package might be a relatively recent innovation in the man-
agement of early breast cancer there are number of ways in which care might be 
further enhanced. This will involve integrating survivorship care more completely 
into primary care, embedding the Recovery Package into NHS systems, the devel-
opment of prehabilitation and better prognostic and predictive factors for the adverse 
consequences of cancer and its treatment. Improved survivorship intelligence deriv-
ing from empowerment of those affected by cancer and healthcare professionals 
will drive these improvements. This should stem from regular post treatment patient 
related outcome measures (PROMS) collection together with the development of 
robust person centered outcome measures (PCOMS) [ 20 ].     
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    Chapter 11   
 Managing Loco-regional Complications 
of Breast Cancer Treatment                     

     Anna     M.     Kirby     

    Abstract     Most women with breast cancer are treated with surgery and/or 
 radiotherapy during their treatment course. Both of these treatments can be associ-
ated with early complications and side-effects which are dealt with by the treating 
teams in the immediate post-treatment period. However, this chapter discusses the 
medium- and long-term effects of surgery and radiotherapy, and in particular how 
these treatments may affect the breast and arm. Three main areas are discussed: 
post-treatment changes in the breast, lymphedema of the arm, and musculoskeletal 
effects in the shoulder and arm.  

  Keywords     Locoregional complications   •   Breast surgery   •   Breast radiotherapy 
side- effects   •   Lymphedema   •   Cording   •   Shoulder stiffness  

      Introduction 

 Most women with breast cancer are treated with surgery and/or radiotherapy  during 
their treatment course. Both of these treatments can be associated with early compli-
cations and side-effects which are dealt with by the treating teams in the immediate 
post-treatment period. However this chapter discusses the medium- and long-term 
effects of surgery and radiotherapy, and in particular how these treatments may 
affect the breast and arm. Three main areas are discussed: post-treatment changes 
in the breast, lymphedema of the arm, and musculoskeletal effects in the shoulder 
and arm.  

        A.  M.   Kirby ,  BA, MB, BChir, MA, MRCP, FRCR, MD      
  Royal Marsden NHS Foundation Trust & Institute of Cancer Research ,   Surrey ,  UK   
 e-mail: anna.kirby@rmh.nhs.uk  

mailto:anna.kirby@rmh.nhs.uk


128

    Post-treatment Changes in the Breast 

    Incidence and Risk Factors 

 Following surgical wide local excision of breast cancer and/or radiotherapy 
 treatment to the breast and/or regional lymph nodes, medium to long-term compli-
cations include breast pain, swelling (Fig.  11.1 ), fi rmness, shrinkage and skin 
changes (Fig.  11.2 ). Data on the proportion of women affected by these changes, the 
likely time course, and risk factors comes from long-term follow-up within clinical 
trials of radiotherapy for breast cancer including the START trials [ 1 ] and the 
Cambridge Intensity-Modulated Radiotherapy (IMRT) Study [ 2 ].

    Four thousand four hundred and fi fty-one women were treated within the START 
trials between 1999 and 2002. All women had undergone complete surgical excision 
of breast cancer and were otherwise treated with chemotherapy and/or endocrine 
therapy according to standard protocols. Women in the START-A trial were then 
randomized between a radiotherapy treatment regimen of 50Gy delivered in 25 
fractions over 5 weeks versus 41.6Gy or 39Gy given in 13 fractions over 5 weeks. 

a

b

  Fig. 11.1    Change in 
breast appearance in a 
woman treated within the 
START trials from ( a ) 
before radiotherapy to ( b ) 
two years after 
radiotherapy 
demonstrating mild 
swelling of the left breast 
at 2 years       
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Women in the START-B trial were randomized between 50Gy in 25 fractions over 
5 weeks versus 40Gy in 15 fractions over 3 weeks. Of note, most women treated 
within the START trials received 2-dimensionally (2-D)-planned radiotherapy 
which was standard at that time. At a median follow-up of almost 10 years, loco- 
regional relapse rates did not differ signifi cantly between the groups [ 1 ]. However, 
breast fi rmness, skin changes and breast edema (or swelling) were signifi cantly less 
common in the 39Gy group of START-A and 40Gy group of START-B as compared 
to the 50Gy group in each study. In START-A, breast shrinkage and fi rmness were 
the most common side-effects at 10 years. Comparing moderate to marked changes 
in the 50Gy versus 39Gy arms, 27 % versus 23 % experienced breast shrinkage, 
23 % versus 18 % breast fi rmness, 6 % versus 3 % telangiectasia, 13 % versus 7 % 
breast edema, 12 % versus 9 % shoulder stiffness, and 13 % versus 7 % arm edema. 
Breast shrinkage and fi rmness were also the most common side-effects in 
START-B. Comparing moderate to marked changes at 10 years in the 50Gy versus 
40Gy arms, 25 % versus 22 % experienced breast shrinkage, 25 % versus 13 % 
breast fi rmness, 5 % versus 3 % telangiectasia, 9 % versus 5 % breast edema, 6 % 
versus 4 % shoulder stiffness, and 10 % versus 4 % arm edema. Symptomatic rib 
fractures and lung fi brosis were rare regardless of schedule (around 1 %) and there 
was only one case of brachial plexopathy out of the 4451 women treated across both 
START trials. In summary, it is apparent from the START trials that many women 
experienced noticeable changes in their breast and/or shoulder following the com-
bination of breast surgery and adjuvant radiotherapy. 

a

c

b

d

  Fig. 11.2    Change in breast appearance in a woman treated within the START trials from before 
radiotherapy ( a ,  b ) to 5 years after radiotherapy ( c ,  d ) demonstrating breast shrinkage at 5 years. 
 Pen markings  illustrate upper inner radiotherapy fi eld edge       
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 Although the START trials provide the longest-term follow-up data, there have 
been signifi cant improvements in the way we deliver radiotherapy since the women 
in the START trials were treated. A study comparing 2-D-planned radiotherapy 
against 3-dimensionally (3-D)-planned or intensity-modulated radiotherapy (IMRT) 
(in which the radiation dose is delivered more homogeneously across the breast), 
demonstrated a signifi cant reduction in the proportion of women with any change in 
breast appearance on clinical photographs taken at 5 years (58 % of 2D-planned 
patients versus 40 % of 3D-planned patients) [ 3 ]. The percentage of women reported 
to have marked changes in breast appearance was 14 % for the 2-D-planned patients 
versus 10 % for the 3-D-planned patients, and signifi cantly fewer patients in the 
3-D-planned group developed breast fi rmness as assessed by the clinician in the 
center of the breast (32 % vs 21 %), upper outer breast (29 % vs 22 %), inframam-
mary fold (24 % versus 17 %) and tumor bed (61 % versus 37 %). However, the dif-
ferences in breast appearance and palpable breast fi rmness were not associated with 
any detectable quality-of-life differences between the two techniques. 

 Following on from this study, the Cambridge Intensity-Modulated Radiotherapy 
(IMRT) Study treated 1145 women between 2003 and 2007, randomizing 815 
women with inhomogeneous dose on standard wedged tangents to standard radio-
therapy versus simple IMRT [ 2 ]. Fewer patients in the simple IMRT group (57 %) 
developed suboptimal overall cosmesis compared to those treated with standard RT 
(63 %) but there were no differences in breast shrinkage, fi rmness or swelling 
between the groups. Once again, patient-reported outcome measures (PROMs) 
(assessed using global health and breast symptom-specifi c questionnaires) showed 
no benefi t of simple IMRT over standard radiotherapy [ 4 ]. Reassuringly however, 
the overall rate of adverse outcomes reported using PROMs was low at 5 years (6 % 
reported breast pain, 4 % skin problems, <0.5 % breast swelling, 15 % change in 
breast appearance, 13 % breast shrinkage, and 8 % breast fi rmness). 

 With regards to the time course of side-effects, the Cambridge IMRT Trial found 
no difference in PROMs time trends between standard radiotherapy and simple 
IMRT groups. However, in the trial population as a whole there was an improve-
ment in PROMs over time. For example, the incidence of breast swelling was 5 % 
prior to radiotherapy, 7 % at 6-months post-radiotherapy, 2 % at 2-years and <0.5 % 
at 5-years. This is consistent with a Canadian study reporting outcomes in 837 
women with early breast cancer randomized after breast-conserving surgery to 
radiotherapy versus no radiotherapy [ 5 ]. The proportion of patients reporting breast 
pain decreased over time and, at 2 years after radiotherapy, there was no signifi cant 
difference in the proportion of patients who were troubled by the appearance of the 
treated breast (5 % in both irradiated and non-irradiated patients). 

 In terms of risk factors, the Cambridge IMRT Trial demonstrated that, at 2 years, 
the greatest risk factors for developing late effects were larger breast size (associ-
ated with breast shrinkage, skin telangiectasia, pigmentation, and breast swelling), 
smoking at the time of radiotherapy (associated with increased risk of skin 
 pigmentation), poor baseline post-surgical cosmesis (associated with greatly 
increased risk of moderate or poor overall cosmesis), and post-operative infection 
requiring antibiotics (associated with an increased risk of telangiectasia and breast 
oversensitivity) [ 6 ]. At 5 years, patients with moderate to poor baseline  post-surgical 
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cosmesis were again more likely to have persisting suboptimal cosmesis, tumor bed 
fi rmness, and breast shrinkage [ 2 ], whilst post-operative infection and large breast 
size were the biggest risk factors for patient-reported breast toxicity [ 4 ]. In addition, 
the presence of easily visible seroma on baseline post-operative radiotherapy-plan-
ning CT images was associated with an increased risk of post-operative infection 
and post- operative hematoma, and was also an independent risk factor for whole 
breast and tumor bed fi rmness at 2 and 5 years, and for inferior overall cosmesis at 
5 years. There was however no signifi cant association between seroma and late 
breast shrinkage or pain [ 7 ]. 

 Other co-morbidities known to increase the risk of late side-effects in irradiated 
tissues include diabetes [ 6 ] and connective tissue disorders [ 8 ]. Genetic factors may 
also infl uence a patient’s risk of developing radiation-induced toxicity [ 9 ]. Small 
studies suggested an association between TGFB1 single nucleotide polymorphisms 
and the risk of tissue fi brosis [ 10 ,  11 ] but this has not been validated in a larger study 
of 778 patients treated with breast radiotherapy [ 12 ] such that we are some way 
from being able to identify patients at higher risk of toxicity in whom we can inter-
vene with strategies to protect against radiation toxicity.  

    Treatment 

 Patients can be reassured that changes in breast tissue tend to improve with time even 
in the absence of intervention. In patients with symptomatic changes in breast tissue, 
massage techniques are of increasing interest but there is little randomized evidence 
to demonstrate a benefi t in patients specifi cally with breast edema. One study ran-
domized 21 patients with breast edema following breast conservation surgery to man-
ual lymphatic drainage plus or minus low-intensity low-frequency electrostatic fi elds. 
Both treatment groups reported a subjective reduction in breast swelling but this was 
confi rmed on 3D measurement only in the electrostatic fi eld group [ 13 ]. Data relat-
ing to the use of manual lymphatic drainage, acupuncture and exercise therapies in 
breast-cancer related lymphedema are reviewed below. With regards to oral therapies, 
a double-blind placebo-controlled trial of pentoxifylline and vitamin E also failed to 
show a benefi t in breast fi brosis [ 14 ]. Therefore no routine prophylactic treatment is 
generally advised to reduce the risk of post-treatment changes in the breast.   

    Lymphedema of the Arm 

    Incidence and Risk Factors 

 Breast-cancer related lymphedema (BCRL) refers mainly, in the published litera-
ture, to swelling of the arm. BCRL can occur as a result of breast cancer surgery, 
radiation therapy and/or disease and can cause pain, heaviness, and reduced mobility 
all of which can negatively impact on daily function, psychological well-being, and 
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quality-of-life [ 15 ,  16 ]. The diagnosis of BCRL is based mainly on  patient- reported 
symptoms together with the clinical fi nding of differences in arm circumference. 
Investigations such as bioimpedance spectroscopy may be able to detect preclini-
cal changes in extracellular fl uid [ 17 ] but, since there are few data to support there 
being a benefi t from pre-clinical interventions in BCRL [ 18 ], such measurements 
are not undertaken routinely. Novel imaging modalities include contrast- enhanced 
magnetic resonance lymphangiography, whereby the anatomy and function of upper 
limb lymphatics can be evaluated quantitatively [ 19 ] underpinning future studies of 
treatment interventions. 

 A recent systematic review and meta-analysis of 72 studies assessing the inci-
dence of, and risk factors for, BCRL gave a pooled estimate for lymphedema inci-
dence of 17 % (or 21 % when restricted to data from 30 prospective cohort studies) 
[ 18 ]. The incidence of BCRL increased up to 2 years following surgery for breast 
cancer and was more than three times higher in women who had undergone axillary 
node dissection (20 %) than in women who had undergone sentinel lymph node 
biopsy (6 %). Other risk factors with a strong level of evidence included the number 
of lymph nodes dissected, mastectomy as compared to breast conservation surgery, 
and being overweight. Risk factors with a moderate level of evidence included the 
presence of metastatic lymph nodes, use of chemotherapy or radiotherapy, and lack 
of regular physical exercise. A more recent analysis of a recent London teaching 
hospital cohort of women with node-positive disease treated from 2010 to 2012, all 
of whom underwent axillary node dissection reported a 27 % rate of BCRL (74 of 
273 patients). Patients who had received adjuvant taxanes were nearly three times 
more likely to develop BCRL than patients who had no chemotherapy (HR 2.82). 
Interestingly, no association was found between use of taxanes in the neoadjuvant 
setting and risk of lymphedema [ 20 ].  

    Pathophysiology 

 BCRL is likely to be the result of several pathophysiological processes beyond the 
simple slowing or cessation of lymphatic fl ow through a damaged axilla. One 
hypothesis is that there may be a more global lymphatic dysfunction in women who 
develop BCRL. One study [ 21 ] measured lower-limb scintigraphy in 30 women 
who had undergone axillary node dissection at least 3 years previously, 15 of whom 
had BCRL and 15 of whom did not. The control group was 24 women with no his-
tory of cancer or lower-limb lymphedema. They reported reduced lower-limb drain-
age in those with BCRL versus those without BCRL. Interestingly, 17/30 breast 
cancer patients had reduced lower-limb lymphatic fl ow compared with 0/24 con-
trols suggesting that there may be a systemic effect of breast cancer or its treatment 
upon lymphatic function. In another small study from the same group, upper limb 
lymphatic fl ow was reported to be higher in women who went onto develop BCRL 
than in those who did not, suggesting that higher pre-operative fl ow may predispose 
to lymphatic overload and failure.  
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    Treatment 

 The mainstay of treatment of BCRL is the use of decongestive therapies. Complex 
decongestive therapy (CDT) is a four-fold conservative treatment which includes 
manual lymphatic drainage (MLD), compression therapy (using bandages and/or 
sleeves), skin care and lymph-reducing exercises. It is usually undertaken in two 
phases, a fi rst phase aiming to reduce swelling, and a second maintenance phase. A 
recent Cochrane Systematic review of manual lymphatic drainage demonstrated 
that addition of MLD to compression bandaging may particularly benefi t those with 
mild to moderate BCRL in terms of reduced swelling but be of less additional ben-
efi t in those with more severe BCRL [ 22 ,  23 ]. There was no conclusive evidence 
that addition of MLD to compression bandaging improved function or quality of life 
but, in the studies measuring pain and heaviness, 60–80 % of patients reported an 
improvement in symptoms regardless of the treatment received. The addition of 
kinesio-taping to compression bandaging has not been shown to reduce swelling or 
improve function over compression bandaging [ 24 ], whereas the addition of kinesio- 
taping to CDT has been shown to be benefi cial in further reducing swelling at 
10-days post-treatment [ 25 ]. 

 Other non-surgical treatment approaches include low-level laser therapy (LLLT), 
hyperbaric oxygen therapy (HBO) and oral therapies. Meta-analysis of nine studies 
of LLLT suggests clinically relevant reductions in volume and pain immediately 
after conclusion of treatments [ 26 ]. A non-randomized phase II trial of HBO in 21 
patients with chronic arm lymphedema (minimum 30 % increase in arm diameter) 
following axillary and/or supraclavicular radiotherapy (18/21 had undergone axil-
lary surgery) demonstrated a statistically signifi cant but clinically modest reduction 
in ipsilateral volume compared with baseline [ 27 ]. However, a subsequent random-
ized phase II trial failed to show a benefi t of HBO in treating arm lymphedema with 
almost no reduction in arm volume in both the treatment and control groups [ 28 ]. A 
double-blind placebo-controlled trial of pentoxifylline and vitamin E also failed to 
show a benefi t in arm lymphedema [ 14 ]. 

 Surgical approaches to the management of upper limb lymphedema are dis-
cussed in Chap.   12    . 

 Exercise programs may be helpful. For example, a recent systematic review 
showed that progressive resistance training (including resistive exercises using body 
weight, free/machine weights and/or elastic bands) reduced the risk of breast-cancer 
related lymphedema in randomized controlled trials [ 29 ]. Another systematic review 
however found no effect of exercise interventions on lymphedema symptoms 
although it was reassuring that regular exercise did not appear to worsen lymph-
edema symptoms [ 30 ]. Of note, there was insuffi cient evidence to confi rm or refute 
the current clinical recommendation to wear compression garments during regular 
exercise. 

 A pilot study of acupuncture in women with chronic arm lymphedema demon-
strated a 33 % reduction in arm circumference [ 31 ] in 33 evaluable patients. 
Importantly, there were no infections or exacerbations of swelling after 255 
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 treatments and 6 months of follow-up suggesting that the use of acupuncture nee-
dles in patients with BCRL is safe. 

 Finally, with regards to lymphedema prevention strategies, a recent Cochrane 
systematic review found no effect of early post-operative exercise, ongoing progres-
sive resistance exercise therapy, or manual lymphatic drainage on the risk of devel-
oping BCRL [ 32 ]. Nonetheless patients should be advised to maintain a healthy 
weight, try and avoid trauma to the arm on the treated side (including use of gloves 
when gardening and cooking, and avoidance of insect bites and sunburn), to obtain 
antibiotics promptly where infection develops, and to avoid venepuncture from the 
affected arm [ 33 ,  34 ].   

    Musculoskeletal Late Side-Effects in the Upper Limb 

    Chronic Shoulder Pain and Reduced Shoulder Mobility 

 Acute shoulder pain and dysfunction are common following surgery for breast can-
cer [ 35 ]. The likelihood of symptoms increases with the extent of surgery with one 
study reporting, at 2 weeks post-operatively, restricted shoulder movement in 45 % 
of patients undergoing sentinel-lymph node biopsy and 86 % of those undergoing 
axillary dissection [ 36 ]. Pain and shoulder dysfunction have been reported to affect 
psychological well-being in up to one-third of patients who have undergone axillary 
dissection [ 35 ]. 

 Fortunately, for the majority of patients, symptoms settle within a few weeks of 
surgery [ 36 ] but, for a proportion of patients, shoulder pain and dysfunction become 
chronic (i.e. symptoms persist beyond 3 months post-operatively). The relative con-
tribution of surgery versus radiotherapy to the likelihood of chronic pain is diffi cult 
to determine but the level of risk is likely to be determined in part by the extent of 
the radiotherapy fi eld. In the START-A trial, in which all patients were treated with 
breast or chest wall radiotherapy, but only 14 % with an additional nodal radiotherapy 
fi eld (predominantly supraclavicular fossa only), 11–18 % of patients were reported 
to have shoulder stiffness at 10 years [ 1 ]. In the START-B trial, in which only 7 % 
were treated with an additional nodal fi eld, physician-reported shoulder stiffness at 
10 years was 8 % in patients who received 50Gy in 25 fractions and 3 % in those 
who received 40Gy in 15 fractions [ 1 ]. The EORTC IM-MS trial of chest wall radio-
therapy plus or minus internal mammary and medial supraclavicular radiotherapy 
reported arm or shoulder function impairment in <0.5 % of patients at 3 years [ 37 ]. 
In the MA-20 study comparing breast plus or minus locoregional lymph node radio-
therapy (including axillary, supraclavicular and internal mammary lymph nodes), the 
rate of delayed joint stiffness more than 3 months after radiotherapy was 1.5 % in the 
breast only group and 2.4 % in the breast and locoregional lymph node radiotherapy 
group [ 38 ]. In summary, rates of chronic shoulder pain and dysfunction using modern 
surgical and radiotherapy techniques are much lower than historically reported. 

 With regards to treatment, a recent Cochrane systematic review of the effect of 
exercise interventions following treatment of cancers including breast cancer, 
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 suggests that exercise interventions may have benefi cial effects on quality-of-life 
including physical and social functioning. More specifi cally, early intervention with 
physiotherapy has been shown to improve shoulder mobility, reduce pain and 
improve quality of life [ 39 ]. Physiotherapy programs vary considerably between 
studies but common themes are that they begin 1–2 days post-operatively with gen-
tle shoulder abduction, fl exion and extension exercises (minimizing stress on the 
surgical incision by keeping the elbow bent), they progress at around a week post- 
surgery to shoulder fl exion, extension, abduction and adduction with the arm 
extended, and they continue after 2 weeks (once the suture lines are secure) with 
exercises that will stretch the soft tissues around the shoulder and chest wall [ 39 ,  40 ]. 
Specialist referral is recommended where arm and shoulder complications  persist 
despite standard post-operative exercise programs.  

    Cording 

 Cording describes the post-operative development of fi brous strands beneath the 
skin of the armpit and radiating down to the elbow, wrist and occasionally chest 
wall. Also described as “axillary web syndrome”, its cause is unclear. However, the 
leading hypothesis, supported by biopsy evidence, is that axillary surgery causes 
lymphovenous outfl ow obstruction which in turn causes a superfi cial thrombophle-
bitis of the superfi cial veins in the arm [ 41 ]. 

 Cording occurs in up to 20 % of patients who have undergone sentinel lymph- 
node biopsy and up to 72 % of patients who have undergone axillary surgery [ 36 , 
 41 ,  42 ]. Risk factors include younger age [ 43 ,  44 ], extent of axillary surgery [ 43 ], 
and low body-mass index [ 42 ]. It rarely occurs in the absence of axillary surgery 
[ 41 ]. Where cording does develop, it usually arises 1–8 weeks post-operatively [ 41 ]. 
In some series, the majority of cases of cording resolve spontaneously within 3 
months of surgery [ 41 ]. In other series, symptoms persist in up to a third of patients 
at 12 weeks [ 42 ]. 

 For some patients, cording is asymptomatic but, for others, it can feel tight and 
sometimes painful. In up to 74 % of patients, cording can limit movement of the 
upper limb on the affected side [ 36 ]. Symptomatic cording can be treated using 
physiotherapy exercises along the lines described above and has been specifi cally 
described by Kepics [ 45 ] and Wyrick et al. [ 46 ]. Soft tissue mobilization techniques 
including modifi ed massage described by Fourie and Robb [ 47 ] may also accelerate 
recovery but have not been tested in randomized controlled trials.   

    Summary 

 As surgical and radiotherapeutic techniques have improved, the incidence of locore-
gional complications has fallen but nonetheless remains a signifi cant issue for a 
proportion of patients. Where complications impact on daily function and quality of 
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life, specialist advice in managing complications should be sought as, although 
complications may not be curable, a broad range of treatments is available to reduce 
symptoms. Further well-designed randomized trials in the treatment of locoregional 
complications will be helpful in refi ning treatment recommendations and identify-
ing preventative strategies.     
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    Chapter 12   
 The Role of Surgery in Breast Cancer 
Survivors                     

     Rachel     L.     O’Connell      and     Jennifer     E.     Rusby     

    Abstract     The vast majority of women diagnosed with breast cancer undergo some 
form of surgery to the breast, with or without surgery to the axilla. Approximately 
half undergo breast-conserving therapy (wide local excision/lumpectomy with or 
without radiotherapy) and the remainder undergo a mastectomy (removal of all of 
the breast tissue), with or without immediate reconstruction. 

 However, even after primary treatment (which may include surgery, chemother-
apy and radiotherapy), the patient may require further surgical procedures by choice 
or necessity during the course of their survivorship. These can range from small 
procedures performed as a day case under local anesthetic to a long and complex 
conversion from an implant-based to autologous reconstruction. 

 Reasons for surgery can be classifi ed into:

•    Delayed breast reconstruction  
•   Surgery for late complications  
•   Other aesthetic adjustment (to improve appearance, usually after the primary 

reconstruction)  
•   Contralateral symmetrization surgery  
•   Contralateral risk-reducing mastectomy  
•   Surgery for lymphedema    

 In this chapter, we will discuss the indications, outcome and possible complica-
tions of these procedures.  

       Introduction 

 The vast majority of women diagnosed with breast cancer undergo some form of 
surgery to the breast, with or without surgery to the axilla. Approximately half 
undergo breast-conserving therapy (wide local excision/lumpectomy with or 
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without radiotherapy) and the remainder undergo a mastectomy (removal of all of 
the breast tissue), with or without immediate reconstruction [ 1 ]. 

 However, even after primary treatment (which may include surgery,  chemotherapy 
and radiotherapy), the patient may require further surgical procedures by choice or 
necessity during the course of their survivorship. These can range from small pro-
cedures performed as a day case under local anesthetic to a long and complex con-
version from an implant-based to autologous reconstruction. 

 Reasons for surgery can be classifi ed into:

•    Delayed breast reconstruction  
•   Surgery for late complications  
•   Other aesthetic adjustment (to improve appearance, usually after the primary 

reconstruction)  
•   Contralateral symmetrization surgery  
•   Contralateral risk-reducing mastectomy  
•   Surgery for lymphedema    

 In this chapter, we will discuss the indications, outcome and possible complica-
tions of these procedures. We will not discuss surgery for recurrence as manage-
ment of recurrent disease is not within the scope of this book.  

    Delayed Breast Reconstruction 

 Immediate breast reconstruction is performed at the same time as the mastectomy. 
Delayed breast reconstruction is performed months, or years after the mastectomy. 
NICE guidelines [ 2 ] on the treatment of early and locally advanced breast cancer state 
that immediate breast reconstruction should be discussed with all patients who are 
considering mastectomy, and offered except where signifi cant comorbidity or the 
need for adjuvant therapy preclude this option. The caveat regarding adjuvant therapy 
usually relates to post mastectomy radiotherapy (PMRT). Radiotherapy causes fi bro-
sis of the reconstructed breast. It increases the risk of fat necrosis in an autologous 
reconstruction (see section “ Fat Necrosis After Free Flap Transfer ”) and capsular 
contracture in an implant based reconstruction (see section “ Capsular Contracture ”). 
At worst it may result in failure of the reconstruction so that the implant or autologous 
reconstruction must be removed prematurely. Therefore if the patient is known to 
require PMRT, many surgeons recommend avoidance of free fl aps in the immediate 
setting. While the dogma that autologous fl aps, especially abdominal-based fl aps, 
should not be irradiated is now being tested [ 3 ,  4 ], this would not be regarded as a 
standard approach. The options remaining include a simple mastectomy (i.e. no 
reconstruction) or immediate, implant-based reconstruction in which the intention 
may be that the defi nitive reconstruction is implant-based, or that the implant will be 
replaced by a defi nitive autologous reconstruction after radiotherapy. 

 Other women may feel at the time of diagnosis that they wish to focus on the onco-
logical treatment and cannot cope with the complex decision making required for 
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reconstruction or need more time to consider the reconstructive options. Therefore 
they may choose a therapeutic mastectomy without reconstruction, and some will 
request a delayed reconstruction, months or years after the original surgery. 

 There are various surgical techniques available for delayed reconstruction. The 
choice will depend on patient preferences, surgeon expertise and patient factors 
such as whether the patient had PMRT, body mass index (BMI), smoking status and 
medical co-morbidities. 

    Autologous Reconstruction 

 This type of reconstruction uses the patient’s own tissue from elsewhere in the body 
which is moved to the breast either keeping the blood supply intact (pedicled fl ap) or 
by dividing the blood vessels supplying the fl ap of tissue and then re-joining them 
using microsurgery to vessels near the breast. Flaps may be taken from the abdomen 
(DIEP, deep inferior epigastric perforator fl ap, SIEA, superfi cial inferior epigastric 
artery fl ap or TRAM, transverse rectus abdominis myocutaneous fl ap), upper back 
(LD, latissimus dorsi fl ap), thigh (TUG, transverse upper gracilis) or buttock (IGAP, 
inferior gluteal artery perforator fl ap or SGAP, superior gluteal artery perforator 
fl ap). One fi nal consideration is that a DIEP fl ap is a “once in a lifetime opportunity”, 
so if a woman is considering delayed DIEP fl ap reconstruction and contralateral 
risk-reducing surgery (see section “ Contralateral Mastectomy for Risk Reduction ”), 
these should be planned as a simultaneous procedure so that (if of suffi cient volume) 
the DIEP fl ap can be used to reconstruct both breasts to maximize symmetry.  

    Implant Based Reconstruction 

 This accounts for approximately 16 % of delayed reconstructions in the UK and 
may be done in one or two stages. An infl atable implant or tissue expander (TE) 
may be inserted into a pocket created by the surgeon under the pectoral muscle and 
fascia to the infra-mammary fold. Over several weeks the TE is fi lled with saline to 
stretch the pocket so eventually it can be removed and replaced by the defi nitive 
implant (usually made of silicone) of the correct volume. Direct to fi xed volume 
implant (one stage) reconstruction may be undertaken if the surgeon is confi dent 
that enough space can be created in the pocket though this is unusual in the delayed 
setting even for small breasts. Achieving coverage of the inferior pole of the implant 
may be achieved by recruiting a portion of the serratus muscle laterally. More 
recently acellular dermal matrixes (ADM) which are collagen sheets derived from 
porcine, bovine or human tissue and synthetic mesh have been developed to provide 
lower pole coverage, though these are rarely used in delayed breast reconstruction 
as an ellipse of skin is removed at mastectomy and needs to be replaced by tissue 
 expansion or autologous tissue transfer. 
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 Table  12.1   summarizes some of the advantages and disadvantages of recon-
structive options in the delayed setting. A review by Thiruchelvam et al . [ 5 ]  and 
the MacMillan Understanding Breast Reconstruction patient information book-
let  [ 6 ]  provide further information about post-mastectomy breast reconstruction. 

   Figure  12.1  shows a patient before and after delayed DIEP reconstruction, illus-
trating the need for contralateral symmetrization reduction, dog-ear removal and the 
appearance without nipple reconstruction.

       Delayed Partial Breast Reconstruction for Focal Defi cit 
After Breast Conserving Surgery 

 The intention of modern oncoplastic breast conserving surgery is to repair the defect 
in the breast during the primary procedure either by tissue displacement (ranging 
from simple parenchymal advancement to complex mammoplasty techniques) or 
volume replacement techniques. Occasionally, however, patients are seen with a 
very poor aesthetic outcome after primary breast conserving therapy and it is neces-
sary to replace lost volume. This could be using lipomodelling (outlined below), or 
using a partial breast reconstruction with volume replacement (such as LD mini-
fl ap, or now muscle-sparing local perforator fl aps such as LICAP, lateral intercostal 

   Table 12.1    Advantages and disadvantages of reconstructive options in the delayed setting   

 Type of 
reconstruction  Advantages  Disadvantages 

 Implant  No donor site scar  Diffi cult to expand in irradiated 
tissue 
 Artifi cial shape 
 Risk of capsular contracture 

 Latissimus 
dorsi (LD) 
fl ap 

 Autologous fl ap brings skin as well as 
volume 
 Widely available 

 Donor site scar on back 
 Risk of shoulder weakness 
 May not carry suffi cient volume 

 Combined LD 
and implant 

 Addresses volume issues of LD alone  Disadvantages as for implant 
and LD 

 DIEP fl ap  Autologous fl ap bringing skin as well as 
volume 
 Natural breast-like texture 
 Abdominal wall musculature preserved 
 “Tummy tuck” due to the removal of the 
abdominal skin and fat from the lower 
abdomen 

 Complex microsurgery 
 Long operation and recovery time 
 Long donor site scar 

 Thigh fl ap  May be suitable for women who do not 
have an adequate abdominal pannus 

 Initial wound-related complications 
owing to inner thigh location 

 Buttock fl ap  May be suitable for women who do not 
have adequate abdominal pannus 

 Buttock asymmetry 
 Donor site scar 
 Fat of buttock is fi rmer so 
reconstruction less natural in 
texture than DIEP 
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artery perforator fl aps or TDAP, thoracodorsal artery perforator fl aps). Sometimes 
the defi cit is felt to be so extensive that a completion mastectomy and whole breast 
reconstruction is recommended.   

    Surgery for Late Complications 

    Infection 

 Implant removal because of infection or skin necrosis is most common in the early 
post-operative period, but infection can occur many years later, presumably via 
hematogenous spread. If planning allows, an immediate autologous salvage recon-
struction can be performed. Generally, however, the implant is removed, the cavity 
washed out thoroughly and left free of foreign material for several months. At a later 
stage a salvage reconstruction may be performed.  

    Capsular Contracture 

 It is normal for a capsule to form around an implant as the host response to for-
eign material is to wall it off. However, that capsule may thicken and contract mak-
ing the reconstruction fi rmer. In more severe cases, capsular contracture may lead 

  Fig. 12.1    A patient before and after delayed DIEP reconstruction, illustrating the need for contra-
lateral symmetrization reduction, dog-ear removal and the appearance without nipple reconstruction       

 

12 The Role of Surgery in Breast Cancer Survivors



144

to a change in shape and thus symmetry of the reconstruction, and even pain or 
displacement.  

    Implant Rupture 

 This is fortunately rare with modern implants, the exception being the series of Poly 
Implant Prosthèse (PIP) implants which came to light in 2012 [ 7 ]. These used unap-
proved silicone fi ller and were associated with higher rupture rates. Symptoms of 
implant rupture include change in shape or development of palpable regional lymph 
nodes which contain silicone. 

 For both capsular contracture and implant rupture, the options include simple 
removal and adjustment of the pocket to a fl at chest wall, or more commonly 
replacement of the implant (with excision (capsulectomy) or release (capsulotomy) 
of the tight capsule in cases of contracture) or conversion to an autologous 
reconstruction.  

    Latissimus Dorsi Muscle Twitching 

 When used in a reconstruction, the LD muscle is moved from the patient’s back to an 
anterior position over the chest wall. The muscle may remain active, causing move-
ment of the reconstruction, known as animation, and a sense of tightness, in the 
absence of clinically obvious capsular contracture. Division of the thoracodorsal 
nerve is not often done during initial operation because it is thought that denervation 
will lead to muscle volume loss, and for fear of damaging the vascular pedicle. When 
the muscle remains active, delayed division of the thoracodorsal nerve via an axillary 
incision will stop the twitching, decrease the resting tone of the muscle and, in most 
patients, offers signifi cant relief from symptoms of tightness and movement [ 8 ]. 
More recently the use of Botulinum toxin A (botox injection) to cause functional 
denervation of the muscle fi bers at the neuromuscular junction by inhibiting the 
release of acetylcholine from the thoracodorsal nerve terminals has been reported [ 9 ].  

      Fat Necrosis After Free Flap Transfer 

 Occasionally women develop small areas of fat necrosis within a free fl ap and may 
present, concerned because they have found a lump in their reconstruction. Usual diag-
nostic protocols should be followed and most women can be reassured. Rarely, the 
process is painful, particularly if it occurs over a wider area and consideration should 
then be given to removal by excision, liposuction or image-guided vacuum excision.   
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    Surgery to Donor Sites 

 As described above, in autologous reconstruction tissue is ‘donated’ to the breast 
from another site. There may be morbidity associated with the donor site. There are 
some specifi c complications that may require further surgery in the longer term. 

    Abdominal Hernias 

 The important difference between TRAM and DIEP fl aps is that the former sacri-
fi ces part of the rectus abdominis muscle of the abdominal wall to carry the blood 
supply to the reconstruction and is, therefore, associated with double the rate of 
abdominal hernia compared with DIEP reconstructions [ 10 ]. Patients may present 
with a palpable abdominal swelling, which may cause an aching or dragging sensa-
tion. The defect in the rectus muscles may be repaired by a surgical procedure and 
usually requires the insertion of a mesh which can be synthetic or made of an 
ADM. This may be performed by the same plastic surgeon that performed the origi-
nal DIEP or a general surgeon. Some plastic surgeons routinely insert mesh at the 
primary operation to prevent this complication.  

    Chronic Seromas 

 Most women develop a seroma after simple mastectomy, axillary dissection and at 
donor sites (back and abdomen), but it is unusual for this to remain in the long term. 
Those that do may be uncomfortable, or form an awkward lump. They can be man-
aged by opening the cavity and quilting (suturing the anterior wall to the posterior 
wall), and insertion of suction drains which should be left for up to 2 weeks. Although 
this is without much scientifi c evidence, anecdotally, they seem rarely to recur.   

    Symmetrizing Reduction/Augmentation 

 The ultimate aim of oncoplastic breast surgery is to remove the tumor safely whilst 
maintaining symmetry with the contralateral breast. If the patient has large or ptotic 
breasts, maintaining symmetry may not be possible, and this may also be the case if 
the breasts are small. Symmetrizing surgery refers to the adjustment of the contra-
lateral, healthy breast to match the index, treated breast. 

 Surgical options for the opposite breast include:

•    Reduction (reduction mammoplasty)  
•   Enlargement (augmentation)  
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•   Breast uplift (mastopexy)  
•   Enlargement and uplift (augmentation mastopexy)    

 If a patient wishes to undergo symmetrizing surgery, a careful discussion between 
the patient and surgeon must take place towards understanding the patient’s goals 
and aligning expectations to the likely possible outcome. Timing of the surgery is 
controversial. It may be possible to carry out a symmetrizing procedure at the same 
time as the index breast surgery, however, the effect of radiotherapy and “settling” 
of a reconstruction lead to unpredictability of the target shape and size. In addition, 
simultaneous symmetrization increases the operation length and carries the risk of 
complications which might delay adjuvant treatment. Conversely, planning a two- 
stage procedure incurs logistical considerations, such as fi nding space on operating 
lists and the prioritization of oncological procedures ahead of aesthetic procedures. 
Thus the patient often has to endure a prolonged period of marked asymmetry, 
throughout their adjuvant treatment, and when on the waiting list for an elective 
non-cancer procedure. 

 Figure  12.2  shows a patient before and at increasing time intervals after bilateral 
therapeutic mammoplasty. It demonstrates the impact of post-radiotherapy shrink-
age of the index right breast over time, leading to asymmetry. It also illustrates a 
patient before and after nipple reconstruction and areola tattooing.

   The patient should be warned that after symmetrizing surgery, the breasts may 
undergo further changes due to gravity or fl uctations in body weight so that asym-
metry may recur. A review by Rizki et al. [ 11 ] describes surgical management of 
the contralateral breast in post-mastectomy breast reconstruction in more detail.  

    Contralateral Mastectomy for Risk Reduction 

 At the time of diagnosis, particularly if undergoing mastectomy, many women 
enquire about their contralateral risk and whether a contralateral risk-reducing mas-
tectomy is warranted. Most accept the explanation of low risk of contralateral rela-
tive to distant disease, and the need to focus treatment on the index cancer and their 
anxiety wanes over time. A few women will return to clinic during their survivorship 
requesting contralateral risk-reducing mastectomy. Occasionally this is because new 
diagnoses within the family or lower thresholds for genetic testing have led to the 
patient being tested and found to carry a pathogenic mutation in, for example, one of 
the BRCA genes (Chap.   5    ). More often, however, a woman fi nds herself psychologi-
cally unable to move on for fear of a contralateral cancer. The issues may include 
unwillingness to go through treatment again (particularly chemotherapy) and a lack 
of faith in surveillance imaging (especially if the index tumor was imaging- occult). 
While the surgery itself is similar to therapeutic mastectomy and immediate recon-
struction, the pre-operative discussions are often complex. Many women over-esti-
mate their risk of contralateral breast cancer [ 12 ] and underestimate their risk of 
distant disease, leading them to believe that contralateral risk- reducing mastectomy 
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may improve their overall survival. In fact, this has only been suggested in BRCA 
carriers [ 13 ] but a Cochrane review concluded that there is insuffi cient evidence to 
support this in the general breast cancer population [ 14 ], and this should be empha-
sized. Furthermore, contralateral surgery adds morbidity, carrying a similar compli-
cation profi le to therapeutic surgery, but with higher expectations. It remains to be 
seen whether “optional” surgery with no clear oncological benefi t will continue to 
be funded by tax-funded national health services or indeed private insurers.  

     Adjustment Surgery 

 Most indications for adjustment surgery are relative, and depend upon the patient’s 
desire to undergo repeated operations. Patients’ expectations of the likely benefi t of 
aesthetic adjustments must be managed. 

  Fig. 12.2    Clockwise from  top left : a patient before and at increasing time intervals after bilateral 
therapeutic mammoplasty. This fi gure demonstrates the impact of post-radiotherapy shrinkage of 
the index right breast over time, leading to asymmetry. It also illustrates a patient before and after 
nipple reconstruction and areola tattooing       
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    Removal of Dog Ears 

 “Dog ears” describe the folds of excess skin and fat that may remain at either end of 
a scar. They may occur after a simple mastectomy, or at the LD or abdominal donor 
sites, especially if the closure was tight. These may be unsightly or rub against 
clothes, though can be excised or reduced using liposuction as a day case procedure. 
There may also be an overhang of tissue above an abdominal scar, which may be 
amenable to liposuction.  

    Nipple Reconstruction 

 The nipple is usually preserved in breast conserving surgery unless there is evidence 
of involvement by the malignant process. Similarly, there is now a move towards 
nipple-sparing mastectomy when immediate breast reconstruction is planned. There 
are challenges with this approach, including identifying malignant involvement 
which would make preservation unwise, maintaining blood supply to the nipple and 
controlling position of the nipple on the reconstructed breast. If the nipple-areola 
complex is sacrifi ced then it can be reconstructed at a later date. This is usually sev-
eral months after the surgery has taken place to allow the reconstruction to ‘settle’. 
There are several techniques described and a decision is made between the surgeon 
and patient as to which method is best. Options include:

•    Raising a local fl ap. This is the most common method, but such fl aps may be 
subject to loss of projection over time due to retraction forces from the surround-
ing skin and tenuous blood supply. Figure  12.3  shows a nipple reconstruction 2 
weeks post-operation.

•      Flap with autologous graft. This technique has developed to try and overcome 
the problem of projection loss. Auricular or costal cartilage or fat grafting may 
be used to act as a scaffold to maintain fl ap projection.  

  Fig. 12.3    A nipple 
reconstruction 2 weeks 
post-operation       
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•   Flap with alloplastic augmentation. Materials such as hyaluronic acid and cal-
cium hydroxyapatite may be used as a scaffold. This avoids donor site morbidity, 
however there is a risk of infection and extrusion of the foreign material. The use 
of acellular dermal matrix has also been reported.  

•   Taking a graft from the contralateral nipple, termed nipple sharing. A good 
technique if the patient has a very projected nipple on the contralateral side, 
however some women will prefer not to have surgery on the unaffected 
breast.     

    Areola Reconstruction 

 This requires recreation of the pigmentation and texture of the native areola. This 
may be achieved by skin grafting or tattooing. The skin graft may be taken from the 
contralateral areola, inner thigh or an area where there is excess skin and is usually 
done at the same time as the nipple reconstruction. A tattoo may be used to defi ne 
the areola. This allows excellent color match, however a ‘touch up’ may be required 
after a few years. This may be performed by a hospital tattoo artist who solely does 
medical related tattoos, or a commercial tattoo artist. Some tattoo artists are skilled 
in shading and shadowing so that the illusion of a nipple can be created without the 
use of a nipple reconstruction as above. Nimboriboonporn et al. [ 15 ] have reviewed 
techniques for NAC reconstruction.  

    Lipomodelling 

 Liposuction may be performed on an autologous reconstruction to shape it or 
reduce its volume. Generally, however, lipomodelling (also known as fat transfer 
or fat grafting) uses fat harvested from patient’s thighs, fl ank or abdomen, injected 
into the reconstructed or conserved breast to replace volume loss or fi ll focal defi -
cits. The fat is harvested from the donor sites by aspiration, then may be washed 
and/or centrifuged and injected into the area required. There is always a degree of 
fat resorption and several sessions may be required to fi ll a larger defi cit. NICE 
guidelines [ 16 ] on lipomodelling were published in 2012 and state that there is 
no evidence that the procedure has any infl uence on recurrence of breast cancer. 
The guidelines state that in large case series of lipomodelling after breast recon-
struction the majority of patients had signifi cant improvement in the breast shape/
size. In a series of patients undergoing lipomodelling after breast conservation, 90 % 
were judged to have a ‘very good’ or ‘good’ result. There were initial concerns that 
architectural changes as a result of lipomodelling may interfere with surveillance 
imaging. NICE guidelines advised that this ‘ought not to be an issue with current 
techniques for lipomodelling and with expert interpretation of subsequent images’. 
The risks of lipomodelling are local infection (1 %), fat necrosis (3 %), and there 
was one report of a pneumothorax.   
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    Surgical Management of Lymphedema of the Arm 

 Breast cancer related lymphedema (BCRL) is the accumulation of protein-rich fl uid 
in the subcutaneous tissues and skin secondary to dysfunction of the lymphatic sys-
tem. This may be due to surgery and radiotherapy to the axilla as well as chemother-
apy. BRCL affects around one third of women who have undergone axillary lymph 
node dissection and a between 5 and 17 % of patients who undergo sentinel lymph 
node biopsy. The rates of lymphedema in the medical literature vary according to the 
diagnostic threshold and length of follow up, though it is clear that it is associated 
with signifi cant physical and psychological morbidity in many sufferers. BCRL is 
principally managed by conservative therapies (Chap.   11    ) however in some refrac-
tory cases surgery may be indicated. Surgery may be reductive (such as excision or 
liposuction) or physiological. Recently, physiological approaches have undergone a 
revival of interest and these options will be described. This highly specialized area 
of reconstructive surgery requires careful patient selection and work up. 

    Lymph Node Transfer 

 This is the transfer of a healthy vascularized lymph node within a block or fl ap of 
tissue from the groin to the affected limb. The mechanism of action is unknown. It 
is thought that it may encourage new lymphatic vessels to develop in the region or 
by draining excess lymph fl uid via intra-fl ap lymphatico-venous connections.  

    Lymphatico-Lymphatic Bypass 

 Grafts of healthy lymphatic vessels or veins may be harvested from the thigh and 
anastomosed between the lymphatics of the affected arm to central lymphatics in 
the neck to bypass the area of obstruction in the axilla. This method has the disad-
vantage of a long scar in the leg and risk of lymphedema at the donor site.  

    Lymphaticovenous Anastomosis 

 Lymphatic fl uid may be diverted into the venous system before it reaches areas of 
obstruction by anastomosing the lymphatics to veins to bypass the obstruction. 
Indocyanine green (ICG) fl uorescence lymphography is used preoperatively and 
intraoperatively to map the lymphatic channels. Figure  12.4  shows a patient before 
and after lymphatico-venous anastomosis, and an intraoperative image showing dye 
crossing an anastomosis from a lymphatic into a venule.

   A recent review by Leung et al. [ 17 ] describes the modern techniques for the 
surgical treatment of lymphedema.   
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    Conclusion 

 As discussed, many women reach a point of considering surgery to improve their 
survivorship. Some of the indications are clear, some are more subjective. When 
deciding to take a healthy survivor back to the operating theater for a cosmetic pro-
cedure, the benefi t of a team approach cannot be over-emphasized. Discussion with 
colleagues, ideally in an oncoplastic multidisciplinary meeting [ 18 ] helps ensure the 
correct balance between pragmatism and the pursuit of aesthetic perfection.     
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    Chapter 13   
 Management of Menopausal Symptoms 
in Breast Cancer Survivors                     

     Helen     Mitchell      and     Anne     C.     Armstrong     

    Abstract     Menopausal symptoms are a common consequence of systemic therapy 
for breast cancer and can signifi cantly impact on quality of life as well as affect 
treatment compliance. The most effective treatments available using exogenous hor-
mones are generally cautioned against in women with a history of breast cancer and 
management of such symptoms can therefore pose a challenge to the health care 
professional. This chapter focuses on the current options for the treatment of vaso-
motor and urogenital symptoms in women who have had treatment for breast cancer.  

  Keywords     Vasomotor symptom   •   HRT   •   Menopausal symptoms   •   Urogenital 
symptoms   •   Atrophic vaginitis  

      Introduction 

 Breast cancer survival in England and Wales is highest for women diagnosed aged 
40–69, traditionally the peri/post menopausal years, with 65 % of all women diag-
nosed surviving their disease in excess of 20 years [ 1 ]. Breast cancer treatments 
are known to both induce and exacerbate menopausal symptoms [ 2 ], resulting in 
signifi cant related morbidities for many patients regardless of age. Reasons for this 
include iatrogenic ablation of ovarian function with either chemotherapy or with the 
use of Luteinizing Hormone Releasing Hormone (LHRH) agonists, oophorectomy 
as a prophylactic treatment option for women with BRCA mutations, as a side- effect 
of endocrine therapy or as a consequence of stopping HRT abruptly when diagnosed 
with breast cancer [ 3 ]. Women already postmenopausal at diagnosis are also more 
likely to develop further menopausal symptoms as a result of treatment and symp-
toms are more likely to be intense [ 4 ] and experienced for prolonged periods [ 5 ].  
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    Vasomotor Symptoms 

 Vasomotor symptoms are common and experienced by about 75 % of  postmenopausal 
women. The prevalence and severity of hot fl ushes is higher in women with breast 
cancer than in women who undergo a natural menopause, particularly as cessation 
of menses often occurs at an early age [ 4 ]. Hot fl ushes and night sweats are the most 
commonly reported vasomotor symptoms [ 6 ], and are often associated with palpita-
tions, anxiety and irritability [ 7 ]. Such symptoms can be debilitating for breast can-
cer patients [ 8 ] and can exert a profound impact on quality of life particularly as 
sequelae such as insomnia can further impact on quality of life contributing to over-
all fatigue [ 9 ]. 

    Pathophysiology 

 Changes in levels of estrogens are thought to affect the functioning of the 
 thermoregulatory center in the hypothalamus [ 10 ] possibly via changes in neu-
rotransmitter levels [ 11 ] such as norepinephrine and serotonin (5-HT). Changes in 
these neurotransmitter levels in response to reduced estrogens are thought respon-
sible for reducing the thermoregulatory set point, inducing heat loss strategies such 
as sweating [ 11 ]. These observations have led to investigation of drugs known to 
interfere with the adrenergic and neurosynaptic pathways such as Clonidine, 
Venlafaxine and Paroxetine.  

    Management Options 

 The European Menopause and Andropause Society (EMAS) advocates a personal-
ized approach according to individual needs [ 12 ]. The advice that healthcare profes-
sionals offer their patients can range from simple practical solutions (Tables  13.1  and 
 13.2 ) to complete lifestyle management strategies [ 13 ]. Sometimes, just taking the 
woman’s concerns seriously can have a positive impact on symptom management 
[ 14 ]. Positive reinforcement of advice given in a face to face meeting by appropri-
ately qualifi ed staff has been found to result in the most effective and enduring life-
style changes [ 13 ] and referral to specialist menopausal clinics may also be helpful.

       Complementary Medicine and Alternative Therapies 

 Blaes et al. [ 3 ] report that cancer survivors are 36 % more likely than the general 
population to use complementary and alternative therapies. Women with breast can-
cer form one of the highest user groups [ 15 ] with approximately 50–75 % of post-
menopausal women utilizing alternative therapies to manage symptoms. Whilst 
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women may favor the use of non-prescribed interventions such as vitamin E and 
Evening Primrose Oil, research evidence does not demonstrate a consistent benefi t 
with their use in comparison to placebo. (For a comprehensive review see Borrelli 
and Ernst [ 16 ]). Other interventions such as “Ladycare” magnets, worn inside wom-
en’s underwear, are claimed by the company website to ‘rebalance part of the auto-
nomic nervous system’ and reduce hot fl ushes [ 17 ] although the Royal College of 
Gynecologists [ 18 ] found no evidence to support their use. Similarly, ‘chillow pil-
lows’ which provide a cooling cushion for patients to use at night, aimed at reducing 
night sweats, have been extremely popular but lack an evidence base [ 19 ]. 

 Women also seek relief from their hot fl ushes using acupuncture and whilst some 
studies have shown a benefi t to acupuncture over control procedures a recent sys-
tematic review of acupuncture failed to fi nd suffi cient evidence to either support or 
refute the benefi ts of this therapy [ 20 ]. Small studies have shown a benefi t for 

   Table 13.1    Practical advice for breast cancer patients with menopausal hot fl ushes   

 Identify and avoid triggers such as caffeine/alcohol/spicy foods/nicotine 
 Use fans to cool room/hand held fan for facial cooling 
 Use a cooling facial mist spray 
 Wear light layers of loose clothing 
 Have layers of bedclothes that can be removed 
 Wear cotton or linen fabrics, avoid man made materials 
 Have cool water available to sip regularly 
 Consider the use of a cooling pillow pad for night time sweats 
 Discuss diet/exercise/weight control/stress management and relaxation strategies (Cognitive 
Behavioral Therapy) with your healthcare professional team 
 Discuss the use of recommended prescribed medication such as venlafaxine/paroxetine/
gabapentin/clonidine 

   Table 13.2    Guidance for healthcare professionals to manage menopausal hot fl ushes in breast 
cancer patients   

 Establish frequency/intensity/impact of symptoms on quality of life. 
 Take a full medical/medicine history, particularly the use of over the counter medication and 
dietary supplements and ongoing breast cancer treatments such as tamoxifen 
 Discuss potential triggers and offer lifestyle advice regarding exercise/diet/stress management 
 Consider Cognitive Behavioral Therapy (CBT) if available 
 Consider using a menopausal symptom rating scale to assess pre and post intervention 
 Consider use of recommended prescribed medication and tailor to the patient’s individual needs: 
   SSRIs/SNRIs (venlafaxine (37.5–75 mg/day) or citalopram (10–20 mg/day) favored over 

paroxetine or fl uoxetine for patients taking tamoxifen) 
   Gabapentin (start at 300 mg nocte then titrate to 300 mg three times per day over 9 days) 
   Clonidine (0.1 mg/day) 
 Access specialist services which may be offered by local breast care nursing team such as CBT 
 Consider referral to specialist menopause clinics if available and/or referral back to oncologist 
for discussion of changing endocrine therapy 
  It is important to reassess and evaluate any interventions regularly  

13 Management of Menopausal Symptoms in Breast Cancer Survivors



156

 cognitive behavioral therapy (CBT) with some data to suggest the symptomatic 
improvement is due to changing beliefs and improving mood and sleep [ 21 ].  

    Lifestyle Advice 

 Women with a history of breast cancer are likely to benefi t from maintaining a 
healthy weight, being physically active, limiting alcohol consumption and stopping 
smoking. Some of these lifestyle interventions may also impact on vasomotor 
symptoms. Smokers are more likely than non-smokers to experience hot fl ushes, the 
mechanism of which is unclear but decreased levels of bioavailable estrogen and 
interference with thermoregulatory pathways may be implicated [ 21 ]. These authors 
performed a longitudinal study of 761 peri-menopausal women and found that 
women who stopped smoking were not only less likely to experience hot fl ushes but 
were less likely to experience severe hot fl ushes or have frequent hot fl ushes com-
pared to those women who smoked, (OR = 0.55, 0.80, 0.76). Similarly, some women 
fi nd that alcohol, hot drinks and spicy foods may exacerbate hot fl ushes.  

    Hormonal Agents 

 The most effective therapeutic option for the management of hot fl ushes is estrogen 
replacement therapy and this is often used in women without a history of breast cancer. 
Hormone replacement therapy (HRT) would render aromatase inhibitors ineffective 
and current guidelines discourage the use of topical or systemic estrogens in all women 
with a history of breast cancer. The results of the Women’s Health Initiative (WHI) in 
the USA [ 22 ] and the Million Women Study in the UK [ 23 ] demonstrated an increased 
incidence of breast cancer in postmenopausal women treated with the use of estrogen 
and progestins as HRT [ 22 ]. Two randomized trials have looked at the use of HRT in 
breast cancer survivors. The HABITS (Hormonal Replacement Therapy after Breast 
Cancer - Is it safe?) trial was stopped early after a median follow-up of 2 years when a 
statistically signifi cant increase in breast cancer recurrence was seen with therapy 
[ 24 ]. In a second study, the Stockholm trial, use of HRT was not associated with more 
recurrences [ 25 ]. The reasons behind these confl icting results are not clear. 

 A more recent study, LIBERATE (Livial Intervention Following Breast Cancer, 
Effi cacy, Recurrence and Tolerability) aimed to demonstrate that tibolone, a syn-
thetic steroid with a pharmacological profi le different to that of conventional sex 
steroids, known to be a useful treatment for hot fl ushes and poor bone health, was 
non-inferior to placebo regarding risk of recurrence in breast cancer patients. 
Unfortunately the trial was terminated early due to an increased risk of recurrence 
in women taking tibolone. After a median follow up of 3.1 years 237 of 1556 
(15.2 %) women on tibolone experienced a recurrence compared to 165 (10.7 %) on 
placebo. Whilst the hazard ratio for recurrence was lower in ER- (HR 1.15) than 
ER+ women (HR 1.56) the authors conclude that it is not possible to identify a sub-
group for whom tibolone can be safely used [ 26 ]. 

H. Mitchell and A.C. Armstrong



157

 The most effective non-estrogenic agents for the treatment of hot fl ushes are 
progesterone analogs with reductions in hot fl ushes similar to reductions seen with 
estrogen therapy. In one study intramuscular medroxyprogesterone acetate (MPA, 
500 mg on days 1,14,28) was compared to a 6 week course of oral megestrol acetate 
(40 mg) [ 27 ]. Whilst both treatments had a similar reduction in hot fl ushes at week 
6 (∼85 %) i.m MPA provided better long term relief (89 % at week 24 compared to 
45 % in the megestrol group (p = 0.03)). In a separate study a single dose of MPA 
was more effective at reducing hot fl ushes than venlafaxine [ 28 ]. 

 The safety of progesterones after a diagnosis of breast cancer remains uncertain 
though the role of the progesterone receptor in breast cancer is complex and incom-
pletely understood. Whilst synthetic progestins used in HRT increase the risk of 
breast cancer, in cell lines that express both estrogen and progesterone receptors 
progesterone inhibits proliferation [ 29 ]. There remains a reluctance to prescribe 
systemic estrogens or progesterones after a diagnosis of breast cancer and non- 
hormonal options should be exhausted before they are considered.  

    Non-hormonal Agents 

 Prescribed medications including clonidine, gabapentin, paroxetine and venlafl ax-
ine are endorsed and recommended by EMAS and North American Menopause 
Society. Clonidine, a centrally acting alpha2-adrenergic agonist, has been found in 
a systematic review and meta-analysis to show a signifi cant benefi t over placebo 
[ 30 ], However, this drug can enhance the effects of antihypertensives, anxiolytics 
and alcohol and have prohibitive adverse effects including dry mouth, dizziness, 
postural hypotension and constipation. 

 In the 1980s selective serotonin reuptake inhibitors (SSRIs) and serotonin/nor-
epinephrine reuptake inhibitors (SNRIs) were anecdotally noted to reduce hot 
fl ushes. Placebo-controlled, double-blinded randomized control trials followed, 
with a subsequent meta-analysis demonstrating decreased hot fl ash scores for par-
oxetine, venlafaxine, fl uoxetine and sertraline of 41 %, 33 %, 13 % and 3–18 % 
respectively compared to placebo [ 31 ]. Since this meta-analysis trials using other 
antidepressants, desvenlafaxine (for a meta-analysis see Berhan and Berhan [ 32 ]) 
and citalopram [ 33 ] have been published. Both drugs signifi cantly reduce hot fl ushes 
compared to placebo, though in the single published trial citalopram appears to be 
better tolerated with no statistically different adverse events compared to placebo 
whereas discontinuation rates of desvenlafaxine are high. Effi cacy of SSRIs/SNRIs 
does not appear to be dose dependent for either paroxetine [ 34 ] or citalopram [ 33 ] 
and adverse events are lower with lower doses. 

 Much of the anti-estrogenic activity of tamoxifen resides in its active metabolite, 
endoxifen. The rate-limiting step in converting tamoxifen to endoxifen is the highly 
polymorphic cytochrome P450 CYP2D6 enzyme with considerable variation 
between individuals in the amount of CYP2D6 enzyme produced. Drugs such as 
tamoxifen that are metabolized by CYP2D6 may be eliminated quickly (by exten-
sive metabolizers) or slowly (by poor metabolizers). Some, but by no means all, 
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studies have suggested inferior clinical outcomes for patients who metabolize 
tamoxifen poorly due to a loss of function genetic polymorphism (see Johnson et al. 
[ 35 ] for further information) or due to co-administration with drugs that inhibit 
CYP2D6 [ 36 ]. The SSRIs paroxetine and fl uoxetine are both potent inhibitors of 
CYP2D6 and reduce endoxifen levels to those seen in poor metabolizers. Sertraline 
and citalopram are weaker inhibitors of CYP2D6 and cannot convert extensive 
metabolizers into poor metabolizers. Venlafaxine has no effect on CYP2D6. For 
tamoxifen users at least, it seems preferable to avoid paroxetine and fl uoxetine when 
an SSRI/SNRI is prescribed for the management of vasomotor symptoms. 

 Gabapentin is a gamma-aminobutyric acid analog, conventionally used to treat 
epilepsy and migraine but more recently has shown activity as a treatment for hot 
fl ushes. Its mechanism of action is uncertain but it may reduce noradrenergic activ-
ity. Interest in the use of the drug as a treatment for hot fl ushes arose after a case 
series report. Placebo controlled trials followed, with a subsequent meta-analysis 
confi rming that, compared to placebo, this drug reduced the frequency and severity 
of hot fl ushes by 20–30 % [ 37 ]. This is comparable to improvements seen with 
SSRIs/SNRIs. Again, adverse events, which include somnolence and dizziness, pre-
clude its use for some women. Four weeks of therapy of gabapentin and venlafaxine 
were directly compared in an open-labeled, randomized cross over trial [ 38 ]. Whilst 
both drugs were similarly effective at reducing the hot fl ash score (66 % reduction), 
38 of 56 patients who expressed a preference preferred taking venlafaxine to gaba-
pentin. Pregabalin, although less well studied, has been found to be similarly effec-
tive at reducing hot fl ushes [ 39 ].  

    Stellate Ganglion Block 

 The use of Stellate Ganglion Block (SGB), in which local anesthetic is injected 
into the sympathetic nerves of the stellate ganglion under fl uoroscopic guidance, 
has been investigated as a treatment option for vasomotor symptoms. The largest 
and only randomized sham-controlled trial was performed by Walaga et al. [ 40 ]. 
Forty women with moderate to severe hot fl ushes were randomized to the use of 
SGB or sham injection and followed for a 6 month period with an improvement in 
hot fl ushes seen. No study related adverse effects were reported. Further investiga-
tion of this technique is warranted but the costs involved in this procedure may be 
prohibitive.   

    Urogenital Symptoms 

 Urogenital symptoms due to estrogen deprivation are a common consequence of 
adjuvant systemic therapy for breast cancer. The prevalence of such symptoms after 
a diagnosis of breast cancer is somewhat challenging to quantify due the variety of 
quality of life scoring systems used in the literature but it is clear that urogenital 
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symptoms are common, with an increased incidence of such symptoms following 
the use of chemotherapy and/or endocrine therapy. Crandall et al. [ 41 ], using data 
from a tumor based registry of breast cancer survivors, reported vaginal dryness in 
over 60 % of postmenopausal survivors compared to 23 % of premenopausal women. 

 Quality of life outcomes from the ATAC (Arimidex, Tamoxifen Alone or in 
Combination) trial, where postmenopausal women were randomized to tamoxifen or 
anastrazole for 5 years, reported more frequent dyspareunia with anastrazole com-
pared to tamoxifen (17 % vs 8 %) as well as vaginal dryness (18 % vs 9 %) and reduced 
libido (34 % vs 26 %) [ 42 ]. Recent data suggest that the addition of ovarian function 
suppression to either tamoxifen or exemestane as adjuvant endocrine therapy in pre-
menopausal women is associated with an improvement in relapse free survival and its 
use is likely to become more widespread in future years [ 43 ,  44 ]. Such women, but 
particularly those treated with exemestane and ovarian suppression, are at high risk of 
urogenital side effects with women reporting more vaginal dryness and sexual symp-
toms compared to those taking tamoxifen and ovarian suppression [ 45 ]. 

 Unlike vasomotor symptoms, which generally improve over time, urogenital 
symptoms persist throughout postmenopausal life and may therefore have a pro-
longed effect on quality of life [ 46 ].  

    Pathophysiology 

 The female reproductive tract, including the vulva, vagina, pelvic fl oor musculature, 
bladder and urethra is rich in estrogen receptors [ 47 ,  48 ] and is therefore highly 
sensitive to estrogen deprivation. Falling estrogen levels result in thinning of the 
epithelial cells of the vulvovaginal area, the vaginal walls become thinner and loose 
elasticity. The uterus, ovaries, vagina, and vulva all shrink in size. With a reduction 
in the vaginal epithelia fewer cells are shed into the vagina. As epithelial cells die 
they release glycogen which is hydrolyzed to glucose, which in turn is broken into 
lactic acid by lactobacillus species [ 49 ]. The consequence of reduced shedding of 
the epithelial cells is increased vaginal alkalinity and an overgrowth of other bacte-
ria which can further increase the risk of urinary infections.  

    Management Options 

    Non Hormonal Treatments 

 Lifestyle modifi cations may be helpful at ameliorating the symptoms of urogenital 
atrophy (UA) in women with a history of breast cancer. Cigarette smoking may 
accelerate UA and smoking cessation should be advised. Scented hygiene products 
should be avoided. There is also evidence that regular sexual intercourse may be 
helpful as sexually active women have fewer symptoms and less physical evidence 
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of vaginal atrophy [ 50 ]. Vaginal lubricants (such as K-Y Jelly®) may be useful to 
reduce discomfort during intercourse but have a short duration of action and are not 
considered to be vaginal moisturizers. 

 A wide range of vaginal moisturizers (e.g. Replens®) are available and have 
been investigated in women with and without a history of breast cancer. Two small 
studies have compared the use of Replens with topical estrogen preparations sug-
gesting equivalent benefi t with both preparations [ 51 ,  52 ]. However when Replens 
was tested against placebo in breast cancer survivors superior effi cacy was not seen 
[ 53 ]. One study with the specifi c aim of improving the symptoms of dyspareunia in 
breast cancer survivors compared saline with the use of 4 % aqueous lidocaine used 
just before intercourse. In the blinded phase, patients on lidocaine reported less 
dyspareunia (median score 1/10) compared with saline (5.3/10, p = 0.015) [ 54 ]. In 
subsequent open-label use of lidocaine seventeen of twenty previous abstainers 
(85 %) resumed intercourse.  

    Hormonal Agents 

 In women without a history of breast cancer symptoms, of UA can be alleviated by 
systemic or topical estrogen therapy. Where systemic treatment is not needed for 
other reasons local estrogen therapy is preferable to avoid systemic adverse events. 
In comparison to placebo or non-hormonal gels the Cochrane Overview in 2003 
found vaginal estrogen (VE) preparations were superior as a treatment for the man-
agement of UA in post-menopausal women (without a history of breast cancer) 
[ 55 ]. Estrogen is absorbed through the vaginal epithelium and as such there maybe 
systemic effects of local estrogen therapy. This is relevant to women with a history 
of hormone receptor positive breast cancer, and particularly important for women 
taking aromatase inhibitors compared with those on tamoxifen. The risk of systemic 
absorption of VE is greater at the beginning of treatment when the vaginal epithe-
lium is still atrophic; as it matures in response to therapy less estrogen is absorbed 
with lower doses required to prevent recurring symptoms [ 56 ]. Low dose VE prepa-
rations (Vagifem 10 μg) are now available which appear to have minimal systemic 
absorption [ 57 ]. 

 Few studies have investigated the safety or otherwise of topical estrogens as 
treatment for UA in women with a history of breast cancer. Wills et al. [ 58 ], 
 investigated the effects of VE on serum estradiol levels in postmenopausal women 
at risk of breast cancer and taking an aromatase inhibitor or selective estrogen 
receptor modulator as breast cancer prevention. In this group of women use of VE 
rings and VE tablets resulted in increased estradiol levels even though the women 
were eligible only if they had been on the estrogenic preparations for 3 months prior 
to study entry and would therefore be expected to have a mature vaginal epithelium. 
The authors concluded VE regardless of type should be used in caution in women 
treated with aromatase inhibitors. Two studies have reported the use of VE in women 
with a history of breast cancer. Simmons et al., in an open label randomized com-
parison of Vagifem ® or Estring® for 12 weeks found an improvement in quality of 
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life scores (FACT-ES, sexual health) vaginal maturation index and pH. Serum estra-
diol rose in all patients by week 2 but fell to undetectable levels by week 12 [ 59 ]. 
The study closed early due to poor accrual. The second study investigated the use of 
an ultra-low dose vaginal estriol and Lactobacillus combination vaginal tablet. 
Estriol preparations, which cannot be metabolized into more potent estrogens such 
as estradiol or estrone may have advantages in women with a history of breast can-
cer. In this phase 1 study in 8 of 16 women small increases in serum estriol but not 
estradiol or estrone were seen and UA improved [ 60 ]. 

 Large, prospective randomized trials to determine the safety of VE in breast can-
cer patients are lacking. However a large population-based cohort study from the 
Danish Breast Cancer Group provides interesting data. The database was used to 
identify 2 cohorts of women, a cohort of 5900 who had not received systemic ther-
apy of which 996 had fi lled a prescription for VE and a cohort of 6529 postmeno-
pausal women who had been treated with an AI or Tamoxifen of whom 1096 had 
been prescribed VE therapy. With a median FU of 8.5 years the use of VE did not 
impact on prognosis with an adjusted relative risk for recurrence and death among 
users were 0.93 (p = 0.51) and 0.79 (p = 0.001) respectively [ 61 ]. The effect was 
independent of whether patients received adjuvant endocrine therapy.    

    Summary 

 Menopausal symptoms are a common consequence of treatment for breast cancer. 
Appropriate management of symptoms is crucial not only to maintain quality of life 
but also to enable as many women as possible to complete their planned endocrine 
therapy with data clearly demonstrating that poor compliance results in increased 
recurrence rates and poorer survival [ 62 ].     
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    Chapter 14   
 Bone Health                     

     Amy     Kwan     ,     Omar     S.     Din    , and     Matthew C.     Winter     

    Abstract     Bone health is an important, though sometimes neglected, part of the 
treatment of early breast cancer patients. The use of chemotherapy, ovarian suppres-
sion and aromatase inhibitors has the potential to induce signifi cant bone loss and 
increase skeletal morbidity including osteoporosis and fracture. As most women are 
likely to be long-term survivors after a diagnosis of early breast cancer, recognition 
of patients at risk and introduction of bone-targeted therapy forms a crucial part of 
early breast cancer management. A large number of studies have demonstrated the 
effi cacy of bisphosphonates in the prevention of cancer treatment-induced bone loss 
and risk-adapted treatment guidelines have been published for both pre- and post- 
menopausal women. The use of denosumab, an anti-RANK ligand antibody, in 
reducing fracture risk associated with aromatase-inhibitor therapy has also been 
reported. In addition, exciting new data suggest that bisphosphonates may also 
modify the metastatic disease process with recently published meta-analyses data 
demonstrating a reduction in bone recurrence and an improvement in breast cancer 
survival in post-menopausal women.  

  Keywords     Adjuvant therapy   •   Bisphosphonate   •   Bone health   •   Bone mineral 
density   •   Denosumab   •   Early breast cancer   •   Fracture risk   •   Osteoporosis  

      Introduction 

 The management of early breast cancer has become increasing successful with a 
number of effective chemotherapeutic agents and the addition of endocrine therapy 
for patients with estrogen receptor (ER) positive disease. The 5-year relative sur-
vival is 99.1 % for patients diagnosed with stage 1 disease and 87.6 % for patients 
with stage 2 disease [ 1 ]. However, randomized clinical trials have shown that these 
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therapies are associated with bone mineral density loss in both the pre-menopausal 
and post-menopausal setting. This occurs either through a direct cytotoxic effect on 
bone cells, inhibition of production of gonadal steroid hormones, or inhibiting aro-
matase activity leading to the inhibition of conversion of androgens to estrogens in 
peripheral tissue. As estrogen plays a key role in the negative regulation of osteoly-
sis, low physiological levels of estrogen signifi cantly increase the risk of osteoporo-
sis, fractures and longer-term morbidity [ 2 ], in addition to increased health-care 
costs. As long term survivors are increasingly common in the early breast cancer 
setting and bone loss occurs naturally with age, it is imperative that bone health 
features in survivorship plans. 

 Osteoporosis is a skeletal disorder, characterized by reduced bone mass and 
micro-architectural deterioration of bone tissue predisposing individuals to a high 
risk of fracture [ 3 ]. The World Health Organization (WHO) defi ned osteoporosis as 
a bone mineral density of 2.5 or less standard deviations from that expected of a nor-
mal individual [ 4 ]. This is assessed by a dual energy x-ray absorptiometry (DEXA) 
scan. Bone loss is common with increasing age, with 1 in 3 women over the age of 
50 sustaining an osteoporotic fracture of the wrist, hip or vertebrae [ 5 ,  6 ]. Bone loss 
in itself is asymptomatic with morbidity occurring only after fracture has been sus-
tained. After development of an osteoporotic hip fracture there is signifi cant mortal-
ity and morbidity, with a 20 % increased risk of dying within 12 months [ 7 ]. 

 BMD is not the only important factor determining fracture risk, as a signifi cant 
proportion of women with fractures do not have osteoporosis as defi ned above, 
likely due to the fact that other factors that infl uence bone strength such as bone size, 
geometry and microarchitectural change are not captured by BMD assessment [ 8 , 
 9 ]. Measurement of BMD should therefore be combined with other recognized risk 
factors to determine an overall fracture risk assessment, leading to lifestyle modifi -
cation recommendations and a risk-stratifi ed approach to prophylactic bone- directed 
therapy. To guide the decision to use a prophylactic anti-osteoporotic treatment, an 
important advance was the development of the online FRAX algorithm [ 10 ,  11 ]. 
This uses the recognized clinical risk factors of age, sex, body mass index, previous 
history of fracture, family history of fracture, use of corticosteroids, lifestyle factors 
including smoking and alcohol >3 units/day and co-morbidities such as rheumatoid 
arthritis and secondary osteoporosis with or without femoral neck BMD T-score to 
calculate a 10-year fracture risk adapted for different countries. However the FRAX 
score was not designed to evaluate fracture risk in women with breast cancer, as it 
does not take into account the effect of anti-cancer treatments. More specifi c guide-
lines related to the prevention and treatment of breast cancer treatment- induced bone 
loss have been developed over the last 7 years, and are covered at a later stage.  

    Pharmacology of Bone-Directed Therapy 

 Bisphosphonates are the mainstay for the treatment of established osteoporosis. 
Bisphosphonates are stable synthetic analogs of pyrophosphate and have a P-C-P 
backbone that acts as a bone hook (see Fig.  14.1 ). There are two covalently bound 
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side chains to the carbon atom, R1 and R2, that determine biological activity, with 
the presence of a nitrogen atom in the R2 side chain increasing potency and divides 
bisphosphonates into nitrogen containing and non-nitrogen containing bisphospho-
nates [ 12 ,  13 ]. Following either oral or intravenous administration they accumulate 
in bone and are selectively internalized by osteoclasts during bone reabsorption. 
The metabolism of non-nitrogen containing bisphosphonates to ATP-analogs results 
in osteoclast apoptosis [ 12 ]. Nitrogen containing bisphosphonates inhibit farnesyl 
diphosphate synthase in the mevalonate pathway, disrupting the prenylation of impor-
tant signaling GTPases, ultimately inducing osteoclast apoptosis (see Fig.  14.2 ) [ 14 ].

    Bisphosphonates are generally well tolerated and toxicity is related to mode of 
administration. Oral bisphosphonates can cause gastrointestinal complications 
including gastrointestinal bleeding. Intravenous bisphosphonates are associated 
with infusion reactions, metabolic effects (hypocalcaemia) and renal toxicity. A 
rare, but serious side effect is the development of osteonecrosis of the jaw [ 15 ]. The 
risk of developing this with zoledronic acid is 0.12–0.7 % if used biannually [ 16 ]. 
The pathogenesis of this is unclear and may be largely avoided with patient educa-
tion and pre-treatment dental evaluation.  

    Cancer Treatment-Induced Bone Loss 

 Pre-menopausal women are at signifi cant risk of accelerated bone loss from adju-
vant treatments including chemotherapy, tamoxifen and ovarian suppression, result-
ing from suppression of estrogen levels and premature ovarian failure [ 17 ]. 
Furthermore, cytotoxic chemotherapy may also directly negatively affect bone 
health. 

    Tamoxifen and Bone Mineral Density Loss 

 Tamoxifen is a selective estrogen receptor modulator, and has mixed pro- and anti- 
estrogenic activities. It is one of the most commonly used treatments in patients 
with estrogen receptor (ER) positive breast cancer, with the effect on the bone being 
dependent on menopausal status. In the post-menopausal setting, tamoxifen has 
been shown to increase bone mineral density of the spine and hip. In the premeno-
pausal setting it has a predominantly anti-estrogen effect resulting in a small (1–2 %) 
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increased loss of bone mineral density. This is not clinically signifi cant and no bone 
protection in recommended in this setting.  

    Chemotherapy and Bone Mineral Density Loss 

 Combination cytotoxic chemotherapy is used in the treatment of early breast cancer 
to prevent disease recurrence and improve breast cancer related mortality. In pre- 
menopausal patients, the use of such treatments can result in either temporary or 
permanent ovarian failure. Approximately 68 % of patients, ranging from 20 to 
100 % depending on age >40 years, cytotoxic agent and cumulative dose, will 
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  Fig. 14.2    Schematic diagram of the mevalonate pathway demonstrating the inhibition of FPP 
synthase, and the proposed inhibition of GGPP synthase, by N-BPs. This results in the inhibition 
of formation of FPP and GGPP which are required for the post-translational prenylation of impor-
tant small signaling GTPases, ultimately leading to apoptosis. Inhibition of FPP synthase by 
N-BPs also results in accumulation of IPP and the biosynthesis of ApppI, an ATP analog capable 
of inducing apoptosis in osteoclasts (Reproduced from Winter et al. [ 48 ], with permission from 
Elsevier)       
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experience chemotherapy-induced primary ovarian failure [ 17 – 19 ]. This results in 
the potential for rapid decrease in BMD of up to 7 % within 1 year [ 20 ]. 

 There are a small group of studies investigating whether early intervention with 
bisphosphonates can counteract the loss of BMD following adjuvant chemotherapy 
alone. Risedronate, clondronate and zolendronic acid have been investigated in this 
setting, with more intensive treatment doses than conventionally used for osteopo-
rosis. Saarto et al. [ 21 ] randomized 148 patients to receive clodronate at a dose of 
1600 mg daily or control in addition to receiving six cycles of CMF chemotherapy. 
BMD of lumbar spine and femoral neck was measured at 1 and 2 years. Patients 
who did not become amenorrheic during chemotherapy only experienced marginal 
BMD changes, but in patients developing amenorrhea, both treatment groups devel-
oped bone density loss. The use of clodronate signifi cantly reduced bone loss in 
comparison to controls (lumbar spine (−5.9 % vs. 9.5 %) and femoral neck (−0.4 % 
vs. −4.6 %). 

 In a small study by Delmas et al. [ 22 ], breast cancer patients with artifi cially 
induced menopause following chemotherapy were treated with risedronate (30 mg/
day or placebo for 2 weeks, followed by 10 weeks of no treatment, repeated over 2 
years) or placebo. In the risedronate group, there was an increase in BMD at 24 
months, compared to a signifi cant decrease in BMD at the lumbar spine and hip in 
placebo (mean difference: 2.5 ± 1.2 %, [95 % confi dence interval [CI], 0.2–4.9] at 
the lumbar spine, p = 0.041; and 2.6 ± 1.1 %, [95 % CI, 0.3–4.8] at the femoral neck, 
p = 0.029). Of interest, on treatment withdrawal, patients experienced bone loss sug-
gesting maintenance of treatment, or a more potent bisphosphonate, is required for 
ongoing benefi cial effect. Dosing regimen is clearly important as risedronate, in a 
conventional osteoporosis schedule of 35 mg weekly did not prevent bone loss 
caused by chemotherapy induced ovarian suppression in a study by Hines et al. [ 23 ]. 

 These data suggest an intravenous schedule in this setting may therefore be 
required. In the largest study of zoledronic acid (CALGB 79809) [ 24 ], at a dose of 
4 mg every 3 months for 2 years, was given to 439 women either starting immedi-
ately or 1 year after completion of chemotherapy. The primary endpoint, percentage 
change in BMD in lumbar spine (LS) from baseline to 12 months in the zoledronic 
acid and control groups, was evaluated in those women developing chemotherapy- 
induced ovarian failure. Median percent change at 1 year was +1.2 % and −6.7 %, 
(p < 0.001), in the immediate versus delayed groups. Final results at 3 years reported 
+1.0 % and −0.5 %, p = 0.019, in immediate versus delayed groups respectively. 
These results show that immediate zoledronic acid was able to prevent bone loss 
compared to the control group where there was a signifi cant difference in bone loss 
from baseline to 1 year. However, there are questions that remain unanswered. 
Firstly there is no long-term follow-up from these trials and consequently the clini-
cal relevance of cancer treatment induced bone loss with respect to longer-term 
fracture risk is unknown [ 25 ]. Additionally, efforts need to focus on trying to iden-
tify those women who are likely to develop chemotherapy-induced ovarian failure 
or those at highest risk of cancer treatment-induced bone loss to enable the selective 
introduction of earlier therapy, although the optimal schedule of bisphosphonate 
treatment is not well defi ned.  
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    Ovarian Suppression and Bone Mineral Density Loss 

 Studies have also evaluated the prevention of endocrine treatment-induced bone 
loss in pre-menopausal patients. Recent data has suggested a benefi t of the addition 
of adjuvant ovarian suppression to either tamoxifen or exemestane in higher risk 
women in women who remain pre-menopausal after chemotherapy [ 26 ]. In view of 
this, the use of ovarian suppression and exemestane may play an important role in 
high-risk patients under the age of 35 who have premenopausal levels of oestradiol 
levels following chemotherapy. Ovarian suppression can be obtained medically or 
surgically, with medical ovarian suppression utilizing GnRH analogs (including 
goserelin, triptorelin, leuprolide) to suppress the release of gonadotrophins (FSH/
LH) and thus reversibly inhibit gonadal activity and estrogen production. Studies 
from their use in benign conditions have demonstrated a bone mineral density loss 
of 4–5 % in the lumbar spine over the fi rst 6 months of therapy [ 27 ]. In pre- 
menopausal breast cancer patients, ABCSG-12 randomized 1803 patients with 
hormone- receptor positive breast cancer to receive endocrine treatment (goserelin 
and tamoxifen or anastrozole, each with or without zoledronic acid every 6 months 
for 3 years [ 28 ,  29 ]. Data from the bone sub-study (n = 404) showed that in patients 
who did not receive bone protective therapy with zoledronic acid, there was a sig-
nifi cant reduction in BMD at 3 years (trochanter −7.3 %, lumbar spine −11.3 %), 
with a larger detrimental effect in those patients receiving anastrazole. At 5 years, 
there was only partial recovery with BMD levels remaining less than baseline (tro-
chanter −4.1 %, lumbar spine −6.3 %). In contrast, the addition of zoledronic acid to 
endocrine therapy alone was associated with stable BMD during the 3 years of treat-
ment with an increase seen at 5 years compared to baseline (trochanter +3.9 %, 
lumbar spine +4.0 %). Recently published data also show that the addition of zole-
dronic acid to adjuvant therapies in pre-menopausal women signifi cantly reduce 
bone turnover markers compared to signifi cant increases in these markers in 
placebo- treated patients [ 30 ]. Longer-term follow-up, from ABCSG-12 particularly, 
will be crucial to understand whether the treatment-induced rapid bone loss observed 
in the study in patients without bone protection, with some evidence of partial 
recovery after treatment stopped, translates into longer-term fracture risk.  

    Aromatase Inhibitor Associated Bone Loss 

 In the post-menopausal setting the standard of care for ER positive patients with 
early breast cancer has shifted from tamoxifen to the use of adjuvant aromatase 
inhibitors (AI), with data from the most recent meta-analysis showing that 5 years 
of treatment with AI reduces 10-year breast cancer mortality rates by about 15 % 
compared with 5 years of tamoxifen [ 31 ]. In the post-menopausal setting, circulat-
ing estrogen results from the conversion of androgens to estrogen in the peripheral 
tissue by the enzyme aromatase. Inhibition by either the reversible non-steroidal 
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inhibitors (anastrazole/letrozole) or the irreversible steroidal inhibitor (exemestane) 
results in almost undetectable levels of circulating estrogen. Aromatase-inhibitor 
induced bone loss (AIBL) occurs at over double the rate of physiological post- 
menopausal bone mineral density loss [ 32 ] leading to an increased fracture risk. 

 A bone sub-study as part of the ‘Arimidex, Tamoxifen alone, or in combination’ 
(ATAC) trial [ 33 ] reported the longer-term effects of BMD following treatment with 
hormone treatment for 5 years in patients with early breast cancer. A total of 308 
women had baseline lumbar and hip BMD assessed by DEXA and then on treat-
ment at 1, 2, and 5 years. Following treatment, 50 patients treated with anastrozole 
alone had further assessment at years 6–7. Patients treated with anastrozole alone 
showed a median decrease in BMD of 6.1 % and 7.2 % in the lumbar spine and hip 
respectively, compared to an increase of 2.77 % and 0.74 % in the lumbar spine and 
hip respectively in patients receiving tamoxifen. Of note, women who had normal 
BMD at baseline did not develop osteoporosis. 

 Following completion of anastrozole treatment, DEXA measurements at 6 and 7 
years showed an increased in BMD by 2.35 and 4.02 % at the lumbar spine and 0.71 
and 0.5 % at the hip suggesting that treatment related bone loss does not continue 
beyond treatment [ 34 ]. Similar results were seen in the Intergroup Exemestane 
study [ 35 ]. 

 Longer-term follow-up from large phase 3 adjuvant studies directly comparing 
tamoxifen and aromatase inhibitors have demonstrated that AIs are associated with 
an increased risk of fractures, maintained for the duration of treatment. At a median 
follow-up of 100 months in the ATAC study, during active treatment the incidence 
of fracture in the anastrozole arm was 12 % compared to 7.5 % in patients receiving 
tamoxifen with an annual rate of 2.93 % and 1.9 % respectively [ 36 ]. Similarly, in 
the BIG 1–98 study, 4895 patients were randomized to receive 5 years of letrozole 
or tamoxifen, and at a median follow-up of 5 years, the fracture incidence was 9.3 % 
and 6.5 % in patients receiving letrozole and tamoxifen respectively [ 37 ]. 
Importantly, the fracture rates in ATAC were no different between treatments after 
treatment was completed, potentially explained in part by the increase in BMD 
observed off anastrozole treatment [ 36 ]. Recognition and treatment of patients at 
particular risk of fracture will therefore help to select a patient group who would 
benefi t from bone-directed therapy.   

    Bisphosphonates in the Treatment of Aromatase Inhibitor 
Induced Bone Loss 

 A number of bisphosphonates have undergone clinical trials of effi cacy in the pre-
vention of AIBL, and data from over 4000 patients (Table  14.1 ) have demonstrated 
that both oral and intravenous bisphosphonates effectively prevent AIBL [ 2 ]. 
Zolendronic acid had been particularly widely studied. In three parallel-designed 
international trials (Z-FAST [ 38 ,  39 ], ZO-FAST [ 40 ] and E-ZO-FAST [ 41 ]), and a 
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4th trial N03CC [ 42 ] approximately 2750 post-menopausal women with hormone 
receptor positive breast cancer receiving 5 years of adjuvant letrozole were random-
ized to receive zoledronic acid (4 mg q6monthly) either immediately or delayed, if 
required due to accelerated bone loss (T score < −2.0) or fracture. At 12 months, it 
was demonstrated in all these trials that upfront zoledronic acid effectively pre-
vented letrozole induced bone loss. Ongoing follow-up from these trials, including 
5 year fi nal follow-up from both ZO-FAST and Z-FAST, have all reported continued 
effi cacy with the upfront zoledronic acid.

   A handful of studies have investigated the effi cacy of oral bisphosphonates includ-
ing the SABRE and ARIBON studies (Table  14.1 ). These trials, although inclusive 
of a smaller number of patients and follow-up is shorter, suggest that oral bisphos-
phonates given in osteoporotic dosing regimens demonstrate effi cacy in AIBL, 
although there are ongoing concerns about compliance with oral bisphosphonates.  

    Guidelines for the Monitoring and Treatment of Cancer 
Treatment-Induced Bone Loss 

 Over the last few years, recommendations for the management of CTIBL have been 
published including expert guidelines from the UK and Europe [ 2 ,  3 ,  17 ,  27 ,  43 ]. 

 All patients receiving systemic treatments that have a potential detrimental effect 
on bone should be recommended to have a calcium-rich diet, regular weight bearing 
and resistance exercise and take 1000–2000 IU vitamin D daily [ 3 ]. Current assess-
ments of fracture risk are based on data from healthy post-menopausal women and 
therefore are not able to suffi ciently evaluate the associated risks of treatment in 
pre-menopausal women [ 44 ]. It is therefore recommended in pre-menopausal 
women with breast cancer that the potential risk of bone loss should be discussed 
prior to initiating anti-cancer treatment and that anti-resorptives are commenced 
when the BMD T-score is below −2 (Fig.  14.3 ) [ 3 ,  17 ,  27 ].

   In post-menopausal women receiving an AI, with a T-score ≥2 and no other risk 
factors for fracture, re-assessment of BMD and risk factors is recommended after 1–2 
years. If the patient experiences an annual BMD decrease of ≥10, or 4–5 % annual 
decrease if osteopenic at baseline, then investigations for secondary causes of osteo-
porosis such as vitamin D defi ciency, hyperparathyroidism and  hyperthyroidism, 
together with initiation of bisphosphonate therapy is recommended [ 2 ]. Expert panel 
consensus recommends treatment with an anti-resorptive if the T-score is below −2, 
or have 2 or more risk factors for fracture (Fig.  14.3 ) [ 3 ]. Once treatment is started, 
this should be continued for as long as the patient is receiving an AI. Over 5 years, 
the current data is strongest for zoledronic acid, 4 mg 6-monthly, but other accept-
able options are oral alendronate 70 mg weekly, risedronate 35 mg weekly or oral 
ibandronate 150 mg monthly. Compliance to oral bisphosphonates is a common 
problem and these patients should receive intravenous zoledronic acid. Recent data 
also suggest the effi cacy of denosumab 60 mg 6-monthly in this setting [ 45 ].  
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    Table 14.1    Randomized controlled trials of bisphosphonates in the prevention of AI associated 
bone loss in post-menopausal women with invasive breast cancer   

 Trial  No. 

 BP, Dose 
 Duration 
 Comparison 
 Concomitant therapy 

 L Spine BMD 
 Mean % change 
from baseline 
 p value 

 Total Hip BMD 
 Mean % change 
from baseline 
 p value 

 E-ZO- 
FAST 

 527  Zol, 4 mg q6m 
 5 years 
 immediate vs. delayed 
 with letrozole 

  At 36 month FU  
  Immediate vs. 
delayed  
 +5.98 % 
vs.−3.74 % 
 p < 0.001 

  At 36 month FU  
  Immediate vs. 
delayed  
 NR 

 Z-FAST  602  Zol, 4 mg q6m 
 5 years 
 immediate vs. delayed 
 with letrozole 

  At 61 month FU  
  Immediate vs. 
delayed  
 +6.19 % 
vs.−2.42 % 
 p < 0.0001 

  At 61 month FU  
  Immediate vs. 
delayed  
 2.57 % vs.−4.12 % 
 p < 0.001 

 ZO-FAST  1065  Zol, 4 mg q6m 
 5 years 
 immediate vs. delayed 
 with letrozole 

  At 60 month FU  
  Immediate vs. 
delayed  
 +4.3 % vs.−5.4 % 
 p < 0.0001 

  At 60 month FU  
  Immediate vs. 
delayed  
 +1.6 % vs.−4.1 % 
 p < 0.0001 

 N03CC  558  Zol, 4 mg q6m 
 5 years 
 immediate vs. delayed 
 with letrozole following 
completion of ≤6 years 
tamoxifen 

  At 24 month FU  
  Immediate vs. 
delayed  
 +4.94 % 
vs.−2.28 % 
 p < 0.001 

  At 24 month FU  
  Immediate vs. 
delayed  
 +1.22 % 
vs.−3.34 % 
 p < 0.001 

 SABRE  154  Risedronate/Placebo 35 mg/
week in addition to anastrozole 
in pts with moderate risk of 
fracture 
 (T < −1 to ≥ 2) 

  At 24 month FU  
  Risedronate vs 
placebo  
 +2.2 % vs.−1.8 % 
 p < 0.001 

  At 24 month FU  
  Risedronate vs 
placebo  
 +1.8 % vs.−1.1 % 
 p < 0.001 

 ARBI  70  Risedronate, 35 mg/week in 
addition or not to anastrozole in 
pts with moderate risk of 
fracture 
 (T < −1 to ≥ 2) 

  At 24 month FU  
  Risedronate vs 
not  
 +5.7 % vs.−1.5 % 
 p < 0.006 

  At 24 month FU  
  Risedronate vs not  
 +1.6 % vs.−3.9 % 
 p = 0.037 

 ARIBON  50  Ibandronate/Placebo 150 mg 
q28days in addition to 
anastrozole in pts with 
osteopenia 
 (T < −1 to ≥ 2.5) 

  At 24 month FU  
  Ibandronate vs. 
placebo  
 +2.98 % 
vs.−3.22 % 
 p < 0.01 

  At 24 month FU  
  Ibandronate vs. 
placebo  
 +0.6 % vs.−3.9 % 
 p < 0.01 

  Reproduced from Winter et al. [ 25 ] with permission from Elsevier  

14 Bone Health



174

    Recent Developments 

    Assessment of Response to Treatment 

 Conventionally, response to bisphosphonate treatment has been monitored through 
serial DEXA scans. These are relatively expensive, need to be performed after a 
long duration in time to allow for assessment of response and are not best at pre-
dicting future fracture risk. Bone turnover markers (BTM) may potentially pro-
vide a more dynamic, non-invasive and cheaper assessment of skeletal metabolism 
[ 46 ,  47 ]. 

 BTM can be divided into two groups; formation and resorption markers. 
Formation markers refl ect the activity of osteoblasts and include bone-specifi c alka-
line phosphatase (BALP) and pro-collagen type 1 amino-terminal propeptide 
(P1NP). Resorption markers refl ect the activity of osteoclast and include cross- 
linked type 1 collagen (CTX) and type 1 collagen amino-terminal telopeptide 
(NTX). BTM monitoring may allow for earlier identifi cation of patients with bone 

Patient with cancer receiving
chronic endocrine treatment

known to accelerate
bone lossa

Any 2 of the following risk factors:
• Age > 65
• T-score < –1.5
• Smoking (current and history of)
• BMI < 24
• Family history of hip fracture
 Personal history of fragility fracture above age 50
• Oral glucocorticoid use for >6 months

T-score > –2.0
And no additional

risk factors
T-score < –2.0

Exercise
Calcium and

vitamin D

Exercise
Calcium and vitamin D

Bisphosphonate therapyc,d

Monitor risk and
BMD at 1–2 year

intervalsb

Monitor BMD every 2 years
Check compliance with

oral therapye

  Fig. 14.3    Recommended algorithm for managing bone health during cancer treatment 
(Reproduced from Coleman et al. [ 3 ], with permission from Oxford University Press).  a Includes 
aromatase inhibitors and ovarian suppression therapy/oophorectomy for breast cancer and andro-
gen deprivation therapy for prostate cancer.  b If patients experience an annual decrease in BMD of 
≥10 % (or ≥4–5 % in patients who were osteopaenic at baseline) using the same DXA machine, 
secondary causes of bone loss such as vitamin D defi ciency should be evaluated and antiresorptive 
therapy initiated. Use lowest  T -score from spine and hip.  c Six monthly i.v. zoledronic acid, weekly 
oral alendronate or risedronate or monthly oral ibandronate acceptable.  d Denosumab may be a 
potential treatment option in some patients.  e Although osteonecrosis of the jaw is a very rare event 
with bone protection doses of antiresorptives, regular dental care and attention to oral health is 
advisable. BMD, bone mineral density; BMI, body mass index       
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mineral density loss. In an exploratory subset analysis of the Z-FAST trial, patients 
who had BTM assessment suggested that early increase in NTX and BALP were 
predictive of clinically relevant long-term bone loss [ 39 ]. However, further studies 
are needed to support the use of BTM to tailor anti-resorptive therapies to prevent 
fractures.  

    Denosumab in the Use of Aromatase Inhibitor Induced 
Bone Loss 

 Denosumab is a fully humanized monoclonal antibody administered subcutane-
ously that binds to RANK ligand and prevents activation of the RANK receptor on 
osteoclasts and ultimately inhibits osteoclast activity. 

 In the recently published ABCSG-18 trial [ 45 ], 3420 post-menopausal patients 
receiving aromatase inhibitors were randomized to denosumab 60 mg (n = 1711) or 
placebo (n = 1709) subcutaneously every 6 months. Primary end-point was time to 
fi rst fracture. The trial demonstrated patients in the denosumab group had a signifi -
cantly delayed time to fi rst clinical fracture (hazard ratio [HR] 0.50 [95 % CI 0.39–
0.65], p < 0.0001) and there was a reduction in the overall number of fractures in the 
denosumab group (92 vs 176 in the placebo group). Treatment was well tolerated. 
These data suggest that denosumab is an effective alternative therapeutic option to 
bisphosphonates in this setting.  

    Adjuvant Use of Bisphosphonates in Breast Cancer 

 The bone marrow is understood to act as a reservoir for dormant tumor cells. These 
cells preferentially home to the hematopoietic stem cell niche, where they can reside 
for years and escape the effects of systemic anti-cancer therapy. For reasons that are 
not clearly understood, years later, they exit the dormant state and proliferate and 
metastasize causing an array of clinical problems. The use of adjuvant bisphospho-
nates to modify disease course and disrupt the metastatic process represents an 
exciting clinical strategy. Pre-clinical studies have suggested a potential anti-cancer 
effect of bisphosphonates, but whether this is a direct or indirect effect has long 
been debated [ 48 ]. 

 Several large clinical studies have investigated this effect and have recently been 
analyzed together in an individual patient data meta-analysis by the EBCTCG [ 49 ] .  
This is discussed in Chap.   7     in greater detail. As a result of these data, practice is 
now changing. Adjuvant bisphosphonates are considered part of the standard of 
care for post-menopausal women and are now appearing in adjuvant treatment pro-
tocols. In the meantime, trials are already well underway investigating the role of 
denosumab in reducing the risk of bone recurrence (D-CARE).   
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    Summary and Key Points 

 Bone health is an important component of survivorship. A number of early breast 
cancer treatments can lead to signifi cant BMD loss resulting in increased fracture 
risk. The groups at most risk are those pre-menopausal women undergoing ovarian 
suppression and post-menopausal women on aromatase inhibitors. The current stan-
dard is to use DEXA scans to monitor BMD, although bone turnover markers may 
provide a useful adjunct to assessments. Therapeutic strategies to prevent and treat 
CTIBL have been an important development in breast cancer management and the 
role of bisphosphonates in this setting is well defi ned. International expert guide-
lines for the prevention and treatment of CTIBL have been published, utilizing risk- 
adapted strategies that defi ne thresholds for introduction of bisphosphonates. 
Denosumab has also been shown to be effi cacious and its mode of delivery may be 
preferable to some patients. Bisphosphonates have also been used as part of the 
adjuvant therapy for patients with early breast cancer to prevent cancer recurrence 
in bone and improve breast cancer survival in post-menopausal patients.     

   References 

    1.   CRUK. Cancer Research UK Breast cancer statistics. [Website] 2015. Available from:   http://
www.cancerresearchuk.org    .  

       2.    Hadji P, et al. Management of aromatase inhibitor-associated bone loss in postmenopausal 
women with breast cancer: practical guidance for prevention and treatment. Ann Oncol. 
2011;22(12):2546–55.  

         3.    Coleman R, et al. Bone health in cancer patients: ESMO Clinical Practice Guidelines. Ann 
Oncol. 2014;Suppl 3:iii124–37.  

    4.   Kanis JA. Assessment of fracture risk and its application to screening for postmenopausal 
osteoporosis: synopsis of a WHO report. WHO Study Group. Osteoporosis Int J established 
as result of cooperation between the European Foundation for Osteoporosis and the National 
Osteoporosis Foundation of the USA. 1994;4(6):368–81.  

    5.   Kanis JA, et al. Long-term risk of osteoporotic fracture in Malmo. Osteoporosis Int J estab-
lished as result of cooperation between the European Foundation for Osteoporosis and the 
National Osteoporosis Foundation of the USA. 2000;11(8):669–74.  

    6.    Melton 3rd LJ, et al. Perspective. How many women have osteoporosis? J Bone Miner Res. 
1992;7(9):1005–10.  

    7.    Cummings SR, Melton LJ. Epidemiology and outcomes of osteoporotic fractures. Lancet. 
2002;359(9319):1761–7.  

    8.    Seeman E, Delmas PD. Bone quality–the material and structural basis of bone strength and 
fragility. N Engl J Med. 2006;354(21):2250–61.  

    9.    Body JJ. Increased fracture rate in women with breast cancer: a review of the hidden risk. 
BMC Cancer. 2011;11:384.  

    10.    Kanis JA, et al. FRAX and the assessment of fracture probability in men and women from 
the UK. Osteoporosis Int J established as result of cooperation between the European 
Foundation for Osteoporosis and the National Osteoporosis Foundation of the USA. 2008;19(4):
385–97.  

    11.   Diseases, W.H.O.C.C.f.M.B. FRAX® WHO fracture risk assessment tool. [Website]. Available 
from:   http://sheffi eld.ac.uk/FRAX/index.jsp    .  

A. Kwan et al.

http://www.cancerresearchuk.org/
http://www.cancerresearchuk.org/
http://sheffield.ac.uk/FRAX/index.jsp


177

     12.    Rogers MJ, et al. Cellular and molecular mechanisms of action of bisphosphonates. Cancer. 
2000;88(12 Suppl):2961–78.  

    13.    Russell RG, Rogers MJ. Bisphosphonates: from the laboratory to the clinic and back again. 
Bone. 1999;25(1):97–106.  

    14.    Luckman SP, et al. Nitrogen-containing bisphosphonates inhibit the mevalonate pathway and 
prevent post-translational prenylation of GTP-binding proteins, including Ras. J Bone Miner 
Res. 1998;13(4):581–9.  

    15.    Coleman R, et al. Safety of zoledronic acid and incidence of osteonecrosis of the jaw (ONJ) 
during adjuvant therapy in a randomised phase III trial (AZURE: BIG 01–04) for women with 
stage II/III breast cancer. Breast Cancer Res Treat. 2011;127(2):429–38.  

    16.    Kourie HR, et al. Osteonecrosis of the jaw during biyearly treatment with zoledronic acid for 
aromatase inhibitor associated bone loss in early breast cancer: a literature review. J Bone 
Oncol. 2015;4(3):77–9.  

       17.    Hadji P, et al. Cancer treatment-induced bone loss in premenopausal women: a need for thera-
peutic intervention? Cancer Treat Rev. 2012;38(6):798–806.  

   18.    Bines J, Oleske DM, Cobleigh MA. Ovarian function in premenopausal women treated with 
adjuvant chemotherapy for breast cancer. J Clin Oncol. 1996;14(5):1718–29.  

    19.    Pfeilschifter J, Diel IJ. Osteoporosis due to cancer treatment: pathogenesis and management. 
J Clin Oncol. 2000;18(7):1570–93.  

    20.    Lester J, et al. The causes and treatment of bone loss associated with carcinoma of the breast. 
Cancer Treat Rev. 2005;31(2):115–42.  

    21.    Saarto T, et al. Clodronate improves bone mineral density in post-menopausal breast cancer 
patients treated with adjuvant antioestrogens. Br J Cancer. 1997;75(4):602–5.  

    22.    Delmas PD, et al. Bisphosphonate risedronate prevents bone loss in women with artifi cial 
menopause due to chemotherapy of breast cancer: a double-blind, placebo-controlled study. 
J Clin Oncol. 1997;15(3):955–62.  

    23.    Hines SL, et al. Phase III randomized, placebo-controlled, double-blind trial of risedronate for 
the prevention of bone loss in premenopausal women undergoing chemotherapy for primary 
breast cancer. J Clin Oncol. 2009;27(7):1047–53.  

    24.    Shapiro CL, et al. Zoledronic acid preserves bone mineral density in premenopausal women 
who develop ovarian failure due to adjuvant chemotherapy: fi nal results from CALGB trial 
79809. Eur J Cancer. 2011;47(5):683–9.  

     25.    Winter MC, Coleman RE. Bisphosphonates in the adjuvant treatment of breast cancer. Clin 
Oncol. 2013;25(2):135–45.  

    26.    Francis PA, Regan MM, Fleming GF. Adjuvant ovarian suppression in premenopausal breast 
cancer. N Engl J Med. 2015;372(17):1673.  

      27.    Reid DM, et al. Guidance for the management of breast cancer treatment-induced bone loss: 
a consensus position statement from a UK Expert Group. Cancer Treat Rev. 2008;34 Suppl 
1:S3–18.  

    28.    Gnant MF, et al. Zoledronic acid prevents cancer treatment-induced bone loss in premenopausal 
women receiving adjuvant endocrine therapy for hormone-responsive breast cancer: a report 
from the Austrian Breast and Colorectal Cancer Study Group. J Clin Oncol. 2007;25(7):820–8.  

    29.    Gnant M, et al. Adjuvant endocrine therapy plus zoledronic acid in premenopausal women 
with early-stage breast cancer: 5-year follow-up of the ABCSG-12 bone-mineral density sub-
study. Lancet Oncol. 2008;9(9):840–9.  

    30.    Hadji P, et al. Effects of zoledronic acid on bone mineral density in premenopausal women 
receiving neoadjuvant or adjuvant therapies for HR+ breast cancer: the ProBONE II study. 
Osteoporosis Int J established as result of cooperation between the European Foundation for 
Osteoporosis and the National Osteoporosis Foundation of the USA. 2014;25(4):1369–78.  

    31.    Dowsett M, et al. Aromatase inhibitors versus tamoxifen in early breast cancer: patient-level 
meta-analysis of the randomised trials. Lancet. 2015;386(10001):1341–52.  

    32.    Hadji P. Aromatase inhibitor-associated bone loss in breast cancer patients is distinct from 
postmenopausal osteoporosis. Crit Rev Oncol Hematol. 2009;69(1):73–82.  

14 Bone Health



178

    33.    Eastell R, et al. Effect of anastrozole on bone mineral density: 5-year results from the anastro-
zole, tamoxifen, alone or in combination trial 18233230. J Clin Oncol. 2008;26(7):1051–7.  

    34.    Eastell R, et al. Long-term effects of anastrozole on bone mineral density: 7-year results from 
the ATAC trial. Ann Oncol. 2011;22(4):857–62.  

    35.    Coleman RE, et al. Reversal of skeletal effects of endocrine treatments in the Intergroup 
Exemestane Study. Breast Cancer Res Treat. 2010;124(1):153–61.  

     36.    Forbes JF, et al. Effect of anastrozole and tamoxifen as adjuvant treatment for early-stage 
breast cancer: 100-month analysis of the ATAC trial. Lancet Oncol. 2008;9(1):45–53.  

    37.    Rabaglio M, et al. Bone fractures among postmenopausal patients with endocrine-responsive 
early breast cancer treated with 5 years of letrozole or tamoxifen in the BIG 1–98 trial. Ann 
Oncol. 2009;20(9):1489–98.  

    38.    Brufsky A, et al. Zoledronic acid inhibits adjuvant letrozole-induced bone loss in postmeno-
pausal women with early breast cancer. J Clin Oncol. 2007;25(7):829–36.  

     39.    Brufsky AM, et al. Final 5-year results of Z-FAST trial: adjuvant zoledronic acid main-
tains bone mass in postmenopausal breast cancer patients receiving letrozole. Cancer. 
2012;118(5):1192–201.  

    40.    Bundred NJ, et al. Effective inhibition of aromatase inhibitor-associated bone loss by zole-
dronic acid in postmenopausal women with early breast cancer receiving adjuvant letrozole: 
ZO-FAST Study results. Cancer. 2008;112(5):1001–10.  

    41.    Llombart A, et al. Immediate administration of zoledronic acid reduces aromatase inhibitor- 
associated bone loss in postmenopausal women with early breast cancer: 12-month analysis of 
the E-ZO-FAST trial. Clin Breast Cancer. 2012;12(1):40–8.  

    42.    Hines SL, et al. Immediate versus delayed zoledronic acid for prevention of bone loss in 
postmenopausal women with breast cancer starting letrozole after tamoxifen-N03CC. Breast 
Cancer Res Treat. 2009;117(3):603–9.  

    43.    Hadji P, et al. Practical guidance for the management of aromatase inhibitor-associated bone 
loss. Ann Oncol. 2008;19(8):1407–16.  

    44.    Hadji P. Cancer Treatment-Induced Bone Loss in women with breast cancer. BoneKey Rep. 
2015;4:692.  

     45.    Gnant M, et al. Adjuvant denosumab in breast cancer (ABCSG-18): a multicentre, randomised, 
double-blind, placebo-controlled trial. Lancet. 2015;386(9992):433–43.  

    46.    Burch J, et al. Systematic review of the use of bone turnover markers for monitoring the 
response to osteoporosis treatment: the secondary prevention of fractures, and primary preven-
tion of fractures in high-risk groups. Health Technol Assess. 2014;18(11):1–180.  

    47.    Lipton A, Costa L, Coleman RE. Bone turnover markers: tools for prognosis and monitoring 
response to bisphosphonates? Breast Dis. 2011;33(2):59–69.  

      48.    Winter M, et al. Exploring the anti-tumour activity of bisphosphonates in early breast cancer. 
Cancer Treat Rev. 2008;34:453–75.  

    49.    Coleman R, et al. Adjuvant bisphosphonate treatment in early breast cancer: meta-analyses of 
individual patient data from randomised trials. Lancet. 2015;386(10001):1353–61.    

A. Kwan et al.



179© Springer International Publishing Switzerland 2016 
A. Ring, M. Parton (eds.), Breast Cancer Survivorship, 
DOI 10.1007/978-3-319-41858-2_15

    Chapter 15   
 Fertility                     

     Stuart     Lavery       and     Georgios     Christopoulos    

    Abstract     Treatment of early breast cancer effects ovarian function and fertility in 
pre-menopausal women. Some women now choose to delay conception to a later 
age, when potentially a diagnosis of breast cancer may occur. Although many 
women are cured of their breast cancer long term, the opportunity to have children 
has to be explored at the time of diagnosis to allow the use of potential measures to 
preserve fertility options in the future. This chapter explores the systemic effects of 
chemotherapy on ovarian function, and fertility sparing measures available to 
women. Overall, the evidence in the literature suggests that subsequent pregnancy 
does not appear to adversely effect long-term breast cancer outcomes.  

  Keywords     Fertility   •   Premature ovarian insuffi ciency (POI)   •   AMH   •   GnRH 
agonists   •   IVF   •   Cryopreservation   •   Pregnancy  

      Introduction 

 It is estimated that 5–7 % of breast cancers occur in women under the age of 40. As 
one quarter of fi rst live births occurs between the ages of 30 and 40, many women 
will be nulliparous at the time of diagnosis [ 1 ]. However less than 10 % of women 
diagnosed with invasive breast cancer less than the age of 40 will subsequently have 
children after treatment [ 1 ]. In a large survey of women with breast cancer, 29 % 
reported that fertility concerns infl uenced their treatment decisions and only 51 % 
felt that these concerns were adequately addressed by their doctors [ 2 ]. 

 The potential effect of cancer treatment on fertility and ovarian function should 
be discussed with all breast cancer patients of reproductive age. An early discussion 
will allow patients and doctors to consider and plan appropriate fertility preservation 
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treatment. Routine fertility preservation strategies, such as oocyte or embryo 
cryopreservation, usually require at least 2 weeks from the onset of  treatment. 
Consequently any cancer treatment such as chemotherapy may be delayed, 
 sometimes for more than 1 month. 

 A new diagnosis of breast cancer carries a signifi cant psychological burden. When 
women with breast cancer are asked to make important decisions regarding their 
long-term fertility at the same time, they should be offered multidisciplinary support, 
expert advice and adequate time to reach a decision. Conversely for patients that will 
not require chemotherapy, an immediate referral to fertility experts for counseling 
may overestimate the need of fertility preservation strategies, which highlights the 
complex nature of the timing and content of fertility counseling for these women. 

 The number of oocytes present in the ovaries progressively declines until the meno-
pause. The maximum number of oocytes is 6–7 million at 20 weeks of gestation in the 
female fetus. Oocytes will then decrease to approximately 1–2 million at birth. The 
number of oocytes declines further to 300,000–500,000 at puberty, 25,000 at age 37 
years and approximately 1000 at the age of 51. The fecundity of women decreases 
gradually but signifi cantly, beginning approximately at age 32 years and decreases 
more rapidly after age 37 years. This primarily refl ects a decrease in egg quality and 
quantity and is associated with a gradual increase in circulating levels of follicle-stim-
ulating hormone. Consequently the long-term postponement of pregnancy through the 
use of adjuvant tamoxifen for 10 years after the diagnosis of estrogen receptor – posi-
tive breast cancer will be associated with a signifi cant decline in natural fertility with-
out accounting for the deleterious effect of chemotherapy, which is discussed below.  

    Ovarian Insuffi ciency Induced by Chemotherapy 

 Chemotherapy agents used in breast cancer patients can cause premature ovarian 
insuffi ciency (POI). The toxic effect to the ovaries can manifest through the impair-
ment of follicular maturation, the depletion of primordial follicles, or both [ 3 ,  4 ]. 
Chemotherapy-induced gonadotoxicity resembles accelerated ovarian aging [ 3 ,  5 , 
 6 ] with depletion of ovarian follicles through follicular apoptosis and premature 
atresia and fi brosis of the ovarian cortex, which result in ovarian atrophy [ 6 ,  7 ]. 
When chemotherapy is administered in the follicular phase of the cycle, the risk of 
gonadotoxicity increases further [ 3 ,  8 ,  9 ]. Age is an important prognostic factor of 
chemotherapy-induced POI [ 8 ]. A small number of studies have reported that 
chemotherapy- induced POI occurred in 22–61 % of women aged less than 40 years 
old and 61–97 % of women over 40 years old [ 3 ,  10 ,  11 ]. 

 Alkylating agents are most commonly associated with permanent ovarian fail-
ure, partly because their action is not cell cycle-specifi c (Table  15.1 ). Consequently 
both resting and growing primordial follicles can be affected [ 4 ,  12 ]. On the other 
hand chemotherpautic agents, such as methotrexate, 5-fl uorouracil and bleomycin 
are cell-cycle-specifi c and demonstrate only mild or no gonadotoxicity. Adriamycin 
and cisplatin can modestly affect gonadal function. The impact of taxanes on 
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chemotherapy- induced POI remains controversial. When taxanes are added to stan-
dard chemotherapy, the risk of POI appears to increase [ 13 – 18 ]. This additional risk 
of POI associated with taxanes is transient, being limited to 12 months following the 
end of chemotherapy, although the data suggest polychemotherapy schedules 
increase amenorrhea. Most oncologists select schedules according to breast cancer 
risk and no particular schedule is deemed low risk for fertility purposes alone.

       The Use of GnRH Agonists During Chemotherapy 
to Reduce POI 

 The protective role of GnRH agonists against the gonadotoxic effect of chemo-
therapy until recently remained controversial. In a randomized trial by Del Mastro 
et al. [ 19 ], premenopausal women with stage I through III breast cancer, who were 
candidates for adjuvant or neoadjuvant chemotherapy, were randomized to receive 
chemotherapy alone or combined with triptorelin. Triptorelin was administered 
intramuscularly at a dose of 3.75 mg at least 1 week before the start of chemother-
apy and then every 4 weeks for the duration of chemotherapy. Twelve months after 
the last cycle of chemotherapy the rate of early menopause was 25.9 % in the 

   Table 15.1    Estimated risk of premature ovarian insuffi ciency resulting from adjuvant 
chemotherapy treatment for early breast cancer   

 Single drug  Adjuvant regimens 

 Higher risk (>80 %)  Cyclophosphamide 
 Ifosfamide 
 Chlorambucil 
 Melphalan, busulfan  CMF, FEC, FAC  ×  6 cycles in women 

aged ≥40 years 
 Nitrogen mustard 
 Procarbazine thiotepa 

 Intermediate risk  Cisplatin  CMF, FEC, FAC  ×  6 cycles in women 
aged 30–39 years 

 Carboplatin 
 Adriamycin 

 AC, EC  ×  4 in women aged ≥40 years 

 Taxanes  Taxane-containing combinations 
 Lower risk (<20 %)  Bleomycin 

 Dactinomycin 
 Vincristine  CMF, FEC, FAC  ×  6 cycles in women 

aged <30 years 
 Vinblastine 
 Methotrexate 
 Mercaptopurine  AC, EC  ×  4 in women aged <40 years 
 5-Fluorouracil 

 To be determined  Trastuzumab, bevacizumab 
 Lapatinib 
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chemotherapy-alone group and 8.9 % in the chemotherapy plus triptorelin group 
(P < .001). Moore et al. [ 20 ] randomized 257 premenopausal women with operable 
hormone-receptor–negative breast cancer to receive standard chemotherapy with 
the GnRH agonist goserelin or standard chemotherapy without goserelin. The pri-
mary end point was the rate of ovarian failure at 2 years. For 135 women with com-
plete primary end-point data, the ovarian failure rate was 8 % in the goserelin group 
and 22 % in the chemotherapy-alone group. In a meta-analysis of 12 randomized 
studies including 1231 patients, Lambertini et al. [ 21 ] reported that GnRH agonist 
co-treatment was associated with a signifi cant reduced risk of premature ovarian 
failure (OR 0.36, 95 % CI 0.23–0.57; P < 0.001) and seemed to increase pregnancy 
rates, without an apparent negative consequence on prognosis.  

    Assessment of Ovarian Reserve 

 Fertility preservation strategies should be patient-tailored, since the effect of che-
motherapy and the response of fertility treatment depend on the age and ovarian 
reserve of each patient. Ovarian reserve is a term used to describe the ovarian repro-
ductive potential based on the number and the quality of the available oocytes. 
Previous ovarian surgery, smoking and a family history of premature menopause are 
factors, which may further affect the ovarian reserve of breast cancer patients. The 
use of ovarian reserve markers such as serum AMH is also useful in the evaluation 
of chemotherapy-induced gonadotoxicity and can be used as a tool for the compari-
son of gonadotoxicity of various chemotherapy protocols. 

 Ovarian reserve can be assessed by serum hormonal markers and ultrasound 
evaluation of the antral follicle count (AFC). Serum anti-mullerian hormone 
(AMH) constitutes the most accurate serum marker of ovarian reserve [ 22 – 24 ]. 
AMH is a dimeric glycoprotein, which is produced by granulosa cells from pre-
antral and antral follicles. Unlike follicle-stimulating hormone (FSH) and 17-beta 
estradiol levels, serum AMH levels remain stable throughout the menstrual cycle, 
which allows clinicians to assess the ovarian reserve of patients at the time of pre-
sentation. AMH levels decline with age and become undetectable in postmeno-
pausal women. 

 Antral follicles are ovarian follicles during a certain stage of folliculogenesis, 
during which a fl uid-fi lled antrum forms adjacent to the oocyte. The assessment of 
the AFC is based on the number of follicles measuring 2–10 mm in diameter identi-
fi ed by transvaginal ultrasound examination. AFC is strongly related to serum AMH 
levels because the hormone is actually produced by antral follicles. A major 
improvement in ultrasound technology has been the use of three-dimensional, auto-
mated follicular assessment, which can decrease the intra- and inter-observer vari-
ability in the assessment of the size and number of ovarian follicles. 

 Cut-off levels of serum AMH levels for poor ovarian response vary signifi cantly 
in the published literature to date. Nelson et al. [ 22 ] found a cut-off level of 5 pmol/l 
(0.7 ng/ml) (DSL assay) to be associated with a sensitivity of 75 % and specifi city 
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of 91 %. Al-Azemi et al. [ 23 ] found an AMH value of 9.7 pmol/l (1.36 ng/ml) 
(IBC assay) to be associated with 75.5 % sensitivity and 74.8 % specifi city. 

 Similarly there is considerable variability in AFC cut-off levels for the prediction 
of poor ovarian response. AFC cut-off values vary between an AFC < 3 [ 24 ] and <12 
[ 25 ]. In clinical practice the most commonly used cut-off values of AFC for predic-
tion of poor response range between <5 and <7 [ 26 ,  27 ].  

    Reproductive Procedures to Preserve Fertility 

    In Vitro Fertilization 

  I VF treatment consists of sequential steps, which occur continuously during a sin-
gle menstrual cycle: 

  Controlled ovarian stimulation . Exogenous hormones are administered to the 
patients to stimulate the ovaries such that multiple follicles containing oocytes 
develop simultaneously. Conversely during a physiological menstrual cycle, the 
ovaries typically produce only one follicle containing one oocyte.

•     Preventing a premature LH surge . A premature surge of luteinizing hormone 
(LH) could lead to premature ovulation and to a decrease in the number of eggs, 
which could then be retrieved. The use of GnRH analogs during the phase of 
stimulation of the ovaries can prevent the LH surge through reversible blockade 
of the pituitary GnRH receptors.  

•    Triggering oocyte maturation.  In order for oocytes to become mature and gain 
the competence for fertilization by sperm, LH exposure is required. This can be 
achieved through the bolus administration of pharmacological agents such as 
hCG, which simulates the effects of the natural mid-cycle LH surge.  

•    Oocyte retrieval . The oocytes are usually retrieved from the ovaries in an outpa-
tient setting 36–38 h after the administration of the oocyte maturation trigger. 
The operating doctor passes a needle through the vaginal wall under ultrasound 
guidance and aspirates the fl uid from the follicles to retrieve the egg.  

•    In vitro fertilization . The collected oocytes are then placed adjacent to sperm in 
laboratory petri dish for in vitro fertilization (IVF). Alternatively the embryolo-
gist may perform a procedure called intracytoplasmic sperm injection (ICSI), 
during which a single spermatozoon is injected directly into the oocyte for 
fertilization.    

    Controlled Ovarian Stimulation Protocols 

 The aim of the initial phase of IVF treatment is to promote multi-follicular growth 
through pharmacological ovarian stimulation. To achieve this, human menopausal 
gonadotrophins (hMGs) or recombinant FSH (rFSH) are used. GnRH antagonists 
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are also administered during the phase of ovarian stimulation for the prevention of 
a premature LH surge during IVF treatment. The main advantage of using GnRH 
antagonists to prevent premature LH surge is the rapidity of onset of action and the 
rapidity of offset, due to the fact that they are competitive antagonists and can there-
fore be displaced from the receptor by a GnRH agonist. The use of GnRH antago-
nists thus allows for the use of a GnRH agonist to trigger oocyte maturation. The 
GnRH antagonist (ganirelix or cetrorelix) is administered in daily 0.25 mg doses, 
from the 6th day of controlled ovarian stimulation onwards [ 28 ]. A further variation 
was introduced to reduce the required number of GnRH antagonist doses by the use 
of fl exible protocols. In a fl exible protocol, the GnRH antagonist is commenced 
when the largest ovarian follicles reach a size >14–16 mm in mean diameter. 

 A prerequisite for the GnRH antagonist protocol to commence is the occurrence 
of spontaneous menses, as the phase of controlled ovarian stimulation generally 
commences on day 2 of the menstrual cycle. This may not always be advisable, 
however, as the urgency to commence chemotherapy may not allow for further 
delay in the treatment. For this reason random-start ovarian stimulation protocols 
have been introduced. With random-start protocols, ovarian stimulation can start in 
the late follicular phase or the luteal phase following the physiological LH surge or 
after the induction of ovulation with hCG or a GnRH agonist. Random-start ovarian 
stimulation protocols appear to be effective as conventional-start protocols in the 
early follicular phase. Random-start protocols can therefore decrease the duration 
of the IVF cycle, without compromising the number of oocytes collected before 
cancer treatment can commence [ 29 ].  

    Oocyte Maturation Triggers 

 During a natural cycle, the mid-cycle surge of pituitary LH secretion induces ovula-
tion. Exogenous hCG (at doses of 5000–10,000 IU) has been successfully intro-
duced to simulate the natural LH surge and lead to oocyte maturation. When three 
follicles reach at least 18 mm in diameter, hCG is administered to induce oocyte 
maturation. Transvaginal egg retrieval is performed approximately 36–37 h after 
hCG injection, and retrieved oocytes can be fertilized by intracytoplasmic sperm 
injection (ICSI). hCG has a signifi cantly longer half-life and will provide support to 
the multiple corpora lutea for 7–10 days, after which time hCG is cleared from cir-
culation [ 30 ,  31 ], allowing time for egg retrieval However, the longer half-life of 
hCG in comparison to endogenous LH also results in a prolonged luteotrophic 
effect and an increased risk of ovarian hyperstimulation syndrome [ 32 ]. As a result 
alternative trigger agents have been investigated and developed because of this com-
plication associated with the use of hCG. 

 Such an alternative are GnRH agonists, which can also promote oocyte matura-
tion by inducing a surge in gonadotrophin secretion (fl are-up effect), similar to the 
surge that occurs in the physiological cycle [ 33 ,  34 ]. The GnRH agonist-induced 
LH surge consists of two phases; a short ascending phase lasting >4 h and a long 
descending phase lasting >20 h and has a total duration between 24 and 36 h [ 34 ]. 
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In breast  cancer patients undergoing fertility preservation treatment, the use of a 
GnRH  agonist oocyte maturation trigger has been associated with higher oocyte mat-
uration and fertilization rates, increased numbers of available cryopreserved embryos 
and signifi cantly decreased rates of ovarian hyperstimulation syndrome [ 35 ,  36 ].  

    The Use of Aromatase Inhibitors: A Clinical Conundrum 

 A signifi cant concern of patients and doctors is the potential effect that elevated 
serum estradiol concentrations can exert on cancer cell proliferation in estrogen 
sensitive breast cancer during IVF treatment. Letrozole is the most widely used 
aromatase inhibitor during fertility preservation treatment [ 37 ,  38 ]. Letrozole can 
selectively inhibit aromatization and decrease the serum levels of estradiol, estrone 
and estrone sulfate during the phase of ovarian stimulation. Furthermore, the ele-
vated intrafollicular androgen levels, which result from the diminished aromatase 
activity, can increase follicular sensitivity to exogenous FSH stimulation [ 39 ,  40 ]. 

 Unlike letrozole, anastrozole only exerts minimal suppression on estradiol con-
centrations during ovarian stimulation [ 38 ]. Consequently, breast cancer patients 
undergoing ovarian stimulation with anastrozole showed signifi cantly higher serum 
estradiol levels than patients using letrozole. Combining gonadotrophins with aro-
matase inhibitors would augment the stimulation effect of these drugs, with a lower 
increase in serum concentrations of estradiol. 

 To date there are no randomized controlled trials studying the safety of fertility 
preservation regimens in breast cancer patients, particularly focusing on the use of 
aromatase inhibitors. The ethical considerations behind such studies would be con-
siderable. In a prospective non-randomized trial of breast cancer patients having 
fertility preservation treatment prior to chemotherapy [ 41 ], women underwent ovar-
ian stimulation cycles either with tamoxifen 60 mg/day alone or in combination 
with low-dose FSH or letrozole 5 mg in combination with FSH. Patients treated 
with FSH and tamoxifen or FSH and letrozole had signifi cantly greater numbers of 
follicles, mature oocytes and embryos compared to patients treated with tamoxifen 
alone. Peak estradiol concentrations were lower in patients treated with letrozole 
and FSH. Recurrence rates after a mean follow-up of 554 ± 31 days was similar 
between IVF and control patients, and this was not affected by cancer stage. Notably 
there was no recurrence in the letrozole IVF group. 

 In a retrospective study of breast cancer patients by the same authors [ 42 ] the 
effi cacy of aromatase inhibitors plus FSH in breast cancer patients was compared 
with a routine IVF protocol in age-matched controls without cancer. Total oocytes, 
mature oocytes, fertilization rate, the number of embryos and length of stimulation 
were similar between the two groups. Peak estradiol concentrations were signifi -
cantly lower in the letrozole plus FSH group. Finally in a prospective, cohort study 
of breast cancer patients undergoing ovarian stimulation with FSH and letrozole or 
no stimulation before adjuvant chemotherapy, Azim et al. (2008) [ 43 ] reported no 
statistically signifi cant survival difference between the two groups after a median 
follow-up of 23 months for the study group and 33 months for the control group. 
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 The oocytes collected after the phase of ovarian stimulation can undergo 
 fertilization with intracytoplasmic sperm injection (ICSI) and the resulting embryos 
can then be cryopreserved. Alternatively oocyte cryopreservation is an option for 
women who do not have a partner and do not want to use donor sperm.   

    Cryopreservation of Oocytes 

 Since the fi rst live birth from cryopreserved oocytes was reported in 1986, more 
than 900 healthy babies have been born worldwide [ 44 ]. Current live birth rates 
from series of frozen oocytes compare well to live birth rates in frozen embryo 
replacement cycles. Importantly there is no increase in the risk of congenital anom-
alies compared with national statistics for spontaneous conceptions as reported by 
the Center for Disease Control [ 44 ]. 

 Human oocytes can be cryopreserved at the metaphase II stage by the slow freez-
ing method or by vitrifi cation. Oocyte cryopreservation remains challenging because 
the metaphase II stage, mature oocytes are very sensitive to temperature changes. 
The use of cryoprotectants and the formation of intracellular ice during a freeze- 
thaw procedure can potentially lead to depolymerization of the meiotic spindle 
[ 45 ,  46 ]. 

 The method of vitrifi cation, which is a form of ultra-rapid cooling, utilizes high 
concentrations of the cryoprotectant, which becomes an extremely viscous fl uid 
without the formation of intracellular ice crystals. Vitrifi cation can potentially 
increase oocyte survival and minimize damage to the meiotic spindle. In a prospec-
tive, randomized trial of patients undergoing oocyte cryopreservation, Smith et al. 
[ 47 ] reported that embryos resulting from vitrifi ed oocytes had better clinical preg-
nancy rates compared with embryos resulting from slow-rate frozen oocytes (38 % 
vs 13 %). 

 Cryopreservation of immature oocytes germinal vesicle (GV) stage has been 
considered as an alternative for breast cancer patients, since it does not require a full 
ovarian stimulation cycle. Unfortunately the cryopreservation of immature oocytes 
at the GV stage has not been associated with favorable outcomes. It appears that 
immature oocytes are also vulnerable to cryoinjury resulting in a decreased capacity 
for maturation and fertilization.  

    Cryopreservation of Ovarian Tissue 

 Ovarian tissue cryopreservation could have the potential to become a primary option 
for fertility preservation in breast cancer patients, particularly in patients with rapid 
disease progression or patients who do not wish to undergo ovarian stimulation in 
the future. The ovarian cortex is endowed with a large number of primordial folli-
cles, which can be harvested by laparoscopy. The ovarian, cortical tissue obtained 
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can then be cryopreserved in the form of thin slices. Initial results of xenografting 
frozen-thawed human ovarian tissue in animals showed encouraging results as 
50–80 % of follicles survived the procedure [ 48 ]. The fi rst livebirth after transplan-
tation of cryopreserved ovarian tissue [ 49 ] was reported in 2004. Since then at least 
13 babies have been born worldwide after transplantation of ovarian tissue. 

 The autotransplantation of frozen-thawed ovarian tissue can be orthotopic or het-
erotopic. During orthotopic autotransplantation, the ovarian tissue is transplanted 
on the remaining ovary or beneath the peritoneum of the ovarian fossa. Heterotopic 
autotransplantation has been performed to the subcutaneous tissue of the forearm 
[ 50 ], beneath the rectus sheath [ 50 ,  51 ] and the breast [ 50 ]. Although heterotopic 
sites are more practical because of the short lifespan of the frozen-thawed ovarian 
grafts, only orthotopic transplantation can potentially lead to a natural conception. 

 The main safety concern behind this promising fertility preservation technique 
refers to the risk of reintroduction of ovarian tissue with occult metastases in patients 
with breast cancer. Ovarian metastases are generally rare in breast cancer patients 
and they are more commonly associated with invasive lobular carcinomas. We need 
to acknowledge that the current experience of ovarian tissue transplantation in can-
cer patients remains limited. However, to date no case of cancer cell introduction 
has been reported with ovarian autotransplantation in such patients with breast can-
cer, Hodgkin’s and non-Hodgkin’s lymphoma and Ewing sarcoma.   

    Pregnancy After Breast Cancer 

 Women aiming for a pregnancy after breast cancer treatment should consult their 
medical oncologist, breast surgeon and obstetrician. Patients on tamoxifen are gen-
erally advised to stop this treatment for 3 months before trying to conceive in view 
of the long half-life of this agent. Animal studies have confi rmed the potential tera-
togenic effects of tamoxifen on the fetus. In the mouse and rat models, epithelial 
changes similar to those seen after administration of diethylstilbestrol (DES) have 
been observed. Vaginal adenosis, in particular, has been reported, which is compa-
rable with the condition observed in young women exposed to DES in utero. 

 Women are normally advised to restart tamoxifen after pregnancy (and thus limit 
the duration of breast feeding) so that the duration of recommended endocrine treat-
ment is completed, albeit 5 years or more recently 10 years. In the worldwide 
Adjuvant Tamoxifen: Longer Against Shorter (ATLAS) trial [ 52 ], 12,894 women 
with early breast cancer who had completed 5 years of treatment with tamoxifen 
were randomized to continue tamoxifen to 10 years or stop at 5 years. For women 
with ER-positive disease, the continuation of tamoxifen administration was associ-
ated with a reduced risk of recurrence (p = 0·002), reduced breast cancer mortality 
(p = 0·01), and reduced overall mortality (p = 0·01). 

 Women should wait at least 7 months after administration of HER2 targeted 
agents such as trastuzumab due to the reported risk of oligohydramnios [ 53 ] and 
longer if pertuzumab has been used in the neoadjuvant setting. 
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 It has been typical practice to advise delaying pregnancy for at least 2 years after 
a diagnosis of breast cancer for a number of reasons. This delay could theoreti-
cally decrease potential risks to the fetus from exposure to chemotherapy, which 
could have possible, mutagenic effects on oocytes. For women with endocrine sen-
sitive breast cancer, 2 years of tamoxifen signifi cantly reduces breast cancer risk. 
On the other hand, this also provides some increased reassurance for women that 
their breast cancer has not relapsed and that the possibility of long term remission 
is possible. 

 The majority of pregnancies after breast cancer treatment will proceed to live 
birth. In a series of 465 breast cancer survivors who became pregnant after treat-
ment [ 54 ], 51 % had a live birth at term, 8 % had a spontaneous miscarriage and 
41 % of women proceeded to terminate the pregnancy. Reports on pregnancy out-
comes after completion of breast cancer treatment remain confl icting. A large study 
from the Danish registry reported no increase in congenital anomalies, the incidence 
of stillbirth, low birth weight or preterm birth [ 55 ]. Conversely the Swedish registry 
data [ 56 ] showed an increased risk of malformations (OR 2.1, 95 % CI 1.2–3.7), 
birth before 32 weeks of gestation (OR 3.2, 95 % CI 1.7–6.0) and birth weight below 
1500 g (OR 2.9, 95 % CI 1.4–5.8). 

 Evidence from epidemiological studies suggests that pregnancy after breast can-
cer does not have an adverse effect to breast cancer outcomes, regardless of the 
endocrine sensitivity of the diagnosed tumor. The “healthy mother effect” con-
founded many of these retrospective studies (i.e. only those who were very fi t and 
well went on to become pregnant). However, in a large meta-analysis [ 57 ] of 14 
studies in which 1244 cases of pregnancy after breast cancer were compared to 
18,145 controls, no signifi cant differences in survival were found. Hence, it appears 
safe and possible for many women to consider pregnancy and a family after a diag-
nosis of early breast cancer.     
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    Chapter 16   
 Cardiotoxicity in Breast Cancer Survivors                     

     Nilesh     Pareek      ,     Susannah     Stanway     ,     Anna     M.     Kirby     , and     Alexander     Lyon    

    Abstract     Breast cancer is the most common cancer in females globally and, with 
earlier detection and improvements in treatment, increasing numbers of women are 
surviving and living free of disease for many decades. However, several breast can-
cer treatment modalities are associated with a signifi cant risk of toxicity to the heart 
both at the time of treatment and many years afterwards. This chapter will discuss 
the risks, pathogenesis, diagnosis and treatment of cardiotoxicity secondary to 
Anthracyclines, Trastuzumab and radiotherapy, in breast cancer patients. Approaches 
to risk stratifi cation, surveillance, prevention and treatment of cardiotoxicity in 
these patients will also be discussed.  

  Keywords     Breast cancer   •   Cardiotoxicity   •   Anthracyclines   •   Trastuzumab   •   Heart 
Failure  

      Background 

 Breast cancer is the most prevalent cancer in females globally and with improved 
modern treatment programs, increasing numbers of patients are surviving free of 
recurrence or living with the disease [ 1 – 4 ]. Pharmacological treatments for breast 
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cancer have diversifi ed over the past 20 years and whilst these have improved  survival, 
several have been associated with signifi cant cardiovascular toxicity. The three main 
cardiotoxic therapies used in the management of early breast cancer are anthracy-
clines, anti-HER2 therapies and radiotherapy; and the toxicity of these treatments is 
synergistic [ 5 ]. A further treatment which may infl uence long-term cardiovascular 
risk is the use of endocrine therapy, though the risk is less well established [ 6 ,  7 ]. 

 The risk from these therapies is compounded by the fact that breast cancer is 
most commonly diagnosed in the over 65 year age group [ 8 ], who have a higher rate 
of cardiovascular co-morbidities and are more predisposed to treatment related tox-
icities [ 9 ]. It is important to recognize that 9–10 years after a breast cancer diagno-
sis, cardiovascular causes for death overtake those from the cancer in the survivors 
[ 10 ]. This may be a refl ection of a higher prevalence of cardiac co-morbidities, the 
impact of cardiotoxicity of some treatments, and also the increasing age of the 
breast cancer population.  

    Cardiac Complications of Radiotherapy 

    Risks of Radiation-Induced Heart Disease (RIHD) 

 The Early Breast Cancer Trialists’ Collaborative Group (EBCTCG) meta-analysis 
of randomized studies testing the benefi ts of adding radiotherapy to breast conserva-
tion surgery, demonstrated that breast radiotherapy halves the risk of local breast 
cancer recurrence, and reduces breast cancer mortality by around 5 % at 15 years 
[ 11 ]. However, this meta-analysis also demonstrates that the use of radiotherapy is 
associated with a 1 % increase in non-breast-cancer-related deaths, 90 % of which 
are cardiovascular in origin [ 11 ]. 

 Radiotherapy techniques have improved since the women in these studies were 
treated, leading to lower radiation doses to the heart, and correlating with reductions 
in mortality from cardiovascular disease [ 12 ,  13 ]. However, even using modern 
breast radiotherapy techniques, mean doses to the heart have been measured at 
around 2Gy [ 14 ]. A recent population-based case–control study of major coronary 
events (death from ischaemic heart disease, myocardial infarction, and/or coronary 
revascularization procedures) in women treated between 1958 and 2001 revealed 
two important fi ndings. The fi rst was that the mean radiation dose to the heart is 
linearly related to the risk of major coronary events and, secondly, that there is no 
threshold mean heart dose below which a woman is at  no  risk of radiation-induced 
heart disease [ 15 ]. 

 RIHD develops 5–30 years after the delivery of radiotherapy [ 15 ]. Risk factors 
for RIHD in breast cancer patients include treatment of left breast cancer, prior 
history of coronary artery disease, other circulatory diseases, diabetes mellitus, 
chronic obstructive pulmonary disease, smoking history, high body-mass index, and 
a  history of regular analgesic use [ 15 ].  
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    Pathogenesis of Radiation-Induced Heart Disease (RIHD) 

 Irradiation of segments of coronary arteries is thought to be atherogenic [ 16 ]. The 
left anterior descending coronary artery (LAD) is the cardiac structure most proxi-
mal to the chest wall and therefore most likely to be encompassed in a breast or 
chest-wall radiotherapy fi eld [ 13 ,  17 ]. Radiation-induced atherosclerosis in the 
LAD is thought to be a major contributor to the increase in cardiac mortality after 
radiotherapy for breast cancer [ 18 ]. A study using myocardial perfusion imaging to 
assess coronary artery damage found that left-sided tangential breast radiotherapy 
was associated with quantifi able perfusion defi cits which, in around one third of 
cases, correlated with later development of ischaemic symptoms [ 19 ]. Single pho-
ton emission computerized tomography (SPECT) myocardial perfusion imaging 
has demonstrated more perfusion defi cits in left- as opposed to right-breast irradi-
ated patients up to 5 years following radiotherapy [ 20 ]. A signifi cantly higher preva-
lence of cardiac stress test abnormalities has also been demonstrated amongst 
left- versus right-side-irradiated patients, with 70 % of abnormalities in left-side- 
irradiated patients being found in the LAD [ 21 ]. Furthermore, a study of thirteen 
left-sided irradiated patients who had undergone coronary angiography, found that 
12/13 had coronary stenoses, eight of which were solely in the LAD [ 22 ]. The same 
authors found, in symptomatic left-side-irradiated patients, a higher than expected 
incidence of late cardiac diagnostic test abnormalities (myocardial perfusion imag-
ing and echocardiograms), the majority of which were again localizable to the LAD. 

 Coronary artery disease alone however may not fully explain the increased risk of 
other types of RIHD including congestive cardiac failure and valvular abnormalities 
[ 12 ,  23 ]. The location and characteristics of perfusion defi cits in one study [ 20 ], sug-
gests that defi cits are likely to be due to a combination of macrovascular and micro-
vascular effects, the latter occurring as a result of the direct effects of radiation on 
endothelial cells of myocardial capillaries, causing capillary swelling and progressive 
obstruction of the vessel lumen, and leading to pericardial and myocardial fi brosis. A 
prospective SPECT study following conventional tangential-beam breast RT found 
localized myocardial perfusion defects compatible with transmural microvascular 
damage, resulting in segmental wall motion abnormalities [ 24 ]. Although a high per-
centage of perfusion defects persisted at 3–6 years, no reduction in ejection fraction 
was found and follow-up continues to determine their clinical signifi cance [ 25 ].  

    Methods for Reducing Risks of RIHD 

 For most women undergoing radiotherapy for breast cancer, the risk of RIHD from 
modern radiotherapy techniques is very low and is outweighed by the benefi ts [ 26 ]. 
However, since the numbers of patients living for many decades after breast cancer 
treatment is increasing [ 3 ], the potential population benefi ts from reducing radiation 
doses to the heart, even by a small amount are substantial 
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 Simple methods of minimizing heart dose include optimization of tangential 
beam angles and the use of multileaf collimator lead shielding. However, where 
disease was present in the lower aspect of the breast, these methods are less suitable 
as they may compromise the radiation dose to the tumor bed. 

 Deep breath-holding techniques move the heart medially, inferiorly and posteri-
orly away from the chest wall and have been shown to halve radiation exposure to 
the heart [ 27 – 30 ], as well as being simple to deliver [ 30 ]. 

 Prone positioning (in which patients are treated lying on their fronts rather than 
on their backs) can reduce doses to the heart particularly in women with larger 
breasts [ 31 ] in whom breast tissue falls away from the chest wall under gravity. 
However, the position can be diffi cult to reproduce on a daily basis [ 30 ] and recent 
work suggests that the heart-sparing effects are comparable to those of breath-hold 
even in larger-breasted women [ 30 ]. 

 Intensity-modulated radiotherapy (IMRT) techniques including arc therapies can 
reduce high-dose irradiation of the heart but may also increase the volume of normal 
tissues irradiated to lower doses such that may need to be combined with breath- 
holding techniques in order to reduce the mean heart dose [ 32 ]. 

 Proton beam therapy (PBT) is not yet widely available in the UK but can reduce the 
mean heart dose in women undergoing locoregional lymph node irradiation including 
the internal mammary chain [ 33 ]. It is not yet clear whether or not PBT offers signifi -
cant advantages over simpler techniques such as breath-hold. There are also concerns 
about reports of increased rates of skin telangiectasia and pigmentation [ 34 ]. The use 
of radiation should be tailored carefully to the patient’s individualized risk. While 
many patients obtain benefi t from radiotherapy, omission of radiotherapy in patients 
with low risk breast cancer and risk factors for RIHD may be considered [ 35 ].  

    Surveillance of Patients Receiving Left Breast and Chest Wall 
Radiotherapy 

 No specifi c guidelines currently exist for cardiac screening for breast cancer patients 
who have received previous breast or chest wall radiotherapy. Prior left breast radio-
therapy should be considered a risk factor for coronary artery disease that should be 
managed in a routine manner, particularly at longer follow-ups (level of evidence 
Class III, B).   

    Anthracycline Induced Cardiotoxicity (AIC) 

 The role of anthracyclines in the treatment of breast cancer is well-established [ 36 , 
 37 ]. For the most part, the benefi ts in terms of disease outcomes outweigh the risks, 
but the risk of myocardial toxicity is an important potential sequelae in breast  cancer 
survivors. 
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 The most commonly used anthracyclines in the adjuvant and neo-adjuvant 
 treatment of early breast cancer are Doxorubicin (total cumulative dose 240–
300 mg/m 2 ) and Epirubicin (total cumulative dose 240–450 mg/m 2 ). The risk of 
myocardial toxicity from Doxorubicin is dose dependent although there are con-
fl icting data on the levels at which this becomes signifi cant. Initially, studies sug-
gested a risk of 3 %, 7 % and 18 % of developing clinical heart failure at doses of 
400 mg/m 2 ,500 mg/m 2  and 700 mg/m 2  respectively [ 9 ,  38 ]. However these rates 
refl ect a range of malignancies and often in the metastatic setting, whereby long-
term cardiotoxicity data was not available. These doses are much higher than the 
total cumulative doses currently used in adjuvant and neo-adjuvant protocols in the 
treatment of early breast cancer, but the rates of reported AIC remain high in real 
world registries [ 39 ]. A standard dose–response is exhibited but the curve is shifted 
depending on the presence of other risk factors and in particular age and prior 
exposure to radiotherapy. Although, histopathological changes have been reported 
in patients receiving as little as 200 mg/m 2  [ 40 ], cumulative doses of doxorubicin 
in clinical practice are usually limited to 450 mg/m 2 , and rarely exceed 300 mg/m 2  
in women receiving treatment for early breast cancer. 

 Epirubicin is also routinely used in the treatment of early breast cancer (the 
anthracycline component of “FEC” chemotherapy [ 41 ]). Epirubicin displays a simi-
lar dose dependent toxicity to Doxorubicin with a cumulative risk of developing 
clinical cardiac failure of 4 % at 600 mg/m 2 , 9 % at doses of 800 mg/m 2  and 15 % at 
1000 mg/m 2  [ 42 ]. Epirubicin is a less potent agent than Doxorubicin per milligram, 
but there is no evidence that Epirubicin is less cardiotoxic at equivalent doses [ 42 ]. 

 Pre-existing cardiac disease, including prior left ventricular impairment, prior 
myocardial infarction or known cardiomyopathy identify the highest risk patients. 
Classical cardiovascular risk factors, including hypertension, diabetes mellitus, 
obesity and age are also important risk factors for the development of AIC [ 43 ]. 
They are all continuous variables and the absolute impact of each requires further 
studies. Other important and relevant risk factors are ethnicity, previous chest radio-
therapy and concomitant use of Trastuzumab [ 39 ,  43 ]. 

    Pathogenesis of Anthracycline Induced Cardiotoxicity 

 Anthracyclines are cell cycle non-specifi c chemotherapy agents which act via sev-
eral mechanisms, including inhibition of DNA transcription and RNA replication, 
inhibition of Topoisomerase II and free radical generation leading to DNA damage 
and DNA alkylation [ 44 ]. 

 Two main models predominate to explain the mechanisms of AIC [ 45 ]. 
 The fi rst “off-target toxicity” is the production of reactive oxygen species by 

the formation of complexes between Anthracyclines and iron leading to direct 
electron exchange with oxygen molecules [ 46 ]. This oxidative stress has multiple 
toxic effects but, in particular, on mitochondrial signaling pathways mediating cell 
fate. The heart is particularly sensitive to this toxicity owing to presence of 
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 thousands of mitochondria in each myocytes [ 47 ]. Nonetheless, strategies employ-
ing  anti- oxidants to prevent AIC have been disappointing [ 46 ]. 

 The second pertains to the “on-target toxicity” of Anthracyclines on the 
Topoisomerase (Top) 2b enzyme. While the Top2a enzyme is expressed exclusively 
on cancer cells, Top2b enzymes are expressed in cardiac myocytes. Anthracyclines 
cause Top2b mediated DNA damage, mitochondrial dysfunction and generation of 
reactive oxygen species [ 48 ]. Mouse knockout models of Top2b are protected from 
developing AIC [ 49 ].  

    Clinical Manifestations 

 AIC is classically described as permanent, exhibits a dose response and is irrevers-
ible [ 50 ]. However, there is evidence that with early detection more functional 
recovery is possible [ 51 ]. Early and Late AIC are classifi ed as occurring within or 
after 1 year of treatment. Peak incidence of clinical cardiac events occurs at 1 year 
though the rate of late cardiotoxicity is unknown owing to a lack of large long-term 
follow-up studies [ 52 ,  53 ]. 

 Early acute AIC presents with acute heart failure, ECG changes or arrhythmia. It 
is rare during treatment cycles in low risk patients [ 9 ,  53 ,  54 ]. Chronic AIC is the 
most common manifestation, usually with symptomatic congestive heart failure 
(CHF) and commonly occurs within the fi rst 12 months of treatment but has been 
shown in survivors of pediatric cancer treated with Anthracyclines to occur up to 20 
years after administration [ 55 ].   

    Cardiac Complications of Anti-HER2 Therapy 

 Human epidermal growth factor receptor-2 (HER-2 or ErbB2) is expressed in 
10–15 % of breast cancer cases and is associated with a more aggressive clinical 
course, poor response to therapy and reduced survival [ 56 – 58 ]. The advent of 
HER-2 directed therapies, including Trastuzumab (Herceptin®), Pertuzumab, 
which are recombinant, humanized monoclonal antibodies and Lapatinib (a small 
molecule Tyrosine Kinase Inhibitor) that, to differing extents, inhibit HER-2 medi-
ated pathways, have signifi cantly improved outcomes for patients with HER-2 posi-
tive early and metastatic breast cancer [ 59 – 62 ]. 

 The cardiotoxicity of Trastuzumab was fi rst identifi ed in a pivotal trial in meta-
static breast cancer, where Trastuzumab was associated with a signifi cantly higher 
rate of CHF (~20 %) and Trastuzumab-induced cardiotoxicity [ 63 ]. Delaying 
trastuzumab until after Anthracycline treatment has been completed has signifi -
cantly reduced rates in the subsequent adjuvant and neoadjuvant trials [ 61 ,  62 ]. 
Clinical rates of heart failure range from 1 to 16 % for symptomatic (NYHA class 
III or IV) CHF in the early studies when Trastuzumab was given concurrently with 
Anthracyclines [ 63 ], but the majority of contemporary clinical trials report lower 

N. Pareek et al.



199

rates (1–3 %) [ 61 ,  62 ]. However, surveillance strategies have detected earlier asymp-
tomatic reductions in LVEF from 14 to 28 % when Trastuzumab was added to stan-
dard anthracycline based regimes [ 61 – 63 ]. Real world studies have suggested that 
rates of Trastuzumab-induced cardiotoxicity are higher, reaching 44 % of treated 
patients in one large study, but these are based on ICD-10 coding which may refl ect 
asymptomatic LVEF reductions rather than clinical CHF [ 64 ]. The higher rates are 
likely to refl ect older age, a higher rate of prior cardiovascular disease and secondary 
malignancies in the real world cohort than in clinical trials [ 64 ]. 

 In addition to pre-existing heart disease, age and recent or previous Anthracycline 
treatment are the most important risk factors. Anthracycline treatment doubles rates 
of Trastuzumab cardiotoxicity at 5 years follow-up [ 39 ,  64 ,  65 ]. The impact of other 
cardiovascular risk factors including smoking, obesity and hypertension remain to 
be determined. 

    Pathogenesis of Cardiotoxicity Associated with Anti-HER2 
Therapy 

 The mechanism of HER-2 mediated cardiotoxicity is an area of considerable 
research interest. The HER-2 receptor plays an important role in cardiomyocyte 
(heart muscle cell) survival and, in particular, mediates effects of Neuregulin-1, 
which is released by the coronary vascular endothelium in response to cardiovascu-
lar stress. Trastuzumab binding to the HER-2 receptor prevents HER2-HER4 het-
erodimersiation and attenuates several downstream cell survival pathways including 
MAP kinase, ERK1/2, AKT and FAK dependent pathways [ 66 ]. 

 These mechanisms are borne out by animal models with HER-2 knockout mice 
displaying features of dilated cardiomyopathy and impaired cardiac function [ 67 ]. 
HER-2 receptors are upregulated in animal models in response to cardiovascular 
stress [ 68 ] and in humans challenged with Anthracycline therapy [ 69 ]. Cardiac 
myocytes defi cient in HER-2 activity are known to have increased susceptibility to 
Anthracycline toxicity and apoptosis [ 67 ]. Trastuzumab inhibition of intrinsic 
HER-2 mediated cellular protective mechanisms thus explains the potentiation of 
Anthracycline toxicity seen in real world clinical practice.  

    Clinical Manifestations 

 In contrast to AIC, Trastuzumab-induced cardiotoxicity is usually considered to be 
a reversible, non-dose dependent process with no associated histopathological fea-
tures [ 50 ]. Many patients (up to 95 % in some series [ 64 ]) who develop Trastuzumab- 
induced cardiotoxicity are asymptomatic. Trastuzumab-induced cardiotoxicity 
occurs primarily within the fi rst 18 months of active treatment [ 70 ] and withdrawal 
of the drug is usually associated with a rapid recovery of LVEF (usually also within 
18 months) even without medical therapy. 
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 However, there is growing data which is challenging these traditional concepts. In 
the HERA study, 2 years of treatment with Trastuzumab were associated with almost 
a doubling of rates of LV dysfunction compared with 1 year (7.2 % vs. 4.1 %) [ 60 ]. In 
the NSABP (B31) trial, cumulative rates of Trastuzumab-induced cardiotoxicity were 
3.8 % over 5 years in patients treated in the adjuvant setting [ 61 ]. Only 86 % of cases 
showed complete or partial resolution, confi rming that not all cases are reversible [ 61 ].   

    Modern Approaches to the Prevention and Treatment 
of Cardiotoxicity 

 The management of the long-term cardiac complications of modern breast cancer 
therapies in survivors is exemplifi ed by an integrated multi-disciplinary approach to 
Oncology and Cardiac care which has been termed Cardio-Oncology. This approach 
incorporates a prompt diagnosis or baseline risk assessment; appropriately targeted 
echocardiographic and biomarker surveillance and early medical intervention of 
both clinical heart failure and asymptomatic left ventricular systolic dysfunction. 

 Guidelines to reduce cancer therapy related cardiovascular toxicity have been 
developed [ 71 ,  72 ] which emphasize the concepts of a thorough baseline risk assess-
ment and a surveillance program. These guidelines are pragmatic and, whilst useful 
as clinical tools, they are limited by a lack of evidence base and are based largely on 
expert opinion. 

    Baseline Risk Assessment 

 Identifi cation and risk stratifi cation of patients at risk of myocardial toxicity from 
cancer therapies are the cornerstone of managing these patients. This should involve 
a baseline clinical assessment of the patient’s medical history for any symptoms and 
the presence of co-existing cardiovascular risk factors, such as hypertension, diabe-
tes mellitus and prior cardiac disease. Routine physical examination including 
blood pressure measurement, 12 lead electrocardiogram and blood tests for lipid 
profi le, renal function and cardiac biomarkers (where available) should also be per-
formed. Any abnormalities in this baseline assessment should precipitate early 
referral to the Cardio-Oncology service for further evaluation and may guide treat-
ment strategies and monitoring intervals whilst on cancer therapy. 

    Imaging for Baseline Risk Assessment 

 Cardiac imaging with LVEF measurement at baseline before neo-adjuvant or adju-
vant treatment with Anthracyclines and/or Trastuzumab should be considered in all 
patients with early breast cancer as an important element of baseline risk assessment 
[ 71 – 73 ]. Transthoracic echocardiography (TTE) is the recommended modality for 

N. Pareek et al.



201

LVEF screening, though multi-gated acquisition scanning (MUGA) and Magnetic 
resonance Imaging (MRI) have also been used. Advantages of TTE over MUGA 
include avoidance of radiation exposure, a wealth of other helpful anatomical and 
physiological information (hypertrophy, valvular function, and pulmonary artery 
pressure), assessment of more subtle parameters of left and right ventricular dys-
function, low cost and availability. Echocardiography is limited by poor acoustic 
windows in up to 30 % patients and due to operator-dependent measurement has 
variability of LVEF measurement which in clinical practice is up to 8 %. This is 
important to consider when reviewing serial measurements. MUGA has the advan-
tage of less inter-observer variability and is more suitable if the patient has poor 
echocardiography windows. MRI is the gold-standard for imaging assessment but 
its clinical use is currently limited by availability [ 71 ,  72 ]. 

 Baseline evaluation of Tissue Doppler Imaging and Global Longitudinal Strain 
(GLS) have both shown promise in predicting deterioration in LVEF in patients 
treated with Anthracycline and combination Anthracycline/Trastuzumab regimes 
[ 74 – 77 ]. However, the evidence of clinical utility originates from small scale stud-
ies and their routine use in this setting requires further evaluation [ 78 ].  

    Biomarkers for Baseline Risk Assessment 

 Cardiac biomarkers, B-type natriuretic peptide [BNP], N-terminal pro-BNP 
[NT-proBNP] and Toponins T and I, have assumed an increasingly important role in 
the baseline assessment of patients receiving cardiotoxic therapies. 

 Elevated Troponin I levels at baseline (pre-treatment) may predict the develop-
ment of both clinical and subclinical reduction in LVEF in both Anthracycline and 
Trastuzumab treated patients [ 79 – 82 ]. However other observational studies have not 
corroborated these fi ndings and other biomarkers have proved less useful [ 74 ,  83 – 86 ]. 
The threshold for defi ning abnormality of cardiac biomarkers, timing and use of 
appropriate assays remain unclear and an area of ongoing research but the use of 
biomarkers in the baseline assessment of patients has already been incorporated in 
some clinical practice guidelines [ 71 ,  72 ].   

    Surveillance 

 The use of biomarkers and imaging also form the basis of surveillance of patients 
receiving cardiotoxic therapies. 

    Imaging for Surveillance 

 The European Society for Medical Oncology (ESMO) guidelines recommends 
screening at baseline, 3, 6, 9 and 12 months post-commencing Anthracycline 
or Trastuzumab therapy and a fi nal screening TTE at 18 months post-treatment. 
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It raises the possibility of integrating biomarker screening but acknowledged that 
evidence for this is currently lacking [ 71 ]. 

 The combined guidelines from the American Society of Echocardiography 
(ASE) and the European Association of Cardiovascular Imaging (EACVI) recom-
mend similar screening intervals (baseline, 3, 6, 9, 12 months). The UK guidelines 
for patients treated with Trastuzumab advocate echocardiographic surveillance at 4, 
8 and 12 months (in addition to baseline and post-chemotherapy assessments) in 
low risk individuals who do not show abnormalities of LV function on screening. It 
is important to consider baseline risk as this may guide increasing monitoring fre-
quency intervals [ 73 ]. 

 Owing to a lack of evidence base, several differences exist between the guide-
lines. In particular, the ASE recommends continued echocardiographic monitoring 
6 months post-treatment with Anthracyclines, baseline TTE screening in 
Trastuzumab therapy is only recommended in those previously treated with 
Anthracycline therapy and the routine use of GLS is also recommended [ 71 ,  72 ]. 

 Our opinion is that baseline risk assessment including LVEF measurement and 
biomarkers is most important as this can guide surveillance strategy. Low risk 
patients can be reviewed with cardiac imaging at 4 monthly intervals, whereas 
higher risk individuals require more frequent monitoring. The same imaging modal-
ity should be used during surveillance, and our preference is echocardiography, 
where available, from an accredited service.  

    Biomarkers for Surveillance 

 There is considerable interest in the use of cardiac biomarkers for surveillance of 
cardiotoxicity since they are non-invasive and signifi cantly cheaper than imaging 
modalities. Early rises in Troponin I can predict the development of reduction in 
LVEF in breast cancer patients treated with Anthracycline and Trastuzumab therapy 
[ 87 ,  88 ]. Rises in Troponin I also correlate with the magnitude of LV impairment 
[ 89 – 91 ] and persistence of raised Troponin levels is an important marker of the 
extent of LVEF impairment [ 80 ,  81 ,  92 ]. The positive predictive value for Troponin 
for prediction of deterioration in LVEF was 65 % and negative predictive value for 
was 100 % [ 79 ]. 

 It is important to note that the role of cardiac biomarkers in surveillance of lower 
doses of Anthracycline therapy appears limited [ 93 – 95 ], and the association between 
troponin and cardiotoxicity is not universal, with several studies failing to show a 
link [ 96 – 98 ]. Many of these studies were not in patients with breast cancer, did not 
use modern high-sensitivity Troponin assays and varied in terms of cut-offs [ 96 – 98 ]. 

 A further critical issue is the timing of biomarker measurement. The studies 
reporting benefi t have generally measured Troponin in the 12–72 h period following 
Anthracycline or Trastuzumab dosing, which raises a number of practical chal-
lenges for patients receiving ambulatory outpatient treatment.    
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    Treatment Strategies: A Modern Approach 

    Prevention of Myocardial Cardiotoxicity 

    Prevention of Anthracycline Induced Cardiotoxicity 

 Heart failure treatments used at baseline may have a role in preventing the devel-
opment of cardiotoxicity. Beta-blockers may limit the development of AIC in 
breast cancer patients although current evidence is limited to small clinical trials 
and registry data. Evidence supporting the notion that beta-blockers may have a 
protective effect on AIC and Trastuzumab induced cardiotoxicity came from a 
real world registry of 920 patients with incidental beta-blocker use. Patients 
already on beta- blockers had a signifi cantly lower rate of reduction in LVEF 
(though with no difference observed in mortality) [ 99 ]. Furthermore, larger clini-
cal trials in non- breast cancer patients have suggested benefi t in terms of symp-
tomatic heart failure, reduction in LVEF and all-cause mortality [ 100 – 102 ]. Only 
one relatively small randomized controlled trial has been carried out in a breast 
cancer cohort to date, which showed that Nebivolol was associated with lower 
rates of reduction in LVEF compared with placebo in patients treated with adju-
vant Anthracycline [ 103 ]. Several studies in non-breast cancer populations have 
reported the protective effects of Carvedilol against AIC. The effi cacy of beta-
blockers has been called into question by the recently published PRADA trial 
which reported benefi t from Candesartan but not Metoprolol in patients treated 
with early breast cancer receiving adjuvant Anthracyclines with or without 
Trastuzumab in preventing LVEF reduction [ 104 ]. This was a relatively small trial 
with a short follow-up duration and may refl ect the specifi c limitations of 
Metoprolol rather than a class effect. 

 Several pre-clinical studies have also provided a rationale for the role of ACE- 
inhibitors or Angiotensin II receptor blockers in preventing AIC, though evidence 
in clinical practice is limited [ 105 – 107 ]. Relatively small randomized controlled 
trials in non-breast cancer patients have shown a reduction in AIC compared with 
placebo [ 108 ]. The PRADA trial is the largest such study (120 breast cancer patients 
treated adjuvant Anthracycline-containing chemotherapy with or without 
Trastuzumab), in which Candesartan prevented deterioration in LVEF compared 
with placebo [ 104 ]. 

 Although Spironolactone has anti-androgen properties, one randomized con-
trolled trial has evaluated its use in preventing AIC in breast cancer patients treated 
with adjuvant Anthracyclines [ 109 ]. This study showed that Spironolactone signifi -
cantly improved asymptomatic reductions in LVEF compared with placebo. There 
may be logical reasons to consider usage of the more selective aldosterone antago-
nist Eplerenone as opposed to Spironolactone in this setting, particularly in estrogen 
receptor positive patients, but this requires further evaluation and is currently based 
on expert opinion.  
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    Prevention of Trastuzumab Induced Cardiotoxicity 

 There is no randomized controlled trial data assessing the role of beta-blockade in 
prevention of trastuzumab-induced cardiotoxicity, although observational non- 
randomized data has suggested that this may be useful in preventing asymptomatic 
reductions in LVEF [ 110 ,  111 ]. There is also currently no clinical data assessing the 
role of ACE-inhibitors or Angiotensin II receptor blockers in the prevention of TIC 
but this is the subject of ongoing controlled clinical trials. It should also be recog-
nized that a number of ongoing clinical trials are examining durations of Trastuzumab 
of less than the standard 1 year, in the hope that shorter durations may be equally 
effi cacious but with lower risks of long-term cardiac toxicity.   

    Treatment of Established Myocardial Cardiotoxicity 

    Treatment of Anthracycline Induced Cardiotoxicity 

 The goals of treatment are to normalize LVEF, to minimize morbidity and mor-
tality from CHF and to improve optimal cancer therapy adherence free of drug 
interruptions. 

 Prompt detection of asymptomatic reductions in LVEF (>10 % reduction in 
LVEF, especially to LVEF <50 %) and institution of beta-blockade and/or 
 ACE- inhibitor therapy are widely accepted as optimal approaches to treatment of 
cardiotoxicity. Although it is recognized that there is limited randomized controlled 
trial evidence to support this approach for the treatment of AIC which is currently 
mainly limited to small prospective studies in a non-breast cancer cohort [ 92 ,  112 ]. 
There is a signal that LVEF is more likely to respond and improve if heart failure 
treatments are instituted early in breast cancer patients, but it should be noted that 
this study did not include a control arm [ 51 ]. One small clinical trial used a rise in 
Troponin I at 72 h to guide treatment with ACE-inhibitors, showing benefi t from 
treatment with Enalapril compared with placebo [ 92 ]. Anthracycline containing 
chemotherapy is contra-indicated in patients with an LVEF < 40 % at baseline. 
Should the LVEF drop to <40 % on treatment, Anthracyclines should be temporarily 
discontinued, heart failure treatments (ACE-I, beta-blockers, Mineralocorticoid 
Antagonists) initiated and then the patient should either be re-challenged when the 
LVEF has improved or commenced on a different cancer drug [ 71 ,  72 ] (Class II, B).  

    Treatment of Trastuzumab Induced Cardiotoxicity 

 Treatment of trastuzumab-induced cardiotoxicity (>10 % reduction in LVEF, par-
ticularly to LVEF <50 %) with ACE inhibitors or beta-blockade is currently recom-
mended though this is also supported by a limited evidence base [ 71 ,  113 ] (level of 
evidence Class II, B). It is recommended that Trastuzumab be withheld temporarily 
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if the LVEF drops to less than 40 % [ 114 ]. However, this is based on limited evidence 
and with integrated Cardio-Oncology care and early institution of heart failure treat-
ments, recovery or stabilization of LVEF is possible. This is important as early data 
suggests cancer recurrence rates are higher in patients with interruptions [ 115 ], and 
therefore increasing efforts to minimize the number and duration of interruptions 
of Trastuzumab are important. Treatment with ACE inhibitors and/or beta-block-
ers with rapid uptitration protocols and imaging evaluation, ideally at 2–3 weeks, 
should be performed. A repeat challenge of Trastuzumab with further follow- up at 4 
weeks with clinical biomarker and imaging assessment is recommended [ 71 ,  113 ]. 
In the event of persistent symptoms and/or reduction in LVEF, a multi- disciplinary 
decision on the implications of discontinuing Trastuzumab should be made. 

 Treatment of symptomatic CHF should be managed in accordance with evidence- 
based guidelines with diuretics for symptoms and ACE-I/beta-blockers/
Mineralocorticoid Antagonists [ 116 ].    

    Long-Term Follow Up 

 The strategy for long-term follow up of breast cancer survivors who have been 
treated with cardiotoxic therapy remains to be clarifi ed. Low risk patients at base-
line with no evidence of cardiotoxicity during surveillance may be reassured that 
the absolute risk of long-term problems is low and no follow up is required. Those 
patients with higher baseline risk and/or detectable cardiotoxicity during surveil-
lance may require further cardiac review. One specifi c group are those who started 
cardioprotective medications before or during breast cancer treatment. Cautious 
withdrawal of cardiac medication with review following cessation is usually appro-
priate for asymptomatic individuals with normal cardiac imaging and biomarkers. 
In other patients with evidence of persisting abnormalities a risk-benefi t balance is 
required to guide long-term cardiology management. 

 Long-term follow up for patients who have been treated with left sided radio-
therapy remains to be determined. Absolute estimated cardiac radiation dose 
received should help risk stratify, and those with higher total cardiac dose (>2Gy) 
may be considered for long-term (for example 5 yearly) surveillance. 

 Similar to selection of surveillance strategies, follow up strategies should be per-
sonalized to the patient and their situation.  

    Conclusions 

 With improved rates of breast cancer survival, the lifetime burden of cardiotoxicity 
from cancer therapies is potentially substantial. Equally, the benefi t of treatments 
directed towards prevention and prompt treatment of cardiotoxicity may have a pro-
found impact on breast cancer survivors. While treating these issues is currently 
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limited by a lack of evidence, a modern approach with an integrated multi- 
disciplinary Cardio-Oncology service will enable more effective prevention and 
treatment of cardiotoxicity. Effective baseline risk assessment followed by person-
alized surveillance, early intervention with cardioprotective treatments to prevent 
interruption of effective cancer treatments, and personalized long-term follow up 
are the new clinical paradigm for this patient group. With an improved understand-
ing of the clinical problem and with broadening of the evidence base and treatment 
developments in this area, both cancer and cardiovascular outcomes are likely to 
improve for breast cancer survivors.     
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    Chapter 17   
 Second Primary Neoplasms Following 
a Diagnosis of Breast Cancer                     

     Felicity     Paterson     ,     Susannah     Stanway     ,     Lone     Gothard     , and     Navita     Somaiah     

    Abstract     Many women diagnosed with early breast cancer will be cured and sur-
vive for many years after their initial diagnosis. Therefore it is important to take into 
account the risk of the development of new primary malignancies in such patients. 
Patients may be predisposed to develop new primary cancers as a result of genetic 
predisposition, environmental factors, or as a result of the adjuvant therapies used to 
treat early breast cancer. Treatment-related second primary cancers include an 
increased risk of breast and lung cancers following adjuvant radiotherapy, hemato-
logical malignancies following adjuvant chemotherapy, and endometrial cancer fol-
lowing tamoxifen. As a result of confounding factors the increased risk of these 
events differs between analyses, but the overall absolute risk of treatment-related 
second primary cancers remains low. Nonetheless it is important that patients are 
informed of these risks, modifi able risk factors are addressed and measures to mini-
mize risks are undertaken, particularly when considering adjuvant therapies in 
women at low risks of recurrence.  
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      Introduction 

 Breast cancer is the commonest malignancy affecting women in the UK. With 
 earlier detection and improved multi-modality treatment increasing numbers of 
women are surviving early breast cancer (EBC) and therefore the risk of developing 
second primary neoplasms needs to be considered. 

 Much of the data on sequelae following cancer treatment comes from the USA 
Survival epidemiology end results (SEER) data 1975–2010 [ 1 ]. This estimates that 
18 % of all incident malignancies are second primary tumors. Second primary 
malignancies can be induced by many forms of non-surgical cancer therapy. The 
effect of these treatments can be compounded by host related factors such as germ-
line mutations or environmental factors such as smoking. Second cancers may also 
be “sporadic” and not related to these factors. These factors and their interactions, 
along with patient age, contribute to the overall risk of developing a second primary 
neoplasm. 

 Following a diagnosis of a primary breast cancer, a second primary breast cancer, 
either in the same breast or in the contralateral breast is the most likely second pri-
mary cancer to be diagnosed, with between 2 and 11 % of women developing a 
second contralateral cancer [ 2 – 4 ]. Women with a history of breast cancer have a two 
to six fold increased risk of developing a second breast cancer, which accounts for 
between 30 and 50 % of all second tumors [ 5 ]. Over time, there has been a docu-
mented reduction in subsequent contralateral breast cancers diagnosed, which has 
been attributed to the use of adjuvant endocrine therapy [ 6 ,  7 ]. 

 Analyses of cancer registries have reported the rates of common cancers follow-
ing a breast cancer diagnosis. A Dutch study of 58,068 survivors of breast cancer 
has demonstrated an absolute excess risk of a second cancer (excluding breast can-
cer) of 13.6 per 10,000 women-years (95 % CI 9.7–17.6) when compared to the 
general population [ 8 ]. Of those patients followed up for a 10 year period the cumu-
lative incidence of a second cancer was 5.4 % (95 % CI 5.1–5.7 %) [ 8 ]. The most 
prevalent tumors were of the uterus, lung, colon, ovaries and skin (melanoma), but 
tumors of the esophagus, stomach, rectum, kidney, bladder, soft tissue, non-hodgkin 
lymphoma and leukemia were also seen. Similarly in an analysis of the SEER data-
base in the US a statistically signifi cant increased incidence of breast cancer (stan-
dardized incidence ratio, SIR 1.55) followed by uterine cancer (SIR 1.36), ovarian 
cancer (SIR 1.27) and thyroid cancer (SIR 1.19) following a diagnosis of primary 
breast cancer [ 4 ]. 

 This chapter will focus on treatment-associated malignancies. Interpretation of 
the data is complex because patients often receive multi-modality treatment each 
with effects on breast cancer outcome and ability to cause a second malignancy. 
Similarly, an individual’s ability to benefi t from any defi ned treatment is variable, 
depending on their risk of recurrence and this must be taken into account when 
considering management strategy. The ability of a treatment to induce carcinogen-
esis is related to treatment variables for example, dose given, dose intensity, and 
patient related clinic-pathological variables, such as age and a family history [ 9 ]. 
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Cross-study comparisons are to be done with caution, as cohorts of women are often 
intrinsically different on a number of levels, such as ethnicity, treatment received 
and follow-up time. 

 When interpreting published data summarized in this chapter, it must be appreci-
ated that treatment strategies have changed since data on second malignancies was 
fi rst published and historic risks quoted may now be less due to refi ned treatment 
strategies. The most reliable data originates from randomized control trials, how-
ever since second malignancies are uncommon events, the numbers of patients 
affected in such prospective studies are very small, hence retrospective data from 
registries or case-control studies are often used. These types of study are more likely 
to be affected by bias. 

 In this chapter we review the risk of second cancers in breast cancer survivors, 
contributory factors and their interactions and suggest possible ways to enhance our 
ability to predict this risk. The main focus will be on treatment related factors, but 
we will also briefl y discuss host related factors at the end of the chapter which will 
be discussed in more detail in Chap.   5    .  

    Treatment-Associated Cancers 

 When the three modalities of treatment are considered (radiotherapy, chemotherapy 
and hormone therapy) the increased risk of a second cancer varies with age and with 
time elapsed since treatment. In the general population, cancer risk increases with 
increasing age, but following therapy for breast cancer, the incidence of most sec-
ond cancers has been shown to decrease over time. In the Dutch cohort study previ-
ously described, the breast cancer survivors under 50 years old had an increased risk 
of second cancers following radiotherapy with a hazard ratio (HR) of 1.04 (95 % CI 
0.83–1.29), a reduced risk following chemotherapy with a HR of 0.79 (95 % CI 
0.63–0.98) and reduced risk for endocrine therapy with a HR of 0.88 (95 % CI 
0.64–1.22). In the cohort of patients over 50 years old, the HR was 1.00 for radio-
therapy (95 % CI 0.91–1.10), 1.03 for chemotherapy (95 % CI 0.85–1.25) and 1.10 
for endocrine therapy (95 % CI 1.01–1.21). A recent meta-analysis of 15 retrospec-
tive population based or hospital based cohort studies defi ned the SIR of a second 
cancer as 1.51 (95 % CI 1.35–1.70) for women younger than 50, and 1.11 (95 % CI 
1.02–1.21) for women older than 50 [ 10 ]. The relative risk (RR) of a second cancer 
also increases over time, and was defi ned as 1.19 (95 % CI 1.06–1.33) in the fi rst 10 
years after diagnosis and 1.26 (95 % CI 1.05–1.52) thereafter [ 10 ]. 

 The EPIC cohort study collected data on 10,000 breast cancer survivors over 11 
years and found a 30 % increased risk (95 % CI 18–42) in the development of a 
second cancer (excluding contralateral breast cancer). Risks were increased for 
colorectal cancer (SIR 1.71, 95 % CI 1.43–2.00), lymphoma (SIR 1.80, 95 % CI 
1.31–2.40), melanoma (SIR 2.12, 95 % CI 1.63–2.70), endometrial cancer (SIR 
2.18, 1.75–2.70) and kidney cancer (SIR 2.40, 1.57–3.52) [ 11 ]. 
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 Although second primary malignancies are not common after a breast cancer 
diagnosis, a diagnosis of a subsequent cancer has been shown in one cohort to lead 
to a four-fold increased risk of death (HR 3.98; 95 % CI 3.77–4.20) in those affected 
and so is an important consideration [ 8 ]. An informed discussion when taking con-
sent for treatment is thus of paramount importance. 

    Radiotherapy Induced Cancers 

 The absolute benefi t of adjuvant radiotherapy has been confi rmed in the Early 
Breast Cancer Trialists Collaborative Group (EBCTCG) review of 10,801 women 
which showed that at least one breast cancer death is avoided by year 15 for every 4 
recurrences avoided by year 10 with radiotherapy treatment, and the mortality 
reduction did not differ signifi cantly in node positive or node negative disease [ 12 ]. 
When discussing curative radiotherapy, the small chance of secondary cancers has 
to be weighed against the signifi cant benefi t in terms of loco-regional and distant 
recurrence for majority of patients. 

 Much of the data on radiation induced tumorigenesis comes from data on atomic 
bomb survivors and historical use of low-dose radiotherapy to treat benign condi-
tions. Sadamori et al. [ 13 ] showed that in the long-term follow-up of individuals 
exposed to atomic bomb fallout there was an increased risk of tumor development. 
Radiation induced tumorigenesis occurs at low doses and risk increases with dose; 
dose is affected by volume irradiated and technique used [ 14 ]. The latency of tumor 
detection is typically several years after exposure and can extend to decades [ 15 , 
 16 ], and the younger the age at time of exposure, the higher the risk of tumorigen-
esis [ 17 ]. Concomitant treatment with chemotherapeutic or targeted therapies may 
also impact upon this risk by causing further damage to cellular DNA [ 18 ,  19 ]. The 
relative risk of a second cancer is also affected by host behaviors and genetic 
makeup [ 20 ]. SEER reviewed data from 328,691 women and identifi ed an increased 
risk of contralateral breast cancer and other solid cancers namely lung, esophagus 
and soft tissue following radiotherapy treatment compared to those treated with 
surgery alone [ 21 ]. For those receiving radiotherapy and surviving beyond 5 years 
they found an 8 % (3–14 %) excess attributable risk of contralateral breast cancer 
and 10 % (5–14 %) of other solid cancers. 

    Mechanisms of Radiation Damage 

 Ionizing radiation causes single and double strand DNA breaks to occur in the cell 
as well as DNA base damage and crosslinks. This damage may be repaired but if it 
is not, the cell will either undergo cell cycle arrest or cell death [ 22 ]. Aberrant cell 
cycle control, incorrect repair mechanisms or evasion of apoptosis induction can 
result in carcinogenesis in normal tissue in response to ionizing radiation. Germline 
mutations in p53 or BRCA1 and 2 could put individuals at higher risk of induction 
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of second primary malignancy as the normal repair mechanisms are disrupted. 
The prevalence of these genetic mutations is quite low and Oeffi nger et al. [ 23 ] sug-
gested that radiation induced tumorigenesis is via DNA damage leading to other 
low penetrance genetic mutations, which may occur commonly across cancer 
patients. These low penetrance genes have been investigated and PRDM1, 
Glutathione S transferase and XRCC 3 as part of base excision repair have been 
shown to have an association with increased risk second primary cancers [ 24 – 26 ]. 

 According to Broeks et al. radiotherapy may induce distinctive genomic aberra-
tions and subsequent gene expression increasing risk of breast cancer through 
induction of a specifi c breast tumor molecular profi le [ 27 ]. They compared 22 
patients with breast cancer who had historically received thoracic irradiation for 
Hodgkin lymphoma to 20 breast cancer controls with no radiotherapy history. They 
found that the previously irradiated breast cancers tended to correlate more with a 
chromosomal instability gene profi le, which is associated with basal cell subtype, 
higher grade and a poor clinical outcome, than the controls (p = 0.058). Whilst this 
data is not related to breast cancer radiotherapy and represents a small study, it is an 
area that warrants further research as others have suggested that radiation induced 
breast cancers are of similar type to those seen in the general population [ 28 ]. 

 Radiation induced cancers following curative radiotherapy for breast cancer 
include contralateral breast, lung and other less common cancers.  

    Breast Cancer 

 Second breast cancer risk is increased in those who have had radiotherapy to the 
breast. When one considers the risk of contralateral breast cancer following breast 
radiotherapy one needs to consider the dose–response relationship, the age at expo-
sure and the volume irradiated. 

 Hooning et al. [ 18 ] showed that contralateral breast cancers occur following 
radiation with a 1.5 fold overall increased risk. These cancers tend to be adenocar-
cinomas, but can also be sarcomas. Sarcomas of the breast usually occur 3–15 years 
after radiotherapy. Angiosarcomas are extremely rare accounting for <0.04 % breast 
neoplasms. However in a retrospective survey of nearly 200,000 women with breast 
cancer, those who had radiotherapy had a 16 fold increased lifetime risk [ 29 ]. The 
absolute risk is 0.5 % at 15 years. 

 The EBCTCG reviewed recurrence rates, breast cancer mortality and all-cause 
mortality in 42,000 patients who had had surgery alone or surgery and radiotherapy 
for early breast cancer [ 30 ]. They included all trials that had started recruiting by 
1995, which led to a minimum follow up period of ten years. There was an excess 
of contralateral breast cancer incidence in those receiving radiotherapy, total cases 
1451 (rate ratio 1.18, 2p = 0.002) calculated from the observed-expected rates 
divided by the variance. An excess of contralateral breast cancer occurs mainly in 
the 5–14 year period after follow up with the risk appearing to be most signifi cant 
in those >50 years at time of treatment. This is contrary to other studies who found 
an increased risk in younger patients [ 21 ,  31 ]. The authors acknowledge that many 

17 Second Primary Neoplasms Following a Diagnosis of Breast Cancer



218

of these patients were treated in the early seventies when radiotherapy techniques 
irradiated larger volumes of normal tissue than presently, thus giving a larger risk 
than more recently treated patients may have. Boice et al. found an increased rate of 
contralateral breast cancer occurring in those patients irradiated for EBC with 23 % 
of patients in the exposed cohort and 20 % of patients in the unexposed cohort 
developing second breast cancer, RR 1.19 (95 % CI 0.94–1.50). The risk increased 
with dose of radiation received 0.01–1.99 Gy RR 1.02, 2–3.99 Gy RR 1.07, >4 Gy 
RR 1.35. This risk at ten years was seen particularly in those exposed under 45 years 
of age (<45 RR 1.85 (95 % CI 1.15–2.97) and >45 RR 1.08 (95 % CI 0.74–1.57)). 
More recently, Berrington de Gonzalez et al. [ 21 ] showed that the RR of contralat-
eral breast cancer in patients undergoing surgery and radiotherapy versus surgery 
alone was 1.09 (95 % CI 1.04–1.15). They demonstrated an increased risk at earlier 
age of exposure <40 years RR 1.30 (95 % CI 1.11–1.50), 40–49 years RR 1.08 
(95 % CI 0.97–1.20), 50–59 years RR 0.98 (95 % CI 0.89–1.08) and >60 years RR 
1.14 (95 % CI 1.04–1.26). 

 A review in 2004 of 64,782 women in the Thames Cancer Registry of which 
33,763 received breast radiotherapy [ 32 ] showed that there was a signifi cant 
increased risk of second breast, esophageal and lung cancers in breast cancer 
patients receiving radiotherapy. With regard to breast cancer there was an increased 
risk in both surgical and radiotherapy arms suggesting other underlying risk factors 
but there was an excess in the radiotherapy arm in the 5–10 years follow up group 
RR 1.34 (95 % CI 1.10–1.63) and the group followed for more than 15 years had a 
RR 1.26 (95 % CI 1.00–1.59). 

 Historically reduction of volume of tissue irradiated for Hodgkin lymphoma via 
involved fi eld radiotherapy has been shown to reduce the dose to breast tissue [ 33 ]. 
This resulted in a 2–2.5 fold reduction in risk of radiation induced breast cancer [ 34 , 
 35 ]. We can extrapolate that reduced volume of breast irradiated may reduce the 
dose to the contralateral breast and therefore the risk of breast cancer. 

 In high risk patients with node positive breast cancer, recent research has focused 
on the feasibility of regional nodal radiotherapy as an alternative to more extensive 
nodal surgery [ 36 ]. The resulting increased volume of tissue may increase risk of 
contralateral breast cancer or other cancers. This has not been shown in either of the 
two large recent randomized trials investigating regional nodal irradiation [ 37 ,  38 ], 
however longer follow up may be required.  

    Lung Cancer 

 Darby et al. performed a prospective cohort analysis of 300,000 women with breast 
cancer of known laterality in SEER cancer registries between 1973 and 2001. They 
reviewed data for all-cause mortality focusing on cardiac mortality and lung cancer 
mortality [ 39 ]. In this study 37 % of women received breast radiotherapy. Among 
the un-irradiated cohort, lung cancer mortality ratio between ipsilateral versus con-
tralateral lung cancer was 0.96 with no signifi cant trend for increased incidence 
with time from diagnosis. However among women irradiated between 1973 and 
1982 the lung cancer mortality ratio of ipsilateral versus contralateral lung cancer 
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was 1.42. This mortality ratio increased with time since diagnosis. Those who had 
been diagnosed and irradiated 15 years or more prior to lung cancer diagnosis had 
a mortality ratio of ipsilateral versus contralateral lung cancer of 2.71 (57 vs 23 
lung cancer deaths). In the study there was insuffi cient data on women irradiated 
after 1982 to review the ratio of lung cancer mortality as not enough time had 
elapsed [ 39 ]. 

 In a single institution review in 2007 of 16,705 patients treated for EBC, 13,472 
received radiotherapy. In total 709 s primary malignancies occurred. The incidence 
was 596 (4.4 %) in the radiotherapy group and 113 (3.5 %) in the non-radiotherapy 
group, with a signifi cant increase in sarcoma and lung cancer [ 40 ]. 

 When considering the risk of lung cancer one needs to consider the dose of radio-
therapy received to the lung, the age of the patient at exposure and the volume 
irradiated. Grantzau et al. [ 41 ] conducted a study using the Danish Cancer Registry 
to identify 23,627 women who had received radiotherapy for breast cancer and 
identifi ed those who developed second lung cancers. The 151 cases were matched 
to control patients who did not develop lung cancer. The mean dose of radiotherapy 
at the lung cancer site was 8.7 Gy (0.04–52.2 Gy) for the cases and 5.6 Gy (0.01–
52.3 Gy) for the controls. Seventy percent of the lung cancers occurred after 5 years 
following treatment and 40 % at over 10 years, with signifi cantly more smokers in 
the lung cancer group. When adjusted for this and adjuvant systemic therapy, the 
risk of lung cancer at 5 years was 3 fold for doses greater than 15 Gy and at ten years 
the risk was 6 fold for doses greater than 25 Gy OR 6.27 (95 % CI 1.1–34.8 
p < 0.0001). The excess RR per Gy at 5 years or more was 8.5 % (95 % CI 3.1–
23.3 % p < 0.005). Considering ever smokers alone the excess RR per Gy was 17.5 % 
(95 % CI 4.5–54 %). The excess risk in never smokers was diffi cult to calculate as 
numbers were so small but did not vary appreciably from baseline. 

 Roychouduri et al. in their 2004 [ 32 ] review of 64,000 women found an increased 
incidence of lung cancer in patients receiving radiotherapy to the breast. The risk 
was not elevated in the fi rst 5 years after treatment but at 10–14 years the RR was 
1.62 (95 % CI 1.05–2.54) and following 15 years the RR was 1.49 (95 % CI 1.05–
2.14). They did not have data available on smoking status of patients in this study. 

 Kaufman et al. [ 42 ] also reviewed the risk of lung cancer after breast radiother-
apy in a nested case control cohort. In their study 119 women with breast cancer and 
previous radiotherapy who developed lung cancer were matched to controls with no 
lung cancer. They found no increased risk in women who had never smoked for 
radiotherapy to the breast in general, but there was an increased risk of ipsilateral 
lung cancer OR 1.9 (95 % CI 1.1–3.4) versus contralateral OR 0.6 (95 % CI 0.3–
1.3). They found excess risks in unirradiated ever smokers who had not received 
radiation therapy with an increase OR ipsilateral lung cancer of 10.3 (95 % CI 2.9–
36.4) and contralateral lung cancer of 4.9 (95 % CI 1.7–14.0). This was multiplied 
in ever smokers who had breast radiotherapy OR ipsilateral 37.6 (95 % CI 10.2–
139.0) contralateral 10.5 (95 % CI 2.9–37.8). 

 When considering the volume of lung tissue irradiated several studies [ 19 ,  39 , 
 41 ,  42 ] suggest that the increased incidence of lung cancer was greater in those 
patients who received radiotherapy in the era of the 1970–1980s. They comment 
that during this era CT planning was not routinely used and restrictions on maximal 
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depth of lung in radiation fi eld were less rigorous, moreover frequently nodal 
regions were irradiated routinely increasing total dose of lung irradiated. Rates of 
lung cancer from more modern techniques are not yet established [ 18 ]; however we 
must be mindful of the increased volumes now exposed to low doses of radiation 
with techniques such as IMRT, VMAT and tomotherapy [ 43 ].  

    Thyroid Cancer 

 The thyroid gland is not usually irradiated in breast-only radiotherapy but in the 
modern era we are increasingly irradiating nodal regions as an alternative to sur-
gery. The thyroid gland is one of the most radiation sensitive tissues in the body and 
Ron et al. [ 44 ] showed that doses as low as 100 mGy can cause excess risk. 

 There is a linear exponential relationship between radiation dose and thyroid 
cancer with the peak risk occurring between doses of 15–20 Gy and reduced risk in 
doses over 30 Gy [ 45 ]. This is likely due to cell killing at higher doses. The Thames 
cancer registry study [ 32 ] did not identify any excess of thyroid cancers in patients 
who were irradiated for EBC. This may be due to the dose used for nodal regional 
radiotherapy being in the order of 40–50 Gy.  

    Esophageal Cancer 

 The EBCTCG review of 42,000 patients who had surgery versus surgery and radio-
therapy for EBC found an increased risk of esophageal cancer (150 cases; rate ratio 
2.06, 2p = 0.05) and esophageal cancer mortality (rate ratio 2.40, 2p = 0.0004) in the 
radiotherapy arm but further analysis of this was diffi cult due to small numbers [ 30 ]. 
The Thames Cancer Registry study [ 32 ] revealed an increased risk of esophageal 
cancer at 15 years following diagnosis in those receiving radiotherapy for breast 
cancer, RR 2.19 % (95 % CI 1.10–4.62). A study in 2012 [ 46 ] reviewed the risk of 
esophageal cancer in patients treated with breast radiotherapy using international 
cancer registries. This study calculated the radiation dose received to different lev-
els of the esophagus using a variety of radiotherapy techniques. Increased doses 
of radiation to the esophagus were seen in those patients receiving supraclavicu-
lar fossa and internal mammary chain radiotherapy. They identifi ed 167 cases and 
285 matched controls. Esophageal cancer risk increased with increasing dose to 
the esophagus with little evidence of increased risk at doses below 20 Gy. They 
estimated that 30 % of second esophageal cancers in their study could be attrib-
uted to radiotherapy overall but in those women receiving over 20 Gy (71 cases) 
to the esophagus 72 % could be attributed. Subgroup analysis revealed no effect 
of age at breast cancer radiotherapy. The overall risk is low; among 1,000 women 
aged 60 at breast cancer diagnosis receiving an esophageal radiation dose of 30 Gy 
an excess of 5 esophageal cancers due to radiotherapy might be expected over a 
25-year period [ 46 ].  
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    Skin Cancer 

 We could fi nd no published data on the incidence of non-melanoma skin cancer 
 following breast radiotherapy, and Roychoudhuri et al. found no signifi cant 
increased risk of malignant melanoma after breast cancer radiotherapy [ 32 ].  

    Hematological Malignancies 

 The risk of induction of hematological malignancies after low dose radiotherapy 
for benign conditions has been known for some time [ 47 ]. Adjuvant treatment with 
breast radiotherapy is known to increase the subsequent risk of myelodysplastic 
syndrome (MDS) and acute myeloid leukemia (AML), although the absolute num-
bers are small. It has been reported that patients treated with radiotherapy alone 
for ductal carcinoma in situ are at a slightly increased risk of subsequent AML 
[ 48 ]. The risk increases with increasing fi eld size and increasing doses adminis-
tered. For example, Le Deley showed in their study of 182 patients with subsequent 
AML following breast cancer treatment in a univariate analysis that patients who 
were treated with radiotherapy to the breast only had a 2.39 increased risk (95 % 
CI 0.84–6.77) whereas for patients who had had regional radiotherapy, the risk was 
multiplied by 5.17 (95 % CI 1.98–13.5) [ 49 ]. The same group also showed that an 
increase in 1 Gy was associated with an increased risk of 1.14 (95 % CI 1.04–1.25) 
for development of subsequent AML. 

 Kaplan et al. have published data from 5,790 patients treated for breast cancer 
and found that there was an increased risk in patients treated with radiation alone for 
breast cancer (RR 3.32 95 % CI 1.42–6.45), and that this risk was higher for patients 
treated with radiation and chemotherapy (6.32 95 % CI 3.03–11.45) [ 50 ]. Smith 
et al. showed in their review of six NSABP adjuvant breast cancer studies that the 
relative risk of developing MDS/AML with these chemotherapy agents when radio-
therapy was also given was 2.38 (95 % CI 1.29–4.40; p = 0.006) [ 51 ]. Using the 
SEER database, Calip et al. reported the HR for chemotherapy alone to be 1.38 
(95 % CI 0.98–1.93) and chemotherapy and radiation to be 1.77 (95 % CI 1.25–
2.51) [ 52 ]. Those who received radiotherapy and surgery alone had no increased 
risk of AML/MDS.   

    Systemic Therapy Induced Cancers 

 Systemic therapy following a diagnosis of breast cancer may include chemotherapy, 
endocrine therapy and biological therapy. This section will focus on chemotherapy 
and endocrine therapy as data suggests these two modalities contribute the most to 
the development of second cancers. 
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    Chemotherapy 

 The decision as to whether to offer adjuvant (or neoadjuvant) cytotoxic chemotherapy 
to a woman with early breast cancer is determined by her individual risk of disease 
relapse and co-morbidity. Breast cancer mortality is signifi cantly reduced at 10-years 
with the addition of anthracycline-containing chemotherapy with a RR of 0.79 (95 % 
CI 0.72–0.85) [ 53 ]. Several studies have shown that when compared to the general 
population, breast cancer survivors who have been treated with chemotherapy do not 
have subsequent increased frequency of second malignancies [ 54 – 59 ]. For example, 
a review of 797 patients treated at MD Anderson Hospital between 1974 and 1982 in 
clinical trials where adjuvant chemotherapy had been administered, were compared 
to 186 controls who had not received chemotherapy, and didn’t show any increased 
incidence of second cancers [ 57 ]. Reasons for a possible reduced risk of subsequent 
second cancers following chemotherapy are likely multifactorial; for example in a 
pre-menopausal patient the resulting ovarian function disruption may have a benefi -
cial effect in reducing future incidence of certain cancers. 

 The second primary malignancy with the strongest evidence of being related to 
previous chemotherapy in the setting of EBC is leukemia. Between 10 and 30 % of 
all cases of AML are secondary to therapy, and in the GIMEMA archive of 2,964 
patients more than half of the cases were following a diagnosis of breast cancer or 
lymphoma [ 60 ]. Large groups of patients previously treated with systemic chemo-
therapy have been studied from groups including the NSABP, Eastern Co-operative 
Oncology Group, University of Texas, MD Anderson Cancer Center, International 
Collaborative Cancer Group, CALGB, French Adjuvant Study Group, and data 
published on more modern chemotherapy regimens and their association with 
hematological malignancies [ 51 ,  61 – 67 ]. The cumulative incidence of AML follow-
ing breast cancer chemotherapy is less than 1 % in most studies of modern therapy. 
The MD Anderson Cancer Center experience also showed an increased risk of AML 
when the FAC (fl uorouracil, doxorubicin and cyclophosphamide) regime was used 
with a 10 year estimated leukemia rate of 1.5 % (95 % CI 0.7–2.9 %) [ 62 ]. The 
majority of patients in this study had also received radiotherapy. More recently, in 
the 2012 EBCTCG review of 14,250 women given poly-chemotherapy in the con-
text of randomized trials there was a non-signifi cant excess mortality of 0.2 % from 
leukemias, lymphomas and cardiovascular disease reported with an average of 6 
years follow up [ 53 ]. 

 Treatment related factors infl uencing subsequent leukemia risk include drug 
regimen, drug dose and dose intensity. Alkylating agents such as cyclophospha-
mide, and topoisomerase II inhibitors such as anthracyclines, are classes of drug 
most strongly associated with the subsequent development of MDS and AML [ 68 ]. 
Curtis et al. reported a doubling of risk of AML in a case control study of women 
treated with 6 months of cyclophosphamide, methotrexate and 5-fl uourouracil 
(CMF) [ 69 ]. Similarly Haas et al. reported a statistically signifi cant RR of 2.7 (95 % 
CI 1.2–6.3) in a historic study of 93 women who developed leukemia matched to 
185 controls [ 70 ]. However, other studies have not shown such associations with 
cyclophosphamide [ 56 ,  61 ]. 
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 The evidence for second malignancy with anthracyclines/anthracycline 
 combinations is more compelling. Crump et al. reported a retrospective study of 
1,545 women treated in National Canadian breast cancer trials where they compared 
the risk of developing MDS/AML following adjuvant CMF or anthracycline 
 containing regimens. They found a slightly increased risk of MDS/AML in patients 
who had received regimens containing anthracyclines [ 71 ]. When compared at a 
median follow up of 8 years, the conditional probability of developing AML follow-
ing anthracycline- based chemotherapy was 1.3–1.7 % (95 % CI 0.5–3.6 % for CEF 
and 0–4.7 % for AC) and 0.4 % (95 % CI 0–1.3 %) for CMF chemotherapy. A French 
case–control study [ 49 ] compared 182 patients who developed AML after breast can-
cer treatment between 1985 and 2001 alongside 534 matched controls. The risk of 
leukemia was markedly increased after chemotherapy that included a topoisomerase-
 II inhibitor (P < .0001), and was higher after mitoxantrone than after anthracyclines 
(RR 15.6, 95 % CI 7.1–34.2; RR 2.7, 95 % CI 1.7–4.5 respectively) [ 49 ]. The NSABP 
published their outcome data with respects to MDS and leukemia following 4 cycles 
of anthracycline based chemotherapy (doxorubicin 60 mg/m 2 , cyclophosphamide 
600 mg/m 2 ) and reported that at 8 years follow-up the risk was 0.3 % [ 51 ,  72 ]. 

 Increasing chemotherapy dose has also been shown to increase the risk of 
 hematological malignancy. In a Curtis et al. case control study, a median dose of 
7,350 mg of cyclophosphamide led to a RR of 1.5 (95 % CI 0.3–8.9); when this rose 
to over 30,000 mg the RR of AML/MDS increased to 9.4 (95 % CI 0.9–103) [ 69 ]. 
Patients given standard doses of epirubicin (≤720 mg/m 2 ) or cyclophosphamide 
(≤6,300 mg/m 2 ) had an 8-year cumulative probability of developing AML/MDS of 
0.37 % (95 % CI, 0.13–0.61 %) compared with 4.97 % (95 % CI 2.06–7.87 %) for 
patients given higher doses. The NSABP study found no increased risk with increas-
ing doses of doxorubicin (60, 75, 90 mg/m 2 ) [ 66 ]. The risk of subsequent AML was 
the same when the anthracyclines doxorubicin and epirubicin were considered 
separately. 

 A review of 19 randomized studies involving 9,796 women by Praga et al. 
showed that subsequent risk of MDS/AML developing after anthracycline based 
chemotherapy increases with increasing cumulative dose of anthracycline given 
[ 72 ]. Chemotherapy dose intensity has also been shown to impact on future leuke-
mia risk. Smith et al. assessed regimens containing doxorubicin and cyclophospha-
mide in six adjuvant studies run by the NSABP (B-15, B-16, B-18, B-22, B-23 and 
B-25) involving 8,563 women [ 51 ]. They found that 43 patients treated in these 
studies subsequently developed MDS or AML. The study found that at standard 
doses of doxorubicin-cyclophosphamide the incidence of AML/MDS was 0.32 
cases per 1,000 years (95 % CI 0.16–0.57 %), but in those patients treated with 
intense cyclophosphamide (2 or 4 cycles of cyclophosphamide at 2,300 mg/m 2  
requiring G-CSF support), the risk of hematological malignancy was substantially 
increased, to a relative risk of 6.16 (p < 0.0001) and an incidence rate of 1.75 cases 
per 1,000 patients years (95 % CI 1.04–2.77). Interestingly, even when the data was 
censored at the time of relapse or development of another second primary cancer 
(for which more treatment might have been given) the increased risk in MDS or 
AML remained similar. 
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 Following breast cancer chemotherapy at least four other risk factors have been 
reported to affect risk of MDS/AML development: patient age at diagnosis, delivery 
of adjuvant radiotherapy, inherited predisposition and concomitant use of G-CSF. 

 The MDS/AML incidence rate is known to rise with age in a population. In 
Kaplan’s study of 306,691 women treated for breast cancer from 18 SEER regis-
tries, survivors aged between 20 and 49 had the highest relative risk of subsequent 
MDS/AML [ 48 ]. When patients aged 20–49 were compared to those aged 65–74, 
RRs were 10.6 (95 % CI 8.57–12.93) and 2.94 (95 % CI 2.45–3.50) respectively. 
However, it is likely that older patients may not have received any chemotherapy, 
as the SEER database does not collect this information. In this study a higher risk 
of MDS compared to AML was seen across all age groups with a rate ratio of 2.75 
(95 % CI 2.51–3.00). Conversely, Smith et al. found that there was a greater inci-
dence of MDS/AML in women over 50 years old treated in the NSABP studies, 
with a RR of 2.37 (95 % CI 1.26–4.44; p = 0.08) when compared to younger 
women [ 51 ]. Similarly the Dutch study of breast cancer survivors found that che-
motherapy was associated with increased risk of AML in patients over 50 years 
old at a median follow up of 10 years with a HR of 3.18 (95 % CI 1.39–7.28), 
compared to patients under 50 years old who had a HR of 1.78 (95 % CI 0.55–
5.74) [ 8 ]. 

 Several polymorphisms associated with genes that control the enzymes respon-
sible for drug metabolism have been identifi ed as increasing predisposition to the 
development of MDS/AML if exposed to a mutagen. Examples include the NQ01- 
187Ser single nucleotide polymorphism which has been shown by one group to lead 
to a 2.09 (95 % CI 1.08–4.03) fold increased risk [ 73 ]. Therapy-related AML is 
generally associated with adverse cytogenetics and has a poorer outcome [ 68 ,  74 ]. 
Leukemias related to topoisomerase inhibitors tend to have translocations involving 
chromosome 11q23 or 9, 19 or 4 whereas those associated with alkylating agents 
typically have deletions of chromosome 13 or a complete or partial loss of chromo-
some 5 or 7 [ 60 ][ 75 ]. In addition, leukemias following alkylating agents usually 
occur after around 5–7 years and are preceded by MDS, as opposed to a shorter 
latency following topoisomerase II inhibitors [ 60 ]. Data suggests that the majority 
of cases of MDS/AML occur in the fi rst 2 years following treatment and that 84 % 
of cases are diagnosed by 5 years [ 48 ].  

    Endocrine Therapy 

 The majority of breast cancers are hormone receptor positive and adjuvant endo-
crine therapy is offered as a risk reduction strategy towards the development of 
recurrent breast cancer, a new breast cancer and metastatic disease [ 76 ]. Breast can-
cer mortality is signifi cantly reduced by about 40 % with the addition of endocrine 
therapy in this setting, with aromatase inhibitors leading to the greatest proportional 
reductions [ 76 ]. Tamoxifen increases the risk of developing endometrial hyperpla-
sia, polyps, carcinomas and sarcoma [ 76 – 79 ]. Aromatase inhibitors, by contrast, 
confer no increased risk of subsequent gynecological malignancies and may reverse 
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tamoxifen associated gynecological abnormalities [ 80 ,  81 ]. When compared to 
women who have received no endocrine therapy, women on aromatase inhibitors 
have been shown to have a non-statistically signifi cant reduced incidence of endo-
metrial cancer [ 82 ]. 

 A retrospective review of 45,575 survivors of breast cancer in the Osaka Cancer 
Registry in Japan showed that when endocrine therapy was considered, the only 
cancer that patients were subsequently at increased risk of was uterine cancer [ 83 ]. 
Other retrospective studies showed that the risk of endometrial and cervical cancer 
was associated with endocrine therapy in breast cancer patients and that the SIR was 
1.6 (95 % CI 1.34–1.89) [ 19 ]. In 2015 the EBCTCG [ 84 ] reviewed 31,920 women 
from studies and assessed the RR of subsequent endometrial cancer following adju-
vant aromatase inhibitor or tamoxifen and found the 10 year incidence to be 0.4 % 
versus 1.2 % respectively (absolute different 0.8 %, 95 % CI 0.6–1.0; p < 0.0001) 
including 5 versus 9 deaths from endometrial cancer [ 76 ]. They found a propor-
tional decrease in endometrial cancer incidence with a RR of 0.33 (95 % CI 0.21–
0.51) with aromatase inhibitors and that this was independent of age and persisted 
for years after treatment fi nished. 

 There are factors that affect the subsequent likelihood of developing endometrial 
cancer following Tamoxifen use. The fi rst of these relates to duration of use. 
Sequencing studies investigating 2–3 years of Tamoxifen followed/preceded by 2–3 
years of an aromatase inhibitor showed a non-signifi cant increase incidence of 
endometrial cancer although they did show increased numbers of patients with 
endometrial abnormalities in patients on Tamoxifen [ 85 ,  86 ]. Recently published 
studies have demonstrated improvements with respects to breast cancer outcome 
with extended adjuvant Tamoxifen for 10 years. The ATLAS trial showed that the 
risk of developing endometrial cancer was increased following adjuvant Tamoxifen 
use for 10 years compared to 5 years with incidence of 3.1 % versus 1.6 % respec-
tively [ 87 ]. Similarly, the aTTOM study also showed an increased cumulative inci-
dence of endometrial cancer with an increased risk of endometrial cancer (rate ratio 
2.20, 95 % CI 1.31–2.34) and deaths from endometrial cancer (rate ratio 1.83, 95 % 
CI 1.09–3.09) [ 88 ]. 

 Another factor is age, with post-menopausal patients being at the highest risk of 
second cancers overall. Gray et al. in the aTTom trial showed that there was no sig-
nifi cant increased risk of endometrial cancer in pre-menopausal women following 
10 years of Tamoxifen treatment [ 88 ]. In the 2015 EBCTCG study the absolute 
excess endometrial cancer seen with 5 years of Tamoxifen was 0.7 % (95 % CI 0.5–
0.9) at ages 55–69 and 1.4 % (95 % CI 0.5–2.4) at older ages [ 76 ]. 

 The molecular mechanisms of Tamoxifen induced endometrial cancer are com-
plex, involving many pathways that have been described but are not fully under-
stood [ 89 ]. Similar to treatment induced MDS/AML, data suggests that Tamoxifen 
induced endometrial adenocarcinoma has a worse outcome than de-novo endome-
trial adenocarcinoma [ 77 ,  87 ,  90 ]. However, most are low-grade tumors, which can 
be treated with surgery alone [ 91 ,  92 ]. A SEER analysis of 289,933 breast cancer 
survivors showed increased risk of endometrial cancer irrespective of ER/PR status, 
indicating that common etiological factors of both cancers may exist [ 93 ]. 
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 Whilst it is important that women diagnosed with breast cancer are informed of 
the slightly increased risk of endometrial cancer induced by adjuvant Tamoxifen for 
fi ve or ten years, it must be highlighted that in all but very low risk women this risk 
is likely to be offset by the relative risk reduction in breast cancer recurrence by 
Tamoxifen. The greatest risk, albeit small, lies with postmenopausal women who 
are generally offered aromatase inhibitors.  

    Targeted Therapies 

 There is no published data showing increased risk of second malignancies with 
targeted agents such as monoclonal antibodies or small molecules routinely used 
in the treatment of breast cancer but long-term data on these agents is not yet 
available.  

    Granulocyte Colony Stimulating Factor (G-CSF) 

 G-CSF is used to stimulate the proliferation and differentiation of white blood cells 
following chemotherapy in order to maintain dose intensity and reduce risk of life 
threatening neutropenic sepsis. It has been postulated that co-administration of 
G-CSF during adjuvant chemotherapy could allow myeloid cells with abnormal 
chromosomes to survive and hence increase the subsequent risk of developing 
MDS/AML [ 94 ]. Historical studies have shown mixed results with respects to 
whether there is an increased risk or not, but a meta-analysis by Lyman in 2010 
looking at G-CSF use in seven different tumor types (including breast cancer) 
showed there was an increased risk of MDS/AML with its use with a RR of 1.92 
(95 % CI, 1.19–3.07; p = 0.007) [ 95 ]. However, absolute increased cases of leuke-
mia were small and it must be noted that all-cause mortality was lower with G-CSF 
use due to reduced deaths from neutropenic sepsis. More recently Calip et al. have 
shown that when adjusted for type of chemotherapy used there was a non- signifi cant 
increased risk of AML in breast cancer patients treated with G-CSF in the adjuvant 
setting [ 52 ]. The risk was only observed with fi lgrastim use HR 1.47 (95 % CI 
1.05–2.06). Pegfi lgrastim was not associated with increased risk. The risk with 
fi lgrastim was only seen in anthracycline containing regimens with an increased 
risk with more than 6 doses of G-CSF leading to a HR of 2.70 (95 % CI 1.33–2.58). 
The NSABP group [ 51 ] also studied risk of MDS or AML in patients who had 
received more than 242 mcg/kg of GCSF. They found that when patients who had 
subsequently developed a relapse of their breast cancer, or developed a second 
cancer were excluded the increased risk of MDS/AML was not statistically signifi -
cant [ 51 ]. 

 In the future it is hoped that the use of prognostic and predictive tools of chemo-
therapy benefi t, such as Oncotype Dx and IHC4, will personalize chemotherapy 
recommendations, so that only women most likely to signifi cantly benefi t from 
adjuvant chemotherapy are exposed to these risks of second malignancies.    
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    Host Related Factors 

 Factors contributing to an individual’s risk of second primary neoplasms include 
host environment and genetic factors. The second cancer sites for which increased 
risks are observed following a diagnosis of a primary breast cancer often share com-
mon etiological factors involving either lifestyle factors (such as obesity and repro-
ductive factors), or genetic susceptibility (such as BRCA 1 or 2 mutations) [ 96 ,  97 ]. 

    Host Environment 

 Lifestyle factors can signifi cantly affect the chance of developing a second primary 
malignancy and will be discussed in Chapter x. Here we only consider three exam-
ples of the interaction of therapy and lifestyle factors [ 98 ]. 

 Kaufman et al. 2008 reviewed the risk of breast radiotherapy induced lung can-
cer in smokers and non-smokers. They found irradiated never smokers had no sig-
nifi cant increased risk of second lung cancer. Previous smokers and current smokers 
had increased risk further increased by having radiotherapy. For smokers not receiv-
ing radiotherapy the OR was 5.9 (95 % CI 2.7–12.8) versus the OR for irradiated 
smokers, which was 18.9 (95 % CI 7.9–45.4). This multiplicative risk has been rep-
licated in subsequent research [ 41 ]. 

 In a study by Morton et al. examining the risk of secondary esophageal cancer 
after breast radiotherapy the authors assessed whether alcohol and smoking status 
increased risk after breast radiotherapy as part of subgroup analysis. The risk of 
developing esophageal cancer was increased in patients who were heavy smokers 
OR 2.4 (95 % CI 1.1–5.7) and in moderate to heavy drinkers OR 6.9 (95 % CI 1.1–
8.5). In patients irradiated with a dose to esophagus >20 Gy the ORs were 2.9 (95 % 
CI 1.4–6.4) for light smokers (<one pack per day) versus 16.3 (95 % CI 2.2–340) for 
heavy smokers; 2.7 (95 % CI 0.5–21) in light or non-drinkers versus 4.2 (95 % CI 
1.4–13) in moderate to heavy drinkers. 

 Swerdlow et al. investigated the features that differed between 813 patients who 
developed endometrial cancer following Tamoxifen use and compared them to 
1,067 controls. One factor affecting the risk of endometrial cancer development fol-
lowing Tamoxifen was body weight, with higher body weight signifi cantly increas-
ing the risk in post-menopausal women [ 99 ]. The same study also showed an 
increased risk in those patients who had had pelvic radiotherapy 5 years earlier (OR 
11.7, 95 % CI 1.5–548.2) [ 82 ].  

    Germline Mutations 

 Mutations in the BRCA1 and 2 genes result in increased risk of breast cancer and 
ovarian cancer. Mutations in these genes account for 0.25 % of all cancers and 3 % 
of breast cancers [ 100 ]. Mutations in the BRCA gene result in reduced repair of 
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DNA damage; therefore theoretically radiation induced DNA damage may increase 
the risk of second malignancy in these patients. However, Bernstein et al. in their 
2013 study found that while prior radiotherapy and BRCA mutation both resulted in 
increased risk of contralateral breast cancer there was no signifi cant multiplicative 
risk [ 101 ]. This is reassuring but in view of the increased lifetime risk of breast 
cancer in BRCA carriers bilateral mastectomy and reconstruction are often dis-
cussed in an attempt to reduce their future cancer risk. 

 Li-Fraumeni syndrome is a rare autosomal dominant inherited disorder of germ-
line mutations in the tumor suppressor gene p53. Mutations in this gene result in 
increased risk of early onset malignancies including sarcomas, premenopausal 
breast cancer, brain tumors, leukemias and other cancers [ 102 ]. One study of 200 
patients with Li-Fraumeni family history found a cumulative probability of second 
cancer of 57 % at 30 years post primary malignancy [ 103 ]. The same researchers 
found that ionizing radiation played a role in sensitivity of patients in development 
of subsequent malignancies. 

 Lynch syndrome is an autosomal dominant collection of mutations in DNA mis-
match repair including mutations in MLH1, MSH2, MSH6 and PMS1. This results 
in increased risk of colon cancers but also stomach, hepatobiliary, endometrial, 
breast, ovary and prostate cancers [ 104 ]. Morioka et al. [ 105 ] studied mice with 
mutations in MLH1 and exposed them to radiation and infl ammatory colitis to see 
if this affected risk of developing colonic tumors. The results showed that the num-
ber of colonic tumors was increased if infl ammation and radiation effects were pres-
ent in the colon. This was not shown for breast cancer. More recently 
CHEK2*1100delC heterozygosity has been associated with increased risks of a 
second breast cancer in breast cancer survivors [ 106 ]. 

 Identifying carriers of germline mutations via family history guides treatment 
decisions and future surveillance for patients and families. Further research into the 
effect of treatment such as radiotherapy on second malignancy risk is needed in 
these rare subgroups of patients.   

    Screening and Predicting Risk of Second Primary Cancers 

 Prediction models are widely used in medicine to advise clinicians on merits of 
treatment and also to predict absolute risk of subsequent medical conditions. We 
should be able to develop prediction models to identify patients at particular risk of 
second primary neoplasms and suggest increased surveillance. However, very few 
of these models exist and virtually none have been externally validated [ 23 ]. 
Oeffi nger and colleagues from the Childhood Cancer Survival Study (CCSS) group 
along with van Leeuwen and colleagues from the Dutch long-term effects (LATER) 
cohort are developing a web-based calculator to predict absolute risk of second 
primary breast cancer that integrates treatment related and traditional risk factors 
[ 23 ]. Donovan et al. used the BIER VII model to review the doses of radiotherapy 
received at distant organ sites using more complex modern radiotherapy techniques 
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versus standard radiotherapy for breast cancer using phantom model. This showed 
no theoretical increased risk with standard radiotherapy planning constraints [ 107 ]. 
Further prediction models are needed and should facilitate decision making for 
medical professionals and patients. Current American Cancer Society/American 
Society of Clinical Oncology Breast Cancer Survivorship Care Guidelines advise 
that primary care physicians should screen for cancers as they would in patients in 
the general population and provide an annual gynecological assessment for post-
menopausal women on selective estrogen receptor modulator therapy [ 108 ]. Most 
follow-up guidelines suggest annual mammography of residual breast tissue follow-
ing a diagnosis of breast cancer and the consenting process and survivorship care 
plans should document risk of future cancers where appropriate. It is not currently 
clear if screening programs for treatment induced malignancies following breast 
cancer improve outcomes [ 109 ].  

    Conclusion 

 Although the risk of a second malignancy following a diagnosis of breast cancer is 
important to consider, the absolute risk remains extremely low. It is likely that with 
improved treatment the risks may be lower than quoted in historical series. After 
a primary breast cancer, the risk of a second breast cancer unrelated to treatment 
is more likely than any treatment induced cancer. The benefi t from appropriately 
selected and delivered treatment is likely to outweigh treatment-induced malig-
nancy in the majority of patients. Of the treatment associated malignancies the most 
important to be aware of are MDS and leukemias following chemotherapy, uterine 
cancers following endocrine therapy with Tamoxifen and breast and lung cancers 
following radiotherapy. Follow up appointments must be used as an opportunity to 
encourage change to adverse lifestyle behaviors which can modify risk of treatment 
related and unrelated cancers. Hopefully future prediction models and improved 
understanding of factors associated with development of second cancers will allow 
us to predict those at increased risk and modify their treatment to provide individu-
alized therapy.     
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    Chapter 18   
 The Effects of Breast Cancer Treatments 
on Cognition                     

     Helena     Harder       and     Valerie     Jenkins     

    Abstract     There is growing concern among patients with early-stage breast cancer 
about self-perceived or objective cognitive changes following their diagnosis and 
treatment. Symptoms include diffi culties with multi-tasking, short-term memory, 
attention and concentration and word-fi nding, which may have a detrimental effect on 
quality of life. The severity of symptoms varies widely, when assessed objectively, the 
problems are generally subtle. Early clinical observational studies accumulated evi-
dence that suggested cognitive problems could be attributed to the direct neurotoxic 
effects of chemotherapy. However, observations of cognitive defi cits before the start 
of any treatment question the singular role of chemotherapy. Additionally, results from 
studies examining the effect of endocrine therapies on cognitive function are mixed. 

 Recent neuroimaging techniques have reported structural and functional neural 
changes associated with breast cancer treatments. Also, translational research has 
accumulated evidence for the role of immune dysregulation and neurotoxicity from 
(pro-) infl ammatory cytokines. It is clear that cognitive changes associated with breast 
cancer and its treatment are still far from being fully understood. Other contributing 
factors such as surgery, radiotherapy, the psychological burden of having cancer treat-
ment, and treatment-related side effects, in particular fatigue may all play a role. 
Research into pharmacological and non-pharmacological interventions for cognitive 
impairment is in preliminary stages. Cognitive impairment following breast cancer 
diagnosis and treatment remains an important priority in breast cancer survivorship. 
Further investigations are needed to better understand symptoms and processes 
involved to enable the development of appropriate support for patients and survivors.  
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      Introduction 

 Women receiving chemotherapy and endocrine therapy for early-stage breast cancer 
may experience problems with their memory and attention, which can be distressing 
and interfere with quality of life. Changes primarily include diffi culties with con-
centration/focus, word fi nding, planning/multi-tasking, and forgetfulness or diffi -
culty with recall of names or numbers. These problems are reported after diagnosis, 
during treatment or sometimes years later. While most breast cancer patients experi-
ence minor diffi culties that tend to resolve over time, a subgroup report more severe 
and longer lasting impairments. This can be of great concern and may have a nega-
tive impact for some individuals on their day-to-day activities and quality of life, 
such as social functioning, family-life, professional reintegration and leisure 
activities. 

 Cognitive changes following cancer treatments often are referred to as ‘chemo-
brain’ or ‘chemofog’, although most breast cancer patients receive multi-modality 
treatment, and evidence for a direct link between the neurotoxic effects of chemo-
therapy and the symptoms is debatable. A better descriptor of the problem is the 
term ‘cancer-related cognitive impairment’ (CRCI) [ 1 ]. Whatever the underpinning 
causal factors, the phenomenon continues to cause problems for patients and impact 
negatively on their quality of life. In this chapter, we summarize the evidence for 
CRCI in breast cancer patients including its nature, incidence, risk factors and pos-
sible underlying mechanisms, focusing on the contributions of chemotherapy and 
endocrine therapy.  

    Chemotherapy and Cognition 

    Evidence from Cross-Sectional Studies 

 Observations of cognitive changes in cancer patients were fi rst reported more than 
three decades ago [ 2 ]. Initial research with breast cancer patients incorporated 
cross-sectional designs with relatively small sample sizes. These studies provided 
only a ‘snap shot’ of potential cognitive impairment found post-chemotherapy with-
out evidence for changes in relation to pre-treatment cognitive status. Data showed 
that during formal neuropsychological evaluation, breast cancer patients treated 
with chemotherapy performed signifi cantly worse than those not receiving chemo-
therapy or healthy controls or when compared to normative test data [ 3 – 5 ]. Changes 
were observed in the following cognitive domains: attention, processing speed, 
executive function, working memory, short-term memory, and motor function. 
Greater cognitive impairment was usually reported in studies comparing chemo-
therapy groups with healthy control groups or normative data. Incidence rates of 
impairment varied widely from 16 to 75 % in patients with breast cancer undergoing 
chemotherapy compared with 4–11 % in healthy controls [ 6 ,  7 ]. 
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 Several meta-analyses have examined the nature and severity of cognitive impair-
ment in women with breast cancer [ 8 – 10 ]. A recent meta-analysis by Ono et al. [ 11 ] 
found evidence for subtle cognitive decline following treatment. They reported a 
small signifi cant grand mean effect size (−0.12) for cross-sectional studies with a 
comparison group that consisted of healthy individuals or breast cancer patients not 
receiving chemotherapy (e.g. local therapy only). However, the level of impairment 
in those treated with chemotherapy was not signifi cantly different to chemotherapy 
naïve patients. In addition, level of education (but not time since treatment or age) 
was found to signifi cantly moderate the magnitude of cognitive impairment. The 
authors concluded that subtle cognitive changes were common among breast cancer 
patients regardless of a history of chemotherapy or different treatment regimens.  

    Evidence from Prospective Longitudinal Studies 

 Over the past decade, prospective longitudinal research studies have been conducted 
to examine cognitive changes developing pre- and post-chemotherapy, and through-
out the treatment pathway. Some prospective neuropsychological studies have 
found evidence for an association between chemotherapy exposure and cognitive 
function by demonstrating a signifi cant progressive decline over time (i.e. over the 
course of chemotherapy treatment) relative to a matched healthy control group or 
published normative data [ 12 ,  13 ]. Incidence rates of cognitive decline after chemo-
therapy generally varied widely between 20 and 60 % [ 8 ]. Other factors such as 
fatigue, depression, anxiety or stress may also infl uence cognitive outcomes and 
perhaps contribute to CRCI [ 14 ,  15 ]. However these are not consistent fi ndings and 
several prospective studies have not found evidence for cognitive changes associ-
ated with chemotherapy at different time points following treatment; at 4–6 weeks 
[ 16 ], 6 months [ 17 ], and 18 months after completion of chemotherapy [ 18 ]. 

 Inclusion of pre-treatment assessments in prospective research has also revealed 
an unanticipated result; it has been found that 20–30 % of breast cancer patients had 
lower than expected cognitive performance prior to receiving chemotherapy in com-
parison to reference data of healthy controls [ 19 ]. Until now, no clear explanation 
has been found for decreased function prior to chemotherapy. Surgery (e.g. a gen-
eral anesthetic), comorbidities [ 20 ], stress-related factors or fatigue may play a role 
[ 21 ,  22 ]. However, the effect of surgery may be minimal as poor performances have 
been recorded in patients prior to receiving neoadjuvant chemotherapy. Hermelink 
et al. [ 23 ] assessed cognitive performance in 101 patients before and towards com-
pletion of neoadjuvant chemotherapy (epirubicin, cyclophosphamide and pacli-
taxel). Cognitive defi cits, in particular on tests measuring divided attention, 
concentration and executive function were observed in 31 % before the start of treat-
ment compared to normative data. 

 These observations emphasize the importance of taking into account baseline 
assessments before an assumption of causality can be made between chemotherapy 
exposure and cognitive decline.  
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    Research into Late Cognitive Effects 

 If cognitive effects are detected in women who are receiving chemotherapy, a key 
question is whether these changes persist over time. Most prospective studies have 
followed patients for 1 or 2 years post-chemotherapy and it appears that the natural 
course is for cognitive changes to improve in many patients. Zheng and colleagues 
[ 24 ] investigated cognitive function from 18 to 36 months after diagnosis in 1059 
breast cancer patients. They reported that short term memory, attention, executive 
function and delayed memory signifi cantly improved over time. A recent meta- 
analysis provides further evidence that cognitive performance in breast cancer 
patients treated with chemotherapy improves marginally over time [ 11 ]. 

 Few studies have investigated the long-term and late effects of chemotherapy. 
One, in older breast cancer patients (>65 years; n = 30) who remained disease-free 
for more than a decade, reported that long-term cancer survivors scored signifi cantly 
lower compared to matched healthy controls in executive functioning, working 
memory, and divided attention [ 25 ]. A larger case-cohort study (n = 196) confi rmed 
potential late effects when comparing cognitive functioning in breast cancer patients 
who were treated with CMF chemotherapy (cyclophosphamide, methotrexate, 
5-fl uorouracil) on average 20 years previously with that of a population- based sam-
ple of women never diagnosed with cancer (n = 1509). The breast cancer patients 
were more likely to have lower performance on memory, information processing 
speed and psychomotor speed compared healthy controls [ 26 ]. 

 In contrast, a recent large nationwide cohort of recurrence-free breast cancer 
patients (n = 1889) 7–9 years after primary treatment revealed no differences in 
long-term cognitive function between women who had or who had not received 
systemic therapies [ 27 ]. Cognition was assessed using a self-report measure, the 
Cognitive Failures Questionnaire [ 28 ] and not by objective neuropsychological test-
ing, which may explain the different outcome. In addition, results showed that the 
observed proportion of patients with signifi cant subjective cognitive complaints was 
comparable to healthy controls. 

 It remains uncertain whether or not there is a link between the discrepancies 
found in objective cognitive testing and subjective/perceived cognitive impairment, 
which is measured with self-report questionnaires and/or interviews. A review 
showed that most studies fail to fi nd an association between objective and subjective 
cognitive function [ 29 ]. However, qualitative studies with in-depth face-to-face 
interviews frequently report a detrimental effect of cognitive changes on personal 
and professional life [ 30 – 32 ]. Boykoff et al. [ 30 ] interviewed 74 breast cancer sur-
vivors. The majority (70 %) considered cognitive impairment to be the most prob-
lematic side-effect of treatment. Several indicated that the cognitive changes had 
reduced their independence (e.g. they needed help with fi nances) or affected them 
professionally (e.g. they were unable to complete education or keep a job). Von Ah 
et al. [ 31 ] interviewed 22 breast cancer survivors who were at least 1 year 
 post-treatment. They primarily expressed concerns in short and long-term memory, 
processing speed, concentration, language and executive functioning. All found 
these impairments frustrating, and some reported a negative impact on self- 
confi dence and social relationships. Those who were employed reported working 
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harder to perform tasks and used compensatory strategies to complete work tasks. 
Player et al. [ 32 ] conducted a qualitative study with 9 women who were at different 
stages of their breast cancer treatment. A key concern was the impact the cognitive 
changes had on their employment or work-related abilities. Some had to rely on 
family and friends to complete routine daily tasks. Others were unable to drive or 
complete domestic tasks or were no longer able to coordinate running their house-
hold and experienced a loss of independence. These qualitative studies show that 
perceived cognitive changes may have broad implications for the well-being of 
patients, however experiences are highly variable and individual.  

    Neuroimaging and Translational Research 

 Ongoing developments in research techniques, in particular neuroimaging and trans-
lational research have led to greater insight into the association between chemother-
apy and cognition and a better understanding of the underlying processes [ 33 – 36 ]. 

 Neuroimaging techniques, including (functional) magnetic resonance imaging 
(MRI, fMRI) and positron emission tomography (PET) have been applied to inves-
tigate the neural substrate of potential cognitive changes. These methods are capa-
ble of detecting alterations in gray matter (GM) and white matter (WM) tissue in the 
brain or differences in brain functioning (fMRI, PET). Results have shown that 
chemotherapy is associated with structural changes (decrease in GM volume) and 
functional changes (in patterns of activation and resting state metabolism), particu-
larly in the frontal regions that are involved in executive function and memory [ 37 , 
 38 ]. Abnormal microstructural properties in WM regions involved in cognition have 
also been demonstrated [ 39 ]. In some studies, changes were associated with cogni-
tive dysfunction or self-reported cognitive complaints [ 40 – 42 ]. Additionally, there 
is evidence that structural changes can be detected long after completion of chemo-
therapy. Long-term effects of chemotherapy in brain function were examined in 184 
chemotherapy-exposed breast cancer patients more than 20 years after systemic 
chemotherapy [ 38 ]. Smaller total brain and global GM volumes were found com-
pared to healthy controls. 

 Recent research that combined structural and functional MRI, neuropsychologi-
cal assessment, and patient-reported outcomes reported lower cognitive perfor-
mance, prefrontal hyperactivation and lower WM integrity in breast cancer patients 
prior to the start of adjuvant treatment compared to healthy controls [ 43 ]. The results 
suggested that fatigue might be an important contributing factor in cognitive changes 
because symptoms of fatigue were associated with observed abnormalities. 

 Growing evidence from translational research suggests that cytokines may also be 
involved in CRCI [ 36 ,  44 ]. Multiple clinical studies have demonstrated that adminis-
tration of chemotherapy causes increases in cytokine levels, such as interleukin 
(IL)-1ß, IL-6, IL-8, IL-10, monocyte chemoattractant protein-1 (MCP-1), vascular 
endothelial growth factor (VEGF) and tumor necrosis factor (TNF)-α [ 41 ,  45 ]. These 
changes were more prominent in patients who experienced cognitive dysfunctions 
[ 41 ,  44 ,  46 ,  47 ]. However, there is still limited evidence for an association between 
the severity of the impairment and dysregulation in cytokines. In addition, the infl u-
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ence of certain disease characteristics such as estrogen receptor (ER) status and 
tumor size remains unclear [ 48 ]. Ongoing research in this area may facilitate identi-
fi cation of those at risk of cognitive impairment and the planning of interventions.   

    Endocrine Therapy and Cognition 

    Estrogen and Cognitive Function 

 The suggestion that endocrine therapy may affect cognition stems from the observa-
tion that estrogen receptors, ERα and ERß, are found in the prefrontal cortex, hip-
pocampus and related cortical areas and the amygdala [ 49 ]. These are areas in the 
brain involved in cognitive performance, although the exact role of estrogen within 
the memory system is more complex [ 50 ]. 

 Evidence that endocrine therapy may interfere with cognition is diffi cult to 
assess in women treated for breast cancer due to other infl uencing factors such as 
the effects of surgery, chemotherapy and radiotherapy regimens. Also, there are dif-
ferent types of endocrine treatments and the degree to which they impact on an 
individual may depend on age (pre- or post-menopause), previous use of hormone 
replacement therapy and the severity of side effects (e.g. lack of sleep due to night 
sweats causing fatigue and/or poor concentration). All these factors need to be con-
sidered when interpreting the data presented in research articles implicating endo-
crine therapy as detrimental to cognitive performance. 

 Endocrine therapies can be categorized into two groups, the selective estrogen 
receptor modulators (SERMs) and the aromatase inhibitors (AIs). The SERM tamox-
ifen, is a mixed agonist/antagonist, it binds to the estrogen receptors ERα and ERß 
amongst others, but there is confl icting evidence as to whether it acts as an agonist or 
an antagonist in the brain. The enzyme aromatase converts adrenal androgens to 
estrogens, and aromatase inhibitors are widely used in postmenopausal women with 
estrogen receptor positive breast cancer. Aromatase is found in numerous sites in the 
brain, particularly the hippocampus and the cortex [ 51 ]. However, the biochemical 
changes occurring as a result of the introduction of AIs drugs and the subsequent 
consequences for cognition are less well known. In order to get a clearer picture of 
the effect of these therapies it is useful to focus on studies where the drugs are used 
in women who did not receive prior  chemotherapy and in breast cancer prevention in 
order to minimize the impact of confounding factors.  

    Evidence from Cross-Sectional and Observational Studies 

 A cross-sectional study of elderly nursing home patients showed a reduced risk of 
Alzheimer's disease, improved activities of daily living, and improved decision 
making in women treated with tamoxifen [ 52 ]. This result implies that tamoxifen 
may have a favorable effect on the aging brain, a fi nding supported by Ernst and 

H. Harder and V. Jenkins



241

colleagues [ 53 ] who examined the impact of tamoxifen and estrogen on brain 
metabolism in 43 elderly women (65–80 years) compared with 33 matched controls. 
These data showed that tamoxifen had a similar effect to estrogen, albeit in small 
numbers of individuals. However, observational studies have provided mixed evi-
dence concerning the effects of tamoxifen on cognition. For example, a study with 
early-stage breast cancer patients found that anastrozole compared to tamoxifen led 
to signifi cant impairments in verbal and visual learning and memory [ 54 ]. However, 
other research has shown a deterioration in verbal abilities (verbal memory and fl u-
ency) in women following breast cancer treatment with tamoxifen compared to 
those who had surgery with or without radiotherapy or healthy controls [ 55 ].  

    Evidence from Randomized Controlled Trials 

 Many international randomized clinical trials examining endocrine therapies have 
fortunately supported sub-protocols to examine cognition, for example the ATAC 
(anastrozole, tamoxifen alone or combined) and TEAM (tamoxifen and exemes-
tane) trials, BIG 1–98 (letrozole and/or tamoxifen), NSABP Breast Cancer 
Prevention Trial (tamoxifen versus placebo) and the IBIS II study (double blind 
placebo controlled trial of anastrozole). 

 In a sub-study of the ATAC trial, cognition was examined in 100 chemotherapy 
naïve women who had been on the trial for a median of 36 months. Results showed 
a signifi cantly poorer performance on tasks of verbal memory and processing speed 
in breast cancer patients compared with age matched controls but numbers were too 
small to conduct any between-group analyses to determine whether tamoxifen or 
anastrozole or the combination of drugs was implicated. Also there was no pre- 
treatment baseline assessment to establish whether or not the effect was due to 
endocrine therapy per se [ 56 ]. 

 The effect of tamoxifen on perceived cognitive function relative to placebo was 
assessed in the NSABP Breast Cancer Prevention Trial of 13,388 women [ 57 ]. Patients 
completed a quality of life symptom checklist that included aspects of cognition such 
as ease of concentration, and forgetfulness. At 1 year patients receiving tamoxifen had 
worse quality of life but no difference in self-reported cognitive function. 

 In the TEAM sub-study, cognition was assessed prior to starting and after 1 year 
of endocrine treatment in 80 patients on tamoxifen and 99 on exemestane [ 58 ]. 
Their results were compared to those of 120 healthy controls. After adjusting for 
baseline performance, patients on tamoxifen (but not those on exemestane) per-
formed signifi cantly worse than the controls on tasks of verbal memory and execu-
tive functioning. However, there were no signifi cant differences regarding cognitive 
testing between the two therapies. 

 In the BIG 1–98 trial, change in cognitive function was assessed after cessation 
of treatment in 100 postmenopausal breast cancer patients who had received 5 years 
of adjuvant tamoxifen or letrozole alone or in sequence. Patients were assessed with 
a computerized battery of tests in the fi nal year of treatment and 1 year later [ 59 ]. 
There was a moderate improvement in the composite cognitive score 1 year after 
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cessation of treatment. Weaknesses of the study included small sample sizes (insuf-
fi cient to compare differences between the groups), and lack of a control group and 
baseline assessment. 

 The randomized double blind placebo controlled prevention trial IBIS II explored 
the effects of anastrozole on cognition in a subset of 200 women over 2 years. No sig-
nifi cant differences between the groups were found for any of the cognitive tasks [ 60 ]. 
By 6 months, 13 women in both groups reported changes to their memory and this 
decreased to fi ve women in the placebo group and three women in the anastrozole group 
by the 24-month assessment. The strength of this study was its design, a double blind 
placebo controlled trial allowed a true evaluation of the effect of the drug on cognition. 

 The variability of results from the studies cited shows how diffi cult it is to tease 
out the effect of any endocrine therapy on cognition, especially when confounded 
with other factors associated with breast cancer treatments. In terms of patient care, 
there is insuffi cient evidence to select one endocrine therapy over another based on 
purported cognitive impact.   

    Interventions for Management of Cognitive Changes 

 For most breast cancer patients the effects of cancer and its treatment on cognition are 
transient but for a subgroup symptoms may persist. If cognitive impairment is detected 
or reported by women after treatment, strategies to help them cope with these cogni-
tive changes may be useful. There are broadly two approaches to manage cognitive 
changes after cancer treatment: pharmacological and nonpharmacological interven-
tions. However, only a limited number of studies have been conducted in breast can-
cer patients and many of these are limited by methodological concerns [ 61 ]. 

 Pharmacological interventions are usually targeted at the mechanism underlying 
CRCI or may be selected based on their known property to enhance cognitive 
 function in other cognitively impaired populations [ 62 ]. The effectiveness of 
 pharmacologic agents to reduce or prevent cognitive changes after breast cancer 
treatment is not well established. A review of prospective randomized controlled tri-
als (RCTs) in breast cancer patients during or after chemotherapy or multimodal 
therapy (including chemotherapy) identifi ed 6 pharmacological intervention RCTs 
with psycho or neurostimulants (i.e. methylphenidate, d-methylphenidate and 
modafi nil), erythropoietin stimulating agents (i.e. epoetin alfa) or gingko biloba [ 61 ]. 
Outcomes were negative or inconclusive: there was no statistically signifi cant differ-
ence in cognitive measures (evaluated within individual cognitive domains) in any of 
these studies. In addition, there are some safety concerns as adverse effects associ-
ated with the intervention or placebo were reported in the majority of the studies. 

 Nonpharmacological interventions may provide more effective alternatives for 
targeting functional impairments in cancer survivors. One of the most frequently 
employed nonpharmacological approaches is cognitive rehabilitation or cognitive 
training which is designed to help the patient learn and apply adaptive strategies to 
reduce or manage cognitive impairment. This usually involves an intervention 
focused on retraining (e.g. repeated and structured practice of tasks), acquisition of 
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compensatory strategies or psychoeducation. Thus far there have been a limited num-
ber of studies in patients with breast cancer [ 63 – 67 ]. The majority of these studies 
demonstrated modest improvement in objective cognitive performance, perceived 
cognitive ability and quality of life. However, the effi cacy of cognitive training 
depends highly on the intensity of treatment over an extended period of time and most 
studies lack a long-term evaluation. A recent study showed that web- based cognitive 
rehabilitation may be a promising intervention that can be applied for longer at low 
costs [ 68 ]. A RCT in 157 breast cancer patients (4.5 years post- diagnosis) who fol-
lowed an intensive 6-weeks training program noted modest improvements on work-
ing memory and verbal learning up to 5-month after completion of the intervention. 

 Another approach is electroencephalography biofeedback or neurofeedback 
which addresses the underlying cause of cognitive problems rather than treating 
symptoms. It involves real-time display of brain electrical activity provided to the 
individual as visual or auditory information which may enable the individual to 
modify that brainwave activity. Neurofeedback was investigated in a small study by 
Alvarez et al. [ 69 ] with 23 breast cancer survivors 6–60 months post-chemotherapy. 
Improvements were noted in perceived cognitive function, but unfortunately objec-
tive cognitive performance was not assessed. 

 Recent research shows that exercise and mind-body interventions may be useful 
for improving cognitive function [ 70 ,  71 ]. In a randomized pilot study, mindfulness- 
based stress reduction (MBSR) was compared to psychoeducation and support [ 70 ]. 
Participants in the MBSR-arm reported a greater improvement in perceived cogni-
tive impairment immediately after the 8-week intervention and 6 months later and 
showed greater accuracy on an attention test at both time points compared to the 
control arm. However, this small RCT targeted cancer-related fatigue as it included 
breast (and colorectal) cancer survivors (n = 71) with moderate to severe fatigue. 

 A larger RCT (n = 200) in early-stage breast cancer survivors showed that yoga 
may have the potential to effectively reduce cognitive complaints [ 71 ]. Participants 
(all post-treatment) were randomized to a 12-week Hatha yoga intervention (twice- 
weekly) or a wait-list control group. Three months after the intervention yoga par-
ticipants reported fewer (23 % lower) cognitive problems compared to the wait-list 
controls, and group differences remained after adjusting for distress, fatigue and 
sleep quality. Within the yoga group, those who practiced more frequently noted 
signifi cantly fewer cognitive complaints. 

 In conclusion, current evidence favors nonpharmacological management of cogni-
tive changes associated with breast cancer treatment, but the durability of long- term 
effects remains uncertain. Further more rigorous RCTs with suffi cient sample sizes 
and both objective and self-report measures of cognitive function are necessary.  

    Conclusions 

 Research into breast cancer and cognition has grown over the past decades and has 
taken a multidisciplinary approach. At present the relationship between breast can-
cer treatment and cognition remains unclear despite the improvement in study 
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design and methods. Controversy about the extent and the underlying mechanisms 
still exists, although it is recognized that CRCI is likely to be multifactorial. A com-
bination of individual characteristics, genetic or biological factors are all likely to 
play a role in the predisposition to cognitive changes. 

 In response to the methodological limitations of current research, an interna-
tional group of investigators has proposed common criteria for defi ning CRCI to 
increase homogeneity of study methods and to facilitate comparisons across studies 
[ 72 ]. This includes recommendations for study design and neuropsychological 
assessment (e.g. cognitive tests, analytical methods). Implementing these recom-
mendations in future clinical trials could be a fi rst step to gaining further insight into 
cognitive changes after a diagnosis of breast cancer. More large prospective studies 
in breast cancer patients and into effective and safe interventions are encouraged. 
Future evaluations should include patients exposed to targeted treatment, and inves-
tigation of the infl uence of comorbidities and aging. This may help to improve the 
understanding of the processes involved in CRCI, and contribute to informed deci-
sions about treatment to maintain quality of life among breast cancer patients.     
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    Chapter 19   
 Psychological Issues in Breast Cancer 
Survivorship                     

     Richard     Towers     

    Abstract     This Chapter will explore the common psychological and emotional 
impact of a breast cancer diagnosis and its bearing on survivorship. An understand-
ing of the psychological processes from the point of diagnosis aims to shed light on 
the needs of breast cancer survivors. Challenges, psychological issues and coping 
mechanisms will be explored and communication skills considered.  

  Keywords     Psychological   •   Support   •   Listening   •   Self-management   •   Person- centered 
communication   •   Depression   •   Body-image   •   Uncertainty  

      Introduction 

 There is no standard psychological or emotional response to a cancer diagnosis but 
many patients experience the emotional consequences to be the hardest to deal with 
[ 1 ]. Adjustment to survivorship can be infl uenced by: response to diagnosis; the 
treatment experience; individual coping style and prior experience with illness, can-
cer and loss. People mostly adapt well in the long term, but the transition at end of 
treatment remains challenging [ 2 ]. 

 Cancer diagnosis is a shocking experience disrupting the lives of the strongest 
individuals and causing sadness, disbelief and sometimes depression, anxiety and 
family breakdown. Having cancer means exposure to an alien hospital environ-
ment where investigations and treatments are delivered in invasive and challenging 
circumstances. Many undergo surgery, chemotherapy, radiotherapy and an increas-
ingly diverse range of interventions. Patients tend to engage with treatment with 
the primary aim of survival and have the expectation that normal life will resume 
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following treatment. Survivorship however is a challenge and health professionals 
can help by meaningful engagement with psychological, social and emotional 
issues.  

    Reactions to Breast Cancer Diagnosis and Coping 

 Many people with a diagnosis of breast cancer consider themselves to be healthy, 
with few or no symptoms. Diagnosis generates thoughts of mortality and with treat-
ment lasting over a year for some, long term coping is demanding for all. 

 Following diagnosis people often experience numbness, disbelief, fear and vul-
nerability which affect normal thinking and functioning. Some experience high dis-
tress, profound uncertainty, sleeplessness and fear and it is in this unsettled period 
that challenging treatment choices are made. A signifi cant loss of control is experi-
enced when confronted with cancer [ 3 ] and in some cases support is required to 
enable people to engage with aspects of their normal lives. Retaining control sup-
ports adaptation and health professional communication can aid empowered reac-
tions. A low sense of control can result in negative thoughts and feelings, resulting 
in a reduced ability to cope and greater distress [ 4 ]. 

 A degree of denial or ‘psychological buffering’ can help people cope with the 
magnitude of a cancer diagnosis and its consequences. This buffering should be 
considered to be a normal and functional mechanism, enabling people to manage an 
otherwise unbearable situation. Most denial helps people manage challenging emo-
tions and thoughts but can be confusing for health professionals who see unusual 
reactions or ambivalence in situations where a different reaction is expected. There 
can be concerning levels of denial, for example someone denying they have cancer 
at all. This happens because they are not able to confront and manage the situation 
effectively. Broad support and gentle exploration of fears are required to support 
adaptation in cases where there is concerning denial. The same treatment and options 
should be available and careful documentation is important to support a holistic and 
multi-professional approach. Professional psychological support should be offered 
sensitively. Denial can come and go, for example in a conversation about prognosis 
and it is always important to differentiate denial from a lack of understanding. 

 Patients frequently refl ect upon the diagnosis and treatment period as an unreal 
and bewildering experience. This emotional detachment or numbness results from a 
profound psychological disturbance and is infl uenced by the impact of powerful 
drug treatment and side effects. People can adopt a singular focus on getting through 
their treatment, helping them to endure the physical side effects, but potentially 
storing up challenging thoughts and feelings. Once treatment ends people often 
begin to process their experiences and try to make sense of their future. Some 
dependence upon contact with hospital staff and the busy schedule of treatments, 
investigations and appointments may have developed. 

 Several people start to make lifestyle changes during treatment, possibly involving 
diet. These changes can be viewed as part of coping and such actions may contribute 
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positively to a sense of control. Sometimes people seek to make ambitious changes 
and attempt to change too much, losing a sense of emotional balance and stability. 
Exploration and gentle guidance can help people judge what is achievable and helpful. 
More in-depth psychological support may help people realize the origin of the desire 
to control future risk and plans to change might be reformulated as a result. 

 Beliefs about the causes of cancer can be helpful in driving attitude and behavior 
change towards more healthy living but can sometimes be troublesome. Patients 
often believe that psychosocial factors infl uence cancer outcomes [ 5 ] and there is 
some evidence of their infl uence upon survival [ 6 ]. It can however be damaging to 
encourage people to adopt certain attitudes, as there is no proven psychological 
state to adopt.  

    Uncertainty 

 A signifi cant challenge in cancer is the sense of uncertainty that develops. 
Uncertainty inhibits coping, it causes distress and can reduce quality of life [ 7 ]. 
The end of cancer treatment reveals a future marked by pervasive thoughts about 
recurrence [ 8 ] and mortality. Constant active acknowledgement of life’s uncer-
tainty is not normal and such unsettling thoughts can persist long after cancer treat-
ment has ended [ 9 ]. Patients can be left with the feeling that they are living with 
imminent risk and their concepts of life and hope are disrupted [ 10 ]. Acclimatizing 
to the awareness of uncertainty or returning to a healthy ignorance of its implica-
tions takes time and is dependent on individual circumstance. If uncertainty is 
generating troublesome anxiety or low mood then counseling may help people 
adjust. Uncertainty can sometimes be viewed positively, its vagueness helpful in 
avoiding fears (if the future is uncertain, fears are unconfi rmed). After cancer treat-
ment, people have the opportunity to make signifi cant and positive changes to the 
way they have lived their lives, establishing a ‘new normal’ and resolving much of 
their personal uncertainty. 

 Clarity of knowledge infl uences the nature of uncertainty and its association with 
distress [ 9 ]. The trust that patients have with health professionals is likely to infl u-
ence their ability to come to terms with the inherent ambiguity in survivorship. 
Patients can be frustrated by professionals’ who fail to acknowledge uncertainty, but 
they also actively seek reassurance which can make striking the right balance of 
information challenging. Giving generic untailored and technical information is of 
limited value [ 11 ] as is sharing too much or too little. Professionals can put the per-
son in charge of what information they acquire and regularly clarify what they want 
to know, giving information clearly and honestly to avoid confusion. The type, 
amount and delivery of information are crucial to helping patients adjust. 

 Indecision and confusion can emerge around specifi c issues, for example younger 
women face loss or uncertainty about fertility and this can be as challenging and 
traumatic as the diagnosis of cancer itself. Pregnancy increases cancer risks for some, 
and pregnancy rates clearly drop following cancer treatment in young women [ 12 ]. 
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Professionals therefore need to keep an open mind and explore what uncertainties 
there are for individuals in order to be able to support their needs effectively.  

    Family Considerations 

 The structure of families and their ability to adjust to illness varies considerably. 
Roles generally need to change to accommodate cancer treatment and misunder-
standings and disagreements can emerge. All family members are affected and will 
have fears for the future [ 13 ]. At treatments end, many families assume that old roles 
will be restored which might confl ict with the cancer patients’ new view of their life 
priorities and their on-going experience of physical and psychological conse-
quences. Professionals often assume that patients talk to their family members about 
feelings, fears and concerns and families might equally assume that professionals 
are addressing these issues. Patients can sometimes therefore feel quite isolated and 
struggle to fi nd someone to hear their concerns (See section “ Supportive 
Communication ”). 

 Distress in relationships can be experienced during diagnosis, treatment and the 
survivorship period and this often remains hidden from professionals [ 14 ]. A lower 
quality of life and anxiety are precipitated by poor family adaptation to a diagnosis [ 15 ] 
and social and emotional support is crucial in supporting patient adjustment [ 16 ,  17 ].  

    Mood Disorders 

 More signifi cant and potentially lasting psychological diffi culties like anxiety, 
depression and adjustment disorders arise in a signifi cant proportion of cancer 
patients [ 18 ,  19 ]. These diffi culties have a profound impact upon quality of life and 
are under-recognized, with major depression occurring in around 9 % of the breast 
cancer population [ 20 ]. 

 Depression is a clinical condition where people display some of the following 
symptoms: low mood; lack of motivation; anxiety; sleep disturbance; early morning 
waking; loss of interest, appetite and libido; a sense of hopelessness and negativity 
[ 21 ]. People may become withdrawn, sad and lose interest in their appearance. 
Many of the symptoms of low mood are caused by treatment and its side effects. 
Patients and family members may expect low mood, but this doesn’t mean that sup-
port isn’t required and further assessment is essential to establish whether therapeu-
tic or medical interventions are needed. Patients who have experienced a signifi cant 
symptom burden and functional impairment during treatment or who continue to 
suffer longer term impacts are vulnerable to low mood [ 21 ]. 

 Feelings of anxiety are understandable e.g. leading up to review appointments or 
awaiting scan results. Anxiety links to a sense of control and uncertainty and there-
fore can respond to empowerment and self-help techniques like relaxation exercises. 
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A sense of control generally improves with medical reassurances, time and the re-
emergence of a sense of self. One challenge many patients face is interpreting physi-
cal sensations, many of which are new following surgery and other medical 
interventions. Patients will inevitably be over-vigilant to physical sensations and 
fears are frequently triggered by symptomatic experiences. Health professionals need 
to show their understanding and pay proper attention to concerns, whilst giving real-
istic reassurance. Exploring fears can help – see section “ Supportive Communication ”. 

 It is important to develop a trusting relationship and be non-judgmental about 
experiences of low mood and anxiety. It can help to normalize the feelings expressed, 
but care must be taken to avoiding trivializing patient experiences. Risk factors for 
mood problems include having a history of mood disturbance, being younger at 
diagnosis, having poor social support and in patients who experience poor symptom 
control. Low level depression depression is still challenging and many people will 
benefi t from counseling to help them through diffi cult periods.  

    Body Image 

 A range of body changes can occur with cancer treatment, most obviously those 
associated with hair loss from chemotherapy and longer term changes caused by 
surgery. The resulting changed body image requires adjustment. Cosmetic surgery 
can signifi cantly improve outcomes but self-image and identity remain subjective 
and relatively minor changes or scarring can have a signifi cant and negative impact 
on some people. Due to the sexual association of the breast and its place as a societal 
identifi er of a woman’s sexuality [ 22 ] feelings of attractiveness and feminine iden-
tity can be affected. Depression and anxiety might affect body image but such infl u-
ences are bi-directional, with mood affected by self-perceptions. Prior self-image 
and social/relationship factors will infl uence adjustment to body image change. In 
younger women with breast cancer, body image concerns are directly linked to the 
type and extent of surgery, e.g. lumpectomy, with or without reconstruction gener-
ates fewer problems than mastectomy [ 23 ]. There can be an assumption that recon-
structive surgery is more suitable for younger women but there are potentially 
equivalent benefi ts in well-being and self-image in an older population [ 24 ]. 

 The effect of hair loss can be supported by the use of headscarves, wigs and makeup 
but health care professionals should not think this fi xes or resolves the discomfort and 
the sense of difference that occurs. Many women struggle with the identifi cation with 
the characteristic ‘bald’ cancer patient. Talking through such feelings can be of benefi t. 
Some actions and support are suggested to support confi dence and self-esteem [ 25 ]. 

 Lymphoedema is a particular challenge due to its permanence, potential func-
tional restriction and need to manage as a long-term consequence. The wearing of 
supportive stockings and visible limb swelling can make this a very conspicuous 
and diffi cult problem to adjust to problem. Getting specialist advice on management 
is likely to benefi t a sense of control, improve management and result in a better 
quality of life.  
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    Should People Have Counseling? 

 Many patients talk of presenting themselves as ‘well’ to health professionals, even 
when they are struggling with symptoms and mood at home. Speigal [ 26 ] suggest that 
psychotherapeutic interventions have a role in promoting quality of life and length of 
survival in breast cancer, especially when depression and signifi cant stress are pres-
ent. Evidence however is mixed and the specifi c type of intervention remains unclear. 

 A signifi cant percentage of breast cancer patients do opt to have some counsel-
ing to help them cope with treatment, process strong emotions and address personal 
challenges. Patients should always be informed of the support services available to 
them, but frequently manage with social support and caring health professionals 
with good communication skills (see section “ Supportive Communication ”). 

 Counseling can support adjustment to identity, body image, coping with losses and 
address specifi c mood problems like anxiety and depression [ 27 ]. It can help people 
to identify their feelings and thoughts and support the development of a new sense of 
self in survivorship. Successful psychosocial interventions have an impact upon qual-
ity of life and can reduce costs from hospital follow up, community services and GP 
visits, especially in those patients with signifi cant mood disturbance [ 28 ].  

       Supportive Communication Skills for Health Professionals 

 Getting our communication right has the potential to support self-management, reduce 
inequalities in access to care and promote recovery to an optimal quality of life [ 29 ]. 
Bad communication can lead to negative patient experience, poor satisfaction and 
result in costly interventions and overuse of health services in the longer term [ 30 ]. 

 Finding the time to explore and support patients’ psychological and social needs 
can be challenging in hospital environments where there is an overriding focus upon 
physical issues and treatment advances. Survival is everyone’s priority but the dom-
inance of biomedical agendas can compromise the transfer of good psychological 
care into health professional practice [ 31 ]. Improving survival rates leads to 
increased chronic physical and psychological sequelae and greater collaboration 
and support are therefore required [ 11 ]. Health professionals have a tendency to 
favor information exchange as the primary focus of communication, but patients 
prefer trusting relationships and an appropriate emotional tone [ 32 ]. 

 Breast patients have had a life changing experience and have lived through a range 
of emotions that need expression. Part of recovery involves the articulation of these 
experiences and feelings and having them listened to, acknowledged and understood. 
Health professionals spend far too much time focusing on the physical and all too 
frequently fail to address this agenda. If we ask people what they need and we listen 
and act in accordance with their wishes, we will not go too far wrong. Person cen-
tered communication approaches, where individuals are placed in a context of their 
own meaning and values [ 33 ] should be what health professionals aim for. 
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 A plan for providing support (examples in italics)

    1.    Protect time. Even very short amounts of time can be benefi cial, but it is impor-
tant to declare a specifi c psychological/emotional focus. ‘ I would like now to 
spend 5 min to concentrate on how you have been feeling .’   

   2.    Pick up on cues (listening out for what people are really saying i.e. the meaning 
behind the words, paying attention to non-verbal and verbal cues). 

 ‘ I noticed you seem a little down today ’   
   3.    Explore with a mixture of open and closed questions, responding to the psycho-

logical or emotional agenda. ‘ What is concerning you the most? ’   
   4.    Listening. The most underrated skill is being quiet! Even when we are silent we 

must remain present and attentive. Stop interrupting and periodically summarize 
or paraphrase your understanding of what is being said (aim to talk for less than 
50 % of the time).   

   5.    Be prepared to sit with distress. Don’t try to stop people if they are upset but do 
acknowledge it: ‘ I can see its challenging and upsetting to talk about this ’   

   6.    Avoid jumping in to solve problems. Listen fi rst and then explore the patients 
solutions.   

   7.    Close your conversation sensitively and effectively. Indicate you need to end the 
conversation e.g.  ‘I am going to need to end our meeting shortly’ . Summarize 
your conversation, especially if there has been distress  ‘It’s been diffi cult and 
upsetting for you since…’    

   8.    Let people know where they can go for support. Can they talk to you again? 
When? If not you, who can they speak to? Signpost to information, pastoral, 
complementary, and counseling services (this means informing people what is 
available, not passing the buck).     

 If mood is obviously low or there are high levels of anxiety without an immediate 
cause, establish the duration and severity of symptoms. It can be useful to ask if they 
or others are concerned about their mood. Consider the symptoms of anxiety and 
low mood and impact of treatment and follow point 8 above. Expressions of hope-
lessness or concerning statements should be explored to exclude risk and if in doubt 
seek advice from a mental health professional. 

 People may respond well to self-selected, self-help resources and activities (see 
NHS choices link) like yoga, meditation and mindfulness, often run at cancer cen-
ters. There is growing evidence of the benefi t of activity and the safety of exercise 
for cancer survivors. It is suggested to improve cancer outcomes and benefi t those 
suffering from low mood [ 34 ,  35 ].  

    Cognitive Behavioral Interventions 

 Health professionals can make use of cognitive behavioral interventions (CBT) but 
should seek training before changing their practice. In principle CBT aims to develop 
people’s awareness of their thinking, emotions and behavior and the links between 
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them. Unconscious repetitive thoughts can cause unpleasant mood states and block 
positive change. Patients can be helped to see how certain thoughts or behaviors main-
tain problems or thwart progress towards change. The approach involves breaking 
down and structuring problems into smaller parts. Using an example of someone with 
anxiety at the time of their cancer follow-up appointment, the approach would gather 
suitable descriptions of the situation and the diffi cult or unwanted actions and feelings 
experienced. A structured process of exploring the relationship between the situation 
and the diffi culties aims to reveal some negative or fearful thoughts e.g. ‘ the cancer will 
return ’ or ‘ I will get bad news ’. Working gently through these thoughts, the patient is 
encouraged to ‘test out’ their accuracy, revealing how one-sided or negative they may 
be. More balanced, realistic thoughts are sought that lead to less anxiety and more sta-
ble and tolerant mood states e.g. ‘ there is a good chance I will be reassured ’, ‘ I have no 
reason to expect the worst ’. The changes and words have to be from the patient, it is not 
about giving advice and changing people’s thoughts for them. Adopting this approach 
takes practice and training. There are self-help CBT resources available (see below).  

    Supporting Self-Management 

 There is a suggested relationship between self-effi cacy (a sense of control) and cop-
ing with diagnosis and survivorship [ 2 ]. If health professionals can support self- 
management it is likely to improve long term symptoms, clinical outcomes and alter 
the way that health services are accessed [ 36 ]. 

 Health professionals are experts at helping and are eager to support people in 
their time of need. The tools we use to help are ones we feel familiar with, com-
monly those involving fi xing problems through investigations, treatments, informa-
tion, advice and plans. Most health professionals get reward from helping others and 
such interventions are mostly welcomed by patients. The skills to motivate others to 
self manage however confl ict with the traditional helping dynamic. By seeking to fi x 
peoples problems for them, we promote and maintain a degree of dependence. 

 Person centered communication skills and a strong emphasis upon collaboration 
and empowering people to be more involved in decisions and care are the bedrock 
of supporting self-management. Facilitating people to resolve and support their own 
challenges with our assistance is the shift in practice required. Communication 
training around being person centered and motivating others to self manage will 
help to develop suitable skills. 

 The sort of skills you would use would be: inviting the patient to set the agenda: 
‘ What do you want to get out of our meeting today ? Encouraging people to tell you 
about their current situation, hearing reasons for and against making changes and 
showing your understanding. Avoid advice giving. Displaying accurate empathy is 
an important and underrated skill in supporting self-care. Changing communication 
to support self-management, also takes practice and training.  
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    Information and Support Resources 

 Patients should be encouraged to develop a relationship with their GP and to include 
discussions about their mood if possible. Some GP practices have counseling ser-
vices and all currently have access to community Cognitive Behavioral Therapy 
services (IAPT) suitable to support depression and anxiety. 

 Many hospitals offer information and support/counseling services, sometimes 
these are cancer specifi c. Some geographical areas have dedicated breast cancer 
services providing a range of holistic interventions. Explore what is around you 
locally so that you can inform patients of available services. Avoid referral without 
primary assessment and consideration with the patient fi rst – consider a holistic 
needs assessment. Clinical nurse specialists are key workers and can do much to 
support psychological and emotional issues.

 Sources of support 

 Organization  Website/contact  Services offered 

 Breast Cancer Care    https://www.
breastcancercare.org.uk/     
 Freephone 0808 800 6000 

 Information, support and can 
signpost to local support 

 Cancer Research UK    http://www.cancerresearchuk.
org/about-cancer/type/
breast-cancer/     

 Information about disease and 
treatment. Chat forums 

 Look good, feel better    http://www.
lookgoodfeelbetter.co.uk/     

 Services for well-being, 
appearance and confi dence 
building 

 Lymphoedema Support    http://www.lymphoedema.
org/     

 Information self-help 
promotion. Support network 

 Macmillan Cancer Support  Macmillan Cancer Support 
   http://www.macmillan.org.uk/     
 Freephone 0808 808 00 00 

 Advice, information support 

 The Haven    http://thehaven.org.uk/      A range of holistic services 
 NHS choices:    http://www.nhs.uk/

NHSEngland/NSF/Pages/
Cancer.aspx     
   http://www.nhs.uk/
conditions/counselling/pages/
talking-therapies.aspx     
 Includes links to other 
sources of support and 
self-help e.g. 
 ‘Big White Wall’ 
 ‘MoodGym’, 
 ‘Living life to the full’ 
 ‘Samaritans’ 
 Sources of counseling 

 Helpful advice on: cancer 
related issues; coping and 
psychological health issues 
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    Chapter 20   
 Fatigue in Breast Cancer Survivors                     

     Belinda     Kingston       and     Marta     Capelan     

    Abstract     Fatigue is a common symptom amongst cancer survivors which can have 
a signifi cant impact on quality of life even in those who have completed treatment 
many years previously. It appears that a combination of genetic predisposition, envi-
ronmental exposure, tumor and treatment factors combine to put women at increased 
risk of fatigue, but the precise mechanisms are not well understood. The fatigue 
experienced by cancer survivors is best regarded as a multidimensional symptom 
involving the subjective experience of tiredness, weakness and lack of energy. 
However there is a lack of consensus as to the optimal means by which to measure 
fatigue, and partly as a consequence of this, interventions to ameliorate this distress-
ing symptom are not well established. This chapter examines what is known of the 
prevalence and natural history of fatigue amongst breast cancer survivors, with 
guidance as to the differential diagnosis and potential management strategies.  

  Keywords     Breast cancer   •   Fatigue   •   Cancer-related fatigue   •   Cytokines  

      Introduction 

 Fatigue is a common symptom amongst cancer survivors which can have a signifi -
cant impact on quality of life even in those who have completed treatment many 
years previously [ 1 ,  2 ]. Despite this, relatively little is understood about the underly-
ing pathophysiology and risk factors. Cancer-related fatigue is best regarded as a 
distressing, persistent, subjective sense of physical, emotional, and/or cognitive 
tiredness or exhaustion related to cancer and/or cancer treatment that is not propor-
tional to recent activity and interferes with usual functioning [ 3 ]. However there is 
a lack of consensus as to the optimal means by which to measure fatigue, and partly 
as a consequence of this, interventions to ameliorate this distressing symptom are 
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not well established. This chapter examines what is known of the prevalence and 
natural history of fatigue amongst breast cancer survivors, with guidance as to the 
differential diagnosis and potential management strategies.  

    Epidemiology 

 Fatigue is one of the most common symptoms experienced during chemotherapy and 
radiotherapy, and as a direct effect of treatment one would anticipate that fatigue will be 
experienced by patients during and immediately after treatment [ 4 ]. However fatigue in 
breast cancer survivors appears to persist well beyond this initial treatment phase. 
Fatigue has been reported by up to 30–50% of breast cancer survivors in the fi rst 5 years 
from completion of treatment [ 5 – 7 ], and whilst fatigue may be a common complaint in 
the general population these rates are signifi cantly higher than in age matched controls 
[ 1 ,  8 ]. Bower et al assessed the persistence of fatigue up to 10 years from diagnosis [ 9 ]. 
Fatigue was assessed using the RAND-36 Item Health Survey questionnaire, which 
asks participant how much time in the proceeding 4 weeks they had felt ‘full of pep’, 
‘had a lot of energy’, ‘worn out’ and ‘felt tired’. The women were assessed at two time 
points, within 5 years and within 10 years of completing treatment. The investigators 
found that within 763 disease-free breast cancer survivors, there was only 1% difference 
in the prevalence of fatigue at the 1–5 year follow up compared to the 5–10 year follow 
up (35% versus 34% respectively). It is clear from this and other long term follow up 
studies [ 6 ], that fatigue can be a persistent symptom in approximately a third of indi-
viduals who have been diagnosed with breast cancer more than 5 years previously [ 5 ,  9 ].  

    Causes and Associations 

    Risk Factors for Fatigue in Breast Cancer Survivors 

 In order to fully inform patients and to plan interventions it is important to be able 
to identify those patients at risk of persistent fatigue. Bower et al. [ 10 ] investigated 
fatigue in nearly 2,000 breast cancer survivors in the fi rst 5 years from diagnosis. 
The investigators used the RAND 36-Item Health Survey to establish levels of 
fatigue in 1,957 breast cancer survivors. Younger age, lower income, pain, depres-
sion, single relationship status, and presence of comorbidities were associated with 
increased fatigue levels. In contrast, ethnicity, educational attainment and employ-
ment status which were not signifi cantly associated with being more fatigued [ 10 ]. 
Furthermore, women treated with chemo- and radiotherapy or chemotherapy alone 
were more likely to be fatigued than those treated with radiotherapy or surgery 
alone. Tamoxifen and other endocrine therapies are often believed to contribute to 
fatigue in clinical practice, but there was no association between tamoxifen use and 
fatigue identifi ed in this study [ 10 ]. 
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 The risk factors for later (post 5 years) fatigue could potentially be different to 
those for fatigue earlier following diagnosis and in a subsequent study the only risk 
factor associated with persistent fatigue at 5–10 years post diagnosis was having a 
lower income (P = 0.05). Women with persistent fatigue were also more likely to 
experience depressive symptoms, body pain, hypertension, and were more likely to 
have been treated with chemo-radiotherapy rather that radiotherapy alone [ 9 ]. This 
association of cancer-related fatigue with depression and treatment with chemo-
therapy is a frequent fi nding in other studies [ 11 ]. This highlights a high risk cate-
gory of women in whom increased vigilance and earlier intervention aimed at 
fatigue management might be particularly useful.  

    Depression, Anxiety, Catastrophizing Personality 

 A number of studies have identifi ed the close relationship between depression, anxi-
ety, coping strategies and cancer-related fatigue [ 12 ]. Specifi cally in breast cancer 
survivors the presence of an anxiety, low mood or adjustment disorder and depres-
sion has been found to correlate with fatigue severity in breast cancer survivors 
[ 1 ,  9 ]. There is also some evidence that pre-morbid personality may play a role in 
increasing the risk of fatigue. Individuals who use ‘catastrophizing’ as a coping 
strategy (having lower self-confi dence and a tendency to adopt a negative outcome 
expectation) tended to experience more severe fatigue in one age-matched control 
study [ 1 ]. Furthermore, presence of this personality type has been shown to predict 
cancer-related fatigue at 42 months post treatment [ 13 ] and fatigue severity [ 14 ].  

    The Role of Cytokines 

 Research investigating the possible underlying cause of cancer-related fatigue has 
identifi ed an association between an increase in pro-infl ammatory cytokines and 
fatigue. This pro-infl ammatory state has been demonstrated in some tumor types to 
precede surgery, chemo- or radiotherapy (in other words to refl ect the effects of the 
cancer  per se ), but in early breast cancer has also been observed to only occur fol-
lowing treatment [ 15 ,  16 ]. 

 In the post-treatment setting, multiple studies in large numbers of disease-free 
breast cancer survivors have identifi ed an association between higher levels of circu-
lating cytokines such as IL-6, IL-1β and acute phase proteins, such as CRP, and 
fatigue [ 7 ,  17 – 21 ]. It is also clear that some women with fatigue have increased 
expression of genes associated with pro-infl ammatory response, and this may pro-
vide a means by which to identify women at increased risk of fatigue [ 17 ,  18 ]. A 
further underlying driver to the increase in infl ammation found in breast cancer sur-
vivors may be reactivation of latent viruses [ 22 ] such as CMV [ 23 ]. It may also be 
that genetic predisposition also puts some women at greater risk of cancer-related 
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fatigue [ 24 ,  25 ]. Overall, these studies suggest that a combination of genetic predis-
position, environmental exposure, tumor and treatment factors combine to put 
women at increased risk of fatigue.  

    Hypothalamic-Pituitary-Adrenal (HPA) Axis 

 The HPA Axis controls production of the stress hormone cortisol. It is thought that 
production of this hormone modulates the body’s infl ammatory system [ 26 ]. 
Normally the body has two peaks of cortisol concentration within a 24 h period. In 
breast cancer survivors, however, the concentration of cortisol falls slower after the 
second peak [ 27 ]. Furthermore, the slower the decline, the more likely the patient is 
to be fatigued [ 27 ]. Alterations in the HPA axis may therefore be an alternative or 
complementary mechanism underlying the infl ammatory component of fatigue. A 
clearer understanding of the mechanisms underlying fatigue will be vital in plan-
ning effective interventions.   

    Diagnostic Evaluation 

 Clinical studies have been limited by the use of multiple different assessment methods 
to defi ne cancer-related fatigue, making comparisons between studies diffi cult [ 28 ]. 
The subjective nature of the symptom and wide differential necessitates a comprehen-
sive approach to assessment. The American Society of Clinical Oncology has pub-
lished guidelines recommending that all patients are screened for cancer- related fatigue 
from the point of diagnosis onwards, including in the post-treatment setting [ 3 ]. A fi rst 
step in any assessment is a thorough history of the fatigue. The ASCO guidelines [ 3 ] 
recommend the history should evaluate the severity, correlates, time course and impact 
of the symptom upon the patient’s functional ability. One recommended screening 
method is asking all patients to score their fatigue levels on a scale of 1–10 (10 being 
high fatigue levels). Any score from 4 to 6 indicates moderate fatigue and a score of 
7–10 qualifi es as severe fatigue, with the group suggesting that all scores indicating 
moderate to severe fatigue require further assessment [ 3 ]. A number of more complex 
validated scales for measuring fatigue are also available, including: the Brief Fatigue 
Inventory (BFI), European Organisation for Research and Treatment of Cancer 
Quality-of-Life Questionnaire Core 30 (EORTC QLQ C30), Functional Assessment 
of Cancer Therapy-Fatigue (FACT-F), Multifunctional functional intervention (MFI), 
SF Medical Outcome Study 36-Item (SF-36) Short Health Survey. and Profi le of 
Mood States-Fatigue (POMS-F) [ 29 ]. None of these scales has become established as 
a gold-standard, and their use is largely limited to clinical studies. 

 In conjunction with assessment of the symptom of fatigue itself, the history 
should also focus on identifying and excluding other causes of fatigue, including the 
possibility of disease relapse (Table  20.1 ). An important additional diagnosis to 
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consider is that of a coexisting depressive disorder may contribute to cancer-related 
fatigue. Thus, a screening for depression is recommended as part of the differential 
diagnoses [ 30 ].

   Following history and examination, basic laboratory tests should be undertaken. 
This should include hemoglobin (with comparison to pre-treatment levels), renal 
and liver function, thyroid function, and electrolytes [ 3 ]. Any further investigations 
should be undertaken as directed by the history and examination.  

    Interventions for Managing Cancer-Related Fatigue in Breast 
Cancer Survivors 

 Several interventions have shown signifi cant effi cacy in managing cancer-related 
fatigue, but none of them is considered as a gold standard intervention. Thus, it 
would seem appropriate to discuss with patients a multimodal approach which 
includes different interventions based on patients’ preferences and physical condi-
tions. This approach can be monitored and adjusted for effi cacy and patients´ pref-
erences over time. 

 The interventions for managing fatigue in breast cancer survivors are classifi ed 
in fi ve main groups:

    1.    Exercise or physical activity   
   2.    Acupuncture   
   3.    Cognitive behavioral therapy   
   4.    Mind-body interventions   
   5.    Pharmacological interventions     

   Table 20.1    Underlying causes of fatigue in breast cancer survivors   

 Past medical history 
   Anemia 
   Chronic disease 
   Hypothyroidism, diabetes, or other endocrine causes 
   Infl ammatory conditions 
   Hypertension, heart disease and cardiac disorders 
   Electrolyte disturbances and renal failure 
   Mood disorders, especially depression 
   Cancer recurrence 
 Drug history 
   Any drugs known to cause fatigue such as aromatase inhibitors, beta blockers, 

antihypertensives, statins, benzodiazepines, antihistamines, SSRIs. 
 Social history 
   Alcohol and drug use 
   Social stressors such as work and relationships 
   Sleeping patterns 
   Functional ability and exercise tolerance 
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    Physical Activity 

 As for the general population breast cancer survivors are recommended to take a 
combination of moderate aerobic exercise (150 min per week) with two or three 
sessions of resistance training per week (see Chap.   8    ). There is evidence that physi-
cal activity, in addition to potential effects on recurrence, also reduces fatigue in 
breast cancer survivors. Several meta-analyses including randomized controlled 
clinical trials (RCTs) have shown that regular physical activity- particularly aerobic 
exercise- reduces fatigue in cancer survivors [ 31 – 35 ] (Table  20.2 ). One potential 
explanation for these observations is that long-term exercise reduces mononuclear 
cell production of proinfl amatory cytokines such as IL-6, TNF-α and IL-1β, which 
are known to be associated with cancer-related fatigue [ 36 ].

   Whilst it is apparent that exercise may reduce cancer-related fatigue (at least in 
those able and suffi ciently motivated to enter clinical studies) there is limited con-
sensus regarding the type of exercise (aerobic and/or resistance exercise) frequency, 
intensity and duration of exercise sessions. In addition, several studies have shown 
that patients with higher adherence to exercise achieve better outcomes in terms in 
managing cancer-related fatigue and that counseling and motivational interviews 
increase long-term physical activity in cancer survivors [ 37 ,  38 ]. Thus, motivation 
programs are likely to be crucial to ensure adherence to exercise, especially for 
those survivors who are fatigued and therefore less likely to be active.  

    Acupuncture 

 Acupuncture is a key component of traditional Chinese Medicine, which involves insert-
ing needles through the skin at specifi c points of the body to balance the fl ow of energy 
(chi). The role of acupuncture in managing treatment-related side effects such as nausea 
or vomiting, xerostomia, arthralgia and hot fl ushes in cancer patients is well-known [ 39 , 
 40 ]; however there is still limited data about the role of acupuncture in treating cancer-
related fatigue. The effectiveness of acupuncture in managing cancer-related fatigue is 
thought to be linked to its role in decreasing pro-infl ammatory cytokines and increase of 
T-lymphocytes production. Several randomized trials have evaluated the effectiveness 
of acupuncture in managing fatigue in breast cancer survivors (Table  20.3 ). These stud-
ies demonstrate that breast cancer survivors with moderate or persistent fatigue, treated 
with acupuncture experience a signifi cant reduction in fatigue, including physical and 
mental fatigue, (as well as anxiety, depression and well-being) during the intervention 
and several weeks after completing it when compared with usual care (Table  20.3 ).

       Cognitive-Behavioral Interventions 

 Cognitive behavioral therapy is a common type of talk therapy (psychotherapy) in which 
the mental counselor works closely with the patient helping them to be aware of their 
negative or inaccurate thoughts and also to change these thoughts (cognitive patterns) to 
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modify their emotional state or behavior. Several meta-analysis and RCTs which evalu-
ated cognitive behavioral therapy in managing fatigue in cancer survivors, and have 
demonstrated signifi cant reductions in persistent fatigue [ 32 ,  41 ,  42 ].  

    Mind-Body Interventions 

    Mindfulness-Based Stress Reduction (MBSR) 

 Mindfulness-based stress reduction programs consist of 6 or 8 week-group mindful-
ness training practice which includes body (awareness) scan, gentle yoga, sitting 
meditation, group discussion and home practice. Several studies have shown that 
mindfulness-based stress reduction (MBSR) programs can improve mood and reduce 
fatigue in cancer survivors with persistent fatigue (p < 0.001) [ 43 ,  44 ]. Hoffman and 
Lengacher evaluated MBSR programs by conducting randomized studies in breast 
cancer survivors [ 45 ,  46 ] (Table  20.4 ). Both studies showed signifi cant improvements 
in cancer-related fatigue; however the effect was moderate and did not persist over 
time. The reason for the moderate effect might be explained by the fact that breast 
cancer survivors included in these two studies had a cluster of symptoms, including 
fatigue but neither severe nor persistent fatigue. A further limitation of Hoffman´s 
study was the absence of recording of mindfulness practice by breast cancer survivors 
after completing the 8-week program. Regarding the effectiveness of MBSR program 
over time, Hoffman´s fi ndings diverge with the results of an unrandomized study 
conducted by Appling and colleagues which demonstrated that the benefi t of their 
program remained 6-months after completing the MBSR training [ 44 ,  45 ] (Table  20.4 ). 
In the short term it appears that MSBR may be an effective intervention to reduce 
cancer-related fatigue but it may be that continued practice of MBSR tools after com-
pleting MBSR training might be necessary to ensure longer term benefi t.

       Yoga 

 Yoga is a mind-body technique which combines the practice of posture “asanas” 
along with breathing techniques “pranayama” and meditation. Several RCT studies 
have shown the positive effects of regular yoga practice on cancer patients and sur-
vivors [ 47 – 51 ]. These studies were primarily conducted in breast cancer popula-
tions and showed that the regular practice of yoga was associated with signifi cant 
improvements in quality of life, stress, anxiety and depression, well-being- and also 
improvement in physical symptoms such as pain and fatigue [ 48 ,  51 ]. 

 A meta-analysis conducted by Buffart el al. included 13 RCTs (12 conducted in 
patients with breast cancer) revealed a signifi cant moderate reduction in CRF 
(d = −0.51) [ 47 ]. Furthermore, RCTs conducted by Kiecolt et al. [ 52 ] and Bower 
et al. [ 53 ] demonstrated that regular yoga practice not only reduced cancer-related 
fatigue but also infl ammation-related gene expression and pro-infl ammatory cyto-
kines such as IL-6 and IL- 1β and NF-kβ (p < 0.05) (Table  20.4 ).  
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    Massage 

 Massage has been used to enhance well-being and health for many years. However, 
more recently massage has shown its effi cacy in helping breast cancer patients to cope 
with treatment related-side effects such as pain and psychological distress during and 
after treatment [ 54 ,  55 ]. Pan et al. conducted a meta-analysis (18 RCTs, including 950 
patients with breast cancer) which demonstrated that patients receiving regular mas-
sage had signifi cant reductions in cancer-related fatigue [ 55 ]. These fi ndings are consis-
tent with two studies conducted in women with early breast cancer [ 56 ,  57 ] (Table  20.4 ).   

    Pharmacological Interventions 

 Methylphenidate, guarana and ginseng are some of the pharmacological interven-
tions which have been formally evaluated as therapies to help manage cancer-related 
fatigue. 

    Methylphenidate 

 Some preliminary data suggests the use of psychostimulants such as methylpheni-
date may be useful in the treatment of cancer-related fatigue. Methylphenidate 
increases the levels of dopamine in the central nervous system, hence has the poten-
tial to improve fatigue levels. A Cochrane systematic review which included 31 
studies (7,104 patients) with all types of cancer during and after mainstream treat-
ment showed that methylphenidate improved fatigue vs. placebo (p = 0.005) in 
patients receiving chemotherapy or with advanced disease [ 58 ]. However, there is 
much less data concerning the use of methylphenidate in cancer survivors to treat 
cancer-related fatigue. Lower et al conducted an RCT (n = 144), mainly in breast 
and ovarian survivors, which showed that methylphenidate improved signifi cantly 
fatigue (p = 0.02) with minor adverse events [ 59 ] (Table  20.5 ). Larger RCTs will be 
required to confi rm the effectiveness and long-term safety of methylphenidate 
before this therapy can be recommended in cancer survivors.

       Guarana 

 Guarana (Paullinia cupana) is a native plant from the Amazon forest which contains caf-
feine and has been used by the Amazonian Indians for than more than 3,000 years. 
Despite its medicinal use for centuries, there is very limited data regarding its use in 
managing cancer-related fatigue. In two small studies guarana apparently reduced fatigue 
in some breast cancer survivors on chemotherapy and radiotherapy [ 60 ,  61 ] (Table  20.5 ). 
At present, guarana should not be recommended to manage fatigue in breast cancer 
 survivors until further larger RCTs confi rm the results seen in these studies.  
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    Ginseng 

 Ginseng root seems to be the most effective pharmacological intervention to man-
age CRF. There are two major types of ginseng: Asian (Panax gingseng) and 
American/Wisconsin (Panax quinquefolius). Ginseng has been found to have anti- 
infl ammatory and cortisol modulatory properties in in-vitro studies [ 62 ,  63 ], which 
may justify a potential role in managing cancer-related fatigue. Barton et al. evalu-
ated the effi cacy of root powder American ginseng in a multi-centre phase III RCT 
in fatigued cancer patients, 64 % of whom had breast cancer. This study showed that 
ginseng was associated with reductions in fatigue, but only after 8 weeks of starting 
the treatment [ 64 ] (Table  20.5 ). However it is important to recognize that there are 
preclinical data regarding ginseng estrogenic activity, which therefore has the 
potential to induce cell proliferation in hormone-sensitive breast cancer [ 65 ,  66 ]. 
Although this is not a universal fi nding we recommend that breast cancer survivors 
with previous hormone receptor positive breast cancer should avoid taking 
ginseng.    

    Conclusion 

 Cancer-related fatigue is defi ned as a persistent physical, emotional, and/or cogni-
tive tiredness related to cancer and/or cancer related treatments. It is commonly part 
of a cluster of symptoms including anxiety and depression. The prevalence of can-
cer-related fatigue is 30 %–50 % for breast cancer survivors in the fi rst 5 years after 
completing initial treatment. It is a distressing symptom with a signifi cant impact on 
daily activities and quality of life. 

 Over the last decade many attempts have been made to evaluate interventions to 
manage fatigue in cancer survivors. The studies which have been conducted have 
been challenging to design, and control, and are hampered by small sample sizes. 
Nonetheless meta-analyses and RCTs suggest that: exercise, acupuncture, 
 mind- body techniques such as yoga, Tai-chi, MBSR and massage, as well as 
cognitive- behavioral therapy and some pharmacological interventions may have a 
role to play in managing cancer-related fatigue. (A suggested management plan is 
provided in Table  20.6 ).

   In the future a better understanding of the immunological mechanisms underly-
ing cancer-related fatigue will be invaluable in designing interventions and clinical 
trials. Studies with a larger sample size will be also required to generate reliable 
results, and provide reassurance as to the safety of some approaches. It is essential 
that these avenues are pursued in order to ameliorate this debilitating symptom and 
its impact on the daily life of breast cancer survivors.     
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   Table 20.6    Management plan for breast cancer survivors with fatigue   

  1. Rule out order causes of fatigue  
 Such as anemia, hypothyroidism or cardiac disease 
  2. Sleep  
 Sleep for just long enough to feel refreshed the following day but not excessive sleep 
 Taking short naps (30 min or less) rather than one long rest period 
 Waking up and going to bed at the same time every day to get a good sleep routine 
  3. Regular exercise  
 Regular exercise (aerobic and resistance exercise as well as yoga and Tai-chi) has demonstrated 
to be one of the most effective interventions in managing cancer related fatigue 
 Exercise needs to be tailored according to survivor´s physical conditions and preferences 
  4. Acupuncture  
 Acupuncture has also shown that it can be effective in managing fatigue 
 Acupuncture may be very helpful for extremely exhausted survivors who fi nd exercise diffi cult, 
and may raise levels of energy enabling some survivors to start exercise following acupuncture 
sessions 
  5. Healthy eating  
 Drinking plenty of water and juices 
 Ensuring a healthy diet which includes proteins and at least fi ve serving of fruits and vegetables 
every day 
  6. Stress, anxiety and depression management  
 Stress, anxiety and depression make fatigue worse 
 Mindfulness- based stress reduction; meditation and counseling such as cognitive behavioral 
therapy are invaluable tools to learn relaxation techniques, be more resilient and to cope better 
with stress, anxiety and fatigue 
  7. Massage and music-therapy  
 Massage and music-therapy may be helpful tools for some patients 
 Music-therapy can also produce uplifting emotions such as joy and hope 
  8. American ginseng for hormone receptor negative breast cancer  
 American Ginseng may improve fatigue 
 Ginseng has some estrogenic properties and should be avoided in breast cancer survivors with 
previous hormone receptor positive breast cancers 
  9. Planning everyday according energy levels and type of activities  
 Planning daily activities is essential in order not to get exhausted 
 Spreading activities across the day and not doing activities for long time is crucial 
  10. Getting support  
 Suffering alone makes fatigue even worse 
 Facilitating information regarding local support groups, counseling, and local complimentary 
centers might be helpful for some breast cancer survivors 
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