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Preface

This book presents essential knowledge and key facts about breast cancer. It is divided
into two sections.

In Section 1, Chapter 1, “Obesity and Breast Cancer,” Dr. Selim S6zen et al. discuss
obesity and breast cancer. Chapter 2, “Epidemiology of Breast Cancer in Sub-Saharan
Africa” by Dr. Adeoye Philip, examines the literature that shows higher mortality rates
of women with breast cancer in less developed countries. Chapter 3, “Breast Cancer
and Pregnancy: Epidemiology, Phenotypes, Presentation during Pregnancy, and
Therapeutic Approaches” by Dr. Massimiliano Berretta et al., discusses how breast
cancer incidence is slowly rising and how awareness of its correct management is
fundamental for every physician. Chapter 4, “Breast Cancer in Brazil: Social Conditions
and Access to Health Care” by Debora Louzada Carvalho et al., emphasizes the high
number of deaths from breast cancer among Brazilian women. Breast cancer is the
second greatest cause of mortality in women in Brazil. Chapter 5, “Breast Cancer,
Gender, and Body Experience — A Qualitative Study in Argentina on the Transit of the
Illness, Femininity, and Sexuality at Stake” by Leila Martina Passerino, discusses the
transit of women through breast cancer by investigating the transformations in lifestyles
and social behaviors that the experience of illness inaugurates. Chapter 6, “Breast
Cancer in the Elderly” by Dr. Agnieszka Jagiello-Gruszfeld and Agnieszka Mlodzinska,
discusses comorbidities in breast cancer, which occur much more frequently in the
elderly compared to the younger population. Chapter 7, “Management of the Triple
Negative Locally Advanced Breast Cancer” by Dr. Amir Igbal Memon et al., reminds us
that patients with triple-negative breast cancer (TNBC) have greater chances of disease
relapse, metastasis, and limited survival. Chapter 8, “Inter-Relationship of Ki-67 and
Triple-Negative Breast Cancer” by Dr. Vijayakumar Chellappa et al., discusses how
higher baseline Ki-67 level, which is a marker of active cell proliferation, is found in
the highly proliferating tumors in TNBC. Chapter 9, “Bcl-2 Immunoexpression in
Invasive Ductal Carcinoma and Its Evaluative Correlation with Molecular Sub-Types
and BR-Grade and TNM Stage” by Dr. Pandey Poornima and Arvind Bhake, discusses
the molecular pathogenesis of breast cancer and the involvement of multiple gene
types. Bcl-2 is an anti-apoptotic protein that is upregulated by estrogen in breast
cancer patients. Chapter 10, “Correlation between Ultrasound Findings and Molecular
Subtypes of Breast Cancer” by Rahma Mohammed Abed Alghazal et al., recommends
that radiologists be aware of the different imaging features of different molecular
subtypes of breast cancer, especially TNBC, which has the most benign-looking
criteria, to achieve better lesion characterization and allow the patient to benefit from
earlier non-invasive, cost-effective diagnosis and treatment. Chapter 11, “A Short
Communication: Non-acid Nucleic Blood Multi-Factors Panels for Primary Breast
Cancer Detection — A Systematic Review and Network Meta-Analysis” by Vahid Raja
etal., compares non-acid nucleic blood multi-factor panels with mammography in
terms of sensitivity, specificity, and accuracy in primary breast cancer detection (stages
I, I1, 111, and IV). The authors systematically review studies assessing the diagnostic
value of non-acid nucleic blood tumor marker panels in both healthy women and



breast cancer patients (before any anticancer treatment) for the detection of primary
breast cancer. Chapter 12, “Membrane-Bound Complement Regulatory Proteins

in Breast Cancer: Are They Best Therapeutic Targets?” by Dr. Nohemi Salinas-Jazmin
et al., discusses membrane-bound complement regulatory proteins (mCRPs) as
potential targets to increase therapeutic efficacy and avoid cancer progression.

In Section 2, Chapter 13, “Minimally Invasive Surgery in Breast Reconstruction: The
Past and Future,” Dr. Elizabeth A. Bailey and Sarah N. Bishop discuss future applica-
tions of emerging technology and the controversies surrounding the widespread
adoption of minimally invasive techniques in breast cancer and breast reconstruc-

tive surgery. Chapter 14, “Solutions in Breast Reconstruction” by Dr. Karakol Per¢in

et al., focuses on breast reconstruction after cancer surgery. Skin grafts and local

flaps, dermal equivalents, fat transfer, and tissue expansion operations are among the
options. Chapter 15, “Breast Reconstructive Options” by Dr. Benjamin Liliav and Luis
Torres-Strauss, explores the various modalities of breast reconstruction available to
patients. There are, generally, three components or factors that need to be considered
while devising a reconstructive option for a particular patient. These are patient factors,
surgeon factors, and oncologic factors. Chapter 16, “Oncoplastic Breast Conservation:
A Standard of Care in Modern Breast Cancer Surgical Management” by Dr. Ana Car
Peterko, suggests that mastectomy should no longer be offered as an equivalent treat-
ment option for early-stage breast cancer patients with low-volume breast disease,
irrespective of the availability of postmastectomy breast reconstruction. Chapter 17,
“Physiotherapeutic Management in Breast Cancer Patients” by Dr. Margit Eidenberger,
examines how breast cancer treatment can lead to various physical and long-term
morbidities such as restricted shoulder joint range of motion, lymphedema, impaired
muscle strength, and cancer-related fatigue. Finally, Chapter 18, “Antibody Drug
Conjugates” by Dr. Farah Raheem and Vishal Shah, discusses antibody-drug conjugates
(ADCs), which continue to change the treatment paradigm of breast cancer.

I thank the authors for their professional dedication and outstanding work in sum-
marizing their clinical and research practices.

Selim S6zen

Associate Professor of General Surgery,
Sézen Surgery Clinic,

Tekirdag, Turkey

Seyfi Emir

Assistant Professor of General Surgery,
Department of General Surgery,

Reyap Hospital,

Tekirdag, Turkey
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Chapter1

Obesity and Breast Cancer

Abdullah Sisik, Hasan Evdem, Muhammed Said Dalkilig,
Mehmet Gengtiirk, Merih Yilmaz and Selim Sozen

Abstract

Obesity is associated with a higher risk of chronic diseases. Breast cancer is one of
the malignancies, which has been related to obesity. Patients with a BMI more than
35 kg/m” had an 86% greater risk of having breast cancer than those with a normal
BMI. Every 5 kg/m’ rise in BMI has also been demonstrated to increase the risk of
postmenopausal breast cancer. Obese people have poorer outcomes in terms of lymph
node positivity, disease-free survival, and overall survival, according to research.
Leptin, whose circulating levels rise in proportion to BMI and body fat reserves, is
usually regarded as the primary driver of the intricate web that connects obesity and
breast cancer. The number of studies examining the association between leptin activ-
ity and breast cancer genesis and behavior is growing. The effectiveness of bariatric
surgery on lessening the risk of developing breast cancer has been proven.

Keywords: breast cancer, leptin, obesity, bariatric surgery

1. Introduction

Obesity prevalence is rapidly increasing in many developed and developing
countries. Obesity is related to an increase in the risk of chronic diseases. Obesity is
associated with type 2 diabetes, hypertension, cardiovascular disease, and a variety of
cancers. Breast cancer is another malignancy that has been related to obesity [1, 2].

American Institute for Cancer Research (AICR) reported that 13 cancers, includ-
ing postmenopausal breast cancer, colorectal cancer, endometrial/uterine cancer,
esophageal adenocarcinoma, gallbladder cancer, stomach cancer, hepatocellular
cancer, meningioma, multiple myeloma, ovarian cancer, pancreatic cancer, kidney
cancer, and thyroid cancer, were associated with obesity [3, 4].

Breast cancer is one of the most frequently diagnosed cancers among women
worldwide. It is known that breast cancer has a worse prognosis and higher mortality
rates in obese women [5, 6]. Hyperinsulinemia, estrogen signaling, inflammation,
and adipokine expression hypotheses have been proposed for the mechanism of
action of obesity in breast cancer patients [7, 8]. At this point, the concept of adi-
pokines is emerging. Despite being primarily produced by adipocytes, adipokines,
which are endocrine, paracrine, and autocrine mechanisms produced in a variety of
different cells, influence the development of malignancies in obese people [8]. Leptin,
an adipokine, plays an important role in the relationship between obesity and breast
cancer [9, 10].
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2. Breast carcinoma

Classification of breast carcinoma is based on clinicopathological features and
expression of the estrogen receptor (ER), progesterone receptor (PR), and human
epidermal growth factor receptor 2 (HER2). Approximately 70% of breast cancers
consist of tumors that express hormonal receptors.

Genetic profile, age at menarche and menopause, parity, age of first child, past
cancer occurrence, and lifestyle are the most important risk factors for breast cancer.
However, BRCA1/2 mutations account for approximately 5-10% of cases [11]. Also,
obesity, metabolic syndrome, alcohol, and hypercholesterolemia are the other risk
factors for breast cancer [12]. Despite all the advances in medical oncology in people
with breast cancer, fatal metastases may occur even years after surgical treatment
[13, 14]. Bone, lung, and brain are the primary areas of metastasis. The invasion-
metastasis process takes place in successive steps. These steps are defined as local
invasion, intravasation, circulation survival, attachment and extravasation in distant
organ regions, creation of micrometastases, and metastatic growth [15, 16]. Failure at
any step will end the metastasis process.

3. Relationship between obesity and breast cancer
3.1 Epidemiology

It is worrying that the incidence of obesity has increased rapidly all over the
world, and the relationship between obesity and different types of cancer has been
revealed recently. According to WHO data, the incidence of obesity in women is
above 35-40%. It has been shown that patients with class 2 and class 3 (class 2: body
mass index (BMI) = 35-40 kg/m2, class 3: BMI= > 40 kg/m2) obesity have an 86%
higher risk of developing breast cancer than patients with normal BMI [17]. The
impact of obesity on breast cancer risk differs according to menopausal status and
disease subtypes. Current evidence suggests that while increased BMI is associated
with a reduced risk of breast cancer before menopause, it is strongly associated with
an increased risk after menopause [18].

As is known, postmenopausal obesity is a risk factor for hormone receptor posi-
tive breast cancer in women [19-21]. Postmenopausal breast cancer risk has also been
found to be positively associated with every 5 kg/m” increase in BMI [22].

Class 2 and class 3 obese individuals had more negative results in terms of tumor size
and metastasis. There are also studies showing that obese individuals have worse out-
comes in lymph node positivity, disease-free, and overall survival [23-30]. Secondary
primary cancer formation and contralateral breast cancer formation have been reported
to be increased in obese individuals [31]. On the other hand, adverse effects of obesity
in adjuvant therapy have been demonstrated. Less response to treatment was obtained
in obese individuals in both chemotherapy and aromatase inhibitor therapy.

3.2 Physiopathogenesis

In the presence of obesity, hypertrophy and hyperplasia are seen in white adipo-
cytes, and accordingly pathophysiological changes such as increase in free fatty acid
(FFA) and triglyceride levels increase in blood sugar and increase in insulin resistance
occur.
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Obese adipose tissue also produces inflammatory cytokines (e.g. tumor necro-
sis factor alpha (TNF-a), interleukin-6 (IL-6), interleukin-1 beta (IL-1p), and
TGF-p) and factors called adipokines with important local and systemic func-
tions. The release of these molecules can profoundly affect breast cancer progres-
sion, both through a direct effect on neoplastic epithelial cells and indirect effects
on the tumor microenvironment [32]. Among the adipokines, leptin, whose
circulating levels rise in proportion to the amount of BMI and body fat stores, has
been widely accepted as the main driver of the complex web linking obesity and
breast cancer.

3.2.1 Obesity, chronic inflammation, and breast cancer

Excessive calorie intake or low calorie expenditure leads to an increase in fat
compartments. This causes dysregulation in the production of steroid hormones and
adipokines and causes chronic subclinical inflammation. Such changes have been
associated with carcinogenesis, tumor progression, and metastasis [33]. Adipose
tissue inflammation may explain the physiological link between obesity and breast
cancer. Inflamed adipose tissue is characterized by infiltrating macrophages sur-
rounding dying adipocytes, termed crown-like structures (CLS) [34]. The presence
of CLS in breast adipose tissue (CLS-B) is associated with activation of NF-xB and
increased levels of pro-inflammatory factors, resulting in upregulation of estradiol
(E2). In conclusion, locally produced estrogens can be considered the main driver for
the development of hormone-dependent breast cancer in postmenopausal women.

Adipocytes produce adiponectin and leptin, which are involved in the regulation
of calorie intake and metabolism, inflammation, angiogenesis, and cell proliferation.
Breast cancer cells are surrounded and affected by this microenvironment. A strong
role for leptin in breast carcinogenesis has been reported with abundant evidence. It
may contribute to local pro-inflammatory mechanisms, especially in obese patients.
There is a positive correlation between the BMI index and leptin levels, whereas
adiponectin concentrations generally decrease with more adiposity. The increased
leptin-adiponectin ratio seen in obesity has been associated with neoplastic transfor-
mation and tumor progression [35].

3.2.2 Leptin and breast cancer

Leptin is a molecule involved in appetite control, hematopoiesis, osteogenesis,
angiogenesis, and proliferation of different cells such as breast cells [9, 10]. Studies
showing the relationship between leptin activity and breast cancer formation and
cancer behavior are increasing in the literature. Leptin may act as a molecular link
between obesity and breast cancer [36]. Leptin exerts its effects through the trans-
membrane leptin receptor (ObR) expressed in various tissues. Many studies, both
clinical and experimental, have shown that the leptin/ObR axis is involved in breast
cancer progression and metastasis. Breast cancer cells overexpress the leptin receptor,
thus rendering them highly susceptible to the effect of the high leptin levels typically
seen in obese patients [37]. Leptin exerts pleiotropic effects in breast cancer cells,
including inhibition of proapoptotic signals, sensitivity to estrogens, and modulation
of the tumor microenvironment, contributing to local pro-inflammatory mechanisms
and promoting breast tumor growth [37-39]. Increased leptin levels in breast cancer
patients have been associated with the increased risk of metastasis and reduced
survival [25].
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Niu et al. showed the presence of higher leptin levels in people with breast cancer
than in normal individuals in their epidemiological-based meta-analysis. In addi-
tion, people with breast cancer with lymph node metastases have been shown to have
higher leptin levels than those without metastatic disease [40]. It has also been shown
that serum leptin levels are higher in obese breast cancer patients [41]. In postmeno-
pausal ER-positive breast cancer patients, serum leptin levels were higher at more
advanced tumor stage (pT and TNM stage) and in the presence of distant metastases
[42]. Similarly, leptin concentrations were significantly associated with TNM stag-
ing, tumor size, histological grading, lymph node involvement, and metastasis in
postmenopausal breast cancer cases [43, 44]. Tumor size and lymph node metastasis
have also been shown to correlate with increased leptin/adiponectin serum ratio in
breast cancer patients. Ishikawa et al. observed that patients with overexpression of
ObR and leptin in primary breast tumors developed more distant metastases [37].

In ER-negative breast cancer patients, ObR was found to be significantly overex-
pressed in metastatic lymph nodes compared to primary tumors or lymph nodes from
ER-positive patients [45].

3.2.3 Dietary cholesterol intake/fat intake and breast cancer risk

In general, dietary-saturated fat intake is synonymous with cholesterol intake.
It is well known that saturated fat raises low-density lipoprotein (LDL) cholesterol,
aleading cause of atherosclerosis and cardiovascular disease [46]. Li et al. showed
arelationship between daily cholesterol consumption of more than 370 mg and the
development of breast cancer. The Mediterranean diet is a good example of a low-
fat diet. It is characterized by moderate alcohol intake and low consumption of red
meat, with high levels of extra virgin olive oil, vegetables, fruits, plant proteins, fish
and other seafood, wholegrains, nuts, and low-fat dairy products [47]. The benefi-
cial effects of the Mediterranean diet have been noted in reducing the risk of breast
cancer and breast cancer recurrence while improving overall survival [48-50].
Being overweight and obese is closely associated with the development and recur-
rence of breast cancer. The interaction between obesity, inflammation, and the
tumor microenvironment induces tumorigenesis primarily in hormone-sensitive
and postmenopausal patients. Several meta-analyses have provided evidence that
obesity carries a 35-40% increased risk of relapse and death, regardless of meno-
pause or hormone receptor status. In this context, prevention of breast cancer
requires raising awareness about monitoring body weight, especially in menopausal
women. This can be achieved through a low cholesterol/low-saturated fat diet and
regular exercise [51].

4. Obesity surgery and its effects on breast cancer

Today, bariatric surgery is the gold standard in the treatment of morbid obesity.
Many studies have shown that only diet and exercise are insufficient in the fight
against morbid obesity. In recent years, the rate of bariatric surgery has been increas-
ing significantly all over the world. Laparoscopic sleeve gastrectomy, Roux en Y
gastric bypass, and One anastomosis gastric bypass are the most frequently applied
methods. Acceptable and sustainable weight loss has been reported with the imple-
mentation of appropriate postoperative lifestyle changes in all surgical techniques. In
addition, remissions are possible in many obesity-related diseases.
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It is not difficult to predict the reduction in breast cancer risk in individuals who
have undergone bariatric surgery, due to effective weight loss, reduced fat tissue in the
body, and correspondingly reduced inflammation, and reduced leptin effects. At the
same time, the possibility of an earlier diagnosis of possible breast cancer increases
due to both the examinations performed during the operation and the reduction in
the volume of the breast tissue after the operation. Lovrics et al. found in their meta-
analysis that surgical treatment of obesity in women was associated with a signifi-
cantly reduced risk of developing breast cancer. In the same study, it was emphasized
that previous bariatric surgery was associated with a lower-stage diagnosis in breast
cancer [52].

The SPLENDID study examines obesity and obesity-related cancers. The patients
included in the study had an average follow-up of 6.1 years. SPLENDID results
showed that bariatric surgery was associated with a 32% reduction in obesity-related
cancers and a 48% reduction in overall cancer-related mortality [53].

With regard to breast cancer specifically, bariatric surgery has been observed to
reduce the risk of breast cancer in postmenopausal women, particularly ER-negative
breast cancer, by 64% [54-56]. Moderate reductions in ER-positive and HER2-
positive breast cancer rates have been reported [57]. It has also been proven that
thanks to bariatric surgery, possible later cancers are less aggressive and they are
diagnosed earlier. At diagnosis of breast cancer in patients after bariatric surgery, the
rate of diagnosis of stage I breast cancer increases, while stage III or IV decreases [52].
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Chapter?2

Epidemiology of Breast Cancer in
Sub-Saharan Africa

Philip Adewale Adeoye

Abstract

Breast cancer has increasingly become a disease of high morbidity and mortality
globally, and in the sub-Saharan African region in particular. Therefore, there is a
need to review the current status of breast cancer in the region in the last decade.
Though Africa has one of the lowest incidence rates, it has the highest mortality rate
globally. There have been reported inter- and intra-country variations in breast cancer
morbidity and mortality in the region, with East Africa having the largest incidence
rate increase, while southern Africa experiences the lowest increase between 2008
and 2012. Histology remains the commonest modality of diagnosis in sub-Saharan
Africa; with invasive ductal cancers being the commonest among patients. Novel
genes have also been popular among certain populations, in the presence of the more
popular BRACA genes. Adverse outcomes reported include physical and mental
health outcomes, which have been linked to some health behaviours. There has been
varying modalities of treatments across the region. Therefore, there is a need for bet-
ter organized and improved screening/diagnostics service accessibility in resource-
constrained settings in sub-Saharan Africa. There should also be increased awareness
creation among African populations about the availability of treatment facilities and
modalities in their communities.

Keywords: breast cancer, morbidity, mortality, incidence, adverse outcomes, novel
genes, sub-Saharan Africa

1. Introduction

Breast cancer is the most common cancer among women and one of the most
important causes of death among them. Breast cancer (BC) is the most frequently
diagnosed cancer in women worldwide with 2.3 million new cases in 2020 and the
fifth leading cause of cancer mortality, with 685,000 deaths [1, 2]. It ranks first for
incidence in the vast majority of countries (159 of 185 countries) and mortality in 110
countries, and it accounts for 11.7% of all incident cancer cases — just ahead of new
lung cancer cases [2]. It is the leading cause of cancer-related morbidity and mortal-
ity among women; accounting for 24.5% of all incident cancer cases and 15.5% of
cancer-related mortality [2]. Incidence rates are 88% higher in transitioned countries
than in transitioning countries (55.9 and 29.7 per 100,000, respectively), with the
highest incidence rates (>80 per 100,000) in Australia/New Zealand, Western Europe
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(Belgium has the world’s highest incidence), Northern America, and Northern Europe
and the lowest rates (<40 per 100,000) in Central America, Eastern and Middle
Africa, and South-Central Asia [1, 2]. High and very high HDI countries have 55.9
incidence ASR per 100,000 females compared to 29.7 incidence ASR per 100,000
females globally [2]. Furthermore, China has the highest proportion of incident cases
of breast cancer, globally; accounting for 49.3%, 49.9%, and 48.6% of total incidence
rates overall, males and females, respectively [2]. The burden of breast cancer has
been projected to reach over 3 million incident cases and 1 million deaths every year
by the year 2040 [1].

Generally, the global burden of breast cancer is reported to be an age-standardized
incidence rate of 43.3 per 100,000 women per year and an age-standardized mortality
rate of 12.9 per 100,000 women per year. The more developed countries significantly
have a higher incidence rate (74.1 per 100, 000 women per year) and mortality rate
(14.9 per 100,000 women per year) compared to the less developed countries with
an incidence rate of 31.3 per 100,000 women per year and mortality rate of 11.5 per
100,000 women per year [3]. High and very high HDI countries have a 12.8 mortality
ASR per 100,000 females compared to a 15.0 mortality ASR per 100,000 females
globally [2]. While Western Europe has the highest incidence of breast cancer (90.7
incidence ASR per 100,000 women); the West African region and Melanesia have
the highest mortality (22.3 and 27.5 ASR per 100,000 women, respectively) [2].
Furthermore, China has the highest proportion of breast cancer-related mortal-
ity rates, globally; accounting for 58.3%, 60.6%, and 55.5% of total mortality rates
overall, males and females, respectively [2].

Incidence rates of breast cancer are rising fast in transitioning countries in South
America, Africa, and Asia as well as in high-income Asian countries where rates are
historically low [2]. Dramatic changes in lifestyle, sociocultural, and built environ-
ments brought about by growing economies and an increase in the proportion of
women in the industrial workforce have had an impact on the prevalence of breast
cancer risk factors—the postponement of childbearing and having fewer children,
greater levels of excess body weight and physical inactivity—and have resulted in
a convergence toward the risk factor profile of western countries and narrowing
international gaps in breast cancer morbidity [4].

Incidence and death rates have increased over the last three decades due to long-
standing higher reproductive and hormonal risk factor profiles (such as early age
at menarche, later age, at menopause, advanced age at first birth, fewer number of
children, less breastfeeding, menopausal hormone therapy, oral contraceptives, dieth-
ylstilbestrol), behavioral risk factors (alcohol intake, smoking, excess body weight,
physical inactivity, insufficient vitamin supplementation, intake of processed food,
excessive exposure to artificial light, exposure to chemicals and other drugs), higher
prevalence of breast cancer-associated genes, better cancer registration, and cancer
detection [4-7]. The non-modifiable factors include female sex, older age, family
history, ethnicity/race, genetic mutation, pregnancy and breastfeeding, menstrual
period and menopause, the density of breast tissue, previous history of breast cancer,
noncancerous breast diseases and previous radiation therapy [7]. The incidence rate
of breast cancer varies greatly with race and ethnicity and is higher in developed
countries [2, 4, 6].

Literature has shown that the mortality rate of breast cancer is higher in less
developed regions [2, 6]. women living in transitioning countries have 17% higher
mortality rates compared with women in transitioned countries (15.0 and 12.8 per
100,000, respectively) because of high fatality rates, with the highest mortality
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rates found in Melanesia, Western Africa, Micronesia/Polynesia, and the Caribbean
(Barbados has the world’s highest mortality) [2]. A 5 -year survival variation analysis
for breast cancer has now been said to be close to 90% in the US and Australia; while
as low as 40% in South Africa according to a CONCORD-3 study of cancer survival in
71 countries [8].

There is thus a need to review the epidemiology of breast cancer in the last decade;
examine gaps and proffer recommendations to aid the prevention and control of
breast cancer in sub-Saharan Africa.

1.1 The burden of breast cancer in sub-Saharan Africa

Breast cancer is the leading diagnosed cancer and the second most common cause
of cancer mortality in sub-Saharan Africa. Sub-Saharan Africa has the highest age-
standardized incidence rate of 17.3 per 100,000 women per year, globally; with the
Southern Africa region and West African region having the highest age-standardized
incidence rate of 38.9 and 38.6 per 100,000 women per year in sub-Saharan Africa,
respectively. However, the Northern Africa region has the highest incidence rate of
43.2 ASR incidence in the whole of Africa [3]. Country-specific prevalence shows that
there is a 15.3%, 4.6% and 3.3% prevalence of breast cancer in the Central African
Republic, Rwanda and Sierra Leone, respectively [9, 10]. Mauritius and Nigeria have
been said to be the countries with the highest incidence in Africa at 64.2 and 50.4 ASR
incidence per 100,000 repetitively [3].

The 5-year age-standardized relative survival in 12 sub-Saharan African countries
was 66% for cases diagnosed during 2008 through 2015, sharply contrasting with 85%
to 90% for cases diagnosed in high-income countries from 2010 through 2014 [8]. A
multi-country estimate of 3-year survival of breast cancer patients was 50% [95%CI:
48, 53] between 2014 and 2017 [11]. Western African region has the highest mortal-
ity rate of 20.1 ASR mortality per 100,000; with central African region having the
least mortality rate of 14.9 ASR mortality globally. However, Nigeria has the highest
mortality rate in Africa with 25.9 ASR mortality per 100,000 [3]. This is, nonetheless,
higher than the world average of 12.9 ASR mortality [3].

Population-specific variations in 3-year mortality rates have also been reported
across sub-Saharan Africa; with a survival range of 90% among white women to
56% in black Namibian women; and in South Africa where survival ranges from 76%
among mixed-race women to 59% in black women [11]. Country-specific variation in
3-year mortality shows a 44-47% survival rate in Uganda and Zambia compared to
the 36% survival rate in Nigeria [11].

The population-specific 5-year survival ASR was as low as 5% [95%CI: 1.9, 11.3]
in Uganda (Kyadondo) and as high as 80% [95%CI: 22.2, 96.8] and 93.7% [95%CI:
75.5, 98.5] in Namibia and Mauritius, respectively [12]; comparable to 55% in the US
state of Connecticut and 57% in Norway during the late 1940s, 48 3 decades before
the introduction of mammography screening and modern therapies [2]. Survival
also varies within countries in sub-Saharan Africa. For example, in Zimbabwe 3-year
relative survival rate in the capital (Harare) is 56.7% [95%CI: 48.2, 64.6] compared to
21.6% [95%CI: 8.2, 39.8] reported in Bulawayo [12].

These variations can be said to be due to the level of access to early diagnosis
and prompt treatment of breast cancer cases across the continent; with up to 22%
survival increase in Nigeria, Uganda and Zambia [11]. Further explanation for the
variations between countries may also be a result of their level of human develop-
ment index (HDI). For example, though Mauritius (a country with a very high HDI)
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has the highest incidence rate of breast cancer in Africa [3]; it also has the highest
survival rate compared to Zimbabwe (medium HDI) with a lower survival rate [12].
This shows that though, Mauritius detects more breast cancer patients; most of
whom were able to survive beyond the 5-year survival period — which can be due to
improved access to prompt diagnosis and early treatment for a better outcome.

Because organized, population-based mammography screening programs may
not be cost-effective or feasible in low-resource settings [13], efforts to promote early
detection through improved breast cancer awareness and clinical breast examination
by skilled health providers [14], followed by timely and appropriate treatment, are
essential components to improving survival. A recent study conducted in 5 sub-
Saharan African countries estimated that 28% to 37% of breast cancer deaths in these
countries could be prevented through an early diagnosis of symptomatic disease and
adequate treatment, with a fairly equal contribution of each [11]. The Breast Health
Global Initiative has established a series of evidence-based, resource-stratified guide-
lines that support phased implementation into real-world practice [15].

2. The distribution of breast cancer in sub-Saharan Africa

Globally, while Africa has one of the lowest age-standardized breast cancer inci-
dence rates (36.2 per 100,000 women per year) after Asia (29.1 per 100,000 women
per year); it has the highest mortality rate of 17.3 per 100, 000 compared to other
regions of the world. However, the mortality rate is highest (20.1 per 100,000 women
per year) in the West African sub-region [3]. Majority of breast cancer patients in
sub-Saharan Africa are women [16-18]. A recent systematic review reported that 97%
[95%CI: 97-98] of all breast cancer cases in Africa are seen in Females [16]. About
18% prevalence has been reported among male Ethiopians; which is likely the highest
in the region among breast cancer patients [16]. Oftentimes, many of these breast
cancer rates are obtained from institutional-based records or registries across sub-
Saharan Africa; with varying reports across the sub-continent.

More than half (58%) of breast cancer patients were diagnosed before the age
of 50 [16]. The median and peak ages have also been reported in some studies. The
peak age of incidence of 47.8%, 52.5%, 57.4%, 57.5% and 57.9% between the 3rd and
5™ decades among patients in Rwanda, Lagos-Nigeria, Southern Ethiopia, Central
African Republic and Northwest Amhara regions of Ethiopia, respectively [9, 17,
19-21]. Similar report was observed among breast cancer patients in Adis Ababa
Ethiopia with 63.1% at the same peak range [22]. Almost two-thirds of breast can-
cer patients are below 50 years old in Burkina Faso [23]. Gabretsadik A etal, ina
seven-year (2013-2019) review, reported a median age of 38 years among patients
in Southern Ethiopia [21]. Ouedraogo SY et al, Balekouzou et al. and Sayed et al.
reported a mean age of 45.79 years, 45.85 years, 47.5 years and 47.8% among patients
with breast cancer in Burkina Faso, Central African Republic, Kenya and Rwanda
[9, 18, 19, 23]. Fatiregun reported a mean age of 49.6 (+11.2) years among breast cancer
patients in Lagos, Nigeria [20]. However, a population-based study revealed a much
lower average age of 33.4 (¢ 1.25) in Burkina Faso [24]. This shows that institutional-
based studies might present a higher age level compared to the population-based
study and give an illusion of higher average age of patties with breast cancer. Thus,
studies must indicate the study setting to contextualize the study findings.

It was also observed that the number of cases diagnosed or reported is dependent on
the distance of communities from the health facilities offering screening, diagnosis and
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treatment. For example, Gabretsadik et al. reported a higher number of cases in zones
and districts closest to the tertiary hospital in Hawassa city; with the number of cases
observed to thin out as the distance increases away from this specialist University hos-
pital. It can be said that, unless a population-based survey is done, the true incidence/
prevalence and distribution of breast cancer in communities in sub-Saharan Africa may
be unknown and estimates from institutions will be affected by Berksonian Bias [21].

2.1 African trends on breast cancer

Some of the most rapid increases are occurring in sub-Saharan Africa. Between the
mid-1990s and the mid-2010s, incidence rates increased by >5% per year in Malawi
(Blantyre), Nigeria (Ibadan), and Seychelles and by 3% to 4% per year in South Africa
(Eastern Cape and Zimbabwe (Harare) [25]. Between 2008 and 2012, East Africa expe-
rienced the largest incidence rate increase of 36.5% from 19.30 ASR in 2008 incidence
to 30.4 ASR in 2012. However, the incidence remains highest in the North African
region at 43.2 ASR; with southern Africa having the lowest increase of 2% from 38.2
ASR incidence in 2008 to 38.9 ASR incidence in 2012 [3]. In southern Ethiopia, there
has been an increasing incidence of breast cancer between 2013 and 2019 according to
institutional records. It has increased from 12.3% in 2013 to 19.0% in 2019 [21]. Nigeria
has continuously shown increases in incident rates from 13.7 ASR between 1960 and
1969 to 50.4 ASR between 2000 and 2012 and has been projected to 84.2 ASR between
2013 and 2050 [3]. In Central African Republic, the average prevalence rate has been on
the increase; with breast cancer prevalence just above 10% in 2003 and just above 15%
in 2015 among breast cancer patients; after dropping from 20% in 2014 [9].

Mortality rates in sub-Saharan African regions have increased simultaneously and
rank now the world's highest, reflecting weak health infrastructure and subsequently
poor survival outcomes. Between the same periods, East Africa also showed the larg-
est increase of 26% mortality from 11.4 ASR in 2008 to 15.6 ASR in 2012. Southern
Africa has the least mortality rate reduction of 24.5%; with a reduction from 19.3 ASR
mortality in 2008 to 15.5 ASR mortality in 2012 [3]. This has been said to be due to the
human development index of the country and stage at diagnosis. For example, low
HDI (HR: 2.3 [95%CI: 1.4, 3.7]; p = 0.001) and medium HDI (HR: 1.9 [95%CI: 1.2,
3.1]; p = 0.01) countries are more likely to have higher odds of breast cancer-related
mortality compared to African HDI countries. Patients in late stages at presentation
have higher odds (HR: 2.5 [95%CI: 1.8, 3.3]; p < 0.001) of breast cancer-related deaths
compared to those who presented at the early stage of the disease [12].

2.2 Determinants/risk factors of breast cancer reported in the last decade

Various factors have been associated with the development of breast malignan-
cies across sub-Saharan Africa in the last decade. Body size has been associated with
the development of breast cancer. A recent study from Ghana, by Brighton LA et al,
reported that increasing body size increased the likelihood of breast cancer (slightly
heavy body size — OR: 1.30 [95%CI: 1.04, 1.62] and heavy body size — OR: 1.50
[95%CI: 1.11, 2.02] ) among patients with suspicious lesions of breast cancer [5]. Level
of education has also been associated with the development of breast cancer among
Populations in the region. The higher the level of education, the higher the likelihood
of the development of breast cancer. Also from the same Ghanaian study, those with
at least secondary school education (more than basic education) are significantly
more likely to develop breast cancer compared to those without formal education.
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(OR:1.50 [95%CI: 1.21, 1.87]; p < 0.01) [5]. The number of births has also been said
to reduce the likelihood of breast cancer. multiparous women (at least 5 orders) are
significantly less likely to develop breast cancer compared to nulliparous Ghanaian
patients (parity >5 - OR: 0.71 [95%CI: 0.52,0.97]; p < 0.01) [5].

3. Types of breast cancer

These are often obtained from clinical, histopathological and genomic diagnoses.
Availability and accessibility of these are, however, varying in sub-Saharan Africa.
This had affected presentation, reportage, early screening and diagnosis and treat-
ment of breast cancer in the region. In many countries, breast cancer is still com-
monly confirmed by histology (85%); and 6% cytological confirmed; while 9%
were clinically confirmed in many sub-Saharan African countries [11]. Fine needle
aspiration (FNAC) and biopsy remain the commonly reported means of diagnosis; as
it stands at 60% and 37.9%, respectively in Ethiopia [21].

About half (52.5%) of all suspicious breast lesions have been reported to be malig-
nant; with 36% being benign conditions in some African populations [5]. Invasive
ductal cancers appear to be the commonest among African populations accounting
for more than half of all reported breast cancers [9, 17-19, 21]. This is congruent with
globally reported histological type reported globally; which has been reported to be
40-80% [7]. It ranges between 55.3% in Southern Ethiopia and 84.2% in Kenya [18,
21]. Tumor behavior reported includes moderately differentiated in 31.7% of cases
and poorly differentiated in 27.7% of cases in Southern Ethiopia. Only 13.6% were
reported to be well-differentiated among Ethiopian patients [21].

Molecularly, BRACA 1 and BRAC 2 remains the commonest molecular gene for
breast cancer in African populations. Each accounts for 5.6%, respectively, in sub-
Saharan Africa the populations. Other reported genes include ATM (1.5%), PALB2
(1%), BARD1 (0.5%), CDHI (0.5%) and TP53 (0.5%) [26]. This is in line with the
global commonly reported genes of 45-87% of BRACA 1, and 50-85% for BRACA 2
[7]. Novel variants of these genes have been reported to predominate in certain sub-
Saharan African regions. This includes the PIK3CA genes and the TP53 genes; which
account for 39.09% and 12.78%, respectively in Burkina Faso [23].

Most cases of breast cancer in the last decade have presented with unilaterally
located left breast cancer across sub-Saharan Africa [9, 16, 19, 21, 27]. The highest
prevalence of bilateral breast cancer was reported at 8% [95%CI: 6, 12] in Nigeria
[16]. Country-specific prevalence of left breast cancer has been reported across the
sub-region. For example, Gabretsadik A et al. and Kramer and Colleagues; Ouedrago
SY et al. and Uyisenga JP et al. reported that 54%, 52.2%, 51% and 50% of most breast
cancer cases are on the left breast among Southern Ethiopian, Rwanda, South African
patients and Burkinabe patients [19, 21, 23, 27]. Balekouzou A et al. reported that the
left breast is more commonly affected compared the right (12% versus 4%, respec-
tively) among patients in Central African Republic [9].

4, Common breast cancer outcomes

Krammer et al. reported that 75% of patients reported the presence of any pain or
disability while only 9% experienced severe pain and disability among South African
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patients [27]. It was further reported that the presence of the tumor on the right side
(OR: 0.31 [95%CI: 0.10, 1.03];p < 0.05); being a Caucasian (OR: 0.21 [95%CI: 0.05,
0.82]; p < 0.05); not being on chemotherapy (OR: 0.39 [95%CI: 0.18, 0.83]; p < 0.05);
had axillary lymph node dissection (OR: 0.48 [0.23, 0.98]; p < 0.05) and older age
(OR: 0.93 [95%CI: 0.93, 0.98];p < 0.01) are significantly less likely to report cancer-
related pains compared to others of differing corresponding attributes [27]. Also,
reported is that those not on chemotherapy are significantly less likely to experience
disabilities compared to those treated with chemotherapy (OR: 0.37 [95%CI: 0.18,
0.77]; p < 0.01) [27].

It was also reported that 36.6% of South Africans with breast cancer in the
Western Cape have depression [28]. However, a lower prevalence of depression
(25%) was reported similar population in Addis Ababa, Ethiopia [22]. This has been
said to be due to body change stress; in which a higher body change stress signifi-
cantly predicts depression (f = 0.38; p = 00) among breast cancer patients [28]. It
has also been said to be due to perceived social support; in which a lower perceived
social significantly predicts depression (p = —0.30; p = 0.01) among breast cancer
patients [28].

Also reported is 34.3% psychological distress among South African patients
with breast cancer [28]. This has been said to be due to body change stress; with a
higher body change stress significantly associated with higher psychological distress
(B =0.37; p = 0.00) [28]. It has also been said to be due to perceived social support;
with lower perceived social support significantly associated with higher psychological
distress (f = —0.27; p = 0.02) among breast cancer patients [28].

Anxiety disorders were also reported as outcomes of breast cancer among patients
in sub-Saharan Africa in the sources reviewed over the last decade. For example,
Fatiregun OO et al. reported that 19% of breast cancer patients have anxiety disor-
ders; with mixed anxiety and depressive disorder accounting for 44.7%. Predictors
for anxiety disorder among this population include the absence of a history of breast
cancer (OR: 3.5 [95%CI: 1.2, 7.0];p = 0.006) and early stage of breast cancer (OR: 1.56
[95%CI: 1.12, 2.17]; p = 0.009) [20].

Almost three-quarters (71.03%) of patients with breast cancer have drug-related
problems among patients with breast cancer in Gondar, Ethiopia: with 48.6% report-
ing adverse drug reactions, with 45.8% need for additional drug therapy and 32.7%
non-adherence [17]. Comorbidity and the non-use of neoadjuvant chemotherapy
have been associated with the development of drug problems among breast cancer
patients. Degu A and Kebede K reported that those with comorbidity are three times
more likely to develop drug-related problems compared to those who do not have
comorbidities among breast cancer patients in Gondar, Ethiopia [17]. Those on
neoadjuvant are significantly less likely to have drug-related problems compared to
those on other regimens [17].

5. Preventive behaviors and factors associated
5.1 Late and delayed presentation
Most patients often present at a late stage during the course of the disease; with

two-thirds (67%) of all African patients presenting at the advanced stage of breast
cancer; albeit, 50% seen at stage 3 and 17% seen at stage 4. The highest level of
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advanced or late presentation is in West Africa; which stands at 67% [16]. A close
estimate of a multi-country study of 8 sub-Saharan countries reported an overall
late-stage presentation of 64.8%; with the highest (91.7%) among the countries
studied being reported in Harare-Zimbabwe and the lowest (42.6%) reported in
Seychelles [12]. Similar report has been reported from cancer registries across Africa;
and 18% of which are already metastatic at the time of diagnosis. (Joko-Fu WY etal,
2020) Other estimates have reported that 77% of all staged cases were stage III/IV at
diagnosis [29]. In Southern Ethiopia, 66.5% of all diagnoses were made at advanced
stages (3 and 4) of the disease [21]. Among patients with breast cancer in Rwanda,
the diagnosis was made in about half (52.9%) at stage 3 [19]. In Kenya, almost two-
thirds (61.6%) of breast cancer patients have stages 3 and 4 when the diagnosis was
made [18]. In Lagos-Nigeria and Addis Ababa-Ethiopia, about half (54% and 51.9%,
respectively) of the diagnosis was made at stages 3 and 4 among similar patients [20,
22]. However, half (51.7%) of patients have their diagnosis made at stage 2 in Western
Cape, South Africa [28]. In contrast, only 19.48% of breast cancer cases were diag-
nosed at stage 3 among patients in Cape Town, South Africa [27].

The delayed presentation was also reported in the reviewed literature. Only 25%
presented within the first 3 months, and 30% within 1 year, of the onset of symp-
toms among breast cancer patients in Khartoum-Sudan [30]. In the Central African
Republic, only 30% presented within the first year of the onset of symptoms among
breast cancer patients in Khartoum-Sudan [9]. Also, in Sierra Leone and Rwanda,
66.7% and 88.6% respectively, presented after 12 months among participants in
population-based surveys [10].

Many factors have been said to be responsible for delayed or late presenta-
tion for screening and treatment for breast cancer among sub-Saharan African
populations. A prior diagnosis of breast cancer has been shown to increase the
odds of delayed presentation; with those diagnosed within at least 3 months
with higher odds of late presentation compared to those diagnosed more recently
(3-12 months — OR: 9.6 [95%CI: 9.55, 9.75]; p < 0.00 and >12 months ~OR: 9.3
[95%CI: 9.33, 9.33]; p < 0.00) among breast cancer patients in Khartoum, Sudan.
The fear of mastectomy/chemotherapy is the commonest reason for delays among
Sudanese breast cancer patients [30].

5.2 Non-presentation and use of traditional healers

About 43% and 26.7% of Burkinabe women either do nothing or visit traditional
healers, respectively, about their breast-related conditions. Medical advice is only
sought in 30% of the cases [24].

5.3 Low utilization of screening services

Early diagnosis has been said to improve survival; with a 3-year relative survival of
78% (95%Cl: 71.6-83.3) among those diagnosed at the early stages of cancer com-
pared with 40.3% (95%CI: 34.9-45.7) relative survival when the diagnosis is made at
advanced (III and IV) stages of the disease [12]. However, the use of mammography
and other screening modalities is very low in sub-Saharan Africa for screening and
aiding the diagnosis of breast cancer. This hovers between 3.61% of community-based
Ghanaian women and a quarter (23.7%) screening level among community-based
women of reproductive age in Namibia.*®* Other levels of utilization between these

20



Epidemiology of Breast Cancer in Sub-Saharan Africa
DOI: http://dx.doi.org/10.5772/intechopen.109361

two ends include 5.2% breast cancer screening in the Ivory coast [31]; with 13.4%
mammography screening among the south African general women population [32];
mammography screening of 15.5% among older women in South Africa [33]; and
18.6% mammography screening rate among patients in Southern Ethiopia [21].

Several factors have been found to explain the limited use of mammography
services. This includes ethnicity, age, level of education, marital status, residence,
type of employer, country of residence, wealth index, number of living children,
possession of household items of worth, health insurance coverage, level of
physical activity and presence of chronic diseases and regular visitation of health
facility [31].

Older age is a strong predictor of mammography screening among African
women. Phaswana-Mafuya N and Peltzer K reported that older middle-aged (40-49
years) and elderly (60-69 years) significantly increases the likelihood of mammogra-
phy screening compared to the early middle ages (30-39 years) among South African
women; and likelihood increases with age among this population (40-49 years — OR:
2.39 [95%CI: 1.54, 3.69] and 60-69 years — OR: 2.70 [95%CI: 2.70, 8.10]; p < 0.001)
[32]. Also, Older women of the reproductive age group (25-49 years) are signifi-
cantly more likely to access breast cancer screening compared to younger women of
the reproductive age group (35-49 years — OR: 1.73 [95%ClI: 1.56, 1.91]; p < 0.001;
25-34 years — OR: 1.41 [95%CI: 1.29, 1.54]; p < 0.001) [31]. However, Calys-Tagoe
BNL et al. reported that older age is a negative predictor of mammography use. Those
that are at least 70 years are significantly less likely to have used mammography
screening services compared to younger women in Ghana (> 70 years — OR: 0.42
[95%CI: 0.19, 0.93]; p < 0.05) [34].

Also, Ethic group has been said to be an important index of access to mammogra-
phy services. Calys-Tagoe BNL et al. reported that those of the majority ethnic group
are significantly more likely to use mammography services compared to other ethnic
groups among Ghanaian women (Akan — OR: 3.41 [95%CI: 1.88, 6.16]; p < 0.001)
[34]. This was corroborated by Phaswana-Mafuya N and Peltzer K reported that
whites, colored and Asian south Africans were significantly more likely to have mam-
mography services compared to black South African women; with whites having the
highest odds of mammography access (whites — OR: 5.06 [95%CI: 3.36, 7.60]; colored
— OR: 2.87 [95%CI: 1.87, 4.41] and Indian/Asian 2.52 [95%CI: 1.47, 4.32]) [32]. Further
insight was provided by Pelztzer K and Phaswana-Mafuya N as they reported that
older adult white ad Indian/Asian adult women are significantly more likely to have
used mammography compared to older adult Black South African women. (Asian/
Indian - OR: 4.08 [95%CI: 1.71, 9.71]; p < 0.01; whites - OR: 3.33 [95%ClI: 1.54,7.19];
p < 0.01) [33]. In this wise, Asian/Indians have higher odds compared to whites
which might have been due to the variation in the availability of social support as
this demography of south Africans with the highest access to mammography services
aged.

An increasing level of education has been said to increase the odds of mammog-
raphy screening among Sub-Saharan African populations. Phaswana-Mafuya N and
Peltzer K reported that south African women with at least grade 8 were reported to
be significantly more likely to access mammography services compared to grades 0-7
(grade 8 — OR:2.25 [95%CI: 1.34, 3.78; p < 0.01; grade > 12 — OR: 2.72 [95%CI: 1.55,
4.77]; p < 0.001) [32]. In fact, Pelztzer K and Phaswana-Mafuya N reported that any
level of access to education is a strong predictor of mammography use among older
adult south African women compared to those with no formal education. (primary
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education — OR: 2.76 [95%CI: 2.31, 5.85]; p < 0.01; at least secondary education — OR:
3.81 [95%CI: 1.88, 7.74]; p < 0.001) [33]. Sub-Saharan Africans with at least a formal
education are significantly more likely to do breast cancer screening compared to
those with no formal education, and the odds of breast cancer screening increase
with the level of education. (Primary — OR: 1.77 [ 95%CI: 1.56, 2.01]; p < 0.01; at least
secondary — OR: 2.33 [95%CI: 2.05,2.66]; p < 0.001) [31].

Ever being in a partnered relationship is a significant predictor of breast cancer
screening among African populations compared to single African populations (mar-
ried/living with partner — OR: 1.13 [95%CI: 1.04, 1.22]; p = 0.003; widow/divorce/
separated — OR: 1.15 [95%CI: 1.03, 1.28]; p = 0.01) [31].

Country of residence is a significant determinant of mammography services use
among African populations. Namibians, Burkinabe and Kenyans are significantly
more likely to use mammography services compared to Ivoirians; with Namibians
having the highest odds of breast cancer screening among the studied African
countries (Namibia — OR: 3.3 [95%CI: 2.90, 3.83]; p < 0.001; Burkina Faso — OR: 1.58
[95%ClI: 1.32, 1.89]; p < 0.001; Kenya — OR: 1.92 [95%ClI: 1.67, 2.21]; p < 0.001) [31].

Place of residence has been shown to determine the use of mammography services
among African populations. Phaswana-Mafuya N and Peltzer K reported that rural
informal residents are significantly less likely to have used mammography services
compared to urban formal dwelling South African women. (Rural informal - OR:
0.40 [95%CI: 0.24, 0.72]; p < 0.01) [32].

Employment status is also a significant predictor of mammography utilization.
Ghanaian women who are self-employed and those in the informal sectors are less
likely to use mammography services compared to others in the civil service (self-
employed — OR: 0.21 [95%CI: 0.11, 0.42]; p < 0.000; informal - OR: 0.26 [95%CI:
0.12, 0.57]; p < 0.001) [34].

Possession of household items of worth has also been said to determine breast
cancer screening. Possession of television was reported to increase the likelihood of
breast cancer screening among African populations compared to those who do not
(possession of TV — OR: 1.17 [95%CI: 1.08, 1.27]; p < 0.001) [31].

Socioeconomic status has been said to be a significant predictor of mammography
services utilization. Pelztzer K and Phaswana-Mafuya N reported that south African
older adult women with a high wealth index are twice more likely to use mammogra-
phy services compared to those with a low wealth index (high wealth index — OR: 2.18
[ 95%CI: 1.00, 4.76]; p < 0.05) [33].

Lifestyle behaviors have also been an important determinant of the use of mam-
mography services. Phaswana-Mafuya N and Peltzer K reported that south African
women who reported moderate-vigorous physical activity significantly have higher
odds of mammography services utilization compared to the physically inactive south
African women (moderate-vigorous physical activity — OR: 1.55 [95%CI: 1.12; 2.13];
p < 0.01) [32].

The presence of chronic diseases has also been said to be a strong predictor of
mammography service use. South African women with chronic diseases are sig-
nificantly more likely to use mammography services compared to those with none
(at least one chronic disease — OR: 1.49 [95%CI: 1.08, 2.05]; p < 0.05) [32]. Similar
outcomes were reported among older South African women by the same authors (at
least 2 chronic conditions — OR: 1.92 [95%CI: 1.01, 3.63]) [33].

Access to medical aid has also been said to be a strong predictor of mammography
services use. South African women with medical aid were twice significantly more
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likely to use mammography services compared to south African women who have no
medical aid [32]. This was further corroborated by the same authors among Older
south African women; where older south African women with health insurance are
twice significantly more likely to use mammography services compared to those who
are not covered by health insurance (health insurance — OR: 2.71 [95%CI: 1.57, 4.66];
p < 0.001) [33].

Health facility visitation has also been said to be associated with breast cancer
screening among women of reproductive age group; with those who frequently vis-
ited health facilities reporting higher odds of mammography services use compared
with those who do not (OR: 1.37 [95%CI: 1.28, 1.45]; p < 0.001) [31].

6. Common modalities of treatment

Traditionally, breast cancer is commonly treated through chemotherapy, immu-
notherapy, hormonal therapy, biological therapy, radiotherapy and surgery [7].
Reported modalities of treatment in the last decade reported that chemotherapy,
hormonal therapy and surgery remain the mainstay of management in many set-
tings in sub-Saharan Africa in the last decade. Overall, breast cancer patients had
surgery; with an overall mastectomy prevalence of 71% [95%CI: 51, 88]; with beast
conserving surgery at 1% [95%CI: 0-2]. Chemotherapy was used in the treatment of
83% [95%CI: 64, 96]; and 77% received hormonal therapy for their treatments in the
region [16]. However, country-specific treatment modalities have been reported at
varying rates and types across sub-Saharan Africa.

Gabretsadik reported the use of chemotherapy, surgery and hormonal therapy
in southern Ethiopia; where Doxorubicin, cyclophosphamide and paclitaxel
every 3 weeks for 8 cycles are used for the treatment of stage 1-3) was reported in
59% of cases; doxorubicin and cyclophosphamide every 3 weeks for 6 cycles was
reported in 41% of cases and modified radical mastectomy was reported in 35.1%
of cases [21]. Also, hormonal therapy has been reported for premenopausal men
and women; in which Tamoxifen use was reported in 76.7% of cases. For hormonal
therapy for post-menopausal women in which anastrozole after surgery has been
reported in 23.3% of cases. Chemotherapy alone, chemotherapy plus surgery and
chemotherapy, surgery and hormonal therapy are reported in 65%, 20% and 35%,
respectively [21].

Degu A and Kebede K reported different regimens used in the management
of breast cancer patients in Gondar, Ethiopia. The commonest regimen was an
Adriamycin-Cyclophosphamide combination (Adjuvant and Neoadjuvant, 43%
and 22% respectively) and Tamoxifen (Adjuvant and Neoadjuvant, 30% and 8%,
respectively) [17].

Kramer and colleagues reported the use of modified radical mastectomy surgery
among 73.35% of patients; Axillary lymph node dissection in 78.23%; chemotherapy
in 72.78%; hormonal therapy in 70.49% of cases and radiotherapy in 63.32% of
cases. Similarly, different combinations of these modalities of treatment were also
reported: wide local excision and radiotherapy in 95.24%; modified radical mastec-
tomy and chemotherapy in 88.44% of cases; wide local excision and chemotherapy
in 78.85% of cases and modified radical mastectomy and radiotherapy in 57.65% of
cases among south African patients [27]. Similarly higher utilization rates of differ-
ent modalities have been reported from the Central African Republic; where it was
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reported that 95.4% had surgery; and 91.4% having had chemotherapy and a lower
30.4% having had radiotherapy in the course of breast cancer treatments among
patients [9].

Almost similar modalities of treatment were reported among Patients in Burkina
Faso where 72.9% and 74.4% had chemotherapy and surgery, respectively. However,
a lower proportion (28.6%) of these patients had radiotherapy [23]. Similar reports
were observed in Addis Ababa-Ethiopia, where 83.9% had chemotherapy, and 88.1%
had had surgery; with 7.9% and 11.4%, having had radiotherapy and hormonal
therapy, respectively [22]. Lower utilization has however been reported in Lagos-
Nigeria where 50% had chemotherapy; 28.5% have had a combination of chemo-
therapy and surgery; with 12.5% have had chemotherapy and radiotherapy, and 9.0%
had radiotherapy only [20].

7. Strategies to prevent the growing burden of NCDs in sub-Saharan
Africa

Establishing primary prevention programs for breast cancer remains a challenge.
Nevertheless, efforts to decrease excess body weight and alcohol consumption and
to encourage physical activity and breastfeeding may have an impact on stemming
the incidence of breast cancer worldwide. Population-wide breast cancer screening
programs aim to reduce breast cancer mortality through early detection and effective
treatment [2]. Reports have indicated that women who participated in breast cancer
screening programs have a lower risk of dying from breast cancer compared with the
corresponding risk from nonparticipants [2, 35].

There should be early diagnosis and prompt treatment to prevent and control
breast cancer globally, specifically in sub-Saharan Africa. The WHO recommends
organized, population-based mammography screening every 2 years for women at
average risk for breast cancer aged 50 to 69 years in well-resourced settings [13].
The American cancer society (ACS) recommends that generally, women should
have the opportunity to begin yearly screening for women between 40 and 44 years.
This should continue as long as they are in good health and have a life expectancy
of at least 10 years. ACS strongly recommends that women with an average risk of
breast cancer should begin mammography screening beginning at age 45. Those
between 45 and 54 years should be screened annually and those at least 55 years
should be screened biennially or whenever an opportunity comes up [36]. Clinical
breast examination is not directly effective in reducing breast cancer mortality
among average-risk women at any age according to guidelines and recent systematic
reviews [14, 36].

Mammographic screening, however, has limitations, such as overdiagnosis and
overtreatment [2, 37, 38]. There are opportunities to improve the cost-effectiveness
and benefit-to-harm ratio of screening by adopting a risk-stratified screening strat-
egy using existing and evolving risk prediction models [2, 37]. Therefore offering
breast cancer only to women with higher risk can improve the cost-effectiveness of
screening, maintains the benefits and reduce overdiagnosis [37]. Ongoing screening
trials are evaluating the clinical acceptability, cost and utility of risk-stratified screen-
ing programs in the general population [2, 39, 40].

The establishment and funding of cancer registries is a veritable tool in the
prevention and control of breast cancer in sub-Saharan Africa as it can generate
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recent, accurate data on the incidence, survival, treatment and outcomes in nations/
populations hosting such registries [41, 42]; as revealed in some reports reviewed
in this update [8, 12, 25]. Though there are cancer registries in only 54% of the

46 countries in sub-Saharan Africa; improved budgeting and infrastructure will
improve the availability of data on cancer diagnosis, treatment, follow-up and
survival [41, 43]; which can help in the estimation of cancer burden in sub-Saharan
Africa and improve the policy and practice of the national cancer control programs
which can improve the healthcare for patients with breast cancer in the years to
come [41]. However, due to resource constraints in many countries of sub-Saharan
Africa, hospital-based cancer registries can be established which can be a source of
information on breast cancer (and other cancers) for the population-based cancer
registries [43].

Finally, there is a need to ameliorate the financial burden of cancer prevention and
care in sub-Saharan Africa; especially among the high-risk population and the vulner-
able [42]. This is because the majority of healthcare financing in sub-Saharan Africa
is out-of-pocket which places catastrophic healthcare expenditure on patients and
caregivers [44, 45]. There is therefore the need increase include cancer screening and
care in universal healthcare programs and policies of governments in sub-Saharan
Africa [42].

8. Conclusion

Breast cancer has increasingly become a disease of global public health impor-
tance, and in particular in sub-Saharan Africa. It has been projected to increase to
over 3 million by the year 2040. This might have been due to improved detection
rates, awareness, and treatments globally; especially in higher-income countries.
There appears to be an intra- and inter-country variation in breast cancer detec-
tion rates and mortality in sub-Saharan Africa. BRACA genes still appear to be
commonly reported; though, some populations have commonly reported novel
genes more than the former genes. Better organized screening programs, the estab-
lishment of a well-functioning cancer registry, and improved access and utilization
of mammography and treatment services in resource-constrained regions can
improve early presentation, reduce adverse breast cancer-related outcomes (includ-
ing mortality) and help reduce future sub-Saharan African burden of breast Africa
and the world.
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Abstract

Breast cancer (BC) represents the most frequent cancer worldwide, with almost
2.26 million new diagnoses recorded in 2020, and is the most common malignant
neoplasia diagnosed during pregnancy. Pregnancy-related Breast Cancer (PrBC),
indeed, is diagnosed in 1in 2000-4000 pregnant women every year in Europe. PrBC
is frequently characterized by unfavorable biological marks that, along with the
late diagnosis, the limited imaging applicable, and the often-suboptimal treatments
necessary to protect the fetus, could possibly lead to a worse prognosis in this popula-
tion of patients. Babies born from mothers treated for cancer during pregnancy have
been followed during a long-term follow-up and have showed cognitive and physical
functions not different from the general population, but more studies are needed.
Taking into consideration the complexity of the disease, a multidisciplinary approach
is crucial to define the best therapeutical path.

Keywords: breast, cancer, pregnancy, PrBC, BC

1. Introduction

Breast cancer (BC) represents the most frequent cancer worldwide with almost
2.26 million new diagnoses recorded in 2020. Despite the progress made throughout
the years to identify new anticancer drugs aiming to improve BC patients’ prognosis,
it still represents the first cause of cancer-related death in women [1].

BC represents one of the most frequent cancers in women in their reproductive
age, with nearly 7% of all BC being diagnosed under 40 years of age [2].

It is well known that, BC being a frequently hormone-related malignancy, its onset
may be induced by a higher exposure to estrogens, as may happen with physiological
hormones in early menarche, older age at menopause, first pregnancy after the age
of 30 and nulliparity, or with the exposure to external sources of hormones, during
hormone replacement therapy or due to oral contraceptives.
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Other risk factors are represented by personal and family history of BC, dense
breast tissue, and lifestyle-based risk factors [3, 4].

Pregnancy represents a protective factor against BC [5], and even the age of the
woman at the first pregnancy seems to play a crucial role in preventing the onset of
this disease, pregnancy being considered protective if under 30 years of age [6, 7].

2. Pregnancy-related breast cancer epidemiology

Cancer occurs in around one in 1000 pregnancies, with BC being the most fre-
quent, followed by cervical cancer, lymphoma, ovarian cancer, leukemia, colorectal
cancer, and melanoma [8], reflecting cancer epidemiology in women in their repro-
ductive years. In Europe, Pregnancy-related Breast Cancer (PrBC), indeed, is diag-
nosed in 1in 2000-4000 pregnant women every year [9], representing approximately
0.2-2.6% of all breast cancer cases, and its incidence is probably bound to increase
due to the progressively older age of women at the first pregnancy.

The terms PrBC and Pregnancy-associated breast cancer (PABC) have been used
for a long time as synonyms, but a recent, more precise definition has allowed to
distinguish the two entities: While PrBC includes only BC cases that are diagnosed
during pregnancy, PABC also includes cases of BC diagnosed in the post-partum
phase, till 1 year after delivery [10].

Risk factors for PrBC seem to be consistent with the general population, and no
specific pregnancy-related risk factors have been identified. Women with BRCA muta-
tions have a higher risk of developing PrBC. As these cancer cases are often diagnosed
in particularly young women, genetic counseling should be considered [11, 12].

3. Presentation

Clinical presentation of PrBC is similar to BC in non-pregnant women, the palpa-
tion of a mammalian lump frequently being the first symptom. Nipple discharge,
cutaneous lesions, or palpable lymph-nodes could also occur. The breast tissue
physiological modifications that happen during pregnancy, such as engorgement and
increased density, along with the young age of the patient and pregnancy itself, often
lead to an underestimation of the symptoms and delayed diagnosis. Indeed, women
during pregnancy have a 2.5 higher risk of being diagnosed at a higher stage, causing a
worse prognosis [13].

4. Biology

Some studies suggest that PrBC biology has no significant difference from non-
pregnant patients’ BC [14]. Notwithstanding, the hormonal modifications that occur in
a pregnant woman with their growth-promoting effect suggest a possible lead to more
aggressive forms of BC [15]. In fact, PrBC seems characterized by a lower expression
of hormone receptors, with a higher rate of aggressive forms such as triple-negative
or HER2-positive forms [16]. Moreover, several studies have shown that these types
of tumors seem to be marked by unfavorable molecular characteristics, for instance,

a high expression of cancer targets as PD1/PD-L1, RANK ligand, and IGF, and show a
lower prevalence of tumor-infiltrating lymphocytes [17]. A recent study has aimed to
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identify specific genomic alterations in PrBC, demonstrating through a whole genome
sequencing a higher rate of mismatch repair deficiency mutational signature, besides
other mutations such as in the mucin gene family [18]. The expression of several other
oncogenes could be altered, such as MYC, SRC, FOS, JUN, and KLF1 [19].

These biological marks, along with the late diagnosis, could possibly lead to a
worse prognosis in this population of patients, further worsened by the limited stag-
ing exams applicable and suboptimal therapies that have to be administered to protect
the fetus.

Further studies are needed to clarify the biology of this particular kind of cancer.

5. Diagnosis

Clinical examination represents the first step of the diagnostical process but needs
to be always followed by imaging and biopsy. It is well known that ionizing radiations
are dangerous during pregnancy due to their teratogen effect on the fetus. This makes
the diagnosis and staging more complex, often leading to suboptimal results. Table 1
summarizes allowed and forbidden diagnostical examinations during pregnancy.

Every breast lump that persists for more than 2 weeks should be investigated, even
though around 80% of them result in benign lesions [20].

Breast ultrasound (US) represents the first choice when a mammalian lump during
pregnancy is detected, it being non-invasive and safe for the fetus, thanks to the
absence of ionizing radiations. It allows, on the one hand, to identify benign lesions
that have no need to be studied with further exams and that represent the most com-
mon lesions identified during pregnancy and, on the other hand, to detect suspicious
lesions that may need a biopsy [21]. US can be used to explore local lymph nodes and
identify suspicious nodes that might need fine needle aspiration or biopsy.

Mammography with abdominal shield can be safely administered in these patients
at every gestational age [22], but possible limitations related to parenchymal modi-
fications during pregnancy must be considered. Contrast-enhanced breast MRI,

Diagnostical test 1st Trimester 2nd Trimester 3rd Trimester
Breast Ultrasound v v v
Abdomen Ultrasound v v v
Chest X-Ray* v v v
Mammography* v v v
Whole body MRI x v v
Contrast-enhanced breast x x x
MRI

CT-scan x x x
PET-scan x x x
Bone scintigraphy x x x
Biopsy v v v

v Allowed; x Forbidden; "Abdominal shield must be used; **In selected cases only

Table 1.
Allowed and forbidden diagnostical examinations in each pregnancy trimester.
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instead, should be avoided due to the capacity of gadolinium to cross the hemato-
placentar barrier and to the lack of data assessing its safety for the fetus [23]. The
combination of mammography and breast US has a high detection rate, comparable to
contrast-enhanced breast MRI, which can safely be avoided during pregnancy [24].

When a suspect lesion is identified, biopsy represents the gold standard. The patholo-
gist should always be informed of the pregnancy status to better analyze the biotic sample.

The stage, according to American Joint Committee on Cancer (AJCC), should
always be assessed. Abdominal and pelvis ultrasound and chest X-ray with abdominal
shield are the first-choice imaging exams during pregnancy, while computed tomog-
raphy, bone scintigraphy, and PET scan should be avoided due to the higher rate of
ionizing radiation [25]. If strictly necessary, diffusion-weighted whole-body MRI
without gadolinium might be an option in case of advanced disease or metastases
after the first trimester [26].

6. Therapy

Cancer during pregnancy has for a long time been mistreated because of the lack
of evidence about the efficacy and safety of the various available treatments in this
peculiar population. By now, it is known that it should be treated as BC in non-preg-
nant women according to the stage and molecular asset, following some precautions
to minimize the risks for the fetus (Table 2).

6.1 Surgery

Surgery is feasible at any time during pregnancy, considering that the majority of
anesthetics has been demonstrated to be safe during pregnancy [27]. However, there is
a slight risk of miscarriage, especially in the first trimester [26]. The preferred approach
should be decided following the same guidelines for non-pregnant women, preferably
after discussion by a multidisciplinary team due to the complexity of the decisions.
Seen as though adjuvant radiotherapy must always be postponed after delivery,
mastectomy might be discussed with the patient, especially for diagnosis done in the
first trimester. Despite the limited data available on the matter, some studies suggest
the feasibility and safety of conservative surgery during pregnancy [28]. Patients with
PrBC who desire conservative surgery must be informed of the possible higher risk of
local recurrence caused by a delay in the adjuvant radiotherapy treatment [29, 30].

Treatment 1st Trimester 2nd Trimester 3rd Trimester
Surgery v v v
Radiotherapy x x x
Chemotherapy x v v

Endocrine therapy x x x

Target therapy x x x
Immunotherapy x x x

v Allowed; x Forbidden; *Further studies are needed to assess security during pregnancy.

Table 2.
Allowed and forbidden treatments in the three pregnancy trimesters.
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Concomitant breast reconstruction after mastectomy does not seem to increase

the mother-fetus morbidity and can be taken into consideration; the physiological
breast tissue modifications during and after pregnancy, although, could lead to a

delay in the procedure [28]. There is still no univocal approach regarding sentinel
lymph node biopsy during pregnancy: On the one hand, American Society of Clinical
Oncology (ASCO) does not suggest this procedure [31]; on the other hand, National
Comprehensive Cancer Network (NCCN) guidelines and European Society of Medical
Oncology (ESMO) support the procedure when considered necessary. Although
further studies are needed, the procedure is considered safe for both mother and fetus
if Technetium-99 m (99mTc) colloid solution injection is administered [32], preferably
using the one-day protocol, injecting the drug in the morning of the surgery day [33].
Due to the high risk of anaphylactic, a potentially life-threatening reaction, blue dye
and isosulfan blue should be avoided [34], while methylene blue should be avoided
especially in the first trimester because of its teratogenic effect [35].

6.2 Radiotherapy

As stated above, radiotherapy should always be postponed to after delivery
because of the several toxicities that can be caused to the fetus during pregnancy, such
as intrauterine growth restriction, mental retardation, risk of childhood cancer, and
fetal death [26].

6.3 Chemotherapy

Chemotherapy represents a fundamental weapon in treating BC. Its possible risks
for the fetus strictly depend on the gestational age. During the first trimester, chemo-
therapy is always contraindicated, due to its high risk of miscarriage and congenital
malformations (about 14% of cases) [36-38]. If chemotherapy is strictly necessary at
this time of pregnancy, its interruption may be discussed with the patient [39]. After
the first trimester, the risk of congenital malformations for the fetus drops to 3%,
almost equal to the general population. For this reason, chemotherapy can be consid-
ered during the second and third trimester [26].

An fetal examination with US should be performed before and periodically during
the treatment.

Chemotherapy regimens must be decided according to the tumor stage and biol-
ogy, as in non-pregnant women. Anthracycline regimens have been known for years
to be safe in pregnant women [40-43] and should be preferred. Regimens based on
anthracyclines and taxanes appear to be safe during the two last trimesters of preg-
nancy [44, 45]. When taxanes are indicated, weekly paclitaxel should be preferred to
docetaxel every 3 weeks because of its better tolerated toxicity profile and of the no
need for steroid premedication or granulocyte colony stimulating factor (GCSF) [26].

The administration of dose dense regimens is still controversial: Although some
data show the safety of this approach [46], further studies are needed before it
becomes clinical practice.

Chemotherapy dose should be based on body surface area as in non-pregnant
women, although some possible pharmacokinetics alterations must be taken into
consideration [47].

The interruption of chemotherapy should not be over 35th week of pregnancy, to
permit a 3-week washout before delivery [26], reducing possible surgical complica-
tions caused by hematological toxicity.

37



Breast Cancer Updates

6.4 Endocrine therapy

Endocrine therapy is contraindicated at every trimester of pregnancy. Many studies
demonstrated a clear teratogenic effect of tamoxifen in animal models [48, 49] and
its relationship with major and minor congenital malformations in humans [50].
Notwithstanding a possible teratogenic effect in animal models, there are still no suf-
ficient data available for aromatase inhibitors during pregnancy [51].

6.5 Target therapy

Trastuzumab, an anti-HER2 monoclonal antibody, has become, during the last few
years, the standard of care in Her 2 positive adjuvant, neoadjuvant, and metastatic
settings, representing a practice-changing drug. Being a type G Immunoglobulin, it
is capable to trespass the blood placenta barrier from the second trimester to the due
date. It interferes with the organogenesis process and causes oligo- and/or anhydram-
nios, as well as unknown long-term consequences on the fetus [33]. For this reason,
it is contraindicated during every gestational age. Seen as though these complications
have been shown only in the case of trastuzumab administration after the second
trimester, incidental trastuzumab administration during the early stage of pregnancy
(first trimester) does not necessarily require pregnancy interruption [52].

In the last few years, new anti-HER?2 agents have become a part of our clinical
practice, as Pertuzumab, trastuzumab-emtasine (T-DM1), or trastuzumab-deruxte-
can (TDX). There are no data available on their safety during pregnancy.

6.6 Immunotherapy

Immunotherapy with anti-PD1/PD-L1 monoclonal antibodies has its peculiar
role in the treatment of BC, especially in the triple negative forms. Some preclinical
studies demonstrated a higher risk of late miscarriage and birth mortality if adminis-
tered during pregnancy in animal models, probably caused by the non-acquisition of
immune tolerance against the fetus [53, 54]. Hence, it is contraindicated till further
studies about its security are conducted.

6.7 Supportive care

Most of the supportive care drugs used in non-pregnant women can safely be admin-
istrated even during pregnancy. Steroids should be avoided during the first trimester
due to the risk of congenital malformations. They can be administered in the second
and third trimester, preferably using methylprednisolone and hydrocortisone that are
metabolized in the placenta and do not seem to reach the fetus [33]. Ondansetron can
be safely administered, as well as H2 antagonists; there are no sufficient data about
anti-NK1 agents [16]. Granulocyte-colony stimulating factors (G-CSFs) have shown no
significant fetal toxicities in the only retrospective analysis that has analyzed their safety
during pregnancy, but further studies may be needed [55].

7. Fetal outcome

As stated above, during the second and third trimester, chemotherapy can be
safely administered. Nevertheless, it may be connected to an increased risk of
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complications for the fetus, such as intrauterine growth restriction (7-9 up to 22%) or
premature rupture of membranes (17-27%) [41, 56].

Mother and fetus should be strictly monitored before, during, and after the onco-
logic treatment, and after delivery, the placenta should be sent for histological exam,
to assess if any BC cells are detected [57]. Moreover, a multidisciplinary approach
is fundamental in this population of patients: Only the cooperation between all the
figures involved (Oncologist, Surgeon, OBG-YN, Radiologist, Psychologist) can lead
to the best approach for each patient.

Babies born from mothers treated for cancer during pregnancy have been followed
during a long-term follow-up and have shown cognitive and physical functions not
different from the general population, but more studies are needed [17].

8. Conclusions

PrBC incidence is slowly rising; thus, the awareness of its correct management
is fundamental for every physician. It should be treated following non-pregnant BC
guidelines, applying the abovementioned precautions to limit the possible risks for
the fetus. There is no evidence of increased OS after pregnancy interruption; hence,
this possibility must be discussed with the patient only in select cases, for instance,
when the immediate start of chemotherapy is mandatory. Taking into consideration
the complexity of the disease, a multidisciplinary approach is crucial to define the
best therapeutical path.
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Abstract

Breast cancer is the most predominant type among Brazilian women, ranking
second position within the causes of mortality in the female population. According
to the National Cancer Institute (INCA) estimates, for each year of the triennium
2023-2025, 73.610 new cases are expected. Although it is not subject to primary pre-
vention, breast cancer tends to have a satisfactory prognosis and greater chances of
cure if identified early. The high mortality rates indicate, however, that access to early
diagnosis and to treatments is a flawed aspect of the country. The chapter addresses
the main social conditions that affect the high rates of morbidity and mortality,
emphasizing aspects both related to the provision of health care services and some
social characteristics of women that mark the inequalities which make health care
difficult. It also discusses aspects related to health policies and access barriers toward
breast cancer control.

Keywords: breast cancer, social conditions, access to health, health care

1. Introduction

Breast cancer is currently the most common female cancer type in the world [1].
According to the International Agency for Research on Cancer [2] in 2020, there were
more than 2.26 million new cases of breast cancer and almost 685,000 deaths from
this cancer type worldwide. It means that breast cancer accounted for more than 10%
of new cancer cases overall and it was the main cause of cancer death in women,
corresponding to almost 7% of all cancer deaths in that year.

There is not only a single cause for the incidence of breast cancer, although genetic,
behavioral aspects (such as excessive alcohol consumption), and populational aging
are related to a greater predisposition to the disease. Thus, differently from other types
of neoplasms, breast cancer is not subject to primary prevention [3, 4]. Nevertheless,
the early identification of the disease and adequate access to treatment are admittedly
important for better prognosis and higher chances of cure [2] providing a secondary
level of prevention under the terms of Leavell and Clark [3].

45 IntechOpen



Breast Cancer Updates

Differentials in mortality by breast cancer among women from low and middle-
income countries, express the iniquities related to access to health care, compared to
the ones from high-income countries, as indicated by the IARC [5], showing the deep
imbrications of the health social determinants for the course of the disease.

The analysis by Pinho and Coutinho [6] points out that the incidence of breast
cancer cases is more present in poor countries. In rich countries, such as The United
States, Canada, United Kingdom, Netherlands, Denmark, and Norway, although
the incidence of breast cancer is high and growing, the mortality number shows a
decrease, referring to the investment in screening, prevention, and early detection of
the illness. Data provided by the All Together Against Cancer (Todos Juntos Contra o
Cancer) movement, state that poor people have six times more chances of dying after
oncological surgery. The institution has presented the results of a survey made in 82
countries and noticed that the tumor location can raise the mortality number. In order
to make comparative purposes, it is necessary to consider the singularities of each
country, both in the predicted health models and in the strategies that lead to cancer
control.

Baquet and Commiskey [7] indicate that there are racial differences for women
in the United States in relation to incidences, mortality, and survival taxes of breast
carcinoma. They also point out that social and economic factors inside racial/ethnic
groups can be considered risk factors, not only for cancer mortality and survival but
also as determinants of incident rates. Gorey et al. [8] compare diagnosed women
with mammary neoplasm in two different locations; one in Canada and the other in
the United States, both with a low socioeconomic status population. It was identi-
fied that in Canada, the survival rate is 15 years higher than in the United States. The
authors point out that this difference can be related to greater access to health services
in Canada, resulting in a prolonged survival time.

Van Maaren et al. [9] identified connections between the socioeconomic status
and survival of patients with breast cancer to be more pronounced among young
patients in Netherlands. It is also enhanced that the risk of recurrence in 10 years
was lower in the strata with higher purchasing power, indicating that the risk factors
for breast cancer, in adherence to adjuvant treatment and recurrent treatment can
possibly play an important role in this association between socioeconomic level and a
higher survival prognosis.

In Norway, a country with universal health care assistance and national treatment
guidelines, it was observed that the specific survival of young patients with breast
cancer has improved, likely due to advances in diagnosis and treatment. However, it
was noticed that survival highly increased in patients with higher income and educa-
tion, but there was little survival gain for the ones with low education and income.

In this respect, Trewin et al. [10] point out how important socioeconomic status is
for the specific survival of young patients with breast cancer, even in countries with
universal medical assistance.

In Brazil, a country marked by deep social inequalities, breast cancer remains with
very high incidence and mortality rates. For the triennium 2023-2025, 73.610 new
cases of breast cancer are estimated each year, and an age-adjusted mortality rate is
calculated by the population in the order of 14.23 deaths per 100,000 women in 2018
[1, 11]. Currently, breast cancer is the type of cancer that presents the highest number
of deaths among women and the second leading cause of death in the Brazilian female
population.

Given this situation, the chapter addresses some of the main social conditions
that have contributed to the persistence of high mortality rates from breast cancer in
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Brazil. It is based on the understanding that barriers to accessing quality health ser-
vices make it difficult to diagnose and treat in a timely manner, with impacts on the
quality of life and the chances of cure and survival of women affected by the illness.

It should be noted that access barriers are understood as characteristics that
may obstruct access and use of health services by potential users, as proposed by
Travassos and De Castro [12]. The authors indicate that the mere service offer does
not guarantee access to it and point out that geographic, financial, organizational, and
informational barriers, among others, directly interfere with facilitating or hindering
healthcare access. Based on the understanding that social inequalities in health condi-
tions and access to health networks are a direct expression of the social structure in
which we live, Travassos and De Castro [12] state that even if there are changes in the
characteristics of the health system that alter significantly the social inequalities in
access and use of health services, these, by themselves, are not capable of intervening
in health conditions.

From this perspective, the focus given to the issue of breast cancer in this chapter
values two central axes. The first one concerns social inequalities that affect the
process of illness and the search for health services, particularly, those aspects related
to the female condition and socioeconomic factors. The second axis considers the way
in which health services are organized, which raises the need to also take into account
the trajectory of public policy aimed specifically at cancer control in the country. The
considerations made in the chapter were based on bibliographic research, a documen-
tal survey, and analysis of secondary data.

2. Breast cancer as a social process: a gender perspective

Studies such as Gorey’s [8] point to a correlation between the women with breast
cancer survival rate and socioeconomic conditions. Although the incidence of breast
cancer affects women from different social classes, the prognosis differs between
social strata, with higher mortality among poorer women. In this sense, among the
social factors associated with breast cancer mortality are poverty, low education, and
lack or difficulties in accessing health services.

Albrecht et al. [13] identified the association between a low level of education
and an advanced stage of breast cancer, pointing out that women with less education
are more prone to late diagnosis compared to those in strata with higher income and
higher levels of education. Similarly, when investigating the association between
race/ethnicity and 10-year survival with breast cancer, Nogueira et al. [14], con-
cluded that there is a racial disparity in breast cancer survival, to the disadvantage of
black women, who are also generally poorer.

Health conditions are directly related to the inequities existing in the capitalist
system, which affect social groups in different ways, according to their insertion in
the market. Thus, “people in disadvantaged social conditions seek [health] services
when their health status is most severe and they receive care in services less suited
to their needs” [12]. It is worth pointing out that Brazil is characterized by immense
social inequalities, largely associated with its historical formation marked by slavery
and by its subordinate and peripheral insertion in global capitalism.

A study conducted by the Brazilian Institute of Geography and Statistics indicated
that in 2018 the average monthly income from work of the richest 1% of the popula-
tion was 34 times higher than that of the poorest half of the population, and the
Gini index was 0.542 [15]. The social inequalities are also expressed in terms of

47



Breast Cancer Updates

race/ethnicity: blacks are the ones that comprise 75% of the population in the country’s
extreme poverty situation, being 72% slum dwellers and 64% unemployed [16], in
addition to being the main victims of violence and violation of rights. Brazil also
presents high levels of gender wage inequality; women receiving lower salaries than
men, occupying few leadership positions, working in multiple shifts, and suffering
various forms of violence and harassment.

In this sense, the gender approach is relevant for understanding the phenomenon
of breast cancer as a social process. The concept of gender is an analytical category
historically and socially constructed from feminist struggles. It expresses a primary
form of power and domination in social relations constitution, which is made from the
perceived differences between the sexes [17]. At the same time, thanks especially to
the contribution of black feminists and the concept of intersectionality proposed by
them [18], it is important to recognize that these relations of power and domination
are intertwined with others, such as race and social class, as structuring social reality.

A cross-sectional study to identify the sociodemographic profiles of women diag-
nosed as breast cancer from the hospital in a state in Brazil records 715 patients under-
going treatment between 2010 and 2013. The cluster analysis was used to delineate the
profiles from the variables: age, color of the skin, education, and cost of treatment.
The association between profiles and intervals was investigated using multinomial
logistic regression, being observed even after winning barriers to access to the oncol-
ogy unit profiles of social vulnerability had a longer wait for treatment [19].

Therefore, it should be considered that the family role permanence and natu-
ralization of caring for children and household chores put women with cancer in a
position of what we call “disadvantage,” especially when there is a change from their
condition of caregiver to someone who needs to be cared for [20]. Under the same
perspective, Nogueira and Silva [21] emphasize that the woman who is the head of the
family, with no support network, has little or no social protection, deals with objec-
tive barriers that make breast cancer prevention, detection, and treatment difficult or
even impossible.

In a study carried out in Brazil with women who access public health services,
it was identified that the probability of being alive was lower for those in advanced
stages. However, the authors point out that studies have shown disparities in the
survival of women with breast cancer in relation to socioeconomic status. In this
sense, women with lower socioeconomic status have worse survival rates. It is also
reinforced that the difficulty of accessing the diagnosis increases the probability of
death from breast cancer [22].

The close correlation between the illness process and living conditions, the pre-
cariousness of work relations, and the absence of social protection constitute barriers
to access and adherence to treatment, which has been expressed in the identification
of the disease in its most advanced stages and has increased mortality. Thus, an ele-
ment to be considered in this aspect is what Carloto and Gomes [23] understands as
the “feminization of poverty.” The authors resort to the notion of social and technical
division of labor to identify its organization between men and women in the social
structure, in such a way that an arrangement of skills and attributions are associated
with the female gender and another arrangement of functions granted to the male
gender are socially configured.

Another study points out that low education was identified as a risk factor for the
increased possibility of mortality even in the early stages of breast cancer [24]. In the
sexual division of labor, women occupy subordinate and socially discredited roles.
They are limited in terms of their participation in the labor market due to the roles
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they are assigned in care and social reproduction. Such inequalities are naturalized by
society and disregard the conflicts that permeate the construction of women in their
condition as subjects. At the same time, that condition masks the difficulties faced by
women not only in their socialization processes but also in their interpersonal rela-
tionships, which becomes worse with illness.

Women are submitted daily to double and/or triple shifts. It is sure that the
responsibility for household chores falls on them, making gender asymmetries
evident. Women are often expected to care for others and paid work. This is associ-
ated with the low standard of public social protection in Brazil and the responsibility
for the care is left almost exclusively to the family itself, and within the family, more
specifically to the women [25].

Portella [20] draws attention to the fact that when a woman becomes ill, the
historically constructed place of caregiver undergoes changes, impacting both her
social function, her body image, and interpersonal relationships as well. The author
states that aspects related to how women deal with their bodies and with socially
constructed conceptions of care, influence how they choose to care for themselves.

The author also points out that the absence of public social support mechanisms
that cover the care function performed by women, especially the poorest ones,
ends up hindering and influencing access to exams and treatments, contributing to
advanced staging and, therefore, lower chances of a satisfactory prognosis, recovery
from the illness, and real chances of cure.

3. Breast cancer, social policies, and health care services

The health system in Brazil presents a hybrid format, consisting of a public and
universal subsystem (Sistema Unico de Satide—SUS) and a private subsystem, in
addition to its own regime for military personnel. Instituted by the 1988 Federal
Constitution, which recognized health as a universal right and a responsibility of the
State, SUS offers a set of actions to the entire Brazilian population that range from
those related to prevention and health promotion to highly complex procedures, such
as transplants, for example. It is, therefore, a group of actions that cover Primary
Health Care, medium and high complexity services. It also adopts a model of coopera-
tive federalism in which the Union, states, and municipalities have shared responsi-
bilities for the management, financing, and provision of health actions.

Thus, the SUS is composed of a network of public, philanthropic, and private
services contracted with public resources from fiscal taxes. The private subsystem,
on the other hand, is mostly constituted by health plans and insurance, financed
directly by the insured themselves (out of pocket) or by the employing companies,
in part or in full. It is evident that the hybrid character of the Brazilian health system
expresses its enormous segmentation and inequalities in access to services. According
to Barros and Sousa [26], despite being recognized as a universal and equal right, the
SUS still faces inequities resulting from “factors such as misinformation, associated
with differences in education, or even deformation in certain public policies, in some
of which privileges and discrimination are still present.” The authors also point out
the low percentage of public spending on health, especially if compared to other
universal health systems. Data compiled by IBGE, for the year 2019, show that public
spending corresponded to only 3.8% of GDP, compared to 5.8% of private spending.
In contrast, more than 70% of the Brazilian population, or about 150 million people,
depend exclusively on the SUS [27].
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In the case of private health insurance, the same IBGE [27] survey indicated that
26% of the population had a health plan for medical care. The coverage of these
health plans is concentrated in urban areas, especially in the state capitals and in the
Southeast and South regions of the country. The data indicate that in Brazil, there are
differentials in relation to education, income per capita, and race, with greater cover-
age in population segments with higher education and income and among the white
population. Liedke et al. carried out a study looking for differences between women
diagnosed with breast cancer who have health insurance and those who access public
services in Brazil. The authors identified that patients with public health coverage had
more advanced diseases at diagnosis [28].

In relation to breast cancer care, the first health measures date back to the 1920s,
provided by philanthropic institutions. At that time, the number of diagnosed cancer
cases in Brazil was low, being the highest disease incidence and mortality rates in
the country related to the group of infectious-parasitic diseases. The governmental
actions to control cancer were punctual, in general, associated with personal initia-
tives or those of medical professionals [29]. Inflections in this model began to take
shape in the 1940s, with the implementation of the National Cancer Service, largely
the result of the mobilization of the Cancer Leagues organized under the leadership of
medical professionals. According to Teixeira [29], the implementation of this service
made it possible for the breast cancer issue to enter the Brazilian public health agenda,
with the Central Institute and the National Campaign against Cancer as its bases for
action. Regarding breast cancer specifically, the role played by the Social Pioneers
Foundation, created in 1957 with the purpose of providing medical and educational
assistance to the poor population, deserves to be highlighted. In association with this
foundation, a cancerology hospital unit was created to provide outpatient care for the
prevention and early detection of gynecological and breast cancer and to constitute,
at the same time, a research center dedicated to the prevention of female cancer.
However, following the hegemonic medical model in the country, the care provided
was characterized by the predominance of individual actions, curative nature, and
centered on hospital care [30].

Breast cancer control achieved greater visibility in Brazil since the 1980s when
the country was undergoing important social, economic, and political reforms asso-
ciated with the context of re-democratization after two decades of an authoritarian
political regime. Such visibility can be credited to the recognition of the increasing
number of cases and deaths from breast cancer in the country. Two government ini-
tiatives are worth mentioning here. One is the comprehensive attention to women’s
health program, implemented in 1983, which innovates by expanding the attention
to women’s health beyond the pregnancy-puerperal cycle and introducing the con-
cept of comprehensiveness. The other prominent initiative is the creation, in 1986,
of the Oncology Program (Pro-Onco), from the National Cancer Institute, which
arose as a technical-administrative structure of the extinct National Campaign to
Fight Cancer [30].

Next, we had the consolidation of the SUS in the 194 Article of the 1988 Federal
Constitution. In addition, the beginning of the 1990s watched the legislation imple-
mentation that deals with the institutionalization of SUS, Laws No. 8.080/90 and No.
8.142/90. In the late 1990s, under the SUS structure, the Viva Mulher Program was
implemented as the first national public health initiative aimed specifically at the con-
trol of female cancers, especially breast cancer. The program objective was to reduce
mortality and the physical, psychological and social repercussions of cervical and
breast cancer by offering services for prevention and detection at the early stages of
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the disease and for the treatment and rehabilitation of women. However, Porto et al.
[31] explain that despite the progress made by this program, very little has effectively
advanced in terms of health care.

The scenario changed in the 2000s. The first specific national policy for cancer
in Brazil was instituted in 2005, in line with the parameters recommended by the
World Health Organization, in view of the high rates of new cases and mortality from
the illness worldwide. The National Policy for Oncological Care (PNAO) affirmed
cancer as a public health issue and structured the oncological care services network
to be implemented in a decentralized manner in the states and municipalities, in
accordance with guidelines established by SUS [32]. In the same year, the Action Plan
for the Control of Cervical and Breast Cancer (2005-2007) was drawn up, based on
six strategic guidelines, namely: increase in the coverage of the target population;
quality assurance; strengthening of the information system; development of training;
social mobilization strategy; and advancement of research. According to Oliveira
[32], at this moment, the greatest focus is given to early detection, for which indica-
tors and goals for mammography and screening of the disease are agreed upon by
the different federated entities. In the wake of these measures, other initiatives were
adopted to encourage the early detection of breast cancer. Among them, we can cite
the publication of Law No. 11.664/2008, which aims to ensure mammograms for
women over 40 years, as well as referral to services of greater complexity for diagnos-
tic complementation and treatment, when necessary. Later, some other legislations
were created, including the structuring of specific programs and systems, such as
the Breast Cancer Information System (SISMAMA), and the Cancer Information
System (SISCAN), among others, through which they implied changes in the access
to information on prevention and focus on the control of the disease in a positive way,
especially in the surveillance actions of the disease.

Moreover, the discussion of breast malignancy was reaffirmed through the action
plan launched in 2011, the National Plan for the Diagnosis and Treatment of Cervical
and Breast Cancer, which aimed to increase mammographic exams, especially to
intensify prevention and assistance to women. Then, the National Program of Quality
in Mammography (PNQM) was instituted. And, later, the publication of Ordinance
No. 189/2014 established financial incentives to fund referral services for breast
cancer diagnosis. These measures are essential for us to think about the priority of
cancer through sensitivity and encouragement of measures to prevent and control the
disease.

In this sense, there is a need to discuss health prevention and promotion and the
relevance of social determinants and their impacts on the number of new cases in
Brazil and worldwide is evident. Significant advances have been identified since the
early 2000s; Castro [33] elucidates the change in the public policy scenario in this
period, starting with the government of then—President Luiz Indcio Lula da Silva.
There is evidence of an expansion of social policies, enabling, a broadening of the
mechanism of social protection and promotion. It is noteworthy that through interna-
tional pressure, the WHO signatory countries were directed to intensify measures to
prevent and control cancer.

It should be noted that, in 2013, Brazil published Ordinance No. 874/2013 estab-
lishing the National Policy for Cancer Prevention and Control in the Health Care
Network for People with Chronic Diseases within the SUS, replacing the previous
policy of 2005. With this, it is identified an intensification in the creation of strategic
measures that should focus on the risks and aggravations of the disease. With research
on the documentary collection shown by INCA, it is clear that most of these sources
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allocated for cancer consist of diagnosis, but there is a high expenditure on the treat-
ment that, being of high complexity, requires the use of imported technologies [34].

Despite the undeniable advances those mentioned measures represent, the mortal-
ity rate for breast cancer among Brazilian women remains high and growing. Since
the SUS creation, there has been a significant investment in Primary Health Care,
expanding the health services supplies. Primary Care is responsible for preventive
clinical examinations. However, diagnostic confirmation, which requires access to
mammography, ultrasound, and biopsy tests, is performed at other care levels, which
is a bottleneck in the SUS. The delay in scheduling these diagnostic tests and the low
quality of the images are some of the factors that end up delaying the diagnosis. And
once the diagnosis is confirmed, the woman with cancer faces new difficulties, now
to access treatment in a timely manner. These aspects end up contributing to access to
services when the breast cancer stage is already advanced, thus reducing the chances
of cure.

The study conducted by Oliveira [32] showed differences in the time taken by
women with breast cancer to access diagnosis and treatment between those with and
without health insurance, in a disadvantageous condition for the latter. Similarly,
Cabral et al. [34] concluded that women in situations of greater social vulnerability
had a longer interval between diagnosis and initiation of treatment, regardless of the
degree of illness staging.

To address this situation, since 2020, Federal Law No. 13,896/2019, won through
the mobilization of civil society organizations, guarantees that the necessary tests
to confirm the diagnosis must be performed within a maximum of 30 days, with
immediate initiation of treatment.

However, the implementation of this law was faced with the arrival of the
COVID-19 pandemic, at which time health actions were primarily focused on
pandemic control. A study conducted in two Brazilian states showed that there was
a decrease in the number of cancer-diagnosed cases due to several factors such as
anxiety, stress, and social isolation associated with the restriction in access to routine
tests and prevention for breast cancer diagnosis, imposed by the pandemic [35]. It
is noteworthy, that during the COVID-19 pandemic, many services were affected,
including oncology services, with restrictions and decreased patient flow.

Benites et al. [36] in a literature review article identified studies that reported the
adaptations in breast cancer treatments performed. Considering that the interrup-
tion of cancer treatment can generate even more damage, health professionals have
created alternatives for its non-interruption, seeking to avoid the patients going to
hospitals and staying there for a long period of time.

The research by Mendes [37] calls attention to the “invisible patient,” the one who
suffered the most from the health care paralysis for chronic conditions as a side effect
of COVID-19, with non-assistance caused by access restrictions or people’s fear of
seeking health services. As a result, chronic conditions tend to become unstable and
increase in severity, cause deaths, and have a high economic and financial impact on
health care systems.

4, Final marks

In Brazil, social inequalities contribute to result not only to worse health condi-
tions but also to health care services access and use inequalities. The multifaceted
profile of the social issue of cancer, closely related to the insertion of these women in
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the world, their family and work relationships, is an aspect that undoubtedly hinders
adherence to treatment, especially considering that the illness from breast cancer has
repercussions in different ways and in different spheres of womenss lives and perme-
ates the gender issue.

The double and/or triple working day, the precariousness of work relations, and
the context of restrictive social policies amplify the situation of social vulnerability,
without minimum protections for their sustenance and that of their families, besides
being factors that notoriously hinder adherence to treatment. Besides the clinical
issue, breast cancer also comprises implications involving feminine insertion in the
scope of work, family, gender relations, and socioeconomic compromising, among
others.

In what specifically refers to the health policy, the Brazilian Unified Health System
advocates access universalization, comprehensive integrality, social equity, manage-
ment and provision decentralization, hierarchization of services, and social partici-
pation. It is an example of a policy whose effective implementation presupposes the
reorganization of health practices and, consequently, the care model transformation
and health care services organization. Focusing on comprehensive care, it is necessary
to prioritize intersectoral actions articulating the individual aspects present in the
social demands of the user and the family, in order to find social answers via public
social policies.

In this sense, it is possible to recognize that the Brazilian health model has
changed in a positive way with the creation and implementation of the SUS. Indeed,
SUS has remodeled the profile of health care provision, especially in decentralizing
the health care management toward the states and municipalities.

It is worth mentioning that the policy institutionalization process has not
occurred without conflicts and a set of challenges, particularly the guarantee of the
comprehensiveness, continuous care, and quality of services offered. Thus, despite
recognizing these advances, it is still necessary to identify that there are limits and
daily challenges that weaken the consolidation of the SUS in its essence. Including,
new challenges continue to reverberate in current days and are unique to this context,
especially due to the reality of the service offered along with the pandemic COVID-19.

In this context, illness raises issues that problematize the debate about health as
aright, which refers not only to universal health care access, but also to the quality,
nature, and viability of these services provided to women for access to diagnosis and
treatment. It is understood that the health-disease process is a social product and
cancer is no exception to this rule. In this scenario, the barriers to access to health ser-
vices lead to higher mortality rates, since, as analyzed, timely diagnosis and adequate
treatment make it possible to increase the chances of cure and increase survival.

However, the latest estimated numbers of new cases and the number of deaths
from breast cancer remain high. It can be seen that the social vulnerability of the
population has great relevance not only because of the pathology severity but also
because of the mentioned factors’ complexity. This complexity is historically present
in the daily life of each individual woman and tends to interfere with timely access to
diagnosis, treatment, prognosis, and recovery from the illness.
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Chapter 5

Breast Cancer, Gender, and Body
Experience — A Qualitative Study
in Argentina on the Transit of the
[llness, Femininity, and Sexuality
at Stake

Leila Martina Passerino

Abstract

The chapter examines the transit of women through breast cancer by investigating
the transformations in lifestyles and social behaviors that the experience of illness
inaugurates. From the perspective of gender studies, we investigate the political tech-
nologies that operate on corporeality and the cultural matrices from which we signify,
live, and account for this transit. These are experiences that, far from being reduced
to singular events, have social roots. In particular, we focus on how the experience of
illness acts as a regulating device for the notions of femininity and sexuality in play.
This is produced by a reconfiguration of the gaze for oneself and for others, espe-
cially when going through certain treatments implies that the illness is “manifested”
or becomes “public.” With this aim in mind, we look at the different strategies that
women adopt, as well as the vicissitudes and shared discomforts that occur in the face
of the emergence of the diagnosis and the treatments. The results presented here are
the result of research carried out in the Metropolitan Area of Buenos Aires (AMBA)
in Argentina during the period 2015-2020, based on in-depth interviews with women
between the ages of 25 and 75 who have been diagnosed with breast cancer.

Keywords: breast cancer, gender, femininity, sexuality, social behaviors

1. Introduction

This production is part of a qualitative research developed in the Metropolitan
Area of Buenos Aires (AMBA) in Argentina during the period 2015-2020, from the
development of in-depth interviews with women who have been diagnosed with
breast cancer, aged between 25 and 75 years. We have used the study of biographical
forms [1-3] to analyze the experience of women from their narratives and through the
technique of in-depth interviews.

We start from the assumption that the experience of women diagnosed with
breast cancer is not merely an individual and private aspect, but is always the effect
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of social norms and ways of feeling. We question the biomedical nomination of the
disease as a mere diagnosis, reduced to a sociodemographic or “biological” reference
as an attribute or organic condition. In this direction and drawing on critical gender
studies, mainly post-structuralism, we reflect on the processes of gendered subjecti-
vation as a gendered and situated experience in specific ways of becoming ill [4-6].
Bodies live within the productive constraints of certain regulatory, gendered schemes
that function as norms of intelligibility [7, 8]. We are therefore questioning how a
disease whose clinical, epidemiological, and therapeutic aspects put social mandates
weighing on women is perceived. Hence, the question revolves around the principles
of social regulation of corporeality that are at stake in this experience and its deriva-
tions and implications, in the transformations and sensitivities it produces, where the
materiality of bodies is inseparable from the norms that regulate their materialization
and significance.

The chapter explores how the experience of illness acts as a regulatory device for
the notions of femininity and sexuality in play. This is produced by a reconfiguration
of the gaze for oneself and for others, especially when going through certain treat-
ments implying that the illness is “manifested” or becomes “public.” With this aim
in mind, we will examine the different strategies that women adopt, as well as the
vicissitudes and shared discomforts that occur when faced with the emergence of the
diagnosis and the treatments, particularly with regard to the transformations related
to the visibility at stake and aspects related to sexuality. This approach focuses on
the social networks involved in the experiences and thus differs from other studies,
predominantly from the field of psychology, on sexuality and corporeality [9-13].

2. Bodily transformations and illness: visibility for others and for oneself

Going through cancer, mainly as a result of treatment, brings with it physical
changes. Chemotherapy tends to cause hair loss, but also skin changes and swelling:
hormone therapy, weight changes, and menopausal symptoms. Surgery, depending
on the type and medical guidelines, may involve a mastectomy; that is, the entire
mammary gland is removed—including the nipple-areola complex—or a quadrantec-
tomy, in which part of the mammary gland is preserved. This may be in addition to
interventions in the axilla or emptying of the axillary lymph node chain, which may
coexist with the abovementioned surgeries.

The way these body changes are handled varies. For some women, these transfor-
mations go very deep, producing a significant threat to subjectivity and femininity.
Thus, a whole operation is set up to “invisibilising” the transition through the disease
using resources such as wigs, hats, and makeup. For other women, on the other hand,
it may be about aspects that, although not considered ideal, are not entirely problem-
atic, without experiencing them with anguish, loss, and dismay. Many of them make
visibility a reason to be able to talk about the subject.

In this process, we are interested in exploring the meanings, the negotiations, the
ways in which women deal with the transformations, emphasizing how certain ways
of seeing are configured, as signifying processes that produce ways of experiencing
illness and which are governed by this external horizon and beyond the world. John
Berger [14] is categorical about the centrality of the gaze, especially with regard to
the cultural constitution of female subjectivity, as a central problematic axis in his
work. In her photographic studies, she has upheld the historical female position in
the gender order, characterized and positioned as an object for vision: “A woman
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must continually contemplate herself. She must be accompanied almost constantly
by the image she has of herself (...) From her earliest childhood she has been taught
to observe herself continuously. And so she comes to regard the observer and the
observed in her as two constituents, but always distinct, elements of her own identity
asawoman” [14]. Throughout modern history, it has not been women who actively
look, know, and judge but those who are observed, even by themselves. This exercise
on oneself can be challenged by going through the treatments, promoting a subjective
work, of bodily processing, in the face of the present transformations.

The fear of not knowing how to feel is part of the disruptive process that a surgi-
cal intervention exposes and which implies for women a singular type of work, lived
intensely and from every detail. It is not only a question of being exposed to one’s
own fears, or at least not as the origin of them, but of dealing with them vis-a-vis the
cultural legacy that permeates our being-in-the-world and our ways of seeing.

From a feminist reading, Lynda Nead [15] has historically investigated the place
given to women in the field of the nude in art. She argues that this has been coexten-
sive with the medical field, two fundamental discourses from which the body has
been subjected to scrutiny and judged, regulated, and contained. In recent decades,
she notes, there has been an intensification of the links between “good” feminin-
ity and physical health, “Desirable femininity has been constructed specifically in
terms of both health and beauty” [15]. In the same vein, Georges Vigarello [16] does
genealogical work on the history of beauty and points to the close link between beauty
and health as contemporary gender regulatory ideals. If beauty was once only the
privilege of a few women, in the democracies of the inter-war period, it is promoted
by the increasingly refined idea that beauty is constructed [16]. The use of cosmetics,
fashion, and surgical expertise, above all, guarantees the possibility of intervention.
“Pure” surgery is reinvented by another, born in the First World War, “reparative”
surgery. The one that should erase the scars, go unnoticed, hide any mark that could
make the gaze “there” an undesirable place. Women’s bodies gradually become the
object of an increasing amount of knowledge and techniques aimed at beautification
under the premise of a voluntarist body-object, in which there is no such thing as
an ugly woman, but one who neglects herself: “This triumph of the voluntary body
displaces the relationship with authority, just as it displaces the relationship with
oneself (...) The order that is given ceases to be truly vertical, it plays more with guilt,
involving the subject and her responsibility” [16].

This notion of the voluntarist body, but from a reading that articulates power in
the processes of negotiation of visibility, allows us to reflect on the political technolo-
gies that act on bodies, as processes that are not necessarily conscious, the norm is
acted upon, in Judith Butler’s terms. Technologies that operate as generated power
devices, as Marifa Celia Labandeira [17] expresses, the effect of a specific dynamic of
power relations from which we can understand the normativities inscribed on bodies
in relation to what is expected, what is healthy, what is beautiful. In Vigarello’s line of
argument, not looking good is akin to perceiving oneself as ill. In this operation, wigs,
makeup, and surgeries are located as gender technologies [18] that act on corporealities
and from which it is possible to model this visibility of oneself for others after breast
cancer treatments. Technologies are part of a sum of social technologies of institu-
tionalized discourses, epistemologies, and critical practices, as much as of everyday
life [18].

The negotiation of visibility, its modulations, must be considered here as a process
which, as we have already noted, presupposes effort and work on oneself, on how
to approach an experience that not only makes the body but also exposes it publicly.
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However, beyond the voluntarism that makes this visible corporeality, in a certain
way a project, we must consider that the alternatives have been barred by possibilities
of access. A generalized reading that takes into account the operating intersectionality
allows us here to understand that this performance of norms is part of a process that
is biased by access to resources as elements that inevitably participate in the ways of
experiencing the illness.

At the beginning of this section, we considered how hair loss following chemo-
therapy treatment is one of the circumstances that express the emergence of the
disease for women. The loss of hair, even if it is a temporary effect of chemotherapy,
is an event that many women experience with great anguish. Wigs, scarves, and
turbans are undoubtedly elements that help to mitigate the associated feelings of
discomfort. For women undergoing chemotherapy, shaving their hair is an almost
obligatory step in an attempt to anticipate a more painful outcome, the loss of hair
“by locks.” It is also a matter of using it with a certain degree of comfort since, for
most women, the use of a wig was “something annoying,” “itchy,” “hot,” “heavy,” an
unhappy artifact, which in the case of synthetic wigs was exacerbated. The wig is
mainly used for others and for oneself, when these bodily transformations cannot
be dealt with, when one wishes to conceal one’s transit in the home—for example,
under the gaze of one’s children—or to go unnoticed by others in public, in order
to avoid giving explanations, to avoid feeling pitied, or to avoid looks of terror and
fear. To sleep, they often wear scarves, and to be inside their homes, caps, hats, or
turbans, devices are also used when the wig is not accessible or is “uncomfortable”
in contact with the skin that is already extremely sensitive due to the drugs used for
chemotherapy.

The negotiation of visibility, its modulations, must be considered here as a process
that, as we have already noted, presupposes effort and work on oneself, on how to
approach an experience that not only makes the body but also exposes it publicly.
However, beyond the voluntarism that makes this visible corporeality, in a certain
way a project, we must consider that the alternatives have been barred by possibilities
of access. A generalized reading that takes into account the operating intersectionality
allows us here to understand that this performance of norms is part of a process that
is biased by access to resources as elements that inevitably participate in the ways of
experiencing the illness.

In the accounts, the use of these artifacts prevails despite the discomfort they
cause. It is in this direction that we included the artifacts as gender technologies,
devices for the normalization of bodies, which produce discomfort but which oper-
ate satisfactorily mitigating other even greater misfortunes, linked to the ways of
experiencing the visibility of going through the treatments. In the same direction, the
analysis of breast surgery can be included, although it acquires a different subjectivity
insofar as the ways of dealing with visibility are produced in the intimate sphere, as a
woman states, “the mastectomy is something private, but the hair is something very
public,” producing other ways of dealing with the image.

Finally, we can also recognize other narratives in which the possibilities of re-sig-
nifying these dominant ways of seeing take on other forms. Some of our interviewees
do not stop wearing wigs, scarves, or turbans; however, the modes of appropriation
are different, and so are the alternatives as bodily dispositions.

As we have seen, the processes of visibility for oneself and for others are part of
a complex operation that acts coextensively. That is to say, this reflexivity on oneself
that inaugurates the gaze cannot be done outside of eyes that are the same eyes from
which we also see ourselves.
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3. Sexuality, links, and bodily dispositions

We read sexuality as a device of gendered power. Authors such as De Lauretis [18]
and Butler [19] provide tributaries and critics of Foucault’s [20] reading and read
the body as signified in a context of power relations, where sexuality is a historical
and specific organization of these relations. It is a politically complex zone in which
affective states, pleasures, pains, fantasies are experiences of the body, but as we have
already alluded to, it exceeds it. Sexuality in the face of the experience of illness not
only alludes to bodily dispositions as ways of being with and toward the other, in
which possibilities crossed by this contingency appear, but at the same time leads us to
think about how it should be lived, which opens the field to the ethical dimension and
to questions about meanings, choices, moralities, possible ways of linking, and the
power relations that are established. These are the two aspects that we are interested
in focusing on in this section and which are coextensively involved.

The passage through breast cancer, particularly during the course of treatment,
produces transformations in women’s ways of experiencing sexuality. Given the wide
range of aspects from which the object “sexuality” can be approached, we refer here
particularly to the dimension of eroticism, which deals with pleasure, in its different
forms, enjoyment, and sexual desire without reproductive purposes [21]. We have
already mentioned in the previous section that visibility is part of the experience of
illness, although we will emphasize its participation in the modes of erotic-affective
bonding with their partners.

Depending on the type of treatment, the transition through the disease involves
“side effects” for the ways of dealing with sexuality, in which discomfort, pain, and
the sensation of discomfort and weakness transform the ways of bonding that had
previously remained unquestioned. To this we must add another type of effect,
related to weight gain and the surgical interventions themselves, which can lead to a
feeling of strangeness toward one’s own body, an estrangement from oneself.

Drugs and radiotherapy can produce lesions such as burns, blisters, reduced vagi-
nal elasticity, and genital pain, which is why it is understandable that women during
this time find it painful to try to have sexual relations. To this we can add some of the
consequences of treatment-induced menopause, which exacerbates the difficulties of
“traditional genitalia.” The passage through the treatments exposes many women to a
new experience as a sexual being, which brings to “consciousness” aspects unnoticed
in the incarnated everyday life.

Many women are concerned about a fundamental aspect of this transition in
terms of erotic-affective bonds and find themselves faced with the dilemma of “giv-
ing in” or suffering from a “painful” sensation, also experienced out of guilt for their
own experience of illness, which is inevitably shared by their partner. This aspect is
highlighted by other studies, which addresses the guilt experienced by women with
breast cancer when they feel unable to respond sexually to their partners [22, 23].
We can read here not only a bodily tension, but also a concern for the other that in
most cases ends up disabling pleasure and sexual desire itself. Sexuality is challenged
not only with respect to genitality and penetration itself, but also to the encounter
itself.

As we mentioned, the moment when the interview was conducted—as a concrete
point in the transition of the experience—and the treatments—the “side effects”—are
part of the narration about the experience of sexuality. We are now interested in
including other aspects that are also significant and that allude, on the one hand, to
the type of erotic-affective link they maintain with their partners and, on the other
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hand, to the treatments, but particularly, to the surgical interventions and to the
production of a certain visibility. Some of these women had stable partners who knew
and had experienced with them the first signs of what would later become a diagnosis
of breast cancer. Faced with the difficulties and the new situation of going through
the treatments, a game was established between the order of what was said and what
was not said, between assumptions and aspects that they preferred not to be dealt
with, and doubts and ambivalent instances where concern for the other prevailed. For
this reason, the work of bodily processing is not limited to women, but forms part of a
network that is produced in the links with their partners.

In stable couples, despite the difficulties, there was a tacit knowledge not only
about the experience of breast cancer, but also about an erotic understanding as a
bond. Even at the time of treatment, they possessed an important capital, which
allowed them to anticipate. However, it is totally different for women who try or
initiate a relationship during the illness, which speaks of greater difficulties and
dilemmas for their subjectivities. For those who did not have a stable partner, starting
arelationship can be problematic after surgery or mastectomy. For some, this implied
an impossibility to establish any kind of erotic-affective links. For other women,
undergoing surgery does not make them erotically and sexually inactive, but they do
feel obliged to “warn,” to anticipate, an aspect that can also be “traumatic.”

The modes of sex-affective processing are largely mediated by visibility, where
“negotiations” between partners are at stake, determining how the bodily disposition
is experienced in relation to the other. For some women, having sex wearing a bra has
been one of the ways of dealing with the transformations resulting from the surgeries.
In these cases, an internalization of the norm prevails, which also does not allow visibil-
ity of the self without the possibility of anguish. The norm here operates by demanding
compliance with certain esthetic patterns, as a dominant visual pattern that directs the
gaze, even that of the women themselves who experience sexuality as a result of a loss.

In most of the accounts in our research, the types of bonds established by the
women speak of loving care and respect for their partners, their decisions and possi-
bilities, as ways of protecting and also being able to propitiate spaces that favor sexual
pleasure and sexuality itself, even if traditional genitality is dispensed with. But we
should also mention that not all women were able to be contained and accompanied
in these moments of transformation and sensitivity. There are harsh accounts that
speak of neglect, abuse, and violence, which are linked to the dynamics of the type of
relationship they had. For both of them, this experience has affected them to such an
extent that they have not been able to return to their relationships with men, extend-
ing this experience to all other possible experiences.

In the narratives recovered for this analysis, we can see a predominance of the gaze
as an active participant in the modes of production of sexuality. However, it should
be noted that for some women the transit of the illness has not been felt only on this
level. Sensitivity is a fundamental aspect to be considered after undergoing surgical
treatment.

There are mastectomies in which it is possible to preserve the nipple-areola
complex, although this does not necessarily mean preserving sensitivity or the “nipple
function,” that is, sensitivity as an erogenous zone, breastfeeding the baby.

This also invites us to question the role of reconstructive surgery: reconstructive of
what? This is the political question that opens up and which participates as a norma-
tive regulation of the materiality of bodies and of the ways of experiencing illness.
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4, Conclusions

This chapter has dealt with the experience of women with breast cancer by
considering the diagnosis as an instance that exceeds a strictly biomedical nomination
and that is linked to life itself, to the conditions of being and thinking in the world.
This experience is sometimes disruptive insofar as the unexpected interrupts and
destabilizes habitualities. There are displacements, transformations in regularities,
and also disputes experienced subjectively, but not for this reason, culturally and
socially mediated. This operates as a matrix that acts on bodies and participates in
ways of living.

In this chapter, we have focused in particular on some bodily transformations, as
a figuration of modes of visibility for others and for oneself, but also on the experi-
ence of sexuality and the bodily styles that are put into play in the transition to the
experience of illness. The generated modes regulate bodily matter [7] on the basis of
dynamics of recognition/unrecognition, and these dimensions are settled as spaces of
dispute, fully felt by the subjectivities of this study.

Visibility has been an important dimension during the transit of the disease,
making the experience of cancer a public experience. The ways of going through
bodily transformations have varied, but they are undoubtedly a source of concern
for women. Visibility is adjusted on the basis of a work on the self that presupposes
a voluntarist corporeality on which a project is based. From a critical reading, we
have noticed here the effort that is made by subjectivities, from the use of different
artifacts, to reach an invisibility, biased by access to specific resources and often
experienced from the discomfort of such devices, which participate as gender
technologies, modeling healthy, acceptable, beautiful corporeality, as a signifying
chain that operates simultaneously. We could think of a microphysics of the gaze,
paraphrasing Foucault [20], which is expressed in the ways of experiencing illness
and must be understood in a larger horizon, from cultural regimes that permeate
our experiences and ways of seeing. Undoubtedly, there are other possible dimen-
sions of priority analysis, such as the dimension of the place of breasts in the
cultural framework and the so-called reconstructive surgeries. This opens up new
questions linked to how to approach bodily materiality, although we have decided
not to deal with it here and to think about a future development that will give it
greater depth.

The other of the questions addressed here dealt with the experience of sexuality,
particularly during the course of the treatments. We referred here to the erotic dimen-
sion, as a work of bodily processing in the links themselves. What is said and what is
not said, the ways of approaching visibility, the type of bond established, the discom-
fort caused after the passage of treatments linked to pain, the sensation of weakness,
and the feeling of heaviness, were, in the narratives studied, some of the aspects that
produce discomfort in the bonds.

We can conclude that the transit through the illness, and particularly the inter-
ventions and bodily transformations from the passage through the treatments and
surgeries, is part of instances of normative regulation, privileged processes from
which it was possible to materially explore these dynamics of power. The experience
of illness from a significant contiguity with “the feminine” highlights the regimes of
cultural intelligibility that mediate and produce bodies, undoubtedly influencing the
ways of experiencing illness.
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Chapter 6
Breast Cancer in the Elderly

Agnieszka Jagiello-Gruszfeld and Agnieszka Mlodzinska

Abstract

Breast cancer is a serious health problem in the elderly female population. The
approach to treating healthy women aged 65-70 years should be similar to treat-
ing younger patients with a similar stage and biological subtype of breast cancer.
Greater individualization of treatment is necessary in the case of patients with worse
parameters of functional efficiency and features of the frail syndrome. It should also
be emphasized the need for closer cooperation with geriatricians, especially when
defining the management plan and conducting systemic treatment in this group of
patients. There is also a great need for research into the proper selection of treatment
in elderly breast cancer patients. This is especially important in groups of patients
with early and locally advanced breast cancer.

Keywords: breast cancer, elderly, frailty syndrome, comprehensive geriatric assessment

1. Introduction

Cancer is age-related. Increased life expectancy means that cancers in the elderly
are becoming ever more common. More than three-quarters of cancer deaths are
among those aged 65 years and older, and more than half among those are aged
75 years and older [1].

This poses a challenge, especially for clinical oncologists, when choosing systemic
therapy, due to the specificity of this group of patients. Unfortunately, the group of
elderly patients is still underrepresented in clinical trials evaluating new cancer thera-
pies. As a result, there is much less evidence-based information to guide proposed
medical management.

Many publications emphasize that older patients are less likely to receive the most
effective forms of systemic therapies. This can lead to poorer treatment outcomes and
negatively affect patients’ survival rates [2].

An important problem for the clinical oncologist is the comorbidities, which occur
much more frequently in the elderly versus the younger population. Regrettably,
comorbidities happen to be treated suboptimally, especially in people with no family
support or care, which can cause additional problems complicating decisions about
systemic therapy [3].

It should be pointed out that access to systemic therapy in the elderly population
can be significantly hampered for social and economic reasons, especially for patients
who live a considerable distance from oncological centers and find it difficult to come
to regular visits. This factor is less important when it comes to other types of onco-
logical therapies, namely surgery and radiation therapy, as both are not stretched over
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time and, if necessary, a patient may be hospitalized until the completion of therapy.
In the case of systemic therapy, patients need to visit the oncological center regularly
(e.g. once a week or once a month), but they usually do not need to stay at the hospital
for more than a few hours [4].

The primary risk factor for breast cancer is age. The median age of onset of this
type of cancer is about 60 years. Over 40% of women with newly diagnosed breast
cancer are 65 years and older. Since the population is clearly aging, the number
of breast cancer patients may be expected to increase significantly in the coming
years [1].

At present, the screening in most countries does not cover the population of 70 + —
year-old women, mostly because this procedure is less cost-effective in comparison
with the population of younger women. This is mainly due to the presence of con-
comitant diseases which reduce life expectancy, as well as the higher cost of treating
breast cancer in elderly women. Besides, elder women are much less likely to report
regularly for screening mammography. As a consequence, breast cancer detected in
women at the age of 70 plus years is often at more advanced stages than in the case of
younger women. According to some sources, over 40% of patients aged over 65 years
are diagnosed with breast cancer only when distant metastases are already present [5].

Another very important problem in elderly breast cancer patients is systemic
perioperative therapy. Although it is not a major problem to assess such patients
eligible for endocrine therapy, a decision to assess a patient eligible for chemotherapy
in many cases already raises many doubts among oncologists. The problem is even
more compounded by the fact that older patients rarely consent to participate in
clinical trials or they meet the exclusion criteria. As a result, elderly patients’ therapy
is suboptimal, usually not intensive enough, or they are sometimes assessed eligible
for therapies that are too toxic for them; both options lead to a situation where the
ultimate outcomes of treating older patients are worse.

The work published in 2011 by Smith et al. indicates that although the mortality
rate from breast cancer in the <75-year-old population in the US declined by 2.5% per
year from 1990 to 2007, breast cancer mortality in women aged 75+ years declined by
only 1.1% per year [4]. In Europe, breast cancer mortality declined by 13% from 2000
to 2004 compared with the years 1990-1994; however, this decline was much more
pronounced among women aged 35-64 years (17%) compared to only 6% for patients
aged 65 years and older [5].

2. Factors affecting the choice of a course of action

In most developed countries, 65 is the chronological age assumed to define
the elderly. However, there is no doubt that this is a conventional limit, and the
chronological age does not coincide with the biological one. Women aged 65 years
are frequently individuals with no functional limitations under the conditions of
most developed countries; nonetheless, in developing countries, this limit should be
perhaps set much lower. The differences between communities can be very clear, e.g.
for those born in 2011, the life expectancy is estimated at 48 to 82 years depending on
the region of residence [6, 7].

Therefore, when assessing the eligibility for therapeutic management of an elderly
breast cancer patient, not only do we need information about the biological features
of breast cancer and its progress but also about comorbidities, received medications
and most of all, the patient’s biological age, as this information should crucially
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determine further action to be taken. Most geriatric oncologists agree that the key
element is to divide the elderly patients into those who are completely stable, with

no co-existing medical conditions, i.e. so-called fit patients, and ailing patients with
multiple co-existing internal diseases, i.e. frail patients. Thus, the suggested course of
action should be based primarily on the patient’s biological age.

Generally speaking, advanced age is associated with reduced tolerance to physi-
ological stress, more frequent occurrence of comorbidities, more intense cognitive
disorders, and decreased social support. A patient over the age of 70 years can be
expected to suffer on average from three comorbidities. It has been shown that
most comorbidities such as renal failure, liver failure, and cerebrovascular disease
are mostly associated with an increased risk of death from causes other than breast
cancer. The occurrence of any serious and chronic comorbidities is assumed to
play a major role in determining the predicted survival time in older patients aged
50-79 years and diagnosed with breast cancer.

This is to some extent confirmed by the study results published in 2011 by
Schonberg et al. This study evaluates mortality from the cause of death in 66,000
women aged over 67 years after a breast cancer diagnosis compared to a properly
selected group of women without breast cancer [8]. Women with ductal carcinoma
in situ (DCIS) or stage I invasive breast cancer had a lower risk of death than the
controls, and the most common cause of death was cardiovascular disease. Patients
with a diagnosed stage II breast cancer had greater mortality than controls but among
women aged 80 years and older, cardiovascular disease was still the prevailing cause
of death. In contrast, for stage Il or IV breast cancer, breast cancer itself was the
commonest cause of death, even with the oldest patients.

Undoubtedly, the biggest decision-making problem is the eligibility assessment or
the decision to abandon perioperative chemotherapy.

It seems that the most significant factor to take into account when making that
decision should be an assessment of the patient’s functional status, which is defined
as an individual’s ability to perform normal daily activities. In their work, Braithwaite
et al. studied a cohort of 2200 women with breast cancer who received adjuvant ther-
apy. Functional limitations in this group were associated with older chronological age,
lower education level, and obesity. It has been shown that during the median follow-
up of 9 years in patients with functional limitations, the risk of death increased from
all causes but not from breast cancer (HR 0.90; 95% CI 1.03-1.92) [9].

Ideally, all elderly patients with indications for perioperative chemotherapy
according to the generally applicable guidelines should have a comprehensive geriatric
assessment (CGA) or at least a functional status assessment, which, unfortunately,

is not possible in most cancers, mainly due to lack of time and qualified medical
staff [10].

3. Screening procedures

For over 30 years, the main determinants of improved survival rates for cancer
patients have been considered early detection of the disease, i.e. the screening tests
that make this possible (namely screening mammography) and the introduction of
adjuvant therapy. Most randomized studies evaluating the value of mammography
screening did not include women aged 75 years or older. Therefore, the epidemiologi-
cal benefits of screening in this age group are unknown. Observation studies suggest
that older women with a life expectancy of 10 years plus should be taken into account
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in screening tests. The breast cancer mortality is estimated to be reduced by about
0.2% if active mammography screening is extended beyond the age of 70 years.
However, in each case, a decision to continue mammography screening in 70 + —
year-old women should be made on a case-by-case basis unless other guidelines are

developed [11].

4. Breast cancer biology in elderly patients

Most available publications report that breast cancer in older women is less aggres-
sive. In this group, hormone-dependent cancers are diagnosed more frequently, and
overexpression of the HER2 receptor, grade 3 cancers, and high Ki67 values are less
common.

The odds of developing triple-negative cancer in women aged <40 years are 1.53
times higher than in patients aged over 60 years, but 15-18% of older patients are
diagnosed with this breast cancer subtype, which confers a poor prognosis [12].

Age does not significantly affect the cancer’ histological subtype, but lobular,
mucinous, and papillary carcinomas are slightly more common in older patients. For
example, mucinous carcinomas account for 4-6% of cancers diagnosed over the age
of 75 years, whereas only 1% of premenopausal women are diagnosed with this type
of cancer [12, 13].

5. Distinctions in the management of systemic therapy in elderly patients

When conducting oncological systemic therapy in the geriatric population,
various side effects may be observed that are directly related to the type of therapy.
Depending on the formation mechanism, they may occur with similar or greater
frequency than in younger age groups.

However, when treating the elderly, we also encounter problems that are not at all
or very rarely described in younger patients. They mainly concern the aging physiol-
ogy as well as the psychological and sociological levels [14, 15].

The biology of some cancers and their response to therapy changes as the patient
ages. In addition, physiological changes associated with aging can affect the tolerance
of the drugs. The lower renal and hepatic performance, as well as low bone marrow
reserve, which arises from the physiological changes in the aging body, can funda-
mentally affect the pharmacokinetics and pharmacodynamics of the drugs.

Comorbidities, mainly cardiovascular and nervous ones, are also much more com-
mon in elderly patients. Some of those patients may be malnourished and experience
geriatric syndromes such as incontinence, tendency to fall, balance disorders, frailty
syndrome, and dementia. In addition, in this group of patients, we often deal with
polypragmasy [3, 12, 14].

All of these factors can significantly complicate or even prevent optimal systemic
therapy. Furthermore, if patients face other types of medical problems, these can
significantly define their life expectancy and considerably impair their quality of life
[16]. What is of particular importance is the detection of frailty syndrome. Literature
data indicate that over half of elderly oncological patients exhibit some or all features
of frailty syndrome. This group of patients specifically is often at increased risk
of mortality, postoperative complications, and serious side effects associated with
systemic therapy, especially chemotherapy [15, 17].
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Psychosocial factors have been described as having a significant impact on thera-
peutic decisions and the course of treatment. Elderly patients living alone or with a
person of a similar age are less likely to accept possible problems that may arise during
treatment.

Similar difficulties may arise for people having difficult access to transportation
and those residing in nursing homes. In many countries, governmental or nongov-
ernmental initiatives are emerging to reduce barriers to access oncological treatment
among the elderly and disabled. These may involve medical staff visiting the patient
at their home to inject or infuse drugs, blood draws for laboratory tests, etc., as well as
telephone monitoring of the patient’s condition to detect possible adverse symptoms
in advance.

Patients with dementia pose a significant problem for oncologists. In most clinical
situations, people with minor dementia can understand the rules of the suggested
therapy and make proper decisions on their own, if given enough time to explain
them properly. In the case of people with more advanced dementia, the caregiver
must participate in the decision-making process concerning the therapy and further
care provided to the patient.

It should also be pointed out that older patients may prefer therapies that have
the potential to improve their quality of life, whereas longer survival may be of lower
importance for them. The Silvestri study, for example, assessed the preferences for
chemotherapy in patients with advanced lung cancer. Only 22% of patients chose
chemotherapy for 3 months’ improvement in survival, but the majority (68%) would

choose chemotherapy if it substantially reduced symptoms without prolonging
life [18].

6. Individual approach to systemic therapy in elderly patients

As the dependencies between genetic and environmental factors in the aging
process are quite complex, the aging process for each person is slightly different.
Therefore, the chronological age alone does not reflect a patient’s condition, nor
can it be considered a predictor of response to treatment and the occurrence of side
effects or other therapy-related problems. To be able to make optimal decisions about
systemic therapy in elderly patients, you need to characterize the functional reserve,
both from the physical and mental point of view, as well as assess the number and
severity of comorbidities and evaluate the patient’s social capabilities [17, 19].

It is also important to make certain modifications, if any, to the treatment of
comorbidities, that includes consultations with other specialists, especially in the field
of geriatrics, but also rehabilitation, nutrition, etc.

During systemic therapy, it is important to implement any methods that can
reduce side effects.

The most important element that is fundamentally responsible for the success of
systemic therapy in a group of geriatric patients seems to be the individual assessment
of the patient’s condition before deciding on their eligibility for therapy. This assess-
ment should be done as early as the initial visit to the clinical oncologist [20, 21].

At present, we have several tools that can help us assess the risk of serious compli-
cations arising during systemic therapy. The most commonly recommended tools are
the CRASH score and CARG score.

Extermann developed the CRASH score calculator (https://moffitt.org/eforms/
crashscoreform), which can be used to assess the risk of serious chemotherapy
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complications among elderly patients based on information about the planned
therapy and patient characteristics. The main elements indicating the risk of hema-
tologic toxicities are the instrumental activities of daily living score (IADL), blood
lactate dehydrogenase level, diastolic blood pressure value, and estimated toxicity of
the chemotherapy regimen. In contrast, the incidence of serious non-hematological
complications is supported by the patient’s ECOG score, cognitive status using the
mini-mental state examination (MMSE) score, nutritional status using the mini-
nutritional assessment (MNA) score, and the toxicity of the therapy regimen [22].

Huria was the author of a similar tool, namely the CARG score calculator (https://
www.mycarg.org/?page_id=934 or https://www.evidencio.com/models/show/520),
which can be used to assess the risk of serious complications of systemic therapy
based on such information as the patient’s condition (age, the number of falls they
have had within the past 6 months, limited social activity, and need for assistance
with medications), laboratory test results (creatinine and hemoglobin levels), and
the proposed therapy regimen. In addition, Huria emphasized that the Karnofsky
Performance Status (KPS) commonly used by oncologists to assess the performance
status of the elderly is not useful at all [23].

Recently, we have observed some opinions that point out the importance of
optimizing psychosocial and physical health before starting systemic therapy in
older patients. This involves the identification of patient’s needs in this regard. The
International Society of Geriatric Oncology (SIOG), an organization dedicated to
addressing oncology issues in the elderly, recommends conducting a comprehensive
geriatric assessment (CGA) before undertaking any planned surgical intervention or
systemic therapy in elderly oncological patients. The value of this assessment lies not
only in determining the risk of possible complications but primarily in seeing it as a
possibility of optimization and individualization of treatment [3, 19].

Kalsi published the results of a randomized trial involving 135 cancer patients over
the age of 70 years who were eligible for chemotherapy. The observational control
group (70 patients) received standard oncological therapy, while the intervention
group (65 patients) underwent risk stratification using a patient-completed screening
questionnaire; subjects were assigned to appropriate groups, depending on the risk
of complications. Those at high risk of complications had a comprehensive geriatric
assessment performed and, based on the results, were given plans for appropriate
multidisciplinary interventions. It turned out that patients in the intervention group
were more likely to follow the expected treatment plan and were less likely to require
any modification of therapy [10, 24].

Thus, there seems to be a need to change the approach to oncological therapy
of elderly patients taking into account the need to implement measures currently
referred to as prehabilitation [25].

7. Surgery and radiotherapy for breast cancer

Unquestionably, unless there are very significant contraindications to anesthesia,
stage II, post-neoadjuvant therapy breast cancer patients (and in selected cases stage
III patients that have not received neoadjuvant therapy) should be offered surgical
therapy, which may involve breast-conserving surgery or mastectomy.

In selected cases, i.e. in patients with a predicted survival time shorter than
5 years, axillary procedures as well as any surgical treatment in general may be
abandoned when the preinvasive form of breast cancer has been diagnosed.
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However, studies have shown that surgical treatment is often abandoned in elderly
patients for various reasons. The study of Bastiaannet et al., which involved more
than 120,000 women, showed that older age was associated with a lower percentage
of surgeries. Whereas more than 93% of women under 80 years of age underwent sur-
gery, the percentages of radical breast cancer surgery performed in the 80-84, 85-89,
and over 90 years of age groups totaled, 83%, 65%, and 41%, respectively. Also, it
has been shown that older patients were less often eligible for radiation therapy after
breast-conserving surgeries. In that group, in women under the age of 75 years, radio-
therapy was used in more than 90% of cases, while in the age groups of 75-79, 80-84,
85-89, and 90+ years, it totaled 86%, 71%, 36%, and 15%, respectively. However, this
study does not report on how the decision of radiotherapy was dependent on cancer
recurrence risk factors. The same paper claims that the eligibility for hormone therapy
(without surgical treatment) rate increased with age. It ranged from <1% in patients
below the age of 65 years up to 47% in patients aged 90 years and older [26].

Another study attempted to answer the question of whether the lower number of
surgeries performed arose from the functional status or biological age of patients with
stage I, II, or III breast cancer. Multivariate analysis showed that women aged 85 years
and older were significantly less likely to undergo breast cancer surgery having taken
into account the patient’s possible negative attitude toward the procedure and their
functional status (the odds ratio [OR]: 0.18, 95% CI 0.07-0.44). These data suggest
that objective considerations are not always decisive when assessing older patients’
eligibility for surgery [27].

Most patients without functional status limitations should be eligible for adjuvant
radiotherapy following breast-conservative surgery. However, it should be noted
that even during the visit to discuss surgical treatment options with the patient, they
should be informed of the radiation therapy options, as some patients may decide not
to have radiation therapy for the fear of its consequences or for social reasons [28].

8. Systemic perioperative therapy

Older patients with early forms of breast cancer and perfect or very good
functional status may be offered adjuvant therapy per standard treatment guidelines
for younger patients. In the case of patients with multiple internal concomitant
diseases, cognitive disorders, and functional status limitations, the suggested
therapy should mainly depend on the feasibility and expediency of surgical therapy.
If surgery had been performed, in most patients with an estimated survival time of
up to 5 years, systemic therapy and radiotherapy may be abandoned. On the other
hand, those patients that do not agree to surgery or who cannot have surgery due to
medical contraindications should receive hormone therapy (in case of hormone-
sensitive cancers) or remain under the supervision of an oncologist or a general
practitioner (GP).

It is believed at present, that breast cancer patients aged 65-70 years should be
initially evaluated in terms of their general condition and internal diseases by an
oncologist, and only the preselected patients should undergo geriatric screening tests
(mainly to evaluate their functional status). To this end, it is recommended to use the
G8, VES-13, TRST 1+ scales, or Groningen Frailty Index. This evaluation should be
also performed for all older patients. In the case of some patients, the next necessary
step before making any decisions about the therapy may be a comprehensive geriatric
evaluation and geriatric consultation [29-31].
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This will help to select a group of older patients who should be eligible for or
totally excluded from chemotherapy. Additionally, the International Society of
Geriatric Oncology (SIOG) guidelines suggest the need for serial evaluation of func-
tional status during adjuvant therapy to identify deterioration of the patient’s health
and undertake necessary intervention as early as possible [24, 32].

8.1 Fit patients

The treatment management of fit older breast cancer patients is identical to that
of younger women and depends primarily on the evaluation of the recurrence risk
factors. As a general rule, some patients should be offered neoadjuvant therapy.

The preferred cytostatic agents for perioperative treatment in this group of
patients are anthracyclines and taxanes. However, you should remember the risk of
myocardial damage after anthracyclines; therefore, women with significant cardiac
comorbidities should be excluded from therapy with this group of cytostatic agents.

The study conducted by Pinder et al., which included 44,338 women aged
66-80 years with stage I-III breast cancer with no history of heart failure, showed
that with a follow-up median of 56 months, evidence of heart failure after 5 and
10 years after the end of treatment in the group of patients who received anthracy-
clines (4000 patients) totaled 19% and 38%, whereas in the case of patients that did
not receive anthracyclines, they totaled 18% and 33%, respectively. In the case of
patients who did not receive any chemotherapy;, it totaled 15% and 29%. Heart failure
symptoms were observed more frequently in Black patients, as well as in patients with
hypertension, diabetes, and coronary artery disease [33].

Other options involving slightly less cardiotoxicity are epirubicin or liposomal
anthracyclines.

In patients who cannot receive anthracyclines, a TC (docetaxel with cyclophospha-
mide) regimen can be used. In a randomized phase III clinical trial published in 2009,
four cycles of TC were shown to produce superior median progression-free survival
and median overall survival compared with four cycles of AC, in patients with stage
[-III cancer aged 65 years and older [34].

Another option is a CMF regimen (cyclophosphamide, methotrexate, 5-fluoroura-
cil), but this is not the preferred option due to the high risk of hematological compli-
cations in elderly patients [35].

Where we are dealing with patients with lower performance status or significant
internal comorbidities, a reasonable option may be paclitaxel administered weekly for
12 weeks at a dose of 60-80 mg/m?2 [36].

Single-agent capecitabine is not recommended as adjuvant therapy in elderly
patients. A randomized phase III trial involving 633 patients aged 65 years and
older with early-stage breast cancer, which was published in 2009, showed that
capecitabine produced worse therapy results. During the follow-up (a follow-up
median of 2.4 years), a progression-free survival rate totaled 68% versus 85%),
whereas an overall survival rate was 85% versus 91% after a follow-up median of
3 years [37].

Adjuvant therapy combined with trastuzumab and taxanes is recommended for
breast cancer patients with overexpression of HER2. Sequencing of anthracyclines is
usually not recommended due to the increased risk of heart failure.

Data on the use of docetaxel and carboplatin in combination with trastuzumab, as
well as with trastuzumab and pertuzumab, are very limited in women aged 70 years
and older. Rather, a TC (docetaxel with cyclophosphamide) regimen should be
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considered in selected cases in patients with no functional status limitations and
higher-stage cancers.

Also, in the case of HER2-positive cancer patients, chemotherapy can be often
limited to paclitaxel administered weekly for 12 weeks. In contrast, for patients diag-
nosed with stage I and II hormone-sensitive, HER2-positive cancer, hormone therapy
in combination with trastuzumab may be a sufficient treatment option [37, 38].

For patients with cardiovascular comorbidities, consideration may be given to
shortening the length of trastuzumab therapy, as trastuzumab-induced cardiotoxicity
is linked to the length of exposure [38, 39].

Until now, there are no guidelines pertaining to the group of older patients regard-
ing prolonged anti-HER2 cancer therapy with neratinib, nor the use of trastuzumab
emtansine for the minimal residual disease after the completion of neoadjuvant
therapy.

Preoperative hormone therapy is recommended for patients with hormone-sensi-
tive cancers at a locally advanced stage, or for those interested in conserving therapy
but whose anatomical conditions prevent it at the time of breast cancer diagnosis.
The recommended group of drugs in this case is aromatase inhibitors. They should be
administered for 6-9 months and, of course, should be continued after the surgery, as
long as the response to therapy is observed [40].

Adjuvant hormonal treatment should be offered to all patients with hormone-
sensitive breast cancer, regardless of age. Aromatase inhibitors are preferred in older
women due to the greater benefit of such treatment in this patient group versus
tamoxifen and a more favorable safety profile. However, for patients at high risk of
cardiovascular complications and with advanced osteoporosis or aromatase inhibitor
intolerance, tamoxifen is also a reasonable option.

The optimal duration of adjuvant hormone therapy is not fully established. The
minimum therapy duration should be 5 years, but in selected patients, it may be
recommended to extend the therapy up to 10 years [41, 42].

8.2 Patients with evidence of frailty syndrome

Patients with evidence of a frailty syndrome, short life expectancy, and those
wishing to avoid any therapy-related toxicities should be treated on a case-to-case
basis [43, 44].

In some patients, systemic therapy can simply be abandoned (except for hormone
therapy in hormone-sensitive cancer patients).

Also, in this group, aromatase inhibitors as hormonal therapy are preferred, but
there are no results of prospective studies in this patient population comparing the
efficacy and safety of tamoxifen versus aromatase inhibitors.

Similarly, no results of randomized trials comparing more aggressive treatments
with hormone therapy, or hormone therapy only, have been published.

8.3 Metastatic breast cancer

Metastatic breast cancer remains incurable regardless of the patient’s age, and any
available therapy is palliative. Only about 20% of metastatic patients survive 5 years.

However, even in older patients with metastases, there is a high risk of death from
causes other than breast cancer [8, 12].

The goal of therapy in metastatic patients is to maintain the highest quality of life
for as long as possible.
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8.4 Triple-negative cancer

The general approach to treating older patients with metastatic triple-negative
breast cancer is similar to that followed in younger patients; it consists of using
single agents sequentially, except for patients with rapidly progressive symptomatic
metastases [45].

Radiation therapy should be considered for older patients with symptomatic brain
and bone metastases.

Older age has been proven to be a risk factor for early death in those who present
with de novo metastatic triple-negative breast cancer.

In a group of older patients, several single agents are recommended as preferred
single agents. These include capecitabine, weekly paclitaxel, nab-paclitaxel, eribulin
(as second- and third-line treatment), liposomal doxorubicin, vinorelbine, and
gemcitabine [34, 45, 46].

The choice of drug should be based on the toxicity profile. As first-line therapy,
response rates vary greatly according to patient characteristics, and average about
30-50%, while progression-free survival time averages about 3 to 6 months. Second-
and third-line therapies are less effective.

In comparison with younger age groups, the use of chemotherapy in patients aged
80 years and older has been shown to be associated with a significantly higher rate of
hospitalizations (32%), red blood cell concentrates transfusions (18%), and reduced
doses of cytostatic drugs, skipping and/or delaying subsequent doses (68%) [47, 48].

Other drugs that can be considered for the treatment of elderly patients include
olaparib (poly (ADP-ribose) polymerase inhibitor). However, as with most trials of
newer agents, the registration study of that drug in breast cancer patients involved
only 15 patients aged 65 years and older [34, 49].

Modulating the immune system using checkpoint inhibitors also shows promise,
but almost no data are available from randomized clinical trials in older breast cancer
patients [50].

8.5 Hormone-dependent cancer

The primary treatment option for generalized hormone-dependent breast cancer
is hormone therapy. Preferred options for first-line therapy are aromatase inhibitors
or fulvestrant. In most cases, hormone therapy may be combined with cyclin-depen-
dent kinase 4/6 inhibitors. A particular agent from this group should be selected
depending on the expected side effects. Most authors suggest that palbociclib may be
the agent best tolerated by elderly patients [51, 52].

The second-line therapy should include a hormonal drug that has not been used
yet in combination with a CDK 4/6 inhibitor (provided it has not been used before).
The combination of hormone therapy with alpelisib is also recommended in older
patients with PIK3CA mutations [53].

In the case of patients with hormone resistance, chemotherapy is also an option,
according to standard guidelines for patients with triple-negative cancers.

8.6 Cancer with overexpression of the HER2 receptor

For older patients with HER2-positive cancers, pertuzumab, trastuzumab, and
a taxane are recommended as first-line therapy options, similarly to younger age
groups, whereas paclitaxel is the preferred option in this case [37, 49].
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Patients with poorer functional status may be considered for pertuzumab and
trastuzumab in combination with cyclophosphamide administered orally at a dose of
50 mg/day [54].

The combination of dual anti-HER2 blockade with an aromatase inhibitor is also a
recommended option in patients with HER2-positive hormone-sensitive cancers.

In the next line of therapy, trastuzumab emtansine (T-DM1) is recommended due
to the good safety profile of this drug in the elderly patient population.

For patients with good functional status, other drugs that act on the HER2 recep-
tor may be considered, but information on the safety of these drugs in the group of
patients older than 65 years is very limited [47, 49].

8.7 Patients with evidence of frailty syndrome

Patients with generalized breast cancer and evidence of frailty syndrome, signifi-
cant cognitive disorders, or multiple co-existing internal diseases should be treated on a
case-to-case basis. It should be noted that the proposed treatment must not cause more
problems for the patient and her family than the cancer itself. Therefore, sometimes the
best option may be to use symptomatic therapy only in hospice-palliative care [55].

9. Conclusion

Breast cancer is a serious health problem in the elderly female population. The
approach to treating healthy women aged 65-70 years should be similar to treating
younger patients with a similar stage and biological subtype of breast cancer.

Greater individualization of treatment is necessary for patients with worse func-
tional status and evidence of frailty syndrome. The need for closer cooperation with
geriatricians should be also pointed out, especially when determining the manage-
ment plan and conducting systemic therapy in this group of patients.

There is also a great need for research on the appropriate choice of therapy for
elderly breast cancer patients. This is of particular importance in early and locally
advanced breast cancer patients.
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Abstract

One out of eight women is suffering from the breast cancer. 2.3 million New
cases is predicted by 2023 worldwide. Triple negative breast cancer (TNBC) is
having 10-15% incidence. As categorized with the lack of estrogen, progesterone
and human epidermal growth factor receptor 2 neu receptor expression. Though it
presents with narrow management opportunities that makes it to be the poor prog-
nostic as well as survival rate. The management of the TNBC includes: neoadjuvant
treatment then surgery and the adjuvant treatment or the surgery as the first step
and then the adjuvant treatment options accordingly. The discussion are still going
on to set a management protocol for the triple negative breast cancers with positive
outcome and the good disease free survival. Neoadjuvant or adjuvant chemotherapy
decreases the estradiol levels and thus improves the survival. The immune check
points and immune modulators are under the research and the trials are still going
on to treat the TNBC with the improved outcomes. It has been concluded that the
management of the TNBC, still wanting the guidelines as tumor-specific targeted
therapies is in trials.

Keywords: triple negative breast cancer (TNBC), locally advanced breast cancer
(LABC), modified radical mastectomy (MRM), chemotherapy and immunotherapy

1. Introduction

Breast cancer is the leading cancer globally [1] and when it presents as TNBC, it
carries the worst prognosis [2]. As the commonly diagnosed malignancy with the sec-
ond cause of mortality among women with cancer [3]. Incidence of the breast cancer
has been increasing from the western word to the east. It has increased the mental
burden to the patients and the families of the affected individual’s younger women.

TNBC is described as the lack of the hormone receptor status. As estradiol
heights among TNBC patients were considered as favorable outcome [4]. Fortunately
the incidence of TNBC is only 15-20% of invasive breast cancers [5], its hostile
behavior, comprising prior recurrence with high proliferation and metastasis [6, 7].
International Breast Cancer Conference delivered a novel description of breast cancer
molecular subtypes that are: luminal A (ER/PR*, HER2", Ki67* < 20%), luminal B
(ER/PR" < 20%, HER2", Ki67* > 20%); HER2" B2 (ER/PR’, HER2 overexpression),
HER2 overexpression (ER™, PR™, HER2") and basal-like TNBC (triple negative) [1].
TNBC is so hostile that it leads to poor survival of the diagnosed cases and makes it
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shorter. As the short disease free survival with the death ratio in the initial years of
identification. Half of the TNBC patients usually presents with the metastatic disease.

Though molecular phenotype, of the TNBC presents without the receptors
expression, proving it most difficult to manage. To control the local disease we have
surgical options like modified radical mastectomy (MRM) and lumpectomy or wide
local excision (WLE) in breast conserving surgery (BCS) and for the systemic dis-
ease add neo-adjuvant or adjuvant chemotherapy. As chemotherapy to these patients
can be an option to regress the tumor size and the stage and make it an operable in
case of locally advanced disease stage and make the survival considerably good [8].

TNBC has narrow management opportunities that makes it vulnerable. While it is
usually known that TNBC that diagnosed timely in its initial stages is responding well
to the chemotherapy instead of indistinct management plan. Specifically the inoper-
able and locally advanced TNBC has a good outcome with the Neoadjuvant therapy.

The residual TNBC lesions ultimately prone to the relapse of the disease. The
metastatic disease will get benefit from the neoadjuvant course with platinum-based
therapy, combination therapy of paclitaxel per week as adjuvant course will be used [9].

TNBC patients recently receiving FDA-approved regimen of chemotherapy plus
immunotherapy [10]. TNBC has the specific features that leads it towards the immu-
notherapy [11]. As the TNBC tumor has additional tumor-infiltrating lymphocytes
(TILs), which correlate to the improved responses to immune check point inhibitors
(ICIs), and the high levels of tumor-infiltrating lymphocytes in TNBC proves with
better-quality prognosis in initial phase of the TNBC. TNBC also has better PD-L1
expression and making it more useful for the future targeted therapies for ICIs and
anti-PD-1 therapies. TNBC has an overexpression of no synonymous mutations, that
provide tumor-specific neoantigens for specific T cells to support the targeted behav-
ior towards the tumor reinforced by ICIs [6]. The trials of the immunotherapy with
or without the chemotherapy is ongoing to conclude the treatment regimen for the
TNBC patients. The blend of ICIs and chemotherapeutic agents has also established
the primarily control towards the TNBC. Metastatic progress is more in the favor of
liver, chest and brain [12].

Metastatic TNBC has an effect by the Platinum compounds that work by DNA
crosslinking and are of better efficiency towards the gBRCA1/2 transformation
carriers, while combination therapy with PARP inhibition with veliparib provides the
better-quality survival as well [13].

2. Risk factors and pathogenesis

Genetic mutations and the hereditary factors have been the key element for the
aggressive behavior of this Cancer with the association of BARCA1 25% BARCA2 75%
[5]. Germ line BRCA1 is the most frequently associated with the TNBC but still the
debate is going on as there is the variation of the genetics and the ethnicity along with
the caner presentation and the prognosis.

The other risk factors are:

* Reproductive history (nulliparity)
* Age

¢ Dense breasts
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* Having cancer or certain benign breast neoplasms
* Breast cancer running in the family
* Contact to radiation

* History for the diethylstilbestrol (DES).

3. Management

TNBC presents with the restricted management options that leads it to the recur-
rence and metastasis with an unfortunate diagnosis. As it lack the hormone receptors
status that target the disease and improves the survival. Chemotherapy looks to be the
central approach towards the systemic management of TNBC with the surgery is to
control the local disease.

3.1 Chemotherapy

It is the main treatment modality in the TNBC. It can be used as neo-adjuvant as
well as the adjuvant setting depending upon the tumor staging.

After the local disease cure by the operative options followed by the adjuvant man-
agement by the chemotherapy, the disease free survival (DFS) will be observed. DFS
is correlated with the pathological complete response (pCR). Neoadjuvant therapy
have more chances to get a high pCR in patients with TNBC and reflected as substitute
consequence of the outcome of the disease [12].

3.2 Taxane

Taxel act as the antitumor agent through the macrophages by initiating the apop-
tosis. The guidelines by national comprehensive cancer network endorse the sandwich
of the regimens consists of taxane, anthracycline, cyclophosphamide, Cisplatin, &
fluorouracil. Currently, Taxel/Docetaxel + Adriamycin + cyclophosphamide (TAC),
Docetaxel + cyclophosphamide (TC), Adriamycin + cyclophosphamide (AC), cyclo-
phosphamide + methotrexate + fluorouracil (CMF), cyclophosphamide + Adriamycin
+ fluorouracil (CAF), and cyclophosphamide + Epirubicin + fluorouracil + paclitaxel/
Docetaxel (CEF-T) are among favored adjuvant therapeutic regimens designed for
TNBC. Suitable chemotherapy medications and its optimization for the patients with
favorable outcome [1].

3.3 Anthracycline

Anthracycline and anthracycline antibiotics are a group of chemotherapy medica-
tions derived from Streptomyces peucetius var. caesius, having more power to treat
the variety of the cancers in comparison to the other regimens. Ongoing clinical
educations and studies proved the ideal plans of anthracycline adjuvant to treatment
TNBC with dosage of doxorubicin is 60 mg/m?” and that of Epirubicin is 100 mg/m”.
Anthracyclines that are FEC-100 (100 mg/m? Epirubicin), decreases 25-30% danger
of relapse as well as mortality. Data currently suggesting that subsequently chemo-
therapy with anthracycline for the 6 months improves the mortality rate by 38% in
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patients of 50 years and below age at the time of diagnosis, whereas the mortality rate
in patients with 50 to 69 years at the time of identification, reduced by 20%.

The CREATE-X experimental trial indicated that 6-8 cycles of adjuvant
capecitabine (1250 mg/m’ from days 1 to 14, every 21 days) with better-quality DFS
and OS in the TNBC cohort. The significance of aiming adjuvant capecitabine among
patients had residual disease was presently emphasized with outcomes of the phase 3
GEICAM/CIBOMA trial. Phase 3 trial of 876 participants diagnosed with initial stage
TNBC and accomplished average adjuvant or neoadjuvant chemotherapy was planned
towards evaluation the impact of capecitabine (1000 mg/m? from days 1 to 14, every
21 days) as an adjuvant therapy irrespective of their pCR status. Though the major
transformation was not significant among 5-year DFS and OS between the treatment
groups, emphasizing that still there is necessity to select a resistant groups. Outcome
among CREATE-X trial currently strength the oncologist and surgeons for manage-
ment of initial stage TNBC through neoadjuvant chemotherapy and comprehend the
group, who ought to have capecitabine. Capecitabine must be considered, ongoing
trials are assessing novel agents for the management of the TNBC with residual
disease after neoadjuvant treatment [12].

Enhanced markers required to update improved-quality range and managing by
the checkpoint inhibitors. Advanced prognosis is observed with checkpoint inhibi-
tors when they are combined with chemotherapeutic agents as an initial therapy.

The behavior of malignant tumor is categorizing the possible molecular targets and
future researches are also valuing novel small molecule agents for the management of
the TNBC with AKT inhibition and numerous others. The management model with
chemotherapy agents as “one size fits all” methodology is fluctuating constructed on
the behavior and have to be polished more to cover the multiple subtypes [14].

Studies showed that Anthracycline as a single drug up-to-date the pCR rates of
14 to 47%, however consecutive anthracycline and taxane combination therapies
had reported pCR of 17 to 39%. Although the research studies are still in the way to
express the peak rates of pCR with the chemotherapeutic regimens [12].

3.4 Surgical management

Multiple surgical options are available from the minimal invasive BCS to the MRM
and the immediate reconstruction of the breast [5]. Breast and the axilla are the two
different entities to treat. Axillary staging and the nodal involvement and the dissec-
tion will be done accordingly. As the presentation is usually in advanced stage and
the BCS is not A primary treatment for aggressive and advance tumor, so the better
option is to start the neo-adjuvant chemotherapy and assess the tumor response to
the chemotherapy, again stage the disease and plan the surgery accordingly if possible
then the BCS is the best option to the MRM.

Patients with stages I and II TNBC, will be benefited by BCS plus radiotherapy
(BCS + RT), mastectomy only (MRM) or MRM plus radiotherapy (MRM + RT), still
there is no single point surgical management has been concluded for the TNBC [15].
Disease free survival study revealed that BCS along with the simultaneous RT had
considerable predictive effect than MRM and MRM + RT in the early management of
the diagnosis. The axilla will be treated as a separate entity with the sentinel lymph
node biopsy in case of clinically and radiological impalpable nodes was defined as
removal of at least four lymph nodes and axillary node dissection was defined as
removal of >10 nodes at least up to level-II clearance that is required for the specific
staging of the disease [10].
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Recent National Comprehensive Cancer Network (NCCN) Guidelines recommend
breast surgery (breast conservation surgery or mastectomy) and axillary staging
for all TNBC patients diagnosed with the early disease. Study presented that the
BCS + RT had better predictive effect than MRM and MRM with RT in the cohort
of early staged diagnosed TNBC cases in terms of overall survival. Cox proportional
model revealed MRM and MRM along with the RT remained to have unfavorable
outcome to the prognosis as related with BCS + RT survival P value is 0.006 [15].

3.5 Immunotherapy
It acts on the immune check points.
3.5.1 Immune check point monotherapy

As the outcome results to ICIs are higher in cases with TNBC, but the monotherapy
effectiveness is still low and under the research control.

PD-1 inhibitor pembrolizumab, avelumab and atezolizumab established a hopeful
(ORR) of 18.5% among 32 cases among PD-L1 + ve TNBC. Though, successive bigger
phase Il KEYNOTE-086 study (NCT02447003) establish an ORR of 5.3% among 170
participants PD-L1 unselected pretreated cancers. Remarkably, 84 treatment-naive
participants included, ORR observed 21.4%, signifying ICIs had better efficiency
with 1st line metastatic malignancy. By the favor of that impression, the phase III
KEYNOTE-119 trial (NCT02555657) with cases had metastatic TNBC, not revealed
any progress among ORR, PFS, or OS by monotherapy pembrolizumab vs. chemo-
therapy (monotherapy), while participants had peak PD-L1 impression experienced
the tendency for better advantage by pembrolizumab [6].

Two research studies by chemotherapy with or without atezolizumab, presently
increasing. The IMpassion131 trial (NCT03125902) have to explore the significances
of first line atezolizumab along with paclitaxel compared with paclitaxel only in terms
of overall improvement, while IMpassion132 study describe atezolizumab as first
line joined by chemotherapeutic agents may progress consequences linked through
chemotherapeutic only among participants presenting with recurrence of the dis-
ease within the year of adjuvant therapy. Several enduring early-stage disease trials
will additional explain the effectiveness of ICIs in TNBC cases as neoadjuvant and
adjuvant therapies.

Biomarkers assume advantage to immunotherapy in TNBC are required to sort out
the cases with more advantage of ICIs monotherapy, progress blended treatments that
overwhelmed the resistance of ICI. Individual with two authenticated biomarkers
presently occur, mismatch repair deficiency and manifestation of PD-L1 on immune
cells. Nonetheless, mismatch repair deficiency ensues hardly among carcinoma breast
and usually among initial stage presentation, those with diagnosed as metastatic
TNBC with PD-L1 -ve presently accepted SP-142 assay.

3.5.2 Management of metastatic TNBC by immunotherapy

The I KEYNOTE-086 Cohort A, had appraised Pembrolizumab (inhibitor of
PD-1) as it was single arm research, among diagnosed cases of triple negative meta-
static breast carcinoma. They had assessed pembrolizumab effectiveness among 170
patients who were kept in this research trial, irrespective of expression of PD-L1.
62% patients enrolled in study had expression of PD-L1 + ve cancers (z = 105).
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The response rate 4.7%, seems to be not significant, only one case achieving a com-
plete response and 7 cases with limited response. The overall survival was 8.9 months
among all the participants and 8.3 vs. 10 months in the PD-L1 + ve and -ve cohorts
separately.

Cohort B of KEYNOTE-086 appraised pembrolizumab as the first line treatment
of patients diagnosed by PD-L1 + ve triple negative breast carcinoma. Around 84
participants included in the study, out of that 73 (87%), experienced traditional neo-
adjuvant or adjuvant chemotherapeutic medications. ORR were 23.1%, three patients
achieving a CR and 16 had PR. 12 participants, presently were at data limit. Median
PFS 2.1 months and median OS 16.1 months.

Pembrolizumab evaluated by phase III KEYNOTE-119 (NCT02555657) trial. 622
participant diagnosed as TNBC, randomized 1:1 to have pembrolizumab compared
with monotherapy chemotherapy (capecitabine, eribulin, gemcitabine, or vinorel-
bine) as second- or third-line therapy. But the results are pending and expected to be
presented at an future meeting [14].

Impassion130 (NCT02425891), phase IIl randomized research trial assessing
nab-paclitaxel with PD-L1 inhibitor (atezolizumab) vs. nab-paclitaxel with placebo
among diagnosed participants as first line management for metastatic or inoperable
locally advanced triple —ve breast carcinoma. Neoadjuvant or adjuvant treatment may
be permissible if more than 1 year from end of therapy. Participants with PD-L1 + ve
when >1% staining is present within immune cells. Co-primary endpoints were PFS
and OS in ITT and PD-L1+ participants [14].

4. Follow-up

TNBC progression has exceptional behaviors that leads it towards metastasis and
prone to recurrence. As its violent behavior presents it as metastatic cancer even in its
primary progress of the disease. The close evaluation is compulsory, at least the first
3-years after controlling the primary disease to control it and make it to be a better
disease free survival.

5. Conclusion

The management of the TNBC is the interesting among all cases with breast
carcinoma. As TNBC has higher chances of disease relapse, metastasis, and limited
survival. The documentation of markers in near future will support the manage-
ment guidelines in TNBC remains a clinically indolent. Immunotherapy acts in ICIs,
promises the pronounced outcomes by immunotherapy agent (ATEZOLIZUMAB).
As with unlimited hope and confidence that future ongoing research studies will add
more understanding of the progression of the TNBC and will enhance the options for
the management that leads towards the better survival.

Novel management options have offered the hope for the improved survival with
better outcome by the upcoming period.
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Acronyms and abbreviations

LABC Locally Advanced Breast Cancer
TNBC Triple Negative Breast Cancer
ER Estrogen receptor

PR Progesterone receptor

HER2 NEU Human epidermal growth factor receptor 2 neu
MRM Modified radical mastectomy
RT Radiotherapy

BL1 Basal-like 1

BL2 Basal-like 2

M Mesenchymal

MSL Mesenchymal stem-like

IM Immunomodulatory

LAR Luminal androgen receptor

BCS Breast conserving surgery

WLE Wide local excision

NCCN Current National Comprehensive Cancer Network
ICIs Immune check point inhibitors
pCR Pathological complete response
DFS Disease-free survival

ORR Overall response rate

TMB Tumor mutational burden

CR Complete response

PR Partial response
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Chapter 8

Inter-Relationship of Ki-67
and Triple-Negative Breast Cancer

Ankit Jain, Vijayakumar Chellappa
and Kadambari Dharanipragada

Abstract

Triple-negative breast cancer (TNBC) is a heterogeneous group characterized by
an early onset, aggressive course of the disease, a higher tendency of visceral metas-
tases, and a poorer prognosis. It is also associated with basal-like phenotype and
germline mutations for BRCA genes in 10-20% and somatic mutations in 3-5% of
cases. Based on gene expression profiling, TNBC is divided into four tumor-specific
subtypes (Basal-like 1, Basal-like 2, Mesenchymal, and Luminal androgen receptor)
with different clinical, prognostic, and therapeutic implications. The Ki-67 antigen, a
non-histone nuclear protein, is a surrogate marker to assess tumor proliferation. As
TNBCs are expected to be highly proliferating tumors, a higher baseline Ki-67 level
has been seen. Although a higher Ki-67 level is associated with a higher pathological
complete response rate, the best cutoff point of this marker as a prognostic and
predictive factor in TNBC remains unclear.

Keywords: triple negative, breast cancer, Ki 67 expression, chemotherapy response,
prognosis, predictive marker, survival, quality of life

1. Introduction

According to GLOBOCAN 2020, female breast cancer surpassed lung cancer as the
leading cause of cancer globally in 2020, with 2.3 million new cases worldwide [1].
Breast cancer is a heterogeneous disease encompassing different entities with distinct
morphological features and clinical behaviors. The St. Gallen guidelines, the American
Society of Clinical Oncology, and the College of American Pathology have defined
triple-negative breast cancer (TNBC) as breast cancer with:

1.Less than 1% of tumor cells expressing ER and PR via IHC [2].
2.Her-2-neu negative: Immunohistochemistry (IHC) staining of O or 1 +, a
Fluorescent in-situ hybridization (FISH) result of less than 4.0 HER2 gene copies

per nucleus, or FISH ratio of less than 1.8 (FISH to be done in case I[HC is 2+,
equivocal) [3].
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2. TNBC vs. Basal

TNBC is labeled based on IHC negativity of ER/PR/Her-2neu on tumor cells.
However, based on gene expression profiles established through the 50-gene Predic-
tion Analysis of Microarray (PAMS50) assay, four “intrinsic subtypes” are defined:
Luminal A, Luminal B, Basal-like, and Her-2-neu enriched. TNBC represents approx-
imately 15-20% of all patients with breast cancer and shares various similarities with
basal-like cancer [4]:

i. TNBC occurs in premenopausal young women under 40 years old

ii. More aggressive disease course with a peak in recurrence between 1 and 3
years after diagnosis. Survival time is also shorter, and the mortality rate is
40% within the first 5 years after diagnosis

iii. Approximately 46% of TNBC patients will have distant metastasis at
presentation

iv. The metastasis often involves the brain and visceral organs rather than the
lungs or bones.

v. Due to the lack of targeted therapies, chemotherapy and surgery are the
mainstays in treatment for TNBC

The basal-like subtype of breast cancer is characterized by a gene expression
profile similar to that of the basal-myoepithelial layer of the normal breast;
cytokeratins (5/6, 14, and 17), P-cadherin, EGFR17, and EGFR gene amplification
(rarely) [5]. TP53 gene mutations are observed in up to 85% of cases [5, 6]. However,
basal-like breast cancers, unlike “basal”/myoepithelial cells of normal breast, uni-
formly express cytokeratins 8 and/or 18 [5]. This questions microarray-based taxon-
omy of breast cancers that suggested that basal-like cancers would arise from basal/
myoepithelial cells. This has been answered in a recent study with the possibility that a
subgroup of basal-like breast cancers may originate from luminal progenitors rather
than basal myoepithelial cells of the breast [7].

Although TNBC and basal-like share many similarities and the terms are very often
used interchangeably, they are different. Not all basal-like cancers lack ER, PR, and
HER?2, and not all TNBCs show a basal-like phenotype by expression array analysis
(25% discordance) (Figure 1) [8].

Reasons for this discordance can be:

1.False positivity/false negativity of the IHC-based assays for determining the HR
or HER? status (inter-laboratory and inter-method discordance rates of 20%) [8]

2.Intra-tumor Heterogeneity: It is difficult that two different subtypes coexist in
same tumor [8]

3.Some TNBCs do not express basal markers and are classified as normal
breast-like. (Probably an artifact of gene expression profiling due to samples
with disproportionately high content of stromal and normal breast epithelial
cells) [5]
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TNBC Basal Like

Not Basal like TNBC Not TNBC
(7.8% HER-2-neu & (18.27 HR+/HER2-,
10.6% HR-/HER2+,
2.7% HR+/HER2+)

expressed, 6.6% Luminal, Basal like
7.0% normal-like (75% concordance)

Figure 1.
Concordance between TNBC (IHC BASED) AND BASAL LIKE (genetic array analysis.

4.Multigene expression data using hundreds of genes better capture the accurate
biological profile compared with three or four individual surrogate biomarkers
used to label TNBC [6]

2.1 BRCA1-Associated TNBC

Basal-like tumors show similar molecular genetic profiles to tumors arising in
BRCAI1 carriers. Both sporadic basal-like tumors and tumors with BRCA 1 mutations
express basal keratins, and both groups cluster together in gene expression profiling
[9]. Germline mutations for BRCA genes occur in 10-20% of TNBC patients, and
somatic mutations are seen in 3-5% [10]. Apart from somatic mutation in BRCA1
gene: [5, 6]

1.BRCA1 hypermethylation and/or loss of heterozygosity may give rise to a
BRCA1-like molecular profile in wild-type TNBC

2.Sporadic invasive ductal carcinomas with basal-like phenotype express ID4, a
negative regulator of BRCA15

3.Frequent loss of several other genes involved in BRCA1-dependent homologous
recombination (HR) repair has been demonstrated in basal-like/triple-negative
cancer [9]

BRCA1-like features are characterized by: [5]

1.Basal-like phenotype (associated with the BRCA1 phenotype but not with the
BRCA2 phenotype)

2.Present as interval tumor
3.ER-negativity, EGFR expression, c-MYC amplification
4.TP53 mutations (85%) [5], loss of RAD51 focus formation

a. Extreme genomic instability and sensitivity to DNA-crosslinking agents
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5.Predominantly hematogenous spread over axillary nodes and bones

6.Sensitive to DNA-damaging agents such as platinum compounds, or poly (ADP-
ribose) polymerase (PARP) inhibitors or their combination

2.2 TNBC subtypes

In 2011, Lehmann et al. performed gene expression profiling of tumor samples
from 587 TNBC patients and divided TNBC into six subtypes: [9, 11]

1.Basal-like-1 (BL-1):

a. Abnormal expression of cell cycle regulating and DNA repair-related genes
(high amplification of MYC, PIK3CA, CDK6, AKT2, KRAS, IGF1R, and

CDKN2A/B)

b. High frequency of heterozygous or homozygous deletion of DNA repair-
related genes such as BRCA2, PTEN, MDM2, RB1, and TP53

c. A high Ki-67 mRNA expression is observed on nuclear Ki-67 staining
(>70%).

d. Nearly all of the cell lines with BRCA1 and BRCA2 mutations have gene
expression patterns that correlate with this subtype [12]

2.Basal-like-2 (BL-2): Abnormal activation of growth factor signaling pathways
such as the EGFR, MET, NGF, Wnt/f-catenin, and IGF-1R pathways

3.Mesenchymal-like subtype (M): Also called metaplastic breast cancer

a. Highly activated cell migration-related signaling pathways, extracellular
matrix-receptor interaction pathways, and differentiation pathways (Wnt
pathway, anaplastic lymphoma kinase pathway, transforming growth
factor (TGF)-p signaling)

b. The M subtype has sarcoma-like or squamous epithelial cell-like tissue
characteristics

c. Prone to develop resistance to chemotherapeutic drugs

4.Mesenchymal stem-like subtype (MSL): Low levels of cell proliferation-related
genes and high levels of stem cell-related genes

5.Immuno-modulatory subtype (IM):

a. Characterized by increased expression of immune cell-associated genes
and pathways such as the Th1/Th2 pathway, NK cell pathway, B cell
receptor signaling pathway, dendritic cell (DC) pathway, T cell receptor
signaling, interleukin (IL)-12 pathway, and IL-7 pathway.
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b. Substantially overlap with a gene signature for medullary breast cancer,
high-grade histology with a favorable prognosis.

c. This subtype has the best prognosis [9]
6.Luminal Androgen Receptor (LAR):

a. Although the LAR subtype does not express ER receptors, it does have
highly activated hormonal-related signaling pathways (including steroid
synthesis, porphyrin metabolism, and androgen/estrogen metabolism).

b. ESR1 (the gene encoding ERa) and other estrogen-regulated genes (PGR,
FOXA, XBP1, GATA3) are present on micro-array profiling. Thus, there is
molecular evidence of ER activation. However, they may be classified as
“ER-negative” because <1% of these tumor cells express low levels of ER
protein on IHC analysis

c. Androgen receptor (AR) is highly expressed (mRNA level is nine times) as
well as high expression of AR on IHC (10 times)

This classification was validated by Masuda et al. [13]. They further compared the
TNBC subtypes between the PAM50 basal-like subtype and non-basal-like subtypes
(other subtypes grouped). All tumors in the BL1 and BL2 subtypes belonged to the
basal-like PAMS0 subtype, and most tumors in the LAR subtype belonged to the non-
basal-like PAMS0 group. In the non-basal-like group, there were only three TNBC
subtypes, LAR, MSL, and M; most of these tumors were the LAR subtype (59%). They
further found that even though BL-1 and BL-2 are highly proliferative tumors, the BL-1
subtype had the highest pathological complete response (pCR) rate, and the BL2
subtype had the lowest pCR rate. Similarly, consistent with LAR’s low pCR rate, the
luminal A and B intrinsic subtypes, hormonally regulated tumors, showed less response
to chemotherapy. Therefore, the LAR group had delayed recurrences compared with
the other groups and did not have the lowest OS rate despite having a low pCR rate.

Burstein et al. distinguished TNBC subtypes into four types only: luminal-AR
(LAR), mesenchymal (MES), basal-like immune-suppressed (BLIS), and basal-like
immune-activated (BLIA) [14]. However, in an updated analysis, Lehman et al.
reported that transcripts in the previously described IM and MSL subtypes were
contributed from infiltrating lymphocytes and tumor-associated stromal cells, respec-
tively [15]. Therefore, in their new refined classification, TNBC molecular subtypes
were reduced from six (TNBCtype-6) to four (TNBCtype-4) tumor-specific subtypes
(BL1, BL2, M, and LAR) (Table 1). PAMS50 subtype “calls” distribution among the
TNBC subtypes showed that most BL1, BL2, and M were basal-like, while LAR was
enriched in HER2 and luminal subtypes.

2.3 Benefits of sub-classifying TNBC

A. All the subtypes of TNBC have different clinic-pathological features, affecting
their prognosis.

1. Age: Non-basal TNBC was reported in older patients than basal TNBC. LAR
subtype was diagnosed in women of older age than all other subtypes.
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TNBC subtypes TNBC subtypes TNBC subtype-4
Lehman et al. [11] Burstein et al. [14] Lehman et al. [15]
Basal-like 1 (BL1) Basal-like Immune suppressed Basal-like 1 (BL1)
(BLIS)
Basal-like 2 (BL2) — Basal-like 2 (BL2)
Immunomodulatory (IM) Basal-like Immune-activated —
(BLIA)
Mesenchymal (M) Mesenchymal (MES) Mesenchymal (M)

Mesenchymal Stem-like (MSL) —— _

Luminal androgen receptor Luminal androgen receptor (LAR)  Luminal androgen receptor
(LAR) (LAR)
Table 1.

Different classification of subtypes of TNBC.
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2.Grade: Basal TNBC tumors are more likely to be of a higher grade than non-
basal TNBC. BL1 tumors are higher grade, and LAR tumors are lower grade.
In contrast to lower histological grade, non-basal TNBC presents
significantly more advanced clinical disease and a higher stage than basal
TNBC

3. Histopathology: BL1 tumors were mainly ductal carcinomas without
notable atypical histology. In contrast, infiltrating lobular carcinomas were
nearly exclusive to the LAR subtype. Medullary breast cancer histological
types were present in BL1, BL2 and, LAR and absent in the M subtype.

4.Regional nodes: Regional spread to lymph nodes was similar in basal (29%)
and non-basal (31%). Approximately half (47%) of LAR TNBC patients
have regional spread, whereas the node involvement was lower for the M
TNBC subtype (21%).

5.Distant Metastasis: The M subtype is prone to a higher frequency of lung
metastasis (46%) than all other subtypes (25%). Whereas bone metastasis
was significantly higher for the LAR subtype (46%) than all other subtypes
(16%).

6.pCR: pCR rates were similar in basal and non-basal subtypes. The BL-1
subtype had the highest pCR rate, and the BL2 and LAR subtypes had the
lowest pCR rate. Moreover, BL1 patients had significantly higher pCR than
all other subtypes (49% vs. 31%).

7.0Overall survival (OS): BL1 patients had significantly better OS than all
other TNBCtype-4 subtypes combined. Moreover, BL1 patients displayed
better relapse-free survival, with nearly 60% survival even at 10 years. The
IM subtype displayed the best overall and relapse-free survival. The LAR
subtypes had better survival despite a decreased response to neoadjuvant
chemotherapy. The decreased response of AR-positive TNBC tumors to
neoadjuvant chemotherapy has recently been validated with the report of
significantly lower pCR [16].
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8.Distant relapse-free survival (DRFS): Despite having better pCR to
neoadjuvant chemotherapy (34% vs. 11%), TNBC patients had significantly
worse DRFS survival than non-TNBC [15]. However, TNBC patients that
achieved a pCR on chemotherapy had a far better DRFS than those patients
that did not. BL2 patients have the worst outcome, with a median survival
of 2.4 years. In contrast, the BL1 subtype had the best long-term DRFS,
with 72% of patients relapse-free at a 7-year follow-up.

B. Treatment Options (Table 2)

1.Basal Like: Cells have a complex DNA damage response and repair
mechanisms to maintain genomic integrity. The most deleterious lesion,
double-strand breaks are repaired by either HR (homologous
recombination) or non-homologous end joining. Patients with mutations in
the breast cancer susceptibility proteins BRCA1 and BRCA2A have cancers
due to deficiency in HR repair. Moreover, these are dependent on other
DNA repair mechanisms, the most prominent of which is the peroxisome
proliferator-activated receptor (PARP)-based. Therefore, PARP inhibitors
have significant antitumor effects on BRCA1/2-deficient tumors, and the
inhibition effect on BRCA1-mutant tumors is 100-1000 times higher than

Molecular subtypes Cellular pathways Therapeutic target
Basal-like 1 (BL1) Cell cycle PARP inhibitors
DNA repair Platinum agents
Proliferation Conventional
chemotherapy
Basal-like 2 (BL2) Growth factor pathways mTOR inhibitors
Metabolic pathways (glycolysis and Growth-factor inhibitors
gluconeogenesis)
Immunomodulatory (IM) Immune cell processes Immune-checkpoint
inhibitors
Mesenchymal (M) Cell motility, differentiation, and growth factor mTOR inhibitors
signaling

EMT-targeted therapy

CSC-targeted therapy

AXL inhibitor
Mesenchymal Stem-like Low proliferation PI3K inhibitors
(MSL) Angiogenesis Antiangiogenic therapy
SRC antagonist
Luminal androgen receptor ~ Androgen receptor Antiandrogen blockade
(LAR) Luminal gene expression CDK4/6 inhibitors
Molecular apocrine subtype Immune-checkpoint
inhibitors

Source: Silva D et al. [10] licensed under CC BY-NC 4.0.

Table 2.
Molecular pathways in TNBC subtypes as therapeutic targets.
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in tumors without such mutations [4]. The basal-like subgroup has
increased expression of proliferation-related genes and DNA repair genes;
therefore, they may be sensitive to anti-mitotic drugs such as taxanes and
platinum and PARP inhibitors such as olaparib and veliparib.

2.Immune Check Point Regulators: Tumor cells can evade recognition and
destruction by the host immune system through the immune checkpoint
system. Under normal circumstances, the immune system reacts to foreign
antigens that accumulate in the lymph nodes or spleen and promotes
antigen-specific T-cell proliferation. Programmed cell death protein 1 (PD-
1) binds to PD-L1 and can transmit signals to inhibit T cell proliferation and
promote T cell depletion [17]. PD-L1 expression in tumor cells or its
presence in the tumor microenvironment has been positively associated
with triple-negative status in breast cancer [17]. Moreover, high PD-L1
levels have also been correlated with pCR after neoadjuvant chemotherapy
and improved clinical outcomes in TNBC [17]. Pembrolizumab, a
monoclonal anti PD-1, and Atezolizumab anti-PD-L1 antibody are under
trials for their role in TNBC.

3.LAR subtypes: The LAR subtype is characterized by high AR and an
activating mutation in the kinase domain of PIK3CA. Antiandrogens, such
as combination of bicalutamide with a PI3K inhibitor or enzalutamide, are
being explored to target LAR subtypes.

4.Epidermal growth factor receptor (EGFR): EGFR is expressed in 45-70% of
TNBC and is associated with poor prognosis [10]. EGFR inhibitors are being
evaluated in metastatic settings with not-so-promising results [18]. It has
been seen that the EGFR downstream signaling pathways were still
activated in most patients after EGFR-targeted treatment, suggesting that
there might be other pathways involved in a bypass activation [4]. As a
result, EGFR-targeted treatment alone cannot achieve significant efficacy.
Use of growth factor inhibitors in BL-2, M, and MSL subtypes combined
with other downstream signal transduction inhibitors might achieve better
results [4].

2.4 Ki-67

The Ki-67 antigen, a nonhistone nuclear protein, was identified by Scholzer and
Gerdes in 1983 in a Hodgkin lymphoma cell line [19]. The Ki-67 antigen encodes two
protein isoforms with 345 and 395 kDa molecular weights [20]. This protein is
expressed in the G1, S, G2, and M phase of the cell cycle but is absent in resting cells
(GO) [20, 21]. Therefore, the nuclear expression of Ki-67 can be evaluated to assess
tumor proliferation by IHC. The Ki-67 protein has a half-life of only 1-1.5 hours.
Therefore, the quantity of Ki-67 present at any time during the cell cycle is regulated
by a precise balance between synthesis and degradation [20].

2.5 Is Ki-67 a prognostic or a predictive marker?

A prognostic biomarker indicates the likely course of the disease in an untreated
individual, and a predictive biomarker identifies subpopulations of patients most
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likely to respond to a given therapy. An increased Ki-67 is linked to a worse prognosis
and an increased response to neoadjuvant chemotherapy. As Ki-67 represents prolif-
erating tumor, a high level will translate to an increased response. However, same is
not true for prognoses. Increased Ki-67 is an adverse prognostic factor in HR-positive
tumors, and patients with low Ki-67 tumors have the best prognosis [21]. Whereas, in
HR-negative tumors, low proliferating tumors have the worst prognosis. This phe-
nomenon is also reported by Cortazar et al. in their meta-analysis, which shows that
increased pCR rates are linked to better survival in the HR-negative subgroup [22]. At
the same time, chemotherapy response does not affect the prognosis in HR-positive
tumor. Based on this, Denkert et al. reported the biological plausibility of three
different groups of tumors [21]:

1.Low proliferating tumors are not responding to chemotherapy but have a good
prognosis (low Ki-67 linked to a good outcome)

2.High proliferating tumors are chemotherapy-sensitive, high Ki-67 is linked to an
increased chance of pCR and improved survival (high Ki-67 linked to a good
outcome)

3.High proliferating tumors are chemotherapy-resistant, increased Ki-67 is linked
to reduced survival (high Ki-67 linked to a poor outcome)

2.6 Problems in Ki-67 assessment

1.Ki-67 cutoff as a measure of cell proliferation should be considered in the tumor’s
histological type context: [6, 21] For example, a Ki-67 rate of 16% would indicate
very high proliferation in a classic invasive lobular cancer; however, the same Ki-
67 rate would indicate just about average proliferation in an Invasive Ductal
Carcinoma [6]. Similarly, baseline Ki-67 values for TNBC are much higher than
those for luminal tumors [23, 24]

2.Intratumoral heterogeneity [6, 21]:

a. Spatial heterogeneity: the number of cells needed to be counted for
consistent results might be much lower in tumors with low proliferation
and high in tumors with high proliferation

b. Temporal heterogeneity: This is commonly observed as a result of therapy.
Several studies have shown that the short-term reduction of Ki-67 after 2
weeks of therapy is predictive of the outcome of endocrine therapy [5, 6, 21]

3.Inter-observer variability based on different evaluation approaches for different
pathologists

2.7 Cutoff for TNBC

In the 2011 St. Gallen recommendations, a cutoff of 14% for the separation of
luminal A and B tumors is suggested [25]. In 2013, the cutoff was revised to 20%,
signifying 20% as the cutoff level for differentiating low proliferating Luminal A from
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high proliferating Luminal B [26]. However, the best cutoff point of this marker as a
prognostic and predictive factor in TNBC remains unclear.

1. According to Zhu et al., the optimal cutoff value of Ki-67 for TNBC is 30% [27]. Ata
cutoff point of 30%, worse DFS and OS were observed in the Ki-67 high group.

2. Aleskandarany et al. reported the baseline mean Ki-67 value of Luminal cancer as
22 compared with 64.5 for TNBC tumors [23]. Therefore, 10% was the optimal
cutoff in the luminal class separating low from moderate/high proliferative
subgroups. In contrast, the cutoff for TNBC was found to be 70%. Moreover,
there was no association of Ki-67 with survival compared to the luminal subtype.

3.In the study by Arafah et al., the median result of the KI-67 expression was 70%,
with a range of 20-95% [24]. Moreover, High Ki-67 (>30%) was significantly
associated with positive sentinel lymph node status, higher nuclear grade, diagnosis
of an invasive tumor, advanced clinical stage, and adverse survival outcome.

4.Epithelial-mesenchymal transition (EMT) [24]: TNBC has also recently been
linked to this phenomenon, which is characterized by the loss of the epithelial
characteristics of the cells while they acquire a mesenchymal phenotype. This is a
plausible explanation for distant metastases in breast cancer, skipping regional
nodes. The high expression of KI-67 was correlated with an increased expression
of Vimentin, a marker for EMT.

5.In the study by Keam et al., high Ki-67 (>10%) was associated with poor
survival [28].

6. According to Wang et al., a high Ki-67 (>40%) level is associated with young
age, higher grade, poor overall and recurrence-free survival [29].

7.A meta-analysis by Wu et al. reported the heterogeneity in cutoff value for Ki-67
for different studies, ranging from 10 to 50% [30]. Also, high Ki-67 is associated
with worse overall and recurrence-free survival.

2.8 pCR

1. Arafah et al. reported a statistically significant association of high Ki-67 with the
inability to achieve pCR [24].

2.Nishimura et al. reported that high Ki-67 levels and TNBC status were
associated with higher pCR [31]. Moreover, no pathological responder in cases
with Ki-67 < 25%

3.In the study by Keam et al., TNBC with high Ki-67 showed a higher pCR rate
(18.2%) to neoadjuvant chemotherapy than TNBC with low Ki-67 (0.0%) [28].

2.9 Is there a triple-negative paradox?

Higher Ki-67 predicts a higher response to chemotherapy and a higher pCR rate,
which generally means a good prognosis [21]. However, high Ki-67in TNBC is
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associated with poor recurrence-free or overall survival. This was termed as a “triple
negative paradox.” However, this paradox can be explained by a higher likelihood of
relapse in patients whose pCR was not achieved. In a study by Keam et al., only 18.2%
of TNBC patients achieved pCR, and patients with high Ki-67 residual disease had
statistically significant poor prognoses than patients with residual disease and low Ki-
67 or patients with pCR with high Ki-67 [28]. Similarly, in a study by Carey et al., only
27% of patients with basal subtype achieved pCR [32]. Therefore, in patients with
TNBC, the higher number of non-pCR patients tilt the results toward poor prognoses
resulting in the so-called “triple negative paradox.”

Only 20-30% of patients with TNBC achieved pCR on neoadjuvant chemotherapy
[21, 32], and pCR was strongly associated with prolonged overall survival [15, 33, 34].
Moreover, patients with TNBC who achieve pCR have the same prognosis as patients
with non-TNBC [33]. However, among patients who did not achieve pCR, patients
with TNBC have a significantly poorer outcome than patients with non-TNBC [33].

3. Conclusions

Although marred by intratumoral heterogeneity and inter-observer variability,
true to the highly proliferative nature of TNBCs, higher baseline Ki-67 levels are seen
as compared to luminal tumors. A higher Ki-67 is associated with a higher pCR rate in
TNBC. However, the best cutoff point of this marker as a prognostic and predictive
factor in TNBC remains to be seen even after many researchers have explored this
idea. Moreover, the “triple negative paradox” concept is more of a myth arising from
more non-pCR patients in the TNBC group.
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CsC cancer stem cells
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EMT epithelial-mesenchymal transition
FGFR fibroblast growth factor receptors

IGF-1R insulin-like growth factor receptor
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IL
M
LAR
MET
MSL
mTOR
PARP
PD1
PDGFR
PD-L1
PI3K
SRC
TGFp
TNBC

interleukin

immunomodulatory

luminal androgen receptor

hepatocyte growth factor

mesenchymal stem like

mammalian target of rapamycin

poly ADP-ribose polymerase
programmed cell death 1
platelet-derived growth factor receptors
programmed death-ligand 1
phosphatidylinositol 3-kinase
Proto-oncogene tyrosine-protein kinase Src
transforming growth factor beta
triple-negative breast cancer

Author details

Ankit Jain, Vijayakumar Chellappa* and Kadambari Dharanipragada
Department of Surgery, Jawaharlal Institute of Postgraduate Medical Education and

Research (JIPMER), Puducherry, India

*Address all correspondence to: vijaymmcOl@gmail.com

IntechOpen

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided

the original work is properly cited.

106



Inter-Relationship of Ki-67 and Triple-Negative Breast Cancer

DOI: http://dx.doi.org/10.5772 /intechopen.109586

References

[1] Sung H, Ferlay J, Siegel RL, et al.
Global cancer statistics 2020:
GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in
185 countries. CA: A Cancer Journal for
Clinicians. 2021;71:209-249.

DOI: 10.3322/caac.21660

[2] Hammond ME, Hayes DF,

Dowsett M, et al. American Society of
Clinical Oncology/College of American
Pathologists guideline recommendations
for immunohistochemical testing of
estrogen and progesterone receptors in
breast cancer. Journal of Clinical
Oncology. 2010;28:2784-2795.

DOI: 10.1200/JC0.2009.25.6529

[3] Wolff AC, Hammond ME,

Schwartz JN, et al. American Society of
Clinical Oncology/College of American
Pathologists. American Society of
Clinical Oncology/College of American
Pathologists guideline recommendations
for human epidermal growth factor
receptor 2 testing in breast cancer.
Archives of Pathology & Laboratory
Medicine. 2007;13:18-43. DOI: 10.5858/
2007-131-18-ASOCCO

[4] Yin L, Duan JJ, Bian XW, Yu SC.
Triple-negative breast cancer molecular
subtyping and treatment progress.
Breast Cancer Research. 2020;22:61.
DOI: 10.1186/513058-020-01296-5

[5] Badve S, Dabbs DJ, Schnitt SJ, et al.
Basal-like and triple-negative breast
cancers: A critical review with an
emphasis on the implications for
pathologists and oncologists. Modern
Pathology. 2011;24:157-167.

DOI: 10.1038/modpathol.2010.200

[6] Sahin A, Zhang H. Invasive Breast
Carcinoma: In Pathobiology of Human
Disease: A Dynamic Encyclopedia of

Disease Mechanisms. Elsevier Inc.; 2014.

107

pp. 934-951. DOI: 10.1016/B978-0-12-
386456-7.03204-4

[71 Lim E, Vaillant F, Wu D, et al.
Aberrant luminal progenitors as the
candidate target population for basal
tumor development in BRCA1 mutation
carriers. Nature Medicine. 2009;15(8):
907-913. DOI: 10.1038/nm.2000

[8] Prat A, Adamo B, Cheang MC,
Anders CK, Carey LA, Perou CM.
Molecular characterization of basal-like
and non-basal-like triple-negative breast
cancer. The Oncologist. 2013;18:123-133.
DOI: 10.1634/theoncologist.2012-0397

[9] Hubalek M, Czech T, Miiller H.
Biological subtypes of triple-negative
breast cancer. Breast Care (Basel). 2017;
12:8-14. DOI: 10.1159/000455820

[10] Silva D, Mesquita A. Evolving
evidence for the optimization of
neoadjuvant therapy in triple-negative
breast cancer. Breast Cancer (Auckl.).
2022;16:1178. DOI: 10.1177/
11782234221107580

[11] Lehmann BD, Bauer JA, Chen X,
et al. Identification of human triple-
negative breast cancer subtypes and
preclinical models for selection of
targeted therapies. The Journal of
Clinical Investigation. 2011;121:
2750-2767. DOI: 10.1172/]C145014

[12] Stefansson OA, Jonasson JG,
Johannsson OT, et al. Genomic profiling
of breast tumours in relation to BRCA
abnormalities and phenotypes. Breast
Cancer Research. 2009;11:R47.

DOI: 10.1186/bcr2334

[13] Masuda H, Baggerly KA, Wang Y,
et al. Differential response to
neoadjuvant chemotherapy among 7
triple-negative breast cancer molecular



Breast Cancer Updates

subtypes. Clinical Cancer Research.
2013;19:5533-5540. DOI: 10.1158/
1078-0432.CCR-13-0799

[14] Burstein MD, Tsimelzon A,

Poage GM, et al. Comprehensive
genomic analysis identifies novel
subtypes and targets of triple-negative
breast cancer. Clinical Cancer Research.
2015;21:1688-1698. DOI: 10.1158/
1078-0432.CCR-14-0432

[15] Lehmann BD, Jovanovié B, Chen X,
et al. Refinement of triple-negative
breast cancer molecular subtypes:
Implications for neoadjuvant
chemotherapy selection. PLoS One.
2016;11:e0157368. DOI: 10.1371/journal.
pone.0157368

[16] Asano Y, Kashiwagi S, Onoda N, et al.
Clinical verification of sensitivity to
preoperative chemotherapy in cases of
androgen receptor-expressing positive
breast cancer. British Journal of Cancer.
2016;114:14-20. DOI: 10.1038/bjc.2015.434

[17] Pardoll DM. The blockade of
immune checkpoints in cancer
immunotherapy. Nature Reviews.
Cancer. 2012;12:252-264. DOI: 10.1038/
nrc3239

[18] Carey LA, Rugo HS, Marcom PK,

et al. TBCRC 001: Randomized phase II
study of cetuximab in combination with
carboplatin in stage IV triple-negative
breast cancer. Journal of Clinical
Oncology. 2012;30:2615-2623.

DOI: 10.1200/JC0.2010.34.5579

[19] Scholzen T, Gerdes J. The Ki-67
protein: From the known and the
unknown. Journal of Cellular Physiology.
2000;182:311-322. DOI: 10.1002/(SICI)
1097-4652(200003)182:3<311::AID-
JCP1>3.0.C0O;2-9

[20] Li LT, Jiang G, Chen Q, Zheng JN.
Ki67 is a promising molecular target in

108

the diagnosis of cancer (review).
Molecular Medicine Reports. 2015;11:
1566-1572. DOI: 10.3892/mmr.2014.2914

[21] Denkert C, Budczies J, von
Minckwitz G, Wienert S, Loibl S,
Klauschen F. Strategies for developing
Ki67 as a useful biomarker in breast
cancer. Breast. 2015;24:S67-S72.

DOI: 10.1016/j.breast.2015.07.017

[22] Cortazar P, Zhang L, Untch M, et al.
Pathological complete response and
long-term clinical benefit in breast
cancer: The CTNeoBC pooled analysis.
Lancet. 2014;384(9938):164-172.

DOI: 10.1016/S0140-6736(13)62422-8

[23] Aleskandarany MA, Green AR,
Benhasouna AA, et al. Prognostic value
of proliferation assay in the luminal,
HER2-positive, and triple-negative
biologic classes of breast cancer. Breast
Cancer Research. 2012;14:R3.

DOI: 10.1186/bcr3084

[24] Arafah MA, Ouban A, Ameer OZ,
Quek KJ. KI-67 LI expression in triple-
negative breast cancer patients and its
significance. Breast Cancer (Auckl.).
2021;15:1178. DOI: 10.1177/
11782234211016977

[25] Gnant M, Harbeck N, Thomssen C.
Summary of the consensus discussion.
Breast Care (Basel). 2011;2011(6):
136-141. DOI: 10.1159/000328054

[26] Untch M, Gerber B, Harbeck N, et al.
13th St. Gallen International Breast
Cancer Conference 2013: Primary
Therapy of Early Breast Cancer
Evidence, Controversies, Consensus—
Opinion of a German Team of Experts
(Zurich 2013). Breast Care. 2013;8:
221-229. DOI: 10.1159/000351692

[27] Zhu X, Chen L, Huang B, et al. The
prognostic and predictive potential of
Ki-67 in triple-negative breast cancer.



Inter-Relationship of Ki-67 and Triple-Negative Breast Cancer

DOI: http://dx.doi.org/10.5772 /intechopen.109586

Scientific Reports. 2020;10:225.
DOI: 10.1038/s41598-019-57094-3

[28] Keam B, Im SA, Lee KH, et al. Ki-67
can be used for further classification of
triple negative breast cancer into two
subtypes with different response and
prognosis. Breast Cancer Research. 2011;
13:R22. DOI: 10.1186/bcr2834

[29] Wang W, Wu ], Zhang P, et al.
Prognostic and predictive value of Ki-67
in triple-negative breast cancer.
Oncotarget. 2016;7:31079-31087.

DOI: 10.18632/oncotarget.9075

[30] Wu Q, Ma G, Deng Y, et al.
Prognostic value of Ki-67 in patients
with resected triple-negative breast
cancer: A meta-analysis. Frontiers in
Oncology. 2019;9:1068. DOI: 10.3389/
fonc.2019.01068

[31] Nishimura R, Osako T, Okumura Y,
Hayashi M, Arima N. Clinical
significance of Ki-67 in neoadjuvant
chemotherapy for primary breast cancer
as a predictor for chemosensitivity and
for prognosis. Breast Cancer. 2010;17:
269-275. DOI: 10.1007/512282-009-
0161-5

[32] Carey LA, Dees EC, Sawyer L, et al.
The triple negative paradox: Primary
tumour chemosensitivity of breast
cancer subtypes. Clinical Cancer
Research. 2007;13:2329-2334.

DOI: 10.1158/1078-0432.CCR-06-1109

[33] Liedtke C, Mazouni C, Hess KR,

et al. Response to neoadjuvant therapy
and long-term survival in patients with
triple-negative breast cancer. Journal of
Clinical Oncology. 2008;26:1275-1281.
DOI: 10.1200/JC0O.2007.14.4147

[34] von Minckwitz G, Untch M,
Blohmer JU, et al. Definition and impact
of pathologic complete response on
prognosis after neoadjuvant

109

chemotherapy in various intrinsic breast
cancer subtypes. Journal of Clinical
Oncology. 2012;30:1796-1804.
DOI:10.1200/JC0O.2011.38.8595






Chapter 9

Bcl-2 Immunoexpression in
Invasive Ductal Carcinoma
and Its Evaluative Correlation with

Molecular Sub-Types and BR-Grade
and TNM Stage

Poornima Pandey and Arvind Bhake

Abstract

Invasive Ductal carcinoma is the most common histological type of breast cancer. It
constitutes about 80 percent of all breast cancer diagnoses. The molecular pathogenesis
of breast cancer involves multiple gene types. Bcl-2 is one of them. Bcl-2, is an anti-
apoptotic protein which is up regulated by oestrogen in breast cancer patients. The
immunoexpression of Bcl-2 detection is being carried out by immunohistochemical
methods as described in many published studies. Bcl-2 as is known acts through tran-
scriptional induction in pathogenesis of breast cancer. The present chapter describes the
role of Bcl-2 in pathogenesis, significance and its relationship with BR Grade and TNM
stage. The present chapter specifically describes its observation of Bcl-2 immunoexpres-
sion and relationship with molecular subtypes of breast carcinoma.

Keywords: Bcl-2, breast cancer, BR grade, TNM stage, molecular sub-types

1. Introduction

The Breast cancer has become great concern for global health scenario and health
providers [1]. The incidence of it has surpassed the cervical cancers in Indian female
[2]. The world over laboratory physicians across the world are engaged in assessing
new and novel prognostic and predictive markers that would bring about best pos-
sible outcome at breast cancer treatment. The modern day practice of onco-pathology
revolves more around predictive prognostic markers that would enable the appropriate
adjuvant therapies and management of cancer. The challenges in breast cancer man-
agement is to predict its prognostic outcome, benefits of adjuvant therapy, surgical
management and immunotherapy.The another challenge in breast cancer treatment is
to understand molecular defect and thereby assessment of prognosis, and corrective
therapies that would involute the primary tumour as well as metastasis [1, 2].
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The conventional pathological prognostic factors in breast cancers which were
until relied heavily were lymph node status, tumour size, tumour stage, tumour
grade, Nottingham prognostic index and many others [2, 3].

With advent in understanding of pathogenesis of breast cancer many cell surface
molecules, cytoplasmic signalling pathways, the nuclear transcriptional activities and
many others have come under scanner which relates with breast cancer prognosis and
treatment outcomes, especially with chemotherapeutic interventions and monoclonal
antibody therapies [4].

Among many such families of the genes, Bcl-2 has been studied extensively for
its commonality at participation in the pathogenesis of solid tumours especially the
cancers of breast, prostate, lung, colo-rectum and ovaries [5, 6].

Deficiency of growth factors and
survival signals

Over-expression of

Anti-apoptotic proteins: @
e Bcl-2

e Bel-XL
e Mcl1

BAX/ BAK

(Pro-apoptotic
proteins in
Mitochondria)

Cytochrome- ¢. APAF - 1

Up-regulation of @ l

members of the Inhibitors ) Caspase 9
of apoptosis (IAP) family

Caspase 3

l

Apoptosis

Figure 1.
Flowchart — Evasion of cell death.
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Bcl-2 is an anti-apoptotic protein normally expressed in mammary tissue and is
up-regulated by oestrogen in breast cancer through direct consequence of transcrip-
tional induction.

Bcl-2 is a principle member of anti-apoptotic proteins along with Bcl-XL and
MCL-1. The release of pro-apoptotic proteins in the cells such as cytochrome-c
is through the integrity of the mitochondrial outer membrane. This is tightly
controlled by Bcl-2 family of proteins. Bcl-2 is overexpressed due to chromosomal
translocations and certain mutational changes. Bcl-2 protein also resides in the
cytosol and ER membranes. Impermeability by Bcl2 protein prevents the leakage of
cytochrome and thereby limits the process of apoptosis. The one way, Bcl-2 genes
and their proteins plays an important role in intrinsic pathway of apoptosis [7].
Therefore Bcl-2 genes is one of the genes which is at the centre stage in the patho-
genesis of the breast cancer (Figure1).

A few studies in published literature did correlation between Bcl-2 immunoex-
pression and clinico-pathological variables, disease free survival, prognostic factors,
Nottingham prognostic index, TNM stage and treatment outcome [8, 9]. A few
studies have proposed that Bcl-2 expression be considered as a molecular subtype of
invasive ductal carcinoma because of clinical implications [10, 11].

The search for publications over this topic originating in India was found to be
marginal which correlated clinicopathological variables, molecular subtypes of breast
cancer and BR-grades [12, 13].

The Bcl-2 expression as published in the western literature have shown its predic-
tive utility and therefore its inclusion in the reporting of histopathology is considered
as an essential component [14, 15]. Detecting Bcl-2 immunoexpression in the tumour
cell therefore create a frame for appropriate treatment and management of invasive
ductal carcinoma.

2. Methodology

The chapter includes the observation on Bcl-2 immunoexpression in invasive duc-
tal carcinoma and its evaluative correlation with BR grade, TNM stage and molecular
subtypes as gathered from published literature. Most of the published literature
detected Bcl-2 immunoexpression by immunohistochemistry performed on paraffin
sections of breast lumps diagnosed as invasive ductal carcinoma.

The authors of the present chapter adopted the methodology for performing the
immunohistochemistry in demonstration of Bcl-2, ER, PR and Her 2 on paraffin
tissue section as described in the previous studies [6].

The present study included 50 cases whose complete demographic details, clinical
examination of the breast lumps, relevant clinical examination, mastectomy details,
gross examination finding of specimen, subsequent tissue diagnosis, BR grading, and
TNM staging was carried out. The work included only those cases of invasive ductal
carcinoma whose complete clinical records and follow up of at least 6 months were
available.

The studies whose results are a part of the present chapter performed immunohis-
tochemistry by standard methods meant for it, in detection of ER, PR, Her 2 nu and
Bcl-2. The results and interpretation of positivity and score of immunohistochemistry
for Bcl-2 and ER, PR, Her 2 were aligned.

The statistical tests used for comparison of the results contained in the present
chapter were similar as performed by the authors of other studies.
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3. Short review, results and discussion

The chapter contributor’s work in this field over the 50 cases of invasive ductal
carcinoma is depicted in a tabular forms below.

The Bcl-2 immunoexpression was seen in 33 of 50 cases (66%). There were 30
(60%) women who were below age of 51 and 20 (40%) were 51 and above years. The
age versus Bcl-2 immunoexpression is charted in Table 1.

Of the 30 women who were below age of 51 showed Bcl-2 immunoexpression on 21
instances (70%) while 12 of 20 (60%) showed Bcl-2 immunoexpression in women more
than 50 years of age. The youngest patient of invasive ductal carcinoma was 26 years
while oldest one was 84 years. The immunoexpression of Bcl-2 was observed to be
100% in women of invasive ductal carcinoma in between the age of 31 to 40 years.

The distribution of Bcl-2 immunoexpression across BR grade is shown in Table 2.

It was observed that Bcl-2 immunoexpression is independent of BR grade.

TNM stage and immunoexpression in 50 cases of invasive ductal carcinoma is
shown in Table 3.

The TNM stage of invasive ductal carcinoma when plotted against Bcl-2 immuno-
expression revealed 15 Bcl-2 immunoexpressions in 20 cases of stage II disease and 7

Age Range No. of cases/ Bcl-2 Immuno-expression Total No. Cases showing
Percentage Negative ) 2(e4) 3(+44) Positive Bcl-2 Expression/
Percentage
21-30 years 03(06%) 01 01 — 01 02(66.6%)
31-40 years 07(14%) — 01 03 03 07(100%)
41-50 years 20(40%) 08 04 05 03 012(60%)
51-60 years 11(22%) 03 04 02 02 08(72.7%)
61-70 years 05(10%) 02 01 01 01 03(60%)
71-80 years 03(06%) 02 01 — — 01(33.3%)
81-90 years 01(02%) 01 — — — 00(0%)
Total 50 (100%) 17 12 1 10 33(66%)
(21-90)
years
Table1.
Bcl-2 Immuno-expression and age range of invasive ductal carcinoma.
BR-Grade No. of cases/ Bcl-2 Immuno-expression Total No. Cases showing
Percentage Negative 1+) 2(e4) 3(s44) Positive Bcl-2 Expression/
Percentage
Gradel 12(24%) 05 — 05 03 08(66.6%)
Grade IT 29(58%) 08 07 06 07 20(68.9%)
Grade III 09(18%) 04 05 — — 05(55.5%)
Total 50(100%) 17 12 11 10 33(66%)

Table 2.
Bcl-2 Immuno-expression and BR-grade.
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TNM No. of cases/ Bcl-2 Immuno-expression Total No. Cases showing
Stage Percentage Negative 1+) 2(+4) 3(+44) Positive Bcl-2 Expression/
Percentage
Stage I 17(34%) 07 01 04 05 10(58.82%)
Stage Il 20(40%) 05 06 06 03 15(75%)
Stage I1I 09(18%) 02 04 01 02 07(777%)
Stage IV 04(08%) 03 01 — — 01(25%)
Total 50(100%) 17 12 11 10 33(66%)
Table 3.
Bcl-2 Immuno-expression and TNM stage.
Molecular No. of cases/ Bcl-2 Immuno-expression Total No. Cases
Sub-type Percentage Negative ) 20e4) 3(se4) showmg Positive Bcl-2
Expression/Percentage
Luminal A 18(36%) 05 04 07 02 13(72.2%)
Luminal B 11(22%) 03 03 01 04 08(72.7%)
Triple negative 13(26%) 07 02 01 03 06(46.15%)
breast cancer
(TNBC)
Her- 2 enriched 08(16%) 02 02 02 01 05(62.5%)
Total 50(100%) 17 12 11 10 33(66%)

(TNBC, Triple negative breast cancer).

Table 4.
Bcl-2 Immuno-expression and molecular sub-type.

of the 9 stage III disease thus the comparisons of Bcl-2 immunoexpression in between
TNM stages was found to be non-specific.

The molecular subtype of invasive ductal carcinoma and its relationship with Bcl-2
is shown in Table 4.

It was observed that Bcl-2 immuno-expression by percentage was more in Luminal
A molecular subtype of invasive ductal carcinoma followed by Luminal B and Her2
enriched (Figure 2).

The higher frequency of correlation between the Bcl-2 immunoexpression with
molecular subtype Luminal A of breast cancer as observed in present study is attrib-
uted to oestrogen up regulating of Bcl-2 imuunoexpression. The higher frequency of
immunoexpression of Bcl-2 with molecular subtype of Luminal A of breast cancer too
has been observed in the other studies.

The p-value distribution of the various studies for relationship between molecular
subtype of invasive ductal carcinoma and Bcl-2 immunoexpression is shown in Table 5.

The studies depicted in Table 5 concluded of evidences of Bcl2 immuno-
expression correlates well with molecular subtype of Luminal A of invasive ductal
carcinoma to which the contributors of present chapter agree.

The included studies for their observations are cited below paragraphically
explaining about Bcl-2 immuno-expression and its evaluative correlation with BR
Grade, TNM stage and molecular subtypes of invasive ductal carcinoma including
comparisons.
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Figure 2.
IHC Bcl-2, invasive ductal carcinoma (luminal a molecular subtype, 40x ).

Sharmila, Praba [2] have studied 30 cases of invasive ductal carcinoma for expres-
sion of Bcl-2 in immunohistochemistry (IHC). The immunohistochemistry was car-
ried out by standard methods. The objective of study was to analyse Bcl-2 expression
and its relationships with ER, PR, HER-2 status, histological grade and Nottingham
prognostic index. The study observed that 7 cases of the Invasive Ductal Carcinoma
showed intense Bcl-2 staining while 23 cases showed no expression. The Grade I
tumour showed 45.5% positive immuno-expression followed by Grade II at 14.3%. The
correlation of Bcl-2 expression with ER status showed that 7 out of 12 ER positive cases
expressed Bcl-2 with statistically significant values. The study concluded that BCI2
expression in invasive ductal carcinoma, directly related with lower histological grade,
small tumour, size, ER and PR positive status. It is inversely related to HER-2 nu status.

Cecka, et al. [3] did study on expression of Bcl-2 in 57 females suffering from
primary breast cancer who were treated with neo-adjuvant chemotherapy. The immu-
nohistochemistry for BCI2 were performed either on the surgical specimens or core
cut biopsies with Streptavidin and Biotin method with peroxidise detection system.
The results of immunohistochemistry when correlated with the findings of Bcl-2 have
shown the following p-values with individual variables.

Tumour size (0.56), grading (0.53), ER (0.003), PR (0.36), Ki-67 score (0.07),
Her-2 nu (0.24) and p53 (0.88). Hence the study concluded that there exists no
significant association of Bcl-2 expression with clinical variable except ER status.
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Callagy et al. [4] did study to evaluate that in first 5 years after diagnosis, Bcl-2
is predictor of breast cancer outcome independently, and serves as a useful tool
as prognostic marker besides Nottingham prognostic index. A total of 13 markers
expression was evaluated in 930 breast cancer patients on a tissue microarray. Out of
all the markers Bcl-2 was the best marker. Through this study it’s also evaluated that
whether a single marker or a series of markers could improve prognostic potential of
Nottingham prognostic index.

Kamaruzman, et al. [5] published study related to nanotherapeutics in breast
cancer wherein they observed that the expression of Bcl-2 was observed in 22.4% of
molecular subtype of Luminal a of invasive breast cancer.

Adams, Cory [6] did a new study which was innovative as it encouraged to ponder
us upon that most of cytotoxic stresses imposed on a cell lead to activation of BH3
only proteins as important signal of stress. These BH3 proteins belong to Bcl-2 family
which help us to understand their role in cancer development, and through this search
for important class of anticancer drugs can be done.

Eom et al. [8] did study to evaluate the relation between the prognostic outcomes
and Bcl-2 expression among the molecular sub-types. A study was conducted taking
into account 1356 patients who were newly diagnosed with breast cancer between
November 2006 and November 2011. Mainly Immunohistochemistry (IHC) was used
to measure status of - ER, progesterone receptor, human epidermal growth factor
receptor 2, and Bcl-2 expression. In this study breast cancer was classified into five
molecular sub-types namely, luminal A, luminal B with positive status, luminal B
with negative status, human epidermal growth factor receptor 2 expression, and triple
negative sub-types. The clinico-pathological variables were analysed which assessed
the correlation between Bcl-2 expression and clinical outcomes such as relapse free
survival and disease- specific survival according to the five molecular sub-types.

Dawson et al. [9] have established the rationale of performing Bcl-2 immunohis-
tochemistry in prognostic stratification of invasive ductal carcinoma. Their work
included the conglomeration of 5 studies wherein the relationship between Bcl-2
and molecular subtypes of breast carcinoma was followed. The study observed the
significant p-value (p < 0.01) in ER positive breast cancer (Luminal A subtype).

Lehmann et al. [10] observed 43.1% of their cases showing Bcl-2 immunoexpres-
sion. However, the study observed no relationship between Bcl-2 immuno-expression
and molecular subtype of breast cancer. A similar observation of discordant relation-
ship in between molecular subtype of luminal A and Bcl-2 immuno-expression by
Wijesinghe et al. [13] and Bayoudh et al. [14]

The study of Hwang et al. [11] observed the Bcl-2 immunoexpression in 51.2%
cases and luminal A subtype held its association with significant p-value (p < 0.01).

Min et al. [12] observed 34.2% of the breast cancer expressing Bcl-2 and its signifi-
cant correlation with luminal A subtype of breast cancer (p < 0.05).

Rashid, AL-Sakkal [15] studied 61 cases of primary breast cancer in which 71% of
ER positive cases and 59% of PR positive cases depicted positive Bcl-2 oncoprotein
expression, having p-values (p = 0.030) and (p = 0.001) respectively.

4, Conclusion

Bcl-2 is an independent prognostic marker for breast cancer although its expres-
sion frequency may differ but it plays definite prognostic role in breast cancer. It
is observed that Luminal A molecular subtype of invasive ductal carcinoma has a
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frequent association with Bcl-2 immuno-expression. There are some limitations to use
of immunohistochemistry staining method as the results may be affected by intra-
tumoral heterogeneity.
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Chapter 10

Correlation between Ultrasound
Findings and Molecular Subtypes of
Breast Cancer

Eman Soliman Metwally, Rahma Mohammed Abed Alghazal
and Ah Haggaa Ali

Abstract

Breast cancer is the most common malignant tumor and the major cause of death
among women worldwide. Molecular subtyping of breast cancer is important to indi-
vidualize its management, to understand prognosis of disease and avoid overtreatment.
The current study aimed at correlating the breast cancer subtypes with their different
ultrasound criteria. The ultrasound findings might have an important role in predicting
different groups. The current study is a retrospective study. Which was conducted on
40 females patients with breast cancer; during the period from November 2020 till
March 2021.The age were 45-65 years old. They were presented to the Radiology
Department, -Ain-Shams University, Faculty of Medicine. The selected cases had been
afforded from: the Breast-unit of General Surgery Hospital, El Demerdash University
Hospital, Clinical Oncology & Nuclear Medicine Department. When analyzing the main
four breast cancer subtypes in the current work we found that the rates of Luminal A
was 34%, Luminal B was 40%, HER2 was 15%, and TNBC was 11%. LA subtype was
strongly associated with hypoechoic lesions showing irregular shape, speculated margin
surrounded by desmoplastic reaction with posterior shadowing. LB subtype was associ-
ated with irregular shape and speculated margin with absence of desmoplastic reaction.
Human Epidermal Growth Factor (HER2) subtype in the current study was found to be
associated with irregular shape, lobulated margin, absent desmoplastic reaction with
posterior acoustic mixed shadowing and enhancement. This could be related to suspi-
cious microcalcifications. Triple Negative Breast Cancer (TNBC) lesions in the present
work were predominantly oval in shape withe circumscribed margin; the benign looking
malignant lesions which carry the worst prognosis. Based on the latter finding, the good
radiologist should be aware about ultround features of different molecular subtype in
order not to under diagnose a malignant breast lesion. The sonographic features as
margin, shape, posterior acoustic features were significantly associated with molecular
subtypes. The histopathological grade and hormone receptor status. Being able to pre-
dict the molecular subtype. The current study recommend that the radiologist should be
aware about different imaging features of different molecular subtypes especially the
triple negative breast cancer which had the most benign looking criteria aiming for
better lesion characterization and to allow the patient to benefit from earlier non-
invasive, cheap diagnosis and the curable on time treatment.
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1. Introduction

Cancer Breast is a heterogeneous and complex disease with different
morphologic, biologic, and molecular features. The histopathological characteristics
of tumors had been used to determine the management of breast cancer.

However They do not provide sufficient information due to tumor heterogeneity
[1-3].

Distinct molecular subtypes of breast cancer had been defined based on
gene expression. Molecular subtyping of breast cancer is essential to individualize
its management, to understand prognosis of disease and avoid overtreatment [4].

Ultrasonographic imaging features of breast cancer, including the tumor shape,
margin, boundaries, posterior features, multiplicity, orientation, and calcification, are
significant predictive sonographic signs of different molecular subtypes [5].

Previous literatures had indicated an excellent improvement in U/S technologies.
It would be possible to have highly sensitive machines be able to differentiate
malignant solid breast masses from benign ones based on their different U/S
criteria [6].

Many studies correlated the ultrasonography features of malignant lesions with
their grade, while limited studies discussed the correlation with molecular subtypes of
breast cancer. Overlap of benign and malignant ultrasound morphology descriptors
still represents a challenge to breast imaging radiologists. Knowing the descriptors of
the different molecular subtypes may help radiologists to decrease both false positive
and false negative diagnosis [3-6].

2. Aim of the work

The present study aimed at detecting the correlation between ultrasound morpho-
logical features and different molecular subtypes of breast cancer which could
increase the diagnostic ultrasound accuracy.

3. Patients and methods

The current study is a retrospective study. Which was conducted on females
patients with breast cancer. They were presented to the Radiology Department,
Ain-Shams University, Faculty of Medicine. The selected cases had been afforded
from: The Breast-unit of General Surgery Hospital, El Demerdash University Hospital,
Clinical Oncology & Nuclear Medicine Department.

* Number of patients: 40 female patients had breast cancer.
* Time: during the period from November 2020 till March 2021.

* Age: 45-65 years old £10.58.
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An informed consent explaining the procedure details was obtained from all
patients prior to inclusion in this study. The study was conducted according to the
stipulations of the ASU ethical and scientific committee. The privacy of participants
and confidentiality of data were guaranteed during the various phases of the study.
The inclusion criteria were: Female patients with breast cancer, only. The exclusion
Criteria were: a) History of neoadjuvant therapy; b) Ductal carcinoma in situ; c)
Patients had started any local or systemic therapy.

3.1 Study methods

Forty female patients had breast cancers were selected for the present study the
inpatient wards as well as outpatient clinic were admitted for bilateral
Sonomammographic examination. An U/S device; GE (Pristima), Siemens
(Mammomat 1000) & Samsung (Accuvix XG) machines in Ain Shams University
Medical Hospital. A linear probe of 9-15 MHz was used.

The technique was done after exposure of the breast with the patient lying
supine and her ipsilateral hand raised above the head the UIS probe was oriented
perpendicular to the chest wall. Radial scanning technique, in a clockwise
fashion wising the nipple as a center point wall followed. Scanning of each breast
quadrant in the sagittal and transverse planers were performed. Scanning axially
lymph nodes.

The examination time took about 20 minutes. All the real-time scanning was
performed by a radiologist with at least 5 years of experience in breast U/S. More
experienced radiologist with at least 7-10 years’ experience rechecked the findings.
As a way of a double-blind analysis. The final interpretation and diagnosis were
obtained.

3.2 Histopathologic diagnosis, image analysis and interpretation of conventional
ultrasound

U/S guided biopsy was scheduled for patients with suspicious breast lesions. The
procedure was performed by at least 7-10 years experienced radiologist. Biopsy was
taken under complete aseptic condition. Sterilization of the area of interest with
betadine was done; the latter was followed by sterilization the U/S probe. The radiol-
ogist used sterile gloves and injected a local anesthesia followed by introduction of the
Tru-cut needle. The needle under ultrasound guidance targeted the lesion. At least
four core biopsies were taken.

Tissues biopsied were sent to the Pathology Department. The tissues were formalin
fixed, paraffin embedded and subsequently used for IHC staining with appropriate
antibodies to detect the hormonal status of the lesions (ER, PR, HER2 gene expression
and Ki-67). The cutoff point for ER positive, PR-positive expression was 10%. HER-2
status was graded as 0, 1+, 2+ and 3+. The HER-2 status of 3+ was deemed to be
positive, while statuses of O and 1+ were deemed to be negative. Fluorescence in situ
hybridization (FISH) was performed on all grade 2 samples. Samples with a > 2-frold-
change in expression were regarded as negative. Samples with a < 2-fold increase
were regarded as positive for gene amplification. Ki67 was visually scored for the
percentage of tumor cell nuclei with positive immunostaining above background.
Over Histopathologic diagnosis by following and receiving the pathology report
from the patient.
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3.3 Statistical analysis

Recorded data were analyzed using the statistical package for social sciences, version
20.0 (SPSS Inc., Chicago, Illinois, USA). Quantitative data were expressed as mean = stan-
dard deviation (SD). Qualitative data were expressed as frequency and percentage.

The following tests were done: Chi-square (x%) test of significance was used in
order to compare proportions between qualitative parameters. The confidence inter-
val was set to 95% and the margin of error accepted was set to 5%. So, the p-value was
considered significant as the- following: - Probability (P-value). P-value <0.05 was
considered significant. P-value <0.001 was considered as highly significant. P-value
>0.05 was considered insignificant.

4, Results

The current study comprised 40 female patients with cancer breast. The resulting
analysis of the main four breast cancer subtypes of the current work among the
patients showed the following figures:

* LA: 34% i.e. 14 patients.
* LB: 40% i.e. 16 patients.
* TNBC: 11% i.e. 4 patients.

* HER2: 15% i.e. 6 patients (Tables 1-5).

n Row% Column % P value
Age groups <=50 yrs 8 33.3% 55.9%
>50 yrs 6 34.9% 44.1% 0.429
Density Fatty 8 33.9% 55.9%
Fibroglandular 6 34.1% 44.1% 0.832
Shape Oval 2 15.4% 11.8%
Irregular 12 40.5% 88.2% <0.001
Margin Circumscribed 2 13.3% 5.9%
Lobulated 4 20.0% 17.6%
Speculated 8 47.3% 76.5%
Echogenicity Hyper
Iso 2 27.8% 14.7%
Hypo 12 35.4% 85.3% 0.713
E Enhancement 2 18.2% 11.8%
S Shadowing 10 51.1% 70.6%
M Mixed 2 19.4% 17.6%
Number of Single 10 33.8% 64.7%
Lesion Multiple 4 34.3% 35.3% 0.219
Calcification No 8 30.6% 55.9%
Yes 6 39.5% 44.1% 0.025
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n Row% Column % P value
Size grouped <2 10 38.3% 52.9%
>=2 4 30.2% 47.1% 0.036
Surrounding No 10 32.4% 67.6%
Parenchyma Yes 4 37.9% 32.4% 0.613
Desmoplastic reaction No 5 22.1% 44.1%
Yes 9 59.4% 55.9% <0.001
Table 1.
Showing age, U/S criteria of LA subtype.
N Row % Column % P value
Age groups <=50 yrs 10 40.4% 60.5%
>50 yrs 6 34.9% 39.5% 0.429
Density Fatty 10 41.1% 60.5%
Fibroglandular 6 34.1% 39.5% 0.832
Shape Oval 5 34.6% 23.7%
Irregular 1 39.2% 76.3% <0.001
Margin Circumscribed 2 40.0% 15.8%
Lobulated 4 33.3% 26.3%
Speculated 10 40.0% 57.9%
Echogenicity Hyper
Iso 2 33.3% 15.8%
Hypo 14 39.0% 84.2% 0.713
E Enhancement 2 36.4% 21.1%
S Shadowing 10 34.0% 42.1%
M Mixed 4 45.2% 36.8%
Number of Single 14 38.5% 65.8%
Lesion Multiple 2 37.1% 34.2% 0.219
Calcification No 1 46.8% 76.3%
Yes 5 23.7% 23.7% 0.025
Size grouped <2 8 40.4% 50.0%
>=2 8 35.8% 50.0% 0.036
Surrounding No 1 40.8% 76.3%
parenchyma Yes 5 31.0% 23.7% 0.613
Desmoplastic No 10 41.2% 73.7%
Reaction Yes 6 31.3% 26.3% <0.001
Table 2.

Showing age, U/S criteria of LB subtype.
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n Row % Column P value
%
Age groups <=50 yrs 1 15.8% 69.2%
>50 yrs 3 9.3% 30.8% 0.429
Density Fatty 2 10.7% 46.2%
Fibroglandular 2 15.9% 53.8% 0.832
Shape Oval 3 34.6% 69.2%
Irregular 1 5.4% 30.8% <0.001
Margin Circumscribed 3 46.7% 53.8%
Lobulated 0 13.3% 30.8%
Speculated 1 3.6% 15.4%
Echogenicity Hyper
Iso 1 16.7% 23.1%
Hypo 3 12.2% 76.9% 0.713
E Enhancement 2 31.8% 53.8%
S Shadowing 1 6.4% 23.1%
M Mixed 1 9.7% 23.1%
Number of Single 4 16.9% 84.6%
lesion Multiple 0 5.7% 15.4% 0.219
Calcification No 3 14.5% 69.2%
Yes 1 10.5% 30.8% 0.025
Size grouped <2 3 17.0% 61.5%
>=2 1 9.4% 38.5% 0.036
Surrounding No 4 14.1% 76.9%
parenchyma Yes 0 10.3% 23.1% 0.613
Desmoplastic No 4 17.6% 92.3%
reaction Yes 0 3.1% 7.7% <0.001
Table 3.
Showing age, U/S criteria of TNBC subtype.
n Row % Column % P value
Age groups <=50 yrs 15.8% 69.2%
>50 yrs 9 9.3% 30.8% 0.429
Density Fatty 8 10.7% 46.2%
Fibroglandular 7 15.9% 53.8% 0.832
Shape Oval 4 34.6% 69.2%
Irregular 11 5.4% 30.8% <0.001
Margin Circumscribed 0 46.7% 53.8%
Lobulated 10 13.3% 30.8%
speculated 5 3.6% 15.4%
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n Row % Column % P value
Echogenicity Hyper
Iso 4 16.7% 23.1%
Hypo 11 12.2% 76.9% 0.713
E Enhancement 3 31.8% 53.8%
S Shadowing 4 6.4% 23.1%
M Mixed 8 9.7% 23.1%
Number of Single 7 16.9% 84.6%
lesion Multiple 8 5.7% 15.4% 0.219
Calcification No 5 14.5% 69.2%
Yes 10 10.5% 30.8% 0.025
Size grouped <2 2 17.0% 61.5%
>=2 13 9.4% 38.5% 0.036
Surrounding No 9 14.1% 76.9%
parenchyma Yes 6 10.3% 23.1% 0.613
Desmoplastic No 13 17.6% 92.3%
reaction Yes 2 3.1% 7.7% <0.001
Table 4.
Showing age, U/S criteria of HER2 subtype.
n Row% Column% P value
LA subtype: For 14 patients
Pathology IDC 12 29.9% 76.5%
ILC 2 61.5% 23.5%
Grade 1 12 43.9% 73.5%
Grouped 2 2 20.9% 26.5% 0.050
n Row% Column% P value
LB subtype: For 16 patients
Pathology IDC 38 39.1% 89.5%
ILC 2 30.8% 10.5%
Grade 1 22 35.1% 52.6%
Grouped 2 18 41.9% 47.4% 0.050
n Row% Column% P value
TNBC subtype: For 4 patients
Pathology IDC 3 13.8% 92.3%
ILC 1 7.7% 7.7%
Grade 1 1 7.0% 30.8%
Grouped 2 3 20.9% 69.2% 0.050

129



Breast Cancer Updates

n Row% Column % P value
HER?2 subtype: For 6 patients
Pathology IDC 6 17.2% 100.0%
ILC 0 0.0% 0.0%
Grade 1 4 14.0% 53.3%
Grouped 2 2 16.3% 46.7% 0.05
Table 5.

Showing the histopathological vesults and grade in different molecular subtypes.

4.1 Luminal A breast cancer case presentation

52-year-old female patient presented, symptomless, was imaged for screening.

Family history of breast cancer: positive (Figure 1).

Histopathological examination result:
Invasive ductal carcinoma grade II.

Immunohistochemical revealed:
ER: positive

PR: positive

HER2: negative

Ki-67: 2%

4.2 Luminal B HER2 —ve breast cancer case presentation

58-year-old female patient presented with right breast lump. Family history: Neg-

ative (Figure 2).

+ Dist 1.61cm
;¢ Dist 1.11cem
= Dist 1.54 cm

Left Breast 12:00 0'clock

Figure 1.

TIS0.1 ML

U/S showing hypoechoic lesion, irregular in shape with spiculated margin, measuring 1.6x1.1 cm in its maximum
dimensions surrounded by desmoplastic reaction and showing posterior acoustic shadowing.
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+ Dist 1.97 cm
4:00 0'clock Left Breast

Figure 2.

U/S of fibroglandular breast showing hypoechoic irregular lesion with speculated margin, measuring 2 cm in its
maximum dimension not surrounded by desmoplastic reaction with posterior acoustic shadowing. The parenchyma
showed mild distortion.

Histopathological examination result:
Invasive ductal carcinoma grade II

Immunohistochemistry revealed:
ER: positive

PR: negative

HER2: negative

Ki-67: 50%

4.3 Luminal B HER2 —ve breast cancer case presentation

65-year-old female patient presented with right breast mass. Family history:
Positive (Figure 3).

Histopathological examination result:

Invasive duct carcinoma grade II

Immunohistochemistry revealed:
ER: positive

PR: negative

HER2: negative

Ki-67: 50%

4.4 Luminal B HER2 +tve breast cancer case presentation

60-years-old female patient presented with left breast lump. Family history:
Negative (Figure 4).
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+ Dist 3.32cm

Figure 3.
U/S breast showing irregular shaped lesion with speculated margin measuring 3.3 cm in its maximum dimension

showing posterior acoustic shadowing.

Left Breast 9:00 O0'clock

+ Dist 2.09cm

Figure 4.
U/S of fibroglandular breast showing hypoechoic focal lesion, irregular in shape with speculated margin and not
surrounded by desmoplastic veaction, mixed posterior acoustic shadowing and enhancement. The parenchyma

showed distortion and few calcific foci.

Histopathological examination result:
Invasive duct carcinoma grade III

Immunohistochemical results revealed:
ER: positive
PR: negative
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HER?2: positive
Ki-67: 30%

4.5 Triple negative breast cancer case presentation

47-years-old female patient presented with left breast mass. Family history: Nega-
tive (Figure 5).

Histopathological examination result:

Invasive ductal carcinoma grade III.

Immunohistochemistry results:
ER: negative

PR: negative

HER2: negative

Ki-67: 30%

4.6 Triple negative breast cancer case presentation

45-year-old female patient presented with right breast mass. Family history:
Negative (Figure 6).

Histopathological examination result:

Invasive ductal carcinoma grade III.

Immunohistochemistry results:
ER: negative

PR: negative

HER?2: negative

Ki-67: 50%

Figure 5.

U/S showed fibroglandular breast with hypoechoic oval shaped lesion with circumscribed margin, measuring
4.3%3.6 cm in its maximum dimensions showing posterior acoustic enhancement with edge attenuation. The lesion
is not surrounded by desmoplastic reaction.
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+ Dist 216 cm
;2 Dist 1.45cm

Figure 6.

U/S breast showing hypoechoic oval shaped lesion with circumscribed mavgin, measuring 2.2x1.5 cm in its
maximum dimensions showing mixed posterior acoustic shadowing and enhancement. The lesion is not surrounded
by desmoplastic reaction. No associated pavenchymal distortion or calcification noted.

4.7 HER?2 breast cancer case presentation

52-years-old female patient presented with right breast lump.
Family history: Positive (Figure 7).

Histopathological examination result:

Invasive ductal carcinoma grade III.

+ Dist 1.14cm
2 Dist 0.797 cm

Figure 7.
U/S of breast showing hypoechoic irregular shaped lesion. The lesion was associated with pavenchymal distortion
and other satellite lesions. The largest measuring 1.2 x 2.1 cm in its maximum dimensions.
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Immunohistochemistry revealed:
ER: negative

PR: negative

HER?2: positive.

The current study comprised 40 female patients with breast cancer. When
analyzing the main four breast cancer subtypes. The present results showed the
percentage rates of the subtypes-as: LA 34%. LB 40%, HER2 15%, and TNBC 11%.

The result of the present work showed LB subtype represented 40% and the cases
followed by LA subtype 34%. While [6] in their study showed that LA subtype was
37.8°(.0 and LB subtype was 36.8%.

The differences between the current work and [6] did not rank to valuable
statistical difference.

The mean age of the patients was 50 +/— 10 with a range from 45 to 65:years.
Correlation between each subtype.with age and density had been done. The signifi-
cance of the correlation of subtype of the lesion and density of the breast was related
to the age groups.

Since dense fibroglandular breast was associated with younger age group and fatty
breast was associated with older age group was described by [7].

In the present study, LA subtype included 14 patients with 8 patients > 50 years
and 6 patients <50 years. The result was not consistent with [8] study which had
reported that most of LA patients’ age was above 50 years.

LB subtype represented 16 patients of the current study with 10 patients> =50 years
and 6 patients <50 years. The result was congruent with [8] which showed a higher
percentage of the studied LB patients were less than 50 years of age.

HER?2 subtype included 15 patients of our study with 6 patients>50 years and 9
patients <50 years. This was consistent with [6]. They found that HER2 breast cancer
lesions were significantly associated with advanced age.

TNBC subtype included 4 patients, 3 of them were > 50 years and one patient
<50 years. Which indicates that TNBC was more associated with younger age group.
The same results had been founded by [6, 9] studies that showed the majority of
TNBC lesions were encountered with younger age group.

In the present study, HER?2 lesions were more encountered in fatty breast.
However the rest of subtypes showed no significant predominance in a certain: breast
density. These findings were consistent with [8] findings that showed that HER2
subtype was significantly observed in postmenopausal women; but inconsistent in
TNBC subtype. In the present work TNBC showed a strong association with dense
fibroglandular breast.

Oval shaped lesions with circumscribed margin were found significantly associated
with TNBC lesions (69% of the cases) (p < 0.001) and least observed in LA lesions
where only 11% of them showed oval circumscribed margin. In contrast-irregular.-
shaped lesions were significantly observed in LA subtype (88% of the cases) with a P
value < 0.001. In addition 76% of LB cases and 73% of HER?2 cases were associated
with irregular shape (P < 0.001).

Speculated margin was observed in most of LA lesions (76% of the cases), while
lobulated margin was more observed in HER? lesions (66.7%).These findings were
congruent with [9-11] findings. They showed tumors with regular shape and
circumscribed margins were more often triple negative breast cancer lesions showing
hormone negativity while irregular shape and non-circumscribed margins was
significantly associated with luminal tumors and hormone receptor positivity.
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In the present study posterior shadowing was significantly associated with luminal
tumors while posterior enhancement was found to be more observed with TNBC
lesions (53%). Mixed enhancement and shadowing were associated with HER2 lesions
which was observed in 53.3% of our HER2 cases.

These findings were consistent with [12] had stated that posterior enhancement is
an eminent feature characterizing TNBC.

Kin et al. [13] findings were typically consistent with our study regarding the
posterior acoustic shadowing feature in luminal subtypes. The current our results
were not associated with [14] that showed that HER2 lesions were more associated
with posterior enhancement.

Desmoplastic reaction was observed in LA lesions (55.5% of LA cases) with a P
value<0.001. Other subtypes showed no significant correlation with this criterion.
Our finding was typically consistent with [6, 9] findings suggesting that desmoplastic
reaction could denote slowly growing tumors.

All lesions were found to be more hypoechoic than isoechoic.

Hyperechoic lesions were not found at all in all the examined masses. Hypoecho-
genieity was significantly associated with TNBC, a result that found to be consistent
with the one reported by [13].

Multiplicity of the lesion was more frequently encountered in HER2 subtype
lesions and was not significantly observed in other subtype. This _is consistent with
[13] that related this finding to the associated intraductal component that is found to
be clearly associated with HER2+ receptor.

In the present study calcifications was found to be clearly encountered in ER2,
subtyp lesions (,67%) with much less association with other subtype (P = 0.025).

This was found to be in accordance with [15] showing that the expression of HER2
oncogene was strongly correlated with the presence of calcification upon ultrasound.
Additionally [12] noticed that the presence of calcification was significantly associated
with HER2+ status.

Associated parenchymal distortion was more observed in LA and HER2 subtypes.
This was consistent with [15] study that showed that LB subtype was the least associ-
ated with architectural distortion. Intraductal extension in HER2 subtype might have a
role in architectural distortion as stated by [13].

Tumors larger than 2 cm were frequently associated with HER2+ status. These
included HER2 and LB HER2+ subtypes which both together constitute 33% of total
number of cases (P = 0.036). Smaller lesions were significantly seen in hormone receptor
ER and /or PR positive breast masses. These results were correlated to the findings of [8].

TNBC lesions less than 2 cm were observed in one out of four patients, while the
remaining three lesions were more than or equal 2 cm, and these findings were not
consistent with [8, 16]. They showed that larger lesions were more associated with
TNBC subtype. Invasive ductal carcinoma was the histopathological type the most
common of breast cancer in the present study. Invasive lobular breast tumor was
encountered in 23% of LA subtype’s masses.

5. Conclusion

The sonographic features as margin shape, posterior acoustic features were signif-
icantly associated with molecular subtypes. The histopathological grade and hormone
receptor status. Being able to predict the molecular subtype. The current study
recommend that the radiologist should be aware about different imaging features of
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different molecular subtypes especially the triple negative breast cancer which had the
most benign looking criteria aiming for better lesion characterization and to allow the

patient to benefit from earlier non invasive, cheap diagnosis and the curable on time
management.
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Chapter 11

A Short Communication: Non-acid
Nucleic Blood Multi-Factors Panels
for Primary Breast Cancer
Detection — A Systematic Review
and Network Meta-Analysis

Vahid Raja, Ziba Farajzadegan, Marjan Mansourian,
Khojaste Ghasemi, Mohammad Sadegh Aboutalebi,
Rasool Nouri and Fariborz Mokarian

Abstract

This study aimed to compare the non-acid nucleic blood multi-factor panels
together and with mammography in terms of sensitivity, specificity, and accuracy in
primary breast cancer detection (I, II, III, and IV). We systematically reviewed studies
assessing non-acid nucleic blood tumor markers panels’ diagnostic value in both
healthy women and patients (before any anticancer treatment) for the detection of
primary breast cancer. Out of the 2358 titles initially identified, 12 studies and 9 panels
were included in the network meta-analysis. Panels I (MSA + B2m) and ] (GATAS3 + E-
cadherin) had the highest sensitivity in all stages of primary breast cancer but had no
significant difference with mammography. Panels L (MSA + CA15-3) and B (M-CSF-

+ CA15-3) had the highest specificity in all stages compared to other panels but no
remarkable difference with mammography. Panels ] (GATA3 + E-cadherin) and I
(MSA + B2m) respectively had the highest accuracy in primary breast cancer detec-
tion but no considerable difference with mammography in terms of accuracy. Panel J,
including GATA3 + E-cadherin, demonstrated a higher diagnostic value for primary
breast cancer detection (I, II, III, and IV) than the rest of the panels.

Keywords: primary breast cancer, blood tumor markers, timely diagnosis, sensitivity
and specificity, multi-factor panels, network meta-analysis

1. Introduction

Based on our previous study [1], the necessity of a noninvasive, accessible, cost-
effective, and reliable method for breast cancer detection based on blood factors was
proved. Furthermore, blood multi-factor panels can be the best choice for such a
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method thanks to improving the sensitivity and specificity of cancer detection con-
siderably compared to the individual state. In that study [1], we had determined the
best non-acid nucleic blood multi-factor panels for breast cancer detection in early
stages and locoregional breast cancer (I, II, and III). In this brief study, however, we
compared the best non-acid nucleic blood multi-factor panels in primary breast cancer
detection (I, II, III, and IV) by conducting a network meta-analysis. In fact, this study
aimed to offer new insight into the diagnostic value of the best panels of non-acid
nucleic blood tumor markers to detect primary breast cancer along all stages not only
in early stages. The breast malignancy that emerges and can be diagnosed for the first
time is named primary breast cancer, and if it recurs after primary treatment includ-
ing surgery, chemotherapy, hormone therapy, and radiotherapy individually or col-
lectively, it will be named secondary breast cancer [2]. Primary breast cancer
comprises locoregional (I, II, IIT) and metastatic stages (IV) [3].

2. Materials and method

The systematic reviews of the observational studies were conducted based on
PRISMA guidelines (Preferred Reporting Items for Systematic Reviews and
Meta-analysis) [4]. Eligibility criteria, search strategy (supplementary material 1 B),
databases, study selection, data extraction, and statistical analysis conformed to
our former study [1]. The difference is that, in this brief study, we systematically
reviewed the studies that have simultaneously assessed several tumor markers in the
form of a panel to diagnose and detect breast cancer in all stages of primary breast
cancer (I, II, III, and IV).

The included panels were B: M-CSF + CA15-3, C: VEGF + CA15-3, D: VEGF +
M-CSF + CA 15-3, E: VEGF+ M-CSF, F: p16+ c-MYC+ P53, G: CA15-3 + CEA, I:
MSA + B2m, J: GATA3 + E-cadherin and L: MSA + CA15-3.

All these panels were made based on simultaneous measurement of two or three
blood tumor markers in patients and healthy people using a compatible linear combi-
nation method [5]. Panels (B, C, D, E, F, G) were assessed in more than one study
(multiple studies), and panels (I, J, L) were only assessed in one study (single study).
We conducted direct and indirect paired comparisons of the sensitivity, specificity,
and accuracy of the included blood tumor markers panels for diagnosing primary
breast cancer in all stages. All the investigations were conducted in comparison to
mammography (M) as the gold standard [6-8], like our previous study (Figure 1) [1].

3. Results and discussion
3.1 Study selection

Study selection conformed to our former study [1]. However, in this brief study,
among the 54 studies relevant to our research question which contained 86 unique
blood tumor markers panels (supplementary material 2) conforming to our eligibility
criteria, only 12 studies and 9 panels presented enough data for estimating sensitivity
and specificity in all stages (I, II, III, and IV) of primary breast cancer and could be
included in the systematic review and network meta-analysis. These 12 studies were
similar in terms of pre-analytical procedures and analytical methods (Table 1).

All the included and excluded studies are presented in Figure 2.
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Figure 1.

Multiple comparison of different panels for sensitivity. B: M-CSF + CA15-3, C: VEGF + CA15-3, D: VEGF + M-
CSF + CA 15-3, E: VEGF+ M-CSF, F: p16+ c-MYCs P53, G: CA15—-3 + CEA, I: MSA + Bam, J: GATA3 + E-
cadherin. L: MSA + CA15-3 M = mammography.

Association between diagnosis of primary breast cancer and blood tumor markers
panels:

Panels I (MSA + B2m) and ] (GATA3 + E-cadherin) had the highest sensitivity in
primary breast cancer but did not have noticeable differences with mammography.
Panels G (CA15-3 + CEA) and F (p16+ c-MYC+ P53) had the lowest sensitivity than
the rest of the panels and mammography as mammography exhibited a remarkably
better function than them, with OR = 0.13 and 95% CL (0.04-0.46) and OR = 0.15and
95% CL (0.04-0.52) (Figure 3a, Table 2). In diagnostic tests, sensitivity had a vital
role in screening diseases [21]. As a result, we can claim that the panels which had the
highest sensitivity can be promising diagnostic tests in primary breast cancer screen-
ing, which included panels I and ] in all stages of primary breast cancer. Panels L
(MSA + CA15-3) and B (M-CSF + CA15-3) had the highest specificity but did not have
remarkable differences with mammography. Panels G (CA15-3 + CEA) and D (VEGF
+ M-CSF + CA 15-3) had the lowest specificity as mammography demonstrated a
superior function in specificity, with OR = 0.06 and 95% CL (0.01-0.39) and
OR = 0.06 and 95% CL (0.02-0.19) (Figure 3b, Table 3). Mammography had a better
function in specificity than a large number of panels, since it exhibited the highest
specificity after panel L with OR = 2.54 and 95% CL (0.1-177.46) in diagnosing
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Figure 2.
Flow diagram of included and excluded articles. *Although we sent emails to articles’ authors to get their full texts,

we did not receive any answers.

primary breast cancer. Panels ] (GATA3 + E-cadherin) and I (MSA + B2m) possessed
the highest accuracy in primary breast cancer but did not show significant differences
with mammography. Panel L (MSA + CA15-3) did not demonstrate considerable
differences with panel I; therefore, we could consider them approximately similar
regarding accuracy. Panels G (CA15-3 + CEA) and F (p16+ c-MYC+ P53) possessed
the lowest accuracy in primary breast cancer as mammography exhibited a consider-
ably superior function in accuracy, with OR = 0.15 and 95% CL (0.07-0.3) and
OR = 0.37 and 95% CL (0.17-0.74) (Figure 3c, Table 4).

The best panels based on total function: J: GATA3 + E-cadherin, I: MSA + B2m.

In diagnosing primary breast cancer, panels ] and I exhibited the highest accuracy
and total function compared to other panels. Overall, we recommend panel ] because
it had an even better function in accuracy than panel I, despite being minor (Table 1)
and its study had a larger sample size (200). Panel ] was made of GATA3 and
E-cadherin. GATA3 is a transcription factor that plays a crucial role in the develop-
ment and progression of breast cancer and can reverse the epithelial-mesenchymal
transition. It also regulates the proliferation, differentiation, and development of cells.
E-cadherin is a member of the cadherin family mainly expressed in epithelial cells.
E-cadherin mediates the adhesion of allogeneic epithelial cells and plays a key role in
epithelial cell aggregation and adhesion. Studies have demonstrated that the
expression of cadherin is closely related to the invasion of breast cancer [18].
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(a)

(b)

(c)

Figure 3.
Estimated vank probability of all panels’ sensitivity, specificity, and accuracy. B: M-CSF + CA15-3, C: VEGF +
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CA15-3, D: VEGF + M-CSF + CA 15-3, E: VEGF+ M-CSF, F: p16+ ¢-MYC+ P53, G: CA15-3 + CEA, I:
MSA + Bam, J: GATA3 + E-cadherin. L: MSA + CA15-3 M = mammography.

4. Conclusion

In conclusion, panel J including GATA3 + E-cadherin with a sensitivity of 90 and
specificity of 91.7 demonstrated a higher diagnostic value for primary breast cancer

than the rest of the panels as it exhibited higher function in accuracy than mammog-
raphy, with OR = 1.38 and 95% CL (0.42-4.41), although it was not remarkable. After
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B C D E F G I J L M
B 1
C 1.18 1
(0.42-2.96)
D 0.83 0.71 1
(0.28-229)  (0.25-2)
E 1.73 1.47 2.09 1
(0.62-4.83) (0.56-4.24)  (0.72—
6.32)
F 10.52 9.01 12.73 6.13 1
(2.42- (2.16- (2.85-  (1.34-
46.72) 39.41) 60.57)  27.66)
G 1194 10.21 14.57 6.93 1.12 1
(2.69- (2.36- (3.07-  (149- (0.19-
56.3) 46.39)  70.46) 32.44)  678)
I 0.44 0.37 0.52 0.25 0.04 0.04 1
(0.05-  (0.05-2.95) (0.06- (0.03- (0.01-  (0.01—
3.44) 4.22) 2.01) 0.4) 0.37)
] 0.64 0.54 0.77 0.37 0.06 0.05 1.46 1
(0.09- (0.08- (0.1-  (0.05- (0.01- (0.01-  (0.11-
4.78) 4.16) 6.26) 2.95) 0.57)  0.52)  22.19)
L 113(0.16- 0.98(0.14- 137 0.65 0.11 0.09 2.6 1.79 1
7.97) 6.79) (0.19-  (0.09- (0.01- (0.01- (0.18-  (0.13-
10.07)  4.78) 1) 0.87)  3626) 22.86)
M 159 (0.69- 1.35(0.65- 191 0.91 0.15 0.13 3.63 2.47 14 1
3.53) 2.94) (0.78—  (0.38— (0.04- (0.04- (0.55- (0.37- (0.24—

488)  226)  0.52)  0.46) 2511) 1596)  8.3)

B: M-CSF + CA15-3, C: VEGF + CA15-3, D: VEGF + M-CSF + CA 15-3, E: VEGF+ M-CSF, F: p16+ c-MYC+ P53, G:
CA15-3 + CEA, I: MSA + B2m, J: GATA3 + E-cadherin L: MSA + CA15-3 M = Mammography.

Table 2.
Relative effects and its 95% credible interval of all pairwise panels for sensitivity based on Bayesian network meta-
analysis method.

B C D E F G I ] L M
1
C 475 1
(1.41-
16.11)
D 686 1.46 1
(1.97-  (0.42-
25.88) 5.27)
E 5.19 1.08 0.75 1
(1.42- (031 (0.2-
18.95) 3.99) 2.74)
F 2.8 0.58 0.4 0.53 1

(0.33- (0.07- (0.04- (0.06-
24.19) 4.87) 3.57) 4.86)

147



Breast Cancer Updates

B C D E F G I J L M

G 682 143  1(011-  1.33 2,62 1

(0.76-  (0.16-  9.29) 0.14-  (0.17-

63.76)  12.82) 12.7) 35.24)
I 2.74 0.57 0.39 053  1(0.04~  0.39 1

(0.16-  (0.03-  (0.02-  (0.03—- 3025  (0.02-

61.57)  12.81) 8.77) 12.6) 13.06)
] 24 0.51 0.34 0.46 0.85 0.34 0.87 1

(0.14- (0.03- (0.02- (0.03- (0.03- (0.01- (0.02-
48.49) 9.19) 6.66) 9.64) 22.94) 9.86) 42.75)

L 016 0.03 0.02 0.03 0.06 0.02 0.06 0.07 1
(0.01-  (0.01-  (0.01- (0.01- (0.01- (0.0~ (0.0-  (0.01-
4.92) 1.04) 0.72) 0.89) 2.68) 0.96) 3.68) 4.26)

M 0.42 0.09 0.06 0.08 0.15 0.06 0.16 0.18 2.54 1
(0.14- (0.03- (0.02-  (0.02- (0.02- (0.01- (0.01- (0.01- (0.1-
1.2) 0.24) 0.19) 0.25) 0.96) 0.39) 2.05) 2.3) 177.46)

B: M-CSF + CA15-3, C: VEGF + CA15-3, D: VEGF + M-CSF + CA 15-3, E: VEGF+ M-CSF, F: p16+ c-MYC+ P53, G:
CA15-3 + CEA, I: MSA + B2m, ]: GATA3 + E-cadherin L: MSA + CA15-3 M = Mammography.

Table 3.
Relative effects and its 95% credible interval of all pairwise panels for specificity based on Bayesian network meta-
analysis method.

B C D E F G I j L M
B 1
c 11 1
(0.65-
1.9)
D 124(07- 111 1
2.18) (0.65-
1.97)
E 103 0.92 0.83 1
(059- (054  (0.46-
1.81) 1.64) 1.46)
F 18(0.77- 161 1.45 1.78 1
442)  (0.7-4) (0.61-  (0.73-
3.77) 4.23)
G  4.42 3.98 3.58 4.32 2.45 1
(192- (174~ (144  (1.79-  (0.85-
10.23) 9.25) 8.49)  10.29) 6.76)
I 0.54 0.48 0.44 0.53 0.3 0.12 1
(0.15-  (0.14-  (0.12- (015~  (0.07-  (0.03-
1.81) 1.62) 1.48) 1.84) 1.15) 0.47)
] 0.48 0.43 0.39 0.46 0.26 0.1 0.91 1
(0.13-  (0.12- (0.1- (0.13-  (0.06-  (0.03-  (0.17-
1.74) 1.55) 1.43) 1.84) 1.1) 0.43) 4.57)
L 058 0.52 0.47 0.57 0.32 0.13 1.09 1.22 1
(017- (016~  (0.13-  (0.16-  (0.08—  (0.03—  (0.22-  (0.25-
2.09) 1.92) 1.71) 2.1) 1.35) 0.51) 5.35) 6.06)
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B C D E F G I J L M

M 0.66 0.59 0.53 0.64 0.37 0.15 1.22 1.38 11 1
(0.42- (0.39- (0.32- (0.38- (0.17- (0.07- (0.4- (0.42-  (0.34-
1.05) 0.92) 0.87) 1.06) 0.74) 0.3) 3.84) 4.41) 3.45)

B: M-CSF + CA15-3, C: VEGF + CA15-3, D: VEGF + M-CSF + CA 15-3, E: VEGF+ M-CSF, F: p16+ c-MYC+ P53, G:
CA15-3 + CEA, I: MSA + B2m, ]: GATA3 + E-cadherin L: MSA + CA15-3 M = Mammography.

Table 4.
Relative effects and its 95% credible interval of all pairwise panels for accuracy based on Bayesian network
meta-analysis method.

panel J, panel I (MSA + B2m) with a sensitivity of 90 and specificity of 90.3 and panel
L (MSA + CA15-3) with a sensitivity of 84 and specificity of 100 had the best function
in primary breast cancer detection than the rest of the panels. However, more exper-
imental studies are required with larger samples, on different populations, and using
other chemical measurement methods to verify these results.
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Membrane-Bound Complement
Regulatory Proteins in Breast
Cancer: Are They Best Therapeutic
Targets?

Sofia Alvarez-Lovenzo, Rebeca Elizabeth Montalvo-Castro,
Jeannie Jiménez-Lopez, Maria Adriana Medina-Mondragon
and Nohemi Salinas-Jazmin

Abstract

Breast cancer is one of the most aggressive diseases in women, responsible for thou-
sands of deaths annually and millions of new diagnoses; its treatment presents multiple
obstacles due to late diagnosis and the various mechanisms of tumor resistance. In breast
cancer the membrane-bound complement regulatory proteins (mCRP) have been pro-
posed as biomarkers of malignant cellular transformation. These are molecules capable
of inhibiting therapeutic efficacy, from both antibodies and cytotoxic drugs. Therefore,
these proteins are potential targets to increase therapeutic efficacy and avoid cancer
progression. We will gather information about mCRP: (i) structural features; (ii) expres-
sion levels in breast cancer and relationship with prognosis; (iii) therapeutic resistance
mechanisms; and (iv) strategies to down-regulate mCRP in both activity and expression.

Keywords: breast cancer, mCRP, therapeutic resistance, therapeutic mAb, systemic
treatments

1. Introduction

Cancer is one of the most fatal diseases in the world, and breast cancer is the most
incidence and mortality in women [1]. Breast cancer is a highly heterogeneous disease
with morphological features and variable clinical outcomes. The clinical course,
prognosis, and responsiveness to breast cancer treatment depend on their specific
biological characteristics or classification. The immunohistochemical classification
is based on hormone receptor (HR) expression (estrogen receptor [ER] and proges-
terone receptor [PGR]) and amplification of the human epidermal growth factor
receptor ERBB2/HER?2-: the HR-positive (luminal A or B), the HER2-positive and
triple-negative (TNBC) subtypes [2, 3].

Overall, the systemic therapy administered consists of endocrine therapy for all
HR+ tumors, immunotherapy plus chemotherapy for all HER2-positive tumors, and
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cytotoxic chemotherapy plus immunotherapy for TNBC [4-7]. It has been reported
that long exposure to therapeutic agents may generate an adaptive cellular response
that results in the induction of acquired drug resistance. So, the use of combination
chemotherapy potentially provides advantages such as chances for increasing or
maintaining efficacy and reduced or delayed development of drug resistance [8].

However, there are many factors involved in the failure of treatment, such as the
expression of complement regulatory proteins (mCRP). These proteins have been
reported to be up-regulated in several cancer cells and tumor tissues, as a mechanism
to evade elimination by the complement system [9-11].

High expression of mCRP by cancer cells confers resistance against antitumoral
therapies by controlling the activation of the complement cascade and regulation of
intracellular complement signaling in cancer cells [11-15].

Herein, we summarize evidence related to mCRP tumoral activity in cancer cells
and discuss the implications of its biological actions in anticancer therapy. Therefore,
we will gather information about mCRP: (i) structural features; (ii) expression
levels in breast cancer and relationship with prognosis; (iii) therapeutic resistance
mechanisms; and (iv) several strategies to down-regulate mCRP in both activity and
expression.

2. The complement system and breast cancer
2.1 Breast cancer treatment

Breast cancer is the most frequently diagnosed cancer in women comprising 24.2%
of total cancers, and is the leading cause of cancer mortality in women worldwide
(15.5%), constituting a complex public health problem [16]. On the molecular level,
breast cancer is a heterogeneous disease, and it has been classified according to gene
expression patterns and the presence of specific molecular markers in tumors. The
main molecular markers considered are the estrogen receptor (ER), progesterone
receptor (PR), and the human epidermal growth factor receptor 2 (ERBB/HER?2)
because of their relevance in cancer pathogenesis and their prognostic value in
treatment response. In clinical practice, the detection of these markers by immu-
nohistochemistry (IHC) allows tumor classification. Tumors expressing ER and PR
are considered hormone receptor-positive; those that exhibit HER2 amplification or
overexpression are HER2-positive, and tumors lacking expression of ER, PR or HER2
are triple-negative [2, 4, 17].

Systemic therapy for breast cancer is determined by subtype; patients with
HR-positive tumors receive endocrine therapy, and a minority also receive chemo-
therapy. Patients with HER2-positive tumors receive HER2-targeted monoclonal
antibody (mAb) or small-molecule inhibitor therapy combined with chemotherapy,
and patients with triple-negative tumors usually receive chemotherapy [4, 5]. Several
antibody-based treatments targeting tumor antigens and tumor-promoting signaling
pathways have been shown to rely on complement system activation for mAb-induced
cytotoxicity, including the HER2-specific mAbs trastuzumab and pertuzumab (IgG1
isotype). Their Fc regions interact with the complement component Clq, inducing
activation of the classical complement pathway. Moreover, the Fc regions can also
interact with FcyRs of natural killer cells, macrophages, and neutrophils to induce
antibody-dependent cellular cytotoxicity (ADCC). Phagocytosis of tumor cells by
phagocytes is also enhanced by complement fragments such as C3b, in a mechanism
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referred to as complement-dependent cell-mediated cytotoxicity (CDCC) [10]. Not
only trastuzumab and pertuzumab but also other mAbs such as sacituzumab-gov-
itecan, an anti-Trop-2 IgG1 antibody used for the treatment of triple-negative breast
cancet, follow these mechanisms of action [7].

Despite their efficacy, intrinsic or acquired resistance to mAbs-based treatments
occurs frequently. For example, about 70% of HER2-positive breast cancer may have
intrinsic resistance to trastuzumab, and most of those who respond to this treatment
tend to develop acquired resistance within 1 or 2 years [18]. Several mechanisms may
lead to antibody resistance, e.g. down-regulation of the target epitope, diminished
ADCC or opsonization, or resistance to complement-mediated lytic attack. There is
ample evidence that complement resistance of tumor cells is a widespread phenom-
enon, and therefore strategies to overcome this problem are needed [19].

2.2 The complement system

The complement system is part of the innate immune response, and it represents
one of the first lines of defense against pathogens. However, it also plays crucial roles
in maintaining homeostasis through mechanisms such as the removal of apoptotic
cells, the regulation of coagulation, angiogenesis, lipid metabolism, and importantly,
the surveillance of cancer cells [9]. Complement functions through a series of over
30 coordinated cascading proteins and zymogens to induce cellular lysis, opsonize
pathogens, induce inflammation and interact with cells of adaptive immunity [20].

Depending on the activator, complement can be triggered by three different
pathways: classical, lectin, and alternative (Figure1).

* The classical pathway is activated by the binding of Clq, in complex with C1r
and Cls serine proteases, to the Fc region of immunoglobulins (IgG or IgM)
complexed with antigen. The binding of C1q to a ligand results in a conforma-
tional change leading to the sequential activation of Clr and Cls. Activated Cls
cleaves C4 into C4a and C4b, and C2 into C2a and C2b. Subunits C4b and C2a
form C4bC2a, a C3 convertase enzyme complex able to cleave C3.

* The lectin pathway is analogous to the classical one, but its activation is trig-
gered by mannose-binding lectins (MBLs), collectins or ficolins that bind to
carbohydrate ligands such as mannose, and together with MBL-associated serine
proteases (MASP1,2) form a C1-like complex, leading to the formation of a C3
convertase.

* Activation of the alternative pathway occurs through spontaneous hydrolysis
of C3 to C3(H20), often referred to as “tick-over mechanism” that leads to a
constitutive low level of complement activation. C3(H20) binds to factor B (FB),
which is then cleaved by Factor D, and the Bb fragment forms the C3(H20) Bb
complex. This fluid phase complex cleaves plasma C3, resulting in C3b, which
binds to cell surfaces and Bb, generating C3Bb, the C3 convertase of the alterna-

tive pathway.

In all pathways, the C3 convertase generates a C5 convertase by binding to C3b
molecules. Then, C5 convertase cleaves C5 to create C5b which binds with C6, C7, C8,
and multiple C9 to form the C5b-9 complex or membrane attack complex (MAC)
which functions as a pore in the cell membrane that leads to cellular lysis [9, 19-21].
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The complement system activation pathways. Depending on the context, complement system can be initiated

by three distinct pathways: classical, lectin, and alternative, each leading to lead to the formation of C3 and Cs
convertases and the common terminal pathway, in which the formation of the membrane attack complex (MAC)
leads to cellular lysis. Created with Biorender.

While inducing cell lysis through MAC is an important effector arm, the comple-
ment system can also trigger pro-inflammatory signaling and phagocytic functions
that are equally important. C3a and C5a function as anaphylatoxins and are constantly
released during complement activation. These molecules recruit and induce activa-
tion of immune cells expressing anaphylatoxin receptors (C3aR, C5aR1, C5aR2) such
as neutrophils, monocytes, eosinophils, mast cells, and macrophages. Furthermore,
C3b and C4b function as opsonins that aid in phagocytosis by binding to the target
cells surface, allowing the elimination of pathogens and stressed cells [9, 21].

2.3 Complement activation by tumor cells

It has been recognized that cancer cells acquire several genetic and epigenetic
abnormalities that induce the expression of tumor-associated antigens, which may
target tumor cells for recognition by complement proteins. The classical pathway
has been found to be activated by the recognition of post-transcriptionally modified
tumor-specific antigens by natural antibodies. Natural antibodies are predominantly
IgM isotype and are produced without prior antigenic stimulation against a variety
of self and foreign antigens. Furthermore, IgM antibodies can effectively activate the
classical complement pathway because, unlike IgG, a single molecule of IgM can bind
to Clq and initiate the proteolytic cascade [9, 22]. However, the activation of the clas-
sical pathway through IgG antibodies in breast cancer is not excluded, as is the case
with therapeutic antibodies [5, 12]. The presence of IgG, C3, and C4 together with
deposits of C5b-9 complexes on tumor cell membranes, were observed in samples
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from breast cancer patients, indicating a persistent iz situ complement activation
[23]. In addition, altered glycosylation patterns reported in breast cancer cells, such
as an increased expression of a2,3-sialic acid and a-L-fucose [24], are likely to induce
activation of the complement via the lectin pathway.

Although complement activation may favor the elimination of tumor cells, the role
of this system appears to be more complex in the context of the tumor microenviron-
ment (TME). Recent studies demonstrate that the impact of complement in cancer
is diverse, ranging from anti-tumor defense by killing antibody-coated tumor cells,
to potent tumor promotion by supporting local chronic inflammation or interfer-
ing with anti-tumor T-cell responses. Indeed, complement molecules C3, C3a, and
C5a are reported to play an important role in cancer progression. For example, in
mice models of breast cancer, C3 expressed by CD8+ T cells inhibits their antitumor
activity through an autocrine mechanism [25], whereas C5a/C5aR signaling pro-
motes metastasis by the recruitment of myeloid-derived suppressor cells (MDSC) in
premetastatic sites, causing suppression of effector CD8+ and CD4+ T cell responses
[26]. In contrast, other complement components act as tumor-inhibiting factors.

For example, Clq deficient mice exhibit accelerated tumor growth and an increased
number of lung metastases, which are not directly related to absence of complement
activation, but to the induction of angiogenesis and an increase in HER2 expression
[27]. Taken together, studies suggest that opposing effects of complement in cancer
are dependent upon the sites of activation, the composition of the TME, and the
tumor cell sensitivity to complement attack [28].

3. Characterization of the mCRPs: structure, localization, and function

Complement activation must be a tightly coordinated orchestra through any of
its pathways to avoid damage to its tissues. Multiple negative regulators are known as
complement regulatory proteins (CRP); their function is to maintain homeostasis in
the system. Among them, we can mention two main groups: (i) soluble complement
regulatory proteins (sCRP), such as C1 inhibitor, C4b binding protein, and factors
H, B, D, and I; and (ii) membrane-bound complement regulatory proteins (mCRP),
which include CD35, CD46, CD55, and CD59 [9]. Mostly CD46, CD55, and CD59
have received more attention since they are overexpressed in tumor tissues, and their
complement inhibitory functions have been proposed as resistance strategies applied
by cancer cells [9, 11, 29, 30].

3.1CD46

Membrane cofactor protein (MCP) known as CD46 is a type 1 transmembrane
glycoprotein, with a molecular weight that varies between 48 and 68 kDa. Was dis-
covered on peripheral blood cells in 1986 during a search for novel C3b-binding pro-
teins [31] and renamed as “membrane cofactor protein” due to the growing structure/
function information in 1991 [32]. This protein has a structural heterogeneity, partly
explained by the expression of multiple cDNA/protein isoforms that arise by alterna-
tive splicing of serine/threonine/proline-rich exons (sites of heavy O-glycosylation)
and cytoplasmic tails (Figure 2) [33]. CD46 is expressed in all nucleated cells, thus
only erythrocytes lack CD46 expression [34]. The gene for this protein is encoded on
chromosome 1g32.2 and its transcription depends on binding the activated transcrip-
tion factor STATS3 to its promoter [35].
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Figure 2.
Membrane-bound complement regulatory proteins: structure and function in the complement system inhibition.
Created with Biorender.

CD46, belongs to the family of regulators of complement activation (RCA), eluci-
dated since 1985. Its structure is common to all proteins expressed from the RCA family;
it is mainly based on four short consensus repeat (SCR) domains that make up most
of the extracellular region, the SCR repeats are connected to a hooking region rich in
serine, threonine, and proline (STP region), a single membrane-spanning segment
(transmembrane domain), and a cytoplasmic tail divided into two domains, identified
as CYT1 and CYT2 [32, 36, 37]. CD46 inhibits the formation of complement C5 con-
vertase by promoting the degradation of C3b and C4b by proteolytic cleavage [38, 39].
Biochemical mapping studies strongly implicate the SCR2, SCR3, and SCR4 domains in
the interaction of this protein with complement cascade proteins (Figure 2) [40, 41].

CD46 can be proteolytically modified on cell membranes and released by a metal-
loproteinase from cancer cells as vesicles with a diameter of 200 nm. Both vesicular
and soluble forms of CD46 are functional and promote C3b cleavage by factor I [42].

3.2CD55

CD55, also known as Decay-accelerating factor (DAF), was first discovered in 1969
on the cell surface of an erythrocyte. It is a glycophosphatidylinositol (GPI)-anchored
cell surface glycoprotein with a molecular weight that varies from between 50 and
100 kDa depending on cell type [43]. DAF is present in most cell types; its gene is
encoded on chromosome 1g32.2 located adjacent to the genes comprising the RCA
gene family, which includes as well CD46. Its expression is primarily modulated at
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the transcriptional level by a cAMP response element on its promoter and by the Spl
transcription factor. The most abundant variant generated by alternative splicing is
found in the membrane [44].

The main function of CD55 is to protect cells from autologous complement
attacks. Its role as a complement regulator is accelerating the dissociation and disin-
tegration of C3 convertase and preventing the formation of C5 convertase, avoiding
cell damage due to the subsequent formation of the MAC [45, 46]. Mature CD55 has
three domains: (i) consensus repeat domains consist of four short consensus repeat
(SCR) domains e.g. SCR-1, SCR-2, SCR-3, and SCR-4; (ii) O-linked carbohydrate
domain having a serine/threonine/proline-rich region, and (iii) GPI anchor [47].
The final GPI-anchored domain of CD55 binds the protein to the membrane’s outer
leaflet at dynamic structures composed of sphingolipid and cholesterol, called lipid
raft microdomains (Figure 2). This segment is composed of about 30 amino acids
cleaved post-translationally at the C-terminal signal peptide located at Ser352 during
processing at the endoplasmic reticulum (ER) and its later modification in the Golgi
apparatus before transporting to the cell membrane [48].

Has been reported that cell-surface CD55 is a ligand for CD97, a member of the
epidermal growth factor seven-span transmembrane (EGF-7TM) receptor family; the
binding of CD55 to CD97 can protect several cell types from complement-mediated
damage, thus playing an important role in host defense and inflammation [43, 49].
Furthermore, CD55 can stimulate CD97 signaling and modulate cancer metastasis, as
a mechanism dependent on the upregulation of MMP2 and MMP9 [50].

The CD55 signaling can be activated by growth factors, cytokines, and augment
prostaglandins [43]. In Hep3B hepatoma cells, the exposition of cytokines such as
TNF-a, IL-6, and IL-1f increased the expression of CD55 (three-fold) and CD59 (two-
fold) and decreased the expression of CD46, demonstrating the relevance function of
TME and inflammatory cytokines on the expression of mCRP [51]. Another example
of the fine regulation of CD55 expression in HT-29 colon cancer cells depends on the
activation via p42/44 MAPK pathway by the epidermal growth factor (EGF) [52].

3.3CD59

CD59 or membrane attack complex inhibitor (MAC-i), is a glycoprotein of 20 kDa
encoded on chromosome 11p13, expressed in most cells. It belongs to a protein
superfamily characterized by the expression of a Ly-6/uPAR domain (Figure 2),
which allows it to interact with complement proteins [53, 54]. This protein was first
described in 1986 and multiple groups worked on its characterization; in 1988 was
identified in human lymphoid cells and designed as a “membrane attack complex
inhibiting protein” [45, 55]. Their role in the regulation of the complement system
consists in inhibiting cell lysis by binding to the o chain of C8 and the p domain of C9
to prevent MAC formation in the membrane of cells, including cancer cells [56].

CD59 has three folded p sheets and one a helix; it has a cysteine-rich Ly6/uPAR
three-finger domain, a characteristic pattern of disulfide bonds, and a unique group
of amino acids susceptible to N- and O-glycosylation (Leul-Asn77) that constitute
the core of the molecule. It has been proposed that these glycosylations may influ-
ence its membrane distribution, limiting the spatial orientation of the extracellular
domain to interact with membrane attack complex (MAC) proteins and preventing
their digestion by proteases [54]. This protein requires the presence of detergent-
insoluble glycolipid rafts (DGI) and the glycosylphosphatidylinositol (GPI) anchor to
remain in the cell membrane [53]. Its membrane binding with GPI allows it to activate
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intracellular signaling to promote carcinogenesis, enhance cell adhesion, migration
and signaling through binding to vitronectin and interactions with integrins in breast
cancer cells [57].

Its expression takes place under different contexts: (i) constitutively regulated by
the Spl transcription factor, (ii) induced under inflammatory conditions by scaf-
folds between NF-kB and CREB proteins bound to CBP/p300 [58], (iii) conditionally
regulated by the transcription factor Smad3 induced by TGF-p during the epithelial-
mesenchymal transition (EMT) [44], and (iv) selectively expressed by SOX2 in
populations of cancer stem cells (CSC) [59].

4. mCRP expression in breast cancer and prognosis in patients

Expression of CD46, CD55, and CD59 in breast tumor samples, through PCR
analysis, showed that CD46 is the most highly expressed mCRP in breast cancer
[60]. In addition, IHC analysis confirmed the high expression of CD46 with both
cytoplasmic and membrane staining; however, there are controversies regarding the
expression of CD46 and its impact on prognosis [61, 62]. In samples of patients with
primary invasive tumors, CD46 was highly expressed in most samples (99.4%), and
the intensity of its expression has an inverse correlation with tumor grade histologi-
cal, and tumor size. Furthermore, intense staining of CD46 was found in good
prognosis-type tumors (tubulo-lobular, tubular, mucinous, and invasive cribriform
types). In contrast, it was less common in poor prognosis types (ductal/NST, solid
lobular, lobular mixed, mixed NST, and lobular types). Finally, older patients had a
higher expression of CD46 [61]. However, another study showed that patients with
CD46 negative tumor have a better prognosis, with an increased progression-free
time and overall survival time compared to patients expressing CD46. All patients in
this study underwent post-operative radiotherapy, while the patients in the first study
did not. This could explain the different results between the two studies [62].

It has also been reported that ER-positive tumors overexpress CD46 and that its
expression confers a loss of differentiation of tumors, a characteristic strongly related
to aggressiveness. This is consistent with the report of Thorsteinsson et al. on the
upregulation of CD46 during malignant progression [60, 63].

CD?55 is also highly expressed in breast cancer: in a study with 74 samples, 50 of
them (67.6%) were categorized as CD55-high and the remaining as CD55-low, with
a strong positivity in stage II and III tumors. Immunohistochemistry analyses also
showed a high expression of CD55 in the cytoplasm of the cells [64]. Furthermore,

a strong correlation exists between patients with CD55-high tumors and a shorter
relapse rate. Thus, CD55 could be a recurrence prognostic factor [64]. Madjd et al.
report that after therapy, surviving cells may overexpress CD55 on breast tumors as
aresponse to complement activation by the tumor environment [61]. On the other
hand, a study of 480 cases of primary operable invasive breast carcinoma reported

a higher expression of CD55 in grade 1 or 2 tumors, and this high CD55 expression
correlates with a good prognosis [65]. This same study revealed that the loss of CD55
might also correlate with poor prognosis, which is consistent with another report that
establishes that during malignant progression, there appears to be a downregulation
of CD55. This could be due to the protein’s role in regulating the immune response via
interaction with its ligand, CD97 [63, 65].

An analysis of clinical specimens from 120 patients (58 with lung metastases and
62 without metastatic disease) revealed that patients with high CD59 expression
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mCRP Expression Samples Treatment Prognosis
CD46 High 70 Chemotherapy + Unfavorable [62]
radiotherapy
510 Chemotherapy Good [61]
CD55 High 74 Only surgery Poor: relapse [64]
480 Radiotherapy Good [65]
+/— chemotherapy
CD59 High 120 — Poor [66]
520 No information Good [67]

IHC: immunohistochemistry.

Table 1.
Comparison between different reports on mCRP expression and impact on prognosis in breast tumor samples
evaluated by IHC.

might have a worse prognosis, as there was a positive association between CD59
expression and metastasis. Therefore, patients with high CD59 expression are more
likely to develop metastases [66]. Kaplan-Meier analysis showed that the expres-

sion of CD59 in breast cancer patients correlates with a worse relapse-free survival
rate and, furthermore, it appears that CD59 upregulation occurs during malignant
progression. Thus, CD59 may be a prognostic biomarker of poor outcomes in patients
with breast cancer [63, 66]. However, as with CD55, it has been reported that the

loss of CD59 could be correlated with poor prognosis due to its role in regulating the
immune response via interaction with its ligand, CD2. In addition, the same study
revealed that high levels of CD55 are associated with a good prognosis of moderately
differentiated tumors [67]. In contrast, another study revealed that breast cancer
patients with CD55 or CD59 overexpression had a higher relapse rate than those with
low CD55 expression. Similarly, the mean disease-free survival of patients with CD55
or CD59 overexpression was significantly shorter than that of patients with low CD55
expression. Multivariate analysis confirmed that CD55, but not CD59, was an inde-
pendent risk factor of recurrence [68].

Due to conflicting results between different studies, it is essential to consider the
differences between them: the sample size, the treatment prior analysis, and scoring
criteria (Table 1). For instance, in some studies, to categorize each case as CD55-high
or CD55-low, the grade of CD55 staining intensity in each tumor cell was multiplied by
the proportion of CD55-positive cells among the total tumor cells. In contrast, other
studies classified as high-CD55, those cases with >1% of tumor cells showing strong
CD55 expression. Because only tumor cells with significantly strong CD55 staining
were counted, the proportion of CD55-low cases was higher than in the previous study
[64]. Another important factor is the subtypes of breast tumors, described previously,
which have different characteristics that could affect either mCRP expression or its
correlation with prognosis, and none of the studies defined the type of the samples
they analyzed. This could also explain the differences in the results between studies.

5. mCRP and resistance mechanisms

For many decades, antitumor therapies have improved; however, despite significant
progress in cancer therapy clinical oncologists often face a major impediment to
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anticancer drug resistance: intrinsic resistance from the start of therapy or after initial
responses and in repeated courses of drug treatment, acquired resistance. Here, our
contribution to understanding the underlying molecular basis of the role of mCRP in
therapeutic resistance.

Some conditions might affect the expression levels of mCRP and, therefore,
impact on the prognosis of patients. Some reports on how mCRP expression changes
after chemotherapy and its relationship with resistance. Evidence indicates that
mCRPs are involved in resistance to different therapeutic schemes in the treatment of
patients with breast cancer. The associated mechanisms are still being studied, but it
has been recognized that complement resistance conferred by mCRPs facilitates cell
proliferation, survival of circulating metastatic tumor cells, poor immune response,
and reduced efficacy of immunotherapy/chemotherapy.

5.1 Immunotherapy

Immune escape mechanisms limit the susceptibility of tumor cells to antibody-
based therapy. The optimal efficacy of anticancer antibodies is limited by the
resistance of tumor cells to complement-mediated attack, mainly through the overex-
pression of mCRPs [69]. Has been reported that 50% of women affected with HER2-
positive breast cancer present or acquire resistance to trastuzumab.

Following the evidence that HER2-positive patients who did not respond to
trastuzumab had elevated CD55 expression, CD55 and CD59 have been reported
to be involved in resistance to trastuzumab or pertuzumab. Mechanistically, HER2
antibodies (trastuzumab or pertuzumab) contain IgG1 Fc that induces CDC in
cancer cells by activating the classical complement pathway, thus canonical CD55
and CD59 signaling allow blockade of HER2 antibody-mediated complement regu-
lation [13, 70]. This was studied in breast cancer cell lines by blocking CD55/CD59
activity using mAbs, modulating their expression via phosphatidylinositol-specific
phospholipase C (PI-PLC) and silencing their expression using short hairpin RNA
(shRNA). Results of trypan blue exclusion assays demonstrated that treatment of
cells with trastuzumab incubated with pooled normal human serum (NHS) used as
the source of complement, significantly enhanced CDC-dependent lysis of SK-BR3
and BT-474 cells in these three scenarios where the participation of the mCRP was
inhibited [13, 68].

Another study evaluated the efficacy of trastuzumab or pertuzumab alone
or in combination to induce C3 tumor cell opsonization in SK-BR3 and BT-474
cells. Enhanced deposition of activated C3 (C3d, used as a surrogate marker for
the opsonization of C3b and iC3b molecules) was observed when tumor cells
were incubated with trastuzumab and pertuzumab, accompanied by silencing
of CD55 and CD46, but not CD59. Nevertheless, knockdown of all three mCRPs
results in an optimal C3d deposition, enhanced CDC effect due to treatment with
trastuzumab and pertuzumab with an overall cell lysis of 48 + 11% in BT474 cells
and 46 + 6% in SK-BR-3 cells, as well as an increase in complement-dependent
macrophage-mediated cytotoxicity of BT474 cells, analyzed by 51Cr release assay, in
the presence of both trastuzumab and pertuzumab with C8 depleted human serum
to avoid MAC formation [71]. These studies describe the mechanisms of resistance
to immunotherapeutic antibodies due to the expression of mCRP in cancer cells.
Mechanisms of resistance to Trastuzumab-emtansine, Trastuzumab-deruxtecan,
and sacituzumab-govitecan due to mCRP expression have not yet been reported due
to their recent approval.
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5.2 Chemotherapy

After chemotherapy treatment, response rates range from 30 to 70%, but
responses are often not durable as patients develop resistance [72, 73].

CD55 can also promote chemoresistance by suppressing antitumor immunity in
response to neoadjuvant chemotherapy. A significantly increased tumor-infiltrating
ICOSL+ B population was identified after neoadjuvant chemotherapy in samples from
breast cancer patients. It has been described that tumor cell death induced by chemo-
therapy activates the complement system via the alternative pathway through phos-
phatidylserine (PS) and is responsible for inducing ICOSL+ B cells via complement
receptor type 2 (CR2) [70]. CR2 recognizes complement C3 cleavage products (C3b,
iC3b, and C3c) bound to antigens and acts with the B cell antigen receptor (BCR) to
lower the activation threshold and overcome B cell anergy [74]. This ICOSL+CR2high
B cell population can improve antitumor immune response by increasing the fre-
quency of CD8+ T cells and Th1 cells expressing granzyme-B or perforin and decreas-
ing Tregs in tumors. Moreover, it was identified that CD55 determines the opposite
roles of B cells in chemotherapy. The role of this complement inhibitory protein in
chemosensitivity and tumor immunity was evaluated in mice injected with E0771
cells (a Luminal B cell line) with or without CD55 overexpression. The results showed
that doxorubicin increased tumor-infiltrating ICOSL+ B cells and effector T cells
in mice bearing parental E0771 cells, but not in those bearing CD55-overexpressing
cells. On the other hand, chemotherapy-induced complement C3 cleavage products
analyzed by western blotting were reduced in CD55-overexpressing tumors treated
with doxorubicin. Additionally, the effect of CD55 overexpression on chemosensitiv-
ity and T cell response was completely suppressed in C3—/— mice, suggesting that it is
complement dependent. This evidence indicates that CD55 overexpression on breast
cancer tumor cells decreases the efficacy of chemotherapy by inhibiting the induction
of complement-dependent ICOSL+ B cells [75].

5.3 Endocrine therapy

Most ER+ breast cancer may initially respond to endocrine therapy, but 15-20%
of tumors are intrinsically resistant to treatment, and another 30-40% acquire
resistance [76].

Some conditions might affect the expression levels of mCRP and, therefore,
have an impact on the prognosis of patients. There are some reports on how mCRP
expression changes after chemotherapy and its relationship with resistance. On breast
cancer cell lines (SK-Br3 and BT-474) it was found that tamoxifen inhibited both the
protein and mRNA expression levels of CD55, potentiating the effect of trastuzumab,
suggesting the combined use of trastuzumab and tamoxifen for HER2-positive breast
cancer treatment [68].

A higher CD59 expression in tamoxifen-resistant breast cancer cells has been
reported, both in protein and mRNA levels, suggesting that this mCRP may play a
key role in tamoxifen resistance in MCF-7 cells, a luminal A cell line. Moreover, after
RNAi-mediated attenuation of CD59, cells were able to overcome tamoxifen resis-
tance, and CD59 silencing suppressed cell proliferation, indicating that CD59 plays
an important role in the response of cells to tamoxifen: knockdown of CD59-induced
apoptosis through changes in apoptosis-related genes: the active form of some cell
programmed death factors (cleaved-caspase-8, cleaved-caspase-6, cleaved-caspase-3,
cleaved-PARP proteins, and Bax/Bcl2 ratio) was increased in the CD59-silenced
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tamoxifen-resistant cells [15]. These findings evidence the participation of CD59
in the regulation of pro/antiapoptotic proteins and cell proliferation in response to
tamoxifen treatment to promote drug resistance in breast cancer cells.

Evidence correlating the expression of these molecules and the prognosis of
patients suggests that we still have much to understand about their functions, struc-
ture, and signaling in tumor cells. As a biomarker or therapeutic target, mCRP offers
several pathways for cancer therapeutics.

5.4 mCRP-expression dependent resistance but drug non-related
5.4.1 Cancer stem cells related

It has also been suggested that the overexpression of mCRPs is associated with the
presence of cancer stem cells (CSC), which indicate drug resistance. The function
and differentiation state of CSC are substantially modulated by many interconnected
signaling pathways including IL-6/JAK2/STAT3, Hedgehog, WNT, and Notch signal-
ing. CSCs are considered resistant to apoptosis, can modulate survival pathways and
have high cell plasticity; therefore, they could survive antitumoral therapy [77].

Xu et al. reported the use of CD55 as a biomarker for CSC, after determinate high
level of CD55 on mammary carcinomas (MDA-MB-231 and MCF7), two colorectal
carcinomas (Lovo, RCM-1), and one lung carcinoma cell line (A549). Sorting of the
CD55-high population, identified as side-population (SP) cells, revealed that cells
had in vitro colony formation, a high self-renewal potential, and were more resistant
to apoptosis in two conditions: serum depletion and ceramide addition, such as
what happens with cancer stem cells. They found that anti-apoptotic proteins such
as Bcl-2 were overexpressed in both SP cells and CD55"" cells, which explain why
they are tolerant to apoptosis. Researchers validated the use of high CD55 expression
as a surrogate marker for sorting SP cells, which function as an identifier for CSC
and, consequently, as an indicator of poor therapeutic prognosis due to the intrinsic
malignancy characteristics of CSC [78]. Therefore, the authors concluded that CD55
could be an important target for CSCs, although more studies, such as the evaluation
of tumorigenicity are needed.

Chen et al., reported that CD59, but not other mCRPs, was upregulated to protect
sphere-forming CSCs from complement-dependent cytotoxicity. Cetuximab, a chi-
meric monoclonal IgG1 antibody whose specific target is the epidermal growth factor
receptor (EGFR), together with normal human serum (NHS) were used to test the
resistance to CDC mediated by CD59 upregulation in CSCs of MCF-7 and Calu-3 cell
lines. The LDH release assay results suggested that the cell death rate was conversely
correlated with the expression level of CD59. Additionally, SOX2 could transcrip-
tionally upregulate the expression of CD59, but not the expression of CD46 and
CD55, in epithelial CSCs and this mechanism protects cancer cells from complement
destruction. After overexpressing SOX2 in MCF-7 and Calu-3 cells a CDC assay was
conducted to test the effect of upregulated CD59 by SOX2 functionally; the results
demonstrated that SOX2-overexpressing MCF-7 and Calu-3 cells are more resistant
than control cells to cetuximab-mediated complement damage [59]. The antitumoral
effect of this mAb is abolished by overexpression of CD59 in lung and breast cancer
cells, even when this mADb is not used for breast cancer treatment, this mCRP affects
its possible repositioning.

Other studies have reported that enrichment of CSCs in the tumor population
can confer resistance to therapy, providing worse scenarios for the prognosis of
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patients. In tumor cells (CaSki, H1299, HCT116, and HEK293), NANOG increased
CD59 expression, contributing to the resistance of tumor cells against complement-
dependent cytotoxicity (CDC) [79]. Another example is the role of CD55 in the
maintenance of CSCs by regulating self-renewal and cisplatin resistance. CSCs have
been implicated in tumor recurrence and treatment resistance, and cisplatin is used
for endometrioid tumors and breast cancer. CD55 regulates self-renewal and core
pluripotency genes via ROR2/JNK signaling and, in parallel, cisplatin resistance via
lymphocyte-specific protein tyrosine kinase (LCK) signaling, which induces the
expression of DNA repair genes. Overexpression of CD55 in non-CSCs increased
NANOG and SOX2 mRNA levels (core pluripotency genes). It led to significantly
higher self-renewal and stem cell frequencies, with lower levels of caspase 3/7 activity
upon cisplatin treatment [14].

5.4.2 Signaling pathways

Many studies have established that the transcription factor STAT3 is constitu-
tively activated in various human cancer cells and tumor tissues compared with
their normal counterparts. Different signaling pathways involving persistent
STAT?3 activation have been related to modulating the cancer stem cell phenotype
in breast cancer [80, 81]. The role of tumor cell STAT3 signaling in immune eva-
sion has also been described by negatively regulating cellular and innate immune
responses [82]. A potential mechanism has been suggested by which oncogenic
signaling contributes to tumor cell evasion of antibody-mediated immunity.
Buettner et al. demonstrated that activation of STAT3 signaling induces the CD46
promoter and protects human cancer cells from complement-dependent cytotoxic-
ity. Using microarray gene expression profiling, the CD46 gene was identified as
a target for activated STAT3 signaling in human breast (MDA-MB-435 s cell line)
and prostate cancer cells (DU145 cell line). Moreover, in luciferase reporter assays,
CD46 promoter activity was induced by STAT3 activation and blocked by STAT?38,
a dominant negative form of STAT3. Finally, inhibition of cell surface expression
of CD46 mediated by inhibition of STAT3 signaling sensitized prostate cancer
cells to cytotoxicity in an in vitro complement lysis assay using rabbit anti-DU145
antiserum, as a source of antibodies, and rabbit complement where cell death was
measured by lactate dehydrogenase release [35]. This study shows that STAT3
can contribute to protecting cancer cells from complement system attack, at least
through the upregulation of CD46. Still, the regulation of others mCRPs, such as
CD55 and CD59, could also be evaluated.

Another mechanism of CDC resistance in breast cancer cells has been described.
One study found that Mammalian hepatitis B X-interacting protein (HBXIP), a
novel oncoprotein, upregulates mCRPs through ERK1/2/NF-«B signaling to protect
breast cancer cells from complement attack [83]. The results showed that HBXIP
decreased the sensitivity of MCF-7 cells to CDC; then, CDC susceptibility was
rescued when mCRPs were blocked with antibodies against CD46, CD55, and CD59.
Furthermore, overexpression of HBXIP was able to upregulate the expression of these
mCRPs in levels of promoter activity, mRNA and protein expression in MCF-7 and
MDA-MB-231 cells. Finally, the inhibition of ERK1/2 and NF-kB was able to sensitize
the MCF-7 cells with HBXIP overexpression to CDC; this was examined by trypan
blue absorbance assay after treatment with PD98059 (an inhibitor of MEK) or PDTC
(an inhibitor of NF-kB). Thus, the role of HBXIP in regulating mCRPs has been sug-
gested as a complement resistance mechanism in breast cancer cells.
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6. Therapeutic strategies and future challenges to regulate nCRP in
breast cancer

Here we have exposed that the function of mCRP on complement has been
widely explored. But these proteins also can regulate non-complement signaling in
promoting cancer proliferation, chemoresistance, and metastasis. We proposed a
model of signaling pathways activated by mCRP [12] and recently Bharti et al. also
proposed a series of pathways intracellularly by CD55 [43]. Due to their relevance in
the potential of anticancer antibodies, they have been proposed and studied mCRP
as therapeutic targets through various models and strategies: small interfering RNAs
(siRNA) [69, 71, 84, 85], antibodies anti-mCRP [13], and enzyme-peptide [13, 86].
Although there are multiple studies in the preclinical stage and in development, none
are exclusive for each mCRP and neither has reached clinical use.

Geis et al. designed siRNAs for post-transcriptional gene knockdown of CD46,
CD55, and CD59 aiming to sensitize tumor cells lines (BT474 (breast) and K562
(erythroleukemia) and Dul45 (prostate)) to better for tumor cell destruction by
complement. Interestingly, the breast carcinoma cells BT474 were predominantly
sensitized to CDC upon inhibiting CD46 expression. In contrast, suppression of
CD55 and CD59 had no or only a minor effect, suggesting that CD46 is more critical
in regulating complement activity [69]. But it is necessary to identify the activity
intracellular to all mCRP in this context.

Other authors also used siRNAs anti-mCRP, but the delivery of chemically was
stabilized siRNAs using cationic lipoplexes (AtuPLEXes). Their results suggest
that siRNA-induced inhibition of mCRP expression enhances complement and
macrophage-mediated anti-tumor activity of trastuzumab and pertuzumab on HER2-
positive tumor cells [71].

To increase the selectivity of silencing, other authors used siRNAs encapsulated
in transferrin-coupled lipoplexes for the specific targeted and delivery to transferrin
receptor CD71high expressing BT474 tumor cells. The mCRP knockdown led to a
significant increase of CDC in BT474; it was also observed that the downregulation of
CD46 and CD55 significantly increased C3 opsonization in these tumor cells [84].

The inhibition of mCRP with siRNA has been used to study the relevance of this
molecule in other tumors [87, 88]. In general, silencing can sensitize tumor cells to
CDC and ADCC in vitro. Although siRNA is an attractive strategy, in vivo data will be
needed to validate the therapeutic potential.

Wang et al. explored three different strategies to inhibit the activity of mCRP. One
strategy consisted of inhibiting the expression of mCRP using shRNA (short hair-
pin RNA). Other approach blocked the function of CD55 and CD59 using targeted
monoclonal antibodies; the third consisted of treatment with a phosphatidylinositol-
specific phospholipase C (PI-PLC), which caused a significant decrease in the surface
area of CD55 and CD59. These strategies significantly improved cell lysis of SK-BR-3
and BT474 cells with trastuzumab [13].

The use of monoclonal antibodies anti-mCRP or bispecific antibodies (bsAbs)
has also been evaluated in other types of cancer, demonstrating that the efficacy of
therapeutic antibodies can be increased by blocking these proteins [89-96].

Ad35K++ that binds with high affinity to CD46 and is one of the most advanced
strategies to block CD46 activity. This peptide has been evaluated in lymphoma
model and the preclinical studies Ad35K++ have been demonstrated safety and effi-
cacy. Intravenous Ad35K++ injection triggers the shedding of the CD46 extracellular
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domain in xenograft mouse tumor models and in macaques. The authors suggest their
study is the basis for an investigational new drug application for the use of Ad35K++
in combination with rituximab in the treatment of patients with B-cell malignancies
[86, 97]. The first studies with this peptide were evaluated in cancer lines cells (Raji
lymphoma cells and BT474-M) using alemtuzumab and trastuzumab, in both case
increased CDC [86].

7. Conclusions

The molecular mechanisms of mCRP in the drug resistance of breast cancer cells
are still poorly understood. Few investigations have focused in study on the relation-
ship between mCRP and drug resistance. Also, we must learn how mCRP activates
intracellular pathways and relate its domains and interactions with other proteins to
perform non-complement dependent functions. Therefore, we suggest:

* Future research ought on the role of mCRP in the resistance of breast cancer cells
to therapy available, including chemotherapeutic agents and mAb.

* Direct our efforts to understand mCRP signaling in breast cancer and its activity-
structure relationship to offer opportunities for regulation or silencing.

* We need rigorous investigation of the pathways activated by mCRP to develop
better cancer therapy and improve the efficacy of existing treatments.

* Identify the signaling pathways activated by mCRP. If a previously studied
signaling pathway is identified, we could use the drugs developed to regulate the
activity of its components. This would lead to new therapeutic applications of
the drugs evaluated or to identify the relevance of the signaling pathway acti-
vated by mCRP.

* Explorer whether the combined use of tamoxifen and trastuzumab for the
treatment of HER2-positive breast cancer enhances the antitumor effects of
trastuzumab as suggested the evidence.

* Demonstrate whether therapeutic agents can directly regulate mCRP expression
or do so by activating signaling pathways.
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Chapter 13

Minimally Invasive Surgery in
Breast Reconstruction: The Past
and Future

Elizabeth A. Bailey and Savah N. Bishop

Abstract

Restoring breast aesthetics and minimizing morbidity while providing excellent
oncologic control has been the driving force in the evolution of both breast cancer
and breast reconstructive surgery. This chapter will discuss recent developments
using minimally invasive techniques to further move the needle towards even
better patient outcomes. We outline the technical considerations and evidence
behind minimally invasive breast reconstructive procedures including laparoscopic
deep inferior epigastric perforator (DIEP) flap harvest, robotic DIEP flap harvest,
and robotic latissimus dorsi flap harvest. We also introduce minimally invasive
breast cancer surgery including robotic mastectomy. Finally, this chapter discusses
future applications of emerging technology and the controversies surrounding the
widespread adoption of minimally invasive techniques in breast cancer and breast
reconstructive surgery.

Keywords: breast reconstruction, robotic surgery, mastectomy, DIEP flap, minimally
invasive surgery

1. Introduction

Breast cancer surgery has dramatically evolved since Halstead first described the
radical mastectomy in 1894 [1]. Over time, radical mastectomy with resection of the
entire breast, chest wall musculature, and axillary nodes, was abandoned due to its
high morbidity and failure to achieve superior oncologic outcomes compared to less
aggressive resections. Since then, the field has recognized the importance of achiev-
ing excellent cancer outcomes while also minimizing morbidity and preserving breast
aesthetics. Skin-sparing mastectomy, breast conservation surgery, sentinel lymph
node biopsy, and now nipple-sparing mastectomy (NSM) in the appropriate patient
have become the standard of care.

While initially avoided for fear of the loss of local control, breast reconstruction is
now considered part of routine breast cancer care. The late 1800s and first half of the
twentieth century are spotted with case reports and small case series of autologous
tissue reconstruction; however, autologous reconstruction really took hold in the
1970s [2]. The advent of the silicone breast implant in the 1960s also ushered breast
reconstruction into the modern age.
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Breast reconstruction using autologous flaps gained acceptance following descrip-
tions of the pedicled latissimus dorsi flap in 1977 [2]. The flap was refined to allow
for a single-stage reconstruction of breast defects; however, the volume was often
insufficient to be used alone and thus the flap was paired with an implant. To replace
the entire volume of the breast mound, surgeons turned to abdominal tissue. The
pedicled transverse rectus abdominis myocutaneous (TRAM) flap was introduced
by Hartrampf, Schelfan, and Black in 1982 [2]. The TRAM flap revolutionized breast
cancer reconstruction as it allowed for a complete autologous reconstruction with
an acceptable donor scar and body contouring effect similar to abdominoplasty.
Unfortunately, the blood supply-to-tissue ratio from the superiorly-based pedicle con-
tributed to high incidence of fat necrosis and harvest of the rectus abdominis muscle
led to significant abdominal wall weakness. Initially described in 1979, the free TRAM
uses microsurgical technique to transfer the disconnected abdominal tissue and con-
nect the TRAM blood supply to distantly located recipient vessels. The free TRAM is
based on the deep inferior epigastric vessels rather than the superior epigastric vessels
that supply the pedicled TRAM. The deep inferior epigastric vessels are noted to be
more robust and provide improved blood supply to the TRAM flap compared to the
superior epigastric system. Therefore, the free TRAM optimizes the blood flow to the
flap which reduces fat necrosis compared to the pedicled TRAM. The free TRAM did
not, however, decrease abdominal wall morbidity compared to the pedicled TRAM.
To address this, plastic surgeons adapted the dissection technique to reduce damage
to the rectus abdominis muscle, first with the muscle-sparing TRAM (ms-TRAM)
then the deep inferior epigastric artery perforator (DIEP) flap. Considered by most
to be the current gold standard in autologous tissue reconstruction, the DIEP flap

Figure 1.
(A) Preoperative (B) following bilateral nipple-sparing mastectomies and DIEP flap reconstruction.
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minimizes muscle sacrifice by carefully dissecting the muscle away from the vascu-
lature (Figure 1). Additional soft tissue donor sites have been introduced including
the thighs, gluteal region, and lower back, yet the DIEP flap remains the preferred
operative approach for autologous tissue reconstruction for the majority of patients.
As illustrated above, restoring breast aesthetics and minimizing morbidity while
treating the patient’s underlying cancer has been a driving force in the evolution
of both breast cancer and breast reconstructive surgery. This chapter will discuss
recent developments using minimally invasive techniques to further move the needle
towards even better patient outcomes.

2. Minimally invasive surgery in breast reconstruction

Donor site concerns including the risk of hernia or abdominal bulge following
DIEP flap reconstruction have driven plastic surgeons to explore minimally invasive
options for flap harvest. Hernia, muscle-bulging, and decreased core strength are the
most significant donor site complications that minimally invasive surgery seeks to
correct. Multiple studies have shown decreased abdominal wall morbidity as muscle
preserving techniques increase [3-10]. The increased abdominal wall morbidity is
typically attributed to 3 factors: weakened musculature, denervated musculature, and
violation of the anterior sheath. The first, inclusion of the rectus abdominus in the
flap design (TRAM or ms-TRAM) may be minimized by performing a true perforator
flap with perforators selected to minimize muscular disruption. The second, dener-
vation of the rectus abdominus can be reduced by selecting medial row perforators
when suitable and using a nerve-sparing or at least nerve-repairing technique for any
motor nerves encountered during pedicle dissection [11]. The final factor associated
with abdominal wall morbidity is the violation of the anterior sheath that occurs dur-
ing dissection of the deep inferior epigastric vessels from the level of the perforating
vessels to their origin off the external iliac artery and vein (Figure 2). The anterior
rectus sheath is the primary strength layer of the abdominal wall, especially below the
arcuate line where the only barrier between the rectus abdominis and the peritoneal
cavity is the thin transversalis fascia and peritoneum.

To limit the fascial incision, short pedicle techniques were described by Saint-Cyr
[12]. However, as the pedicle is shortened, the caliber of the artery and vein decrease.
Additionally, the degrees of surgical freedom when performing the microsurgical
anastomoses are reduced which can lead to increased microscopic complications in
less experienced hands. Furthermore, visualization of the vessels is limited with a
small fascial incision. These challenges have inspired plastic surgeons to innovate
using minimally-invasive tools commonly used in other surgical disciplines.

2.1 Laparoscopic DIEP flap harvest

In 2017, a group in France published the first feasibility study of a laparoscopic
technique for DIEP flap harvest [13]. They utilized a preperitoneal or total extraperi-
toneal (TEP) laparoscopic technique. The TEP technique uses insufflation to bluntly
open the space between the posterior sheath/transversalis fascia and the posterior
surface of the rectus abdominus muscles. Once this plane is separated, the vessels can
be easily seen and dissected free of the muscles from the level of external iliacs to the
perforating vessels without entering the abdominal cavity. The vessels are clipped and
divided at their origin, and the entire length is extracted through a minimal fascial
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Figure 2.
(A) Traditional harvest of open DIEP flap with longitudinal splitting of muscle and fascia. (B) Ruler illustrates
the nearly 15 cm incision of the anterior sheath required for pedicle dissection.

incision created during the open perforator dissection. In their series of 5 cadavers
(10 hemiabdominal dissections), they were able to achieve a mean anterior fascial
incision length of 3 cm compared to 12 cm for the traditional approach.

Laparoscopic DIEP flap harvest has subsequently been adopted by other groups.
In 2020, a group at the University of Pennsylvania reported the then largest clinical
series of patients who underwent laparoscopically-assisted harvest of DIEP vessels
[14]. They reported a novel variation on previously published techniques to maximize
flap blood flow while simultaneously reducing abdominal wall morbidity. They
utilize a two-stage surgical delay technique to optimize the perforator most suitable
for laparoscopic harvest. Prior to the initial procedure, a single perforator is selected
not based on caliber but rather on location (low, central) and a short intramuscular
course as seen on CT angiogram. At the initial operation, all other perforators and the
superficial inferior epigastric artery and vein are ligated. This prompts the remaining
perforator to dilate in response to relative tissue ischemia. At the second stage 2 weeks
later, the single perforator is dissected through a minimal fascial incision and the
pedicle is mobilized using a preperitoneal (TEP) approach similar to the description
above. In their case series of 33 patients (57 flaps), the mean fascial incision length
was 2 cm with 2 pedicle transections occurring during dissection which required
repair.

2.2 Robotic DIEP flap harvest

Since the first robotic cholecystectomy was performed in 1997, the da Vinci
surgical robot (Intuitive Surgical) has revolutionized the field of minimally invasive
surgery. Indeed, use of the robotic platform has become the preferred approach over
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laparoscopy for many surgical procedures [15]. By 2018, cadaveric studies and case
reports of robotic DIEP flap harvest began to arise in the plastic surgery literature
[16]. In 2019, Jesse Selber at the University of Texas MD Anderson Cancer Center
published his approach to robotic unilateral DIEP flap harvest [17]. He performs the
procedure in a single step although usually delayed from the time of mastectomy.
Similar to Kanchwala et al., the perforator is chosen preoperatively based on its short
intramuscular course on CT angiography (Figure 3). Suprafascial dissection begins
in standard fashion with the target perforator isolated and circumferentially dis-
sected down to the posterior sheath via a small fascial incision (Figure 4). Robotic
ports are then placed through the fascia of the contralateral hemiabdomen and the
pedicle is mobilized from an intra-abdominal or transabdominal preperitoneal (TAPP
approach) (Figure 5). The pedicle is then exteriorized and the fascia closed (Video 1,
Figure 6).

Other groups have reported success with other approaches including use of a
single port site and TEP approach [18, 19]. Many initial case series have focused on
unilateral flap harvest; however, surgeons have begun to adapt the technique to allow
bilateral flap dissection [20]. A group in Pittsburgh, has presented their technique
for bilateral robotic DIEP pedicle harvest using a TAPP approach and 3 8 mm ports
placed to target the pelvis. This allows access to both flap pedicles without undocking
the robot or placing additional ports. They also report utilizing the da Vinci Firefly
fluorescence technology following indocyanine green injection to better visualize the
course of the vessels. In their cohort of 10 patients (20 flaps), the mean fascial inci-
sion length was 4.5 cm with an average of 1.9 perforators included in the flap design.
Mesh was not required to reinforce the abdominal wall in any case. No pedicle or
bowel injuries occurred during intraabdominal dissection [21].

2.3 Robotic latissimus flap harvest

For patients who have failed or are not candidates for implant-only reconstruction
and who prefer to avoid free-flap breast reconstruction, a pedicled latissimus dorsi
(LD) flap often combined with a tissue expander is a viable option for reconstruc-
tion. Traditional harvest technique for this flap requires a long posterior incision that

Figure 3.
CT angiography identifies dominant DIEP medial perforator (ved circle) with minimal intramuscular course.
This anatomy makes the patient an ideal candidate for vobotic DIEP flap harvest.
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Figure 4.
Robotic DIEP flap with perforator dissection performed via 1 cm fascial opening.

Figure 5.
Robotic mobilization of the deep inferior epigastric inferior vessels.

Figure 6.
Abdominal wall after fascial closure following robotic DIEP approach.
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presents an aesthetic challenge for many patients. While this may not be avoidable
if a fasciocutaneous flap is used, an unsightly scar can be avoided using minimally
invasive techniques if a muscle-only flap is desired.

While endoscopic harvest has been attempted, this approach is constrained
by the curvature of the chest wall which limits the ability to maintain satisfactory
visualization. More recently, several centers have begun to use the surgical robot
for muscle-only LD muscle harvest. The first clinical case series was published by
Selber et al. in 2013 [22]. To compete the dissection, three robotic ports are used.
One may be placed in an already existing axillary incision if concurrent sentinel
node biopsy or axillary node dissection is performed. The anterior border of the
muscle is marked. The axillary incision is used to identify and isolate the thora-
codorsal artery. Using a lighted retractor, the subcutaneous space anterior to the
border of the muscle is opened to allow placement of 2 additional ports. The deep
surface of the muscle is dissected first followed by the superficial surface. Finally,
the inferior and posterior borders of the muscle are released. Once freed, the flap
can be brought up through the axillary incision and transposed into the mastectomy
space.

Subsequent reports of robotic latissimus flap harvest have been largely positive.
A literature review performed in 2020 identified 32 cases in 5 studies of robotically
harvested pedicled LD flaps for implant-based breast reconstruction [23]. All cases
were completed successfully without conversion to an open approach. Only 1 study
compared complication rates in robotic (n = 12) versus open harvest (n = 64). The
authors found a lower rate of complications including seroma, infection, delayed
wound healing, and capsular contracture in the robotic group although this was not
statistically significant [24]. In all studies, patients were noted to have an excellent
aesthetic result.

3. Minimally invasive surgery in breast cancer surgery

As reconstructive surgeons have begun to use minimally invasive surgery to
minimize donor site morbidity, breast surgeons have also begun to push the envelope
to optimize patient aesthetic concerns.

3.1 Robotic mastectomy

In 2016, Toesca et al. in Milan, Italy published the first robotic-assisted nipple
sparing mastectomy (rNSM) [25]. Their technique utilized a single port with 4
working channels inserted through a 3 cm incision placed in the midaxillary line
within the axillary fossa. Through this single site, the entire gland was dissected and
implant-based reconstruction performed in either the subpectoral or prepectoral
plane.

Since their initial feasibility and safety study, the Milan group has published their
outcomes comparing standard nipple sparing mastectomy (sNSM) to rNSM [26].
They performed a randomized non-blinded clinical trial of patients with breast
cancer or a genetic predisposition to cancer who were eligible for NSM by standard
criteria. Eighty patients were included, 40 in each group. They found that, while
rNSM took on average 78 minutes longer to complete compared to sNSM, there
were lower rates of surgical complications in the robotic group although this was not
statically significant. No ischemic complications were seen in the robotic group while

185



Breast Cancer Updates

2 patients in the SNSM group had nipple alveolar complex (NAC) ischemia and 5 had
skin flap necrosis. Additionally, Breast-Q scores reflecting satisfaction with breasts,
psychosocial, and physical and sexual well-being were significantly higher in the
rNSM group.

Other groups have pioneered similar techniques although the use of the surgical
robot for mastectomy remains off-label according to the FDA. In response, an expert
panel from the International Endoscopic and Robotic Breast Surgery Symposium
released a consensus statement to provide guidance regarding the safe practice of
robotic mastectomy [27]. The panel sited advantages to the technique including easy
visualization and improved surgeon ergonomics. Disadvantages included prolonged
operative time and increased cost and limited availability of the surgical platform.
They noted the procedure was safe with notably low NAC necrosis rates. They ulti-
mately produced 12 statements to guide patient selection, technique, and selection of
surgical, oncologic, and aesthetic outcomes. They conclude that “robotic mastectomy
is a promising technique and could well be the future of minimally invasive breast
surgery.”

4. Future possibilities

As techniques continue to be refined for both minimally invasive mastectomy and
minimally invasive flap harvest, the next natural step may be to combine the two. In
2020, French surgeons published their experience with combined robotic mastectomy
and robotic pedicled LD flap harvest [28]. In their cohort, 35 patients underwent both
robotic NSM and robotic LD flap harvest. Similar to the technique outlined above,
they used a gel mono-trocar device placed via a 4-6 cm incision in the anterior axillary
line. They dissected and removed the breast parenchyma then repositioned and used
the same incision and trocar to mobilize the latissimus muscle. The muscle was then
transposed and appropriately fixated the chest wall within the mastectomy cavity
with or without an underlying implant.

Another permutation of this could combine robotic mastectomy with free flap
breast reconstruction. A major limitation to this approach is the requirement for
the surgical robot to have the capability to perform microvascular anastomosis.
Currently, the dominant robotic system, the da Vinci surgical system, has optics
and instruments that were not designed for tissue handling at this scale. Recently
two robotic systems dedicated to microsurgery have been developed: MUSA by
MicroSure and Symani by MMI [29]. These robots have the ability to handle
delicate tissue all while eliminating tremor and providing motion scaling. This is
a crucial advance, not only for microsurgery, but for the ability to perform super-
microsurgery which is defined as connecting vessels between 0.3 and 0.8 mm,
commonly required during lymphedema surgery. Preclinical studies of the MUSA
system illustrated that it is possible to use this platform to perform microsurgical
anastomosis although overall time for anastomosis completion was longer and
dexterity scores were lower using the robot compared to manual microsurgical
anastomosis [30].

The first-in-human use of MUSA system to perform supermicrosurgical lym-
phovenous anastomosis (LVA) for the treatment of lymphedema was reported by
a group in the Netherlands in 2020 [31]. They randomized 20 patients to robotic
versus manual LVA. In this initial study, time to perform supermicrosurgical anas-
tomosis was shorter in the manual group; however, they did note a steep decline in
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the time required for robotic-assisted LVA during the course of the study. All LVAs
were patent at the end of the procedure. Additionally, no adverse events occurred
attributable to use of the surgical robot during the procedure; therefore, the authors
concluded that use of the platform for supermicrosurgical anastomosis was feasible
and safe. Subsequent studies by other groups using the Symani robot have seen
similar promising results [32].

Whether these microsurgical robots will be integrated into simultaneous robotic
mastectomy and breast reconstruction remains to be seen. Unlike the da Vinci
surgical robot, they were designed to maximize surgeon precision while operating
on minute and delicate structures rather than to minimize the invasiveness of the
procedure. Thus, in their current iteration, they are ideal for open surgery, but their
utility may be limited in a deep body cavity.

5. Conclusions

While initial studies evaluating minimally invasive techniques for breast cancer
surgery and breast reconstruction illustrate their feasibility, their use remains
controversial. Studies of rNSM consistently report low rates of mastectomy flap
compromise and high patient satisfaction, yet the primary goal of the operation is
oncologic control. At this time, the number of patients who have undergone this
procedure is low and the length of follow-up short. Further studies will be needed to
decisively establish the oncologic safety of this approach [33]. Similarly, larger studies
and longer follow-up will be required to fully see the effect of minimally invasive flap
harvest on donor site morbidity.

Another concern is the cost associated with the use of the surgical robot. This
includes the cost of the console, disposable instrumentation, service contracts, and
the operative time associated with a longer operative procedure. These costs may be
offset by shortened hospital length of stay, but that has yet to be seen in any of the
studies cited above. Laparoscopy is less expensive compared to the surgical robot;
however, laparoscopy is more difficult in a small operative space as the instruments
only provide 4-degrees of freedom of movement compared to the 7-degrees of
freedom afforded by the da Vinci platform.

There is a learning curve that will have to be addressed prior to any surgeon
attempting to perform these minimally invasive techniques. As most plastic surgery
trainees complete integrated residency programs, they seldom encounter cases using
laparoscopy or the surgical robot beyond the early years of their training, thus they
are unlikely to have the opportunity to become proficient. Even breast surgeons, who
must complete a residency in general surgery, may have variable exposure as robotic
skills as these are not currently required for board certification unlike laparoscopy
and endoscopy. This challenge is not insurmountable as numerous studies have shown
rapid skill acquisition and validated tools have been developed to assess robotic
microsurgical skill [25, 34].

In summary, minimally invasive breast cancer surgery and breast reconstruc-
tion is currently only offered at select centers. Further studies regarding the safety
and efficacy of these techniques as well as surgeon training will be required before
they are likely to gain widespread adoption. If this occurs, minimally invasive breast
cancer surgery and reconstruction can truly serve as the next step in the quest for a
further reduction in surgical morbidity and improved patient outcomes beyond the
current standard of care.
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Chapter 14
Solutions in Breast Reconstruction

Percin Karakol, Mert Noyan Dabak and Omer Biiyiikkaya

Abstract

Breast reconstruction, after cancer surgery, is not only a reconstructive surgery but
also an esthetic surgery. No woman should be expected to give up the breast tissue,
which is the symbol of female identity, easily. The reconstruction stage after breast
cancer is difficult enough in the early and late stages. It is generally not possible to
cover the defect and to equalize the two breasts in a single step. General surgery and
plastic surgery should work together. Recently, innovative solutions have been
offered in breast reconstruction. Starting from skin grafts and local flaps, various flap
options, dermal equivalents, fat transfer, and tissue expansion operations are among
the options. Breast reconstruction is difficult enough in breasts that have undergone
radiotherapy, and reconstruction with autologous tissue is preferred.

Keywords: breast reconstruction, breast surgery, oncoplastic surgery

1. Introduction

Breast reconstruction has become an important part of breast cancer treatment
today. Its application with increasing frequency brings with it many innovations.
Today, many techniques have been described in breast reconstruction. These tech-
niques range from simple local flaps and implant reconstruction to free tissue trans-
plants. The advantages and disadvantages of each technique bring many discussions
on the subject. The timing of treatment is also an important issue of debate. In this
study, we aim to present the current treatment options and the latest developments in
breast reconstruction.

2. Autologous breast reconstruction

The main purpose of a reconstruction is to restore the damaged tissue as function-
ally and cosmetically as possible. Satisfactory results can be obtained by using
autology tissues to attain this restoration. The main purpose is to restore the lost breast
volume in patients who have undergone mastectomy, creating a new NAC if the NAC
is not preserved, and creating a breast similar in shape to the other breast. Very
satisfactory results can be obtained by using autologous tissues to provide it.

In general, breast-conserving surgery can be recommended for patients having
tumors smaller than 3 cm. The treatment option is mastectomy in masses larger than
3 cm [1]. Removal of more than 10% of breast tissue has been determined to be
associated with poor cosmetic results. In addition, masses in the central and lower
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quadrants have also been associated with poor cosmetic results [2]. Therefore,
additional procedures may be required in cases in which more than 10-20% of breast
tissue is removed.

We can consider our basic options in autologous breast reconstruction under the
headings of local options, pedicle tissue transplantation, perforator flaps, and free
tissue transplantation.

2.1 Local and pedicled flaps

Restoration by using existing breast tissues can be defined as local option. Breast
tissue can be shaped or the missing breast volume can be completed, through local
flaps or oncoplastic reduction [2]. Patient satisfaction can be increased by surgical
procedures to be applied on the contralateral breast to ensure symmetry.

The first two flaps that come to mind are latissimus dorsi and TRAM flaps when it
comes to pedicled flaps in breast reconstruction. The pedicled rectus abdominis
muscle-skin flap in breast reconstruction was first described by Hartrampf et al. [3].
In this flap, the rectus abdominis muscle and the skin island on it are transferred to the
defected area on the breast tissue over the superior epigastric artery. The biggest
handicap of the flap is that the feeding of the superior epigastric artery is not occa-
sionally sufficient [4]. Another handicap of the flap is weakness in the abdominal wall
and long-term anterior wall hernias can be observed because the rectus abdominis
muscle is used [5]. To overcome this situation, muscle-sparing TRAM flap, techniques
in which anterior rectus sheath is preserved [6, 7] and DIEP [8] flaps are described.
Studies have demonstrated that DIEP and muscle-sparing TRAM flaps have similar
herniation rates [9]. However, there are also publications indicating that the DIEP flap
has lower total-partial necrosis rates, and it is more reliable [10].

One of the biggest contraindications of the use of TRAM flap in breast reconstruc-
tion is that it got damaged to the internal mammary artery during mastectomy or it
got injured previously. The superior epigastric artery is the continuation of this artery
[11] and if it is damaged, the use of the superior pedicled rectus abdominis flap will
not be possible. Likewise, if there are previous operations in the superior abdomen, it
should be carefully investigated whether these arteries are damaged, and if there is
damage, other alternatives should be considered.

TRAM flap continues to be a good pedicled tissue transplantation option, espe-
cially in patients for whom free tissue transplantation is not considered appropriate,
since the tissue volume and skin island it provides are sufficient, it is a well-known
and relatively safe flap, and it is simpler and more applicable than free tissue
transplants.

Another frequently used option in pedicle tissue transplantation is the latissmus
dorsi muscle flap. The flap, first discovered by Iginio Tansini in 1906, still maintains
its popularity today [12]. This flap receives its blood supply from the thoracodorsal
artery, which is the terminal branch of the subscapular artery [13]. This flap can only
be used as a muscle flap or with the skin island on it as a muscle skin flap.

Unlike the TRAM flap in breast defects that require volume due to insufficient soft
tissue volume, its use alone does not make it possible to achieve the desired results.
That is why this flap is mostly used in combination with breast implants. However, it
should not be overlooked that it can provide sufficient volume alone in cases such as
small breast resections.

This flap with a pedicle of approximately 11 cm has a sufficient range of motion to
close the breast tissues [14]. Another advantage of the flap is that it has a large surface
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area. The skin island can be designed in different sizes according to the needs [15]. It
does not cause significant functional loss when the muscle is sacrificed [16]. It can be a
good option for both simultaneous and late repairs.

Today, the frequency of use has decreased along with the development of micro-
surgery. However, it is still the most important option as a salvage flap in cases in
which primary treatment fails. Therefore, it is important to preserve the thoracodorsal
artery and the latissimus dorsi muscle as much as possible during breast reconstruc-
tions to have a safe second option in case of a possible complication. The fact that the
learning curve is simple and it is an applicable flap easily is still a reason to be
preferred by many surgeons.

2.2 Perforator flaps

Since it was defined by Koshima and Soeda [17] in 1989, perforator flaps have
become one of the most popular topics in plastic surgery and their use is becoming
more common day by day. Although its use in breast reconstruction is not as common
as pedicled and free tissue transplants, its use in this field is also increasing. The
biggest advantage of perforator flaps is that they do not require artery and vein
anastomosis compared to free tissue transplants, so the application is easier and safer,
and the donor site comorbidities are lower. However, the learning curve is longer than
pedicled flaps and the surgical technique is more difficult. As they contain lower
volume, they are generally more suitable for partial breast defects. Today, the most
commonly used perforator flaps in breast reconstruction are the lateral intercostal
artery perforator (LICAP) flap, thoracodorsal artery perforator flap (TDAP), anterior
intercostal artery perforator flap (AICAP), and internal mammary artery perforator
flap (IMAP) [18].

The LICAP flap is a good alternative, especially for use in lateral breast defects.
Contrary to the TDAP flap, it is an important advantage to protect the pedicle of the
latissimus dorsi while harvesting the flap. Some patients may have perforators arising
from anastomoses between the intercostal artery and the serratus anterior muscle. If
these serratus anterior perforators are used, a longer pedicle length can be achieved
compared to LICAP [19]. The most dominant lateral intercostal artery perforators are
usually observed in the 4-7 intercostal regions [20]. The flap skin island can be
modified according to the existing defect, however, the borders of the 6 ribs and the
inferior mammarian fold usually constitute the borders of this flap. The perforator is
generally located at the level of the sixth rib and 2-3 cm posterior to the anterior
axillary line [21]. In some patients, a vascular network consisting of intercostal artery
perforators may appear in the dissection area. Pedicle dissection is typically more
difficult in such patients [21]. The major disadvantage of the LICAP flap is that the
donor site scar is visible in the lateral chest wall [21].

The TDAP flap is the most commonly used perforator flap in breast reconstruction
[18]. It was first described in 1995 by Angrigiani et al. [22]. The TDAP flap has the
same pedicle as the latissimus dorsi muscle flap. However, since the skin is only lifted
over the perforator and the muscle is left intact, donor site complications are less [23].
It is a more difficult surgery compared to the latissimus dorsi flap, and its learning
curve is longer than the latissimus dorsi flap. The borders of the latissimus dorsi
muscle and the axillary artery are determined for the TDAP flap. Then, the perfora-
tors are marked with the help of a handheld doppler, and flaps are designed over the
marked perforators. Skin island up to 15 x 25 cm can be included in the flap [24]. The
thoracodorsal artery relatively always divides into two parts horizontal and lateral
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branches, approximately 4 cm distal to the inferior scapular border and 2.5 cm medial
to the lateral border of the latissimus. The perforators leave these branches and reach
the skin. Therefore, the design of the skin island on the lateral and upper border of the
latissimus muscle facilitates the inclusion of perforators in the skin island while
designing the flap [25].

The AICAP flap is harvested over the perforators of the anterior intercostal arter-
ies. It is a relatively new flap. Its use in breast reconstruction was first described by
Tenna et al. [26] in 2017. Intercostal artery perforators are commonly found in the
thoracic region and supply the thoracic skin. There are more dominant perforators in
the lateral thorax region. They were sparser and smaller caliber medially. Anterior
intercostal perforators may be sufficient to feed a fasciocutaneous flap [27]. While
designing the flap, the donor site scar can be designed to be hidden in the
inframammarian fold [28]. In this way, a less visible donor site scar can be obtained.
AICAP flap can be preferred especially in medial and inferior quadrant breast defects
where LICAP flap is not preferred.

The IMAP flap is harvested over the perforator of the internal mammarian artery.
The internal mammarian artery is mostly used as a recipient artery in breast recon-
struction with free flaps. The IMAP flap can be lifted in dimensions up to 20 x 13 cm.
The perforator emerging from the second intercostal space is usually the most domi-
nant. If this perforator is small, usually one of the 1st and 3rd intercostal perforators is
large enough to compensate for this [29]. There are few articles in the literature about
IMAP flaps. In current articles, the use of this flap in thoracic wall reconstruction has
been discussed [30, 31]. However, IMAP flap is an option that can be considered in
medial quadrant defects.

2.3 Free tissue transplantation

With the development of microsurgical techniques and the increase in success
rates, free tissue transplants are increasingly used in all areas of reconstruction. Today,
one of the most preferred methods of breast reconstruction is free tissue transplanta-
tion. The most popular free tissue options for breast reconstruction are DIEP (deep
inferior epigastric artery perforator) and TRAM (transverse rectus abdominis muscle)
flaps. DIEP flap was described in 1989 by Koshima et al. [17]. Unlike the TRAM flap,
its most important advantage is that it does not contain the rectus muscle. It is a less
invasive technique because it does not involve the rectus muscle, and it is generally
accepted among surgeons that it has lower donor site morbidity [32].

There are very detailed anatomical studies on DIEA perforators [33, 34].
According to these studies, DIEA perforators can be considered medial row and lateral
row perforators. Medial row perforators are DIEA perforators that are close to the
midline and have a wide perfusion field. These perforators are of a larger caliber than
lateral perforators and can feed the contralateral medial half as well as the ipsilateral
hemi-abdomen. Lateral row perforators typically lack anastomoses reaching the con-
tralateral region and can feed the ipsilateral hemiabdomen. Therefore, larger DIEP
flaps can be harvested by using medial row perforator [35]. Including more than one
perforator in the flap may increase the success rate of the flap. It has been observed
that fat necrosis is less common in DIEP flaps in which more than one perforator is
included [36].

Flap size is another important parameter. As we mentioned earlier, different per-
forators have different perfusion patterns and are important in determining the
boundaries of the flap to be removed. However, it is difficult to determine the exact
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borders of the flap due to the variations that can be seen in each patient. With the
Indocyanine green angiography (SPY Elite System, Novadaq Technologies Inc.,
Toronto, Canada) method, the perfused parts of the lifted flap can be determined
precisely and complications such as partial flap loss and fat necrosis can be prevented
in the future [37]. With this method, Regardless of the perforasome concept, perfused
flap tissues can be identified and modified as necessary before or after the flap is
adapted to the recipient site.

Abdominal tissues are the gold standard in breast reconstruction with free tissue
transplantation. However, in some cases, the use of abdominal tissues may not be
possible. In such cases, we need to consider alternative flap options.

Superior and inferior gluteal artery perforator flap (SGAP-IGAP) is an important
alternative in breast reconstruction. The SGAP flap is a flap that is harvested over the
perforator of the superior gluteal artery, which is the terminal branch of the internal
iliac artery [38]. These perforators are usually located on the imaginary line drawn
from the posterior superior iliac crest to the greater trochanter. Perforators on this line
can be found with the help of a handheld doppler and a flap can be designed to contain
these perforators. Pedicle length can reach up to 12 cm [39].

The IGAP flap is also raised from the perforators of the inferior gluteal artery. The
inferior gluteal artery, like the superior gluteal artery, is the terminal branch of the
internal iliac artery. While the superior branch passes superiorly to the piriformis
muscle, the inferior branch passes through the inferior border of this muscle [40].
While designing the IGAP flap, care is taken to conceal the donor site scar in the
inferior gluteal fold. The perforators in this region are found and marked with the help
of a handheld doppler. The flap is then designed so that the scar fits into the inferior
gluteal fold and contains the perforators [39].

The most important advantages of these flaps are the absence of donor site scarring
in visible areas and low donor site morbidity. Patients can be mobilized in the early
period [39, 40]. They have sufficient pedicle length and volume. With all these
advantages, the gluteal region is a good alternative to the abdominal region as a
donor site.

Profunda femoris perforator flap (PAP) is another alternative for breast recon-
struction. The profunda femoris artery passes between the adductor longus and
pectineus muscles and reaches the posterior thigh, where it divides into two medial
and lateral branches. The perforators of this artery are located on an imaginary line
drawn from the ischium to the lateral femoral condyle [41]. While designing the flap,
the superior border is drawn 1 cm below the inferior gluteal fold, and the inferior
border is drawn approximately 7 cm below it. In this way, the donor site scar can be
hidden in the inferior gluteal fold region [42]. The PAP flap is similar to the IGAP flap,
but the longer pedicle and larger caliber make microsurgery easier [43].

Lumbar artery perforator (LAP) flap is another option. These perforators emerge
between the erector spinal and quadratus lumborum muscles and feed the skin over
them. This corresponds to approximately 5-9 cm lateral from the midline [44, 45].
Pedicle length may vary between 4.5 and 7 cm [46]. After deciding on the appropriate
perforator, the axis extending from this perforator to the anterior iliac spine forms the
axis of our flap, and a flap can be designed on this axis [47]. The pedicle of the flap is
shorter than its alternatives, and its caliber is smaller than the internal mammarian
artery, which is usually used as the recipient artery. Dissection is relatively challeng-
ing. However, donor site morbidity is low and can be removed as a sensate flap [46].

The Transverse Upper Gracilis (TUG) flap is a frequently used DIEP alternative
flap. The pedicle of this flap is the gracilis branch, which leaves the profunda femoris
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artery. The anatomy of this branch is relatively stable and preoperative imaging is not
recommended as standard. Dissection is easy. While designing the flap, the superior
border of the flap is drawn 1-2 cm inferior to the inguinal crease to hide the donor site
scar from the inguinal crease and inferior gluteal crease. Then, according to the pinch
test, the inferior border is drawn to allow the primary closure of the donor site [48].
The most important disadvantage of this flap is that it has a higher donor site mor-
bidity than perforator flaps [49].

3. Breast reconstruction with implant

Among the breast reconstruction options after mastectomy, the most commonly
used method is implant-based reconstruction (alloplastic). In 2020, approximately
75% of reconstructive breast operations in the USA were performed through an
implant [50]. Although the developing technology and surgical techniques have
strengthened the surgeon’s hand in reconstruction, these developments have also
brought many questions to the agenda, such as stages of the operation (direct-two
stages), implant type (silicone, saline, round, anatomical, polyurethane coated...),
anatomical plan (total-partial submuscular, prepectoral), and use of ADM. To obtain
superior esthetic results and successful surgical results in implant-based breast recon-
struction, these questions should be evaluated and planned separately for each patient.

3.1 Direct-to-implant/2 stages

The traditional approach in implant-based breast reconstruction is the two-stage
technique. In the first stage, controlled tissue expansion is completed after the place-
ment of a temporary expander. Then, with the second operation, the expander is
replaced with a permanent prosthesis. However, in recent years, the single-stage
direct-to-implant method has come to the fore with surgical techniques, such as skin
and nipple-sparing mastectomy, and especially with technological developments like
the discovery of ADM [51]. The reason why this method is popular is the improve-
ment of esthetic results with the use of ADM is the completion of the reconstruction
process in one step with the direct placement of the permanent implant in the same
session as the mastectomy. It is more cost-effective because it does not require addi-
tional surgical sessions [52].

Although the complication rates of the direct-to-implant method were previously
thought to be higher, according to recent studies, no significant differences were
observed in terms of complications when the two methods were compared [53, 54].

Candidates suitable for direct-to-implant reconstruction are patients with preop-
erative small-medium-sized symmetrical breasts and those who want the same breast
size postoperatively. The most important criterion for a successful direct-to-implant
repair is a good and robust blood supply of the skin flaps after mastectomy. If the skin
flaps have insufficient blood supply or if a significant change in pre-postop breast size
is planned, two-stage reconstruction should be considered [55].

3.2 Anatomical plan and soft tissue support

Preferable placements to place implants or expanders:
Prepectoral (subcutaneous).
Total submuscular.
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Partial submuscular (dual plan).

The subpectoral placement was first preferred with the discovery of implants and
their use in breast reconstruction [56], but over time due to the excess of major
complications such as capsular contracture and implant loss, this was abandoned
and the submuscular location was started to be used frequently [57]. In total
submuscular placement, the pectoral muscle covers most of the implant, while
the serratus muscle and/or fascia covers the lateral of the implant, and the rectus
abdominis fascia covers the inferior depending on the need. The leading
advantages of this technique include adequate soft tissue support and a
well-blooded dressing, but animation deformity, muscle spasm, and
associated chronic muscle pain are the negative aspects of total submuscular
placement [58].

The discovery of supporting materials such as acellular dermal matrix and mashes
made partial submuscular (dual plane) placement possible. After the pectoral muscle
is dissected from its inferior and lateral borders and is elevated, the lower and lateral
edges of the implant are covered with ADM. This method provides better esthetic
results by providing adequate tissue support for the upper pole while allowing ade-
quate expansion of the lower pole (Figure 1).

The prepectoral pocket has gained popularity again with the development of
highly cohesive implants and ADM/meshes, by obtaining thicker skin flaps with
better blood supply after changing mastectomy methods, and with improvements in
autologous fat graft techniques [59]. The advantages of prepectoral placement include
minimal animation deformity, less implant malposition, and less pain [58].

Although there are many studies on the advantages and disadvantages of pocket
selection in the literature, a complete consensus has not been obtained. However,

Figure 1.
Acelluler dermal matrix coverage on the inferior pole of the implant.
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recent studies indicate that prepectoral pocket selection is similar to submuscular
pocket selection in terms of complication rates. In a study by Ostapenko et al.,
prepectoral placement was demonstrated to be superior to subpectoral in complica-
tions such as capsule contracture, implant loss, and animation deformity, while com-
plication rates such as infection, hematoma, and seroma were similar in prepectoral
and subpectoral breast reconstructions [60]. According to another study by Bekisz

et al., no significant difference was detected in the rates of complications such as skin
flap necrosis, minor infection requiring antibiotics, hematoma, and the need for
implant replacement in terms of prepectoral, dual plan, and total submuscular pocket
choices [61]. According to a comprehensive meta-analysis study by Saldanha et al., the
superiority of subpectoral-prepectoral and dual planes to each other in terms of
complications could not be demonstrated in implant placement. There was only weak
evidence that subpectoral and prepectoral location was associated with infection [62].
It is estimated that the breast reconstruction option with subpectoral implant place-
ment will gradually increase in popularity due to the increase in studies that do not
have a significant difference in terms of complications and shorter operation times.

3.3 Acellular dermal matrix

Implant-based breast reconstruction has gained a new concept with the use of
biological and synthetic mashes. Acellular dermal matrix (ADM), a type of biological
mash, was first used in direct-to-implant breast reconstruction in 2005 and has been
increasingly preferred in breast reconstruction surgeries since then [63]. ADM can be
used in direct-to-implant or two-stage expander/implant surgeries with submuscular
or prepectoral placement. Many studies have indicated that the ADM is used as an
inferolateral extension of the pectoralis muscle, by creating additional space and soft
tissue support for the implant, filling the gap between the muscle and fascia, and
creating a more natural IMF and a more esthetic lower pole [64]. In prepectoral
repair, ADM is used to cover the anterior surface of the implant or to cover both
the anterior and posterior surfaces of the implant to provide long-term soft tissue
support [55].

In a 10-year prospective study by Ellsworth et al., breast reconstruction surgeries
performed with ADM and without ADM were compared, and it has been observed
that the use of ADM reduces capsular contracture, the amount of seroma is higher in
patients who used ADM in the first year, and the rate of seroma between the two
groups is similar on the 5th year. However, higher rates of infection were observed in
repair with ADM [65]. According to another study, the use of ADM leads to an
increase in complications such as infection, implant loss, reoperation, and re-
admission to the hospital. Additionally, according to the same study, smoking, high
BMI, operation time, and RT history are risk factors that increase complications in
ADM use [66]. Another complication that should be known about ADM is Red Breast
Syndrome. This syndrome is a clinical condition thought to arise from a hypersensi-
tivity reaction characterized by non-infectious self-limiting erythema in patients
undergoing breast reconstruction using ADM [67]. Although it usually resolves with
time, it should be well differentiated from infection [67].

As aresult, when we look at the literature, potential advantages include creating an
additional implant cover, supporting the implant in the lower pole, providing faster
expansion, emphasizing the breast contours and borders, and effects on capsule for-
mation [68]. Although there are different findings, one of the most important factors
for success in the use of ADM is the right patient selection.
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3.4 Implant selection

Breast prostheses are classified as saline/silicone gel according to their content,
anatomical/round according to their shape, and smooth/rough/polyurethane-coated
according to the sheath properties, and all of them can be used in breast reconstruc-
tion. Implant selection is made according to many factors such as desired breast size,
pocket dissection, existing soft tissue support, and the dimensions of the contralateral
breast if unilateral repair is to be made. Whether anatomical or round-shaped pros-
thesis will be chosen, the decision should be made by considering the width of the
breast base, the shape of the chest wall, and the breast footprint on the chest wall
when deciding on the size of the prosthesis, and the pocket dissection should be made
to fit the selected implant exactly. This approach is essential for a successful recon-
struction with a low complication rate.

Today, except for rare cases, silicon gel implants are generally used. Because ana-
tomical highly cohesive gel implants have a higher ability to resist the forces exerted by
the tissue, less rippling is observed [6]. These implants give better esthetic results,
especially in prepectoral placement [55]. Many studies are comparing the advantages
and disadvantages of anatomical-textured and round-smooth implants. In a prospective
study conducted by Khavanin et al. [69], the use of anatomical and round implants in
breast reconstruction was compared. According to this study, while the infection rates
were found to be higher in patients who used anatomical implants, there was no
significant difference between the two implant types in complications such as seroma,
hematoma, capsule contracture, and explantation [69]. According to the same study, it
has been shown that the use of round implants in unilateral repairs requires more
operations to provide symmetry in the contralateral breast [69]. Anatomical implants
provide better expansion and contour in the lower pole, better symmetry, and esthetics
in the submammary fold, while round implants are better in providing upper pole
fullness [70]. In terms of patient satisfaction, anatomical implants came to the fore with
their more natural appearance and were evaluated negatively as being stiff and palpa-
ble, and round implants were found to be more satisfactory in terms of softness and
volume [70]. Although it promises superior esthetic results, the biggest disadvantage of
textured implants is the possibility of the development of implant-related anaplastic
large cell (BIA-ALCL) lymphoma. This disease, a type of T-cell lymphoma, has been
associated with implants with a textured surface [71]. In this disease, which presents
symptoms such as late seroma, capsular contracture, pericapsular mass, and LAP,
treatment consists of implant removal, mass eradication, capsulectomy, and chemo-
therapy in addition to surgery in some patients [72].

Another implant option in breast reconstruction is polyurethane-coated implants.
The main advantage of polyurethane-coated implants is that the probability of devel-
oping capsular contracture is lower than with other implant coatings [73]. It is known
that post-mastectomy radiotherapy is particularly associated with capsular contrac-
ture, and it has been shown that PU-coated prostheses have a low incidence of
capsular contracture in patients receiving radiotherapy [73]. Another advantage of
PU-coated prostheses is that they should adhere to the tissue. This is especially
advantageous in breast reconstruction surgeries with prepectoral implants, in fixing
the implant to the chest wall without the need for extra mechanical support [74]. As a
result, although each implant type has advantages and disadvantages, the patient
should be informed about the implant and the decision should be made by discussing
it with each patient within the framework of expectations, possible adjuvant theory,
and patient characteristics.

201



Breast Cancer Updates

3.5 Tissue expanders

Reconstruction with the two-stage expander/implant method after mastectomy is
the most commonly used breast reconstruction method [50]. In conventional tissue
expanders, expansion is based on the inflation of the expander by serial percutaneous
saline injections. This procedure, which can be performed in outpatient conditions, is
uncomfortable for the patient, requires frequent hospital visits, and increases the
susceptibility to infection. However, a new tissue expander system based on CO; has
received FDA approval. In this system, the patient provides controlled inflation with-
out the need for a needle by triggering the release of CO, from an internal reservoir
with a wireless system with a remote control [75]. This new system has been shown to
reduce the number of visits, the time required for full expansion, and the complica-
tion rates [75].

3.6 Conclusion

Implant-based breast reconstruction is still the most commonly used breast recon-
struction method and will continue to be popular. It is possible to achieve all the aims
of the reconstruction more esthetically, while changes are occurring in the surgical
approaches established with the developing surgical techniques and medical devices.

3.7 Tissue engineering

Mastectomy and any surgical procedure that causes deformity in the breast leads to
the idea that the woman is psychologically less sexual. The method of reducing this
load is to provide reconstruction with a tissue close to the normal contour in form.

Tissue engineering and cell-based breast reconstruction options, when combined
with surgery, are pleasing to the patient and physician.

It is especially enriched with stem cells and stromal vascular fraction (SVF),
increasing the permanence of the fat, SVF; endothelial stem cells include pluripotent
vascular progenitor cells, preadipocytes, and macrophages. Increasing skin quality
with repeated applications is a desired result, especially in thinned skin after tissue
expanders. It is a big problem that after the prosthesis, especially in breasts receiving
radiotherapy, unwanted, third- and fourth-degree contractions around the prosthesis,
impaired healing, lymphedema, and mastectomy flaps disrupt circulation and cause
necrosis. For these reasons, cases of implant exposure are very common (Figure 2). In
this way, it is possible to maintain the breast contour and keep the prosthesis in the
proper position after the permanent implant is placed [76, 77].

As it is known, it is not always possible to replace a tissue loss with autologous
tissue. The idea of reproducing that tissue using autologous cells was based on com-
plications such as donor site problems and capsule contraction. In cases where recon-
struction cannot be planned with sufficient and appropriate autologous tissue,
products that resemble tissues and replace damaged tissue are used with innovative
tissue engineering. The microenvironment and extracellular matrix (ECM) are
important for stem cells [78]. In terms of ECM, platelet rich plasma (PRP) contains
especially sufficient growth factors. In summary, with the signaling of growth factors,
proliferation and differentiation between cells begin. Aside from the use of recombi-
nant proteins as scaffolds in tissue engineering, it is only possible in cellular-based
productions without a scaffold [79]. Cellular-only approaches without a biocompati-
ble scaffold have a low chance of success [77]. Because, with the ideal scaffold
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Figure 2.
Exposed implant on the left breast.

selection, natural tissues can be created that accurately mimic tissue in vivo, allow
vascular ingrowth, and allow a porous and 3-dimensional microenvironment. In this
way, biomaterials that remain intact until tissue is formed for a sufficient period but
degrade at the appropriate time can be developed [77, 80]. Degradation must occur at
the right time for tissue regeneration and the formation of new ECM [81].
Biomaterials can be obtained not only from humans but also from animal or
natural sources. They are distinguished from synthetic materials in that they are
incorporated into the host tissue during the natural degradation process. The main
task of biomaterials is to act as a biophysical and chemical medium to enable cellular
response. As biocompatibility increases, biointegration and vascularization increase.
In the same environment, cells adhere, multiply, and differentiate appropriately.
Anti-inflammatory cytokines are still released but result in a minimal foreign body
reaction [82, 83]. Natural biomaterials used in adipose tissue engineering are primarily
silk, alginate, collagen, and gelatin. Natural biomaterials can be combined with vari-
ous biomaterials and their mechanical properties can be formed with different forms
of cross-linking. Among the synthetic biomaterials, polyglycolic acid, polylactic acid,
and polycaprolactone can be listed [83]. It is easy to add ECM and growth factors to
synthetic components, so their use in tissue engineering is gaining momentum.
Scaffolds in general; hydrogels, sponges, bioprinted or 3D structures, or electrospun
scaffolds [83, 84]. The fact that the scaffold is hard is important in terms of providing
structural integrity and imitating the natural tissue it has changed and being porous in
terms of removing cellular wastes. The biggest problem in scaffolds consisting of
synthetic components is the removal of harmful by-products formed after decompo-
sition. Therefore, hybrid scaffold models containing both synthetic and natural com-
ponents have been recently started to be studied to benefit from the strengths of both
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sides. Biological interactions are required to facilitate the natural secretion of proteases
and cell migration [85]. Studies are showing that there may be a connection between
these mechanical properties of scaffold and mesenchymal cell differentiation.

Nipple areolar complex (NAC), reconstruction; women’s body image and patient
satisfaction are more difficult, and the advantages of 3D-printed NAC have been
emphasized recently [86]. In terms of adipose tissue regeneration, especially
hydrogels are advantageous because their ability to mimic the extracellular matrix is
very strong [80, 87].

3.8 Fat injection

As it is known, breast tissue is a common component of glandular tissue and
adipose tissue. The most important problem encountered in replacing the formed
defect with only fat is the inability to maintain resorption and adequate volume.
Adipose-derived stem cell (ADSC) is widely used in breast reconstruction for both the
awakening of autologous tissue sensation and contour correction after implant place-
ment. When fat is enriched with ADSC, these cells can transform into new adipocytes,
thus producing biocompatible, nonimmunological tissues. Likewise, studies are
showing that the addition of SVF further increases angiogenesis in terms of
interaction between endothelial precursor cells (Figures 3-6) [80, 88].

Studies continue to determine whether these cells increase the risk and recurrence
of cancer with their secondary paracrine and autocrine effects after fat injection into
the breast, which has become increasingly popular because it is more physiological
[76, 78]. Insufficient follow-up time and the lack of clinical cases due to biases are
among the study barriers.

Figure 3.
Fat ready for injection after centrifugation.
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Figure 4.
Fat injection into the breast.

Figure 5.
Fat enriched with the stromal vascular fraction.
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Figure 6.
Cell counter device.

It is accepted that fat injection should be done in the form of repetitive injections,
rather than a sufficient amount in a single session in breast reconstruction. It should
be kept in mind that the formation of sebaceous cysts and microcalcifications after
excessive injections may lead to misleading results in the follow-up of malignancy
[76, 80, 89].

3.9 Acellular dermal matrix

The main use of ADM in breast reconstruction is to provide more support and to
minimize ripling and implant exposure. Especially in post-tissue expander implant
applications, wrapping the implant with ADM reduces the frequency of complications
compared to the traditional technique.

The aim is to improve scaffold fabrication techniques, increase tissue similarity
and compatibility, and find inexpensive means of obtaining and selling. In this way,
the frequency of use can be increased.

Concurrent contralateral mastectomy rates have also increased with breast-
conserving surgery. In general, the favorite approach is to place the implant in the
pouch designed in the subpectoral plane, still in the reconstruction phase. In this way,
while sufficient muscle tissue covers the upper pole of the implant, the implant
contacts the skin at the inferior pole, and after a while, the expansion mechanism
thins the skin and prepares the ground for exposure [90]. In addition to the develop-
ment of implant technologies in recent years, the use of ADM has decreased the
exposure rate by increasing the safety of the implanted pouch. At the same time, it

206



Solutions in Breast Reconstruction
DOI: http://dx.doi.org/10.5772 /intechopen.109782

supports single-session approaches by providing contour regularity [91]. Closing the
subpectorally placed implants by suturing ADM to the inferior wall of the pectoral
muscle provided more esthetically meaningful results. Another advantage of ADM in

Figure 7.
Prevention of expansion with polypropylene mesh.

Product Material Company FDA
Alloderm Human Life Cell Corp. Approved
Allomax Human CR Bard/Davol Inc. Not approved
Dermacell Human LifeNet Health Inc. Not approved
Flex HD Human Ethicon Inc Approved
Permacol Porcine Medtronic Approved
Strattice Porcine Allergan Approved
Surgimend Bovine Integra Life Scienes Approved
Veritas Bovine Synovis Approved
Vicryl Mesh Polyglactin Ethicon Inc Approved
Table 1.

ADM products in breast reconstruction.
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breast reconstruction is improved tissue expansion and increased volume. In addition,
ADM itself can produce a fibrotic reaction. Studies on the reasons for this focus on
dead space between the flap and ADM, formation of seroma, placement in an infected
area, or insufficient perfusion [84]. In titanium-coated polypropylene meshes, the

chance of tissue expansion is lower due to the stretch of the polypropylene (Figure 7)
(Table 1).

4, Conclusion

After breast cancer and nipple-sparing surgical approaches became active, cos-
metic expectations have increased even more. The introduction of ADM, especially in
the sense of emergency breast reconstruction, has been groundbreaking. Despite its
complications such as infection and seroma, ADM is successful in its use with well-fed
flaps that cover it. The main problem is economic, although it is human-induced,
which is more flexible in the choice of ADM.

In terms of psychological recovery and patient satisfaction, the use of ADM and
biomaterials among the reconstruction options close to breast normal tissue and
appearance is becoming more common with contributions to the literature. It is
possible to contribute to breast volume and increase skin quality in the early and late
periods with fat injection into the breast. What is discussed at this stage is what can be
done additionally for fat survival.

3D printer technology aims to produce serial and personalized bioprints at low cost
and to make them widely used in clinics. With biomaterials produced in this way, it
may be possible to minimize volume loss by increasing the vitality and vascularity of
fat cells injected for breast reconstruction.

5. Reconstruction: when and how?

One of the most controversial issues in reconstructions after breast cancer diagno-
sis is the timing of surgery. In any case, the most important issue to be considered is
that the patient can start oncological treatment as soon as possible if needed. It is
recommended to start adjuvant radiotherapy within 8-12 weeks after the surgery.
Late radiotherapy is determined to have a risk of recurrence [92].

This situation leads us to the following question: Would the reconstruction be
performed together with tumor surgery or the reconstruction after the completion of
oncological treatment (especially chemoradiotherapy) would be more appropriate?

The most important factor in choosing early or late treatment is whether the
patient needs radiotherapy or not. Some of the publications in the literature state that
the complication and success rates in patients who underwent simultaneous repair and
received RT are close to or at an acceptable level when compared to late repair [93-
96]. There are some publications stating that early repair has more successful results
[97]. However, many publications show that simultaneous repair is associated with a
higher risk of complications than late repair in patients who will receive radiotherapy
[98-101].

When the advantages of early treatment are stated, one of these advantages is that
it does not require additional surgery, and it is a relatively easy surgery because it is
performed before the tissue damage is caused by radiotherapy. The most important
disadvantages are that a possible complication may delay the patient’s receiving
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radiotherapy and additional complications may occur with radiotherapy. The general
belief is that although there may be a delay in initiating RT treatment due to compli-
cations from time to time, the simultaneous repair usually does not cause a delay in
initiating RT [102]. Simultaneous repair may be a good alternative, especially when
autologous reconstruction options are preferred [93, 96].

The biggest advantage of the delayed treatment is that RT treatment has been
completed and the reconstruction can be spread throughout the process. The most
important problem is that the tissues damaged after RT make surgery significantly
more difficult, and patients who have had mastectonia spend a long time until they
have definitive reconstructive surgery.

In the statement published by the Oncoplastic Breast Consortium [103], some
current recommendations were included.

If late repair is performed, definitive surgery should be performed at least
6-12 months later.

Waiting 6-12 months for fat graft applications.

Concomitant repair may affect the onset of RT in some patients, however, it
generally does not cause a delay in the onset of therapy.

RT is not an absolute contraindication for simultaneous implant repair, but it has a
higher risk of complications.

The fact that the patient will receive chemotherapy is another factor affecting the
chance of success. Different chemotherapeutic drugs have been demonstrated to have
different complication rates [104].

If the patient has advanced breast cancer such as inflammatory breast cancer, it
would be better for patient safety to wait at least 1 year from the completion of
treatment and confirm that there is no recurrence [105].

Many surgeons also have reservations about fat graft applications. The idea that the
adipose stem cells contained in the fat graft may stimulate the proliferation of cancer
cells makes many surgeons hesitant in the application of fat grafts. However, studies
indicate that fat graft applications do not increase recurrence and metastasis [106].

Another drawback of fat grafting is that it may complicate the radiological follow-
up of the patient. However, in general, the abnormal radiological images encountered
in these patients are observed far from areas containing fat grafts, and it is most likely
due to changes that occur as a result of surgery rather than fat grafting [107].
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Chapter 15
Breast Reconstructive Options

Benjamin Liliav and Luis Torres-Strauss

Abstract

Breast reconstructive options have evolved over the past six decades. Despite
advancements in technology, improved therapeutic options, and genetic testing,
women are still, unfortunately, faced with a myriad of deformities after treatments for
breast cancer. In order to restore an esthetically pleasing breast mound, a careful evalu-
ation of the patient must be taken into account. There are, generally, three components
or factors that need to be considered while devising an excellent reconstructive option
for a particular patient. These are: patient factors, surgeons’ factors, and oncologic fac-
tors. It is only with a detailed understanding of each one of these factors that a sound
solution is arrived at. In this chapter, we will explore the various modalities of breast
reconstruction available to patients. We will also demonstrate specific considerations
in order to optimize an excellent outcome for our breast cancer patients.

Keywords: breast reconstruction, breast cancer, implant based reconstruction,
autologous reconstruction, lipofilling of breast, fat grafting breast, advances,
and trends in reconstruction of the breast

1. Introduction

Breast cancer (BC) is the most common cancer of women in the United States
and worldwide [1, 2]. The management of BC is in constant evolution. Multiple
landmark studies published in the last several decades have led to a transition from a
more radical surgical approach towards breast conserving surgery and less deforming
mastectomies [3-7] (Figure 1). Similarly, the field of breast reconstruction (BR) has
seen many changes in the form of new knowledge and technical advancements that
have led to the development of modern reconstructive practices for restoration of a
breast mound.

The surgical treatment of BC is best achieved in a multidisciplinary approach
[8-10]. The patient typically requires the expertise of many medical and surgical spe-
cialists as part of their collaborative treatment plan. Adjuvant therapies in the form of
chemotherapy, radiation therapy, hormonal therapy, biologic therapy, and psychologic
therapies, may be required for optimal treatment of BC patients. For those undergoing
a surgical treatment, reconstruction should be an integral part of the treatment plan
as well. The goal of BR is to restore an esthetically pleasing breast mound. With many
recent advancements in knowledge and surgical techniques, the ability to restore a
cosmetically appealing breast utilizing BR has evolved into its modern practice.

The female breast is the most revered symbol of femininity. From physiological
stand point, the breasts main function is lactation. From an anatomical perspective,
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Late 19'h Century
Halsted Radical Mastectomy

Early 2o Century
Pattey’s and Madden’s Modified Radical Mastectomy

!

Breast Conservative Treatment

1970 - 1990

Lumpectomy + Radiotherapy

|

Conservative Mastectomy

1990 — 2022

Skin Sparing Mastectomy and Nipple Sparing Mastectomy

+ Breast Reconstruction

Figure 1.
Evolution of breast cancer surgery.

they serve as a crucial part of the female body image and sexuality [11]. Breast
oncologic surgery for the treatment of BC may lead to anatomic deformities with the
consequence of adverse impact on the patient’s quality of life [12]. Many studies have
shown the psychologic and therapeutic benefits in women who undergo BR [13]. The
breast restoration experience has been shown not only to reinstate the esthetically
pleasing breast but also to improve the personal body image in these women [14].

When a BC patient undergoes a surgical treatment for a tumor, it may result in
breast deformities or the complete acquired absence of a breast.

Figure 2.
48 year old female after lumpectomy and radiation to her right breast. Volume distortion and contour
abnormality is clearly visible in the right breast compared with left.
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Figure 3.
32 year old female after right mastectomy with total acquired breast absence.

With breast conserving therapy, which entails lumpectomy and radiation, several
breast contour deformities and volume distortion may result from tumor excision and
radiation treatment (Figure 2) [15, 16].

In patients undergoing mastectomy either as a Skin Sparing Mastectomy (SSM)
or a Nipple Sparing Mastectomy (NSM), the result is a patient with acquired breast
absence (Figure 3). In order to offset these deformities, and optimize the surgical
outcome, the patient should be informed of reconstructive options prior to undergo-
ing the lumpectomy or mastectomy procedures. Therefore, it is absolutely imperative
to involve the reconstructive plastic surgeon as part of the multidisciplinary team as
soon as the diagnosis for BC is made. This will allow the patient to have access to and
be carefully evaluated by the reconstructive plastic surgeon and help determine what
breast restoration options are available to the patient early in the treatment process.

2. Options for breast cancer surgery

* Conservative treatment (lumpectomy +radiation)
In some cases, Oncoplastic surgery.

* Mastectomy
Modified radical, Skin Sparing, Nipple Sparing

1. With Reconstruction
a. Autologous Tissue
b. Implant based reconstruction
c. Fat grafting

2. Without Reconstruction

* Contralateral Breast surgery

3. Considerations in breast reconstruction

There are three different factors that must be considered while choosing a BR
option. These are patient related factors, Oncologic factors, and surgeon related
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factors. The plan must be individualized to each patient based on these factors.
Furthermore, the decision process of reconstructive procedure must entail a col-
laborative approach between the plastic surgeon and the affected patient [17]. More
specifically, the reconstructive plastic surgeon presents the available options based on
the above mentioned factors, while the patient states her desires to finally arrive at the
optimal breast reconstructive plan.

Patient related factors are: the age of the patient, the patient’s desires, overall
health and comorbidities, previous breast or other body surgeries, smoking history,
and patient anatomy. Oncologic factors involve BC history, history of radiation
therapy, history of breast biopsies, tumor biological features, and the potential need
for adjuvant chemotherapy, radiation therapy, biological and hormonal therapy.
Surgeon related factors include the availability of a plastic surgeon to perform a par-
ticular reconstruction, and optimal facility with appropriate capabilities and ancillary
staff where the surgery will be performed.

4. Who is a candidate for BR after BC surgery?

Most women diagnosed with BC are candidates for BR which is viewed as part of
the healing process. Every patient, regardless of disease stage, socioeconomic status,
or demographics, must be informed about options and techniques available to them.
Historically, there was a concern that BR may mask locoregional recurrence or that
it may compromise adjuvant treatments [18]. However, the available evidence sug-
gest that BR does not adversely affect disease-free or overall survival and there is no
significant delay in recurrent disease presentation [19]. Currently, with improved
social media and internet access, there is an increase in frequency of patients who are
desiring breast reconstruction after mastectomy [20].

The multidisciplinary team should review important parameters in order to obtain
a complete evaluation of any particular patient (Figure 4).

There is a particular group of patients who is considered high risk based on
genetic mutations. Less than 15%of all BC are associated with germline mutations
[21]. The majority of hereditary breast tumors are due to mutations in BrCal and/or

Breast Reconstruction Patient’s Criteria

+ Patients age

¢  Body Mass Index (BMT)

e Breast Anatomy

e Patients preferences

e Overall Health and comorbidities

e Previous surgeries

e Smoking

e Stageof BC

s  First occurrence vs recurrent

e Use of adjuvant therapy (chemotherapy, radiation, and hormonal therapy)
e Immediate vs delayed reconstruction

«  Single or two-stage reconstruction

e Uni or bilateral surgery and reconstruction

e Facility capability of supporting microsurgery

Figure 4.
Breast reconstruction patient’s criteria.
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BrCa2 genes, these patients often have bilateral and multicentric disease, early-onset,
and more likely to be Triple Negative (ER-, PR-, HER2-) [22, 23]. One of the most
effective strategies in treating these women is the prophylactic mastectomy better
defined as Risk Reduction mastectomy (RRM). This technique provided the greatest
reduction in risk of BC development (around 90%) and also diminishes the anxiety
and fear in these affected women [24]. As a result of that, this subset of patients can
benefit from prophylactic mastectomy, and require breast reconstruction of their
affected breast as well as a restoration procedure for their contralateral breast. It
should be noted that contralateral RRM does not improve survival in patients without
deleterious genetic mutations or lobular histology [25]. In the USA, a growing rate of
bilateral mastectomy for unilateral BC is being observed. Availability of immediate
BR, young age, pathogenic BrCa mutations, significant family history, and Triple
Negative disease play a significant role in choosing this type of surgery. NSM plus
immediate BR is nowadays considered the gold standard in this group of women [26].

5. No reconstruction

Some patients prefer not to have BR and opt for a breast prosthesis instead. The
advantage of this device is not taxing the body with additional surgery other than
the required oncologic procedure. The disadvantages are significant discomfort, skin
irritation and rashes, and inability to wear a bathing suit or clothing comfortably. This
option is reasonable for an elderly patient who is not concerned about cosmesis or a
patient with many comorbidities who is not a candidate for BR.

6. Delayed reconstruction

A delayed BR is breast restoration performed at a later date as an independent
separate procedure by the plastic surgeon. The patient initially undergoes the onco-
logic procedure with a mastectomy or breast conserving therapy. Subsequently, the
patient pursues Breast reconstruction based on a collaborative approach with the
plastic surgeon. This reconstructive option is ideal if there is no availability of plastic
surgeon at the facility or if negative margins could not be achieved during the onco-
logic procedure. Once the patient is cleared from an oncologic standpoint, the BR can
be pursued at a later date. Advantages include allowing time to identify a board certi-
fied plastic surgeon who will perform the reconstruction at a nearby facility as well as
appropriate allotted time for oncologic treatment in terms of achieving final negative
margins. The disadvantage of this approach is that by waiting, the patient endures the
negative psychologic implications of not having a breast or having a deformed breast
until the reconstruction is performed. In addition, with delayed reconstruction there
is scarring and fibrosis that forms as part of the healing process that may impact the
type of reconstruction that can be performed at a later date [27, 28].

7. Implant based reconstruction (IBR)

IBR entails using a breast implant (silicone or saline) to create a breast mound
after mastectomy. The advantages of IBR are that this procedure is relatively simple,
expedient, and has short recovery time. The disadvantages are implant related
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complications such as implant rupture, exposure, extrusion, and capsular contrac-
tures [29]. IBR can be performed in a single or two stage technique. In a single stage
IBR, the plastic surgeon places the breast implant to reconstruct the breast mound
at the same operation immediately after mastectomy [30]. Alternatively, IBR can be
performed in two stages. This is particularly useful in cases where extra skin needs to
be recruited. In this approach, a tissue expander is placed first at the time of mas-
tectomy. The device is expanded over time on a weekly basis in the medical office.
Several months later, the second stage of the procedure is performed where the tissue
expander is removed and replaced with a permanent breast implant [31].

Irrespective of single or two stage implant reconstruction technique, anatomi-
cally, these devices (expander and/or implant) can be placed either above or below
the pectoralis muscle. In the early period of breast reconstruction, pre-pectoral
(above the pectoralis muscle) implant placement was abandoned due to high rates of
capsular contracture, implant extrusion and poor esthetic results. Subsequently, the
shift to subpectoral plane (under the pectoralis muscle) offered an increased cover-
age of the implant and less of the above implant related complications However,
over the years it became apparent that submuscular implant placement is associ-
ated with chronic muscle related pain, muscle spasms, animation deformity, and
reduced physical mobility. With optimization of mastectomy technique, advances in
radiotherapy, use of alloplastic devices, fat grafting, and new implant designs, the
prepectoral approach has undergone a revival and is now performed in many centers
around the world [32].

With certain surgical advancements, oncologic surgeons are transitioning to
SSM and NSM. Technological breakthrough has contributed to the availability of
mesh (Human/animal/synthetic) for reconstructive support [33]. Improvements
in the breast implant device characteristics have led to improved outcomes for
patients undergoing IBR as well. Furthermore, due to these advances in mastectomy
techniques, and the recent increase in bilateral mastectomies performed, IBR is the
most common approach currently used for breast reconstruction. According to The
American Society of Plastic Surgeons 2018 publication, 40% of women who under-
went mastectomy had reconstruction and the most common practice in the US was
immediate reconstruction (75% of the cases) of these 81% corresponded to Implant
based (two-stage 68%, one stage 13% (Figures 5 and 6) [34].

Figure 5.
36 year old female with history of bilateral SSM and immediate subpectoral implant based BR. Of note she also
had bilateral nipple reconstruction.
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Figure 6.
28 year old female with history of BRCA gene mutation. Left: demonstrates her pre surgery (pre mastectomy).
Right: patient 6 months after Bilateval prophylactic NSM with immediate prepectoral implant based BR.

8. Autologous breast reconstruction (AR)

The premise in AR is utilizing tissue such as skin, fat, and sometimes muscle
from another place on the patient’s body in order to create a breast mound. AR can be
performed in immediate or delayed fashion as well [35]. Many different types of flaps
have been described in the literature for restoration of breast mound using patients

Figure 7.
Top: 39 year female diagnosed with left breast cancer. Bottom: after Left NSM and reconstruction with abdominal
based flap.

Figure 8.

49 year old female with history of right breast cancer. Patient underwent autologous reconstruction with
abdominal based flap. Left: vight breast reconstruction with DIEP (deep inferior epigastric perforator) flap.
Right: same patient after nipple reconstruction.
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Figure 9.
Left: 38 years old female diagnosed with invasive vight breast cancer. Right: same patient after right NSM and
reconstruction with TUG (transverse upper gracilis) flap.

Figure 10.
Patient with history of bilateral breast cancer, vight invasive ductal and left lobular in situ. She is shown after
bilateral SSM and immediate reconstruction with bilateral LD (latissimus Dovsi) flaps. Delayed tattooing nipple

reconstruction.
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own body tissues [36]. Some are abdominal based flaps (TRAM, DIEP, SIEA), others
are gluteal based flaps (SGAP, IGAP), there are thigh based flaps (PAP, TUG) and back
based flaps (LD, TDAP) [37]. Most of these flaps require a microsurgeon who is well
versed in microsurgical techniques, the availability of a microscope, a well-trained
surgical team in microsurgery, and a facility that can support these types of complex
and delicate operations. The advantages of BR using these flaps are natural appearing
results, esthetically pleasing outcome, and improved patient satisfaction [38]. The
disadvantages are the need for a skilled microsurgeon, long procedure time, longer
recovery period, extra scarring in the donor sites, and increased pain. Figures 7-10
show examples of Autologous Breast reconstruction.

9. BR with lipofilling

BR could be achieved by lipofilling (fat transfer) after mastectomy. This tech-
nique involves removing fat from certain areas in the body by way of liposuction,
processing the fat cells, and transferring them to the area of absent breast. It is
important to note that there is a limitation of how much fat can be injected in order
for the fat cells to survive and often times this requires several sessions of fat graft-
ing in order to obtain the desired result. Patients who undergo breast conserving
therapy with lumpectomy resulting in a contour deformity or volume deficiency
after excision, may benefit from fat transfer procedure in order to restore the loss
of volume in the treated breast [39]. Of note, BR with lipofilling has been shown
to be ontologically safe [40]. Advantages of lipofilling for breast reconstruction

Figure 11.
BR with lipofilling. Left: Patient with history of NSM for left BC resulting in contour deformity. Right: patient
after Reconstruction with 4 sessions of lipofilling and scar release.
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include the creation of a breast with a natural consistency, minimal scarring,
could be use in patients with comorbidities, relatively simple procedure, and low
costs [41]. The main limiting factor of this technique is that fat transfer uptake
may require multiple fat grafting sessions [42]. This procedure is better offered to
patients with small brassiere cup. Some teams report the use of a skin expansion
with expander or an expansion device like BRAVA system [43]. Although BR with
lipofilling is a relatively new technique, it is gaining in popularity in the United
States and worldwide (Figure 11) [44].

10. Oncoplastic breast reconstruction

In certain BC patients, particularly if they have larger breast size, it is oftentimes
possible for them to have the excision of the tumor and have the plastic surgeon per-
form local breast tissue rearrangement by either lifting the breast or reducing the total
size of the breast at the same time that the tumor is being removed. This technique is
ideal for a patient with large ptotic breasts who desires breast reduction or lift at the
same time of oncologic excision surgery. The advantages are that the tumor is removed
with very wide margins and once the tissues are rearranged by way of lifting or reduc-
tion, the new breast mound appears even more esthetically pleasing then prior to the
patient undergoing surgery. The disadvantages are that the contralateral breast which
is not affected from oncologic standpoint is undergoing a surgical procedure as well.
Also, many patients are not candidates for this technique especially if their breasts are
too small or if the tumor is not in a favorable location (Figure 12) [45, 46].

Figure 12.

46 year old female diagnosed with left invasive breast cancer. Left: preoperative photos. Right: patient after
Oncoplastic Surgery with excision of left breast tumor with concurrvent bilateral breast reduction.

11. Approach to the opposite breast
Many BC patients who undergo surgical treatment with or without reconstruc-

tion oftentimes require treatment to their contralateral breast. The main reason is for
symmterization of both breasts and to improve the esthetic outlook. Depending on
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what treatment is indicated, the contralateral breast may require breast augmentation
with implant, breast reduction, or breast lift. When speaking with the BC patients,

it is important to make sure they are aware that reconstruction is a process. We must
clearly inform the patient not only about the reconstructive options but also sym-
metrizing procedures that may be needed either at the same time as BR or later onasa
separate procedure.

12. Breast implant associated illness

Although rare, it must be mentioned that there are several cases of Breast
Implant illness reported in the literature. As of April 1, 2022 The Food and Drug
Administration has received a total of 1130 US and global medical device reports of
breast implant-associated anaplastic large cell lymphoma (BIA-ALCL) [47]. These
cases, must be confirmed by pathology/cytology test or Anaplastic Lymphoma Kinase
and CD30 biomarkers. More recently, Sept, 2022, the FDA released a new safety com-
munication about Squamous cell carcinoma and various lymphomas in the capsule
around breast implants. The current data is limited but evolving. More studies are
required to ascertain the magnitude of these findings. Nonetheless, clinical awareness
is paramount [48].

13. The impact of post mastectomy radiation therapy on breast
reconstruction

Radiation Therapy (RT) is delivered to those patients who are at high risk for
developing local recurrence. Indications for radiation therapy include patients
undergoing breast conservative surgery as well as patients who undergo mastectomy
based on the stage of the tumor and the extent of lymph node metastasis [49]. The
need for radiation therapy may not be known until the final pathologic classification
of the tumor is completed. Therefore, the reconstructive surgical technique, whether
implant based or autologous, should remain the same even in patient who will require
post mastectomy radiation therapy. Despite reported data of potential increase in
surgical and wound related complications in IBR and to a lesser extent Autologous
reconstruction, current literature suggests that there are no absolute contraindica-
tions for implant based reconstructions in the setting of post mastectomy radiation
therapy [50].

14. Nipple areola reconstruction

Nipple areolar reconstruction (NAR) is the final stage of the breast reconstructive
process. The individual who requires NAR is a patient that underwent SSM where the
nipple areolar complex is excised as part of the oncologic procedure. In addition, any
patient who undergoes NSM, but the nipple areolar complex was compromised due to
poor vascularity is a candidate for NAR as well. NAR can be performed as an outpa-
tient procedure under local anesthetic and yields superb results for the patients. Many
different techniques are described in the literature for NAR [51]. The authors favorite
technique is single stage NAR and tattooing (Figure 13) [52].
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Figure 13.
Left: 35 year old female after nipple areolar complex Reconstruction and tattooing in a single stage technique.
Right: same patient with side photo showing adequate projection of nipple.
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Chapter 16

Oncoplastic Breast Conservation: A
Standard of Care in Modern Breast
Cancer Surgical Management

Ana Car Peterko

Abstract

Within the multimodal treatment, the extent of surgery for early-stage breast
cancer treatment may be safely de-escalated. This strategy is associated with less
morbidity, therefore significant improvements in quality of life (QoL). Nevertheless,
conventional, ablative-only breast conservative surgery (BCS) has several limitations
considering breast aesthetics and may impact QoL just opposite than anticipated.
The concept of oncoplastic breast conservation emerged at the end of the last century
intending to overcome these limitations. Although the primary goal remains onco-
logical safe cancer resection, the enhanced aesthetic outcomes, achieved with this
approach, significantly contribute to higher patient satisfaction. The author believes
that mastectomy should no longer be offered as an equivalent treatment option for
early-stage breast cancer patients with low-volume breast disease, irrespective of the
availability of postmastectomy breast reconstruction. Moreover, with the opportuni-
ties of oncoplastic breast conservative surgery, the technical feasibility of breast con-
servation should not represent an issue even in a higher stage of the disease. Clinical
decision on the type of oncoplastic procedure is mainly based upon the anticipated
percentage of breast volume loss and the residual breast volume, as well as the avail-
ability of additional donor sites, patients’ preference, and surgeons’ skills.

Keywords: breast cancer, surgery, mastectomy, breast conservation, oncoplastic,
quality of life

1. Introduction

Breast cancer was the most common malignant disease in the general population
worldwide, contributing 12.5% of the total number of new cases and 25.8% of new
cases in females diagnosed in 2020 [1]. The average womans lifetime risk of breast
cancer diagnosis is as high as 12-13%, that is, statistically, one in every eight women
will be diagnosed with breast cancer during her life [2].

Due to population screening programmes and increased breast awareness in the
developed world, breast cancer is nowadays detected predominantly (80%) in the
preclinical and early stages of the disease. With the multidisciplinary management
and the modern multimodal treatments, in this subgroup of patients, the oncological
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outcomes are excellent, with a 5-year overall survival (OS) rate reaching over 95%.
Moreover, the cumulative 10-year OS rate of 70-80% has been reported as well [3].

In addition to conventional oncologic outcomes, quality of life (QoL) has emerged
as an important outcome measure and has been recently established in breast cancer
management evaluation. The world’s most prevalent cancer, with 2.3 million newly
diagnosed patients yearly and 7.8 million new breast cancer survivors every 5 years
[4], clearly justifies the QoL evaluation in all breast cancer management trials.

The ultimate goals of modern breast cancer surgery are optimal local and regional
control of the disease, associated with minimal morbidity and enhanced aesthetic
outcomes.

2. Surgical management of early-stage breast cancer

Until the seventies, mutilating procedures in the breast and axilla, intended for
disease eradication, were the only available surgical options in breast cancer treat-
ment, irrespective of the stage of the disease. Better insights into breast cancer
biology, as well as a better understanding of the natural course of the disease, have
contributed to substantial changes in surgical management over the last five decades.
Clinical trials, initiated by Veronesi and Fisher [5-7], have demonstrated that breast
conservative surgery, accompanied by adjuvant breast irradiation, is not an inferior
option for the early-stage (T1-T2) breast cancer treatment. Moreover, the survival
outcomes in several, more recent, population-based studies [8-13] favour a conserva-
tive approach (Table1).

As no benefit has not ever been associated with the more extensive procedures,
breast surgery has been de-escalated to the more conservative options. Several
synonyms for breast conservative surgery (BCS) are present in the literature: partial
mastectomy, quadrantectomy, segmentectomy and lumpectomy. Although there
are slight differences among the original definitions, nowadays the term represents

Reference Number of Years of Endpoint(s) Results
patients included follow up
Milan trial [5, 6] 701 20 OS (Mx vs. BCS) 41% vs. 42%
NSABP B-06 [7] 1843 20 OS (Mx vs. BCS) 47% vs. 46%
Norwegian population 13,015 10 BCSS (Mx vs. BCS) 82% vs. 93%
register [8, 9] OS (Mx vs. BCS) 64% vs. 86%
Indian hospital-based 7609 5 0OS (Mx vs. BCS) 99% vs. 91%
registers [10] Stage I 86% vs. 94%
Stage II 69% vs. 87%
Stage I1I
SEER [11] 132,149 10 BCSS (Mx vs. BCS) 90% vs. 94%
Danish population 58,331 10 0OS (Mx vs. BCS) 57% vs. 82%
register [12] vs. BCS and Mx vs. 74%
Dutch population 129,692 6 0S (Mx vs. BCS) 80% vs. 91%
register [13] 12 0OS (Mx vs. BCS) 72% vs. 52%
Table 1.

Overall survival (OS) and/or breast cancer specific survival (BCSS) in relation to surgical treatment:
Mastectomy (Mx) vs. breast conservative surgery (BCS).
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a breast tumour resection with appropriate histological margins, that is, ‘no ink on
tumour’ for invasive breast cancer and a minimum of 2 mm of benign breast tissue
surrounding the in situ disease [14, 15]. The goal of this treatment de-escalation
strategy is QoL improvement, related to breast preservation. Nevertheless, the con-
ventional, ablative-only approach in BCS has several limitations considering breast
shape and symmetry, that is, breast aesthetics, and may impact QoL just opposite
than anticipated [16].

The breast resection volume and the lesion location within the breast are major
determinants of the aesthetic outcome following conventional BCS. Even in the
early stage of the disease (T1-T2), a 30% risk of breast deformity is reported in the
literature. Resection volume over 15-20% of breast volume in outer quadrants and
over 10% in medial or central quadrants, without partial breast reconstruction,
may already result in some degree of breast deformity [17, 18]. In addition, natural
(preoperative) breast shape, degree of ptosis and breast glandular density impact the
aesthetic outcome as well. According to available literature data [19], four degrees of
breast deformity have been reported following BCS, from a mild NAC retraction to
the severe distortion of the entire breast.

The oncoplastic approach emerged at the end of the last century with intention of
overcoming the limitations of conventional BCS. Following oncoplastic procedures,
breast shape and symmetry remain preserved, although the breast volume may be
reduced. Moreover, breast aesthetics can be improved with this type of cancer surgery.

The term ‘oncoplastic’ was first mentioned by German surgeon Audretsch in
1993 [20]. Merged from the Greek words ‘onco’ (tumour) and ‘plastic’ (shaping), it
signifies reshaping the breast after the tumour resection. Although the primary goal
remains oncological safe cancer resection, the enhanced aesthetic outcomes, achieved
within this approach, contribute to the improvements of the QoL among the survi-
vors. The concept was therefore easily accepted worldwide and is further developing
into a new surgical discipline.

Superior aesthetic outcomes are not the only advantage of the oncoplastic
approach. In a meta-analysis of 8659 patients from 61 studies [16], specimen weight,
re-excision rate, local recurrence rate and patient satisfaction were compared between
conventional and oncoplastic BCS. All analysed endpoints favour the oncoplastic
approach, indicating that higher rates of BCS with lower re-excision rates can be
achieved in addition to lower local recurrence rates and higher patient satisfaction.

It is interesting to consider that the same endpoints are proposed by the EUSOMA
working group [21] for quality indicators (QIs) in the early-stage breast cancer
surgical management evaluation. Accordingly, higher rates of breast conservation
for low volume iz situ and invasive breast disease, as well as lower rates of re-excision
following BCS, suggest a higher quality of surgical management. In other words, the
mastectomy rate of over 30%, in this subgroup of patients, indicates the poor qual-
ity of surgical management. Additional arguments that further support the latest
observation are available in the scientific literature as well. Potter reports significantly
higher rates of complications, re-operations and re-admissions to hospital in the
oncoplastic mastectomy group as compared to oncoplastic breast conservation, in
patients with tumour size less than 3 cm [22]. In Chands’ QoL analysis, all aspects

of the validated questionnaire (breast appearance, physical, emotional and sexual
well-being) were better in the oncoplastic BCS group, when compared to any type of
postmastectomy reconstruction [23]. Finally, in the Dutch cost-utility study, onco-
plastic BCS is reported as more cost-effective than mastectomy followed by implant-
based or autologous breast reconstruction [24].
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Figure 1.
Surgical options in early-stage breast cancer treatment. OP-BCS = oncoplastic breast conservative surgery,
OP-Mx = oncoplastic mastectomy.

Considering all the above-mentioned arguments favouring oncoplastic BCS, the
author believes that mastectomy should no longer be offered as a comparable treat-
ment option for a low-volume breast disease unless there is a strong oncologic contra-
indication for breast conservation (Figure1).

With all available oncoplastic techniques, the technical feasibility of surgery
should not represent an issue in this stage of the disease. Moreover, the oncoplastic
approach offers the opportunity for breast preservation even in selected patients with
locally advanced disease [25].

3. Surgical management of locally advanced breast cancer (LABC)

Irrespective of screening programmes, 15% of all breast cancer is still diagnosed
with the locally advanced stage of the disease (T3-4 and/or N2-3). However, the
reported 5-year OS is still 70-80%. Therefore, QoL, as an important outcome measure
in the management evaluation, cannot be ignored either in this group of patients.

In the modern multimodal approach, neoadjuvant systemic treatment is the
first-line option for these patients. According to all relevant treatment recommenda-
tion guidelines, neoadjuvant chemotherapy (NAC) should be offered to all aggressive
breast cancer phenotypes (TNBC and HER2 enriched) with a tumour size of over
2 cm or/and axillary lymph node involvement. From the surgical point of view,
the major benefit of this approach is tumour downsizing, allowing a higher rate of
conservative procedures in the breast and axilla. However, the high rate of treatment
response following NAC is still not accompanied by the equivalent increase in BCS in
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everyday clinical practice; that is, the surgical overtreatment is consistently reported
in the literature [26, 27].

According to evidence-based practice guidelines, as well as expert consensus
guidelines, response-adjusted surgery is the recommended option following NAC;
that is, only the residual disease in the breast should be removed following treatment
response. For the non-responders, those with a poor response or with scattered pat-
terns of response, the oncoplastic approach has broadened the possibilities for breast
conservation. However, care should be taken in those patients with the multifocal
residual pattern, lymphatic vascular invasion, residual T size over 2 cm, and exten-
sive nodal involvement following NAC, as a higher risk of local and regional recur-
rence was reported for the subgroup of patients with multiple above-mentioned
factors detected [28].

Nevertheless, extensive in situ disease, as well as extensive invasive breast cancer
(T3), no longer represents an absolute contraindication for breast conservation. The
results reported by Silverstein and Libson [25, 29] indicate that extreme oncoplastic
breast conservation is an oncological safe approach for patients with high-volume
breast disease. In addition, it allows safe and aesthetically pleasing breast preservation
in patients with multifocal and multicentric diseases [30-33]. However, the decision
on the type of surgical procedure for the LABC patient should be always made in a
multidisciplinary fashion, considering all aspects of multimodal treatment, rather
than the technical feasibility of surgery exclusively.

4. Relative contraindications for breast-conserving surgery

Although good aesthetic results and a large volume of resection can be achieved
with oncoplastic BCS, mastectomy may still be required in patients with the multi-
centric disease when appropriate resection cannot be achieved in a single resection
volume, especially for those patients with a higher risk of local relapse, in whom
irradiation boost to tumour bed might be required for optimal oncologic outcomes.

Hereditary breast cancer with a proven high-risk genetic mutation, as well as
strong family history without a proven high-risk mutation, but with a calculated
lifetime risk of contralateral breast cancer of over 30%, may also represent a relative
contraindication for BSC. For these patients, a bilateral mastectomy may be recom-
mended, although the evidence of survival benefit is reported only after a long-term
follow-up (>15 years) [34, 35]. In addition to young age, patients diagnosed with less
aggressive tumour subtypes might as well benefit from the radical bilateral procedure
[36]. When considering the risk of local relapse in patients with proven high-risk
mutations, the results of scientific reports are unclear. Although there are literature
data favouring mastectomy, other studies did not confirm any benefit for local control
management in these patients [37].

Another issue requiring clarification in surgical management decision-making
is ipsilateral breast recurrence following previous BCS and whole breast irradiation.
Although better oncological outcomes following radical procedures have not been
confirmed by the results of any randomised control trials, mastectomy is the most
often recommended clinical practice for this condition. Nevertheless, several non-ran-
domised clinical trials have reported non-inferiority of BCS for the selected subgroup
of patients, even for those cases in which re-irradiation was omitted [38, 39].

In conclusion, when deciding on the type of breast surgery for LABC, multicen-
tric, hereditary and familial breast cancer, as well as for ipsilateral recurrence, the
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author recommends a multidisciplinary and highly personalised approach to every
case. The scientific evidence is not yet strong enough to support standardisation for
optimal management in these patients. Randomised clinical trials are needed for a
better understanding of these cases, although the low frequency of the condition and
ethical issues involved represent obstacles to the appropriate study design.

5. Absolute contraindications for breast-conserving surgery

Only a few situations represent the absolute contraindication to BCS: inflamma-
tory breast cancer, irrespective of NAC treatment response, inability to obtain ade-
quate resection margins due to diffuse breast disease, and inability to deliver adjuvant
breast irradiation (lack of required facilities or patient comorbidities that prevent safe
irradiation delivery). Although rare nowadays, in these cases mastectomy is consid-
ered mandatory, with or without immediate or delayed breast reconstruction.

Patients’ desire for radical surgery is another issue that requires consideration.

It is often driven by patients’ knowledge gaps and subsequent fear of disease recur-
rence. The surgeon’s role in modifying patients’ decisions is tremendous. Most of
the patients can be reassured easily with the appropriate information concerning
both procedures, as well as their impact on oncologic outcomes and QoL [22, 23]. A
decision for mastectomy should never reflect the surgeon’s desire to avoid complex
oncoplastic surgery. The optimal treatment strategy must be offered to every patient
and ignorance may not be an excuse for suboptimal management.

Relative and absolute contraindications for BCS are summarised in Table 2.

Relative contraindications for BCS Absolute contraindications for BCS

Locally advanced breast cancer

Multicentric disease Inflammatory breast cancer
Hereditary breast cancer Diffuse breast disease
Familial breast cancer Adjuvant breast irradiation cannot be delivered

Ipsilateral breast cancer recurrence

Patient opting for mastectomy?

Table 2.
Relative and absolute contraindications for breast conserving surgery in breast cancer management.

6. Oncoplastic techniques in breast conservative surgery

For academic purposes, the techniques of partial breast reconstruction following
tumour resection can be divided into two major groups: breast volume displacement
and breast volume replacement (Figure 2). The basic difference is in the donor area
utilised for partial breast reconstruction. The resected volume can be substituted by
displacement of the remaining breast parenchyma, or replaced with fat tissue har-
vested adjacent to the breast.

Volume displacement techniques may further be categorised into level I (simple
breast tissue advancement) and level II procedures (breast tissue rearrangement);
however, due to variable definitions in the literature, certain techniques can be
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Figure 2.
Oncoplastic techniques in breast conserving surgery.

categorised in both groups. Although basic concepts originate from reconstructive
surgery (advancement flaps) and aesthetic breast surgery (mastopexy and breast
reduction), the adopted procedures were significantly modified and enriched with
new techniques, designed for cancer surgery. Different oncoplastic breast surgery
atlas recommendations, proposed by different authors, suggest a lack of standardi-
sation in the field. Nevertheless, a multitude of techniques enables a personalised
surgical approach for each patient.

Volume replacement techniques, local perforator flaps (level IIT) and fat grafting,
both adopted from reconstructive surgery, have recently emerged as popular alterna-
tives in partial breast reconstruction.

Clinical decision on the type of oncoplastic procedure is mainly based upon the
anticipated percentage of breast volume loss and the residual breast volume [40], as well
as the availability of additional donor sites, patients’ preference and surgeons’ skills.

Profound knowledge of breast anatomy is required for optimal performance
for both ablative and reconstructive parts of all breast oncoplastic procedures.
Compliance with the proposed oncoplastic planes of dissection, as well as respect-
ing the breast as an aesthetic unit (shape, nipple position and symmetry with the
contralateral breast), in addition to oncological safe tumour resection, is mandatory
for the successful outcome of the oncoplastic surgery. Otherwise, it may result in
higher complication rates (bleeding, skin and NAC necrosis, fat necrosis, infection),
higher re-excision rates, and higher rates of local recurrence and disease progression.
However, detailed breast anatomy and a description of surgical techniques are both
beyond the scope of this chapter.

6.1 Level 1 volume displacement (parenchymal advancement)

Every oncoplastic breast surgery starts with skin incision planning. If the skin
overlying the tumour is closed or involved, the skin incision is determined by the
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Oncoplastic volume displacement level 1 and level 2.

tumour position. However, whenever oncology is safe, the preferred approach is the
skin incision hidden in the inframammary fold (IMF), peri-areolar region or lateral
mammary fold, accompanied by retro-glandular or subcutaneous access to the breast
lesion and oncoplastic lumpectomy.

From the surgical perspective, oncoplastic level 1 procedures are technically the
least demanding with a fast learning curve and wide applicability. It represents the
optimal surgical approach for the majority of early-stage breast cancer patients.

The best results are achieved for resections not exceeding 20% of the breast volume,
ideally, in small- to medium-size, non-ptotic, firm, dense (BIRADS C-D) breasts. The
basic concept of level 1 partial breast reconstruction relays upon single- or dual-layer
mobilisation of the breast parenchyma surrounding the resected area and its closure
by simple parenchymal advancement.

Nipple and areola complex (NAC) repositioning into a new breast centre may be
required following extensive parenchymal advancement. However, if NAC pedicles
and significant tissue rearrangement are involved, it would be more appropriate to
categorise it as a level 2 procedure (Figure 3).

6.2 Level 2 volume displacement (parenchymal rearrangement)

Except for the NAC pedicle formation, significantly extensive breast tissue
rearrangement is involved in level 2 procedures. Consequently, the procedures
are more complex, as compared to level 1, and a longer learning curve is required.
A resection volume of over 20% of breast volume is an indication for the level 2
procedure. However, only selected patients, with ptotic, medium or large volume,
fatty (BIRADS A-B) breasts are appropriate candidates for level 2 oncoplastic
breast conservation.

Although mastopexy and reduction mammoplasty represent the origins of the
level 2 procedures, the techniques have been significantly modified for cancer surgery.
If the skin is not involved, the type of the skin incision (round block, vertical scar,
inverted T) is determined by surgeons’ preference, breast volume and the degree of
breast ptosis. Subcutaneous lumpectomy for any tumour location can be performed
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Quadrant per quadrant atlas of oncoplastic volume displacement techniques.

through any of the above-proposed types of skin incision. However, the choice of
NAC pedicle, parenchymal resection and rearrangement are influenced by the tumour
location within the breast [19]. Nevertheless, if the overlying breast skin is involved,
the tumour location determines the skin incision and the technique modification
accordingly. For these situations, a quadrant-per-quadrant atlas of oncoplastic
procedures has been proposed [41] as follows: lateral mammoplasty for the upper
outer quadrant, J/L mammoplasty for the lower outer quadrant, V. mammoplasty

for the lower inner quadrant, batwing mastopexy for the upper inner quadrant, and
superior/inferior pedicle mammoplasty for 12 and 6 o clock tumours (Figure 4).

For small-volume tumours in the small-to-medium volume, firm (dense),
non-ptotic breasts, good results can be achieved in a single oncoplastic procedure.
However, if a larger resection volume is required or the procedure is performed in
hypertrophic, fatty and/or severe ptotic breasts, symmetry can only be achieved with
an additional surgical procedure in the contralateral healthy breast. Following level 2
oncoplastic surgery, a symmetrisation procedure for the contralateral breast is usually
required. Aesthetically pleasing results (good symmetry) can be accomplished with
an equal procedure in the healthy breast at the time of cancer surgery or following
adjuvant oncologic treatment(s) and an additional 6-12-month period required for
breast stabilisation.

6.3 Oncoplastic breast conservation for central quadrant tumours

For central quadrant tumours, several procedures have been proposed: elliptic hor-
izontal/vertical excision of the central portion of the breast, melon slice, round block
and wedge resection. The choice of the optimal procedure depends on the breast
volume and shape, as well as the breast volume required for oncological safe resec-
tion. The goal is to maintain the maximum projection site in the centre of the breast.
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The proposed methods for NAC reconstruction are local skin flaps, contralateral NAC
(grafting), NAC tattooing and external NAC prosthesis.

6.4 Level 3: volume replacement (local perforator flaps in partial breast
reconstruction)

Another reconstructive option following breast conservative surgery is volume
replacement (level 3 oncoplastic breast conservative surgery). The technique is the
ideal choice if a large resection volume is required in a small volume breast and a
patient desires to avoid mastectomy. It is also a good alternative for a large resection
volume in a large volume breast, but in a patient wishing to avoid additional proce-
dures for symmetry in a contralateral healthy breast. Moreover, it is a useful option
for the correction of deformity following unsuccessful previous BCS.

The flaps utilised in partial breast reconstruction can be harvested as random
or perforator-based flaps. The irrigation of the flap is based on nearby perforator
arteries: medial, anterior, and lateral intercostal arteries perforators (MICAP, AICAP,
LICAP), lateral thoracic artery perforators (LTAP) and thoracodorsal artery perfora-
tors (TDAP). These adipo-cutaneous flaps may be designed in the epigastric area,
just below to IMF or in the lateral thoracic region, connected to a lateral mammary
crease, and therefore can be easily inserted in a breast defect following tumour resec-
tion (Figure 5). However, additional scars, donor site morbidity and a higher risk of
complications associated with these techniques mandate additional surgical training,
as well as appropriate patient selection. A detailed description of the techniques is
available widely across the literature [42-46] and is beyond the scope of this chapter.

Figure 5.
Local perforator flaps for partial breast reconstruction harvested in a) epigastric region and b) lateral thoracic
region.

7. Conclusion

Modern breast cancer surgical management should consider QoL as an
equally important treatment outcome as the traditional oncological endpoints.
Implementation of an oncoplastic breast conservative approach has significantly
improved the QoL as compared to conventional BCS in early-stage breast cancer
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patients. Moreover, oncoplastic BCS has become a treatment option even for patients
diagnosed in the locally advanced stage of the disease and irrespective of the tumour
response to NAC. As compared to oncoplastic mastectomy, it does not affect the
oncological outcomes; however, fewer complications, better QoL and fewer expenses
for the healthcare system have been reported for the oncoplastic BCS.

Oncoplastic breast surgery has emerged as a new concept, and it is developing
into a new surgical discipline. Basic surgical training in general or plastic surgery is
no longer an optimal level of education for the surgeons involved in breast cancer
management. Additional theoretical and practical knowledge is highly recommended.
In addition, for optimal margin assessment, appropriate irradiation dose delivery
and patient follow-up after an oncoplastic procedure, all breast specialists within the
modern oncoplastic breast multidisciplinary team should become familiar with the
oncoplastic techniques as well.
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Chapter 17

Physiotherapeutic Management
in Breast Cancer Patients

Margit Eidenberger

Abstract

Breast cancer treatment can lead to various physic and psychic long-term
morbidities, such as restricted shoulder joint range of motion, lymphedema, impaired
muscle strength, or cancer-related fatigue. Physiotherapy is a body-oriented approach
to tackle these different complaints. This chapter starts with possible prehabilitation
approaches until therapy or surgery. It continues with early post-op mobilization and
shoulder-arm exercises during the early stages and additionally breathing exercises.
In the following rehabilitation period and after hospital discharge, the focus lies on
shoulder joint range of motion, muscle strengthening, and body posture to regain
normal activities of daily life. This is supported by easy learnable exercises and
therapy measures. Lymphedema prevention and treatment are discussed as well as
sports therapy, which is divided into endurance and strength training. Therefore,
an active lifestyle is encouraged by also considering necessary precautions while
training during chemotherapy cycles. Common symptoms and problems, such as
cancer-related fatigue and chemotherapy-induced polyneuropathy, are tackled with
techniques, such as yoga or balance training. Scar therapy and radiation-induced lung
injury are delineated followed by massage therapy proposals and specified exercises to
enhance oxygen uptake.

Keywords: prehabilitation, rehabilitation, shoulder joint mobility, lymphedema,
endurance training, strength training, relaxation

1. Introduction

Breast cancer is the most common cancer type in women. The latest improvements
in early detection and therapy have led to a 10-year overall survival rate of up to 78% [1]
in central Europe. At the time of diagnosis, most women are between 55 and 69 years
old [2], but also younger women are increasingly affected, every one of these interested
in an ongoing high quality of life after completing therapy. This has necessarily brought
attention to the treatment of morbidities following the diagnosis and/or side effects of
modern breast cancer treatment [3]. Women not only resume their working position
but also want to return to sports after breast cancer treatment and/or reconstructive
breast surgery and therefore need support, advice, and medical expertise.

Physiotherapy is a body- and patient-oriented approach for tackling different
complaints of breast cancer patients after surgery (breast-conserving surgery BCS,
mastectomy, and/or breast reconstruction), radiation therapy (RT), chemotherapy
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(CT), or hormone therapy. It aims at shoulder joint immobility, pain, scar complaints,
or lymphedema with means of “hands-on techniques.” Patients are furthermore
educated to perform customized exercises, that is, “hands-off exercises” to regain
their mobility and strength [4] and in doing so act as their own therapist.

The physiotherapeutic process starts with a thorough patient anamnesis, inspec-
tion and palpation, and further assessments to figure out the reason for the patient’s
problem. Afterward, the physiotherapist suggests a suitable treatment approach
according to her/his expertise, medical research evidence, and the patient’s values and
preferences. Patient adherence to therapy is crucial for ongoing success.

This chapter gives an overview of different physiotherapeutic approaches, there-
fore guiding breast cancer patients through different stages of cancer treatment and
afterward. Various common complaints and deficits are depicted followed by evidence-
based exercise and therapy suggestions. It describes physiotherapy as an important part
of the whole therapy concept contributing to a patient’s better quality of life. Even in
case of cancer-recurrence or metastasis, and during palliative stages, adapted training
and activity of life guidance is possible and can facilitate the patient’s remaining life.

2. Prehabilitation

Prehabilitation is the approach to start therapy shortly after definite breast cancer
diagnosis to make use of the remaining time until surgery (30 + 17 days) or other medi-
cal treatments are planned. Prehabilitation has been able to improve bodily functions,
shoulder range of motion (ROM)), activities of daily life (ADL), and led to a shorter
recovering period after surgery [5]. Acknowledging the fact that patients’ activities will
inevitably diminish post-surgery, by employing prehabilitation, women can guarantee
that the percentage change will be of lesser consequence. Physical as well as psychologi-
cal parameters can be improved during the weeks until the therapy starts.

To achieve this, patients are encouraged to take longer walks or go for Nordic walk-
ing (30—60 min) at an average or higher walking speed (4—5,5 km/h) on flat ground
and even on gradient tracks. This leads to better oxygen uptake and cardiopulmonary
function. They are instructed to do specific shoulder exercises to enhance a) shoulder
ROM and b) shoulder girdle muscle strength by resistance training [6]. The train-
ing furthermore affords an opportunity to distract patients from disease-centered
thoughts and can divert constant and circulating worries. It should, therefore, be
complemented by an easy-to-learn kind of relaxation therapy, for example, deep
breathing exercises [7] or Jacobson’s progressive relaxation.

3. Postoperative phase

Out-of-bed mobilization starts on post-surgery day one for BCS and mastectomy.
With certain reconstructive breast surgeries, this is delayed for one or two more days.
Early mobilization improves patients’ independence for basic ADLs and protects
against deep vein thrombosis. In a short time, patients are independent to use the
toilet, to take meals at the table or to perform basic body hygiene for themselves.

Patients should train and/or walk two times a day for overall 10—20 minutes with
an assured blood pressure of a minimum of 105/70 to a maximum of 150/90 and a
heart rate of (180 minus age minus 10%). The walking speed is set at 60—80 steps per
minute, which corresponds to a low intensity of 25—50 Watts. A recumbent bike can
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be used after removing urinary catheter and drains. When using the (new) BORG
Scale as an intensity level parameter, patients should specify their personal level of
exhaustion at 1-2/10 during training sessions.

Patients are educated to perform their own breathing exercises and thrombosis
prophylaxis, that is, calf-muscle pump, by moving and circling their ankles. In their
own interest, this should be done every hour with 20—30 repetitions and 2—3 sets.
While lying or sitting upright in bed or in a buxton chair in their room, the pursed-lips
technique is used for exhaling combined with a deep breathing technique, preferably
through the nose, while inhaling. The breathing is guided to the thoracic flank, the
abdominal region, or the pulmonal apex region stimulated by the patient’s own hands.
From 12 to 15 breathing cycle repetitions are necessary for three series, interrupted by
30—60 sec breaks. Breathing exercises can also be combined with low-level shoulder
exercises [8], such as shoulder shrugs, shoulder circles, arm flexion, and arm abduction.

Patients are lying supine in bed, and the affected side’s arm is supported by one or
more pillows to ensure low pain levels and to enhance lymphatic flow. A heart-shaped
pillow placed in the axillary region can reduce pain and muscle tension after axillary
lymphadenectomy. Patients are provided with such a pillow as an individual present
at the ward. For reconstructive breast surgery, such as the DIEP flap or the TRAM
flap, even more pillows or a positioning block is needed to support the calves/legs to
relieve the abdominal region from exorbitant scar tension.

Arm exercises at the wrist and elbow level also start on day one. This improves
wound healing, pain, and quality of life [9-11]. Shoulder exercises start on day three
for BCS, but are restricted to 90° flexion and abduction and should respect lower
levels if patients report pain [12]. Starting too early or in a too progressive regime
could lead to an enhanced risk of seroma formation [13], lymphedema, or higher fluid
drainage [8]. Mastectomy patients should wait with shoulder exercises until day 5 to
diminish the risk of bleeding [14]. Arm lever, and therefore, weight during shoulder
exercises, should be reduced in the beginning by maximal elbow flexion, which places
the fingers at the corresponding shoulder. To remember these exercises correctly,
patients are receiving a written information leaflet with precise instructions and
further precaution measures to be taken in the following weeks and months.

After removing surgery drains [15], which is approximately on day 2—6 for breast
and axillary drains, respectively, with the axillary drain normally remaining longer
than the breast drain, the physiotherapist (PT) can induce passive and passive-
assisted hands-on techniques in different directions. This will enhance scapular and
humerus movements and can reduce excessive muscular tensions, for example, in the
rhomboid or trapezius muscle and therefore pain (cp. Figure1).

Figure1.
Scapular movements: Cranial/caudal; ventral/dorsal and in diagonal shape (anterior elevation/posterior depression).
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The patient is discharged from the hospital on days 2—14, depending on type of sur-
gery (longer for several breast reconstructions), eventual complications, and personal
wound healing. Given this possible short in-patient time, it is crucial to ensure that
patients are provided with all information necessary and behavior tips to pay attention
to after discharge. This can be supplemented by a list of available outpatients’ services
if they are in need of further therapy or advice. The wound and the scar need support
and protection for at least 4—6 weeks. Exercises started during the in-patient period
are to be prolonged for the following weeks and maybe even months depending on the
individual symptoms. In case of breast and trunk, RT thorax stretching and breathing
exercises are recommended for several months to counteract tissue fibrosis.

4, Rehabilitation

Rehabilitation for breast cancer survivors can be very heterogenous [3] depending
on the different complaints and symptoms. It aims at restoring the best possible state
of health, in a somatic as well as a psychic manner. In the first weeks after surgery,
some precautionary measures have to be taken to not impede proper wound healing.
This includes not carrying or lifting heavy weights or children with the affected
arm and avoiding exhausting household tasks, such as vacuum cleaning, window
cleaning, lawn mowing, snow shoveling, or lifting out heavy cooking pots. On the
other hand, women are encouraged to use their arms increasingly, for example, body
hygiene, such as teeth brushing or hair combing or easy household tasks, for exam-
ple, dusting off. This is relevant to not becoming accustomed to prolonged “cradling
of the arm” protectively against the body, which compromises shoulder ROM and/or
arm swing during walking and furthermore affects posture badly.

In case of long-lasting side effects, patients should be taught compensatory
mechanisms and ways to improve and economize their ADLs. This also includes sup-
plying the patient with several necessary tools, for example, a long-handled reacher.

Even in the case of cancer recurrence, with improved medical possibilities and
treatments, many patients are facing several years of life to come. This shows the
need for body-oriented therapies and approaches to improve patients’ symptoms and
facilitate the patients’ ongoing life in the aspect of mobility, edema, or pain. These
recommendations should be considered even if disease progression is complicating
therapy application increasingly [16]. If necessary, relatives or other caregivers should
be involved in the therapy procedure to facilitate ADLs and transfers. In palliative
contexts, this not only empowers and strengthens these people but also simplifies the
relationship between the patient and her caregiver at home.

4.1 Shoulder joint

During the second week after surgery and after suture removal, shoulder joint
mobility progresses without any limit [11] to reach high ROM as soon as possible. This
is not only important for the patient herself, but is also paramount for starting an RT,
which requires a certain patient position with maximal arm flexion and/or abduction
to reach the axillary region. Otherwise, the RT could be delayed with unfavorable
patients’ outcomes [17]. Therefore, it is recommended to employ several techniques
and exercises. Patients have already been taught their individualized home exercise
program, which they should apply at least three times a week but better daily for 3
more months [15] with 10—20 repetitions for each exercise. Flexion, abduction, and

254



Physiotherapeutic Management in Breast Cancer Patients
DOI: http://dx.doi.org/10.5772/intechopen.108946

external rotation are the most limited shoulder movements, so the focus lies on these
motions. Scar treatment and muscle stretching are in close connection with shoulder
ROM and complete the program enriched by relaxation techniques.

While exercising, patients are lying supine or sideward, sitting on a stool, or are
standing securely on even ground. Exercise and stretching can induce a certain feeling
of discomfort but should not trigger pain. If so, this exercise has to be finished or slightly
varied until the pain subsides. Patients are using their own arm weight as a means of
resistance or easily available tools, such as a rubber band, little hand weights or dumb-
bells, a broomstick, a towel, or filled small mineral water bottles as a weight substitute.

External rotation can be exercised with a yellow or later red rubber band fixed ona
door handle while standing. The patient is holding her arm in a neutral position and the
elbow close to the trunk with a 90° elbow flexion and is holding the loose end. She is then
pulling against the rubber band resistance for the maximal possible external rotation and
slowly easing back, which induces both concentric and excentric muscle activities.

For the so-called “elbow clam exercise” to enhance shoulder abduction, the patient
is lying supine, both hands are crossed behind the head, and elbows together in front
of the face. Now, the patient is abducting her arms, ideally, until the elbows touch the
ground, left, and right (cp. Figure 2). She is holding this final position for at least
10 seconds, breathing steadily, and then moves slowly back.

Flexion can be enhanced, for example, with the “cleaning the door exercise.” The
patient stands facing the door, and the hand of the affected arm is resting on the door

Figure 2.
Elbow clam.
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panel with a small cloth in between. Now the arm is slowly gliding upward as high as
possible at the time given and back to breast level. The arm’s weight is resting partially
on the door. During the exercise, the patient is instructed to maintain an upright body
posture and not to lean back as a form of compensatory movement. Arm flexion is
combined with inhaling and extension with exhaling.

4.2 Posture

Out of 82% women, after breast cancer surgery, only 35% of women develop a bad
body posture [18]. This includes shoulder elevation, shoulder protraction, subacromial
space reduction, trunk rotation, head rotation, and thoracic spine kyphosis [19-21].
Explainable reasons for these are pain, high muscle tension, axillary seroma, and a
disproportional weight distribution after mastectomy without a breast prosthesis or a
heavy-weight external prosthesis. The kyphosis also correlates with a kind of “startle
pattern” so as not to show the missing/operated breast to their surroundings. The
misguided postures lead to prolonged shoulder immobility, as the humerus cannot glide
freely. Furthermore, muscle tension triggered pain [22] or even gait changes can follow.

Remedies are the bilateral arm exercises with the proprioceptive neuromuscular
facilitation (PNF) concept [23]. This combines shoulder flexion, abduction, and
external rotation with rubber-band resistance. Besides shoulder ROM improvement,
trunk erection is also involved (cp. Figure 3). The patient is sitting on a stool, with her
feet fixing both loose ends on the floor. The band is then crossed at lower legs height
and fixed around both palms. In the beginning, the left hand is resting on the right
knee and vice versa. She then starts the movement by lifting, abducting, and rotat-
ing both her arms, which inhibits unwarranted trunk movements until her maximal
shoulder position is possible. The tension at the final position is to beheld for a few
seconds, then the movement is slowly reversed back until both hands are resting on
the knees as in the beginning.

While executing the so-called popular PT exercise “block game,” the sitting
patient is taught to actively feel, correct, and erect her three blocks, that is, the head,
the trunk, and the pelvis in a vertical axis, one on top of the other. She then stabilizes
and strengthens the now erect trunk by deploying both abdominal and back muscu-
latures by moving the trunk slightly forward and backward without leaving the erect
spine position.

Self-mobilizing exercises with the arm resting on a soft flexible ball while sitting
sideward to a table correct the humerus direction caudal by activating the scapula
(rhomboid muscle, transverse trapezius muscle) toward the spine, while simultane-
ously giving pressure on the ball and slightly abducting the arm by rolling the ball
sideward (cp. Figure 4).

Humerus correction direction dorsal is achieved by the patient while standing
with the face toward a wall. Both arms are lifted to 90° arm flexion, elbows 90° flexed,
and the lower arms and hands in connection with the wall. She then approaches the
sternum toward the wall slightly for correcting the humerus position, because the
humerus is gliding posterior at this very moment. Secondly, she pushes her trunk
slightly back from the wall. The latter also strengthens the serratus anterior muscle,
which is sometimes weakened because of the possible corresponding nerve damage
during surgery (cp. Figure 5).

The therapist instructs the patient to a) recognize and b) correct her posture. This
can involve lowering the shoulder, straightening up, and de-rotating the trunk and/or
head. In most cases, the trunk is pathologically rotated with the operated side moving
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Figure 3.
PNF arm flexion/abduction/external rotation with a rubber band.

forward, while the head is rotated backward in the other direction to keep clear sight
in front of the head. A mirror helps the patient to control herself and adjust her posi-
tion accordingly.

4.3 Muscle stretching and strength

Different muscles incline to shorten, above all the pectoralis major and minor and
the latissimus dorsi muscle because of pain, RT, or non-usage. Stretching is possible
as a hands-on (cp. Figure 6) and a hands-off procedure by the patient herself. Other
muscles, such as the trapezius, levator scapulae, or deltoid muscle [24], but also the
rectus capitis or semispinalis capitis muscle [25] tend to develop an often painful
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Figure 4.
Self-mobilizing humerus caudal.

Figure 5.
Self-mobilizing humerus dorsal.
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Figure 6.
Therapeutic pectoralis major stretching.

hypertonus. Pain and the described “arm-cradling” imply muscle weakness. The
overall loss of strength lies at 25% with an incidence of 18—23% [15], all of which can
lead to shoulder instability [26] and even rotator cuff dysfunctions [19].

For auto-stretching, yoga exercises are appropriate means. The “Crocodile posi-
tion,” that is, “Makarasana” is an ideal exercise to stretch the pectoralis muscle and
secondly to induce a deep breathing cycle at the affected trunk side. This is also
important to counteract possible RT skin and lung and connective tissue side effects,
such as long-term fibrosis. The arm position can be varied according to the patient’s
shoulder ROM and possible lymphedema. A pillow should then ensure that the arm is
supported and that the hand is in the highest position that facilitates lymphatic flow.

Another yoga asana is the adapted “Cow face” or “Gomukhasana.” With the aid of
a towel or a belt, one arm is extended behind the back, while the other one is flexed
over the head, both with flexed elbows, holding the towel/belt with both hands. The
goal is for both hands to reach out to one another as close as possible. The healthy arm
is supporting the affected arm by a pull on the before-mentioned belt or towel. This
enhances flexion, extension, and both in- and outward rotations.

Strength training should be focused on but not limited to the affected arm, but also
include the trunk for posture, the other arm for symmetry, and the lower limbs for
easier ADLs. To combine upper limb strength training with additional balance train-
ing, patients should assume a standing position while exercising with both upper and
lower limbs simultaneously. One can eventually combine a) squats and double-sided
elbow flexion aggravated by hand weights (0.5-1.5 kg; cp. Figure 7), or b) “good
morning” exercises, that is, bending the trunk forward by flexing the hip combined
with horizontal abduction of both arms while both hands are behind the head, or ¢)
lower limb lunges with both arms shoulder extension aggravated by hand weights.

4.4 Lymphedema
About 20—25% of women after axillary lymph node dissection [27] and about

5% after sentinel lymph node biopsy [28] develop lymphedema (LE), most of them
within the first 2—3 years [29]. As an incurable condition, LE has grave consequences
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Figure 7.
Combined squats and resisted elbow flexion.

for patients’ physical and psychic quality of life. LE is divided into four stages:

0 = subclinical; I = pitting edema; II = non-pitting edema, and III = elephantiasis.
LE can possibly be preceded by an axillary web syndrome, also called cording, with
visible and palpable cords in the middle of the axilla and the upper arm. Other early
factors proved to contribute to LE formation are high BMI (>26), skin puncture,
mastectomy, RT, or wound infection [30-32]. Taxan-based CT can furthermore
compromise lymphangiomotoric function, that is, lymphatic contractions [33].

To capture LE early, a preoperative circumference or volume assessment is recom-
mended. For high-risk patients, post-surgery indocyanine green lymph scintigraphy
can be indicated. Women should be educated on early symptoms and how to perform
regular self-measurements (pitting test, stemmer’s test, and arm circumference with
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a one-hand tape measure). Measurements should be taken for at least one, better
three-year post-surgery [34]. The gold standard for measuring and capturing LE is
perometry or the water displacement method. Overall, arm edema incidence is reclin-
ing, whereas breast edema incidence is inclining [35]. Therefore, medical staff should
be familiar with the corresponding symptoms and signs and be attentive.

The standard treatment for LE is complex decongestional therapy (CDT), which
consists of manual lymphatic drainage (MLD) [36], compression therapy (CT),
exercises, skin maintenance, patient education, and if necessary, dietary programs.
CDT is divided into two phases, that is, intensive and maintenance phase. If primary
edema volume exceeds 40%, in comparison with the healthy arm, patients are asked
to complete first an inpatient rehabilitation continued afterward with phase II at
home. MLD is a very gentle kind of massage, with the intention to redirect lymphatic
fluid to non-compromised body quadrants by using accessory lymph paths. These are
the non-affected axilla via ventral and dorsal, the neck and the ipsilateral inguinal
region by improving lymphangiomotoricity. A thorough MLD includes treatment of
the neck, the unaffected breast and back, the affected breast and back, and the whole
of the arm, including the fingers. Afterward, in phase I, the patient is provided with
a multi-layer compression bandaging inclusive of extended padding. In phase II, a
customized compression sleeve and/or bra is prescribed to be worn daily from morn-
ing till evening. The most prescribed upper limb compression is class II, which ranges
from 23 to 32 mmHg. If a glove is also necessary for finger or hand edema, this should
be separated from the sleeve for easier donning. In lymphedema stage I, the patient is
instructed to adopt elevated arm positions while resting; later on, this has no effect on
the now chronic edema. Patient’s adherence to CT is crucial for therapy success [37],
which makes patient information and education even more important.

Exercises consist of a) endurance exercises and b) resistance exercises. The com-
pression must be worn during these exercises to avoid lymphatic backflow. Possibilities
are fist-pumping exercises or squeezing a little ball with the hand (30 repetitions, 3
series) [38] or moving a hand ergometer at 10—25 Watts [15], or any other exercise
which incorporates parts of the arm musculature. If possible, the arm exercises should
be combined with high arm positioning. Nordic walking [39] is also recommended
as a whole-body endurance therapy and for achieving an upright walking posture.
Enhanced breathing during this endurance training leads to a suction of the lymph
fluid from the thoracic duct into the central veins (subclavian, jugular internal vein).

For skin maintenance, the patient applies suitable moisturizers or lotions on their
arm after doffing the compression sleeve and before going to bed. While doing this,
she should always distribute the lotion by stroking from the distal hand to the proxi-
mal arm. Keeping healthy and well-nourished skin is paramount for erysipelas pro-
phylaxis. Patients should further carry along a little bottle of disinfectant at all times.
In case of little wounds, for example, insect stings, thorn injury, the disinfectant
should be applied immediately to protect against bacteria and secondly, erysipelas.

Patient education can be administered single-wise or group-wise [40]. Patients
are learning to interpret early symptoms [41], do their self-assessments as mentioned
before, and learn about arm mobility, everyday behavior, hygiene, erysipelas and
lymphedema prophylaxis, wound-healing, and scar formation [42]. All these measures
improve patients’ health literacy [43] and facilitate ongoing shared decision-making.

Dietary measures are important if patients are overweight, that is, have a BMI
exceeding 26. A correlation has been established between this high BMI and the
lymphedema stage, so patients are advised to maintain or reach a healthy body weight
[31]. This is achieved by a) diet and b) sports therapy.
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4.5 Sports therapy

Women should be encouraged to start or re-start sporting activities. This is rewarded
by easier ADLs, a better quality of life, better coping with the disease, and a better adher-
ence to ongoing cancer therapies. Furthermore, women can reach a reduction of overall
and disease-specific mortality as well as an extended recurrence-free time [44].

In the beginning, an oncologic physician’s assessment to evaluate heart and kidney
condition by taking the blood pressure, ECG, echocardiography, and fitness level is
indispensable. A 6-minute-walk-test supports in assessing the patient’s actual fitness
level and is afterward used to define her walking speed during walking exercises.
Lastly, a multiple repetition maximum test determines the possible repetitions for
resistance exercises within different muscles/muscle groups. Sports therapy can
be conducted during and after oncologic treatment with certain adaptations and
precautionary measures. All in all, 150 minutes of activities per week with a level of
3—6 METs (metabolic equivalent of tasks) are recommended [45]. For example, brisk
walking takes place at an intensity of approximately 5 METs. To ensure safety, patients
should wear a portable heart rate monitor or watch. If dyspnea has to be taken into
consideration, also, oxygen saturation should be measured during the training session
and be constant above 90%. During all kinds of exercises, the compression sleeve
should be worn [46]. The most popular sports after breast cancer surgery are gymnas-
tics, walking, Nordic walking, and swimming. Women should be discouraged from
dangerous and arm-exhausting sports such as judo or climbing. Other precautions are
necessary in case of a port-a-cath or a PICC (peripherally inserted central catheter),
which should not be under local mechanical pressure, or get dislocated or wet.

No sports therapy can be executed on the day of CT and the following day, even if
patients are feeling well. There is too high risk of cardiotoxicity and nephrotoxicity.
Afterward, the highest possible heart rate should be set between 40 and 60% maxi-
mal heart rate if patients still are in between chemo-cycles. Training should of course
be postponed if patients have fever, are dizzy, or feel otherwise unwell.

It is possible to start with sports therapy about 4—6 weeks after BCS and 6—8
weeks after mastectomy. In the beginning, types of movement, which focus motoric
load on lower limbs, such as walking or stationary cycling, are to be preferred. A com-
bination of endurance training and resistance training promises optimized outcomes
in terms of patient-reported outcomes and overall fitness [47].

In the case of bone metastases, training is only possible supervised in not metas-
tasis-affected body regions, For example, the patient can train with the lower limbs if
metastases were detected in the humerus. Moreover, the radiologist or oncologist has
to give her/his approval if the bones are robust enough for the training. The training
focus should have lain on activities of daily life promoting exercises. The potential ben-
efits and harms must be weighed for each individual patient [48]. Manual techniques
that rely on heavy stretching or give lots of pressure, resistance, or vibrations on the
tissue are contraindicated for these patients because of possible pathological fractures.

4.5.1 Endurance training

Endurance training (ET) takes place if a minimum of 1/6—1/7 of the whole-body
musculature is involved in the training. Breast cancer patients are advised to per-
form ET because their average activity level is about 30% less than that of age-wise
comparable inactive women without breast cancer [12]. ET can have positive effects
on the cardiopulmonary capacity, for example, heart muscle contractility, quality
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of life (QoL), and sleeping quality, and can be a means to control the patients’ BMI.
Furthermore, it was suggested that ET fosters cerebral plasticity in the case of “che-
mobrain” [12], and therefore, cognitive functions can improve.

Training is possible during as well as after CT, many training regimes are com-
bined interventions of ET and strength training (ST) [49]. Outdoor activities are
recommended for better mental health and an increase in vitamin D levels [50]. As
previous or ongoing CT can change heart rate, heart rhythm, and cardial function,
the usage of the heart rate as an intensity parameter has to be interpreted with cau-
tion. Alternatively, the VO2-max or lactate levels can be determined.

The ideal training type is interval endurance training, as it turns out to be less
exhausting and is also feasible in patients with other co-morbidities. One- to two-
minute intervals interchange with 30—60 seconds active breaks. The whole train-
ing session should last 10—15 minutes at a minimum (training and break minutes
added) with an intended increase of 30 minutes over time. Training heart rate is
set between 60—80% of maximum heart rate. As the training proceeds, training
intervals are intensified, that is, prolonged, as breaks are shortened or even omitted.
Recent research was able to demonstrate that even high-intensity interval training,

a time-efficient method for improving cardiovascular capacity, is possible in breast
cancer patient cohorts, but should be supervised [51]. In high intensity interval
training (HIIT) patients are exercising short periods at high intensity (i.e. > 75% VO2
max), followed by low-to-moderate intensity recovery periods (40-50% VO2 max).
However, HIIT did not improve outcome when compared with regular ET [52]. While
exercising, patients should determine their subjective exhausting level, that is, rate of
perceived exertion or BORG Scale with 4—5.5/10 (i.e., moderate). To enhance patient’s
motivation, the type of ET, for example, walking, running, cycling, and cross-coun-
try-skiing, needs to be matched with her preferences and experiences. Overweight
women should possibly select a training style with reduced body weight for the lower
limbs, that is, (stationary) cycling or swimming to protect the limbs’ joints.

4.5.2 Strength training

Strength training is recommended because inactivity, fatigue, cancer cachexia,
and CT side effects on protein synthesis deteriorate muscle strength [53]. ST is capa-
ble to increase fast twitch muscle fibers type II, improving posture, ROM, coordina-
tion, and by facilitating ADL, it secondly optimizes QoL [54]. It can be performed in
supervised and unsupervised settings, provided that patients are instructed properly.
In former years, strength training was mainly avoided out of concern of triggering
lymphedema, a hypothesis that was falsified [55]. Strength training should involve
both upper and lower limbs, and a great effect size (ES = 0.99) can be expected [56].
Low-intensity strength training implies an intensity of 30—40% 1-RM (repetition
maximum) with 15-30 repetitions or 40—60% with 10—15 repetitions. An increase
to 50—80% 1-RM with 8—12 repetitions, that is, moderate intensity is possible [55].
Two or three sets of each exercise incorporating various muscle groups for an overall
30—45 minutes are recommended. The multiple repetition maximum test defines the
exact individual training capacity while avoiding the hazards of a real 1-RM test.

A warm-up phase (5—10 minutes light endurance exercise on the treadmill or
stationary bike) in advance as well as a cool-down phase (stretching exercises,
relaxation) afterward is mandatory. Strength training is recommended two times a
week with a minimum of 48 hours in between to recover. If adherence to this training
frequency is problematic, even a once-a-week ST could show an increase in muscle
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strength and could therefore be an alternative for frail patients [57]. ST can be
performed with free weights or rubber bands, own body weight, or strength-training
machines. Changing body positions can facilitate or aggravate the training intensity
by implementing or eliminating gravity and/or balance and coordination. ST should
be postponed if thrombocyte counting is less than 20.000, if hemoglobin falls short
of 8 g/dl or if the patient is suffering from arterial hypertension as well as on the days
of CT and the following day.

Specific exercises, including arm flexion, above head height should not be imple-
mented for three-month post-surgery. The patient is supposed to maintain steady
breathing through all kinds of exercise to avoid a Valsalva mechanism and therefore
high intrathoracic pressure. Common exercises are the seated row, leg extension,
chest press, or the latissimus pull-down, when exercising with machines. Body
weight-driven exercises are squats or lunges, combined with shoulder press, arm
abduction, or resisted upper arm curls (cp. Figure 7).

Most efficient exercises involve muscles with trunk-associated insertion to
furthermore improve spine bone density. This is of special interest in the case of
(hormone therapy-associated) osteoporosis. To enhance this effect, patients are
exercising while standing, also combined with an unstable surface, such as a balance
pad or a tightly rolled-up gymnastic mat.

4.6 Cancer-related fatigue syndrome

Cancer-related fatigue syndrome (CRF) is one of the most troublesome symptoms
after cancer and/or its treatments and is often present even after years [58]. Firstly,
the patient should keep the so-called “energy-diary” for at least 14 days. Therein,
low- and high-exhausting activities and the state of exhaustion should be noted with
a numeric rating scale (1-10). This serves to identify energy-robbing activities, which
should be avoided, if possible, or split up into smaller segments.

Exercise has been proven to be an efficient means of CRF, and it enhances QoL
and depression [59, 60]. Low endurance training [61], that is, 40—60% of the heart
rate maximum is recommended, that is, (treadmill) walking at a speed of 4—5 km/h
or stationary cycling. Additionally, low-level resistance training with incorporat-
ing great muscle groups is indicated. Patients start with only a 5-minute sequence,
subsequently increasing the session up to 30 minutes over weeks and months.
Concerning endurance training, interval training, that is, alternating training and
resting intervals suit these patients’ demands better. They start with a 30—60 sec-
onds training period, followed by 60—120 seconds resting period, representing a 1:2
frequency. Training time can be divided into two sessions per day. Patients should
assess their personal rate of perceived exertion (BORG Scale) with “very easy” to
“easy” (1-2/10). Strength exercises should be chosen with particular consideration
of functional ADLs.

Relaxation training is another important part of CRF treatment. It aims at
diminishing fear, depression, or sleeping problems. Jacobson’s progressive muscle
relaxation [62] or very gentle yoga exercises [63], for example, the “Dead Men’s
Position,” “Shavasana,” or the “The lying Butterfly,” “Supta Baddha Konasana” are
recommended in these circumstances. In each of these, the patient is concentrating on
her own body, its’ functions, and her personal breathing cycle. The positions can be
practiced for up to 7-10 minutes. Alternatively, the patient can try a verbally guided
relaxation exercise, which takes her to a virtually preferred environment, such as a
gentle tropical beach or a lush-green forest surrounding.
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4.7 Chemotherapy-induced polyneuropathy

Chemotherapy-induced polyneuropathy (CIPN) affects approximately 30—60% of
patients. It affects sensory, motoric, and autonomous nervous system and deteriorates
QoL. As a consequence, patients suffer from pain, paresthesia, and tingling sensations.
They are furthermore at a high risk of falling [64]. Upper limb ADL dexterity prob-
lems, for example, closing buttons, counting coins, or holding cutlery are equally com-
mon. Training is even more effective if it is launched in advance of the symptom onset
of CIPN [65]. Patients are advised to start walking training [66] and balance training
on even and uneven grounds, for example, a rolled-up gymnastic mat, a balance pad,
gravel underground, or a soft forest surface. Different standing positions with normal
to small-positioned feet, semi-tandem and tandem stance as well as squats or lunges
are practiced. If necessary and to ensure safety, patients can grasp a wall or a table. To
enhance the exercises’ difficulty, patients can close their eyes during exercise or add
other motor or cognitive tasks simultaneously [67], for example, open or close a zip
while walking, counting while stepping, etc. Furthermore, electric vibration plates can
be used combined with different positions, for example, standing, sitting, or bridging
the tool with the feet while lying supine with bent legs.

For upper limb and hand, sensory functions patients can exercise using a “hedge-
hog ball” or a spiked acupuncture massage ball, which they move around in their
palm. They practice finger dexterity by picking up small objects such as coins, pens,
and marbles. Therapists can give patients a hand massage to relieve numbness and
pain by increasing blood circulation.

4.8 Scar therapy

Scarring in breast cancer patients is not only a cosmetic issue but can affect patients’
physical as well as psychological well-being [68]. Scars can induce pain and additionally
impede shoulder joint and thoracic mobility. Furthermore, they can be an obstacle for
lymphatic flow [69]. Scar formation in deeper layers can even lead to muscle weakness.
Patients can report pruritus and feelings of disfigurement. A well-healed scar is thin and
flat, showing a similar color to the surrounding skin. On the contrary, hypertrophic scars
are red or pink and raised, while keloids are beyond the original scar region. After the
wound-healing process is completed, the scar tissue is manually mobilized, massaged,
and stretched by both the PT and the educated patient. The patient cares for the scar by
applying special moisturizers. This is even important after RT, which induces skin and
tissue fibrosis [70], followed by a deteriorated ROM. Starting too early, on the other
hand, would have deleterious effects, for example, aberrant wound healing, such as
hypertrophic scarring or even keloids, because of an ongoing inflammation process [71].

Different physiotherapeutic techniques, such as massage, manual lymphatic
drainage, connective tissue massage, acupuncture massage, or compression therapy,
can be employed to improve the before-mentioned symptoms [72]. Silicone-based
wound dressings are recommended for scar management. They ensure hydration and
reduce inflammation. Additionally, patients should avoid excessive sun exposure.

Scar therapy is possible as a self-treatment after accordingly instruction for five to ten
minutes daily. This aims to loosen agglutinated connective fibers, to improve the scar
pliability, the itching sensations, the cosmetic outcome, the aberrant color, and the
pain [72]. Lymph vessel growth should be induced by stretching the skin during MLD,
which is supposed to release vascular endothelial growth factor VEGF-c [73]. Evidence
suggests that the activation of lymphatic vessels is correlated with anti-inflammatory
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mechanisms [74]. Therefore, it can be hypothesized that regenerated lymphatic func-
tion in scar tissue can avoid excessive scarring and scar-associated lymphedema.

It should be mentioned that clearly defined therapy regimes concerning duration,
direction, frequency, or intensity are lacking until now [75]. In addition to that, robust
scar treatment trials and therapy should utilize validated scar measurement tools.

4.9 Radiation-induced lung injury

Radiation-induced lung fibrosis is a long-term side effect after RT with an inci-
dence of 1-5% in breast cancer patients. RT-induced tissue damages are followed by
inflammation processes of the alveoli and lung fibrosis at the final stages. The patient
suffers from dyspnea, chest pain or tightness, a dry cough, and low cardiopulmonary
function [76]. All in all, this represents a restrictive lung syndrome with reduced lung
volumes, lung compliance, gas diffusion, and decreased mucociliary clearance. The
patient’s dyspnea can be disproportionately in comparison with the radiation dose she
was exposed to. The diaphragm’s workload during inspiration is intensified because
the lung’s expansion is more difficult than in healthy conditions.

The compromised oxygen uptake capacity can be enhanced through endurance
training (cp. chapter 4.5.1). The patient is educated the learn active diaphragmatic
breathing techniques and different lung stretching positions, for example, the “moon
position” (the body is forming a “C-shape” in a supine position, arms stretched over
the head). Diaphragmatic breathing is facilitated by gravity if patients exercise in a
vertical position, that is, sitting [77] and is guided by the hands lying on the abdo-
men. Additional oxygen can be prescribed for symptomatic relief. Self-mobilizing
techniques for the diaphragm while lying supine with one’s own fingers reaching up
to the diaphragm via the short ribs can be taught. Airway secretion mobilization is
crucial to avoid high bacterial load and concurrent infections. This includes postural
drainage, the instruction of effective coughing techniques, and chest percussions by
the therapist’s cupped hand or massage machines to induce vibration [78].

5. Conclusion

Breast cancer patients are present with a multitude of complaints and symptoms
according to their type of surgery, oncologic treatment, and ongoing behavior.
Physiotherapy, as a body- and patient-oriented approach, offers a wide range of hands-on
and hands-off treatment modalities and techniques to enhance patients” physical and
psychological well-being. It is the therapists’ task to a) assess the patient thoroughly, b)
evolve a suitable therapy plan, c¢) implement, and d) evaluate this plan for effectiveness.
Physiotherapy guides the patient from early postoperative mobilization back to daily inde-
pendence, social participation, and better awareness of a healthy lifestyle and their own
bodies. Physiotherapy is a means to complete state-of-the-art medical cancer treatment.
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Antibody Drug Conjugates
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Abstract

Antibody drug conjugates (ADCs) continue to change the treatment paradigm of
breast cancer and recent regulatory approvals of next generation ADCs are shifting
how breast cancer is classified and treated. ADCs combine precision targeting with
traditional cytotoxic treatment allowing for the delivery of highly potent
chemotherapeutic agents to malignant cells. This chapter will cover ADCs used for
the treatment of breast cancer including pharmacology, novel mechanism of action,
pharmacokinetic and pharmacodynamic properties, clinical outcomes and role in
breast cancer therapy, key toxicities and monitoring.

Keywords: breast cancer, antibody drug conjugates, ADC, bystander effect, HER2 low,
ado-trastuzumab emtansine, fam-trastuzumab deruxtecan, sacituzumab govitecan

1. Introduction

Antibody drug conjugates (ADCs) continue to change the treatment paradigm of
breast cancer and recent regulatory approvals of next generation ADCs are shifting
how breast cancer is classified and treated. ADCs combine precision targeting with
traditional cytotoxic treatment allowing for the delivery of highly potent chemo-
therapy to malignant cells. There are three U.S. Food and Drug Administration (FDA)
approved ADCs in breast cancer including ado-trastuzumab emtansine (T-DM1), fam
trastuzumab deruxtecan (T-Dxd), and sacituzumab govitecan (SG). The 3 approved
ADCs in breast cancer are summarized in Table 1. T-DM1 is approved for the treat-
ment of human epidermal growth factor receptor 2 positive (HER2+) early breast
cancer (EBC) and advanced, recurrent or metastatic breast cancer (MBC). T-Dxd is
approved for the treatment of HER2+ MBC and hormone receptor positive (HR+),
HER?2 low MBC. HER? overexpression or HER2+ is defined as having immunohisto-
chemistry (IHC) 3+ or IHC 2+ with positive HER2 gene amplification measured by
in situ hybridization (ISH) [1]. Approximately, 15-20% of breast tumors are HER2+
[2]. HER2 low is defined as IHC 1+ or IHC 2+ and ISH negative [1]. Approximately,
50-55% of HR+, HER2 negative breast cancer is HER2-low [3]. HER2-low breast
tumors do not respond to trastuzumab or T-DM1 [4, 5].

SG is approved for the treatment of metastatic triple negative breast cancer
(TNBC) and HR+ MBC after progressing on prior lines of chemotherapy. Both SG
and T-Dxd have a topoisomerase I inhibitor cytotoxic payload, which presents a
clinical challenge in terms of how to best sequence these two agents when used for
the treatment of HR+ MBC. In this chapter, we will describe ADCs pharmacology,
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Drug mAb Linker Target Payload Payload mechanism DAR
antigen of action
T-DM1 IgG1 Non- HER2 DM1 Microtubule 35
cleavable inhibitor-
(4-MCC) inhibit tubulin
polymerization
T-Dxd IgG1 Cleavable HER2 Dxd Topoisomerase 1 8
peptide inhibitor
linker
SG IgGl Cleavable Trop-2 SN-38 Topoisomerase 1 76
hydrolysable inhibitor

linker

Abbreviations: ADCs, antibody drug conjugates; DAR, Drug-to-antibody vatio; FDA, U.S. Food and Drug
Administration; HER2, human epidermal growth factor receptor 2; IgG, immunoglobulin G; mAb, monoclonal
antibody; MMC, maleimidomethyl cyclohexane-1-carboxylate; SG, sacituzumab govitecan; T-DMI, ado-trastuzumab
emtansine; T-Dxd, fam-trastuzumab deruxtecan.

Table 1.
Approved ADCs in breast cancer [14-16].

pharmacokinetic and pharmacodynamic properties, pharmacogenomic implications,
clinical outcomes and place in breast cancer therapy, safety and monitoring.

2. Pharmacology

ADCs allow for a targeted delivery of cytotoxic chemotherapy agents that are too
potent to be given in a similar fashion to traditional chemotherapy agents [6]. An advan-
tage of the novel design of ADCs is the efficient delivery of highly toxic chemotherapy
afforded by the high specificity of the antibody to the target antigen that is usually
highly expressed on cancer cells. ADCs consist of a monoclonal antibodies (mAb) and a
cytotoxic payload covalently attached to the mAb via a chemical linker [6].

Designing a successful ADC depends on various factors and properties of each indi-
vidual component of the ADC [7]. In order to be safe and effective, an ADC needs to
be chemically stable in circulation until it reaches the target cancer cell where it will be
internalized followed by degradation of the linker or the mAb and subsequent release
of the cytotoxic payload in the cell and adjacent cancer cells [7]. Each ADC component
plays an important role and should be taken into consideration when designing and
developing ADCs. Desired characteristics of ADCs are summarized in Table 2.

2.1 The target antigen

Binding of the antibody to the target antigen is needed to gain access into the
cancer cells. This process is referred to as internalization, which occurs via endocy-
tosis [8]. Internalization is required before releasing the cytotoxic payload. It is also
desired that the target is an extracellular antigen in order to be recognized by the
corresponding antibody. Additionally, the antigen should be non-secreted to prevent
ADC binding outside of the tumor vicinity [9]. Secreted antigen in the bloodstream
can also lead to significant increase in toxicities. Lastly, the ideal target antigen is
highly expressed on cancer cells with minimal to no expression on healthy cells to
reduce off-target toxicity [10]. This makes HER?2 a great target antigen for T-DM1 and

276



Antibody Drug Conjugates
DOI: http://dx.doi.org/10.5772/intechopen.110804

Antigen selection Antibody Linker Payload

High expression on Target specificity Stable to avoid release of High stability

tumor cells cytotoxic drug to an off-target in plasma

tissue

Low to no expression Target binding affinity Maintain inactive state while Cell

on healthy cells being bound to antibody membrane
permeable

Displayed on the Good retention to Ability to unleash cytotoxic drug Small

surface of tumor cells payload and long half-life once internalized molecular

(i.e., extracellular) weight

Internalization Low immunogenicity Hydrophilic High drug to

properties antibody ratio

Table 2.

Desired characteristics of ADCs [6].

T-Dxd [6]. Trophoblast cell-surface antigen 2 (Trop2) is a transmembrane glycopro-
tein that is highly and differentially expressed in certain solid tumors including breast
cancer making it an ideal target antigen for SG [6].

2.2 The monoclonal antibody

Ideal characteristics of mAbs used in ADCs include high affinity to the target anti-
gen, efficient internalization upon binding to the antigen, low immunogenicity, and
long plasma half-life [11]. Immunogenicity was a significant challenge associated with
mouse-derived antibodies leading to serious adverse events [12]. Current technology
employes humanized and fully human mAbs with reduced immunogenicity [11]. The
most commonly utilized mAb is immunoglobulin G (IgG) antibody, and specifically
IgG1, which exhibits long half-life and can induce antibody-dependent cell-mediated
cytotoxicity, phagocytosis, and complement dependent cytotoxicity [13]. The mAb
component of T-DM1, T-Dxd and SG is humanized, IgG1 mAb [14-16].

2.3 The linker

The linker is the chemical bond that connects the cytotoxic payload to the anti-
body of ADCs. The linker is important to maintain stability of ADCs in plasma and to
control the release of payload in the desired tumor site [6]. The linker can be cleavable
or non-cleavable. Cleavable linkers are designed to be sensitive to the tumor environ-
ment where they can be chemically (hydrazone and disulfide based) or enzymatically
degraded (glucuronide and peptide based) to release the payload [17]. Hydrazone-
based linkers are acid sensitive or pH dependent [18]. These bonds are stable in
plasma but hydrolyze in the lysosome and endosome where pH < 7 [18]. SG utilizes an
acid sensitive, carbonate linker that is cleavable at low pH [19]. The most commonly
utilized linker is the peptide linker, which is cleaved via lysosomal proteases such as
cathepsin B that are typically overexpressed in cancer cells [20, 21]. This type of bond
is employed in T-Dxd [22].

Non cleavable linkers such as thioether based linkers are more stable compared
to cleavable linkers leading to less off-target toxicity. These bonds are not sensitive to
the enzymatic and chemical environment of the tumor [23, 24]. When non-cleavable
linkers are utilized, such as in T-DM1, the release of the cytotoxic agent takes place
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after catabolism of the antibody component whereas enzymatic or chemical degrada-
tion of the linker releases the payload when cleavable linkers are utilized such as in
T-Dxd and SG [25].

2.4 The cytotoxic payload

The novel design of ADCs allows for use of potent cytotoxic agents with half-
maximal inhibitory concentrations in nano and picomolar range [26]. High potency of
the payload is required since only a small fraction of the ADC reaches the tumor site
[27]. As previously mentioned, internalization of the ADC is the first step required for
release of the cytotoxic payload followed by linker or mAb degradation in cleavable
and non-cleavable linkers-based ADCs, respectively. Other desired characteristics of
the cytotoxic payload include stability in physiological conditions, ability to chemi-
cally conjugate with the antibody and cell membrane permeability [28]. Currently, the
majority of approved ADCs utilize one of three pharmacologic categories of payloads
including tubulin inhibitors, DNA damaging agents, and immunomodulators [29].

Tubulin inhibitors can be classified either as tubulin polymerization promoters
(e.g., auristatin derivatives monomethyl auristatin E and monomethyl auristatin F)
or tubulin polymerization inhibitors (e.g., maytansinoid derivatives DM1 and DM4)
[30, 31]. Tubulin inhibitors halt cell division by interfering with mitosis and are
considered cell-cycle specific [30]. T-DM1 was the first FDA approved ADC with a
maytansinoid derivative cytotoxic payload [14].

The mechanism of action of DNA damaging agents include: DNA alkylation
(e.g., duocarmycins), DNA double strand break (e.g., calicheamicins), DNA crosslink
(e.g., pyrrolobenzodiazepines), and DNA intercalation (e.g., topoisomerase I inhibi-
tors) [32]. DNA damaging agents are not cell-cycle specific and can be relatively more
potent than tubulin inhibitors [32]. The payloads utilized in T-Dxd and SG are topoi-
somerase I inhibitors [33, 34]. The cytotoxic payload of SG is SN-38, which is the active
metabolite of irinotecan. Dxd is the paylaod of T-Dxd, which is an exatecan derivative
[33, 34]. It is reported that Dxd has potency that is 10-fold higher than SN-38 [5].

Drug-to-antibody ratio (DAR) is another important characteristic of ADCs that
impacts efficacy and safety. DAR refers to the average number of cytotoxic molecules
conjugated to the mAb [35]. Low DAR can negatively impact efficacy and high DAR
can affect stability, antigen binding ability, and clearance [36]. DAR is also used to
determine the therapeutic index of ADCs [35]. DAR values vary among ADCs, and
low values can result in reduced potency and efficacy. Initially developed ADCs have
a DAR average of 2-4 [37]. T-Dxd and SG have higher DAR values at 8:1 and 7.6:1,
respectively compared to T-DM1 that has DAR of 3.5:1 [38].

2.5 The bystander effect

The bystander effect is described with certain ADCs that exhibit an antitumor
activity against cancer cells located near those expressing the targeted antigen [39, 40].
In other words, the cytotoxic payload can diffuse through the target cell membrane
to and kill adjacent cancer cells that are antigen negative. Properties that allow for
bystander effect include having cleavable linkers and cell membrane permeable cyto-
toxic payload. These properties allow the payload to diffuse to neighboring cells. ADCs
with bystander effect may not require high expression of the target antigen to be effec-
tive. Due to having cleavable linkers and membrane permeable payloads, both T-Dxd
and SG exhibit bystander effect. Conversely, T-DM1 does not exhibit the bystander
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effect. The release of payload in T-DM1 requires complete digestion of trastuzumab
followed by release of the metabolite, lysine-MCC-DM1, which is charged under physi-
ologic pH and thus is not cell membrane permeable. Therefore, T-DM1 can only exert
cytotoxic effect against antigen positive cancer cells (i.e., HER2 positive cells) [6].
Unlike T-DM1, T-Dxd has demonstrated efficacy in both HER2 overexpressing cancer
cells as well as cells that are HER2 low due to the bystander effect [41, 42].

3. Pharmacokinetics and pharmacodynamics

Pharmacokinetic (PK) properties of T-DM1, T-Dxd, and SG including metabo-
lism and elimination are described in Table 3. The mAb component is expected to
be catabolized into small peptides and amino acids via the same pathways used to
degrade endogenous IgG monoclonal antibodies [14-16].

3.1T-DM1

Based on population PK studies, covariates that can impact T-DM1 clearance
include body weight, albumin, AST, and baseline trastuzumab concentrations.
However, with the exception of weight, other covariates are unlikely to have meaning-
ful impact on clearance. Exposure to T-DM1 was not shown to be affected by mild
(CrCl 60-89 mL/min) or moderate (CrCl 30-59 mL/min) renal impairment. Patients
with severe renal impairment (CrCl <30 mL/min) were not included in clinical trials.
Therefore, no renal dose adjustment is required, but no recommendations can be
made for use of T-DM1 in severe renal impairment due to lack of data in this patient
population [14].

DM1 is primarily hepatically metabolized via CYP3A4 and to a lesser extent by
CYP3AS5. Serum concentrations of DM1 in patients with mild (Child-Pugh A) and
moderate (Child-Pugh B) hepatic impairment were comparable to those achieved in
patients with normal liver function. T-DM1 was not studied in patients with severe
hepatic impairment (Child-Pugh C). Based on this, no dose adjustment is required
in mild or moderate hepatic impairment and no recommendations can be made for
patients with severe hepatic impairment.

Drug Substrate of Payload metabolism Elimination

T-DM1 CYP3A4 (minor), P-gp DM1 undergoes hepatic DM1 half-life
metabolism via CYP3A4/5 ~4 days

T-Dxd BCRP, CYP3A4 (minor), Dxd undergoes hepatic Dxd half-life

OATP1B1/1B3, P-pg (minor) metabolism via CYP3A4 ~5.4 t0 6.1 days

SG UGT1A1 SN-38 is metabolized via SG half-life
UGT1A1 to the inactive ~23.4 h; free
glucuronide metabolite SN-38~176h
(SN-38G)

Abbreviations: ADCs, antibody drug conjugates; BCRP, breast cancer resistance protein; OATP, organic anion
transporting polypeptides; P-gp; p-glycoprotein; SG, sacituzumab govitecan; T-DM1, ado-trastuzumab emtansine;
T-Dxd; fam-trastuzumab deruxtecan; UGT1A1, UDP glucuronosyltransferase 1 family, polypeptide Al.

Table 3.
ADCs pharmacokinetic properties [14-16].
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In a population-based PK study, age and race had no clinically meaningful impact
on T-DM1 exposure. While there are no safety studies of T-DM1 in pregnant women,
cases of oligohydramnios presenting as pulmonary hypoplasia, skeletal abnormali-
ties, and neonatal death are reported with use of trastuzumab [14]. Given the
mechanism of action of DM1 and sensitivity of rapidly dividing cells to its cytotoxic
antimicrotubular effect, animal studies suggest that T-DM1 has the potential to cause
embryotoxicity and teratogenicity [14]. Women of childbearing age should be tested
for pregnancy prior to initiating treatment. Women of childbearing age and men with
female partners of reproductive potential should use effective contraception during
treatment and for 7 months and 4 months after the last dose of T-DM1, respectively.
Women should also be advised to avoid breastfeeding during treatment and for
7 months after the last dose of T-DM1 [14].

3.2T-Dxd

Based on population PK studies, there was no difference observed in exposure to
Dxd in patients with mild (CrCl 60-89 mL/min) or moderate (CrCl 30-59 mL/min)
renal impairment. Patients with severe renal impairment (CrCl <30 mL/min) were
not included in clinical trials. Patients with moderate renal impairment should be
monitored for interstitial lung disease more frequently. No recommendations can be
made for use of T-Dxd in patients with severe renal impairment due to lack of data in
this patient population [15].

T-Dxd is primarily hepatically metabolized via CYP3A4. There was no difference
in exposure to T-Dxd in patients with mild hepatic impairment (total bilirubin < ULN
and any AST > ULN or total bilirubin >1 to 1.5 times ULN and any AST) compared
to patients with normal hepatic function. PK of T-Dxd in patients with moderate to
severe hepatic impairment is not known. T-Dxd dose adjustment is not required in
patients with mild to moderate hepatic impairment, but these patients need to be
monitored more closely for adverse events related to Dxd. No significant difference in
exposure to Dxd was observed for age or race [15].

Given the known risk of the trastuzumab component of T-DXd to the fetus as
described above and Dxd cytotoxic effect on actively diving cells, T-Dxd is considered
genotoxic. Women of childbearing age should be tested for pregnancy prior to initiat-
ing treatment. Women of childbearing age and men with female partners of reproduc-
tive potential should use effective contraception during treatment and for 7 months
and 4 months after the last dose of T-Dxd, respectively. Women should also avoid
breastfeeding during treatment and for 7 months after the last dose of T-Dxd [15].

3.3SG

SN-38 is metabolized via uridine diphosphate glucuronosyltransferase 1A1
(UGT1A1) to the inactive glucuronide metabolite, SN-38G, which is then eliminated
by biliary excretion [43]. Based on population PK studies, there was no difference
observed in exposure to SN-38 in patients with mild or moderate renal impairment,
and renal elimination of SN-38 is found to be minimal [16]. Therefore, no renal dose
adjustment is required for SG for mild or moderate renal function impairment. No
recommendations can be made for use of SG in severe renal impairment due to lack of
data in this patient population [16]. There is no difference in exposure to SG between
patients with mild hepatic impairment compared to patients with no hepatic impair-
ment. SG PK is not known for patients with severe hepatic impairment [16].
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Drug Indications Dose and administration
T-DM1 Early, HER2 + breast cancer*adjuvant for residual 3.6 mg/kg IV every 3 weeks for
disease 14 cycles (adjuvant) or until
Metastatic, recurrent HER2+ breast cancer disease progression (metastatic)
T-Dxd Metastatic, recurrent HER2+ breast cancer 5.4 mg/kg IV every 3 weeks until
Metastatic, recurrent HER2 low breast cancer disease progression
SG Metastatic, recurrent TNBC after >2 10 mg/kg on days 1 and 8 of
chemotherapy a21-day cycle until disease
Metastatic, recurrent HR+, HER2 negative or progression
low after progression on endocrine therapy and
chemotherapy

Abbreviations: HER2, human epidermal growth factor receptor 2; HR+, hormone receptor positive; IV, intravenous;
SG, sacituzumab govitecan; T-DM1, ado-trastuzumab emtansine; T-Dxd; fam-trastuzumab deruxtecan; TNBC, triple
negative breast cancer.

Table 4.
Dose and administration [14-16].

There was no significant impact of age or race on PK properties of SG and expo-
sure to SN-38 [16]. Given the mechanism of action of SN-38 and its effect on rapidly
dividing cells, SG is considered teratogenic and genotoxic [16]. Women of child-
bearing age should be tested for pregnancy prior to initiating treatment. Women of
childbearing age and men with female partners of reproductive potential should use
effective contraception during treatment and for 6 months and 3 months after the last
dose of SG, respectively. Women should also avoid breastfeeding during treatment
and for 1 months after the last dose of SG (Table 4) [16].

4. Drug-drug interactions
4.1T-DM1

There are no formal drug interaction studies with DM1. DM1 is extensively
metabolized by CYP3A4, and it is anticipated that strong CYP3A4 inhibitors can
increase DM1 concentrations and toxicity. Therefore, it is recommended that con-
comitant use of strong CYP3A4 inhibitors with T-MD1 is avoided. If concomitant use
cannot be avoided, closely monitor for T-DM1 toxicities [14]. However, a phase I study
evaluated the safety and efficacy of T-DM1 in combination with tucatinib, which
is a strong CYP3A4 inhibitor revealed that DM1 concentration was similar to those
reported in studies of T-DM1 monotherapy suggesting lack of clinically meaningful
interactions [44]. The impact of strong CYP3A4 on T-DM1 has not been evaluated to
date. DM1 does not inhibit or induce major CYP450 enzymes [14].

4.2 T-DXd

Dxd is a substrate of OATP1B1/3, MATE2-K, P-gp, MRP1, and BCRP.
Coadministration of strong CYP3A4 inhibitors increased Dxd area under the
curve (AUC) by 18%, and that was not considered clinically meaningful [15].
Coadministration of ritonavir, dual inhibitor of CYP3A4 and OATP1B increased Dxd
AUC by 22%. The impact was not clinically significant. According to in vitro studies,
DXd does not inhibit CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6, and
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CYP3A nor induce CYP1A2, CYP2B6, or CYP3A [15]. Dxd has low potential to inhibit
OAT1/3, OCT1/2, OATP1B1/3, MATE1/2-K, P-gp, BCRP, and BSEP transporters [15].

4.3SG

No formal drug interaction studies were conducted with SG or SN-38 [16]. Given
metabolism and clearance mechanism of SN-38 via UGT1A1, UGT1A1 inhibitors
may increase the concentration and toxicity of SN-38 and thus coadministration
should be avoided. Additionally, UGT1A1 inducers may decrease exposure to SN-38
and its efficacy [16].

There are challenges with drug interaction assessment with ADCs. There is no
specific guidance from regulatory bodies on how to formally evaluate drug inter-
actions with cytotoxic payloads. There is an unmet need for understanding how
cytotoxic payloads will be affected by oxidative enzymes and drug transporters. It
is speculated that given the low systemic exposure, cytotoxic payload molecules are
unlikely to cause clinically meaningful interactions but can be significantly affected
by enzymes and transporters. Unique considerations may be needed when designing
PK studies to evaluate interactions with cytotoxic payloads [45].

5. Pharmacogenomics

The cytotoxic payload, SN-38 in SG is metabolized via UGT1A1 to an inactive
metabolite. The genetic variant UGT1A1*28 has reduced enzyme activity. Patients
who are homozygous (UGT1A1*28/*28; diminished enzyme activity) and heterozy-
gous (UGT1A1*28/*1; reduced enzyme activity) are at increased risk for neutropenia,
febrile neutropenia, anemia, and other toxicities due to increased exposure to SN-38
compared to wild type (UGT1A1*1/*1; normal enzyme activity) [16, 46]. There are no
known pharmacogenomics implications for T-DM1 and T-Dxd [14, 15].

The frequency of having homozygous UGT1A1*28 allele varies with about 20%
of the Black population, 10% of the White population, and 2% of the East Asian
population are homozygous for the UGT1A1*28 allele [47]. Approximately, 40% of
Black, 50% of White, and 25% of East Asian population are heterozygous for the
UGT1A1*28 allele [47].

Patients presenting with acute-onset, severe neutropenia and anemia may indi-
cate reduced UGT1A1 enzyme activity. The median time to neutropenia and febrile
neutropenia was 9 days in patients who are homozygous for UGT1A1*28 allele, 15 days
in patients who are heterozygous for the allele, and 20 days who are wild type for
UGT1A1* [16]. The median time to anemia in patients homozygous for UGT1A1*28,
heterozygous for UGT1A1*28, and homozygous for wild type UGT1A1* was 21 days,
25 days, and 28 days, respectively [16].

In a safety analysis from phase III, randomized clinical trial of SG in metastatic
TNBC, the impact of UGT1A1 polymorphism was evaluated. In patients treated with
SG, UGT1A1 genotype was known for 250 patients. Of 250 patients, 113 (44%), 96
(37%), and 34 (13%) were homozygous for the wild type UGT1A1 (*1/*1), heterozy-
gous (*1/*28), and homozygous (*28/*28) [48]. Patients with homozygous *28 genotype
had comparable grade 3/4 neutropenia (59%) to those with heterozygous *28 (47%) or
wild type (53%), but the rate of febrile neutropenia was higher (18% vs. 5% and 3%,
respectively). Grades 3/4 anemia (15% vs. 6% and 4%, respectively) and diarrhea (15%
vs. 9% and 10%, respectively) occurred more frequently in patients with homozygous
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UGT1A1*28 genotype compared to those with heterozygous and wild type genotypes.
Treatment discontinuation due to adverse events was also more common in patients
with homozygous UGT1A1*28 genotype compared to heterozygous *28 and wild type
genotypes (6%, 1%, and 2%, respectively). Other adverse events including nausea,
vomiting, fatigue and alopecia were not impacted by UGT1A1 genotype [48].

Increased risk for severe adverse reactions including neutropenia and febrile neu-
tropenia with irinotecan in patients with reduced UGT1A1 activity is attributed to its
active metabolite, SN-38, which is the cytotoxic payload of SG [49, 50]. While the FDA
recommends reducing the starting dose of irinotecan in patients with colorectal cancer
and known UGT1A1*28/*28 status [50], there are currently no guidelines for SG dosing
recommendations for patients who have known UGT1A1*28/*28 genotype. The FDA
only recommends SG dose modification or discontinuation based on tolerance [16].

6. Clinical outcomes of ADC in breast cancer treatment
6.1T-DM1

T-DM1 was evaluated in the phase III, randomized clinical trial EMILIA, which
enrolled 991 patients with metastatic, HER2+ breast cancer with disease progression
after first line trastuzumab plus taxane based chemotherapy for metastatic disease
or with disease recurrence during or within six months of completing adjuvant
therapy [51]. Patients were randomized 1:1 to T-DM1 or lapatinib and capecitabine.
The co-primary endpoints were progression free survival (PFS) and overall survival
(OS). Most patients (88%) received prior chemotherapy for metastatic disease with
amedian of 3 prior lines of treatment. PFS was significantly improved with median
PFS of 9.6 months in the T-DM1 arm versus 6.4 months in the control arm [hazard
ratio (HR), 0.65; 95% CI, 0.55-0.77; p < 0.0001]. Overall survival was also signifi-
cantly improved with median OS of 30.9 months in the T-DM1 arm vs. 25.1 months in
the control arm (HR, 0.68; 95% CI, 0.55-0.85; P, 0.0006). Based on the results of this
study, T-DM1 was FDA approved for the treatment of HER2+ metastatic breast cancer
after progression on first line therapy, and T-DM1 became the standard second line
treatment in this patient population until recent findings from DESTINY-Breast03
that demonstrated superiority of T-Dxd over T-DM1 as second line treatment for
metastatic, HER2+ breast cancer [41].

Adjuvant T-DM1 for early stage, HER2+ breast cancer and residual disease post
taxane and trastuzumab based neoadjuvant chemotherapy was evaluated in the
KATHERINE trial, a randomized, phase III study [52]. The study enrolled 1486 patients
who were randomized 1:1 to adjuvant T-DM1 or trastuzumab for 14 cycles. The primary
outcome was invasive disease free survival (IDFS), which was defined as the time from
randomization to first local or regional breast cancer recurrence, distant recurrence, or
death from any cause. Key secondary outcomes were PFS and OS. Most patients (77%)
received anthracycline based neoadjuvant chemotherapy, and 20% of patients received
additional anti-HER?2 therapy, 94% of which was pertuzumab. At a median follow up of
40 months, IDFS was significantly improved with T-DM1 versus adjuvant trastuzumab
(HR, 0.50; 95% CI, 0.39-0.64; P < 0.001). The 3-year IDFS rate was 88.3% in the
T-DM1 group and 77.0% in the trastuzumab group. The results of this study led to the
FDA approval of T-DM1 as an adjuvant therapy for patients with early stage, HER2 +
breast cancer with residual disease after neoadjuvant chemotherapy and surgery and
has established adjuvant T-DM1 as a standard therapy in this patient population [2].
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6.2 T-Dxd

T-Dxd was first FDA approved based on results from the single arm, multicenter,
phase II DESTINY-Breast 01 trial that enrolled patients with HER2+ metastatic breast
cancer who progressed on prior chemotherapy including T-DM1 [53]. The median
number of prior lines of treatment was 6 (range, 2-27). T-Dxd was associated with
an objective response rate of 60.9% (95% CI, 53.4-68.0) in a heavily pre-treated
population. The benefit of T-Dxd for the treatment of HER2+ metastatic breast cancer
after progression on T-DM1 was confirmed in the phase III, randomized clinical trial,
DESTINY-Breast02 that demonstrated significant improvement in PFS and OS when
compared to chemotherapy [54].

The clinical trial that changed practice when choosing a second line treatment
for patients with HER2+, metastatic breast cancer whose disease progressed after
first line anti-HER?2 therapy plus taxane chemotherapy was the DESTINY-Breast03
trial, which was a randomized, phase III study that compared T-Dxd to T-DM1 in the
second line setting [41, 55]. A total of 524 patients were randomized in 1:1 to T-Dxd
or T-DM1. The primary endpoint of PFS was significantly improved with median PFS
of 28.8 months with T-Dxd vs. 6.8 months with T-DM1 (HR, 0.33; P < 0.000001).
Overall survival was significantly improved with T-Dxd with the median not reached
in either treatment arm although the risk of death was reduced by 36% with T-Dxd
(HR, 0.64; P, 0.0037) demonstrating superiority of T-Dxd and establishing its role as
a preferred second line treatment in this patient population [2].

DESINY-Breast 04 (DB-04), a phase III randomized clinical trial, has transformed
the way breast cancer is categorized and treated [42]. Through demonstrating superior
efficacy of T-Dxd in breast cancer cells that has reduced HER2 expression (previously
categorized as HER2 negative), DB-04 provided clinical evidence that the bystander
effect is an important characteristic of ADCs. Up to 60% of HER2 negative breast cancer
cells express low levels of HER2, and more than 50% of HR+ breast cancer is HER2 low
making the findings from DB-04 clinically relevant [56, 57]. In DB-04, patients with
metastatic, recurrent HER2-low breast cancer defined as IHC 1+ or IHC 2+/ISH- were
randomized 2:1 to T-Dxd or chemotherapy (capecitabine, eribulin, gemcitabine, pacli-
taxel, or nab-paclitaxel). More than 70% of patients with HR+ disease received prior
CDK4/6 inhibitors and more than 99% of patients progressed on 1line of prior chemo-
therapy. T-Dxd was associated with significant improvement in PFS and OS in the HR+
cohort and all patients. The median PFS in the HR+ cohort was 10.1 vs. 5.4 months (HR,
0.51; 95% CI, 0.40-0.64 P < 0.001) and in HR-negative was 8.5 vs. 2.9 months
(HR, 0.46; 95% CI, 0.24-0.89). Median OS in the HR+ cohort was 23.9 vs. 17.5 months
(HR, 0.64; P, 0.003) and in HR-negative was 18.2 vs. 8.3 months (HR, 0.48; 95% CI,
0.24-0.95). Benefit was observed across all subgroups including HER2 IHC 1+ and
IHC 2+/ISH negative [42]. For patients with HR+ metastatic breast cancer and visceral
crisis or with endocrine resistant disease, the National Comprehensive Cancer Network
(NCCN) guidelines list T-Dxd as a preferred, category 1 treatment in the second line set-
ting [2]. The NCCN guidelines list SG as a preferred, category 1 option in the second line
setting for this patient population if not candidate for T-Dxd. For TNBC with HER2-low,
T-Dxd is listed as preferred, category 1 treatment option in the second line setting [2].

6.3SG

SG is the first approved ADC targeting Trop-2 [58]. SG was evaluated in the
ASCENT, a phase III, randomized clinical trial in patients with metastatic TNBC who
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progressed after at least two lines of chemotherapy, one of which had to be for metastatic
disease [59]. Patients (N = 529) were randomized 1:1 to SG or chemotherapy (eribulin,
capecitabine, gemcitabine, or vinorelbine). The primary efficacy outcome was PFS in
patients without brain metastases. Key secondary outcomes were PFS in all patients

and OS. SG was associated with significant improvement in PFS and OS. In patients
without brain metastases, median PFS in SG was 5.6 months vs. 1.7 months with chemo-
therapy (HR, 0.41; 95% CI, 0.32-0.52; P < 0.001). The median OS was 12.1 with SG vs.
6.7 months with chemotherapy (HR, 0.48; 95% CI, 0.38-0.59; P < 0.001). A total of 61
patients had stable, treated brain metastases at baseline, 32 of which were treated with
SG. In a subgroup analysis, patients with stable baseline brain metastases treated with SG
had median PFS of 2.8 months compared tol.6 months in patients treated with chemo-
therapy (HR, 0.65; 95% CI, 0.35-1.22). This analysis is exploratory and limited by small
sample size [60]. The NCCN lists SG as a preferred, category 1 treatment option in the
second line setting for patients with metastatic TNBC who progressed on at least 2 prior
chemotherapy lines, at least one of which for metastatic disease [2].

SG was also evaluated in the TROPiCS-02, a phase III, randomized clinical trial
evaluating SG in 543 patients with HR+, HER2 negative or low who have progressed
on the following: a CDK 4/6 inhibitor, endocrine therapy, and a taxane and at least
two prior chemotherapies in the metastatic setting [61]. The primary outcome of PFS
was statistically significant with median PFS of 5.5 in the SG arm vs. 4 months in the
chemotherapy arm (HR, 0.661; 95% CI, 0.529-0.826; P, 0.0003). The median OS
was also significantly improved in these heavily pretreated patients with endocrine
resistant disease with median OS of 14.4 in the SG arm vs. 11.2 months in the chemo-
therapy arm (HR, 0.789; 95% CI, 0.646-0.964; P, 0.020) [62].

7. Adverse events and monitoring
71T-DM1

The most common adverse events associated with T-DM1 were musculoskeletal
pain (37.9%), nausea (40.6%), thrombocytopenia (45.7%), constipation (26.9%),
fatigue (38.8%), and transaminitis (36.8%). T-DM1 has a low emetic risk [2]. T-DM1
is not associated with alopecia. Due to hepatotoxicity, it is recommended to monitor
bilirubin and transaminases before each dose of T-DM1.

Decreased left ventricular ejection fraction (LVEF) has been observed with anti-
HER?2 therapies including T-DM1 (2-3%). Patients with history of significant cardiac
disease and those with baseline LVEF <50% were excluded from clinical trials. It is
recommended to monitor left ventricular ejection fraction (LVEF) before initiating
T-DM1 and throughout treatment [14]. In clinical practice, LVEF is typically moni-
tored prior to initiating treatment with T-DM1 and every 3 months thereafter.

72 T-Dxd

The most common hematologic adverse events associated with T-Dxd were
decrease in hemoglobin (66%), white blood cells (71%), neutrophil (65%), platelets
(47%), and lymphocyte (55%). The most common non-hematologic adverse events
were fatigue, increase in aminotransferases, constipation, vomiting, decreased appe-
tite, musculoskeletal pain, diarrhea, and hypokalemia [15]. T-Dxd is considered highly
emetogenic [2]. T-Dxd is associated with alopecia (21 to 46%). An increased incidence
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of interstitial lung disease (ILD)/pneumonitis including fatal events were observed

in clinical trials (all grade, 15.4%; grades 1/2,11.9%; grades 3/4,1.3%; grade 5 or death,
2.2%). Median time to onset is approximately 5.4 months (range, <0.1-46.8 mo). Risk
factors include moderate to severe kidney impairment, having pulmonary comorbidi-
ties at baseline (i.e., asthma, prior ILD, radiation pneumonitis), time since initial
cancer diagnosis >4 years, age <65 years, baseline oxygen saturation < 95%, and T-Dxd
dose >6.4 mg/kg. No consensus guidelines exist on type and frequency of monitoring
besides symptoms assessment. High resolution chest computed tomography (CT)

was obtained every 6 weeks in clinical trials investigating T-Dxd. Frequent imaging
mimicking clinical trials may not be feasible in clinical practice for reasons such as cost
and insurance coverage. As a result, frequent monitoring for ILD symptoms in patients
receiving T-Dxd is imperative. Similarly to T-DM1, LVEF reduction was reported with
T-Dxd (3-8%; mostly asymptomatic) it is recommended to monitor LVEF before start-
ing and periodically thereafter [15]. In clinical practice, LVEF is typically monitored
prior to initiating treatment with T-Dxd and every 3 months thereafter.

7.3SG

The most common adverse events associated with SG were febrile neutropenia
(6%), vomiting (5%), diarrhea (4%), dyspnea (3%), nausea (3%), and anemia (2%).
It is recommended to monitor patients for severe neutropenia with known reduced
activity of UGT1A1 (see pharmacogenomics for details) [16].

8. ADCs in development

Datopotamab deruxtecan (DS-1062) or Dato-Dxd is a Trop2 ADC with a topoisom-
erase I inhibitor payload (Dxd). Dato-Dxd is comprised of a humanized IgG1 mAb
conjugated to the cytotoxic payload via a cleavable, tetrapeptide based linker, and it
has an average of 4 DAR with demonstrated bystander effect [63]. Dato-Dxd is being
investigated in ongoing clinical trials in solid tumors including breast cancer [64].

Dato-Dxd is being investigated in heavily pretreated patients with metastatic
TNBC in the TROPIONPanTumor01 trial (NCT03401385) and has demonstrated
encouraging results with an objective response rate of 34% in all patients and 52% in
patients who are treatment-naive to topoisomerase I inhibitor-based therapies [64].
Most common adverse events reported with Dato-Dxd were stomatitis (all grade,
73%; grade 3, 11%), nausea (all grade, 66%; grade 3, 2%), and vomiting (all grade,
39%; grade 3, 5%). The incidence of alopecia was 36% (grade 2, 14%) [64].

Dato-Dxd is also being investigated in the TROPION-Breast01 (NCT05104866), an
ongoing randomized, phase III trial that enrolled 700 patients with metastatic, HR+
HER? negative breast cancer. Patients are randomized 1:1 to Dato-Dxd or chemo-
therapy (eribulin, capecitabine, vinorelbine, or gemcitabine). Included patients had
to have progressed on endocrine therapy and 1-2 prior lines of chemotherapy [65].
Results are not yet reported.

9. Conclusion

ADCs combine precision targeting with traditional cytotoxic treatment allowing
for the delivery of highly potent chemotherapeutic agents to malignant cells. Recent
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regulatory approvals of next generation ADCs have changed how breast cancer is clas-
sified and treated. There are three approved ADCs for the treatment of breast cancer
to this dare, and more ADCs are currently in development.
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