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Preface

Breast cancer accounts for 25% of cancers among women. It ranks fifth in cancer-related
deaths among women despite a reduction in the mortality rate in the last decades. Neoadju-
vant treatments used in local advanced breast cancers contribute to pCR, local treatments
(mastectomy, oncoplastic surgery, radiotherapy, photodynamic therapy, etc.) and prognosis.
Targeted therapies (CDK 4/6, mTOR and PI3K inhibitors) added to adjuvant chemotherapy
treatments in the metastatic step are alternative options of resistance mechanisms.

Since breast cancer is a multidisciplinary disease, it requires a treatment approach that in-
cludes oncology, radiology, surgery, dietitians and psychologists. In this book, the treatment
approaches to breast cancer were evaluated from a broad perspective. The surgical treat-
ment options, chemotherapy preferences in early and advanced breast cancer, drug resist-
ance and follow-up resultsare discussed. Clinician's treatment options, actions to be taken
by patients to maintain their lives, palliative and psychological supports and follow-up
processes from when patients are diagnosed with cancer until metastatic period are dis-
cussed in detail in this book. Section 1 presents the introduction to the topic; Section 2 dis-
cusses surgical approaches and local treatments; Section 3 discusses the importance of
liquid biopsies; in Section 4, the importance of prognostic significance of HIF1 alpha is pre-
sented; in Section 5, neoadjuvant treatments, current treatment approaches in early-local
advanced and metastatic cancers and drug resistance and the contributing factors are pre-
sented. In the last section, patient palliation and dietary factors are addressed.

This book will be a reference guide involving extensive and comprehensive information on
breast cancer treatment for clinicians, advanced and graduate students.

I would like to express my sincere gratitude to the authors and researchers who have con-
tributed to this book, and I would like to express my appreciation to the reader for choosing
IntechOpen. And thank you to all the persons who participated in the project.

Assoc Prof. Nilufer Bulut
Kanuni Sultan Suleyman Education and Search Hospital, Turkey
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1. General overview on breast cancer treatments

Breast cancer ranks fifth in cancer-related deaths among women. Therefore, the selection of
systemic and local treatments influences the prognosis. They show different signal pathway
and genetic differentiation. Besides ER, PR, and HER-2 receptor levels used in practice, cyto-
keratin, EGFR, germ line mutations, and mesenchymal markers currently bring many treat-
ment approaches into question. This shows the presence of factors that have not yet been fully
understood. Hence, as new pathways, mutations, and different chemotherapeutic agents gain
currency in the ongoing follow-up of each patient, clinicians are alienated from the standard
treatment approach. In this chapter, local treatment options, early and advanced breast can-
cer treatments, drug resistance factors, alternative treatments, and palliative care have been
addressed.

1.1. Local and systemic therapies

Breast cancer has been described in a sequential algorithm based on progressive disease
course, beginning from neoadjuvant treatments. Approach to breast cancer as a systemic dis-
ease starting from the diagnosis phase extends the life span of the patients as well as increases
the success rate of local treatments such as surgery and radiotherapy and decreases the toxic-
ity. Although neoadjuvant treatments have no effect on local control, they cause a decrease in
radiotherapy-administered volumes. The eradication of micrometastases along with pCR has
a prognostic importance.

Nowadays, classical mastectomy is alienated by the options of oncoplastic surgery. The side
effects of silicone implants and expanders used, mesh and autologous tissue reconstructions
have been enriched with patient images.

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen 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. [{(cc) ExgINEN
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The prognostic factors such as lymph node, grade, tumor volume, histological type, recep-
tor status, Ki 67-index are important in early and local advanced breast cancer. Genetic risk
assessment such as HR+ mammaprint, Oncotype DX, PAM-50 Prosigna in early breast cancer
determines chemotherapy or hormonotherapy options. The effects and side effect profiles of
preferred chemotherapy regimens were compared by meta-analysis and phase III trials con-
ducted by NSABP B-36, Early Breast Cancer Trialists” Collaborative Group and their contribu-
tion to life span were discussed. Based on the SOFT and TEXT studies, the alternatives and
usage periods of hormotherapy have been updated. In addition to conservative treatments,
bisphosphonates recommended by ASCO have also been included in the adjuvant treatment.

Clinical trials like PALOMA-2, MONALEESA-2, MONARCHES-3, and MONALEESA-7 are
important guidelines for hormone receptor-positive metastatic breast cancers. The use of
CDK4/6 inhibitors in hormone-resistance tumors is an alternative to chemotherapeutics and
antiestrogenic agents. In this chapter, phase II-III studies were compared and documented
under the corresponding title.

Triple-negative breast cancers account for 15-20% of all breast cancers. The poor prognosis,
drug resistance, genetic heterogeneity of triple-negative breast carcinomas and absence of a
standard treatment regimen reduce the expected efficacy of chemotherapy. Platinum-based
regimens particularly affect the calpain-1 pathway in the endoplasmic reticulum by the DNA
damage and apoptosis they cause. This is an important prognostic factor. An increase in the
MDA-MB-231 level and a decrease in the MCF-7, BT-474 proteins give a metastatic pattern
to the cancer cells. These lead to aggressiveness in the biological characteristics of the tumor
and resistance to chemotherapy drugs. In addition to platinum-based treatments, the use
of anthracycline and taxanes provides a high rate of pCR, but also causes high recurrence
rates during 1-3 year follow-ups. This paradox has still not been clarified. PD-L1, PI3K/AKT/
mTOR, histone deacetylase, PARP inhibitors that have recently been brought forward are a
few of antiangiogenic treatment options. Antiangiogenic drugs take effect through the angio-
genesis induction mechanism of HIF-1 alpha gene. In the study mentioned in this chapter, it
was emphasized that the HIF-1 alpha gene would increase the metastasis potential of tumor
volume, unlike the subtype of tumor. Therefore, in addition to anthracyclines and taxanes,
platinum-based chemotherapies also continue to be relevant.

Liquid biopsies, which have been started to be used in the treatment recently, help detect the
tumor cells extravasated into the blood or lymphatic system. The CellSearch™ system helps
diagnose by a rate of 20-30% in patients with early breast cancer. It is a leading biomarker in
the monitoring of the treatment of the disease.

1.2. Alternative therapies

Dietary bacteria such as polyphenols, genistein, lactospirae, ruminococcaceae, Corynebacterium,
staphylococcus, E. coli, actinomyces affect the immune system. Chemotherapeutic agents
increase toxicity, fatigue, and infections such as cachexia, mucositis, and diarrhea by depress-
ing the immune flora. Supplementing the diet with pre- and probiotic agents with the purpose
of reducing the therapeutic effects of drugs shortens the regeneration period of the cells.
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Photodynamic treatments and nanomedicine have fewer side effects compared with conven-
tional treatments. They increase the treatment tolerance by affecting the cancer cells in the
target tissue. In the future, cancer vaccines, oncolytic virotherapy, immunotherapy options
will take a part in the practice a lot more.

2. Palliative approaches

Palliative and psychological support should also be given in the treatment management. Level
of education, proximity, and level of love between patient and family, cultural structure of the
society and strength of religious values, success of the patient and his/her family in managing
the disease process play an important role in the treatment management.

With “Breast cancer and Surgery,” a broad perspective was presented to patients with breast
cancer in this chapter. Up-to-date information was provided to most clinicians and physi-
cians in the training period. Algorithms to be followed from the diagnosis phase to the treat-
ment and follow-up period of the disease are expressed in a certain manner. I believe that the
“IntechOpen” series will be an important reference guide.

Author details

Nilufer Bulut
Address all correspondence to: ferlut@hotmail.com

Department of Medical Oncology, Kanuni Sultan Suleyman Education and Research
Hospital, Kucukcekmece, Istanbul, Turkey
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Abstract

Breast cancer is one of the commonest cancers affecting women and oncoplastic breast sur-
gery has been firmly established as the mainstay of modern surgical treatment, replacing the
traditional two-operation approach. Careful patient selection, relevance of effective com-
munication, patient education and navigating the complex decision-making process, are
some of the topics covered in this chapter. Preoperative planning, implant selection, patient
marking, importance of scar placement, marking and measuring the patient preoperatively,
good theatre practice, technical tips for good cosmesis, and after care; are also discussed.
A brief section on revision surgery following implant reconstruction, lipomodelling and a
brief overview about breast implant associated anaplastic large cell lymphoma (BIA-ALCL)
and multidisciplinary approach to modern management of breast cancer. It aims to serve as
a guide to surgeons on current practice and achieving the ideal balance between oncological
clearance of the cancer combined with good cosmesis and high levels of patient satisfaction.

Keywords: oncoplastic breast surgery, breast cancer, scar placement, patient selection,
implant reconstruction, capsular contracture

1. Introduction

Surgical management of breast cancer has undergone significant evolutionary changes since
Halstead’s description of radical mastectomy in 1882. Although Halstead was not credited
for discovering this technique, his seminal paper published in the Annals of Surgery in 1894
demonstrated a 20% survival benefit for the first time. Not surprisingly, the Halstead mas-
tectomy became the standard of care for the next several decades [1]. It took almost 70 years
before quadrantectomy was considered a safe alternative to sacrificing the whole breast with
long-term follow-up confirmed in the NSABP-B06 and Veronesi’s Milan I trial [2, 3].

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen 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. [{(cc) ExgIN
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The term oncoplastic breast surgery (OPBS) was first coined by Werner Audretsch in the 1980s,
to describe rearrangement of breast tissue to fill the defect following a partial mastectomy and
recreate the breast shape, with emphasis on cosmesis. Over the last three decades, oncoplas-
tic breast surgery has been established globally to encompass the ‘quadrant-per-quadrant’
approach to breast conservation advocated by Krishna Clough [4] and the Nottingham
algorithm for therapeutic mammoplasty, championed by Douglas Macmillan and Stephen
McCulley [5]. Introduction of biological mesh or acellular dermal matrix (ADM) in the mid-
1990s defined another watershed period with increasing mastectomy rates and immediate
reconstruction. Steven Kronowitz from the MD Anderson Cancer Center in Texas, USA,
introduced the concept immediate-delayed reconstruction in 2002 to help women avoid the
trauma of mastectomy after waking up from surgery [6].

Today, women diagnosed with a new breast cancer are offered a range of treatment options
within a multidisciplinary setting [7]. Breast cancer surgery is no longer a two-operation dis-
cipline, based on cancer dimension relative to breast size or patient choice of mastectomy
versus breast conservation. An oncoplastic approach to modern management of breast cancer
involves careful preoperative planning with other specialists such as radiologists, patholo-
gists and oncologists. A comprehensive breast assessment to determine the optimal breast
conservation techniques is essential with emphasis on scar placement. All patients undergo-
ing mastectomy should have a discussion around reconstruction options, where appropriate.

Good communication skills and additional time during consultation, helps safeguard patient’s
understanding of complex discussions around treatment. Early involvement of clinical psy-
chologists in selected cases can help anxious patients and exclude underlying mental health
concerns. Heightened anxiety at the time of diagnosis could impact decision-making and
alter clinical management, with potential for decision-regret after completing treatment. Well-
trained and dedicated breast care nurses are indispensable in a modern surgical breast unit [8].
Providing well designed and simple information leaflets to read outside the stressful environ-
ment of the doctor’s office, can help patients navigate the complexity of the decision-making
process. These combined efforts serve to demystify the various treatment options, empower
women with the concept of “patient choice’ and ensure informed consent.

This chapter aims to present aspects of modern oncoplastic surgical approach in the treatment
of breast cancer, with emphasis on implant-based reconstruction.

2. Oncoplastic breast surgery

Breast conserving surgery, often referred to as lumpectomy or wide local excision (WLE), is the
standard treatment for the majority of early invasive and in situ breast cancer [9]. Screening pro-
grams have been established for over 60 years with early detection of small and non-palpable can-
cers, allowing smaller resection volumes and avoiding the need for mastectomy in most women.

2.1. Wide local excision (WLE)

Simple excision of the tumour with reasonable margins forms the basis for lumpectomy
or wide local excision (WLE) and is appropriate for majority of screen-detected in situ or
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invasive cancer. Traditional approach of scar placement over the tumour site, without ade-
quate mobilisation of skin or approximation of breast parenchyma and leaving the cavity to
fill with seroma, was responsible for poor cosmetic outcomes in the past [10]. Volume of exci-
sion relative to breast size, location of the tumour and re-excision surgery are independent
risk factors for poor cosmesis (Figure 1).

In a recent clinical study correlating resection volumes and tumour location with clinical
photographs of patients 2 years after completing radiotherapy, was assessed by a panel and
scored. Despite the small sample size, there was significant variation in the cosmetic results
between oncoplastic surgeon and general breast surgeons (Figures 2 and 3) [11].

Oncoplastic breast surgery involves careful preoperative planning with dedicated breast
radiologists in the MDT to confirm adequate clearance of the tumour from the overlying skin.

Figure 1. Poor cosmetic results from breast conserving surgery.

Figure 2. Clinical study results poor cosmetic outcome.
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This allows aesthetically placed scars which could be remote from the tumour site and avoids
disfiguring scars across the breast mound. Mobilisation and approximation of the breast
parenchyma after removal of the tumour can help avoid unsightly tethering of the skin to the
underlying muscle following radiotherapy (Figure 4). These simple measures can help ensure
good cosmesis for patients whilst obtaining oncological clearance of the tumour. Almost all
cases of wide local excision (WLE) are achievable via a circumareolar approach, which heals
well with minimal scarring on the breast mound (Figure 4).

2.2. Volume displacement techniques

A number of volume displacement and volume replacement techniques in a quadrant-per-quadrant
approach to treating breast cancer, have been described by Clough [4]. Careful assessment of the
breast size, shape and density combined with preoperative estimation of resection volumes,
helps determine the optimal choice of procedure. Two of the commonly used volume displace-
ment techniques, Benelli (round block) and therapeutic mammoplasty, are discussed below.

Figure 3. Clinical study results good cosmetic outcome.

Figure 4. Wide local excision using circumareolar incision.



Oncoplastic Breast Surgery in the Treatment of Breast Cancer
http://dx.doi.org/10.5772/intechopen.77955

2.2.1. Benelli/round-block mammoplasty

The Benelli or round-block mammoplasty is a versatile technique used to excise tumours
from various quadrants in the breast and reposition the nipple in the desired location at the
end of the procedure [12]. This is essentially a variation of the tennis racquet technique, but
without the ‘handle’. The tennis racquet is a useful option if the skin overlying the tumour
needs to excised and prevents the nipple from being tethered towards the index quadrant
after radiotherapy and accentuating the asymmetry compared to the contralateral breast. The
Benelli mammoplasty can also be used to reduce the skin envelope if required, depending on
the volume of resection and the size of the patient’s breasts.

Use of bilateral round-block/Benelli mammoplasty is illustrated in this 70-year-old patient with
aged silicone implants and a new symptomatic LEFT breast cancer. The implants were more
than 35 years old with MRI evidence of intra- and extracapsular rupture and silicone leakage
(Figure 5). The tumour located in the LEFT breast at 6:00/50 mm from the nipple was excised
with safe margins. Capsulectomy and removal of the aged implant was achieved through the
same incision and redundant skin excised using the Benelli technique.

MRI proven ruptured aged silicone implant in the opposite breast was also removed via a
similar approach with good postoperative symmetry (Figures 6 and 7).

2.2.2. Therapeutic mammoplasty (TM)

Adjuvant radiotherapy in large breasted women after WLE can be difficult due to the volume
of breast tissue, degree of ptosis and in some cases need to be delivered with the patient
prone. Therapeutic mammoplasty (TM) combines breast reduction surgery and WLE to provide
an opportunity for these women to achieve the desired smaller breasts, as part of their can-
cer treatment [13]. More importantly, breast reduction surgery after previous radiotherapy
increases the risk of wound related complications and should only be undertaken by expe-
rienced plastic and oncoplastic breast surgeons. For women with large breasts, TM allows
large excision volumes with excellent margins, beyond the conventional threshold for simple

e

Extracapsular silicone
leak of RIGHT implant

Figure 5. Pre-op MRI demonstrating tumour and silicone leak.
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Figure 6. Pre-op capsular contracture and Benelli mammaplasty.

Figure 7. Post-op round block mammaplasty.

WLE. Secondary pedicles of tissue which are usually excised as part of breast reduction sur-
gery are used to fill the WLE defect. Recovery from surgery is similar to simple mastectomy
without any delay in adjuvant therapy (Figures 8 and 9).

The nipple-areolar complex (NAC) can be sacrificed in older patients to minimise the risk of
nipple necrosis and wound complications. The NAC may also need to be removed when the
tumour is located close to the nipple to ensure oncological safe margins. TM in this setting
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Figure 8. Pre-op therapeutic mammaplasty.

Figure 9. Post-op therapeutic mammaplasty.

provides a better alternative to mastectomy for these patients and avoids large and heavy
external prosthesis to match the contralateral normal breast [14]. In this example, an 83-year-
old lady with large ptotic J-cup sized breasts presented with symptomatic 45 mm RIGHT
breast cancer @12:00, with associated 110 mm of suspicious calcification extending to the
nipple (Figure 10).

Bracketed hook-wire was used preoperatively to mark the extent of calcification to ensure safe
margins and confirmed on final histology (Figure 11). Despite the extensive nature of surgery,
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Figure 10. Pre-op hook-wire and markings for TM.

Figure 11. Bracketed hook-wire.

TM confers a high degree of patient satisfaction, without any delay in adjuvant treatment or
significant morbidity; even in older patients (Figure 12). Well-trained breast care nurses are
essential for preoperative patient education and managing complex wounds after surgery.

2.3. Volume replacement techniques

Several volume replacement techniques, such as mini-latissimus dorsi (LD), lateral thoracic artery
perforator (L-TAP), intercostal artery perforators (I-CAP), serratus anterior artery perforator
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(SAAP) and thoracodorsal artery perforator (T-DAP) flaps have been described to fill large
defects created by WLE. Mini-LD flaps should be avoided in this setting and the latissimus dorsi
muscle preserved as salvage tissue cover for complex locally advanced and recurrent disease, for
lower pole support instead of mesh or as definitive reconstruction option following mastectomy.

2.3.1. Autologous adipo-dermal perforator flaps

The original pedicled perforator flaps described by Mustafa Hamdi in 1984 included tho-
racodorsal artery perforator (T-DAP), intercostal artery perforator (ICAP), serratus anterior

Figure 12. Post-op TM sacrificing the NAC.

Figure 13. Pre-op marking of L-TAP and Li-CAP vessels with USS Doppler.

17
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artery perforator (SAAP) and superior epigastric artery perforator (SEAP) flaps for immediate
or delayed partial breast reconstruction or as adjuncts to implant reconstruction [15]. These
versatile perforator flaps can be used to fill parenchymal defects in almost any quadrant of the
breast. This technique allows large excision volumes to ensure good resection margins and
the size of the flap can be adjusted to achieve good cosmesis.

The Li-CAP and T-DAP vessels are marked preoperatively with handheld Doppler’s or USS colour
Doppler mode prior to skin incision (Figure 13). These flaps utilise the skin and subcutaneous fat
in the lateral chest wall and are raised on small and consistent perforator vessels (Figure 14).

Figure 14. Perforator vessels for Li-CAP flap.

Figure 15. Lateral scar after volume replacement with Li-CAP flap.
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The length of the scar is variable depending on the volume required for replacement and is
mostly hidden within the bra, with less donor site morbidity compared to traditional LD flap
(Figure 15). These autologous perforator flaps are robust and appear to tolerate radiation
therapy without significant volume loss. They serve as ideal volume replacement options for
high-risk patients such as diabetics, smokers and older patients, without compromising flap
viability.

Two-stage procedure is recommended by the Nottingham group, particularly if the extent
of disease is unclear on diagnostic imaging. WLE and axillary surgery is completed as the
first stage and the cavity filled with water to keep the cavity patent. Once the histology con-
firms adequate margins, patients can undergo the second stage to recruit the perforator flap
(Figures 16 and 17). If the pathology demonstrates more extensive disease than originally

Figure 17. Post-op photo after volume replacement with Li-CAP.

19
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anticipated, patients could be offered re-excision of margins or conversion to mastectomy. A
two-stage procedure helps avoid wasting a good flap in the initial stage and serves as a bridge
to definitive surgery.

3. Mastectomy and breast reconstruction

Simple mastectomy is a good surgical option for elderly patients, women living in remote
areas with limited access to radiotherapy and those who do not wish to undergo immediate
reconstruction (Figure 18). Increasing number of women is choosing to have mastectomy
with immediate reconstruction instead of breast conservation [16].

‘A good reconstruction starts with a good mastectomy’ is an often quoted by oncoplastic breast
surgeons and advocated by the Nottingham Breast Unit, UK. Historically, free-transverse rec-
tus abdominis (TRAM) flap or deep inferior epigastric artery perforator (DIEP) flap has been
regarded as the gold standard for breast reconstruction [17]. This is a significant undertaking
for patients with prolonged hospital stay, delayed recovery and donor site morbidity. Not
surprisingly, the incidence of these complex autologous flaps has remained static compared
to the exponential increase in implant reconstruction over the past three decades [18].

Latissimus dorsi (LD) flap with implant (Figure 19) was a common reconstruction procedure
post mastectomy in the 1980s and 1990s, due to the robust nature of the flap, consistent aes-
thetic results and acceptable donor site morbidity compared to TRAM flap. The incidence of
LD has declined with the increasing incidence of implant reconstruction in the late 1990s and
early 2000s. More recently, there appears to be a resurgence of LD flaps, according to MD
Anderson data [18].

Slmple mastectomy with flat scar to allow
comfortable use of external prosthesis

Figure 18. Right simple mastectomy.
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The chest wall perforator flaps (L-TAP and Li-CAP) can also be used as complete autolo-
gous flap reconstruction following mastectomy and was first described by Losken and
Hamdi in 2009 [19, 20]. This is a safe reconstruction option in the high-risk candidates,
such as smokers, raised BMI, diabetics, or in patients where implant or complex autolo-
gous reconstructions are relatively contraindicated due to post-operative radiotherapy
(Figures 20 and 21).

Figure 20. Pre-op marking bilateral mastectomy following neoadjuvant chemotherapy.

21
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Figure 21. Post-op bilateral skin-sparing mastectomy with immediate Li-CAP flap reconstruction.

4. Mesh versus autologous tissue for lower pole support

Since its introduction in the late 1990s, the acellular dermal matrix (ADM), derived from
various biological sources, has been responsible for the meteoric rise in mastectomy rates
with implant and tissue expander reconstruction [21]. There is a substantial global market for
ADM or biological meshes currently manufactured from porcine dermis, foetal or neonatal
bovine dermis, bovine pericardium and human cadaveric skin.

Parallel to the success of ADM, there has also been an increase in synthetic mesh used for
lower pole support in implant and tissue expander reconstruction (Table 1). The main driver
for synthetic mesh has stemmed from cost associated with ADM, reports of ‘red breast syn-
drome’ (RBS) and higher seroma rates [22]. The ‘red breast syndrome’ (RBS) is a unique
delayed hypersensitivity reaction to ADM and presents as erythematous skin overlying the
mesh. Despite lack of febrile response and normal laboratory markers which characterises
RBS, patients often receive increasing amounts of unnecessary antibiotics, due to concerns for
the underlying implant [23].

The absorbable synthetic TIGR mesh produces a stable IMF after 18 months post-reconstruction
compared to ADM with lower implant loss rates and half the volume of seroma output in the
author’s experience (Figure 22) [24].

In one of the largest reported series of TIGR mesh since May 2014, a total of 138 cases in
87 consecutive patients undergoing immediate or delayed reconstruction were recently pre-
sented in the Annual Scientific Congress of RACS (Royal Australasian College of Surgeons) in
Sydney, Australia, in May 2018. There was no 90-day post-operative implant loss reported in
the author’s series, with three cases of delayed implant loss at 5, 12 and 28 months following
radiotherapy. There were no cases of skin flap necrosis or RBS in this series [25]. These results
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Mesh ADM/synthetic Source Manufacturer

Strattice ADM Porcine LifeCell Corp.

Permacol ADM Porcine Covidien

SurgiMend ADM Foetal/neonatal bovine ~ Integra LifeScience Ltd.

dermis

VERITAS ADM Bovine pericardium Synovis Surgical innovations, St. Paul,
MN, USA®

Alloderm ADM Human cadaveric skin LifeCell Corp. Branchburg. N.J

Epiflex ADM Human cadaveric skin Deutsches Institut fiir Zell-und
Gewebeersatz [DIZG] gGmbH, Berlin,
Germany

ALLOMAX™ ADM Human cadaveric skin Bard, Inc.

DermaMatrix® ADM Human cadaveric skin Synthesis CMF/Johnson & Johnson

TIGR Synthetic absorbable Novus Scientific

TiLoop® Bra Synthetic titanium pfm medical, Cologne, Germany

coated
SERAGYN BR® Synthetic SERAG-WIESSNER GmbH & Co. KG

Table 1. Current list of ADM and synthetic mesh used for implant and tissue expander reconstruction.

Figure 22. Nipple-sparing mastectomy via inframammary fold incision and retropectoral implant reconstruction and

TIGR mesh.

are similar to a recent publication by Pompei et al., with 49 consecutive patients and 60 TIGR
mesh used over a 2-year period with only 1 implant loss due to skin necrosis [26].

The following is the example of nipple-sparing mastectomy, axillary node clearance with
immediate expander-implant reconstruction in a 54-year-old woman with previous breast
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implants and multifocal triple negative breast cancer with nodal involvement (Figures 23-25).
Patient developed significant lymphangitis and cellulitis of the breast skin envelope 28 months
after radiotherapy with explantation and request for contralateral symmetrising mastectomy.

The two-stage tissue expander (TE) reconstruction with limited mobilisation of the serratus
muscle and pectoralis major was the standard procedure prior to ADM or synthetic mesh
for lower pole support. The results were often inconsistent with high-riding TE and need for
revision surgery. The nipple-areolar complex (NAC) and most of the redundant mastectomy
skin envelope in medium to large breasted women had to be sacrificed due to limited capacity
of the muscle pocket. Stable inframammary fold (IMF), preservation of the native mastectomy
skin flap, retropectoral direct to implant reconstruction with predictable aesthetic results and
relatively short learning curve; are some of the reasons for the exponential global uptake of
biological and synthetic mesh. Shorter operative time and hospital stay, earlier recovery and
return to normal function with less donor site morbidity and high patient satisfaction rates
have also contributed to its popularity.

More recently, use of prepectoral implant with complete ADM coverage appears to have good
outcomes with high levels of patient satisfaction [27]. "Animation’ or variable movement of the
reconstructed breast when tensing the pectoral muscles is a recognised issue with retropec-
toral implant reconstruction (Video: https://mts.intechopen.com/download/index/process/270/
authkey/a5ea41ce666a3344dd2e459c34b3d46a). The prepectoral technique circumvents the
‘animation’ problem and patients are able to return to physical activity without the usual
restrictions of retropectoral surgery.

Any contour defect due to capsular contracture or tethering of skin to the pectoral fascia
above the implant, can be addressed with fat grafting; either at the index operation or as

Figure 23. Left nipple-sparing mastectomy with immediate expander-implant reconstruction.
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L.

Figure 24. Cellulitis 28 months after radiotherapy.

Figure 25. Bilateral mastectomy post explantation and request for delayed reconstruction.

a delayed procedure. In very slim patients without significant subcutaneous body fat, pre-
pectoral approach may be challenging with ‘ghosting’ effect from the underlying implant.
Braxon ADM (designed and patented by DECOmed s.r.l.) is a specially designed biologi-
cal mesh, which offers complete coverage of the implant for prepectoral placement with the
added convenience of suturing the mesh directly onto the chest wall.
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Despite the significant global trend towards ADM and synthetic mesh-assisted implant recon-
struction, recent years have also witnessed a resurgence in autologous tissue for inferior pole
support, such as scar-less mini-LD flap and T-DAP flap. ADM associated ‘red breast syn-
drome RBS’, less than anticipated reduction in capsular contracture, higher seroma rates and
secondary infection with implant loss; may account for this parallel rise in autologous tissue
support. Some permanent synthetic meshes can result in higher rates of capsular contracture
with firm tissue in the lower pole, resulting in long-term discomfort. Continued technological
advances in lightweight synthetic mesh which integrate better with the host tissue, could help
improve cosmetic outcomes for patients.

5. Tissue expander versus direct to implant reconstruction

The two-stage tissue expander (TE) is the standard reconstruction technique following skin-
sparing or nipple-sparing mastectomy in most Western countries. TE is a safer option than
direct to implant, particularly when there is uncertainty about the need for post-operative
radiotherapy. Many surgeons continue to advocate the two-stage tissue expander reconstruc-
tion due to concerns about skin flap viability and risk of implant failure. Use of TE allows the
mastectomy skin flap to heal without undue tension and risk of necrosis.

Two-stage tissue expander reconstruction is an option for women who wish to achieve larger cup
size after breast reconstruction (Figures 26 and 27). The expander is replaced with a definitive
implant as a second operation after completion of adjuvant therapy (such as chemotherapy). It is
possible to deliver radiotherapy in women with tissue expanders or implants without compro-
mising treatment. Patients need to be counselled about the increased risks of wound breakdown,
implant infection and reconstruction failure in this setting. Use of adjustable expander-implants
with a mini-remote port placed outside the radiotherapy field is helpful in reducing CT artefact
during planning. There is a wide variation in the delivery of radiotherapy depending on centres.

Figure 26. Right two-stage TE and left prophylactic TE reconstruction.
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Figure 27. Final result replacement left TE with implant.

Many radiation oncologists are reluctant to deliver treatment in the presence of tissue expanders
with integrated ports due to the large area of the metal backing in the port, uncertainty about
treatment delivery in the area and concerns with raised temperatures and skin burn from treat-
ment. Despite the higher risks, two-stage TE serves as a bridge to definitive reconstruction after
completion of radiotherapy and helps preserve the mastectomy skin flap.

In patients who have not had radiotherapy, minor adjustments in the pocket or IMF is achiev-
able in the second stage, but the basic footprint of the reconstruction is designed at the pri-
mary operation. Patients should be measured carefully in the clinic prior to surgery as a guide
to ordering appropriate sized implants.

Newer technology such as SPY Elite system for intraoperative monitoring of skin flap viability
and vascular supply and use of newer diathermy devices such as PlasmaBlade (Medtronic
plc. ®), which ensures lower tissue temperatures during dissection, can help minimise the
risk of skin flap necrosis. Basic surgical principles of gentle tissue handling, avoiding undue
traction of the skin flap or use of traumatic instruments at the skin edges, keeping the patient
warm perioperatively, avoiding unnecessarily thin mastectomy skin flaps, resting the flap
regularly and ensuring tension-free closure of the skin over the implant reconstruction; are
simple ways to avoid skin flap necrosis.

6. Nipple-sparing and skin-sparing mastectomy

The safety of nipple-sparing mastectomy, depending on tumour location, has been adequately
established for both in situ and early invasive breast cancer [28]. Careful preoperative assess-
ment to ensure adequate clearance of the skin and nipple from the tumour site helps to ensure
reasonable margins and reduce the risk of recurrence.
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Skin-sparing mastectomy is a simpler option in central tumours involving the NAC (Figure 26).
This is also the commonest approach utilised by general breast surgeons when undertaking
combined procedures with their plastic surgery colleagues. The volume of skin excised and
scar placement is often dictated by the plastic surgeon. Upfront sentinel node biopsy is carried
out as a separate operation to accurately stage the axilla, prior to any reconstruction. If the
axillary nodes are involved with metastatic cancer, patients are more likely to require post-
operative radiotherapy. In this situation, plastic surgeons may decline immediate implant or
autologous reconstruction such as LD or DIEP flap, due to poor aesthetic outcomes and higher
reconstruction failure rates after radiotherapy [29, 30].

Nipple-sparing mastectomy with direct-to-implant reconstruction in the immediate set-
ting is a safe option in experienced hands and avoids the need for a second procedure
(Figures 28 and 29).

The IMF incision confers adequate access for undertaking mastectomy, axillary surgery and
placement of mesh for lower pole support of the implant. Temporary sizers help to determine
the optimal implant size and confirm tension-free wound closure. This is an important step as
the mastectomy skin envelope should drape the implant rather than stretched across it. The
mastectomy skin flap relies on the fine sub-dermal capillaries for its blood supply. This could
potentially be compromised with excessively large implants and tight closure of the IMF and
result in skin flap necrosis.

Gentle tissue handling, avoiding excessive forceful retraction and preserving the subcutaneous
fat layer during mastectomy, are some of the essential steps in preserving the integrity of the
mastectomy skin flap. Poor technique is probably the commonest cause for skin flap necrosis
and is often reflective of inadequate training and failure to adhere to basic principles outlined
above. The product often gets blamed for inferior outcomes in some of the online publications.

Figure 28. Post-neoadjuvant chemo BL nipple-sparing mastectomy.
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Figure 29. Six months after retropectoral implant reconstruction and TIGR mesh.

A single drain is left in the space between the skin flap and the mesh to remove the seroma
following mastectomy. The drain is left in until the daily output slows down to approximately
30 ml/day. Build-up of seroma can cause additional tension along the wound edge or affect
circulation of the skin flap and must be monitored carefully in the early post-operative period.
Seroma formation is much lower with TIGR mesh compared to some ADM’s in the author’s
own presented series [24].

Careful patient selection is important and direct implant reconstruction is best avoided in
smokers and high-risk candidates such as diabetics and women with raised BMI. It is essential
to have a well-trained, dedicated breast care nurse who is qualified in wound care manage-
ment. Educating patients about postoperative recovery and precautions about physical activi-
ties in the initial months after surgery helps ensure good cosmesis and minimises the risk of
wound-related complications.

7. Skin-reducing mastectomy, with or without nipple preservation

Nipple-sparing mastectomy is usually carried out via the IMF approach in small- to medium-
sized breasts. It is possible to achieve nipple-sparing mastectomy in larger patients who wish
to remain the similar size, via the same approach. In younger patients, some degree of skin
contraction is achievable but decline in collagen levels with normal ageing process can result
in redundant skin flaps.

Most large breasted women, however, are keen to achieve a smaller reconstructed breast
volume and skin-reducing mastectomy techniques can be used with immediate implant
reconstruction, with or without nipple preservation. Patients need to be cautioned about
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a higher than average risk of nipple necrosis with complex surgery. A skin reducing wise-
pattern mastectomy using bi-pedicle dermal flap to maintain vascular integrity of the NAC
is described by the author and recently accepted for publication (Figures 30 and 31). This
technique is a variation of the previously published modified Letterman technique [31] and
early results of the author’s series were presented as poster at the Leura 8 Conference in
Sydney 2016.

This technique can be used in large breasted women for immediate implant-based and autolo-
gous reconstruction. It is also possible to use this technique for revision surgery to address
any redundant skin flap after previous implant reconstruction. The bi-pedicle dermal flap
provides variable length for adjusting the nipple height to the desired position based on the
final breast volume and maintains dual vascular supply to the NAC. The dermal flap also pro-
tects the incision site from the underlying implant and mesh and minimises risk of implant
infection or reconstruction failure.

Tension-free closure of the wound helps reduce pressure on the skin flap and NAC from
the underlying implant and protects the fine sub-dermal capillaries supplying the skin flap
following mastectomy (Figure 32). Use of drains to anticipate any seroma formation and post-
operative swelling also helps mitigate the additional risk at the suture line and viability of the
NAC.

Goldilocks mastectomy with implant reconstruction, using a wise-pattern skin incision and
dermal flap for lower pole support has been previously described. The nipple vasculature
is maintained on the superior pedicle only and is best avoided in older patients or high-risk
women such as smokers, diabetics and raised BMI [32].

Figure 30. Pre-operative skin-reducing mastectomy.
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Figure 31. Wise pattern skin-reducing nipple-sparing mastectomy using bi-pedicle dermal flap and implant reconstruction
with TIGR mesh.

Figure 32. Viable NAC at time of skin closure.
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8. Silicone versus saline implants

The first silicone implants used in breast surgery were designed in 1961 by Thomas Cronin
and Frank Gerow, two American Plastic surgeons. Prior to this, a variety of products were
used to fill the cavity, including the practice of injecting silicone into the breast tissue in the
1950s and 1960s. Over 50,000 women in the US who underwent this procedure ended up
with silicone granuloma and hardening of the breast and many even requiring mastectomy.
Early designs of these implants caused significant capsular contracture, a condition due to the
host tissue creating a shell around the implant which gets progressively hard and uncomfort-
able. The Baker classification of grading capsular contractures from I to IV is often used as
standardised measure of assessing the degree of hardness and aesthetic outcome [33]. The
true incidence of capsular contracture after breast implant augmentation is quoted between
8-15%, although the incidence following breast reconstruction may be higher. The exact cause
of capsular contracture is not known and range from biofilm secondary to subclinical infec-
tion and inflammatory foreign-body type reaction. The incidence of capsular contracture has
been found to be less with textured implants compared to smooth implants.

Early manufacturers found the use of polyurethane foam coating on the shell of the implants
helped minimise the risk of capsular contracture. This practice was discontinued due to con-
cerns of potential health risk from 2,4-toluenediamine (TDA), a carcinogenic by-product of the
chemical breakdown of polyurethane. The FDA banned the use of silicone implants in 1992
during which time saline implants were the predominant prosthetic device used in America.
Coincidentally, silicone implants continued to be used across Europe and Australasia despite
the FDA ban. Saline implants were first designed in France and introduced in 1964 as a medi-
cal prosthetic device but caused more wrinkling with higher rates of capsular contracture
and accelerated lower pole stretch, making it less desirable as a reconstruction option post
mastectomy. The FDA eventually lifted its ban in 2006 following extensive research confirm-
ing safety of silicone implants.

Silicone implants came under media scrutiny again in 2017 following reports of Breast
implant associated—-Anaplastic Large Cell Lymphoma (BIA-ALCL). This has resulted in an
almost knee-jerk response to revert back to saline implants in some centres. The actual risk of
BIA-ALCL is very low and believed to be related to heavily textured implants, although few
cases have been reported with smooth implants as well. As of September 2017, 409 cases of
BIA-ALCL have been reported worldwide with 14 deaths. Current risk of developing BIA-
ALCL with silicone implant use is quoted between 1: 30,000 and 1: 50,000. Manufacturers
continue to design newer and lower textured implants in an attempt to counter the growing
public concern around ALCL. The historic issues with saline implants of increased capsular
contracture, rotation/flipping of the implant, rupture and migration remain with its use and
could result in increased revision rates.

Decision regarding saline or silicone implants should be based on clinical indications,
rather than fear of ALCL associated with textured implants. Patients should be advised
about the small risk of BIA-ALCL and that the majority of cases are diagnosed early. Typical
presentation is a sudden build-up of fluid around the implant and 9-13% of delayed seroma
may be ALCL related. The timeframe for ALCL is usually 15 months to 5 years post implant
surgery.
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Ultrasound-guided aspiration of the fluid tested for CD-30 on IHC, is the definitive diag-
nostic test for BIA-ALCL. PET scan is recommended to stage the patient and in early stage
disease, explantation with complete en-bloc capsulectomy including the posterior wall,
combined with excision biopsy of lymph nodes is recommended. Due to the rarity of this
condition, the Australasian Society of Plastic Surgeons (ASPS) advice that only few dedicated
labs undertake the test and only specialist surgeons perform the operation to ensure good
outcomes for patients. Patients should be reassured that stages I and II are completely cur-
able. Chemotherapy in advanced cases and CD-30 targeted therapy in refractory cases have
shown encouraging results. Standardised guidelines for the diagnosis and management of
BIA-ALCL have been published by NCCN in 2016 [34].

Choice of anatomical versus round implants requires careful assessment of the patient’s
body habitus, chest wall shape and width, native breast shape and discussion regarding the
desired final outcome. In a cancer setting, it is worth being cautious about having a carte
blanche approach to implant options. With medium sized breasts, patients should be encour-
aged to remain approximately the same cup size and additional cleavage is achievable with
round versus anatomical implants. Patients should be cautioned about using the appropriate
implant size as determined by the mastectomy skin envelope, to avoid complications of skin
flap necrosis or wound breakdown (Section 6).

It is advisable to order a range of implants to choose from at the time of surgery. Use of sizers
intraoperatively can help determine ideal sized implants to ensure tension-free closure of the
wound. Surgeons embarking on their career in oncoplastic breast surgery should become
familiar with the range of commercially available implants in terms of height, width and
profile.

9. Revision surgery and lipomodelling

Capsular contracture is a well-documented risk associated with implant reconstruction and
patients should be cautioned prior to surgery. The risk of capsular contracture is higher with
saline and smooth implants compared to textured or polyurethane-coated implants and in
sub-muscular placement. The incidence is approximately 10-15% and is the commonest rea-
son for revision surgery. Increasing role of lipomodelling to help reduce the risk of capsular
contracture and address contour defects from previous surgery can minimise the extent or
complexity of revision surgery [35, 36]. Patients should be advised that lipomodelling is dif-
ferent from liposuction and should not expect to achieve significant weight reduction after
this procedure. There is a limited volume of lipofilling that can be achieved during revision
surgery, taking care to avoid excess tension and risk of fat necrosis. Safety of fat grafting has
now been adequately established and serves to improve vascularity to the thin mastectomy
flaps, especially after previous radiotherapy.

It is important to set patient expectations at the outset and emphasise that the aim of onco-
plastic breast surgery is not to achieve perfection, but rather obtain as close to a normal
appearing breast as possible. Patients should also be cautioned that each revision surgery
carries additional risks to the native skin flaps and that the aesthetic outcome may not be as
good as the initial results in some cases.
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10. Patient choice versus treatment options

Before the advent of oncoplastic breast surgery, limited options between WLE and simple
mastectomy made surgical consultations around breast cancer treatment relatively simple.
The ability to offer a wide range of surgical options does not warrant outlining the entire list
to patients during their initial visit. This is particularly relevant when patients are struggling
with heightened anxiety around their cancer diagnosis. There is good evidence to suggest
that patients only retain a fraction of the complex discussion undertaken in a doctor’s office.
It requires experience and skill to navigate the complexity of information offered during the
initial consultation and to gauge the patient’s level of understanding.

It is important to actively enquire if the patient is satisfied with the shape and size of her
breasts at the time of diagnosis, even before instigating any discussions around OPS. In
this example, a 67-year-old patient with a new screen-detected 80 mm area of DCIS in the
upper outer quadrant was recommended mastectomy with sentinel node biopsy by the MDT
(Figure 33).

The patient was keen on immediate reconstruction but raised BMI with ptotic native breast
and social circumstances made implant or autologous reconstruction challenging with need
for symmetrising contralateral procedure (Figure 34). Further discussion with the patient
and option for extended WLE with SNB and immediate Li-CAP autologous dermal-adipose

Figure 33. Mammogram with DCIS.
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flap for volume replacement served as the ideal option in this patient. She was well enough
to be discharged after 2 days in hospital without any delay in adjuvant radiotherapy. The
lateral scar remains hidden within the bra line with good functional status, low donor site
morbidity, return to normal activities and high satisfaction rates with aesthetic outcomes
(Figure 35).

N

Figure 35. Post-op extended WLE with Li-CAP volume replacement.
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Choice of reconstruction options may be limited by patient factors like smoking status. Implant
and autologous reconstruction such as DIEP are not routinely offered to women who smoke,
due to unacceptably high rates of wound complications and reconstruction failure. There are
many centres where implant reconstruction is routinely offered to women who smoke, but
patients need to be clearly informed about the high risk of wound related complications and
implant failure. Smoking causes vasoconstriction with altered bacterial flora secondary to
tissue hypoxia and is believed to be responsible for the poor wound healing (Figure 36). This
could negatively impact on younger patients due to delays in adjuvant chemotherapy.

Raised BMI is an independent risk factor for higher seroma rates, increased wound infection
and anaesthetic related issues. Implant reconstruction in larger women can be difficult due to
limited choices of implants to accommodate the wide chest wall dimension. The shape of the
reconstructed breast is governed by the shape and size of implant and symmetrising surgery
is often required to address the large and ptotic contralateral breast. The risks for wound
complications are higher if this is combined with cancer surgery and could delay adjuvant
therapy. In these patients, the autologous Li-CAP perforator flap or Goldilocks mastectomy
(Section 2.3.1) serves as a useful and safer alternative for immediate reconstruction after
mastectomy and appears to tolerate radiotherapy well. Patients need to be cautioned about
prolonged seroma formation with both these options.

There has been a global increase in the incidence of contralateral prophylactic mastectomy
(CPM) in the last decade and has been often labelled the ‘Angeline Jolie effect’. Over the same
timeframe, a well-cited Wall Street Journal article from July 2015 has resulted in increasingly
number of women taking ownership for their treatment and demanding a double mastec-
tomy [37]. Anxiety around perceived cancer recurrence, poor diagnostic yield with standard

Figure 36. Smoking-related complication.
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imaging in lobular cancers, family history and discomfort from multiple biopsies and repeated
mammograms; are some of the reasons for women seeking CPM. More recently, the surgical
community has been criticised for ‘bowing down’ to patient request for double mastectomy
when diagnosed with a new cancer. Some women may feel strongly about undergoing one
operation, which could help reduce anxiety around repeated imaging and biopsy. It is impor-
tant to carefully understand the individual patient’s reasons for considering CPM. There
is good evidence that CPM does not confer survival benefit and risk of contralateral breast
cancer for the vast majority of patients is relatively low. Patients need to be clearly explained
about the higher risk of wound related complications, delayed recovery and impact on adju-
vant treatment with low benefit in terms of survival and recurrence. Despite this, if they con-
tinued to feel strongly about bilateral mastectomy with or without reconstruction, it would be
reasonable to offer them the option of CPM (Figures 37 and 38).

It is important to clearly document all aspects of preoperative discussions in the clinical
records due to potential medicolegal implications.

There is potential for “clinician bias” with even experienced surgeons which could alter the
direction of the consultation. This could be due to preconceived ideations about patient
body image, based on their appearance, educational background and socioeconomic status.
Conversely, young women with large tumours are still subject to simple mastectomy without
reconstruction in many hospitals around New Zealand and Australia; even in those with
good clinical response to neoadjuvant chemotherapy. The rationale for this practice is based
on historic concerns about potentially leaving disease behind, treatment delays or reduced
effectiveness of adjuvant radiotherapy in the context of immediate reconstruction. This bias
towards mastectomy genuinely stems from the sense of ‘duty of care’ with greater focus
on the treatment and its outcome, rather than the psychological impact of mastectomy on

X

Figure 37. Pre-op left breast cancer.
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Figure 38. Left mastectomy and CPM with implant reconstruction.

a young woman. Historic data from the National Screening Unit in the UK found that 30%
of women undergoing mastectomy suffered from depression after treatment; equally 30%
of women undergoing breast conservation had anxiety about recurrent cancer. The empha-
sis therefore should not be about avoiding a mastectomy but rather considering immediate
reconstruction options in those who need mastectomy. Reverse sequencing with upfront
radiotherapy in young patients is a relative new concept, which allows mastectomy with
immediate autologous reconstruction, such as LD flap with implant, without compromising
aesthetic outcome.

Increasing use of neoadjuvant chemotherapy and neoadjuvant endocrine therapy to down-
stage disease, provides adequate time to plan surgery for both patients and the treating sur-
geon [38, 39]. This allows time to organise genetic testing when indicated and an opportunity
to improve patient health status, e.g., smoking cessation, weight loss to achieve target BMI and
additional sessions with the clinical psychologists. In women with normal BMI and in whom
post-operative radiotherapy is indicated, use of tissue expander as an immediate-delayed
reconstruction, is advocated by the MD Anderson group and serves as a bridge to definitive
reconstruction whilst preserving the mastectomy skin flap. Women are able to wake up from
surgery without having to deal with the trauma of mastectomy.

The traditional approach of delaying reconstruction for several months (sometimes years)
after initial cancer treatment can be detrimental to the psychosocial well-being of women
struggling with their cancer diagnosis. In women with raised BMI, trying to lose weight
can be a challenge and many centres would not offer delayed reconstruction unless patients
achieved their target weight. There are limited options viz. DIEP for delayed reconstruction in
women who have had post mastectomy radiotherapy. Some plastic surgeons would consider
two-stage TE reconstruction after radiotherapy, but the results are variable due to limited skin
and muscle expansion with high rates of reconstruction failure.
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Delayed LD flap with implant is a good option in patients who have had post mastec-
tomy radiotherapy with less donor site morbidity compared to other forms of reconstruc-
tion. Any symmetrisation option for the native breast is probably best deferred for at least
6 months to allow the LD flap to settle and offers the opportunity to correct any contour
defects with lipofilling at the time of the second procedure. Preoperative CT angiogram is
recommended in the delayed setting to confirm patent thoracodorsal pedicle prior to lifting
the LD flap. Simple bedside examination by getting the patient tense the latissimus dorsi
muscle would suggest intact pedicle and formal imaging can help delineate the anatomy
adequately. The CTA occasionally picks up occult lung metastasis in patients waiting for
delayed reconstruction (Figure 39).

Breast reconstruction following mastectomy is a complex decision and requires detailed dis-
cussion with patients to ensure adequate understanding about the complexity of surgery. It is
important to ensure patient compliance with post-operative protocols to help minimise wound-
related complications and potentially poor outcome from reconstruction failure. Oncoplastic
breast surgeons can offer a broad range of treatment options suitable for the individual patient
based on cancer biology, proposed treatment plan and patient factors, such as breast shape and
density, smoking history, BMI and other medical co-morbidities. It is recommended to have
a minimum of two discussions prior to any reconstructive surgery with adequate clinic time
allocated to ensure detailed discussion and patient understanding about options and operative
choices. Use of detailed information leaflets to suit the organisation serves as a useful adjunct
to the discussion, which patients can read at home in a less stressful environment. Additional
consultations offer patients the opportunities to seek clarification about the proposed operation
and the surgeon can revisit the potential risks and complications to ensure informed consent.

An experienced breast care nurse familiar with various oncoplastic procedures is invaluable
in helping patients with preoperative counselling and decision-making. In some patients, this
process can take a few weeks and may require input from clinical psychologists. This helps
confirm patient’s understanding about various treatment options available, ensure decision-
making has not been unduly influenced or coerced, and minimises the risk of ‘decision-regret’
at a later stage.

Figure 39. CTA showing occult pulmonary metastasis.
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With the rapid global uptake of OPS, there remains a real danger of potentially worse patient
outcome due to poor technique, improper patient selection or decision making. This is one
specialty where good surgical skills are essential and inadequate training reflects on the
operative outcomes with results which are glaringly obvious to both patients and clinicians.

There are well-established OPS training programmes in the UK, and post-fellowship trainees
in Australasia are encouraged to undertake at least 2-3 years of additional clinical training
in accredited centres. The additional training serves to up-skill their technical prowess and
more importantly, learn the complex process of patient selection and the art of good com-
munication. The rationale for oncoplastic breast surgery as an integral part of all breast cancer
surgery has been eloquently detailed in a review article [40].

11. Conclusion

In summary, oncoplastic breast surgery has established a firm place in the global fight against
breast cancer. Patients should be offered the appropriate range of surgical treatment options
instead of the conventional two-operation strategy, prevalent for the past 40 years. Clinical
discussions are therefore more complex and additional time and expertise is required to help
patients with decision-making. Having a well-trained and experienced breast care nurse is
invaluable in a busy oncoplastic breast practice. A multidisciplinary team approach is an inte-
gral part of modern cancer management with early contribution of clinical psychologists in
selected cases. Developing an oncoplastic breast surgery practice from the ground up, can be
time-consuming and challenging. It is possible to establish a modern oncoplastic breast surgi-
cal practice despite the usual constraints of a public health system and help women achieve a
satisfactory cosmetic outcome combined with safe oncological treatment of their breast cancer.

Surgical residents should be trained to a high standard and accreditation of oncoplastic breast
surgical training is crucial to avoid repeating the historical mistakes of the laparoscopic era.
The Royal Australasian College of Surgeons has recently set up an oncoplastic breast sur-
gery master’s programme for post-fellowship trainees. This will become mandatory to help
standardise clinical knowledge, technical expertise and competency levels with peer review
and audit. Monash University, in Melbourne, Australia, has been tasked with monitoring all
breast implants used in reconstructive surgery to ensure a national registry service for breast
surgical prosthetic devices.

Whilst a detailed description of oncoplastic breast surgery has not been possible, this chapter
hopes to offer a broad overview of modern surgical practice with emphasis on implant-based
reconstruction.
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Abstract

Circulating tumor cells (CTCs) are considered to be evading cancer cells that have been
shed or actively invaded from the primary tumor into the blood circulation or lymphatic
system and which may finally extravasate to found metastases. CTCs as “liquid biopsy”
hold great promise to be a powerful non-invasive real-time measurable biomarker for
predicting clinical outcomes and cancer treatment response. Several studies evaluated
the role of CTC presence and count in the neoadjuvant and adjuvant setting of early breast
cancer (EBC) and revealed their significant prognostic value. In this chapter, we highlight
the clinical relevance of CTCs in early breast cancer (EBC) and state the urgency for
further research in this field to definitely translate this marker from bench to bedside.

Keywords: early breast cancer, circulating tumor cells, liquid biopsy, survival, clinical
relevance

1. Introduction

Circulating tumor cells (CTCs) are deemed to be evading cancer cells that have been shed or
actively invaded from the primary tumor into the blood circulation or lymphatic system and
which may finally extravasate to found metastases. CTCs as “liquid biopsy” hold great prom-
ise to be a powerful non-invasive real-time measurable biomarker for predicting clinical out-
come and cancer treatment response [1]. Several studies evaluated the role of CTC presence
and count in the neoadjuvant and adjuvant setting of breast cancer (BC) and revealed their
significant prognostic value. In this chapter, we highlight the clinical relevance of CTCs in early

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
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BC and state the urgency for further research in this field to definitely translate this marker
from bench to bedside.

2. CTCs as a screening tool

Several studies observed the presence of CTCs in patients with no clinically detected meta-
static lesion [2, 3]. Illie et al. revealed association of CTC presence with early carcinogenesis
and risk of cancer [4]. However, the use of CTC presence as a screening tool to diagnose early
breast cancer (EBC) is challenged by the low sensitivity of current CTC detection methods.
Current CTC detection platforms such as the FDA-approved CellSearch™ system can only
detect CTCs in about 70% of patients with metastatic breast cancer [5]. One of the solutions to
improve sensitivity may be the previous performance of leukapheresis. Compared to 20-30%
of CTC detection by the CellSearch™ system in early breast cancer, the combination of
leukapheresis and the CellSearch™ system has revealed to be able to identify CTCs in 90% of
patients with early breast cancer [6]. Respectively, rise of sensitivity due to enrichment tech-
niques may pave the way to use CTCs for early breast cancer screening or diagnosis. An
ongoing trial is currently enrolling patients who do not have a prior history of invasive breast
carcinoma or clinically apparent metastatic disease to investigate the potential role of CTCs as
a screening tool (NCT01322750).

3. CTCs for prediction of prognosis

Cancer cells may leave the primary tumor and enter blood circulation long before the disease
becomes clinically detectable and are considered a potential source of metastatic spread.
Accordingly, numerous studies reported that early BC patients with detectable CTCs have
significantly worse clinical outcomes than CTC-negative patients (Table 1). Among these, the
largest data set was provided by the German SUCCESS trial (EUDRA-CT No. 2005-000490-21,
NCT02181101). Briefly, blood samples from over 2000 average-to-high risk non-metastatic BC
patients before chemotherapy and nearly 1500 patients after chemotherapy were examined [8].
Patients with CTCs at baseline had significantly shorter disease-free and overall survival.
Further, the trial explored the relationship between CTC counts and prognosis in order to
determine the optimal cut-off (i.e, no CTCs vs. > 1; 0-1 vs. > 2; 0—4 vs. 2 5 CTCs in 30 ml
blood). A statistically significant impact on the clinical outcome was demonstrated for all cut-
offs while patients with >5 CTCs had the highest relapse risk. Results from the SUCCESS trial
are in accordance with smaller studies with longer follow-up [11, 14].

Janni et al. performed a large, multicenter pooled analysis of the available trials and confirmed
CTC presence in early BC as an independent predictor of shorter disease-free, overall, breast
cancer-specific, and distant disease-free survival [7]. Interestingly, CTC positivity was not
associated with survival in low-risk, small node-negative tumors, suggesting that early-stage
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Author Number Patients Method  CTC Follow up  Prognostic
of positivity (median, significance
patients n (%) months)

Janni pooled 3173 Stage I-11I CellSearch 641 (20%) 63 DFS, DDFS,

analysis [7] BCSS, OS

Rack, 2026 Stage I-11I, node-positive or high risk CellSearch 435 (21%) 36 DFS, DDFS,

SUCCESS node-negative, all pts. received BCSS, OS

trial [8] chemotherapy

Molloy [9] 733 Stage I-II qRT-PCR 58 (8%) 91 MES, BCSS

(CK19,
p1B, EGP-
2,PS2,
MmGI)

Ignatiadis 444 Stage I-11], all pts. received adjuvant RT-PCR 181 (41%) 54 DFS, OS

[10] chemotherapy (CK19)

Franken [11] 404 Stage I-1II CellSearch 76 (19%) 48 DDEFS,

BCSS

Lucci [3] 302 Stage I-1II CellSearch 73 (24%) 35 DFS, OS

Kuniyoshi 167 Stage I-1II RT-PCR  na. na. None

[12] (CK19, c-

erbB-2)

Hwang 166 Stage I-IIla RT-PCR 37 (22%) 100 MES, OS

[13] (CK20)

REMAGUS02 95 Neoadjuvant trial, Stage II-III, CellSearch 22 (23%) 70 DDFS, OS

trial [14] ineligible for breast conserving surgery

at diagnosis or high-risk

n.s.: not significant; BCSS: breast cancer-specific survival; DDFS: distant disease-free survival; DFS: disease-free survival;
OS: overall survival; MFS: metastasis-free survival.
*including data from five centers, some previously published as [3, 8, 11, 14].

Table 1. The prognostic relevance of CTC presence in patients with non-metastatic BC.

BC can be treated successfully despite the presence of minimal residual disease in the blood. In
high-risk patients, the strong prognostic value of CTCs underlines the necessity to establish
new treatment strategies for this particular patient group. Further, CTCs predicted clinical
outcomes in women with triple-negative and luminal (i.e., hormone-receptor positive, includ-
ing luminal B HER2-positive subtype) tumors, but no association was found in case of patients
with HER2-positive, hormone receptor-negative disease [7]. This observation is in contrast
with the previous study by Ignatiadis et al. who reported that CTCs were highly predictive of
clinical outcomes in the triple-negative and HER2-subtype but not in luminal tumors [10, 15].
Similar findings were reported by others [13, 16, 17]. Possibly, the relatively short follow-up
may contribute to these partly contradictory results since none of the abovementioned trials
reported a follow-up longer than 100 months. Longer follow-up might be necessary to fully
understand the relevance of CTCs in patients with luminal tumors who are more at risk for a
late relapse compared to women with more aggressive subtypes [18].
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4. Therapy monitoring

Gold standard for evaluation of therapy response involves clinical examination, measurement of
tumor markers, and radiologic imaging. CTCs provide a blood biomarker for early carcinogen-
esis, cancer progression, and treatment effectiveness. The identification of circulating tumor cells
under therapy correlates with poor prognosis in metastatic breast cancer, but there are few data
describing the importance of circulating tumor cells in patients with early breast cancer.

Regarding adjuvant treatment modalities of patients with early breast cancer, the SUCCESS
trial and a trial by Xenidis et al. are the only trials in which CTCs were monitored [8, 19]. In the
SUCCESS trial, CTCs were analyzed in 1492 patients with early breast cancer before adjuvant
chemotherapy and post-chemotherapy using the CellSearch™ system [8]. The 36-month OS
was 92.8% for persistently CTC-positive patients and 97.6% for persistently CTC-negative
patients. Regarding the DFS, the Kaplan-Meyer estimate was 85.9% for persistently CTC-
positive patients and 93.9% for persistently CTC-negative patients. This large prospective trial
of patients with early breast cancer suggests the independent prognostic relevance of CTCs
both before and after adjuvant chemotherapy. In line, the presence of persistent CTCs 2 years
after completion of adjuvant chemotherapy in clinically disease-free patients predicted worse
clinical survival [20]. Xenidis et al. analyzed blood samples of 237 patients who were initially
positive before start of taxane-based or taxane-free adjuvant chemotherapy [19]. After a
median follow-up of 71 months, patients treated with taxane-based regimen had a longer DFS
compared to patients receiving taxane-free regimen. Positive effects on median survival in the
taxane group were reflected by a shift toward CTC-negative status: 50% of patients in the
taxane-treated group turned CTC negative compared to only 33% of patients in the taxane-free
arm [19]. In the phase III SUCCESS C trial (NCT00847444), 3547 patients with HER2-negative
early breast cancer were randomized to either six cycles of docetaxel and cyclophosphamide
(DOC-C) or to epirubicin, 5-fluorouracil, and cyclophosphamide followed by three cycles of
docetaxel (FEC-DOC). Data on CTC prevalence after adjuvant chemotherapy between both
treatment arms were available for 1766 patients. First results revealed no significant difference
of CTC prevalence at the time of last chemotherapy cycle between patients randomized to
FEC-DOC or DOC-C (11.5 vs. 13.6%). The comparable prevalence of CTCs may indicate that
anthracycline-free chemotherapy is equally effective to anthracycline-containing chemother-
apy in HER2-negative, hormone receptor-positive early breast cancer. However, this interpre-
tation needs to be confirmed by data of the final survival analysis [21].

In the neoadjuvant setting, four studies explored the association of CTCs and clinical out-
comes. In a small study of Hall et al. focusing on 57 patients with triple negative breast cancer,
CTC persistence after neoadjuvant treatment was an independent predictor of worse clinical
outcomes [22]. The study showed a significant correlation between CTC presence and shorter
relapse-free and overall survival after completion of neoadjuvant therapy. This is in contrast to
other studies in which conflicting results were reported in the neoadjuvant setting [14, 23, 24].
These studies also aimed to explore the signatures of CTC dynamics and pathological changes
in the primary tumor during neoadjuvant chemotherapy. In several clinical trials pathological
complete response is used as an endpoint because of its ability to predict long-term survival.
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However, changes in CTC count generally did not correlate with tumor’s response to
neoadjuvant chemotherapy. In the REMAGUSO02 trial, the CTC count of 85 patients was
analyzed after neoadjuvant chemotherapy [25]. No correlation between CTC dynamics and
pathological response was found after neoadjuvant treatment. Analog results were shown in
the Gepar Quattro trial [26]. Riethdorf et al. analyzed blood samples from 213 non-
metastasized breast cancer patients before and after preoperative chemotherapy. Interestingly,
in 22% of patients, CTCs could be detected by CellSearch™ before neoadjuvant treatment,
whereas positivity rates decreased to 11% after chemotherapy. However, neither CTC count
before nor after preoperative chemotherapy was predictive to pathological response of the
primary tumor.

5. Treatment decisions based on CTCs

Although there are several ongoing trials investigating the role of CTCs as a decision tool in
metastatic breast cancer, there are only few studies investigating the clinical utility of
isolated tumor cells encountered in the blood stream in early breast cancer. This might be
due to technical challenges of CTC research in early breast cancer. Up to date, treatment
decisions in early breast cancer are still based on the phenotype of the primary tumor
without considering the disease evolution. Nevertheless, features of minimal residual dis-
ease may differ from those of the primary tumor. Riethdorf et al. examined the HER?2 status
of CTCs in HER2-negative primary breast cancer [26]. In 19% of patients with HER2-
negative BC, CTCs expressing the HER2 receptor were detected in peripheral blood [26].
Anti-HER2-targeted treatment is not eligible for these patients, which might result in
undertherapy and higher risk for relapse. Georgoulias et al. showed an increased DFS and
reduced number of relapses among patients with persistent HER2-positive CTCs detected
after completion of adjuvant therapy and administration of trastuzumab [27]. In this small
Phase II trial (n = 75), additional therapy with trastuzumab resulted in a 75% reduction of
patients with detectable CTCs in the trastuzumab arm compared to 17.9% in the control
group. Based on these results, this therapeutic approach is currently investigated in the
TREAT CTC randomized trial (NCT01548677) [28]. Patients with HER2 negative early
breast cancer with persistent CTCs after (neo) adjuvant chemotherapy were randomized
concerning additional trastuzumab treatment. HER2 status of CTCs was assessed; never-
theless, treatment decisions were only based on CTC presence. However, the TREAT CTC
trial was closed for patient recruitment. To date, there are no published results yet.

Concerning treatment decisions, additional molecular profiling of CTCs may provide important
additional information to CTC count. Several studies revealed intra- and intertumoral heteroge-
neity and demonstrated differences in phenotypes and genotypes between CTCs and primary
tumors [29]. Therefore, detection and molecular characterization of CTCs are of great interest for
selection of proper medical treatments and prevention of therapeutic resistance. In metastatic
breast cancer, clinical significance of CTC subtype for guiding treatment decisions and evaluating
therapy response is currently investigated within the German DETECT trials (NCT01619111).
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6. Limitations of current methods for CTC detection

In this context, one needs to keep the limitations of current methods for CTC detection in
mind. Epithelial cell adhesion molecule (EpCAM)-dependent enrichment techniques are the
most widely used with the CellSearch™ system being so far the only FDA-approved system
[30]. However, detection of CTCs is limited by the CellSearch™ system to cells with expres-
sion of EPCAM and cytokeratin 8/18/19. Respectively, the CellSearch system can certainly
miss the detection of subpopulations of CTCs with decreased epithelial marker expression
as a result of CTCs that have undergone epithelial-mesenchymal transition (EMT) [31]. It
was observed that tumor cells which already initiated EMT are correlated with worse
prognosis and therapy resistance [32]. Therefore, many EpCAM-independent methods are
currently being developed and tested for CTC characterization. Translation into clinical
routine practice of these new methods seems to be currently difficult. Multicenter assess-
ment studies are lacking, and thus their reproducibility, sensitivity and specificity remain to
be evaluated.

7. Conclusions

Circulating tumor cells are currently considered one of the most promising biomarkers for
prediction of survival and monitoring of therapy in solid malignancies. While their prognostic
significance has long been proven in early and metastatic breast cancer, further research is
urgently needed to examine the possibility of guiding treatment decisions based on the pres-
ence and phenotype/genotype of CTCs (Table 2).

Potential Early BC Metastatic BC

Prognostication Yes; CTCs are significantly associated with disease- Yes (level I evidence); high CTC levels correlate
free and overall survival with shorter progression-free and overall survival
(cut-off: 5 CTCs/7.5 ml PB)

Therapy Unclear; presence of CTCs 2 years after completion Possibly relevant; High CTC levels after start of

monitoring of chemotherapy predicts worse survival; first-line chemotherapy can adequately predict
contradictory results with regard to association progression; however, patients do not benefit from
between CTC changes and response to a switch to another regimen (clinical trials: SWOG
neoadjuvant treatment 0500, ongoing: CirCe01)

Treatment Possibly relevant; evidence pending (clinical trials: Possibly relevant; evidence pending (ongoing

selection based TREAT CTC, active, closed to patient entry) clinical trials: STIC CTC METABREAST, DETECT

on CTCs 1I/IVa/IVb/V)

Modified after Ref. [33].

Table 2. Clinical role of CTCs in early and metastatic breast cancer.
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Abstract

This chapter discusses radio-pathological correlation with recent imaging advances such
as machine learning (ML) with the use of technical methods such as mammography and
histopathology. Although criteria for diagnostic categories for radiology and pathology
are well established, manual detection and grading, respectively, are tedious and sub-
jective processes and thus suffer from inter-observer and intra-observer variations. Two
most popular techniques that use ML, computer aided detection (CADe) and computer
aided diagnosis (CADx), are presented. CADe is a rejection model based on SVM algo-
rithm which is used to reduce the False Positive (FP) of the output of the Chan-Vese
segmentation algorithm that was initialized by the marker controller watershed (MCWS)
algorithm. CADx method applies the ensemble framework, consisting of four-base SVM
(RBF) classifiers, where each base classifier is a specialist and is trained to use the selected
features of a particular tissue component. In general, both proposed methods offer alter-
native decision-making ability and are able to assist the medical expert in giving second
opinion on more precise nodule detection. Hence, it reduces FP rate that causes over
segmentation and improves the performance for detection and diagnosis of the breast
cancer and is able to create a platform that integrates diagnostic reporting system.

Keywords: computer-aided detection, computer-aided diagnosis, support vector
machine, false positive, grading
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1. Introduction

Breast cancer is one of the most dangerous and common reproductive cancers that affect
mostly women. The oldest documented cases of breast cancer were in Egypt in 3000 BC [1].
Breast tumor is an abnormal growth of tissues in the breast, and it may be felt as a lump
or nipple discharge or change of skin texture around the nipple region. Cancers are abnor-
mal cells that divide uncontrollably and are able to invade other tissues. Cancer cells have
the ability to spread to other parts of the body through the blood and lymphatic systems
[1]. It is the leading cause of death among middle aged and older women [1]. According to
cancer statistics, breast cancer is the second most common and the leading cause of cancer
deaths among women, second only to lung cancer [1]. Around 1 in 36 (3%) women dies due
to breast cancer [2]. It has become a major health issue in the past 50 years, and its incidence
has increased in recent years [1]; in Malaysia, breast cancer is the most frequent type of cancer
among women. It has an incidence rate of about 26% (more than 4400 women) among cancer
affecting women. Around 40% of the women who suffered from breast cancer in Malaysia
have died (IARC). Hence, determining the right decision from a right diagnosis is crucial.

In today’s world with the advent of personalized medicine, it increases the workload and
complexity of the doctors in cancer diagnosis. Radiologic and pathology are the key players
in making decision for cancer diagnosis. Based on the radiology diagnosis, the results will be
submitted to pathology for further diagnosis. Pathology and radiology form the core of cancer
diagnosis, yet based on our observation at our studied hospital and under current process of
diagnostic medicine, the communication among them remained on papers. That paper contains
their respective report of the case on the same patient. This scenario is in parallel with what
James et al. [3] had highlighted in their paper. The working flows of both specialties remain ad
hoc and occur in separate “silos,” with no direct linkage between their case accessioning and/or
reporting systems, even when both departments belong to the same host institution. Since both
radiologists” and pathologists’ data are essential to make correct diagnoses and appropriate
patient management and treatment decisions, the isolation of radiology and pathology work
flows can be detrimental to the quality and outcomes of patient care. These detrimental effects
underscore the need for pathology and radiology work flow integration and for systems that
facilitate the synthesis of all data produced by both specialties. With the enormous technologi-
cal advances currently occurring in both fields, the opportunity has emerged to develop an inte-
grated diagnostic reporting system that supports both specialties and, therefore, improves the
overall quality of patient care. In this chapter, we are focusing on breast cancer diagnostic for
data collected from UKMMC. Hence, breast radio-pathological correlation is essential. The cov-
ered topics would include radio-pathological correlation with recent imaging advances such as
machine learning with use of technical methods such as mammography and histopathology.

As a standard, the current diagnostic screening consists of a mammaography to identify suspi-
cious regions of the breast, followed by a biopsy of potentially cancerous areas. A breast biopsy
is a diagnostic procedure that can determine if the suspicious area is malignant or benign [4-6].
Although criteria for diagnostic categories of radiologic and pathology are well established,
manually detection and grading respectively is a tedious and subjective process and thus suffers
from inter-observer and intra-observer variations. Early detection via mammography increases
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breast cancer treatment options and the survival rate. However, mammography is not perfect.
Detection of suspicious abnormalities is a repetitive and fatiguing task. For every thousand
cases analyzed by a radiologist, only three to four are cancerous, and thus an abnormality may
be overlooked. As a result, radiologists fail to detect 10-30% of cancers. Approximately two
thirds of these false-negative results are due to missed lesions that are evident retrospectively.
Due to the considerable amount of overlap in the appearance of malignant and benign abnor-
malities, mammography has a positive predictive value (PPV) of less than 35%, where the PPV
is defined as the percentage of lesions subjected to biopsy that were found to be cancer. Thus, a
high proportion of biopsies are performed on benign lesions. Avoiding benign biopsies would
spare women anxiety, discomfort, and expense [7]. As mentioned earlier, with the advent of
personalized medicine, the process becomes more complex. Not only that, the emerging of 4th
Industrial Revolution (4IR) technology allowed huge amount of data to be captured, and this
contributes to the complexity of the radiology and pathology workload. To address these chal-
lenges, many researchers are leveraging artificial intelligence to improve medical diagnostics.
Machine learning is a sub discipline in the field of artificial intelligence (Al) that explores the
study and design of algorithms that can learn from data [8].

2. Machine learning

ML comprises a broad class of statistical analysis algorithms that iteratively improve in response
to training data to build models for autonomous predictions. In other words, computer program
performance improves automatically with experience [9]. ML algorithm’s aim is to develop a
mathematical model that fits the data. It comprises of two types of learning which are super-
vised and unsupervised. Supervised learning algorithm required the data to be labeled for
training purposes. For example, in training a set of medical images to identify a specific breast
tumor type, the label would be tumor pathologic results or genomic information. These labels,
also known as ground truth, can be as specific or general as needed to answer the question.
The ML algorithm is exposed to enough of these labeled data to allow them to move into a
model designed to answer the question of interest. Because of the large number of well-labeled
images required to train models, curating these data sets is often laborious and expensive [10].
Unsupervised ML clusters the data that have similar characteristics, and the unlabeled data are
exposed to the algorithm with the goal of generating labels that will meaningfully organize the
data. This is typically done by identifying useful clusters of data based on one or more dimen-
sions. Compared with supervised techniques, unsupervised learning sometimes requires much
larger training data sets. Unsupervised learning is useful in identifying meaningful clustering
labels that can then be used in supervised training to develop a useful ML algorithm. This blend
of supervised and unsupervised learning is known as semi-supervised.

ML algorithms are to analyze any data set to extract data-driven model, prediction rule, or
decision rule from the data set. Generally, in order to ensure the ML behave intelligently with-
out human intervention, the system learns or extracts knowledge such as rules or patterns
from a collection of input data or past experience. So the steps involved can be described as
firstly, the system must acquire features from data. Elaboration of features is well explained in
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our previous work [11, 12]. Feature selection is very important as it contains information that
can be used to train the system to identify specific patterns. The pixels are rich with qualitative
abstractions or values of the input. Second step is analyzing all these features for detecting
and classifying possible pattern or abnormality. Finally, the step is involving a ML algorithm
to determine a best suitable model to represent the behavior or the pattern of the data [13].

Various machine learning algorithms are now used to develop high-performance medical
image processing systems such as computer-aided detection (CADe) system that detects
clinically significant objects from medical images and computer-aided diagnosis (CADx)
system that quantifies malignancy of manually or automatically detected clinical objects [14].
Therefore, CADe for mass in mammogram detects the suspicious region in the mammogram
then tries to reduce the false positive and finally classifies this region to a mass or nonmass. In
CADx for mass in a mammogram, most researchers use a region of interest (ROI) that contains
the mass as an input to the CADx. Then, CADx tries to classify it into benign or malignant
and gives the appropriate recommendation to do biopsy or follow-up screening [15]. Recent
studies have shown that CAD systems, when used as an aid, have improved radiologists’
accuracy of detection of breast cancer and also pathology decision [1, 7, 16]. It is worthwhile
to distinguish ML from traditional computer-aided detection (CAD) algorithms. Traditional
CAD algorithms are mathematical models that identify the presence or absence of image fea-
tures known to be associated with a disease state. One of the examples is a microcalcification
on a mammogram. Traditional CAD allows the developer to identify a feature explicitly and
attempts to determine the presence or absence of that feature within a set of images. In con-
trast, ML techniques focus on a particular labeled outcome (ductal adenocarcinoma), and in
the process of training, clusters of nodes evolve into algorithms for identifying features. The
power and promise of the ML approach over traditional CAD is that useful features can exist
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Figure 1. CADe vs. CADx. Source: Sampat et al. [7].
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that are not currently known or are beyond the limit of human detection [10]. Figure 1 shows
the difference between CADe and CADx.

In Figure 1, ML algorithm is implemented at the segmentation, feature extraction, and classi-
fication steps. One of the most popular and powerful ML algorithm for all the steps is support
vector machine (SVM). SVMs are useful for taking a large number of features and discriminat-
ing inputs into one of two classes. SVMs, once trained, show the line or border that provides
the greatest margin of separation. This concept can be extrapolated to a larger number of
features (or dimensions), whereby the line of separation becomes an irregular plane known as
a hyperplane. Because of the large number of features that can be combined mathematically,
SVMs have been found useful for image processing. This chapter is focusing on SVMs for
both CADe for radiology and CADx for pathology diagnostics.

3. Computer-aided detection

Digital medical image recognition (DMIR) might give a promising solution. DMIR is consid-
ered as an essential aspect of artificial intelligence. DMIR techniques aim to extract specific
information from medical images to assist doctors in diagnosing certain diseases and follow
their progress. Many image processing techniques have been utilized in DMIR, such as seg-
mentation, object detection, and classification. DMIR is concerned with numerous imaging
modalities in the field of diagnosis including computed tomography (CT), digital mammog-
raphy, magnetic resonance imaging (MRI), and microscopic histopathological images [16, 17].
Depending on the type of breast tissue, breast mass appears different in a mammogram.
While it appears as solid block in dense breast, it appears as a roundish pie in a fatty
breast. The mass may be alone or with microcalcifications [1]. In some cases, healthy breasts
are also diagnosed as suspicious of cancer by the radiologist, and unfortunately, unnecessary
biopsy is performed on them. Knowing that there are many possibilities of masses in breast
cancer, detecting these features and localizing them are important. In general, localizing
the mass is important in computer-aided detection, where it searches for the location in the
mammogram images and segments it. Refs. [1, 18] examine the most important approaches
used for mass segmentation in mammogram. In general, localizing the mass is important in
computer-aided detection where it searches for the location in the mammogram images and
do segmentation. Cheng et al. [18] examine the most important approaches used for mass
segmentation in mammogram. Image segmentation using thresholding is the simplest way
to isolate the object from its background when the image has a distinct gray level distribu-
tion. Segmentation separates the regions by assuming that the region that have gray levels
below a specific value, called the threshold, as a background and the region with gray levels
higher than the threshold as the object or vice versa. Identifying the threshold value is the
key point in this algorithm. By selecting a representable threshold, object extraction will
be more accurate. Mostly, image histogram is used to identify the threshold value. Mass
localization method is discussed in this chapter. This section is based on our previous work
on SVM rejection model for breast cancer. This method is a rejection model based on SVM
algorithm used to reduce the FP of the output of the Chan-Vese segmentation algorithm that
was initialized by the MCWS algorithm.
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Abnormal findings on screening mammograms lead to recall for further assessment, which
includes additional imaging procedures and if considered necessary fine needle aspiration
cytology, core needle biopsy, or surgical biopsy. Women recalled for further assessment
without having a breast cancer diagnosed are considered to have had a FP screening result.
FP results are a concern of mammographic screening as they might cause distress, anxiety,
and other psychological problems to the women [19, 20]. It also implies additional hospital
visits and diagnostic tests, as well as additional costs [21, 22]. The rates of FP screening results
depend on the screening performance and organization, such as the screening interval, single
versus double reading, participation patterns, sensitivity of the radiologists performance,
equipment, and characteristics related to the screening population [22-26]. From image
segmentation perspective, the FP is an over-segment result where the noncancerous pixel
is segmented as a cancer pixel. The FP rate is considered a challenge in localizing masses in
mammogram images. Hence, in this section, a rejection model is proposed by using SVM.

The goal of the rejection model which is based on SVM is the reduction of FP rate in seg-
menting mammogram through the Chan-Vese method, which is initialized by the MCWS
algorithm. The MCWS algorithm is utilized for segmentation of a mammogram image.
The segmentation is subsequently refined through the Chan-Vese method, followed by the
development of the proposed SVM rejection model with different window size as well as
its application in eliminating incorrect segmented nodules MCWS algorithm. SVM rejection
model consists of three important stages: (i) initial segmentation, (ii) segmentation using
Chan-Vese, and (iii) refined segmentation using SVM rejection model. First, the source image
is cropped to remove any unnecessary parts in an image. Based on the high dimensional-
ity in digital mammogram images, the image is then resized to speed up the subsequent
processes. Second, completing the pre-processing stage, the SVM rejection model is built to
reduce the FP rate. Presegmentation and postsegmentation enhancement for Chan-Vese level
set algorithm is then proposed to localize masse in the mammogram. The key to achieve a
good segmentation result using Chan-Vese is the initial contour. Instead of getting the initial
contour from the expert, here, MCWS algorithm is used to obtain the initial contour, as well
as to eliminate the noise. This makes the proposed method fully automated and reduces the
time of interference. Lastly, localization of mass in mammogram, Chan-Vese active contour-
based algorithm was used. Chan-Vese can find and maximize the convergence ranges, as
well as treat the topological change. This ensures that Chan-Vese performs well in image
segmentation. Support vector machine is a learning machine algorithm expounded by Cortes
and Vapnik [15] at the AT&T Bell Laboratories that strives to address the issues pertaining to
a two-group classification. The underlying working principle of this algorithm is to search
for the optimal hyperplane that sets positive classes (+1) apart from negative classes (-1). In
this context, the two classes are the nodules and the nonnodules of breast images, of which
the provided training data were used for the SVM to build a model in predicting the target
values of the two test data attributes. In this work, the radial basis function (RBF) kernel is
employed in complementary with the SVM. The two best parameters, C and v, are prerequi-
sites for the generation of an accurate breast nodule and nonnodule classification by the RBF
kernel. The SVM rejection model has three phases: extracting teacher image, training, and
testing as shown in Figure 2. The grid has been used as a straightforward search on the train-
ing data to find the best parameters, and the reason for using the grid search instead of other
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Figure 2. The process of SVM rejection model.

search algorithms is because of its short computation time. Additionally, the grid search can
be easily parallelized because it is independent. The search spaces used in this research are
{23, 219, It is important to note that this study used the strategy of dividing the data set into
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two parts, of which one is considered unknown. The prediction accuracy obtained from the
unknown set will reflect on the classification performance of the independent data set. This
procedure is known as cross validation. Its goal is to divide the training set into v subsets
of equal size. One subset will be tested using the classifier trained on the remaining subsets.
Subsequently, each instance of the training set will be predicted once. This is to ensure that
the cross-validation accuracy is the percentage of data that have been correctly classified.
The training data (teacher images) for the rejection model were manually extracted from the
mammogram images by analyzing the false positives (FP) and true positives (TP) of the
Chan-Vese segmentation result. After the teacher images were extracted, they were resized
using the same factor for the original image. Next, depending on the window size that con-
sidered the number of inputs to SVM rejection model, the teacher image was resized. Based
on the experiment, either a window size of (7 x 7), (9 x 9), (11 x 11), or (13 x 13) was taken
into consideration. After that, the image was transferred to a vector and then written into the
training data file. This file contained two variables, x and y. The first variable x is a matrix
containing rows of window pixel values for the teacher images. Each row represented one
image. The length of the rows depended on the window size. The number of rows in this
variable depended on the number of teacher images. The other variable y is a vector con-
taining the class for each image. The class may be “1” for nodule images or “0” for non-
nodule images. Before proceeding with the SVM rejection training, training data were used
to obtain the best values for parameters C, y. As previously mentioned, the grid search was
used as a straightforward search on the training data to obtain these values. Cross validation
was also applied to spill the training data 10-fold into training and testing. Depending on the
best accuracy value returned by SVM, the best C and best y values were chosen. The SVM
rejection model was built using the selected C and y values and the training data set.

Based on model in Figure 2, each row in the training data (x ) represents an observation, and
each column represents features. Class labels (y,) represent the class label for the correspond-
ing row in the training data.

3.1. Results and evaluation

About 170 mammogram images from 109 patients were collected from the UKM Medical
Centre (UKMMC). Table 1 and Figure 3 show training and testing data that have been used in
the experiment. The teacher images extracted from the training data based on the segmenta-
tion result contained 35 nodule images and 35 nonnodule images extracted from the training
data set. The SVM rejection model was run 10 times with a standard deviation of 0.0001, and
the results showed the effectiveness of using the rejection model compared with the ground

Training data Testing data

Nodule Nonnodule Nodule Nonnodule
Number of images 11 17 46 96
Total number of images 28 142

Table 1. Data set for training and testing.
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Figure 3. Hierarchy of UKMMC data set.

truth. As mentioned earlier, the grid search was used as a straightforward search on the train-
ing data to determine the best parameters C, y. Table 2 shows values of C, y using various
window sizes (7 x 7), (9 x 9), (11 x 11), and (13 x 13).

Accuracy denotes the proportion of the correct result and it can be calculated as shown in the
following Eqgs. (1)—(7), where TP is true positives, TN is true negatives, FP is false positives
(type 1 error), and FN is false negatives (type 2 error). In mass localization, the concept of the
confusion matrix that is in Table 2 represents the correctly segmented nodule and nonnodule
with the miss segment. TP and TN are the correctly localized nodule and nonnodule, respec-
tively, while FP is the incorrectly segmented nonnodule as a nodule and FN is incorrectly
segmented nodule as a nonnodule.

Result (predicted)

Nodule pixel Nonnodule pixel
Ground truth (actual)
Nodule pixel TP FN
Nonnodule pixel FP TN

Table 2. Confusion matrix.
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Specificity is also known as TN rate, and it represents the ability of the method to identify the
nonnodule and avoiding false positives.

Sensitivity, which is also known as TP rate or recall, represents the ability to identify the
nodule and avoid false negatives.

The FP rate shows the nonnodule pixel, which is segmented as nodule. It is an over seg-
mented pixel. The FN rate shows the nodule pixel, which is segmented as nonnodule. It is the
miss segmented.
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The NRM shows the mismatch between the predicted results and the actual ground truth.
Our method was evaluated by comparing the segmented images to the ground truth. To
show the effectiveness of the method, a comparison was done before and after the rejection
model, as shown in Figure 4. This process was performed first by comparing each pixel in
the resulting image with the corresponding pixel in the ground truth image. Then, objective
evaluation was used to evaluate the method by calculating the confusion matrix as in Table 2,
based on the prediction result and the actual ground truth. Table 3 and Figure 4 show the
quantitative analysis of the results and sample of the result. The effectiveness of our method
can be proven by comparing the result before and after using the rejection model. Table 3
shows the FP rate of the rejection model is inversely proportionate to the window size. On the
other hand, the specificity rate of the rejection model is linearly proportional to window size.

This section discussed on reducing the FP rate based on SVM machine learning. The SVM
rejection model was built to reduce the FP rate after segmentation. Our method has three steps
in the segmentation phase: first, MCWS was used to obtain the initial contour by segmenting
the mammogram image. Then, the output of MCWS was used as an initial contour to the
Chan-Vese algorithm. Finally, the rejection model based on SVM was used in order to reduce
the FP rate. The SVM rejection model has three steps in the following order: extracting teacher
images, training the rejection model, and testing the model. The FP rate reduction by means
of SVM machine learning been put forth, wherein the FP rate, upon segmentation, had been
reduced by the developed SVM rejection model. The segmentation of the mass in mammogram
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Figure 4. Result before and after using SVM model. (al, bl, cl, and d1) original nonnodule and nodule images. (a2,
b2, c2, and d2) segmentation result without using SVM rejection model, (a3, b3, c3, and d3) segmentation result after
reducing the FP rate using SVM rejection model, (a4, b4, c4, and d4) ground truth images,. (a5, b5, c5, and d5) binary
segmentation result without using SVM rejection model (a6, b6, c6, and d6) binary segmentation result after reducing
the FP rate using SVM rejection model (a7, b7, 7, and d7) ground truth images.

images as well as the extraction of the initial contour was performed through MCWS, of which
the proposed method comprises. The Chan-Vese algorithm is employed as the initial contour
to enhance the result of the segmentation. The three steps of the SVM rejection model are in
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FP rate SP AC NRM OVERLAP
Without the rejection model 0.196 0.803 0.803 0.099 0.800
With the rejection Model (7 x 7 x 7 x 7) 0.058 0.941 0.938 0.031 0.933
With the rejection model (9 x 9 x 9 x 9) 0.051 0.948 0.944 0.028 0.940
With the rejection model (11 x 11 x 11 x 11) 0.044 0.955 0.950 0.025 0.946
With the rejection model (13 x 13 x 13 x 13) 0.040 0.959 0.954 0.023 0.950

Table 3. Quantitative analysis.

the following sequence: extracting teacher images, training the rejection model, and testing the
model. Credence can be given to the MCWS algorithm in surmounting the challenges associ-
ated with the Chan-Vase algorithm. The Chan-Vese algorithm can be made more autonomous
and converge faster by using a good initialization generated by MCWS.

Nevertheless, the reliance mammogram segmentation on the divergence and convergence of
the intensity value of the image pixels is the constraint factor for this algorithm. The tendency
has been toward segmenting the outlier component as part of the contour component, resulting
in an incremental FP rate of the selected contour pixels. Accordingly, to overcome this issue, the
SVM rejection model is geared toward reducing the FP rate. T-test was performed to determine
the mean difference of two samples, that is, the accuracy before and after using rejection model
with the best window size, which is (13 x 13). The T-test was applied to determine if there was a
difference before and after applying the rejection model. The hypothesized mean difference of
T-test was set to value 0, also named as null hypothesis. That means, assuming that there was
no difference in the result whether using the rejection model. The alpha was set to value 0.05.
The concept of T-test states that if the P value is less than the assumed alpha, the null hypoth-
esis is not correct and there is a difference between the mean of the two samples. T-test result
shows that the proposed method is considered statistically significant with (P = 0.00001 < 0.05).
Furthermore, the proposed rejection models also showed less standard deviation (0.0001) and
yields to stability in its performance. In general, this proposed method offers alternative deci-
sion-making ability and is able to assist the medical expert in giving second opinion on more
precise nodule detection. Hence, it reduces FP rate that causes over segmentation.

4. Computer aided diagnosis for pathology

This section focuses on the histopathological grading step in the breast diagnosis, the proce-
dure used to grade a certain tissue by examining the tissue slide biopsy, which must undergo
a preparation step prior to the grading.

4.1. Tissue preparation

Breast tissue biopsy is a piece of tumorous tissue taken from the breast to investigate the
occurrence of cancer. After the biopsy is extracted, it is enclosed in a fixative to prevent
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it from decaying. Then, the tissue is sectioned into fragile slices (e.g., 2-15 pm) using a
microtome machine, which creates very thin slices. The slices are then arranged on the glass
slide before being stained. The tissue is stained using certain pigments to reveal the tissue
components (e.g., lumen, nuclei, cytoplasm, and stroma). This helps the pathologist to view
the individual tissue component more clearly. This procedure is called cells marker. The
pathologists use different methods of staining depending on the diagnostic process at hand.
Among the common staining types, Hematoxylin and Eosin combination H&E is the most
popular for diagnosis and grading. After staining the tissue slide, the pathologist evaluates
the tissue slide using the microscope as in UKMMC or through a digital scanner used to
produce digital pathology images. In UKMMC, a specific type of microscope (Olympus
BX50 microscope) is used for the diagnosis [16]. This microscope has a camera to capture
images of the region of interest. The next subsection will explain the image acquisition steps
involved in the creation of the prostate and breast cancer data sets required for this study.
Subsequent subsections will present a brief overview of the devices required for the image
acquisition and image acquisition flow.

4.2. Image acquisition devices

In this study, prostate histological images were captured from tissue slides. All the images
were viewed using an Olympus BX50 microscope (Olympus Corporation, Japan), and
images were captured using a DP72 digital camera (Olympus Corporation) and cellSens Life
Science imaging software, version 1.6 (Olympus Corporation) [16]. The sensitivity of the illu-
mination source and camera’s intensity were kept constant. The microscopes were adjusted
manually to form clear magnified images, and the cameras were controlled through desk-
top computers to capture color digital images. Before image acquisition, the pathologists in
UKMMC had selected the ROIs under the microscope. However, this requires substantial
time and effort from pathologists, and more importantly, a subjective choice of the ROIs
could introduce biases into the database and harm the generalizability of the developed
computer CAD system.

4.3. Image acquisition work flow

Prior to acquiring the images, the microscope components, such as the light condenser, dif-
fusing screen, and objective lens, were properly cleaned to remove any dust in the light path,
which might badly affect the clarity of the acquired image. The focal plane was adjusted
manually for clear images and was readjusted before every new image was taken. A light
condenser was used to increase the light intensity for high-resolution image acquisition. To
acquire an image from an ROJ, the pathologist in UKMMC first reviewed the tissue section at
a low magnification (e.g., 1x or 4x) to locate the ROI at the center of the image’s field of view
[16]. Usually, fine tuning is needed at higher magnification (40x magnification) to ensure a
region with a typical Gleason pattern in the ROl is selected. The focal plane was then adjusted
to produce a sharp image, and the light intensity was tuned so that the largest pixel value was
slightly lower than the upper limit of the pixel’s dynamic range. When all those adjustments
were satisfactory, a still image was captured and saved onto the desktop computer as a color
RGB digital image with a (tiff) extension. This process was repeated for all images that were
captured for breast pathologists.
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4.4. Self-collected data set from UKMMC

This data set contains self-collected breast tissue region images stained using the H&E pro-
cedure and captured from tissue slides of needle biopsies taken from 32 breast carcinoma
cases. These tissue region images were digitized at 40x magnification, yielding high resolu-
tion images (4140 x 3096 pixels) in (tiff) format. The diagnosis assigned to each region image
is based on the Bloom-Richardson grading system [16]. Each image was annotated as low
grade (Grade 1) or high grade (Grade 3) by three expert pathologists from the HUKM center
[16]. The total number of collected images is 100. These can be classified into 56 low-grade
cases and 54 high-grade cases. Figure 5 shows some sample images taken from this data set.

4.5. Ensemble learning of tissue components for histopathology image grading

This section explains the ensemble framework that we used for the classification of breast can-
cer and Gleason grading using the tissue components of the H&E histopathological region
images. This project has been carried out from our previous work [16]. The framework is based
on the ensemble learning approach from machine learning and medical tissue components
(lumen, nuclei, cytoplasm, and stroma), both of which are of semantic meanings to patholo-
gists. The framework extracts a set of textural features for each tissue component, which cre-
ates four independent sub data sets, and the diversity demonstrated by these data sets is then
used to create an ensemble framework that is able to classify and grade breast cancer. Our
framework consists of five phases: segmentation of four tissue components, feature extraction,
feature selection, base classifiers of the framework, and ensemble fusion phase, as per Figure 5.

The typical CAD for breast cancer grading extracts features directly from histopathologi-
cal images. Then, a single classifier is used to train these features to classify unknown pat-
terns (e.g., image). Unlike this typical CAD, our project uses the concept ensemble learning
(Figures 5 and 6).

Heibwparbabogu sl imagei

Figure 5. Ensemble framework for breast tissue image diagnosis and grading.
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Figure 6. Two types of tissue classes of interest for the breast grading problem: (a) Grade 1 (low grade) tissue and (b)
Grade 3 (high grade) tissue.

Due to the diversity of the tissue components, four different training data sets are created
for the corresponding tissue components (lumen, nuclei, cytoplasm, and stroma). Thus,
the diversity of the tissue components in ensemble learning is utilized to improve prostate
diagnosis and grading. In this project, the ensemble framework, consisting of four-base SVM
(RBF) classifiers, where each base classifier is a specialist, is trained to use the selected features
of a particular tissue component. The decision function of SVM (RBF) with the top selected
features (€2) in the training model is defined as per (Eq. (7)):

(xQ) = sgn{(w.xQ)} = sgn{oi yi k(xQi, xQ) +bni = 1}, @)

where xQ is the test sample with only Q corresponding features, xQ, ii is that of sample i in
the training set (i=1, 2, ..., n) with only Q features, y .€ {1 bening, 0 malignant (low Grade or
high Grade)} is the class label of the training sample x€, i, and k is the kernel function that is
used to calculate the inner product between the ® xQ, i and ®(xQ) in the transformed space
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using nonlinear mapping ®. The product rule Eq. (8) is utilized to produce the final decision
for the proposed ensemble framework to combine the prediction outputs of all four base
classifiers. The product rule is preferred in the ensemble when the single classifiers posterior
probabilities are correctly estimated [16]. The final prediction (x) for the test image (x) based
on product rule is computed using (Eq. (8))

=4
class(x) = max]?jl‘[g p]f(x) (8)

4.6. Results and evaluation

In the ensemble framework, the stages of feature selection and classification are executed 50
times for each classification task. In each run, the data set of each base classifier (i.e., tissue
component) is randomly divided into 50% training and 50% testing) after normalizing, as
per [16]. It should be pointed out that in each run of the ensemble framework, similar num-
bers of selected features are used with all base classifiers. The base classifiers utilize the SVM
with Radial-Basis-Function (RBF) kernel, while the SVM-RFE utilizes the linear SVM. To
deploy RBF, one needs to set an appropriate value of the cost penalty, ¢, and gamma, y. The
grid search tool is one of the most common methods to identify suitable values for cand y [1,
16]. The SVM implementation is utilized by the LibSVM toolbox [1, 16], while the C and y in
the SVM are estimated using a grid search with different internal threefold cross-validations
on the training data set only from {272, 2%°}. In this data set, the low vs. high grades classifica-
tion task is dealt with, which is the most well-known task in state-of-the-art breast cancer
analyses [1]. The results reported by this data set are shown in Table 4. As shown in Table 4,
the proposed ensemble framework can effectively classify the low vs. high grades breast
images. The AUC of low vs. high grade reached an average of 90.7%, which was greater than
both the naive and typical CAD. Moreover, when comparing the structure-method, the pro-
posed method was far more superior. In using the proposed ensemble CAD, classification
performance in the context of AUC can be substantially improved by 15% for the structure-
based method. The results in Figure 5 show that the ensemble framework was significantly
quite accurate (90.8%) compared to the accuracy of each individual tissue components in
the low vs. high grades in breast histopathology images. This framework has also been

Classification task ~ Measure Proposed ensemble Naive Typical Significant of ensemble
Breast UKM framework approach CAD [22] with
Naive Typical CAD
[22]

Low vs. high grade AUC 90.7+5.0 89.9+4.38 89.8+3.9 — —

Accuracy 90.8+5.0 89.9+4.8 89.8+3.9 - -

Sensitivity 87.11+84 87.1+8.8 885+7.7 — —

Specificity 94.3+5.3 92.7£6.3 91.1£6.9 — —

Table 4. The performance of the proposed ensemble framework on breast histopathology images data set.
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validated using prostate and colon data set. Results proved that the ensemble framework
can be utilized with other types of histopathology images if the main tissue components are
visible in the image [7].

5. Discussion and conclusion

This chapter discusses how machine learning, particularly SVM can improve the performance
for detection and diagnosing of breast cancer. SVM for now is one of the most powerful
machine learning techniques that is able to model the human understanding of classifying
data. It can find the relationship between data and segregates them accordingly. Using pixel
values in mammogram images, SVM helps to improve the mass detection and segmentation
of Chan-Vese algorithms by classifying correctly the false positive pixels. As a result, a sharper
mass was detected with better estimation of its shapes and sizes. Hence, radiologist can give
better diagnosis and biopsy location. Then, images of cell structure or tissue textures from the
biopsy sample were examine by the pathologist. These pathology slides were analyzed under
the pathologist sharp eyes to locate and identify any abnormal pattern of tissue texture or
architecture. The process is tiring and subjective to the pathologist experience in interpreting
the tissue condition. Thus, inter-observer and intra-observer variations exist. However, the
proposed SVM algorithm can identify the different tissue component and model the pattern
of relationship between these components spatially and statistically. The model is then used
to grade any new pathology slides into its modified Bloom-Richardson grading, according
to what the SVMs have learned from previous examples. Using the technique, it helps the
radiologist and pathologist reducing their work load by automating the automation for deci-
sion making, especially for common and mundane cases. Radiologist and pathologist would
have more time to spend on special or rare cases. The learning curve for young apprentice can
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Figure 7. Single vs. ensemble classification results for low vs. high grade.
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be steeper. The automate grading of breast cancer helps to reduce the variation of inter- and
intra-observation by the pathologist. In our work, it should be noted that we are not using
the identical patient data of mammogram and pathology due to some limitation. However,
in the future it is possible to take the identical patient. Via the automatic decision making we
are able to create a platform that integrate diagnostic reporting system that supports both
specialties and, therefore, improves the overall quality of patient care (Figure 7).

However, combining these tissue components’ features resulted in dense feature vectors,
which suffers from overfitting. The use of the ensemble learning framework that allows
prediction using several training subsets could help mitigate this problem. These different
subsets are clearly shown in the proposed ensemble framework. The results indicate that
proposed ensemble framework significantly outperformed the typical CAD, naive approach,
and structure-based method.
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Abstract

A great number of scientific studies have shown that the development of different TNBC
forms is closely associated with the induction of various signaling pathways and that TNBC
cells show greater sensitivity to different drugs. Recent studies showed hypoxia-inducible
factor-1ac (HIF-1ax) was strongly correlated to clinicopathological features in many types
of cancers. This molecule seems to play a significant role in the development of different
tumors and breast cancer among them. The aim of this study was to evaluate the relation-
ship between immunohistochemical expression of novel prognostic marker —HIF-1a.—and
clinicopathological features for patients with triple-negative breast cancer. Among 162
breast cancer patients, we identified 111 (68.5%) subjects with triple-negative breast cancer.
In our study, TNBC was most commonly assessed as G2 and G3 (52.2%; 45.1%), pT1 and pT2
(34.2%; 62.1%), and pN1 and pN2 (45%; 41.4%). TNBC more often presented HIF-1x expres-
sion (43.2%) than non-TNBC (35.2%). TNBC subgroup demonstrated significant correla-
tion between HIF-1a expression and tumor size (pT1-pT4) (p = 0.021), which may suggest
that HIF-1 alpha expression in this group of patients may be an additional and significant
marker in the evaluation of the advance of the disease, affecting therapeutic decisions.

Keywords: triple-negative breast cancer, hypoxia, immunohistochemistry

1. Introduction

Breast cancer is the most common cancer in women [1], and it comprises heterogeneous tumors
with different biological features, clinical course, prognosis, and response to treatment [2].

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen 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. [{(cc) ExgIN
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With modern techniques, we can distinguish many molecular forms of breast cancer [3], which
is important because the molecular classification of breast cancer enables effective, individual-
ized treatment [4]. Based on cDNA microarray and immunohistochemical analysis, five basic
molecular subtypes of breast cancer have been distinguished:

¢ luminal subtype A (ER+ and/or PR+, HER2-, CK5/6-)

¢ luminal subtype B (ER+ and/or PR+, HER2+, CK5/6-)

* basal-like subtype (ER-, PR-, HER2-, CK5/6+)

* subtype with overexpression of the HER2 gene (ER-, PR-, HER2+, CK5/6-)

* subtype with expression of genes typical for cells of the normal mammary gland (normal
breast-like)

* subtype with a decreased expression of genes coding proteins responsible for intercellular
junctions and adhesion of epithelial cells (claudin and cadherin E) [5, 6]

On routine histology, breast cancer is defined based on immunohistochemical detection of
three receptor proteins: estrogen receptor (ER), progesterone receptor (PR), and HER2 recep-
tor with additional gene status analysis of the HER2 gene (in situ hybridization). This immu-
nohistochemical profiling shows that 25% of breast cancers consist of type A luminal cells;
32%, of type B/HER2- cells; 18.5%, of luminal B/HER+ cells; and 7%, of cells that express
solely the HER2 protein [7]. Cancers of the luminal subtype A and B express genes character-
istic for glandular cells, which form the inner layer of normal ducts and lobules of the breast.
Moreover, the luminal subtypes of breast cancer express cytokeratins typical for glandular
cells, such as cytokeratins 8, 18, and 19, as well as « 6 integrins and Bcl-2, Ep-CAM, and MUC1
proteins. The luminal subtype A is characterized by a high expression of genes for estrogen
receptors and progesterone receptors and genes regulating the function of these receptors,
i.e., FOX1, GATA3, LIV-1, and XBP1. The luminal subtype A breast cancer typically occurs in
young patients; in contrast to the luminal subtype B, the luminal subtype A breast cancer has
a good prognosis [8-10]. In recent years, among all the molecular subtypes of breast cancer,
the triple-negative breast cancer (TNBC) has been studied most extensively.

2. Characterization of the triple-negative breast cancer

The TNBC is a subtype of breast cancer that lacks steroid receptors, i.e., estrogen and proges-
terone receptors, and does not overexpress the HER? gene. Eighty percent of patients with the
TNBC have the basal type of breast cancer, according to the molecular classification [1, 3, 8].
About 15-20% of all patients with breast cancer have the TNBC, which is more common in
patients younger than 50 years. The risk factors for the TNBC are as follows:

* young age at menarche
* obesity in the menopausal age

e family history of breast cancer
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The TNBC has an aggressive course, grows fast, and metastasizes early, usually to the brain
and lungs, and less commonly to the bones and liver. Compared with other breast cancers,
the TNBC is poorly differentiated (G3) in the Bloom-Richardson classification [5, 6, 9]. In 2010,
studies among 15,240 women with breast cancer, including 2500 with the TNBC, showed that
patients with the TNBC had a worse prognosis than other patients [5, 6, 8-10].

The TNBC is also characterized by early recurrence, usually within 1-3 years after diagno-
sis [8]. Most patients with TNBCs have a poor prognosis because adjuvant therapy rarely
leads to remission, and the presence of metastases is associated with a high resistance to
chemotherapy and short survival [9]. Not all patients with TNBC, however, have a poor
prognosis [6, 7, 9]. Numerous studies showed that the TNBC is related to the dysfunction of
the BRCA genes and their protein products [9, 10]. According to Atchley et al. [10], TNBCs
occur in 57% of patients with breast cancer and BRCA1 mutations. Moreover, more than
a half of TNBCs overexpress the MGFR receptor (c-Met growth factor receptor), which is
associated with the signaling pathway initiating the epithelial-mesenchymal transforma-
tion [8, 9]. The TNBC is often associated with P53 mutations, PTEN loss, activation of the
PI3K/AKT signaling pathway, and loss of heterozygosity of the loci4p14, 4p15.3 m 5q11.1,
5q14, and 18q22-23 [11].

Although TNBC was initially detected in basal-like carcinoma, these two types of breast can-
cer are different from each other [12]. The basal-like carcinoma is diagnosed based on the
immunohistochemical status of steroid receptors (ER, PR) and the HER?2 receptor [4, 7, 9].

Molecularly, the TNBC comprises a heterogeneous group of tumors. Lehmann et al. [13] dis-
tinguished six types of the TNBC:

¢ basal-like 1 and basal-like 2 (BL1 and BL2)

¢ immunomodulatory (IM)

¢ mesenchymal (M)

¢ mesenchymal stem-like (MSL)

¢ luminal androgen receptor (LAR)

¢ unstable

Of all these TNBC subtypes, only the LAR TNBC does not express basal cytokeratins, such
as CK5, CK6A, CK6B, CK14, CK16, CK17, CK23, and CK8]1, and it does not express proteins
such as EGFR, p53, smooth muscle actin, P-cadherin, and c-Kit receptor [10, 11]. In contrast,
the LAR TNBC expresses CK7, CK8, CK18, CK19, and the androgen receptor [12]. Moreover,

the LAR TNBC expresses genes whose protein products regulate hormonal pathways and the
gene for the androgen receptor and its co-activators [12, 13].

The BL1 TNBC expresses genes whose protein products are associated with cell cycle regula-
tion, cell proliferation, repair process, and DNA replication [12].

The BL2 TNBC expresses genes whose protein products are involved in the signal transduction
in the cell, through growth factors such as EGF, NGF, MET, Wnt/f3-catenin, and IGFIR [12].
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The IM TNBC is characterized by the expression of genes whose protein products are involved
in immune reactions, such as signal transduction in Th1 and Th2 cells, natural killer cells, and
dendritic cells [10, 12].

The M TNBC is characterized by the expression of genes whose protein products regulate cell
mobility, interaction of cells with the extracellular matrix, and cell differentiation and growth [12].

The MSL TNBC expresses genes whose protein products are involved in angiogenesis and the
signaling pathways of the ABC transporters [12, 13].

Most subtypes of the TNBC have the molecular profile typical for the basilar subtype of breast
cancer, which lacks expression of ER, PR, and HER2 [8, 9, 12]. This molecular profile is observed
mainly in subtypes BL1 (85%) and BL2 (31%), and subtypes IM (58%) and M (47%) [8, 12].

Usually, the LAR TNBC is a luminal A or B breast cancer (82%) [12-14]. Based on immuno-
histochemical studies, 50-80% of TNBCs are basal-like cancers, and conversely, 77-80% of
basal-like breast cancers are TNBCs [9, 10, 12]. Molecular analyses indicate that TNBCs and
the basal subtype of breast cancer are different cancers [13-15].

All the above-mentioned subtypes of the TNBC incur different prognoses; the longest recur-
rence-free survival is found in patients with the MSL TNBC, and the shortest recurrence-free
survival, in patients with the LAR TNBC [15].

Histologically, the majority of TNBCs are luminal cancers (invasive carcinoma of no special
type—IDC—NST) [15]. The TNBC occurs more commonly in patients with specific histological
types of breast cancer, including the medullary breast cancer, metaplastic breast cancer, apo-
crine breast cancer, salivary gland-like breast cancer, secretory breast carcinoma, breast cancer
derived from lipid-laded cells, and lobular breast carcinoma [16]. In patients with TNBCs, it is
the histological type of the tumor that determines its biological properties; thus, patients with
TNBCs do not always have rapid disease progression and poor prognosis [17, 18].

To identify a homogenous group of patients, Eiermann et al. [19] suggested that the tumors
that become triple-negative after neoadjuvant treatment, and were not triple-negative before
this treatment, should not be classified as TNBC. However, if the disease recurs as triple-
negative metastases, the tumor should be considered as triple-negative although the primary
tumor was not triple-negative [19]. According to these investigators, also rare histological
subtypes of the TNBC, such as apocrine, glandular, or low-differentiated cancers, should be
excluded from the group of triple-negative cancers [18, 20].

3. Treatment of patients with TNBC

Patients with the TNBC do not benefit from hormonal treatment or treatment with anti-HER2
antibodies (trastuzumab) because their tumors do not express the ER, PR, and HER2 receptors.
Therefore, surgery, radiation therapy, and chemotherapy, used alone or in various combina-
tions, are currently the only reliable therapeutic options for patients with TNBCs. However,
recent research on TNBC has identified many receptors that could be used as future therapeutic
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targets. Until this is achieved, chemotherapy remains the mainstay of systemic treatment for
patients with stage I to stage IIl TNBC. Currently, none of the standard chemotherapy regimens
is considered superior for patients with TNBCs, and treatment of these patients is based on the
same principles as that in patients with other subtypes of breast cancer. Most guidelines recom-
mend a regimen based on the combination of an anthracycline with a taxane.

The therapeutic strategies for the management of TNBC are targeting the DNA repair com-
plex (platinum compounds and taxanes), P53 (taxanes), and cell proliferation (anthracy-
cline-containing regimens) [21]. Despite the aggressive clinical course, the TNBC’s response
to chemotherapy is good. However, despite achieving high rates of pathological complete
response (pCR) with conventional chemotherapy, the TNBC phenotype is associated with
higher recurrence rates than the ER+ and HER2+ breast cancers. This is known as the triple-
negative paradox [22].

Since the first application of taxanes, used in adjuvant therapy for over 20 years, relatively
few new treatments have appeared in recent years for patients with the TNBC. New thera-
peutic methods are still lacking despite numerous ongoing clinical trials. Many retrospec-
tive studies have demonstrated that tumor infiltrating lymphocytes (TILs) are of prognostic
importance in patients with early-stage TNBC. Increased TIL numbers within the neoplastic
milieu correlate with a better response to the standard treatment regimen with anthracyclines
in neoadjuvant therapy [23].

However, it has still not been shown whether the presence of TILs identifies tumors that are
more susceptible to treatment, or whether the presence of lymphocytes itself increases the
effectiveness of treatment [23]. There are numerous reports on the benefits of using plati-
num derivatives in chemotherapy, in particular in cancers with the BRCAI mutation, which
is much more frequent in TNBCs (about 30%) than in other cancers. Nearly 80% of tumors
that develop in carriers of the BRCAT mutation are triple-negative. The BRCA mutation status
is increasingly therapeutically relevant beyond consideration of prophylactic mastectomy/
oophorectomy and surveillance. A recent randomized phase III trial demonstrated that in
unselected patients with the metastatic TNBC, carboplatin and docetaxel were equal in effi-
cacy as first-line treatments [24].

However, in the BRCA mutation-associated TNBC, carboplatin yielded a superior response
rate and progression-free survival compared with docetaxel. The improvement in pCR
attained with the addition of carboplatin to anthracycline/taxane chemotherapy comes at the
cost of increased toxicity. Because of the molecular variability of TNBCs, the platinum deriva-
tives improve prognosis only in some patients. Therefore, it is very important to identify those
patients with TNBC who will have the greatest benefit [25]. The current highest pCR rates,
about 40-45%, are achieved by taxane/anthracycline sequential chemotherapy regimens and
inclusion of platinum drugs with the taxane component. Inclusion or substitution of other
chemotherapy drugs (capecitabine, gemcitabine, vinorelbine, or ixabepilone) resulted in little
or no improvement in pCR rates [26, 27]. To date, all clinical trials showed that the neoadju-
vant chemotherapy was the preferred option for patients with TNBC who required systemic
therapy. Neoadjuvant chemotherapy studies have consistently reported higher response
rates in TNBC than in non-TNBC, and pCR has been shown to predict improved long-term
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outcomes for patients with TNBC. The specific adjuvant regimens that may be effective for
TNBC are still being determined. Many large randomized trials have established the benefit
of adjuvant anthracyclines and taxanes in breast cancer [28].

The evidence consistently shows that 10-20% of patients with TNBC who would not experi-
ence pCR following treatment with a current third-generation taxane and anthracycline will
achieve pCR when a platinum drug is added to the regimen. However, because of the substan-
tial added toxicity and predicted modest overall survival benefit across patient subgroups, car-
boplatin and cisplatin have not been routinely incorporated into neoadjuvant treatment [29].

The principles of local treatment in breast cancer, i.e., surgery and radiotherapy, are the same
for the TNBC and all other types of breast cancer. Over the last several years, the percentage
of patients operated on for breast cancer has increased; this trend has also been observed in
patients with TNBC.

In patients with the TNBC, radiation therapy is given as in other types of breast cancer, i.e.,
after mastectomy or breast-conserving surgery. However, this approach to radiation therapy
remains controversial because more and more patients have TNBCs, which has a fast local
growth. The general rule that breast-conserving surgery followed by radiation therapy in
early stage cancers (T,, N,) is the equivalent of mastectomy, in this case, has many limita-
tions. Also the general consensus that post-mastectomy radiation therapy is not indicated for
patients with node-negative tumors less than 5 cm in diameter should not be oversimplified
in patients with triple-negative tumors [28].

4. Targeted therapy in TNBC

Although chemotherapy can be effective in patients with TNBCs, molecular studies could still
improve treatment outcomes by giving new treatment targets. The molecular heterogeneity
of TNBCs means that patients with TNBCs need personalized treatment because currently
60-70% of patients with TNBC do not respond fully to chemotherapy. Genomic analyses of
the TNBC revealed large-scale transcriptional, mutational, and copy number heterogeneity,
without any frequently recurrent mutations, other than TP53. Consistent with this molecular
heterogeneity, most targeted agents, so far, have a very low activity in unselected TNBC, but
important “basket” trials are ongoing. Therefore, there are promising opportunities for study-
ing targeted therapy in appropriately selected patients with residual disease after neoadjuvant
chemotherapy. Several ongoing phase I/II studies are investigating phosphatidylinositol-3-ki-
nase (PI3K) inhibitors in advanced TNBC, and early-phase studies are also assessing Janus
kinase 2 and cyclin-dependent kinase inhibitors in hormone-negative breast cancer [29].

At least some important discoveries made in recent years seem to be worth emphasizing in
this textbook. The molecular pathways and receptors mentioned below might become new
treatment targets for patients with the TNBC.

4.1. Anti-angiogenic factors

Blockage of angiogenesis has been one of the ways to treat patients with breast cancer. In
patients with the TNBC, bevacizumab, among the drugs that interfere with angiogenesis, has
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been studied most extensively. In 2008, the Food and Drug Administration (FDA) approved
bevacizumab in combination with a taxane (paclitaxel) as first-line therapy for metastatic
HER2-negative breast cancer, including the TNBC [30]. A meta-analysis of phase III studies
with bevacizumab showed an improvement in progression-free survival but not in overall
survival in these patients. However, the addition of bevacizumab considerably increased
treatment toxicity [31].

Based on these data, in 2011, the FDA withdrew bevacizumab as the treatment for metastatic
breast cancer.

4.2. Immune checkpoint inhibitors

Because we know more and more about the interaction of inflammatory cells with cancer cells,
in future, immunotherapy might be introduced for the treatment of breast cancer. Cancer cells
use many mechanisms to avoid immune responses. For instance, in the TNBC, cancer cells
express the PD-1 antigen and its ligands on cell surface. These proteins induce T lymphocyte
tolerance. Preclinical studies showed that blocking the activity of the PD-1/PD-L1 might be
used as treatment for TNBC. Both anti PD-1 antibodies (pembrolizumab and nivolumab) and
an anti-PD-L1 antibody (atezolizumab) showed promise in preclinical studies [32].

4.3. PARPi

Poly-ADP-ribose polymerases (PARPs) are enzymes that are essential for cell survival. Cell
damage activates PARPs, which, in turn, induces cell repair systems that maintain genome
stability and regulation of transcription. Preclinical studies showed that PARPs are inhibited
in cancer cells with pre-existing DNA repair defects, e.g. with the BRCAI mutations. The
FDA has recently approved monotherapy with olaparib, a PARPj, as a first-in-class drug to
treat germline BRCA mutation-associated advanced refractory breast cancer. Several ongoing
studies are assessing the activity of PARPi alone or in combination with chemotherapy for
germline BRCA-associated metastatic and early-stage breast cancers. Because a substantial
proportion of TNBCs are thought to harbor DNA repair defects, it might be possible to extend
the observation of PARP] sensitivity of germline BRCA-associated tumors to BRCA wild-type
TNBCs that harbor a BRCAness phenotype. Accordingly, PARPi are being explored in the
general population of patients with the TNBC [33].

4.4. PI3K/AKT/mTOR pathway inhibitors

The high frequency (about 50%) of PI3K pathway alterations in the TNBC makes this pathway
a promising target for therapeutics, and inhibitors of PI3K, AKT, and/or mTOR are in clinical
development. PI3K blockade promotes HR deficiency by downregulating BRCA1/2 and thus
sensitizing BRCA-proficient tumors to PARP inhibition [34].

4.5. Histone deacetylase inhibitors

These drugs modulate gene expression through epigenetic regulation and can induce cell
cycle arrest, differentiation, and apoptosis. Panobinostat is a potent pan-histone deacetylase
inhibitor with preclinical activity in the TNBC. Several histone deacetylase inhibitors are
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currently being tested as treatment for metastatic TNBC in combination with chemotherapy
or with immune checkpoint inhibitors [35].

4.6. Androgen-targeted therapy

TNBCs expressing the androgen receptor (AR-positive) account for about 10% of all TNBCs
and are characterized by a more benign course [13]. These tumors express the AR, which can
be detected by immunohistochemistry or the analysis of AR gene expression. AR-positive
TNBCs have several common features with ER-positive breast tumors, including the expres-
sion of several estrogen-dependent genes and the frequent presence of PIK3CA mutations.
Anti-androgens have been studied as potential drugs for these cancers. Few TNBCs express
AR, and patients with AR-positive tumors were qualified for clinical trials with anti-androgens.
Many molecules have been studied, but data on bicalutamide and enzalutamide are most exten-
sive. Unfortunately, few patients responded to the treatment with these agents. Nonetheless,
20-35% of patients achieved disease stabilization [36]. It remains unclear whether these find-
ings reflect the relatively mild nature of AR-positive TNBCs or whether they reflect the actual,
but limited, activity of anti-androgens.

4.7. Other agents

New treatment targets for patients with cancer are being studied. These include, among oth-
ers, reparixin (inhibitor of interleukin-8 activation of CXCR1/CXCR2 chemokine receptors),
CXCR1/2 (stem cell pathway), cyclin-dependent kinases, c-Met pathway, aurora kinase inhib-
itor, death receptors, and CSF1 inhibitor (colony stimulating factor 1).

After over 20 years with relatively few new treatments for the TNBC, recent years have
seen a growing interest in the TNBC among researchers. This is because more and more
people with breast cancer have the TNBC, which is aggressive and tends to metastasize.
Currently, studies are assessing different chemotherapy regimens and are testing the use-
fulness of new targeted therapies. In the early stages of the TNBC, standard neoadju-
vant chemotherapy might save patients’ lives; patients who receive standard neoadjuvant
therapy can later receive adjuvant chemotherapy or be included in clinical trials if there
is extensive residual cancer after neoadjuvant therapy. Growing evidence supports the
benefit of adding cisplatin to the chemotherapy with taxanes/anthracyclines in patients
with BRCA mutations [37].

Because many new targeted therapies for the TNBC are assessed in ongoing trials, we hope
that the treatment of TNBC will soon be improved.

5. Hypoxia in TNBC

A great number of scientific studies have shown that the development of different TNBC
forms is closely associated with the induction of various signaling pathways and that TNBC
cells show greater sensitivity to different drugs. Recent studies showed hypoxia-inducible
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factor-la. (HIF-1at) was strongly correlated to clinicopathological features in many types of
cancers. This molecule seems to play a significant role in the development of different tumors
and breast cancer among them.

HIF-1a is responsible mainly for cellular adaptation to hypoxic conditions; therefore, genes
triggered by this factor are responsible mainly for the improvement in oxygen supply (by
increasing angiogenesis, broadening the lumen of existing vessels, increased erythropoiesis
or increased iron consumption), adaptation of cells to anaerobic metabolism conditions as
well as for other changes facilitating cell survival in insufficient oxygen availability and modi-
fying the main metabolic pattern. Stimulation of angiogenesis promotes the increased risk
of distant metastases. Better accessibility of blood vessels increases the chance of tumor cells
finding their way into the bloodstream and being transported to niches allowing settlement
and formation of a metastatic lesion [38].

Hypoxia-inducible factor 1 is a master transcriptional regulator of genes regulating oxygen
homeostasis. The HIF-1 protein is composed of two HIF-1a and HIF-1f/aryl hydrocarbon
receptor nuclear translocator subunits. The prognostic relevance of HIF-1a protein overex-
pression has been shown in breast cancer. The impact of HIF-1a alternative splice variant
expression on breast cancer prognosis in terms of metastasis risk is not well known.

Therefore, Dales et al. [39] investigated the prognostic value of different HIF-1a transcript
expression levels in breast cancer and found a significant relationship between either clinico-
pathological characteristics or patient metastasis-free survival. They proved mRNA expres-
sion of a HIF-1a™¢splice variant reflects a stage of breast cancer progression and is associated
with a worse prognosis [39].

Due to the fact that TNBC frequently shows morphologic evidence of hypoxia (central fibrosis
and necrosis) [40, 41] an augmented expression of HIF-1a in tumors with a triple-negative
phenotype should be anticipated. In fact, this had been elegantly demonstrated through the
preferential expression of HIF-1a in peri-necrotic tumor cells in TNBC and BRCA1 mutated
breast cancers [42].

In contrast, Tan et al. [43] and Choi et al. [44] demonstrated in TNBC an increase of car-
bonic anhydrase IX, a downstream product of the hypoxic pathway, rather than an increase
in HIF-1a per se. The authors did not dispute the likely contribution of hypoxia to the tumors’
aggressive phenotype.

HIF-1a overexpression is an indicator of poor prognosis and significant survival time reduc-
tion in patients suffering from breast cancer [45]. HIF-1 upregulates transcription of angio-
genic genes like erythropoietin (EPO) and vascular endothelial growth factor (VEGF), which
induce sprouting of new vessels and in result they increase the risk of metastasis because they
boost surface of contact between tumor cells and vasculature. HIF-1 induces transcription of
cytoprotective proteins in malignant cells in hypoxic conditions. HIF-1a predicts poor prog-
nosis breast cancer [46, 47].

The relationship between inflammation and tumor progression is widely accepted. This phe-
nomenon is also well known in breast cancer, and is mediated by numerous interleukins.
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Besides playing a central role in the induction of inflammatory processes, interleukin 13 (IL-
1P) was also identified as a factor important for progression of the tumor and stimulation of
angiogenesis as well as being responsible for the increase in the invasiveness of cancer lesions.
Recently, there has been considerable interest in understanding the non-hypoxic upregulation
of the hypoxia-inducible factor HIF-1a by IL-1 in neoplastic cells since aberrant expression of
HIF-1a correlates with tumor progression. Naldini et al. [48] studied the effect of IL-1(3 on cell
migration and HIF-1a accumulation in the human invasive breast cancer cell line MDA-MB-231.

It was found that hypoxia-independent induction of HIF-1a by IL-1 was associated with an
increase in cell migration and a simultaneous increase in the activity of phosphorylated p38
MAPK and CXCR1 expression. Inhibition of HIF-1a by siRNA led to a significant reduction in
CXCRI1 expression and cell migration, confirming the role of HIF-1a in hypoxia-independent,
IL-1B-induced migration of the MDA-MB-231 line cells. The results of the studies present a
new role of IL-1 in breast cancer. The therapeutic approach focused on inhibition of IL-1(3
activity appears to be a new target for the research aimed at the development of novel meth-
ods to treat invasive breast cancer [48].

6. Aim

The first aim of our study was to evaluate the expression of ER, PR and HER2 in order to extract
a group of TNBC and non-TNBC. The second aim of this study was to evaluate the relation-
ship between immunohistochemical expression of novel prognostic marker —HIF-1aa—and
clinicopathological features for patients with triple-negative breast cancer.

7. Materials and methods

Studies were conducted in a group of 162 patients with breast carcinoma with lymph node
metastasis (111 triple-negative breast cancer and 51 non-triple-negative breast cancer) in the
Department of Pathology, Military Medical Institute in Warsaw. Material for the study came
from biopsies, excisional biopsies and modified radical mastectomies. Tumor samples were
fixed in 10% buffered formalin phosphate. After 24-h fixation, material was dehydrated using
alcohol in gradually increasing concentrations and embedded in paraffin. Paraffin blocks were
cut into serial sections 4 pm in thickness. They were then stained using standard methods. The
tumors were classified and graded according to the WHO and the Nottingham modification
of the Scarff-Bloom-Richardson systems. In the sections stained with routine H&E method,
the following determinations were carried out: type of neoplasm (WHO classification), tumor
grade including tubule formation, and intensity of division as well as the degree of neoplastic
cell differentiation and mitotic index as a mean number of mitotic figures in neoplastic cells
counted in 10 fields of vision at a 400x magnification (surface field 0.17 mm?).

Paraffin sections on the slides covered with 2% saline solution in acetone at temperature of
42°C were used for immunohistochemical examination.
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Routine tests were performed in order to determine immunohistochemical expression of
basic profile of diagnostic markers, such as estrogen receptor (ER), progesterone receptor
(PR) and HER2. Monoclonal antibodies against receptors for estrogen (Monoclonal Mouse
Anti-Human Estrogen Receptor alpha, 1:50 dilution, Clone: 1D5, Code: IR654, DAKO) and
progesterone (Monoclonal Mouse Anti-Human Progesteron Receptor, 1:400 dilution, Clone:
PR636, Code: IR068, DAKO) were used in order to determine the expression of steroid recep-
tors. Evaluation of the immunohistochemical markers was performed by two pathologists
as follows: ER and PR were categorized as negative—(0%), low positive—(1-10%); nuclear
staining in >10% of tumor cells was considered positive for ER and PR.

The study was conducted as follows: sections were incubated at 60°C overnight and subse-
quently dewaxed. The next step involved revealing the epitope by heating the slides in a buffer
for 40 min. Subsequently, preparations were left at room temperature for 20 min. Preparations
were rinsed in buffer and endogenous peroxidase was blocked by washing in 3% H,O, for
10 min. In the next step, preparations were incubated with an appropriate antibody for 30 min.
After incubation, preparations were rinsed in buffer for 10 min, and then incubated with the
reagent (Visualization Reagent) for 30 min. After incubation with the reagent, preparations were
washed in TBS (Tris-Buffered Saline, Code: S1968) with pH 7.6 for 10 min, and then incubated
with 3,3'-diaminobenidine (DAB) (Substrate —Chromogen Solution) for 10 min to visualize the
color of the reaction. At the end of the procedure, preparations were stained with hematoxylin.

HER2 expression was determined using HerceptTest™ DAKO test (Code: K5204). It enabled
detection of HER2 expression using a polyclonal antibody against this protein (Rb A—Hu
HER2—Rabbit Anti-Human HER2 Protein). Antigen retrieval for HER2 using HerceptTest
was performed by immersing and incubating the slides in 10-mmol/L citrate buffer in a cali-
brated water bath (95-99°C) for 40 min (+1 min). After decanting the epitope-retrieving solu-
tion, sections were rinsed in the wash buffer and later, soaked in the buffer for 5-20 min
before staining. The slides were loaded onto the autostainer using the HercepTest program,
as described in the manufacturer’s insert. In the autostainer, the slides were rinsed, placed
in 200 uL of peroxidase-blocking reagent for 5 min, rinsed, placed in 200 uL of primary anti-
HER?2 protein (or negative control reagent) for 30 min, rinsed twice and immersed in 200 uL of
substrate chromogen solution — DAB for 10 min. The slides were counterstained with hema-
toxylin and finally coverslipped. HER2 results were determined based on the maximum area
of staining intensity according to the instruction in the package insert and the ASCO/CAP
guidelines as follows: strong, circumferential membranous, staining in >30% of invasive carci-
noma cell was scored 3+, moderate, circumferential, membranous staining in 210% of invasive
tumor cells or 3+ staining in <30% of cells was designated as 2+ staining, weak and incomplete
membranous staining in invasive tumor cells was scored 1+ and no staining was scored 0.
Tumors with 0 and 1+ staining were considered negative.

A total of 162 cases of breast cancer with metastasis to lymph nodes were assessed for expres-
sion of HIF-1a (Monoclonal Mouse Anti-Human HIF-1a 1:50 dilution, Clone:28b, Santa Cruz
Biotechnology®, Inc.). A visualization system ImmunoCruz™ Mouse ABC Staining System
(Santa Cruz Biotechnology®, Inc.) was subsequently applied; tumor-cell immunoreactiv-
ity was scored according to both the extent of nuclear staining—relative number of HIF-1a
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positive cells, and the intensity of the reaction: [-] not detected; [+] <1% positive cells; [+]
1-10% weakly to moderately stained cells; [++] 1-10% intensively stained cells or 10-50%
weakly stained cells; [+++] 10-50% positive cells with moderate to marked staining; [++++]
>50% positive cells [49]. Positive controls were HIF-1a immunoreactive breast cancer tissues.
Negative controls were prepared with omission of primary antibodies.

8. Statistical analysis

All statistical analyses were performed with SPSS software v12.0. The Chi-square (x?) was used
to assess the relationship between HIF-1a and degree of histological malignancy and clinical
staging. The Fisher exact test was used when the expected cell counts were less than 5. The
results were considered as statistically significant if the p value was less than 0.05 (p < 0.05).

9. Results

Histopathological examination was performed in tumors obtained from 162 patients suffer-
ing from breast cancer. Among 162 breast cancer patients we identified 111 (68.5%) subjects
with triple-negative breast cancer (TNBC was identified as ER-negative, PR-negative, and
HER2-negative) and 51 (31.5%) subjects with non-triple-negative breast cancer. Mean age of
patients with TNBC was 47.8 and of patients with non-TNBC 60.4 years.

Histopathological subtyping of the 111 triple-negative breast cancers identified 89.1% inva-
sive ductal carcinomas of no special type (IDC-NST) (Figure 1) and 10.9% other special types
of cancers: invasive lobular carcinomas, mixed ductal and lobular types, metaplastic carcino-
mas (Table 1).

All cases of triple-negative breast cancer were grouped according to histological grading: 3
(2.7%) cases were grade 1 (G1), 58 (52.2%) cases were identified as grade 2 (G2) and 50 (45.1%)

Figure 1. Triple negative breast cancer (TNBC) H&E.
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Immunohistochemistry Frequency Prognostic parameters
n=162
Tumor necrosis Histological type of invasive
breast cancer
positive negative p-value IDC-NST other p-value
types
TNBC 111 40 71 0.036* 99 12 0.858
(100%) (36.0) (64.0) g1 109
non-TNBC 51 10 41 45 6(11.8)
(100%) (19.6) (80.4) (88.2)

Table 1. Relationship between immunohistochemical profile (TNBC/non-TNBC) and prognostic parameters invasive
breast cancer with metastasis to lymph bodes (*statistically significant results p < 0.05).

cases—grade 3 (G3). Given the histological grade of malignancy, G2 and G3 tumors com-
prised the largest group of triple-negative breast cancers.

In our study TNBC were most commonly assessed as G2 and G3 (52.2%; 45.1%), pT1 and pT2
(34.2%; 62.1%), and pN1, pN2 (45%; 41.4%). Respectively non-TNBC were most commonly
assessed as G2 and G3 (47%; 47%), pT1 and pT2 (39.2%; 47%) and pN1 (52.9%). In our study a sta-
tistically significant association was found only between TNBC and non-TNBC tumor size (pT)
(p =0.0011). Furthermore in TNBC more commonly than in non-TNBC the presence of necrosis
in the tumor mass was observed (36%; 19.6%) and statistically significant correlation between
TNBC and non-TNBC in the presence of necrosis was demonstrated (p = 0.036) (Table 1).

In all examined breast cancers we also assessed the expression of HIF-1a but not statistically sig-
nificant relationship between TNBC and non-TNBC was revealed. TNBC more often presented
HIF-1a expression (43.2%) than non-TNBC (35.2%). In both groups we investigated correlation
between the HIF-1a expression and features such as: tumor size (pT), histological grade (G1-
G3) and the presence of lymph node metastasis (pN1-pN3). While TNBC subgroup demon-
strated significant correlation between HIF-1a expression and tumor size (pT1-pT4) (p =0.021).
Detailed data and relationships between different parameters are presented in Tables 2 and 3.

Immunohistochemistry — basal panel for diagnosis of breast Frequency HIF-1a expression
cancer n=162
Negative Positive p-value
(<10%) (>10%)
TNBC (ER-/PR-/HER2-) 111 63 48 0.339
(100%) (56.8) (43.2)
non-TNBC (ER+/PR+/HER2+) 51 33 18
(100%) (64.8) (35.2)

Table 2. Relationship between basic immunohistochemical profile (ER, PR, HER2) and expression HIF-1« in invasive
breast cancer with metastasis to lymph nodes (*statistically significant result p < 0.05).
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Clinicopathological features of TNBC HIF-1 a expression
Negative Positive p-value
(<10%) (>10%)
Histological grade G1 0 3 0.134
G2 35 23
G3 28 22
Tumor stage pT1 16 22 0.021*
pT2 46 23
pT3 1 2
pT4 0 1
Nodal stage pN1 30 20 0.821
pN2 25 21
pN3 8 7

Table 3. Clinicopathological features of TNBC and their relationship to expression of novel breast cancer marker -
HIF-1a (*statistically significant result p < 0.05).

10. Discussion

A group of patients without the expression of any of the receptors qualifying for hormone
therapy or targeted therapy against HER2 constitutes an important clinical problem in breast
cancer treatment. Therefore, it seems important to undertake studies aimed at determining
histopathological and immunohistochemical characteristics of this invasive group of triple-
negative breast cancer (TNBC). Triple-negative breast cancer is most commonly found in
patients less than 50 years of age [49, 50]. Our study also found that TNBC is most common
among women before 50 years of age (mean age 47.8).

In our study, histopathological subtyping of 111 patients with identified TNBC yielded the
following results: 89.1% of IDC-NST and 10.9% of other special types of cancers. Infiltrating
ductal carcinoma of no special type (IDC-NST) was the predominant histopathological type.
Similar results were obtained by other researchers, e.g., Nofech-Mozes et al. [51], Williams
et al. [52], Atik et al. [53], Rao et al. [54], Osman et al. [55], Sood et al. [56] and Tawfik et al. [57]
(92%, 91%, 27%, 88%, 85.7%, 80.56% and 81.9%), who found that IDC-NST is the dominant
histological type in a group of triple-negative breast cancers. Given the histological grade of
malignancy, the largest group of triple-negative breast cancers encompassed tumors given G2
and G3 grade. Statistical analysis showed no significant correlation between histological grade
(G1-G3) and triple-negative tumor morphology (p > 0.05). The following authors obtained
similar results: Atik et al. [53] assessing 75% of cancers in TNBC group as G3, Carey et al. [58],
who found that in the TNBC group most cases are G3 cancers (26%). In a study on 16 cases
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of TNBC, Dabbs et al. [59] found that all tested tumors showed high degree of histological
malignancy. Choi et al. [60] obtained similar results, stating that in a group of triple-negative
cancers 63.1% were G3 tumors. Research by Zhou et al. [61] also showed that triple-negative
G2 (51.6%) and G3 (45.2%) cancers were most numerous. Osman et al. [55] confirmed in their
study that G3 carcinomas (61.9%) comprised the largest group of triple-negative tumors, while
Sood et al. [56] pointed to G2 (47.22%) and G3 (38.89%) as most common tumors.

There are conflicting reports on the prevalence of lymph node metastases at the time of
diagnosis among patients with TNBC. In our study we found that women without metasta-
ses to regional lymph nodes (pNO) comprised the largest group of all investigated patients
with invasive triple-negative breast cancer (56.7%); no statistically significant relationship
between lymph node status and histological type of TNBC-IC (p > 0.05) was noted. Lymph
node status among patients with TNBC was reported as follows: 19.81%—N1, 19.81%—
N2, 3.6%—N3. The study also showed no association between tumor size and presence of
lymph node metastasis in patients with TNBC, which stood in contradiction to the find-
ings of Thike et al. [62] who had demonstrated a relationship between tumor size and pres-
ence of nodal metastases. In studies by Rao et al. [54] lymph node metastases were found
in 37 of 50 patients with TNBC (74% of cases), and TNBC was associated with higher rates
of node-positive cases, which was in agreement with the findings of Carey Rakha et al. [58]
and Rakha et al. [63].

In our study 30.9% of all tumors showed central necrosis. In TNBC more commonly than
in non-TNBC the presence of necrosis was observed (36%; 19.6%). Yehia et al. [64] in their
study divided breast cancers into three subgroups (TNBC, HER2+ and ER+/PR+). 15.3% of all
tumors showed central fibrosis and tumor necrosis, which differed significantly among the
three groups (p = 0.019). TNBC had the highest values among all groups even after adjust-
ing the results for age. Respectively necrosis was observed in 25.8% TNBC, 9.4% HER2+ and
10.9% ER+/PR+ of cancers [64]. 62 TNBC, 64 HER2+, and 64 hormone-receptors positive breast
cancers were evaluated also for HIF-1a expression. HIF-1a was expressed in 35.5% TNBC,
45.3% HER2+ and 25.0% ER+/PR+ (p = 0.055). In our study HIF-1a expression was observed in
43.2% TNBC and 35.3% non-TNBC.

Due to the fact that TNBC subtype frequently show morphologic evidence of hypoxia (central
fibrosis and necrosis) [40, 41] an augmented expression of HIF-1a in tumors with a triple-
negative phenotype was anticipated. In fact, this had been elegantly demonstrated through
the preferential expression of HIF-la in peri-necrotic tumor cells in TNBC and BRCA1
mutated breast cancers [42].

HIF-1a overexpression is an indicator of poor prognosis and significant survival time reduc-
tion in patients suffering from breast cancer [45]. HIF-1 upregulates transcription of angio-
genic genes like EPO and vascular endothelial growth factor (VEGF), which induce sprouting
of new vessels and in result they increase the risk of metastasis because they boost surface
of contact between tumor cells and vasculature. HIF-1 induces transcription of cytoprotec-
tive proteins in malignant cells in hypoxic conditions. HIF-1a predicts poor prognosis breast
cancer [46, 47].
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11. Conclusions

Demonstration of statistically significant relationship between HIF-1 a expression and tumor
size (pT) in patients diagnosed with triple-negative breast cancer with lymph node metasta-
ses, may suggest that HIF-1 ot expression in this group of patients may be an additional and
significant marker in the evaluation of advance of the disease, affecting therapeutic decisions.
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Abstract

Breast cancer is the most commonly diagnosed cancer and the leading cause of cancer-
related death in female. To better understand the growth and progression as well as
therapeutic management, breast cancers are grouped based on histopathological and
molecular classification. A number of factors have been implicated in the development
of breast cancer. Various cell surface as well as hormone receptor signaling play crucial
role in breast cancer initiation and progression. This chapter briefly discusses few of the
important receptor signaling pathways and the various strategies in practice as well as at
different stages of development to target these pathways.

Keywords: breast cancer, estrogen receptor, HER1, HER2, tyrosine kinase inhibitors,
WNT signaling, therapeutic monoclonal antibodies

1. Introduction

Cancer is considered to be the leading cause of death in developed countries and the
second in developing countries. The burden of cancer is growing in economically devel-
oping countries due to population aging and adaption of cancer-associated lifestyle
including smoking and Western diet. In 2008, it has been estimated that around 12.7
million cancer cases and 7.6 million cancer deaths have happened. Of these about 56%
of the cases and 64% of the deaths have been recorded in the economically developing
countries [1].

Breast cancer in female is the most common diagnosed cancers and the leading cause of
cancer-related death in developed and developing countries. It accounted for 1.38 million
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new cancer cases (23%) and 458,400 (14%) of the total cancer deaths in 2008 worldwide. Of
these, about 50% of the cases of breast cancer and 60% of breast cancer deaths takes place in
developing countries including Western and Northern Europe, North America, Australia and
New Zealand [2]. In the United States, in 2008, the American Cancer Society (ACS) estimates
that almost 182,500 women were diagnosed with breast cancer and during the year about
40,500 women lost their life due to breast cancer.

The breast is made up of different types of tissues including fatty, lymphatic and connective
tissue. A female breast is organized into 15-20 sections called lobes. Each of these lobes con-
tains many smaller glandular structures called lobules which responsible for milk produc-
tion. The lobes and lobules are connected through a network of tubes called ducts through
which milk flows and reaches the nipple [3].

Majority of breast cancers arise from the cells in the duct or from milk-producing cells in the
lobules. Increase in the incidence of breast cancer observed in epidemiological studies is as
a result of breast cancer risk factors. About 20-30% of diagnosed cancer cases may be asso-
ciated with these factors and their activity that lead to deregulation of the normal cellular
processes into neoplastic transformation of breast cells [4]. However, about 75-80% of women
with breast cancer have no identifiable risk factor [4]. Therefore, different system or model is
required to be utilized to examine this cancer.

2. Risk factors of breast cancer

Being a women and getting older are the main influence to have breast cancer. It has been
reported that women with age 30has a lower chance (about 1 in 1500) of developing breast
cancer compared to women with age 40 (about 1 in 173) [5]. Thus, being 40 years of age or
above poses significant risk for developing breast malignancy. There are several other factors
that play crucial role in developing breast cancer, such as history of cancer in first-degree rela-
tives, history of mammary gland diseases, early menarche, late menopause, Caucasian race,
and late childbearing after 35 years of age. Causes of breast cancer development have also
been linked to lifestyle-related factors including alcohol consumption, not being physically
active, being overweight or obese and using hormone replacement therapy. Risk of having
breast cancer may result from combination for these factors as reviewed by Singletary [6] as
can be seen in Table 1.

Breast cancer classification systems have been utilized in order to organize the heterogeneity
of this disease. Over many decades, these systems have been developed in order to assist in
prognosis and treatment. The breast cancer classification models evolved due to advances in
cancer research and understanding of the molecular heterogeneity of breast cancers. These
classifications are based on histological and molecular variations in breast cancer subtypes
[7]. Such classifications assist in understanding the growth and progression of breast cancer
as well as in their therapeutic management.
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Risk factor Category at risk Comparison category Relative
risk

Alcohol intake 2 drinks per day Non-drinker 12

Body mass index 80th percentile, age 55 or greater 20th percentile 12

Hormone replacement therapy Current user for at least 5 years Never used 1.3

with estrogen and progesterone23

Radiation exposure Repeated fluoroscopy No exposure 1.6
Radiation therapy for Hodgkin’s No exposure 5.2
disease

Early menarche Younger than 12 years Older than 15 years 13

Late menopause Older than 55 years Younger than 45 1.2-1.5

Age at first childbirth Nulliparous or first child after 30 First child before 20 1.7-19

Current age 65 or older Less than 65 5.8

Past history of breast cancer Invasive breast carcinoma No history of invasive 6.8

breast carcinoma

Other histologic findings Lobular carcinoma in situ No abnormality detected 16.4
Ductal carcinoma in situ No abnormality detected 17.3

Breast biopsy Hyperplasia without atypia” No hyperplasia 1.9
Hyperplasia with atypia No hyperplasia 53
Hyperplasia with atypia and No hyperplasia, negative 11
positive family history family history

Cytology (fine-needle aspiration, ~ Proliferation without atypia’ No abnormality detected 25

ippl iration fluid

nipple aspiration fluid) Proliferation with atypia No abnormality detected 4.9-5
Proliferation with atypia and No abnormality detected 18.1
positive family history

Family history 1st-degree relative 50 years or older ~ No 1st- or 2nd-degree 1.8
with postmenopausal breast cancer  relative with breast cancer
1st-degree relative with No 1st- or 2nd-degree 3.3
premenopausal breast cancer relative with breast cancer
2nd-degree relative with breast No 1st- or 2nd-degree 15
cancer relative with breast cancer
Two 1st-degree relatives with breast No 1st- or 2nd-degree 3.6
cancer relative with breast cancer

Germline mutation Heterozygous for BRCA1, age <40  Not heterozygous for 200

BRCAL, age <40

Heterozygous for BRCA1, age 60-69 Not heterozygous for 15

BRACI1, age 60-69

‘There is controversy over whether pathologic hyperplasia detected in breast biopsy samples is directly equivalent to
cytologic hyperplasia detected in samples obtained through FNA or nipple aspiration.

Table 1. Risk factors for breast cancer.
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3. Classification of breast cancer

3.1. Histopathological classification

Breast cancer can be broadly classified based on the location and aggressiveness of the
disease. Two main classes of breast cancer are in situ carcinoma and invasive (infiltrat-
ing) carcinoma. Breast carcinoma in situ can be divided into two types. Ductal carcinoma
in situ (DCIS) originates from the cells lining the ducts that transport milk to the nipple
while lobular carcinoma in situ (LCIS) occurs in the cells of lobules, the milk-producing
glands at the end of breast ducts [3, 7]. Both DCIS and LCIS are premalignant lesions that
do not invade deeper or spread through the body. Women with these lesions have higher
likelihood of getting cured but also have increased risk of developing invasive breast can-
cer in the future. DCIS is significantly more common accounting for 80-90%, while LCIS
accounts for 10-20% of breast cancer cases [3]. DCIS has been traditionally sub-classified to
five well-recognized subtypes as Solid, Papillary, Micropapillary, Cribriform and Comedo
based on the architectural features of the tumor [8]. Invasive carcinomas, similar to in situ
carcinomas are differentiated into histological subtypes. These subtypes include infiltrating
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Figure 1. Histological classification of breast cancer subtypes. Modified from Malhotra et al., 2010 [7].
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ductal (IDC), invasive lobular (ILC), mucinous (colloid), medullary, tubular and papillary
carcinomas (Figure 1) [7]. IDC is considered as the most common histological subtype of
breast cancer, and it accounts for 70-80% of all invasive lesions [9], while ILC is the second
most prevalent and accounts for roughly 10% of all breast cancers. These subtypes dif-
fer from each other based on clinicopathologic aspects, natural history, epidemiology and
molecular alterations [10].

3.2. Molecular classification

Breast cancer is a heterogeneous disease with diverse histological and molecular variations
determining the biological behavior and therapeutic response. The occurrence as well as
death due to breast cancer is on the rise globally despite advances in the development of
diagnostic techniques and medications. There are many factors including age, family his-
tory, receptor status and others that have been investigated to assess patients’ risk and treat-
ment selection. It has been proven that receptor status is the most valuable in determining
prognosis and responsiveness to therapy [11, 12]. Based on the receptor status, breast can-
cers are divided into three main groups. The first group includes estrogen receptor (ER) or
progesterone receptor (PR) positive, while the second group comprises tumors that tested
positive for human epidermal growth factor receptor 2 (HER2) with or without ER and PR
positivity. Finally, triple-negative breast cancer (TNBC) is defined by the absence of ER/
PR expression and HER2 amplification [11]. Targeted therapy is available for breast cancer
patients that express ER, PR or HER?2 receptors; however, no standard treatment options are
in practice for TNBC patients. Traditional chemotherapeutic regimens are utilized for this
type of patients [13].

A number of techniques including immunohistochemistry (IHC), DNA microarray tech-
nology, fluorescent in situ hybridization (FISH) are utilized to reveal molecular differences
within the same or different histopathological specimens [14-16]. Using IHC and DNA micro-
arrays lead to the identification of five discrete subtypes of breast cancer. These subtypes
include luminal A (ER* and/or PR* and HER?2"), luminal B (ER* and/or PR *and HER2"), HER2
overexpressing (ER” and PR", HER?2"), basal-like (ER/PR"/HER?2", cytokeratin 5'/6" and/or epi-
dermal growth factor receptor (EGFR)*) and normal breast-like. These different breast cancer
subtypes are diverse in prognosis and therapeutic management [11]. Microarray classifica-
tion of breast cancer is represented in Table 2. This classification is based on two types of
epithelial cells including luminal and basal cells (and/or myoepithelial) in human mammary
gland. These cells can be identified using IHC technique as luminal cells express ER and PR
receptors and keratins 8'/18, whereas basal cells are keratins 5'/6* and 17*[17, 18].On the other
hand, TNBC can be identified by ER", PR™ and HER2" using IHC range between 0 and 1 or by
FISH negative if 2+ on IHC [15].

Various receptors including estrogen receptor (ER) and other growth factor receptor signaling
pathways play an important role in breast cancer initiation and progression. Targeting these
receptors by specific inhibitors may lead to the inhibition of tumor growth [20].
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Subtypes ER,PgR,Her2  Other IHC features Cell of origin Other characteristics
Status
Luminal A ER+orPgR+or Keratin 8/18 + ve Luminal epithelial cell Younger age
both, Her 2-
Best prognosis
Low rates of recurrence
Higher survival rate
Luminal B ER+orPgR+or Keratin 8/18 + ve Luminal epithelial cell Higher tumor grade
both, Her 2+
Poorer prognosis
Basal-like ER-, PgR-, Keratin 5/6/17 + ve  Basal/myoepithelial cell/ 15%
Her2-/+ Bipotent progenitor
EGFR +ve Younger age
Associated with hereditary
BRCA 1
Poorer prognosis compared
to other types
Spread to axillary nodes, less
common to bones
Her 2+ ER-, PgR-, Her2+ — Late luminal progenitor 20-25%
Poorer grade
Lymph nodes positive
Early distant metastases
Poor prognosis
Frequent relapse
Normal Tumors that - Luminal epithelial cell 6-10% of all breast cancers
breast-like  do not fill into
any of these Small tumors
categories Good prognosis
More common in
postmenopausal
Associated with
fibroadenomas
Claudin low ER-, PR-, Her2- Mesenchymal Stem cell 5-10% of all tumors
markers

Typically triple negative

Low expression of cell-cell
junction proteins (like
E-Cadherin)

Lymphocytic infiltrates

IHC, immunohistochemistry; ER, estrogen receptor; PgR, progesterone receptor, +, positive, — negative.

Table 2. Microarray classification of breast cancer [19].
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4. Breast cancer receptors (ER, PR and HER2) and their involvement
in cancer progression

4.1. Estrogen receptor (ER)

Despite the fact that a large number of potentially valuable factors have been identified, only
three receptors, the estrogen receptor-alpha (ERa), the progesterone receptor (PgR), and the
HER? are utilized in clinical practice, and their assessment is obligatory [21]. Approximately
70% of all breast cancers, which belong to the molecular subtypes luminal A or luminal
B, express ERa. There is strong evidence demonstrating that estrogen plays an important
role in the progression and development of breast cancers, although the causes behind
these malignancies still remains uncertain [22]. ER alpha positive breast cancers depend on
estrogen signaling for proliferation. Binding of estrogen to ERs leads to dimerization of the
receptor which then translocates to the nucleus and binds estrogen response elements in the
DNA sequence. This leads to cell proliferation as a result of stimulation of target genes [23].
ERa mediates a number of molecular signaling such as mitogen-activated protein kinase
(MAPK) and phosphoinositide 3-kinase (PI3K) pathways which are involved in cell growth
and proliferation [24] as can be seen in Figure 2.
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Figure 2. The PI3K/AKT/mTOR and the RAS/RAF/MEK/MAPK pathways. Modified from Toss and Cristofanilli [25].
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ERa-positive breast cancer depends on these signaling for proliferation. Therefore, the most
effective approach to terminate or slow the growth of this type of cancer is by blocking estro-
gen action in the tumor using hormone therapies. For the past few decades, one of the most
widely used drug for the treatment of breast cancer is tamoxifen, which is a selective ER
modulator and acts as anantagonizer for ERa function. It has been utilized as a long-term
adjuvant therapy and as preventative agent in a lot of women at increased risk for the disease.
Also, fulvestrant, which acts as an anti-estrogen, downregulates ERat and has been approved
for clinical use [22].

Another class of breast cancer treatment drugs that have evolved are called aromatase inhibi-
tors (Als). These inhibitors include anastrozole, letrozole and exemestane as detailed in
Table 3. Als are able to inhibit the aromatase enzyme (a cytochrome P450 heme-containing
protein), which is required for estrogen synthesis [26] During menopause, the level of estro-
gen decreases due to cessation of estrogen production by the ovaries. Hence, locally syn-
thesized estrogen via breast adipose tissue plays crucial role in the survival and growth of
ERa-positive breast tumors [27].Unfortunately, majority of patients treated with endocrine
therapy develop resistance. This leads to the progression of disease and fatality. Several signal
transduction pathways such as MAPK and PI3K are involved in tamoxifen resistance. These
pathways are activated by growth factors including human epidermal growth factor receptor
2 (HER2). It has been noticed that MCF-7/HER2-18 tamoxifen-resistant model system that
overexpress HER2 shows increased growth when cells are treated with tamoxifen. Several
studies indicate that there exists a molecular cross-talk between the ER and HER2 pathways
[28, 29]. Also, the mechanisms associated with Als resistance share similarities with tamoxifen
resistance, particularly in the upregulation of growth factor pathway such as HER2 and its
dimerization partner epidermal growth factor receptor (EGFR/HER1) [30].

Retinoblastoma (RB) is the tumor suppressor protein that plays an important role in regulat-
ing the progression of cell cycle. This occurs by the RB inhibitory action on E2Fs which are a
family of transcription factors that are crucial for the expression of S-phase genes. It has been
noticed that deregulation in the RB pathway occurs in various cancers including breast cancer
2. About 50% of breast cancers overexpress cyclin D1 that lead to an aberrant phosphorylation
of RB facilitating cell cycle progression [31]. Adjuvant tamoxifen-treated ER positive breast
cancer patients having functional RB pathway have fewer breast cancer recurrences, while
those with RB non-functional tumors have no benefit of tamoxifen. Therefore, knowing the
RB status in breast cancer can be utilized as predictive factor to identify patients who will ben-
efit from tamoxifen therapy [32]. Further, it has been observed that histone demethylase reti-
noblastoma-binding protein 2 (RBP2) has a potential to develop endocrine therapy resistance
in breast cancer. Choi et al. demonstrated that tamoxifen resistance in vitro and in vivo occurs
as a result of RBP2 overexpression, while knocking down RBP2 imparted tamoxifen sensitiv-
ity. The cooperation between RBP2 and ER coactivators and corepressors regulates a number
of tamoxifen resistance-associated genes. Moreover, RBP2 increased IGF1IR-HER?2 cross-talk
that lead to PI3K-AKT activation through demethylase activity-independent HER2 protein
stabilization. Therefore, RBP2-mediated tamoxifen resistance might be overcome using com-
binational treatment with PI3K inhibitor and tamoxifen. ER-IGF1R-HER2 signaling cascade
can be activated in various ways by RBP2 to induce tamoxifen resistance, thus making RBP2



Endocrine and Cell Surface Receptor Signaling in Breast Carcinogenesis
http://dx.doi.org/10.5772/intechopen.74679

Drug

Target

Indications/trials

Tamoxifen

Fulvestrant

Anastrozole

Letrozole

Exemestane

Trastuzumab

Pertuzumab

T-DM1

Cetuximab

Panitumumab

Erlotinib

Lapatinib

Neratinib

ER

ER

Aromatase enzyme

Aromatase enzyme

Aromatase enzyme

HER2
HER2

HER2

HER1

HER1

HER1

HER2/HER1

HER2/HER1

Treatment of metastatic estrogen receptor positive breast cancer.

Adjuvant treatment of node-positive breast cancer in postmenopausal
women following total mastectomy or segmental mastectomy.

Adjuvant treatment of axillary node-negative breast cancer in women
following total mastectomy or segmental mastectomy.

Hormone receptor (HR)-positive, human epidermal growth factor
receptor 2 (HER2)-negative advanced breast cancer in postmenopausal
women who have not been previously treated with endocrine therapy.

HR-positive advanced breast cancer in postmenopausal women whose
disease has progressed after endocrine therapy

HR-positive, HER2-negative advanced breast cancer or breast cancer that
has spread to other parts of the body (metastatic), in combination with
palbociclib or abemaciclib in women whose disease has progressed after
endocrine therapy.

Adjuvant treatment (treatment following surgery with or without
radiation) of postmenopausal women with hormone receptor positive
early breast cancer approved for the initial treatment of postmenopausal
women with hormone receptor positive or hormone receptor-unknown
locally advanced or metastatic breast cancer and for the treatment of
postmenopausal women with advanced breast cancer that has progressed
following treatment with tamoxifen.

Adjuvant treatment of postmenopausal women with estrogen receptor
positive early breast cancer.

Adjuvant treatment of postmenopausal women with estrogen receptor
positive early breast cancer who have received 2-3 years of tamoxifen and
are switched to exemestane for completion of a total of five consecutive
years of adjuvant hormonal therapy.

Treatment of patients with HER2-overexpressing breast cancer.

Used in combination with trastuzumab and chemotherapy as adjuvant
treatment of patients with HER2-positive early breast cancer at high risk
of recurrence.

Used for the treatment of patients with metastatic HER2-positive breast
cancer.

Pre-clinical and clinical studies especially in combination therapy to treat
triple-negative breast cancer.

Phase II study of Panitumumab, Nab-paclitaxel, and Carboplatin for
patients with primary inflammatory breast cancer (IBC) without HER2
overexpression.

Phase I study of Erlotinib and Metformin in triple-negative breast cancer.
Pre-clinical studies in triple-negative breast cancer.

Treatment of postmenopausal women with hormone receptor positive
metastatic breast cancer that overexpresses the HER2 receptor and for
whom hormonal therapy is indicated.

Adjuvant treatment of adult patients with early stage HER2-
overexpressed/amplified breast cancer, to follow adjuvant trastuzumab-
based therapy.
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Drug Target Indications/trials
RO4929097 y-secretase inhibitor Pre-clinical and early clinical trial.
(NOTCH Pathway)
MRK-003 Y-secretase inhibitor Pre-clinical studies in animal models
(NOTCH Pathway)
MK-0752 Y-secretase inhibitor A pilot study in combination with tamoxifen or letrozole in patients with

(NOTCH Pathway)  early stage breast cancer prior to surgery.

PF-03084014 v-secretase inhibitor Pre-clinical studies and phase 2 trial in patients with advanced triple-

(NOTCH Pathway) negative breast cancer with or without genomic alterations in notch
receptors

Salinomycin LRP6 (Wnt/f- Pre-clinical studies in animal models.
catenin pathway)

OMP-18R5 FZD7 (Wnt/B- A phase 1b dose escalation in combination with paclitaxel in patients with
catenin pathway) locally recurrent or metastatic breast cancer.

OMP-54F28 FZD8 (Wnt/p- Phase I study in patients with advanced solid tumors.
catenin pathway)

OTSA101 FZD10 (Wnt/B- Yttrium 90-radiolabeled OTSA101 in phase I trial in patients with
catenin pathway) relapsed or refractory non-resectable synovial sarcomas

Table 3. Approved and investigational drugs targeting estrogen receptor and other signaling pathway components.

as a potential therapeutic target for ER-driven cancer [33]. Despite these findings the mecha-
nisms of endocrine therapy resistance are poorly understood making it a major challenge in
the clinical management of this disease.

4.2. Progesterone receptor (PR)

Human breast cancers rely on estrogen and/or progesterone hormones for growth, and this
effect is mediated through ERs and PRs. ER or PR positive tumors represent up to two thirds
of invasive breast cancers in women whose age are less than 50 years, while about 80% of
tumors in women with age above 50 years are ER positive [34]. ERa regulates the expression
of PR. Therefore, the detection of PR normally indicates that the estrogen-ERa pathway is
intact and functional. Once PR is expressed, the hormone progesterone activates PR leading
to the upregulation of several crucial cellular function such as proliferation contributing to
breast cancer growth [21]. One of the most important parameter in breast cancer management
is determining the response of tumor to hormone therapy as not all patients benefit from these
therapies. Patients with breast cancer overexpressing ERs and PRs are more likely to respond
to hormone therapy, while tumors negative for these receptors are unlikely to get benefit from
them and respond better to chemotherapy [35]. Hormone therapy provides better quality of
living and improves survival. Higher expression level of PR is associated with better hormone
therapy response, increased survival rate and longer time for treatment failure. It has been
noticed that PR" is correlated with higher hormone therapy response rate independent of ER
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despite the fact that the expression levels of ER and PR are correlated. Tumors with ER*/PR*
have higher response rate compared to ER*/PR tumors. Thus, the status of PR provides essen-
tial information about how tumors will respond to hormone therapies [35].

4.3. Human epidermal growth factor receptor 2 (HER2)

Transmembrane receptor tyrosine kinases family (RTKSs) consists of HER1 (epidermal growth
factor receptor [EGFR]), HER2, HER3 and HER4. These receptors are involved in regulating
a range of cellular processes that controls cell growth, differentiation, survival and migra-
tion. HER2 gene overexpression has been reported in 20-30% of patients with breast cancer
[16, 36]. HER receptors are located at the plasma membrane and get activated by ligand
binding to the extracellular domain. This binding induces the formation of homodimers or
heterodimers [36]. While HER2 does not have a known ligand, HERS3 is kinase-inactive and
thus both these receptors signal by heterodimerization. Dimerization of these receptors leads
to the phosphorylation of tyrosine residues within the receptor intracellular tyrosine kinase
domain (cytoplasmic domain). These residues work as docking sites for adaptor proteins
containing Src homology 2 and phosphotyrosine binding domains (PTB). These proteins acti-
vate a large number of signal transduction molecules such as stress-activated protein kinase
and signal transducer and activator of transcription (STATs) and protein kinase B (PKB or
AKT) and subsequent stimulation of downstream signaling pathways including STAT, PI3K
and MAPK pathways. These signaling pathways are able to activate a wide range of cellular
responses such as survival, proliferation, cell motility and differentiation [16]. Overexpression
of HER2 and HER1 is responsible for poor clinical prognosis including unfavorable response
to endocrine therapy in breast cancer patients.

4.4. HER1 and HER? as therapeutic targets

There are two types of therapeutic strategies that have been utilized against breast cancers
overexpressing HER1 and HER2 receptors. The first includes monoclonal antibodies (MAbs)
that bind to the extracellular domain of the receptor interfering with the binding of endog-
enous ligands that activates these receptors. In the second strategy, small molecule inhibitors
(tyrosine kinase inhibitors [TKIs]) bind to the tyrosine kinase domain and inhibit its kinase
activity and subsequent downstream signaling (Figure 3 and Table 3) [16].

Anti-HER? antibodies have been successfully utilized in the treatment of various cancers over-
expressing HER?2 including breast cancer. These antibodies target the extracellular domain of
HER?2 and prevent receptor activation. Several monoclonal antibodies have been used includ-
ing trastuzumab and Pertuzumab. They bind to extracellular domain of HER2 in order to
suppress its activity by preventing receptor dimerization and subsequent phosphorylation
of the tyrosine kinase domain. As a result, the initiation of downstream signaling pathways
gets precluded [37].In addition, a number of TKIs such as gefitinib, lapatinib and neratinib
that are approved for treatment of breast cancers binds to HER1 and HER2 tyrosine kinase
domains and inhibits their downstream signaling pathways [38]. A major clinical challenge in
the treatment of HER2-positive breast cancer is due to resistance to the HER2-targeted anti-
body trastuzumab. Aghazadeh and Yazdanparast indicated that the over-activation of signal
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Figure 3. TKIs and MAbs target HERs for the treatment of breast, lung and several other types of cancer. Modified from
Alanazi and Khan [16].

transducer and activator of transcription protein 3 (STAT3) has been associated with trastu-
zumab resistance. This suggests that STAT3 acts as a prognostic indicator of trastuzumab resis-
tance in primary HER2-positive breast cancer [39]. More than 50% of breast cancer patients
with aggressive and chemotherapeutic resistant condition have been detected with the phos-
phorylation of STAT3. Abnormal STAT3 activation due to alterations in HER2, HER1, BRCA1,
and ER leads to deregulation of cell proliferation, migration, survival and angiogenesis. Several
up-regulated genes including hypoxia inducible factor 1 alpha (HIF-1c) as a result of unex-
pected STAT3 activation have been implicated in trastuzumab resistance. During their study,
Aghazadeh and Yazdanparast found that HIF-1a is an essential signaling element required to
downregulate phosphatase and tensin homolog (PTEN) via Hes Family BHLH Transcription
Factor 1 (HES-1) repressor during the induction of trastuzumab resistance [39]. Similarly,
Sonnenblick et al. provide convincing evidence for a link between phosphorylation of STAT3
and trastuzumab resistance in HER2 positive primary breast cancers. Patients with activated
STAT3 may suggest novel approaches to block the STAT3 pathway in combination with trastu-
zumab treatment particularly in PTEN-deleted breast cancer [40]. Additionally, it has been
observed that inhibition of IL6-STAT3 pathway in PTEN-deleted HER2 positive breast cancer
leads to decrease in the population of cancer stem cells and inhibits the development of dis-
tance metastasis using IL6R antibody alone or in combination with trastuzumab [41].

5. Other receptors involved in breast cancer

5.1. NOTCH signaling pathway

Notch signaling pathway within the breast cancer field attracted a huge number of research
scientists over the past decade. It has been observed that Notch signaling is aberrantly acti-
vated in breast cancer and affects a number of cellular processes such as apoptosis, prolif-
eration and cancer stem cell activity. The Notch signaling pathway consists of four receptors
(Notchl, Notch2, Notch3 and Notch4) and five Delta/Serrate/LAG-2 (DSL) ligands Jagged1,
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Jagged?2, Delta-likel (DII1, DII3 and DI14). The activation of Notch signaling pathway occurs
by the interaction of DSL ligands with Notch receptors on adjacent cells. This interaction
induces a proteolytic cleavage of the Notch protein at the S2 cleavage site mediated by two
enzymes, Disintegrin and metalloproteinase domain-containing protein 10 (ADAM10) and
Disintegrin and metalloproteinase domain-containing protein 17 (ADAM17). After this
cleavage, the remaining part of the Notch protein will be cleaved by the y-secretase enzyme
complex and releases the Notch intracellular domain (NICD). Finally, NICD translocates
to the nucleus and forms a complex with DNA-binding protein recombination signal bind-
ing protein for immunoglobulin Kappa ] region (RBPj) and a member of the mastermind-
like (MAML) family transcriptional coactivators (Figure 4). This complex activates various
target genes of Notch pathway that are associated with tumorigenesis [42], cell growth,
differentiation, and cell survival [43].

A number of studies indicate that aberrant activation of Notch signaling has been observed in
breast cancer. The high expression of Notch signaling pathway components including DIl1,
DII3 and DIl4, Jagged1-2 and Notch receptors has been observed in invasive breast cancer.
This expression is associated with poor prognosis in breast cancer patients [43, 44]. Due to
the important role of Notch signaling pathway in breast cancer, it becomes a very attrac-
tive therapeutic target. At present, several classes of Notch inhibitors have been developed
and are under various clinical trials including y-secretase inhibitor (GSI), monoclonal anti-
bodies against Notch receptors or ligands and small interfering RNA (siRNA).GSI effectively
represses cancer stem cells (CSCs) in in vitro studies and triggers apoptosis via inhibiting
proteasome activity and enhancing endoplasmic reticulum (ER) stress in tumor cells [45].
Several GSIs have completed pre-clinical and early clinical trials including RO4929097
which significantly sensitizes putative breast cancer stem cells to ionizing radiation and
may be effective in treating inflammatory breast cancer (IBC), MRK-003 in combination with
trastuzumab induced tumor regression and prevented tumor recurrence post-trastuzumab

Cytoplaem Cytoplaare

e -
¢ PR

i e

2
]

— e ]

- ADAMLOFT

e e e
=,

e

Signad sanding sall

[ s —
Lot e S S -
== =

[ ———— — —

Figure 4. Basics of notch signaling pathway. Modified from Acar et al. [42].
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treatment in HER2 positive breast xenografts and partially reverses trastuzumab resistance
in vivo, MK-0752 reduced breast cancer stem cell subpopulation in vitro and in human tissues
and PF-03084014 exhibited antitumor and antimetastatic activity in breast xenograft models
(Table 3) [45].

5.2. The Wnt/B-catenin pathway

The Wnt/B-catenin pathway plays an important role in both normal development and
tumorigenesis. The initiation of Wnt/B-catenin pathway occurs via conserved growth fac-
tors of the wingless and integration site growth factor (Wnt) family. Nineteen different Wnt
genes which share a high level of sequence homology encode Wnts. Binding of Wnts to cell
surface receptors lead to the activation of Wnt pathway by triggering signaling cascades that
are very crucial in many cellular functions including survival, cell proliferation, specification
of cell fate, migration and polarity and self-renewal property of stem cells [46]. Canonical
Wnt pathway is also known as B-catenin-dependent Wnt pathway. In the absence of this
signaling, B-catenin is maintained at a low level via ubiquitin/proteasome-mediated degrada-
tion. This can be regulated through protein destruction complex consisting of adenomatous
polyposis coli (APC), axin and glycogen synthase kinase-3(3 (GSK-3f). Binding of Wnt ligand
to a seven-pass transmembrane Frizzled (FZD) receptor in combination with its co-receptor,
low-density lipoprotein receptor-related protein 6 (LRP6) or its close relative LRP5leads to
the activation of Wnt signaling pathway.. The formation of Wnt/FZD/LRP6 complex with the
recruitment of the scaffolding protein Disheveled (Dvl) leads to LRP6 phosphorylation and
recruitment of the Axin complex to the receptors. As a result, Axin-mediated $-catenin phos-
phorylation gets inhibited and B-catenin will be stabilized in the cytoplasm. Accumulated
[3-catenin translocates to the nucleus to form complexes with T cell factor/lymphoid enhancer
factor (TCF/LEF) family of proteins and activates target gene expression of Wnt signaling
pathway (Figure 5) [47].

It has been noticed that aberrant activation of canonical Wnt pathway, which supports the
formation and the maintenance of cancer stem cells (CSCs), maintains the pluripotency of
the stem cells instead of allowing them to differentiate leading to neoplastic proliferation.
Dysregulation in any components of this pathway accelerates tumor growth [46].

Triple-negative breast cancers (TNBC) is considered to be the most difficult subtype to treat
due to the lack of effective targeted therapy. It has been observed that Wnt/p3-catenin sig-
naling is activated in TNBC patients with the upregulation of its components. The over-
activation of this signaling with the upregulation of Wnt receptor expression in TNBC and
basal-like breast cancer (BLBC) advocates this signaling pathway might be utilized as thera-
peutic target for TNBC/BLBC. For instance, salinomycin has been identified as an inhibitor
of LRP6 expression and Wnt/{3-catenin signaling and also as a selective killer of breast cancer
stem cells. Another example is mesoderm development (Mesd), which has been identified as
a specialized chaperone for LRP5/6 and acts as an LRP6 antagonist. Several other Wnt path-
way inhibitors are in clinical trials such as OMP-18R5, OMP-54F28 and OTSA101 targeting
FZD7, FZD8 and FZD10, respectively, as summarized in Table 3. Drugs targeting (3-catenin
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Figure 5. Schematic representation of canonical Wnt signaling pathway. Modified from Kazi et al. [46].

are also being tested [48]. Thus, effective treatment of TNBC by targeting Wnt signaling
pathway is highly anticipated and would prove immensely beneficial in conquering this
deadly disease.
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basal-kike breast cancer

cancer stem cells

Delta/Serrate/LAG-2

delta-likel

Disheveled

ductal carcinoma in situ

endoplasmic reticulum

epidermal growth factor receptor 2

estrogen receptor

frizzled

immunohistochemistry

inflammatory breast cancer

lipoprotein receptor-related protein 6

member of the mastermind-like
metalloproteinase domain-containing protein 10
mitogen-activated protein kinase

monoclonal antibodies

notch intracellular domain

phosphoinositide 3-kinase

progesterone receptor

protein kinase B

recombination signal binding protein for immunoglobulin kappa ] region
signal transducer and activator of transcription
small interfering RNA

tyrosine kinase inhibitors

T cell factor/lymphoid enhancer factor
transmembrane receptor tyrosine kinases family
triple-negative breast cancer

v-secretase inhibitor
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Abstract

The introduction of adjuvant systemic therapy led to a significant improvement in post-
surgical survival and a reduction in disease relapse. Approximately 75-80% of all breast
cancers are hormone-dependent based on the presence of ER and/or PR on tumor cells.
Patients with HR+ breast cancer less than 5 mm and treated with only endocrine therapy
have usually very good prognosis. They typically are not treated with adjuvant chemo-
therapy. The patients with stage III HR+ breast cancer still require adjuvant chemotherapy
since they carry high risk of recurrence without chemotherapy. Many patients with HR+
HER?2 negative breast cancer fall in between these two categories, and they are called as
intermediate risk group based on clinicopathological variables, genomic tests or online
risk calculators. The minimum duration of adjuvant endocrine treatment is 5 years; how-
ever, patients with high risk factors including positive lymph node should be treated with
the endocrine therapy up to 10 years either with tamoxifen alone or sequentially with
aromatase inhibitors (Al) in postmenopausal women. Adjuvant bisphosphonates reduce
bone recurrence and improve survival in postmenopausal women with early stage breast
cancer.

Keywords: adjuvant chemotherapy, breast cancer, endocrine therapy, hormone receptor,
molecular assays

1. Introduction

Breast cancer is the most common cancer accounting for 25.1% of all cancers in women
according to GLOBOCAN and the second most common cancer overall worldwide [1]. Over
1.5 million women are diagnosed with breast cancer every year, and half million women die
due to breast cancer in the world each year. Although it is the fifth most common cause of
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death from cancer in women, during last 3 decades, deaths due to breast cancer have
decreased by one-third or more. It is due in part to increased screening, as well as more
effective loco-regional and systemic treatment options have been established over last decades.

The risk of relapse varies substantially on the basis of individual disease. Thus, accurate
estimates regarding recurrence and survival are critical for selecting patients with breast
cancer who will benefit from adjuvant therapy. Decisions about the type of treatment have
traditionally been based on the histopathologic parameters including lymph node status,
tumor size, histologic grade, histologic subtype, patient age, and estrogen receptor (ER)/pro-
gesterone receptor (PR) status. However, these characteristics fail to characterize the biologic
heterogeneity of tumors, which has important implications for treatment benefit. The advent of
microarray gene expression profiles as well as sequencing of the whole genome has brought
several multigene platforms into clinical use. Many of these platforms incorporate traditional
markers (e.g., ER, PR, and HER2) as well as additional cancer-associated genes. Approxi-
mately 75-80% of all breast cancers are luminal A or luminal B subtypes which are hormone-
dependent based on the presence of ER and/or PR on tumor cells [2].

Here, the genetic and online tools which guide the adjuvant systemic treatment, options of
endocrine therapy and systemic cytotoxic chemotherapy in patients with early stage HR+,
HER?2 -negative breast cancer will be discussed.

2. Treatment decision tools

Adjuvant systemic treatments reduce the risk of breast cancer recurrence following the local
treatment of primary stage I-III breast cancers. International expert groups recommend deter-
mining the histologic grade and ER, PR, Ki-67 and HER2 status in all breast cancer patients, in
order to assist prognosis and determine therapeutic options, including hormone therapy,
chemotherapy and anti-HER? therapy.

For patients with HR+ breast cancers receiving hormonal therapy, the risk of distant recurrence
is under 20% and therefore, many patients may potentially be spared of chemotherapy. The
web-based prognostification and treatment benefit tools and genomic assays have been incor-
porated into treatment planning for patients with early-stage HR+ breast cancer, which lead to
get more information about prognosis and prediction of treatment response. These assays
supplement the traditional histopathologic markers and help identify patients at high risk of
recurrence. They also provide a more quantitative approach to risk assessment and enable
individualization of treatment. This has both quality of life and health care cost implications
because patients who will not benefit from a certain treatment can be spared both the toxicity
and the expense [3].

One of the available genetic prognostic platforms (MammaPrint®, Oncotype DX®, Prosigna®
or EndoPredict®) may be used in node-negative ER+ patients to establish a prognostic
category and decide with the patient whether adjuvant treatment may be limited to hor-
monal therapy.
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2.1. Genomic tools: oncotype Dx

Oncotype DX contains five reference genes (ACTB, GAPDH, GUS, RPLPO and TFRC) and 16
cancer-related genes. RNA is extracted from formalin-fixed paraffin-embedded tumor tissue,
using quantitative real-time reverse transcriptase polymerase chain reaction (QRT-PCR). The
recurrence score (RS) is the result of a mathematical formula of the weighted expression of each
gene, ranging from 0 to 100. The cutoff points are divided into three categories: low risk (RS <18),
intermediate risk (RS 18-30), and high risk (RS > 31). The RS has been proved to be a predictor of
10-year distant recurrence for early breast cancer through NSABP B-14 in multivariate analyses
including age, tumor size, tumor grade, ER status and HER2 status [4]. Furthermore, patients
with low or intermediate RS had large improvements in disease-free survival (DFS) if treated
with tamoxifen (TAM), which indicated that RS was helpful in evaluating treatment response to
endocrine therapy in early breast cancer. Habel et al. [5] conducted a case-control study among
women with ER+, node-negative breast cancer treated with TAM and compared these with
untreated patients. The RS was associated with the risk of breast cancer death in both groups
(P=0.003 and P = 0.03). Thus, the RS was strongly related to long-term mortality of breast cancer
among ER+ breast cancer patients treated with endocrine therapy.

Paik et al. not only evaluated the relationship between the RS and clinical result of ER+, node-
negative early breast cancer but also explored the prognostic ability in late recurrence of breast
cancer [4]. The 10-year distant recurrence rate was 6.8% in low-risk group, 14.3% in
intermediate-risk group and 30.5% in high-risk group. The RS was shown to be related to
distant relapse in patients who did not receive adjuvant chemotherapy, regardless of age and
tumor size and performed better than both of them (P < 0.001).

RS can predict chemotherapy sensitivity in patients with ER+, node-negative breast cancer [6].
Paik et al. studied 651 cases of breast cancer who were enrolled in NSABP B-20 and randomly
assigned them into a TAM group and a TAM combined with the chemotherapy group [che-
motherapy regimen for cyclophosphamide & methotrexate & fluorouracil (CMF) or MF regi-
men, TAM + CMF/MF group] [4]. The 10-year follow-up results showed that patients with high
RS had benefited from cytotoxic chemotherapy, with the 10-year metastasis rate being
decreased by 27.6%. In contrast, the 10-year distant metastasis rate was decreased by an
average of —1.1% in patients with low RS who received adjuvant chemotherapy. Therefore,
patients with ER+ early breast cancer and high RS should benefit from chemotherapy, while
patients with low RS cannot. RS can help select patients who experience little benefit of
chemotherapy and can avoid the toxic effects of chemotherapy.

In a phase III trial, the Trial Assigning Individualized Options for Treatment (TAILORX), there
was a prospective phase to further validate the function of RS in patients with HR+, HER2-
negative, node-negative breast cancer. The results from TAILORx indicated that patients with
very low RS results (<11) had excellent clinical outcome with a rate of 5-year freedom from
distant recurrence with endocrine therapy at 99.3% and a rate of overall survival (OS) of 98.0%,
even without chemotherapy [7]. As for its excellent utility in identifying patients with good
outcome, Oncotype DX RS became the only gene-expression assay that was recommended at
level I evidence in the AJCC Prognostic Stage Group. In patients with HR+, node-negative
breast cancer, the RS showed excellent clinical utility to predict clinical outcomes.
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In ECOG E2197, the predictive utility of RS on loco-regional recurrence (LRR) was evaluated in
388 patients with NO-N1 involvement and treated with breast conserving surgery, chemo-
endocrine therapy and breast irradiation. The 10-year rates of LRR for HR+ tumors were
shown to be 3.8, 5.1 and 12.0% for low, intermediate and high risk of RS (P = 0.12) [8].

In NSABP B-28 trial, RS was shown to be a statistically predictor of LRR, with 10-year
cumulative incidence of LRR of 3.3, 7.2 and 12.2% in low, intermediate and high RS
(P <0.001) [9]. RS is a strongly predictive factor of LRR for HR+ breast cancer regardless of
node status. Another study, PACS 01 trial, with a median of 7.7 years follow-up, showed that
RS was a significant predictor of distant recurrence free interval survival, disease-free survival
(DFS) and OS (P < 0.001) in HR+, node-positive patients treated with chemotherapy plus
endocrine therapy [10].

The Southwest Oncology Group (SWOG)-8814 focused on exploring the benefit of therapy in
patients with HR+, node-positive breast cancer. It enrolled postmenopausal women treated
with chemotherapy or simple endocrine adjuvant therapy, of which 367 cases (40%) received
an RS detection. RS had a definite predictive value (P = 0.016) for adjuvant treatment benefit
over 5 years and was poorly predicted for treatment beyond 5 years (P = 0.87). High-risk
patients receiving chemotherapy combined with endocrine therapy compared with simple
endocrine therapy benefit significantly (P = 0.033). SWOG-8814 trial showed that the RS was
also prognostic for TAM-treated patients with positive nodes and predicts significant benefit
of chemotherapy [cyclophosphamide & adriamycin & fluorouracil (CAF)] in tumors with a
high RS [11].

In a recent prospective phase III trial, West German Study Group Plan B, 348 patients (15.8%)
with RS < 11 had excellent 3-year survival even if they omitted chemotherapy. The 3-year
DFS in patients with RS < 11 was 98%, in which 41.1% had node-positive and 32.5% were
grade 3 disease. These were the first prospective data to report clinical outcome when RS was
used to make physical decision in patients with HR+ breast cancer regardless of lymph node
invasion [12].

Rx for Positive Node, Endocrine Responsive Breast Cancer (RxPONDER) trial is an ongoing
multicenter phase III trial revealed that patients with node positive breast cancer who had low
to intermediate RS results could benefit from chemotherapy [13]. The trial also determined
whether there is an optimal RS cutoff for these patients above which chemotherapy should be
recommended in clinical practice. RxPONDER trial randomized patients with HR+, HER2-
negative and 1-3 lymph nodes breast cancer with RS < 25, to improve the risk of stratification
in patients with low or intermediate RS.

2.2. MammaPrint

MammaPrint was first developed by the Netherlands Cancer Institute group. van’t Veer et al.
[14] used a gene-expression panel to detect 78 frozen tumor tissues from patients with pT1-2cNO
invasive breast carcinoma who had received standard treatment. Ribonucleic acid was isolated
from fresh frozen tumor tissue to obtain complementary DNA. The gene-expression panel
contains 70 genes related to early risk of metastasis, including tumor invasion, metastasis,
interstitial invasion, and angiogenesis-related genes.
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The MINDACT study was a randomized trial that included 6693 women with histologically
proven operable NO/N1 invasive breast cancer without distant metastases [15]. Patients were
recruited from 2007 to 2011. Initially, only patients without regional lymph node metastasis
were enrolled. The study was amended to include patients with 1-3+ nodes in 2009.
MammaPrint assay was used to determine participant’s genomic risk and a modified version
of Adjuvant! Online (version 8.0 with HER?2 status) was used to determine clinical risk [16, 17].
Patients with both low clinical and low genomic risk were not treated with adjuvant chemo-
therapy; on the other hand, patients with high clinical and high genomic risk received adjuvant
chemotherapy. The patients with discordant clinical and genomic risk results (high/low or low/
high) were randomized to receive chemotherapy or not to receive chemotherapy. All patients
were recommended to receive 7 years of hormonal therapy.

Patients at low clinical risk but high genomic risk who received chemotherapy had a 5-year
distant metastasis free survival of 95.8% compared with 95.0% among those who did not
receive chemotherapy. The adjusted hazard ratio for distant metastasis or death with chemo-
therapy versus no chemotherapy in this group was 1.17 (P = 0.66). Thus, a chemotherapy
benefit is unlikely in women with tumors at low clinical risk regardless of genomic subtype.
If a patient has ER/PgR-positive, HER2-negative, node negative, breast cancer, the
MammaPrint (Agendia) assay should not be used in those with low clinical risk per
MINDACT categorization to inform decisions on withholding adjuvant systemic chemother-
apy because women in the low clinical risk category had excellent outcomes and did not
appear to benefit from chemotherapy even with a genomic high-risk cancer.

If a patient has HR+, HER2-negative, node-negative breast cancer, the MammaPrint assay may
be used in those with high clinical risk to inform decisions on withholding adjuvant systemic
chemotherapy due to its ability to identify a good-prognosis population with potentially
limited chemotherapy benefit. Women in the low clinical risk category did not benefit from
chemotherapy regardless of genomic MammaPrint risk group. Therefore, the MammaPrint
assay does not have clinical utility in such patients.

If a patient has HR+, HER2-negative, node-positive breast cancer, the MammaPrint assay may
be used in patients with 1-3 positive nodes and a high clinical risk to inform decisions on
withholding adjuvant systemic chemotherapy. However, such patients should be informed
that a benefit from chemotherapy cannot be excluded, particularly in patients with greater
than one involved lymph node.

The clinician should not use the MammaPrint assay to guide decisions on adjuvant systemic
therapy in patients with HR+, HER2-negative, node-positive breast cancer at low clinical risk,
nor any patient with HER2-positive or triple-negative breast cancer, because of the lack of
definitive data in these populations [18].

2.3. PAM-50: PROSIGNA

The PAMS50 Breast Cancer Intrinsic Classifier™ assay (ARUP Laboratories, Salt Lake City, UT)
is a standardized test measuring 50 classifier genes and five control genes, amenable to assay
by techniques such as quantitative real-time reverse transcriptase PCR [19]. It was originally
developed in a microarray-based cohort of node-negative, untreated breast cancer patients. It
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accurately identifies the major intrinsic biological subtypes of breast cancer commonly known
as luminal A, luminal B, HER?2 enriched, and basal-like [20] and predicts the risk of recurrence
(ROR) at 10 years. Tumors that are named as luminal A in PAMS50 intrinsic subtype indicate
usually very good prognosis with only adjuvant endocrine therapy, whereas luminal B sub-
types have increased risk of recurrence without adjuvant chemotherapy.

Four versions of ROR exist in the research setting: ROR based on subtype information (ROR-S),
ROR-S with proliferation (ROR-P), ROR-S with tumor size (ROR-T), and ROR-P with tumor
size (ROR-PT) [20]. The minimum ROR score of all Luminal B scores was assigned as the low-
risk threshold for each model and the maximum ROR score of all Luminal A scores as the
high-risk threshold [20]. Large validation studies (ATAC and ABCSGS) for the PAM50 assay
were performed using the standardized version with pre-specified cutoffs based on actual
survival outcomes (<10, 10-20, and > 20% risk of distant relapse at 10 years) and not subtype
distribution [21].

The Prosigna Breast Cancer Prognostic Gene Signature Assay is an in vitro diagnostic assay,
which is performed on the NanoString nCounter® Dx Analysis System using FFPE breast
tumor tissue previously diagnosed as invasive breast carcinoma. The Prosigna Score is a
numerical value on a 0-100 scale that correlates with the probability of distant recurrence
within 10 years. The gene expression profile of a patient’s tumor is compared with each of the
four PAM50 prototypical molecular profiles to determine the degree of similarity. The results
in combination with a proliferation score and tumor size produce an individualized Prosigna
Score. This qualitative assay utilizes gene expression data, weighted together with clinical
variables to generate a risk category and numerical score, to assess a patient’s risk of distant
recurrence of disease.

In node-negative patients, the 10-year distant recurrence-free survival (DRFS) rates were > 95%
for the low-risk group, 90.4% for the intermediate-risk group, and < 85% for the high-risk
group [22, 23]. In node-positive patients, the 10-year DRFS rates were 94.2% for the low-risk
group and 75.8% for the high-risk group [22].

The Prosigna Breast Cancer Prognostic Gene Signature Assay is indicated in female breast
cancer patients who have undergone surgery in conjunction with locoregional treatment
consistent with standard of care, either as:

i. A prognostic indicator for distant recurrence-free survival at 10 years in postmenopausal
women with HR+, lymph node-negative, stage I or II breast cancer to be treated with
adjuvant endocrine therapy alone, when used in conjunction with other clinicopatholog-
ical factors.

ii. A prognostic indicator for distant recurrence-free survival at 10 years in postmenopausal
women with HR+, lymph node-positive (1-3 positive nodes), stage II breast cancer to be
treated with adjuvant endocrine therapy alone, when used in conjunction with other
clinicopathological factors.

The assay should not be used for patients with four or more positive nodes.
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2.4. EndoPredict

The EndoPredict (EP) assay combines the expression of three proliferative and five ER-
signaling/differentiation-associated genes and is normalized by three housekeeping genes
[24]. EP may be measured in formalin-fixed, paraffin-embedded tissue sections by quantitative
real-time polymerase chain reaction in decentralized laboratories and provides a score that
ranges between 0 and 15 after scaling [25].

EPclin was derived from EP by incorporating nodal status and tumor size to create an inte-
grated diagnostic algorithm for clinical decisions [24]. Both EP and EPclin were trained on a
cohort of 964 patients with ER+, HER2-negative carcinomas treated with adjuvant endocrine
therapy only. Thresholds for EP and EPclin to differentiate between patients at low or high risk
corresponding to a 10% probability of distant recurrence at 10 years were set at 5 and 3.3,
respectively. Patients with an EP score < 5 (EPclin score < 3.3) were classified as low risk for
distance recurrence, whereas patients with an EP score =5 (EPclin score >3.3) were stratified as
high risk. Both EP and EPclin were shown to be prognostic for early and late distant recurrence
in the ABCSG-6 and ABCSG-8 trials involving patients with ER+/HER2-negative breast cancer
treated with adjuvant endocrine therapy only [26]. EndoPredict provides prognostic informa-
tion beyond all common clinicopathological parameters and clinical guidelines.

There are several prognostic multigene-based tests for managing breast cancer, but limited
data comparing them in the same cohort. The prognostic performance of the EP test was
compared with the research-based PAM50 non-standardized qRT-PCR assay in node-positive
ER+ and HER2-negative breast cancer patients receiving adjuvant chemotherapy followed by
endocrine therapy (ET) in the GEICAM/9906 trial [27]. EP and PAM50 ROR scores [based on
subtype (ROR-S) and on subtype and proliferation (ROR-P)] were compared in 536 ER+/
HER2—patients. Scores combined with clinical information were evaluated: ROR-T (ROR-S,
tumor size), ROR-PT (ROR-P, tumor size), and EPclin (EP, tumor size, nodal status). Patients
were assigned to risk categories according to prespecified cutoffs. ROR-S, ROR-P, and EP
scores identified a low-risk group with a relative better outcome (10-year distant metastasis-
free survival: ROR-S 87%; ROR-P 89%; EP 93%). No significant difference between tests was
found. Predictors including clinical information showed superior prognostic performance
compared to molecular scores alone (10-year MES, low-risk group: ROR-T 88%; ROR-PT 92%;
EPclin 100%). The EPclin-based risk stratification achieved a significantly improved prediction
of MFS compared to ROR-T, but not ROR-PT. All signatures added prognostic information to
common clinical parameters.

EPclin provided independent prognostic information beyond ROR-T and ROR-PT. ROR and
EP can reliably predict risk of distant metastasis in node-positive ER+/HER2 negative breast
cancer patients treated with chemotherapy and ET. Addition of clinical parameters into risk
scores improves their prognostic ability.

Recently, in a secondary analysis of a randomized clinical trial, the prognostic value of six
multigene signatures was compared in women with early ER+ breast cancer [28]. In this study,
774 postmenopausal women with ER+, HER2-negative disease, 591 had node-negative disease
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and patients received endocrine therapy for 5 years (the Anastrozole or Tamoxifen Alone or
Combined randomized clinical trial comparing 5-year treatment with anastrozole vs. tamoxi-
fen) in addition to the Clinical Treatment Score (nodal status, tumor size, grade, age, and
endocrine treatment) for distant recurrence for 0-10 years and 5-10 years after diagnosis [28].
The signatures included the Oncotype Dx recurrence score, ROR, Breast Cancer Index (BCI),
EPclin, Clinical Treatment Score, and 4-marker immunohistochemical score. The ROR (HR,
2.56), followed by the BCI (HR, 2.46) and EPclin (HR, 2.14) were shown to be the signatures
which have the most prognostic information. Each provided significantly more information
than the Clinical Treatment Score (HR, 1.99), the recurrence score (HR, 1.69), and the 4-marker
immunohistochemical score (HR, 1.95). Substantially less information was provided by all six
molecular tests for the 183 patients with 1-3 positive nodes, but the BCI and EPclin provided
more additional prognostic information than the other signatures. For women with node-
negative disease, the ROR, BCI, and EPclin were shown to be significantly more prognostic
for overall and late distant recurrence. For women with 1-3 positive nodes, limited indepen-
dent information was available from any test.

2.5. Breast cancer index

The breast cancer index assay previously has been developed and validated. It consists of two
independently developed gene expression biomarkers: molecular grade index (MGI) and
HOXB13/IL17BR (H/I) [20, 26]. MG, a 5-gene predictor that recapitulates tumor grade/prolif-
eration, is highly prognostic in ER+ breast cancer patients. H/I, which was developed indepen-
dent of tumor grade/proliferation, is prognostic for early and late distant recurrences and is
predictive of extended adjuvant Al benefit in early stage of ER+ breast cancer patients.

2.6. Online prognostification and prediction tools

The online tools referred to earlier primarily use clinicopathological variables and cancer
registry data as the basis of risk prediction. The clinical pathological variables used include
age, tumor size and grade, mode of detection, number of lymph nodes involved, ER status,
HER?2 status, Ki67 status and type of chemotherapy [29].

2.6.1. Adjuvant online

Adjuvant!Online is a free online tool and probably the most widely used tool that estimate
risks and benefits of adjuvant endocrine therapy and chemotherapy after breast cancer surgery
based on factors, such as the patient’s stage, pathologic features, age and comorbidity level.
Entering information on age and selected tumor characteristics (tumor size and grade, number
of positive axillary nodes, and hormone receptors status) allows for prediction of the 10-year
risk of relapse-free and overall survival.

Despite these strengths, Adjuvant! has several limitations. The relapse estimates include local-
regional recurrence as well as distant metastases; this is important as the proportions of both
may vary greatly depending on stage and tumor phenotype. The baseline risk estimation for
Adjuvant! Online was derived from the SEER (surveillance, epidemiology and end results)
database [30]. The SEER database program is a collation of nine databases covering one-sixth
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of the US population. There have been concerns regarding the quality of the data about cause
of death [31]. Additionally, the SEER database specifically includes patients between 35 and
69 years and provides limited information on the socio-economic status of people.

Adjuvant! Online tends to overestimate the number of patients at high risk. Cardoso et al.
reported that Adjuvant! Online classified 23% of patients as high clinical risk when Oncotype
DX classified them as low genomic risk [15].

Olivotto et al. performed a population-based validation study and suggested that Adjuvant!
Online would overestimate survival in patients under 35 years of age with lymphovascular
invasion. It was also found that Adjuvant! Online tends to overestimate the survival rates of
younger women with ER+ breast cancer [16] and that it overestimated the added value of
chemotherapy for older patients [32].

The validity of the predictive score is calculated by Adjuvant! Online was deemed weak in the
clinician-based validation [33]. Predictions on loco-regional relapse and distant metastases
may vary greatly, making it difficult to make clear recommendations for adjuvant treatment
[34]. This is reflected in two studies that suggest that when patients are involved in a discus-
sion to decide on adjuvant chemotherapy, they are less likely to choose chemotherapy if using
Adjuvant! Online [35].

The database does not include information regarding the benefits of adjuvant trastuzumab,
thereby reducing the utility of Adjuvant! Online in clinical decisions about HER2-positive
disease treatment [31]. This deficiency of Adjuvant! Online with regard to HER2-positive
disease has significant implications for the prediction of metastatic spread. In a recent in vitro
study using murine models, the HER?2 status of cells predicted the response to progesterone-
induced signaling, with HER2-deficient cells being more likely to migrate and HER2-enriched
cells tending toward increased proliferation [36]. This recent evidence underlines the impor-
tance of HER?2 in predicting prognosis and highlights the significance of this inherent short-
coming in online cancer registry-based prognostic tools.

The ethnic variation in the data on which these online tools are based seriously affects the
generalizability of these online tools. The SEER database is representative of the usual US
population in terms of age, sex and ethnic distribution. However, the ethnic mix of the US
population is different from that of England and Wales [37].

2.6.2. Predict

Predict is an another online prognostication and treatment benefit tool based on UK cancer
registry data and included information on 5694 women treated in East Anglia from 1999 to
2003 [38]. It is designed to help clinicians and patients make informed decisions about treat-
ment following breast cancer surgery. The model was validated in a second UK cancer registry
dataset. It would able to provide not only the accurate prediction of survival but also subse-
quent calculation of treatment benefit.

Data of an individual patient including patient age, tumor size, tumor grade, number of
positive nodes, ER status, HER2 status, KI67 status and mode of detection are submitted to
online PREDICT tool. It originally did not include HER2 status and KI67 status, but in 2011,
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HER?2 status was included (PREDICT version 1.1) and later KI67 was added to model (PRE-
DICT version 1.2) to improve the estimates of breast cancer-specific mortality, especially in
HER2-positive patients [29, 39].

While the overall fit of the model has been good in multiple independent case series, PREDICT
has been shown to underestimate breast cancer specific mortality in women diagnosed under
the age of 40, particularly those with ER+ disease. Another limitation of the model is the use of
discrete categories for tumor size and node status which result in “step” changes in risk
estimates on moving from one category to the next. For example, a woman with an 18 or
19 mm tumor will be predicted to have the same breast cancer specific mortality if all the other
prognostic factors are the same whereas breast cancer-specific morality of women with a 19 or
20 mm tumor will differ. The PREDICT prognostic model was refitted using the original cohort
of cases from East Anglia with updated survival time in order to take into account age at
diagnosis and to smooth out the survival function for tumor size and node status. The fit of the
model has been tested in three independent data sets that had also been used to validate the
original version of PREDICT [40].

KI67 positivity for the PREDICT model was defined as greater than 10% of tumor cells staining
positive. Survival estimates, with and without adjuvant therapy, are presented in visual and
text formats. Treatment benefits for hormone therapy and chemotherapy are calculated by
applying relative risk reductions from the Oxford overview to the breast cancer specific mortal-
ity. Predicted mortality reductions are available for both second-generation (anthracycline-
containing, >4 cycles or equivalent) and third-generation (taxane-containing) chemotherapy
regimens. The survival estimates, presented both with and without adjuvant hormone therapy,
chemotherapy and trastuzumab, are provided for 5 and 10 years.

The Cambridge Breast Unit uses the absolute 10-year survival benefit from chemotherapy to
guide decision-making for adjuvant chemotherapy as follows: <3% no chemotherapy; 3-5%
chemotherapy discussed as a possible option; >5% chemotherapy recommended.

Online tools are valuable in guiding adjuvant treatment, especially in resource-constrained
countries. However, in the era of personalized therapy, molecular profiling appears to be
superior in predicting clinical outcome and guiding therapy.

The AJCC Prognostic Stage Group containing multigene panels has been globally used from
January 1, 2018. It suggests that prognostic stage grouping should be used in countries where
biomarker tests are routinely performed, indicating that multigene molecular profiling will
become part of cancer stage evaluation and will need to be taken into consideration when
making clinical decisions [41].

Oncotype DX and MammaPrint have the strongest evidence supporting their clinical utility
and decision effectiveness in HR+ breast cancer [42]. The future of multigene panels is prom-
ising in personalizing treatment as more studies continue. However, many issues remain to be
solved before multigene panels have a wider influence on breast cancer treatment. Importantly
new issues, such as how to accurately predicate late recurrence in ER+ cancer and how to
provide more access to multigene panels, should be solved in the future.
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Newer technologies including next-generation sequencing, liquid biopsy, tumor-infiltrating
lymphocytes or PD-1 determination are at this investigational point.

3. Adjuvant chemotherapy

Several pathological factors including histological subtype, ER or PR expression, tumor grade,
lymphovascular invasion, tumor stage, and clinical factors such as patient age, preferences and
comorbidities should be taken into consideration during adjuvant chemotherapy indication is
being decided. The genomic tests and benefit-risk calculators which were developed to be
used in determining appropriate candidates for adjuvant chemotherapy in early stage HR+
breast cancer have been discussed in previous section.

Patients with HR+ breast cancer less than 5 mm and treated with only endocrine therapy have
usually very good prognosis. Thus, they typically are not treated with adjuvant chemotherapy.
However, patients with stage III HR+ breast cancer still require adjuvant chemotherapy since
they carry high risk of recurrence without chemotherapy. Many patients with HR+ HER2
negative breast cancer fall in between these two categories, and they are called as intermediate
risk group based on clinicopathological variables, genomic tests or online risk calculators.

Clinicians should inform the patients who required adjuvant chemotherapy about the risks
and benefits of chemotherapy. Risks include acute or long-term toxicities such as emesis,
alopecia, myelosuppression, neuropathy, cardiotoxicity, infertility and leukemias.

Breast cancer is the most frequent malignancy in women of reproductive age. Treatments for
breast cancer may eliminate or diminish fertility. Additionally, even in patients who do not
require chemotherapy, long duration of adjuvant endocrine therapy often leads natural decline
in ovarian reserve during adjuvant treatment.

The chemotherapy-related risk of premature ovarian insufficiency is influenced by age, body
mass index, the type and duration of therapy. After six cycles of CMF, the risk of amenorrhea is
33 and 81% in patients <40 and > 40 years of age, respectively. Newer chemotherapy regimens
including adriamycin & cyclophosphamide (AC), adriamycin & cyclophosphamide & taxane
(ACT), fluorouracil & adriamycin & cyclophosphamide (FAC) and fluorouracil & adriamycin
& cyclophosphamide & taxane (FACT) result in lower rates of persisting amenorrhea. The risk
of amenorrhea is 10-20 and 13-68% in patients <30 years and in patients >30 years, respectively
[43]. Hence, the rate of infertility risk with particular chemotherapy regimen at particular age
should be discussed with patients prior to initiation of gonadotoxic therapies. Furthermore,
premenopausal women who are willing to be pregnant in the future should be referred to a
fertility specialist to be informed about various techniques of fertility preservation.

Although methods of fertility preservation in breast cancer should be a subject of a separate
chapter, fertility preservation methods can be summarized as

* established methods: oocyte or embryo cryopreservation
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¢  experimental methods: ovarian suppression with gonadotropin-releasing hormone (GnRH)
agonists (GnRHa) and ovarian tissue cryopreservation [44].

3.1. Chemotherapy regimen

Several polychemotherapy regimens are accepted as adjuvant chemotherapy regimen with
strong evidence in patients with early stage breast cancer. The preferred regimens vary
according to characteristics of disease, patients’ comorbidities, patients’ preferences, age, pre-
scribing doctor, institution, or country.

Early Breast Cancer Trialists” Collaborative Group (EBCTCG) reports a meta-analysis periodi-
cally to review the data on adjuvant treatment of breast cancer. The previous data supported
the adjuvant chemotherapy particularly cyclophosphamide, methotrexate and fluorouracil
(CMEF), anthracyclines and taxane compared with no treatment in adjuvant setting.

Trials with CMF-treated controls revealed that standard 4 AC and standard CMF were equiv-
alent (P = 0-67), but that anthracycline-based regimens with substantially higher cumulative
dosage than standard 4 AC [e.g., CAF or cyclophosphamide & epirubicin & fluorouracil (CEF)]
were superior to standard CMF (RR 0.78, P = 0.0004) [45]. However, NSABP B-36 randomized
phase III trial compared six cycles of FEC-100 with four cycles of standard AC in pts. with T1-
3 NO breast cancer [46]. Primary and secondary endpoint analyses at 8 years did not reveal any
significant differences in DFS, OS, recurrence free interval (RFI), or distant RFIL, although
patients and tumor characteristics were equally distributed between the two groups (<50 years
old: 40%, lumpectomy: 68%, and hormone positivity: 65%). Overall, Grade 3 and 4 expected
toxicities were more frequent in the FEC arm. Thus, international guidelines excluded six
cycles of FEC-100 from adjuvant breast cancer treatment recommendations.

In trials adding four separate cycles of a taxane to a fixed anthracycline-based control regimen,
extending treatment duration, breast cancer mortality was reduced (RR 0.86, SE 0.04, two-
sided significance P = 0.0005) [45].

In all meta-analyses involving taxane-based or anthracycline-based regimens, proportional
risk reductions were little affected by age, nodal status, tumor diameter or differentiation, ER
status, or adjuvant tamoxifen. Hence, largely independently of age (up to at least 70 years) or
the tumor characteristics currently available to us for the patients selected to be in these trials,
some taxane-plus-anthracycline-based or higher-cumulative-dosage anthracycline-based regi-
mens (not requiring stem cells) reduced breast cancer mortality about one-third.

Thus, based on these strong evidences, AC followed by a taxane (either triweekly docetaxel,
paclitaxel or two weekly or weekly paclitaxel) is now usually preferred regimen in most cases
in whom adjuvant chemotherapy is indicated.

Nonanthracycline-based chemotherapy regimens should be preferred in certain patients with
lower risk disease (node-negative), cardiac contraindication, advanced age, previous chest wall
irradiation or patients who do not accept the risks of anthracycline-based therapy. In these
patients, four cycles of docetaxel and cyclophosphamide (TC) are most preferred regimen.
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When adjuvant chemotherapy is indicated in HR+ HER2-negative early breast cancer, taxane is
mostly added to anthracycline-based regimen based on scientific data. However, patients who
cannot receive taxane due to risks of allergic reactions or peripheral neuropathy, CMF can be
administered instead of anthracycline or taxane- based regimens.

Dose-dense chemotherapy plays a controversial role in the adjuvant treatment of breast
cancer patients. Whereas meta-analyses persistently describe a significant superiority for
dose-dense treatment, the results of large phase III trials remain contradictory [47]. Some
of these trials showed important differences between the dose-dense and conventional
groups regarding number of cycles, type of drug, and total dose. Other trials are accepted
and interpreted as dose-dense but present a mixture of dose-dense and conventional
schedules.

Goldvaser et al. performed a systemic review and meta-analysis of clinical trials in which
patients with early stage breast cancer were treated with adjuvant dose-dense chemotherapy
[48]. Dose-dense treatment significantly improved DFS (HR 0.85, P < 0.001) and OS (HR 0.86,
P = 0.008). A significantly greater relative magnitude of benefit was observed in pre-
menopausal women and those with nodal involvement, but there was no influence of hormone
receptor status on results. Adjuvant dose-dense regimens improve breast cancer outcomes. It
remains uncertain whether the observed benefit reflects the impact of dose density or the
inferiority of paclitaxel every 3 weeks as a control group.

Although a direct head-to-head comparison is missing, intense dose-dense epirubicin, pacli-
taxel, and cyclophosphamide (iddETC) or four cycles each of dose-dense epirubicin/cyclophos-
phamide followed by paclitaxel are the preferred adjuvant regimens for patients at risk.
Patients with four positive lymph nodes should preferentially be treated with iddETC.

However, in EBCTCG meta-analyses, information was lacking about tumor gene expression
markers or quantitative immunohistochemistry that might help to predict risk, chemosen-
sitivity, or both.

4. Adjuvant endocrine therapy

Estrogen receptor expression is the main indicator of potential responses to endocrine therapy
(ET) which block estrogen-driven tumor growth through a variety of mechanisms. The use of
hormonal therapy in breast cancer has improved the overall outcome for patients with early-
stage hormone receptor-positive disease. The choice of hormone therapy is related to multiple
factors, including menopausal state, patient preference, and potential side effects. Molecular
profiling has allowed therapy to be tailored for an individual patient to some extent. However,
further molecular studies are needed to individualize the choice and length of adjuvant hor-
mone therapy.

Adjuvant ET currently consists of (i) ovarian suppression, (ii) selective estrogen receptor
modulators (SERMs) and down-regulators, and (iii) Als.
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In patients with ER+ tumors, pharmacologic ovary suppression with gonadotropin-releasing
hormone agonists in combination with standard adjuvant therapy is generally more effective
than adjuvant chemotherapy alone.

Tamoxifen is the best established SERM, has favorable effects on breast cancer control and
bone metabolism, but also has adverse effects due to its estrogenic activity in other tissues. For
these reasons, other SERMs have been developed.

Fulvestrant is an ER down-regulator with several potential advantages over SERMs, including
a 100-fold increase in its affinity for ER compared with tamoxifen and no estrogen-like activity
in the uterus.

The inhibition of the aromatase system with third-generation Als is associated with improved
survival in patients with advanced breast cancer compared with SERMs. In postmenopausal
patients with ER+ breast cancer adjuvant treatment with Als should be performed, either as
sequential treatment after tamoxifen or as upfront therapy.

According to NCCN guidelines [49], subdivide the adjuvant endocrine therapy recommenda-
tions in HR+ breast cancer patients based on the menopausal status of women. Three main
subgroups are (i) postmenopausal at initial diagnosis, (ii) premenopausal at initial diagnosis
and remain premenopausal after 5 years of adjuvant ET, (iii) premenopausal at initial diagno-
sis, but become postmenopausal during adjuvant ET.

i.  postmenopausal at initial diagnosis:
e an Al as initial adjuvant therapy for 5 years (category 1),

¢ initially tamoxifen for 2-3 years followed by an Al to complete 5 years of adjuvant
ET (category 1),

* initially tamoxifen for 2-3 years followed by 5 years of Al (category 2B),

* tamoxifen for 4.5-6 years followed by 5 years of an Al (category 1) or consideration
of tamoxifen for up to 10 years.

*  Five years up to 10 years of tamoxifen without AI should only be given to patients
who have a contraindication to AL

ii. premenopausal at initial diagnosis and remain premenopausal after 5 years of adjuvant ET
* tamoxifen with or without ovarian suppression for 5 years (category 1)
¢ an Al with ovarian suppression for 5 years (category 1)
* tamoxifen continuing up to 10 years

iii. premenopausal at initial diagnosis, but become postmenopausal during adjuvant ET.

Decision of menopausal status is the most important point because amenorrhea does not
mean menopause, because ovaries may continue to product estrogens in amenorrheic
women. Thus, before starting Al without ovarian suppression, serum LH, FSH and estra-
diol must be evaluated.



Adjuvant Systemic Treatment in Hormone Receptor Positive, HER2 Negative Breast Cancer
http://dx.doi.org/10.5772/intechopen.76578

¢ After or during 5 years of tamoxifen, extend the adjuvant ET with an Al up to 5 years
(category 1)

*  After 5 years of tamoxifen, consider five additional years of tamoxifen

4.1. Combination of ovarian suppression either exemestane or tamoxifen in
premenopausal women

The initial results from the Suppression of Ovarian Function Trial (SOFT) indicate that tamox-
ifen is a suitable therapy for premenopausal women with low risk clinical-pathologic features.
For women at sufficient risk to receive chemotherapy who have premenopausal E2 levels
within 8 months of completion, the addition of ovarian suppression to tamoxifen for 5 years
resulted in some reduction of recurrence. The use of ovarian suppression combined with an Al
exemestane for 5 years resulted in further reduction of recurrence [50, 51].

The joint analysis of SOFT and Tamoxifen and Exemestane Trial (TEXT) found the combination
of ovarian suppression and exemestane significantly reduced recurrence, compared with ovar-
ian suppression plus tamoxifen. Premenopausal women with ER+ve HER2-negative breast
cancer with high-risk features can derive a meaningful improvement in 5-year invasive breast
cancer-free interval with exemestane plus ovarian suppression, as an alternative to tamoxifen.
Very young women under age 35 with ER+ve breast cancer have higher risks of recurrence,
and the use of ovarian suppression with oral endocrine therapy should be considered.

4.2. Extended adjuvant endocrine therapy beyond 5 years

Adjuvant endocrine therapy for 5 years is the standard adjuvant treatment for ER+ breast
cancer while the benefits of extended adjuvant endocrine therapy (EAET) beyond 5 years are
still controversial. In a recent meta-analysis, 5 years of adjuvant endocrine therapy only was
compared with EAET [52]. Eleven controlled trials including 29,000 women were analyzed.
There was no advantage of EAET in OS from all causes mortality (P = 0.67). On the other hand,
compared with standard therapy, the pooled effects showed that EAET was associated with
improvement in breast cancer-specific survival (OR = 0.87; P = 0.004), DFS (OR = 0.87;
P = 0.002), disease recurrence (OR = 0.76; P = 0.001), and contralateral breast recurrence
(OR = 0.74; P = 0.008). Improvement in DFS or disease recurrence was not shown in studies
that compared 5 years of tamoxifen versus tamoxifen beyond 5 years. Subgroup analysis
showed that EAET conferred more benefit for patients with positive lymph nodes. Rates of
positive lymph nodes, the study size, and the median duration of follow-up were identified as
variables that explained most of the demonstrated data heterogeneity. EAET should be consid-
ered as a preferred strategy for high-risk hormone-positive early breast cancer patients with
positive lymph nodes; however, the benefit on OS could not be demonstrated.

Extended adjuvant endocrine therapy results in increased toxicity based on the type of
extended endocrine agents. Risk of bone fractures is reported to be higher with Al, whereas
the risk of endometrial cancer and venous thromboembolism are more frequently than with
TAM. No difference was shown between Al (mono- or sequenced therapy) and TAM for
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cardiovascular events, whereas sequenced therapy compared with Al had lower risk of car-
diovascular events (moderate level of evidence).

4.3. Concurrent or sequential ovarian function suppression

Breast cancer treatment guidelines recommend that higher risk premenopausal patients
should receive ovarian function suppression as part of adjuvant endocrine therapy. However,
if chemotherapy is also given, until recently, it was uncertain whether concurrent or sequential
sequential ovarian function suppression (OFS) initiation has any detrimental effect on progno-
sis or menstruation resumption.

Recently, in a phase 3, open-label, parallel, randomized controlled trial, 216 premenopausal
patients younger than 45 years with invasive ER+ breast cancer were randomized at a 1:1 ratio
to receive (neo)adjuvant chemotherapy combined with sequential or simultaneous GnRHa
treatment between July 2009 to May 2013 [53]. All patients were advised to receive GnRHa
for at least 2 years. The rates of early menopause were 22.8% (21/92) in the sequential group
and 23.1% (18/78) in the simultaneous group (simultaneous vs. sequential: OR 1.01; P = 0.969;
age-adjusted OR 1.13; P = 0.737). The median menstruation resumption period was
12.0 months and 10.3 months for the sequential and simultaneous groups, respectively (HR
0.83; P = 0.274; age-adjusted HR 0.90; P = 0.567). During a median follow-up time of
56.9 months (IQR 49.5-72.4 months), there were no significant differences in disease-free
survival (P = 0.290) or in overall survival (P = 0.514) between the two groups.

In an exploratory analysis of phase III TEXT and SOFT trials, 1872 patients who received
adjuvant chemotherapy for HR+, HER2-negative breast cancer and upon randomization to an
OFS-containing adjuvant endocrine therapy, initiated GnRHa triptorelin were analyzed [54].
Breast cancer-free interval (BCFI) was compared between patients who received OFS concur-
rently with chemotherapy in TEXT (n = 1242) versus sequentially post-chemotherapy in SOFT
(n = 630). Because timing of trial enrollment relative to adjuvant chemotherapy differed,
landmark analysis was implemented to re-define BCFI beginning 1year after final dose of
chemotherapy (median, 15.5 months in TEXT and 8.1 months from enrollment to landmark in
SOFT). The median duration of adjuvant chemotherapy was 18 weeks in both groups. Patients
who were premenopausal post-chemotherapy in SOFT were younger on average. After post-
landmark median follow-up of about 5 years, post-landmark BCFI was found to be statistically
similar between concurrent use of triptorelin with chemotherapy and sequential use of
triptorelin after chemotherapy, either in the overall population (HR = 1.11; P = 0.72; 4-year
BCFI 89% in both groups), or in the subgroup of 692 women < 40 years at diagnosis (HR =1.13)
who are less likely to develop chemotherapy-induced amenorrhea.

Because the sequential use of GnRHa and chemotherapy showed similar ovarian preservation
and survival outcomes when compared with simultaneous use ER+ premenopausal patients,
addition of GnRHa to oncologic treatment can probably be delayed until menstruation resump-
tion after chemotherapy. However, based on comparative-effectiveness modeling of TEXT and
SOFT after about 5 years median follow-up, concurrent administration of OFS with chemotherapy
is neither detrimental nor beneficial effect on the efficacy of adjuvant therapy which includes
chemotherapy, with limited statistical power especially for the subgroup < 40 years.



Adjuvant Systemic Treatment in Hormone Receptor Positive, HER2 Negative Breast Cancer
http://dx.doi.org/10.5772/intechopen.76578

5. Adjuvant bisphosphonates

Cancer Care Ontario and ASCO convened a Working Group and Expert Panel to develop
evidence-based recommendations by a systematic review of the literature [55]. The women
with natural menopause or the women who were postmenopausal induced by ovarian sup-
pression or ablation were included. Adjuvant bisphosphonates were reported to reduce bone
recurrence and improve survival in postmenopausal women with early stage breast cancer.
Absolute benefit was found to be greater in patients who are at higher risk of recurrence, and
almost all trials were conducted in patients who also received systemic therapy. The data are
extremely limited for bisphosphonates other than zoledronic acid or clodronate due to most
studies performed with these two bisphosphonates. ASCO clinical guidelines recommends
that, if available, zoledronic acid (4 mg intravenously every 6 months) or clodronate
(1600 mg/d orally) be considered as an adjuvant therapy for postmenopausal patients with
breast cancer who are deemed candidates for adjuvant systemic therapy. However, further
research comparing different bone-modifying agents, doses, dosing intervals, and durations is
required. Risk factors for osteonecrosis of the jaw and renal impairment should be assessed,
and any pending dental or oral health problems should be dealt with prior to starting treat-
ment. While adjuvant denosumab reduces fractures and it looks promising in adjuvant setting,
long-term survival data are still insufficient to make any recommendation. The use of these
agents to reduce fragility fractures in patients with low bone mineral density is beyond the
scope of the guideline.

6. Promising targeted agents

Ongoing studies are evaluating the role of additional targeted therapies, such as CDK4/6
inhibitors including ribociclib, palbociclib, to further improve outcome for patients with
early-stage HR+ breast cancer.
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Abstract

Chemo-resistance of breast cancer is a major obstacle for successful treatment and is
mainly represented as a defect in apoptosis. The differential effects of platinum-based
drugs (PBDs) were assessed on breast cancer cell ultrastructure. Three representative
cells, including triple-negative breast cancer (TNBC), were treated with different con-
centrations and timings of cisplatin, carboplatin, and oxaliplatin. Changes on cell surface
and ultrastructure were detected by scanning electron microscope (SEM) and transmis-
sion electron microscope (TEM). In addition, using advanced techniques in molecular
biology, we demonstrated that calpain-1 plays an essential role in modulating breast can-
cer cell sensitivity to cisplatin-induced apoptosis. We also showed that the correlation of
its expression to the proliferating/apoptotic index using immunohistochemical staining
in TNBC tissue was variable. Exploring new pathways will help in overcoming chemo-
resistance in breast cancer cells.

Keywords: triple-negative breast cancer, platinum-based drugs, cisplatin, calpain-1,
apoptosis

1. Introduction

Breast cancer is ranked second as one of the leading cause of deaths among women worldwide
[1]. It is characterized by heterogeneity displaying a wide scope of morphological features,
different immunohistochemical profiles, and unique histopathological subtypes. According
to immunohistochemical phenotypes [i.e., presence or absence of estrogen receptor (ER),
progesterone receptor (PgR), and epidermal growth factor receptor 2 (HER2)], breast cancer
can be classified into five subtypes. These are luminal A, luminal B, HER2 overexpression,
basal-like, and normal-like subtypes, each of which has distinct clinical outcomes [2]. Luminal
A accounts for 50% of invasive breast cancers and are ER/PgR positive or HER2 negative.
Luminal B category represents 20% of invasive breast cancers. The ER/PgR is positive, while
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HER?2 expression is variable (positive or negative). Luminal B tumors have higher prolifera-
tion and poorer prognosis than luminal A tumors. HER2 overexpression group accounts for
15% of all invasive breast cancers and the tumor usually tends to be ER/PR negative. The basal
class is typically ER/PR negative and HER2 negative, hence the name TNBC [3]. It comprises
about 15% of all invasive breast cancers and have a fairly poor prognosis. Normal-like tumors
account for 7.8% of all breast cancer cases in a lymph-node negative cohort. It is positive for
ER and PgR but negative for HER2 [4, 5].

Due to this heterogeneity, the treatment is complicated and the therapeutic strategies should
be selected carefully. To overcome the disease, it is imperative that each patient be treated
individually according to the morphological classification with molecular parameters and
sensitivity to available therapy. Treatment of breast cancer includes surgery, radiation ther-
apy, hormone-modification therapy and chemotherapy (anticancer drugs). Chemotherapy
treatment has markedly reduced the risk for recurrence and mortality after primary treatment
of breast cancer and have increased the 5- and 10-year survival rates [6].

One of the major modes of action of chemotherapeutic drugs may be the activation of apopto-
sis (programmed cell death) [7]. Hence, anticancer drugs are associated with the activation of
proapoptotic genes and the suppression of antiapoptotic genes. The attenuation of proapop-
totic genes and increases in antiapoptotic genes causes resistance to apoptosis [8]. Hence, in
order to increase the therapeutic effect of chemotherapy, there is a need to assess the molecu-
lar mechanisms of apoptosis induced anticancer drugs. This may lead to new strategies for
the enhancement of the antitumor effect against target organs.

In this chapter, we hope to summarize three attempted molecular biology studies on breast
cancer that have contributed to further knowledge in this field. We have compared the effects
of platinum based-chemotherapeutic drugs such as cisplatin, carboplatin and oxaliplatin on
the ultrastructure of the three human breast cancer cell lines representing the most diagnosed
types; MDA-MB-231, MCF-7 and BT-474 [9]. We have particularly demonstrated the role of
cisplatin in inducing apoptosis in MDA-MB-231 via the endoplasmic reticulum- mediated
calpain-1 pathway [10]. At the same time, we have assessed the expression of calpain-1 as
a potential prognostic factor in TNBC tissues [11]. Understanding the pathways by which
platinum-based drugs induce apoptosis and how these pathways are altered in chemoresis-
tance can provide valuable information necessary to target specific cell death pathways in the
treatment of clinically resistant breast cancer.

2. Platinum-based drugs and breast cancer cells

Platinum-based drugs (PBDs) are used for adjuvant chemotherapy to reduce mortality from
breast cancer with reversible side-effects [12]. A key feature of platinum based drugs is that
once platinum salts enter cells, they can bind to DNA to form Platinum-DNA adducts that
can cause damage to the DNA. Following DNA damage, cell cycle checkpoints are activated
to repair either the damaged DNA or induce apoptosis (cell death) [13, 14]. Thus, the ultimate
goal in the application of platinum-based chemotherapy is to shift the dynamics away from
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cell growth and survival in favor of cell differentiation and apoptosis. This will in turn reduce
and eliminate tumor progression and malignancy [15].

Although PBDs are initially effective, their efficacy is limited by the occurrence of resistance,
which is attributed to alterations in cellular pathways such as DNA repair, drug transport,
drug metabolism and apoptosis [16]. Several studies have explored the cellular and molec-
ular pathways involved in the mechanism of PBDs resistance to breast cancer [13, 16-18].
However, only a few ultrastructural studies on the intracellular organelles of breast cancer
cells have been performed to determine the effectiveness of these drugs.

2.1. Surface structure of breast cancer cells differ from normal breast cells

We used SEM to compare the surface morphology between three models of breast cancer
cells, each of which is characterized with a distinct immunohistochemical profile. The MCF-7
cell line was used to represent the luminal A breast cancer [19], the BT-474 cell line, the lumi-
nal B tumor [20] and the MDA-MB-231 cell line, the basal-like subtype, TNBC [3].

Normal breast cells, MCF-10A, revealed round shape cells characterized by short lamellipodia,
whereas, the breast cancer cells had a semiflattened surface structure containing microvilli with
extending lamellipodia. Lamellipodia consist of protrusive filamentous actin and signaling
proteins, which play a role in cell migration and cell-cell communication. These surface pro-
trusions are important in enhancing movement and adhesion to the surrounding stroma [21].
They appeared to be lesser in number and finer in shape for both MCF-7 and BT-474 cells but
higher in number and thicker for MDA-MB-231 cells. Since MDA-MB-231 cells are advanced
cancer cells with metastatic characteristics, therefore it is not surprising for these cells to con-
tain higher numbers of lamellipodia on their cell surface. This is indicative of their importance
of cell shape modifications in their invasiveness process unlike the normal breast cells. These
distinct features of TNBCs in vivo models might demonstrate their aggressiveness and give
them a metastatic potential [21-23]. TEM micrographs revealed the absence of nuclei in the
MDA-MB-231 cells whereas more than one nucleus were detected in MCF-7 and BT-474 cells.

2.2. Effect of PBDs on the cell membrane of breast cancer cells

Treatment with cisplatin, carboplatin and oxaliplatin, using two concentrations of 10 and
20 pum with the time period of 15 minutes, the initial response of the treated breast cancer cells
started with the formation of pores on the cell membranes indicating the active process of drug
influx/efflux. The pores on the surface of the MDA-MB-231 cells were deeper and wider due to
the high number of lamellipodia, unlike the two cell types; MCF-7 and BT-474. Subsequently
the lamellipodia retracted causing the cells to shrink and change their shape to semioval and
to round shape. This was more evident to a higher extent in the MDA-MB-231 cells.

When we treated all the three types of breast cancer cells for 12 hours with the three types of
PBDs, SEM revealed the early stages of apoptosis presented by convoluted membrane, mem-
brane blebs and apoptotic bodies. The membrane blebbing is caused by deep cytoskeleton
rearrangement as result of alterations in organelle distribution and cell shape, a pattern of
apoptosis. Differences on the response of the cells to the three types of PBDs were detected
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for BT-474 and MCEF-7 cells. BT-474 cells sensitivity response was maximal for Carboplatin
whereas MCF-7 cells sensitivity response was maximal for cisplatin. However, MDA-MB-231
cells response was similar for all the PBDs. Hence, cell mediated drug response is dependent
on the cellular characteristic and the drug action.

2.3. Effect of PBDs on the intracellular organelles of breast cancer cells

We then used TEM to gain further insight into the ultrastructural alterations induced by PBDs
and to study how the drug cytotoxicity differentially caused these alterations. Other distinct
morphological characteristics of apoptosis consistent with the literature were evident such
as shrinkage of the cytoplasm, microvilli retraction, fragmentation and condensation of the
nucleus and swelling of both the mitochondria and endoplasmic reticulum [24, 25]. Splitting
of apoptotic cells characterizes the final stage of apoptosis [24]. In addition to apoptosis, TEM
micrographs also revealed the necrotic type of death. Changes identified on plasma mem-
brane shows incoherence, causing cell swelling and organelles disruption. Occasionally,
apoptotic cells, in vitro, undergo a late process of secondary necrosis. Necrosis was considered
to be a physical process of cell death that was not regulated. However, emerging evidence
suggests that it is as another form of apoptosis and an independent genetically encoded cell
death pathway [25, 26]. Overall, treated cells with the three types of PBDs exhibited similar
ultrastructural changes exhibiting distinct features such as the increased number of vacuoles
portraying as a defense mechanism for cell survival and this is consistent with other studies
in other types of cancers [27-29]. PBD deposits were mainly attracted to the fat droplets of the
cells suggesting an active role of cellular lipids in the potentiation of PBDs to induce apoptosis.

Few but prominent differences between the three types of breast cancer cells were detected
when treated with PBDs. These included the following;

1. Carboplatin did not cause any swelling and disarrangement of the mitochondria on the
BT-474 and the MDA-MB-231 cells as opposed to the MCF-7 cells.

2. Carboplatin-treated cells exhibited more lamellar bodies compared to cisplatin or oxaliplatin
treated cells. Lamellar bodies are specialized lipid storage or secretory organelles, which have
a core composed of multilamellar structure and can be surrounded by a membrane [30]. It is
possible that PBDs induce lipidosis in cancer cells and cause accumulation of lamellar bodies.

3. Carboplatin, cisplatin and oxaliplatin caused apoptosis in all the three types of breast can-
cer cell lines, however, it is possible that apoptosis independent of DNA damage could
have contributed to the way some of the enucleated cells of the MDA-MB-231 cells die.
This will be discussed further in Section 3.

3. Cisplatin-induced calpain-1 activation by endoplasmic reticulum
in TNBC cells

Cisplatin has been shown to induce apoptosis in enucleated cells [31, 32]. It does this by ini-
tially acting on the endoplasmic reticulum causing an increase in cytosolic calcium (Ca*),
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leading to the activation of calpain-1 [33]. Calpains belong to a family of Ca*-dependent
proteases which play many roles in basic cellular processes including cell proliferation and
apoptosis, through activation of the caspase pathways. Calpain-1 and calpain-2, encoded by
CAPNI1 and CAPN2, respectively, are the most abundant isoforms within their family [31].
Although we, and others, have shown that cisplatin-induced apoptosis occurs by way of the
calpain-1 dependent pathway, [34-36]; however, information in TNBC cells is limited. This
prompted us to investigate the role of the calpain-1 pathway by way of the endoplasmic retic-
ulum in the apoptotic death of TNBC cells induced by cisplatin.

3.1. Cisplatin caused calcium release in TNBC cells

Using Von Koss staining, we were able to represent the variation of Ca?" deposits between
the cisplatin-treated and untreated TNBC cells. Ca** deposits in the cytoplasm increased with
increasing cisplatin concentration (0, 20 and 40 um) in the cisplatin-treated cells with no sig-
nificant deposits observed in the untreated cells.

3.2. Cisplatin caused structural changes in the endoplasmic reticulum of TNBC cells

Several studies have concentrated on the investigation of non-nuclear pathways in the
apoptosis of cancer cells induced by cisplatin [31, 32, 34]. Such studies contribute to the
understanding of the causes of sensitivity and resistance to cisplatin [31, 37]. The endoplas-
mic reticulum is involved in the regulation of cellular responses to stress and alterations
in Ca* homeostasis [38]. Alterations in Ca? homeostasis and accumulation of misfolded
proteins in the endoplasmic reticulum caused endoplasmic reticulum stress resulting in
apoptosis [39]. Using TEM, we detected the intracellular deposits of cisplatin and its struc-
tural changes on the endoplasmic reticulum in TNBC cells. TEM micrographs revealed
that cisplatin induced clear structural changes in both the endoplasmic reticulum and the
mitochondria. This phenomenon represented swelling of the lumen and disarrangement of
their internal folding as compared to the control cells without treatment which appeared as
well-defined structures. Hence, these findings were consistent with a study conducted by
Mandic et al. who demonstrated that the endoplasmic reticulum is the non-nuclear target
of cisplatin [31].

3.3. Location of calpain-1 in TNBC cells

Studies have reported that calpain-1 is mainly located in the cytoplasm of breast cancer cells
[40, 41]. We also used immunohistochemical staining to confirm this finding. The staining
intensity of calpain-1 in the cytoplasm increased with increasing concentrations (0, 20 and
40 pm) of cisplatin.

3.4. Cisplatin activated calpain-1 and induced apoptosis through the endoplasmic
reticulum-mediated pathway

The results of some experiments attempted to investigate the role of calpain-1 in the apoptotic
death of TNBC cells induced by cisplatin by way of the endoplasmic reticulum are summa-
rized in Table 1.
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Experiments

Control (um/nM)

Cisplatin to induce
endoplasmic
reticulum stress
(calcium release) and
activate calpain-1 was
assessed as activation
of endoplasmic
reticulum downstream
effectors; a-fodrin and
caspase-12.

Calpain-1, a-fodrin
and caspase-12 protein
content (total and
cleaved) was measured
by Western blotting.

Cisplatin to activate
calpain-1 by way

of endoplasmic
reticulum using

CPA treatment was
assessed as activation
of endoplasmic
reticulum downstream
effectors; GRP7S,
calmodulin, a-fodrin
and caspase-12, were
measured using
immunoblotting.

(50 pm)

Cisplatin to activate
calpain-1 by way

of endoplasmic
reticulum using
siRNA treatment was
assessed as activation
of a-fodrin. The effect
of calpain-1 siRNA
on its content and
activation (indicated
by a-fodrin cleavage)
was measured using
immunoblotting

Cisplatin

Cisplatin (0 pm)

Cisplatin (0 um)

(0 um) + calpain-1
siRNA (150 nM)

Treatment after 24 hours

Cisplatin (20 pm)

Cisplatin (40 pm)

Cisplatin (0 um) + CPA  Cisplatin (20 um) + CPA

(50 pum)

Cisplatin
(20 pum) + calpain-1 siRNA
(150 nM)

Results
P value of
apoptosis
Cisplatin activated P <0.001 vs.

calpain-1 as control
reflected in cleavage
of a-fodrin and
caspase-12 and
induced apoptosis
in TNBC cells.
Although cisplatin
had no effect on
calpain-1 content, it
significantly caused
cleavage of a-fodrin
and caspase-12 and
induced apoptosis
in a dose-dependent
manner [10].

P <0.001 vs.
control

P <0.001 vs.
CPA Control

CPA significantly
enhanced
upregulation of
cisplatin-induced,
calpain-1 activation
and apoptosis
compared with the
controlled group
[10].

Calpain-1 small P<0.01vs.
interfering RNA Calpain-1
(siRNA) significantly siRNA Control
attenuated cisplatin-
induced apoptosis
in TNBC cells by
downregulating
calpain-1 in TNBC
cells [10].

Apoptosis was measured by Hoechst staining using fluorescent microscopy.

Table 1. Summary of results of experiments attempted to investigate the role of calpain-1 in the apoptotic death of TNBC
cells induced by cisplatin by way of the endoplasmic reticulum.

We have shown in this study the effect of cisplatin on calpain-1 protein and its activation in
TNBC cells. This has also been reported by others in other types of cancer cells [34, 35]. The
finding that the increase in both calcium deposits and upregulation of endoplasmic reticulum



Triple-Negative Breast Cancer, Cisplatin and Calpain-1
http://dx.doi.org/10.5772/intechopen.74657

stress indicator proteins such as GRP78 and calmodulin suggest the involvement of endo-
plasmic reticulum stress-dependent Ca” release in the cellular mechanism of action of cis-
platin. The ability of cisplatin-induced apoptosis by way of endoplasmic reticulum stress has
been shown to involve calpain-mediated activation of caspase-12 [42]. Caspase-12 is local-
ized to the endoplasmic reticulum and may be activated by the disturbance of intracellu-
lar calcium homeostasis [43]. Cyclopiazonic acid (CPA) is a selective Ca* ATPase inhibitor,
which depletes the endoplasmic reticulum (ER) of Ca? and therefore, activates Ca*" — depen-
dent proteases such calpain. For that reason, the activity of calpain-1 was enhanced by CPA
through the endoplasmic reticulum-mediated pathway which further increased the TNBC
cells response to cisplatin-induced apoptosis. In contrast, the sensitivity was attenuated by
calpain-1 inhibition using the exogenous inhibitor, calpain-1 siRNA. These findings support
the role of calpain-1 responsible for the pro-apoptotic effects of cisplatin in TNBC cells by
way of endoplasmic reticulum. Hence, targeting calpain-1 activity with specific inhibitors
could be a novel approach in limiting development of primary tumors and formation of
metastases.

4. Calpain-1 as a potential prognostic factor in TNBC

TNBC has been reported to have a clinical and pathological aggressive pattern due to its
heterogeneous characteristic [44]. The ineffectiveness of hormonal and targeted therapies
and poor prognosis for this subtype requires developing alternative therapeutic strategies
such as biomarkers. The expression of a number of proteins has been shown to be associated
with clinical outcome in TNBC patients [40, 45, 46]. Hence, there is a need to identify addi-
tional biomarkers to allow personalized treatment for patients with TNBC. For this reason,
we explored the role of calpain-1 as a potential prognostic factor for TNBC therapy. We also
evaluated the proliferation and apoptotic index for their potential use as possible prognostic
factors since the biological behavior of tumor growth is a result of a balance between the
proliferative activity and the number of cells dying by apoptosis [47]. Thus, they are consid-
ered as dominant histopathologic features in tumors. Several studies have also shown that
calpain-1 expression significantly associated with tumor grade [40], proliferation [48, 49] and
apoptosis [50]. Therefore, we also assessed the association between calpain-1 expression, cell
proliferation and apoptosis in TNBC tissues.

4.1. Patient characteristics

We tested calpain-1 protein expression and the proliferative/apoptotic index on paraffin-
embedded tissues from a cohort of 55 patients with TNBC. The main histological type was
infiltrative ductal carcinoma in 96.4% (53 of 55), infiltrative lobular carcinoma in 1.8% (1 of
55) and micropapillary carcinoma 1.8% (1 of 55). Patients were females with a median age
of 47 years (19-74). A total of 34 cases (61.8%) were premenopausal with no family history
of breast cancer. Based on the disease indexing system, half (50.9%) of the patients were
defined as stage III or IV at the time of diagnosis. Almost half of the patients (n = 26, 47.3%)

153



154  Breast Cancer and Surgery

received neoadjuvant treatment and 5 (19.2%) achieved complete pathological response.
Anthracyclines and taxanes were the most commonly used chemotherapeutic agents as front-
line treatment. Breast cancer related overall survival (OS) was defined as the time interval (in
months) from the date of diagnosis until death from breast cancer. Similarly, recurrence-free
survival (RFS) was defined as the time interval (in months) between the start of primary treat-
ment and date of cancer relapse.

4.2. Calpain-1 expression in TNBC tissues

Immunostained tissues with calpain-1 were significantly expressed and demonstrated cyto-
plasmic and membranous staining with some granularity and heterogeneity between adjacent
tumor cells varying from weak to intense staining in which low staining was detected in 32.7%
(18 of 55), intermediate staining in 38.2% (21 of 55) and high staining in 29.6% (16 of 55) of the
cases analyzed. The cut off value was determined by screening the stained tissue under light
microscope where the staining intensity of calpain-1 in tumor cells was assessed as none (0),
weak (1), medium (2), and strong (3) using an immunohistochemical H-score. The H-scores
were calculated by multiplying the percentage area by the intensity grade (H-score range 0-300).

4.3. Correlation between calpain-1 expression and clinicopathological variables and
outcome of TNBC patients

In order to investigate the possibility of using calpain-1 protein as a prognostic biomarker in
TNBG, its expression was assessed for association with a number of clinicopathological vari-
ables. We determined that calpain-1 expression displayed a significant positive association
to the lymph node status (P = 0.02) but not with other clinicopathological variables. Kaplan-
Meier survival curves were plotted with significance determined using the log-rank test in
order to determine the relationship between calpain-1 protein expression in the recurrence-
free survival (RFS) and in the overall survival (OS) patients. The expression of calpain-1 in
the triple-negative tissues was not significantly associated with breast cancer RFS (P =0.71) or
OS (P = 0.88) in which the median RFS was 18 months (3-77 months) and OS was 41 months
(0-105 months) in the total patient cohort.

TNM classifies lymph node status as a tumor-related prognostic factor, therefore, our results
suggest that calpain-1 might be used as a prognostic factor in TNBC. Calpain-1 was also found
to be associated with lymph node status in other types of cancer, such as renal cell carcinoma
[51]. The observation of the lack of association of calpain-1 with other clinicopathological
variables is consistent with a study conducted by Storr et al. in which they demonstrated a
correlation between calpain-1 expression and tumor grade but not with other clinicopatho-
logical variables [40].

The variations among the presence or absence of association with lymph node status or tumor
grade which are essential in determining its prognosis can be explained by several theories;
(i) the majority of patient samples were of intermediate grade tumor and therefore calpain-1
activity may have started at later stages as suggested by its correlation with the lymph node
status, (ii) the lack of wide range of sample collection in regards to tumor grades may have
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created a diversion in the statistical analysis, (iii) the insufficiency of samples might have con-
tributed to lack of significant correlations, (iv) the possibility of genetic differences between
the populations in the current study and the ones already published may be the cause of
differences on the expression of calpain-1 in breast cancer cells [40] and finally (v) the pres-
ence or absence of the hormonal receptors such as ER, PR, and HER?2 that determine breast
cancer behavior and thus treatment can influence the outcome. Storr et al. (2011) reported that
there was no association between the expression of calpain-1 in HER2-positive breast cancer
patients treated with trastuzumab following adjuvant chemotherapy with any of the clinico-
pathological variables [52]. Hence, their observation is consistent with our data but may differ
in terms of the positivity of HER2.

4.4. Association between calpain-1 expression, cell proliferation and apoptosis in
TNBC tissues

Calpains have been reported to be involved in the proliferation of breast cancer cells [48, 49].
However, the role of the calpain family in proliferation of TNBC cells has not been reported yet.
Ki-67, a nuclear antigen is a protein encoded by Ki-67 on 10925 and considered to be a prolifera-
tion marker for predicting tumor development [53]. It is expressed during all active phases of
the cell cycle except the resting phase, thus being present only in dividing cells. Ki-67 is detected
by monoclonal antibody MIB-1 which can be a useful marker of proliferation and of prognostic
value [53]. The quantitative assessment of Ki-67 staining on paraffin embedded tumor sections
has been reported as an accurate estimate of the proliferation index of individual tumors [53].

Therefore, proliferative fractions of paraffin embedded breast cancer tissues were determined
by immunohistochemical staining for Ki-67 antibody. The cellular proliferative activity was esti-
mated as the percentage of tumor cells stained per field x40. Statistical analysis showed no sig-
nificant correlation between calpain-1 expression and proliferation (P = 0.29). Possible theories
of the presence and absence of the hormonal receptors, differences in the genetic makeup, and
other members of calpains involvement may also influence the correlation with proliferation.

Cell proliferation along with cell death are both phenomena responsible for control of cell
number in normal tissues and tumors. Since chemotherapy induces programmed cell death
by apoptosis, hence, the apoptotic tumor cells can be morphologically identified using the con-
ventional hematoxylin and eosin (H&E) method and cells are counted using light microscopy.
Therefore, there has been interest in the application of the apoptotic index in malignant growths
as a putative prognostic marker. The percentage of apoptotic cells in tumor sections may also be
measured by a molecular-based approach, labeling of fragmented DNA breaks and calculating
the apoptotic index (Al) using the terminal transferase-uridyl nick-end labeling (TUNEL) assay.

Therefore, in order to determine whether the frequency of apoptosis was related to tumori-
genesis, two approaches; the conventional H&E staining method and the apoptotic TUNEL
assay were both used to detect apoptotic cells and to prove that the two methods compara-
tively correlate with each other. H&E detects apoptosis in its degradation phase and can be
subjective whereas the TUNEL assay detects apoptosis in its early phase and is more objective.
Apoptotic cells were counted per 100 invasive tumor cells using x40 objective. Apoptotic counts
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using either method, were significantly correlated (P < 0.001, r = 0.547). Although both assays
tested apoptosis from different aspects, but the results were the same, indicating the reliability
of both assays. These findings were also consistent with a previous study by Watanabe et al.
[54]. In addition, the relationship between apoptosis and proliferation was investigated in TNBC
tissues. For all of the patients, high apoptotic counts significantly correlated with increased cell
proliferation (P = 0.045). The positive correlation between proliferative and apoptotic indices
seen in this study is also consistent with other types of cancers such as colorectal cancers [54].

In experimental models the calpain system has been shown to influence apoptosis in breast
cancer [48, 55, 56]. The relationship between calpain-1 expression and apoptosis using the
two methods, H&E-based apoptotic counts and apoptotic counts derived from the apoptotic
TUNEL assay was investigated in the TNBC tissues. Interestingly, the data revealed that
there were no significant association between the apoptotic indices when compared to cal-
pain-1 expression (P = 0.710 and 0.100), respectively. Such results suggest that the TNBC cells
undergo apoptosis via other members of the calpain family such as calpain-2.

Taken together, these data have clearly demonstrated the absence of correlation between
calpain-1 expression and the proliferating/apoptotic index or clinicopathological variables
except with the lymph node status of TNBC patients. Hence, calpain-1 could be a useful prog-
nostic marker in TNBC. More studies should be conducted in the future to evaluate the prog-
nostic value of calpain-1 in TNBC.

5. Conclusion

Breast cancer is the most leading cause of cancer death in females worldwide. Although its
name is based on a single tissue of origin, this cancer is heterogeneous making it a complex
disease. Compared to other subtypes of breast cancer, TNBC is more biologically aggressive
and has higher recurrence rate, higher frequency of metastasis and worse survival. Challenges
into identifying targets and treatments have led to advances in laboratory technology and
research resulting into the expansion of our knowledge of tumor biology. Though no spe-
cific therapies currently exist for TNBC except for cytotoxic chemotherapy, there is ongo-
ing research to identify potential targets for therapy. Therefore, the understanding of breast
cancer subtypes and targeted drug therapies is a key to address resistance to current targeted
drugs in order to pave the way for providing personalized breast cancer care.
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Abstract

Hormone-receptor positive HER2-negative breast cancer constitutes about 2/3 of breast
cancer. Hormonal therapy such as tamoxifen and aromatase inhibitors has been the main
stay of treatment which gives favorable quality of life compared with traditional chemo-
therapy. However, the efficacy of subsequent hormonal therapy declines rapidly after
the patients develops resistance to first line hormonal therapy. In recent years, there have
been many breakthrough in the treatment of this cancer. A number of targeted agents
including CDK4/6 inhibitor and mTOR inhibitor are now part of standard treatment
paradigm to help prolong the use of hormonal therapy. New understanding in potential
biomarker of resistance such as ESR1 mutation or PIK3CA mutation has also empowered
us to develops personalized approach in treatment. This article will explain the treatment
logistic for this cancer, current knowledge in hormonal resistance, findings of key clinical
trials that define the current treatment paradigm, efficacy and major side effect precau-
tion of the targeted agents, and the unmet needs.

Keywords: metastatic breast cancer, hormone-receptor positive, CDK4/6 inhibitor,
SERD, mTOR inhibitor

1. Introduction

Breast cancer is a common cancer in female with a high chance of recurrence even after curative
treatment. The goal for treatment in metastatic disease is life prolongation and preservation of
quality of life. Breast cancer is defined by the overexpression of hormone receptor (HR), either
estrogen and/or progesterone receptors, and human epidermal growth factor receptor 2 (HER2)
receptor. HR-positive HER2-negative (HR"*/HER2™) breast cancer accounts for 70% of breast

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen 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. [{(cc) ExgIN



162

Breast Cancer and Surgery

cancer [1]. For patients with HR"¢/HER2™ metastatic breast cancer (MBC), the choice between
chemotherapy versus endocrine therapy depends on the disease load especially the presence
of visceral crisis — patients with impending visceral crisis should be treated with systemic che-
motherapy, whereas patients with stable condition should be given endocrine therapy. As hor-
monal stimulation is known to be the underlying driving force and these tumors tend to be
slow growing, endocrine therapy is considered the mainstay of treatment for most patients.

The first endocrine therapy described for treatment of MBC was tamoxifen which dated back in
year 1971 [2]. It is a selective estrogen receptor modulator (SERMs) that binds competitively to
estrogen receptors, and can have both antagonistic and agonistic effect depending on the tissue
of action. Nowadays tamoxifen and raloxifen are the most commonly used SERMs clinically.
SERMs can be used in both pre- and post-menopausal women. These drugs are well tolerated
and have favorable toxicity profile. The use of aromatase inhibitor (Al) was started in early
2000s for post-menopausal women. Al blocks the action of peripheral aromatase, preventing
conversion of androgens to estrogen. Letrozole and anastrozole are non-steroidal reversible
Als, whereas exemestane is a steroidal irreversible Al. The initial evidence to support the use
of Al was by the TARGET trial, which showed equivalent efficacy of anastrozole and tamoxi-
fen in the first line treatment of HR-positive MBC but with lower incidence of side effects such
as thromboembolic events and vaginal bleeding [3]. Subsequently letrozole was demonstrated
to have superior time to progression (9.4 versus 6.0 months, p < 0.0001), improved objective
response rate (ORR) (32 versus 21%, p —0.0002) and a trend toward longer overall survival
(OS) (34 versus 30 months) compared with tamoxifen [4]. The third class of endocrine therapy
is selective estrogen-receptor degrader (SERD), and fulvestrant is the only SERD approved
by the U.S. Food and Drug Administration (FDA) so far. In the CONFIRM trial, it has been
defined that fulvestrant should be given at a higher dose of 500 mg instead of 250 mg for its
better benefit in overall survival [5]. In the recently published phase 3 FALCON trial in which
endocrine therapy-naive patients were randomized to receive fulvestrant 500 mg monthly or
anastrozole 1 mg daily [6]. The progression-free survival (PFS) in the fulvestrant group was
16.6 months compared with that of 13.8 months in the anastrozole group. The p-value was at
a borderline of 0.0486 and the overall survival data is not available yet. As such, both AI and
fulvestrant are acceptable option for initial treatment of HR"¢/HER2™* MBC, yet the use of
fulvestrant is often limited by the need for monthly intramuscular injection and its high cost.

Traditional endocrine therapy at the frontline setting achieves an overall response rate in the
range of 25-45% and median PFS around 8-10 months [3, 4, 7]. Second line endocrine therapy
often yields unfavorable response. With improving understanding in this disease, more and
more evidence suggests that combining endocrine therapy with targeted therapy could over-
come endocrine resistance and significantly prolong the time on endocrine therapy, delaying
the needs for chemotherapy. This chapter will discuss the latest development in the targeted
therapy for HR™¢/HER2* MBC and the future direction.

2. Endocrine resistance

Endocrine resistance is a major obstacle for treatment of HR™¢/HER2™ MBC. Multiple
mechanisms have been implicated. Based on these knowledge we now have a number of
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targeted therapy that can help overcome this problem. The more clinically relevant mecha-
nisms are discussed as below.

2.1. Dysregulation of cell cycle checkpoints

In mammalian cells, cell cycle progression is determined by the checkpoint regular retinoblas-
toma protein (Rb), which itself is controlled by a number of cyclin-dependent kinases (CDK)
[8]. In quiescent state, Rb in its hypo-phosphorylated state suppresses the cell cycle progression
from G1 phase into S (synthesis) phase. In proliferative state, CDK subtypes 4 and 6 complexes
with cyclin D1, D2, or D3, triggering Rb phosphorylation [9]. Hyperphosphorylation of Rb
leads to increased activity of the E2F family of transcription factors and promotes cell cycle
progression. Cyclin D1 amplification is common in HR-positive breast cancer. Cyclin D1 is
encoded by CCDN1. CCND1 and cyclin D1 have been found to be amplified in 15-20 and
28-58% of luminal breast cancer respectively [10, 11]. Preclinical research suggested dysregu-
lated cell cycle checkpoint regulation could lead to abnormal cell cycle progression and loss of
endocrine responsiveness. Treatment of antiestrogen in breast cancer cells was associated with
suppressed cyclin D1 expression, and emergence of endocrine resistance was accompanied by
persistent cyclin D1 expression and Rb phosphorylation [12, 13]. Subsequent in vitro study fur-
ther demonstrated that in breast cancer cell lines, CDK4/6 inhibitor palbociclib had preferential
activity in reversing treatment resistance in luminal cells [14]. A number of CDK4/6 inhibitors
have been tested clinically, and have become standard treatment of HR"™¢/HER2v* MBC.

2.2. Crosstalk growth factor receptor and PI3K/AKT/mTOR pathway

Phosphatidylinositol-3-kinasd (PI3K)-Akt-mammalian target of rapamycin (mTOR) pathway
is an important signal transduction system on which many growth factor receptors pathways
converge. Crosstalk between the PI3K/Akt/mTOR pathway and growth factor receptors such
as EGFR, HER2, HER2, FGFR1, and IGF1R have been described in endocrine resistance [15-18].

Abnormal activation of the PI3K pathway could result in factitious cell proliferation. The
PI3K complex is composed of a regulatory subunit and a catalytic subunit p110. P110 has four
isoforms — a, 3, v, and 0. PIK3CA mutation is found in up to 40% of breast cancer and is likely
to be present in early cancer development [19, 20]. Abnormal PK3K signaling was found in
up to 70% of breast cancers [21]. Besides PIK3CA mutation, hyperactivation of this pathway
can result from aberration other PI3K subunits, mutation or phosphorylation of effectors Akt,
loss of inhibitory signal from PTEN or INPPR4B, leading to activation of downstream effector
mTOR protein. As hyperactivation of PI3K pathway could promote estrogen-independent ER
transcriptional activation, inhibition of PI3K or its downstream effectors is an attractive target
to overcome endocrine resistance [21, 22].

2.3. Changes in the estrogen receptor (ER) and HER2 status

Loss of HR expression, although uncommon, has been reported in hormone-resistant breast
cancer. Study of paired primary and metastatic HR-positive breast cancer found a positive-to-
negative change in HR status in 10% of metastatic breast tumor [23]. In the P024 neoadjuvant
endocrine therapy trial that recruited 228 post-menopausal women with HR-positive stage
2 or 3 breast cancer, those who lost ER status after Al treatment had worse recurrence-free
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survival compared with those who had no change in ER status (HR of relapse = 2.4, p = 0.03)
[24]. Another study of paired sample analysis of primary cancer and liver metastases post-
treatment showed ER status and HER2 status change in 30% and 10% of patients [25]. How
these changes in receptor status affect management and outcome is not well understood.

2.4. Molecular changes secondary to the use of aromatase inhibitor

Molecular changes in the target receptors after treatment causing treatment failure is a well-
known phenomenon in many malignancies. For HR-positive breast cancer, the target of
interest is ESR1, which encodes for ERa. ESR1 mutation has not been detected in sequenc-
ing analysis of 390 treatment-naive primary breast cancer tissues in the Cancer Genome
Atlas project [11]. In another study, tissue of patients with hormone-resistance breast can-
cer were sequenced, and showed 14 or 80 these cases showed ESRI mutations affecting the
ligand-binding domain [26]. The mutations were the highly recurrent mutations encoding
p.Tyr537Ser, p.Tyr537Asn and p.Asp538Gly alterations. p.Tyr537Ser and p.Asp538Gly play
a role in hydrogen bonding of the mutant amino acid with Asp351 and favors the agonist
conformation of the ER receptor. As a result the mutant ER becomes active in the absence
of hormonal stimulation, and renders ER antagonists ineffective. The clinical significance of
ESR1 mutation will be further discussed in Section 3.4.

3. New clinical therapy and emerging treatment

3.1. CDK4/6 inhibitor is now a new standard treatment
3.1.1. Palbociclib

Palbociclib is a first-in-class CDK4/6 inhibitor [27]. Based on the impressive PFS found in the
phase 2 study PALOMA-1 [28], palbociclib was granted accelerated approval in 2015 by the
Food and Drug Administration (FDA) for treatment of HR"¢/HER2™ MBC in the first line
setting.

3.1.1.1. Key results of phase 3 PALOMA studies

PALOMA-2, is a double-blind, placebo-controlled, randomized phase 3 study of palbociclib plus
letrozole in women with HR"¢/HER2* MBC patients who had no prior treatment for advanced
disease [29]. Patients were randomized to receive palbociclib plus letrozole or placebo plus letro-
zole. The primary end point was PFS. Secondary end points included OS, objective response
rate (ORR), clinical benefit response (CBR) and safety. The study recruited 666 women within
17 months. The primary endpoint was met — the addition of palbociclib to letrozole, as compared
with placebo-letrozole, increased the median PFS from 14.5 months (95% confidence interval
[CI], 12.9-17.1) to 24.8 months (95% CI, 22.1 to not estimable) (hazard ratio [HR] 0.58, 95% CI,
0.46-0.72; p < 0.001). Subgroup analyses of PFS confirmed a consistent benefit across all sub-
groups evaluated including different race, prior disease-free survival, visceral involvement, prior
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hormonal therapy, the type of recent hormonal therapy, or prior chemotherapy (HR ranges,
0.35-0.67). The ORR for all randomly assigned patients in palbociclib-letrozole group versus pla-
cebo-letrozole group was 42.1% (95% CI, 37.5-46.9) and 34.7% (95% CI, 28.4—41.3) (odds ratio 1.4,
95% CI, 0.98-2.01; p = 0.06). CBR among all patients randomized was 84.9% (95% CI, 81.2-88.1)
for palbociclib-letrozole group and 70.3% (95% ClI, 63.8-76.2) for placebo-letrozole group (odds
ratio 2.39 (95% CI, 1.58-3.59; p < 0.0010). The most frequent grade 3 and 4 adverse event (AE) in
the palbociclib-letrozole group was neutropenia (66%), but febrile neutropenia occurred in 1.8%
of patients only. Other common AE included fatigue (37%), nausea (35%), arthralgia (33%), alo-
pecia (33%) and diarrhea (26%) and all these were mild.

PALAMO-3 is another indication-defining phase 3 study of palbociclib [30]. Patients with
HR™¢/HER2* HER2-negative MBC who had relapsed or progressed during prior endocrine
therapy were randomized to receive fulvestrant with placebo or fulvestrant with palbociclib.
A total of 521 patients were randomized. The median PFS was 9.2 and 3.8 months in the ful-
vestrant-palbociclib and fulvestrant-placebo groups respectively (95% CI, 2.5-5.5) (HR 0.42,
95% CI, 0.32-0.56; p < 0.001). ORR was 10.4% with fulvestrant-palbociclib and 6.3% with ful-
vestrant-placebo, and the CBR was 34% with fulvestrant-palbociclib and 19% with fulvestrant-
placebo. In the fulvestrant-palbociclib group, grade 3 or 4 neutropenia was found in 62%.
Other common AEs were fatigue (38%), nausea (29%), anemia (26%), and headache (21%).

The results of PALOMA-2 echo those of PALOMA-1 that led to FDA approval. PALOMA-1
differs from PALOMA-2, besides being a phase 2 trial, in that it adopted a 1:1 randomization.
There were also small differences in the subgroup analysis, such as inclusion of the newly
diagnosed metastatic disease subgroup. Nevertheless, both studies showed significant sur-
vival benefit of palbociclib and similar toxicity profiles.

3.1.2. Ribociclib

Ribociclib is the second CDK 4/6 inhibitor received the U.S. FDA approval in March 2017.
The first approval study was MONOLEESA-2 for first line setting. MONOLEESA-7, which is
also a first line trial, had special interest in pre- and peri-menopausal women. The data also
became available recently.

3.1.2.1. Key results of phase 3 MONOLEESA studies

MONOLEESA-2 is a double-blind, placebo-controlled, phase 3 study of ribociclib plus letro-
zole [31]. It mirrors PALOMA-2 for the target patient population. Patients were randomized
1:1 to ribociclib-letrozole or placebo-letrozole. The study demonstrated that the addition of
ribociclib to letrozole significantly improved PFS from 14.5 months to over 25 months giving a
HR of 0.56 for disease progression or death (95% CI, 0.43-0.72; p <0.001). The ORR was 40.7%
in the ribociclib group and 27.5% in the placebo group in the intention-to-treat population.
The CBR was 79.6% in the ribociclib group and 72.8% in the placebo group (p = 0.02) respec-
tively in the intention-to-treat population. The most common grade 3 and 4 AEs were neu-
tropenia (60%), elevated alanine aminotransferase (9%), elevated aspartate aminotransferase
(6%), infection (4%) and vomiting (4%). Other common AEs were minor and mild.

165



166 Breast Cancer and Surgery

The results of MONOLEESA-7 was first released in the San Antonio Breast Cancer Symposium
(SABCS) 2017 [32]. Unlike other studies of CDK4/6 inhibitors, this study recruited pre- or
perimenopausal HR™¢/HER2¢ MBC patients who had received no prior endocrine therapy
for advanced disease, but allowed up to 1 line of chemotherapy. Patients were randomized to
receive standard treatment of goserelin, plus either tamoxifen or Al, together with ribociclib
or placebo. The median age of recruited patients were 44 years old, and 40% had de novo meta-
static disease. For those who developed metastasis after primary resection, more than 50%
had disease-free interval for more than 12 months. Median PFS turned out to be 13.0 months
for the placebo group and 23.8 months for the ribociclib group (HR 0.553; 95% CI, 0.441-0.694;
p <0.001). About V4 of the patients received tamoxifen, and there was no difference from those
who received Al in term of PFS benefit gained with addition of ribociclib. Goserelin was an
effective method for ovarian suppression for treatment of pre/peri-menopausal HR"¢/HER2 ™
MBC, and tamoxifen was as good as Al partnering with ribociclib.

3.1.3. Abemaciclib

In September 2017, abemaciclib was approved by the U.S. FDA to be used in combination
with fulvestrant for HR-positive MBC progressed following endocrine therapy. It was also
approved as monotherapy for HR-positive MBC with disease progression following endo-
crine therapy and chemotherapy in the metastatic setting.

3.1.3.1. Important clinical trials of abemaciclib

MONARCH-2 is a randomized placebo-controlled trial to study the combination of abemaci-
clib with fulvestrant in patients with HR"¢/HER2* MBC who have progressed on or had
less than 12 months from end of adjuvant endocrine therapy [33]. Patient received abemaci-
clib daily without resting period. The original study dose was 200 mg BD, but the protocol
amended to reduce the dose to 150 mg BD as there were many clinically significant diarrheas.
Abemaciclib plus fulvestrant significantly prolonged median PFS versus fulvestrant alone
(16.4 versus 9.3 months; HR 0.553; 95% CI, 0.449-0.681; p < 0.001). In the intention-to-treat
population, abemaciclib plus fulvestrant achieved an ORR of 35.2% compared with 16.1% in
the control arm (p < 0.001), and it included 14 patients with complete response (3.1%). The
treatment gave durable response with 12-month duration of response rate of 67.8 and 66.9%
in the abemaciclib and the placebo arm respectively. After 12 cycles of treatment, the mean
change in tumor size for the abemaciclib arm and placebo arm were — 62.5% and - 32.8%
respectively. The most common adverse events in the abemaciclib arm were diarrhea (all
grade 86.4%, grade 3 & 4 13.4%), neutropenia (all grade 46.0%, grade 3 & 4 26.5%), nausea (all
grade 45.1%, grade 3 2.7%), and fatigue (all grade 39.9%, grade 3 2.7%).

The results of MONARCH-3 came after MONARCH-2. MONARCH-3 is a double-blind ran-
domized phase 3 study of abemaciclib or placebo plus a non-steroid Al in HR"¢/HER2™*
MBC patients who had no prior systemic therapy in the advanced setting [34]. Patients were
randomized to receive either abemaciclib 150 mg BD continuously or placebo with anastro-
zole 1 mg or letrozole 2.5 mg daily. Median PFS was significantly longer in the abemaciclib
arm compared with placebo arm (HR 0.54; 95% CI, 0.41-0.72; p < 0.001). The ORR in the
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intention-to-treat population was 48.2% and 34.5% for abemaciclib and placebo arms respec-
tively (p = 0.002). Diarrhea was reported in 81.3% but most was grade 1. The most common
grade 3 or 4 toxicity was neutropenia (21.1%) and diarrhea (9.5%).

While most clinical trials of palbociclib and ribociclib focused on first or early line treatment
for metastatic disease, abemaciclib is the only CDK4/6 inhibitor that has proven to have mean-
ingful activity in refractory disease. MONARCH-1 is a phase II single-arm open-label study
for HR"¢/HER2™ MBC patients who had progressed on or after endocrine therapy, and had
1 or 2 chemotherapy regimens [35]. Abemaciclib was given at 200 mg BD continuously as
monotherapy. The primary objective was ORR. Other endpoints included CBR, PFS, and
OS. This study recruited 132 patients. Median line of treatment was 3. ORR was 19.7%, CBR
was 42.4%, median PFS was 6.0 months, and median OS was 17.7 months. Major treatment-
related AEs were diarrhea (all grade 90.2%, grade 3 & 4 19.7%), fatigue (all grade 65.2%, grade
3 12.9%), and nausea (all grade 64.4%, grade 3 4.5%). Neutropenia was reported in 87.5% of
patients of which 26.9% were grade 3 or 4.

3.1.4. Biomarker of response

At the age of precision medicine, we aim to understand the potential biomarker of response
that can guide us on treatment. For palbociclib, investigated biomarkers include cyclin D1
amplification and p16 loss, ER expression, Rb level, and Ki67 index [28, 36], as well as hor-
mone-receptor expression level, PIK3CA mutation status, and plasma circulating tumor DNA
ESR1 mutation status [37, 38]. No biomarker of response has been identified for palbociclib.

As to ribociclib, ctDNA was collected for MONALEESA-2 study at baseline. Although patient
with PIK3CA variants had shorted PFS compared with those with wild-type PIK3CA, they
derived similar PFS benefit to the addition of ribociclib (Altered PIK3CA HR 0.53, wild-type
PIK3CA HR 0.44) [31]. Similarly, altered TP53 was a poor prognostic factor, yet both wild-type
TP53 and altered TP53 had similar response to added benefit of ribociclib. There was a week
trend toward limited PFS benefit with ribociclib was observed in patients with alteration in
CDH1 and FGFR1/ZNF7-3. The incidence of these genetic events was found in only 5-11%
of patients, thus the results still inconclusive. A better understanding in biology of endocrine
resistance and obtaining study biopsy at the time of starting treatment or upon disease recur-
rence or progression might provide valuable insight in this field.

3.1.5. Discussion for CDK4/6 inhibitor

PALOMA-2 showed superior efficacy of adding palbociclib to letrozole in first line treatment
of HR*¢/HER2™ MBC with an unprecedented PFS of over 2 years. This benefit extended to all
subgroups, including those with prior exposure to hormonal therapy or chemotherapy. This
study confirms the new standard of adding CDK4/6 inhibitor in this disease.

The most concerning toxicity of palbociclib and ribociclib was neutropenia. It happened
in 80-90% of patients of which grade 3 or 4 neutropenia was reported in 60%. Patients
who developed neutropenic fever, grade 4 neutropenia, or prolonged neutropenia would
require dose reduction. The significance of dose reduction is not clear. PALOMA-3 is a
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study of palbociclib in combination with fulvestrant in patients who progressed on first
line hormonal therapy [30]. Detailed analysis showed that dose modification of palbociclib
for grade 3 and 4 neutropenia had no adverse effect on PFS [39]. Together with improved
quality of life (QoL), and low incidence of neutropenic fever of less than 2%, palbociclib and
ribociclib are drugs very well tolerated.

While PALOMA-1, PALOMA-2, and MONALEESA-2 provided the evidence to the use of
CDK4/6 inhibitor in the first line setting, all these trials were done in post-menopausal women.
In fact the last randomized trial dedicated to premenopausal women with MBS was pub-
lished almost 2 decades ago. It is estimated that around 1/5 of newly diagnosed breast cancer
in the U.S. was found in women younger than 50 years old [40]. In Asia-Pacific region, 40%
of breast cancer patients were of age less than 50 years [41]. Breast cancer in young patients
is believe to be more aggressive and has distinct tumor biology. MONALEESA-7 is the first
of the series to explore the activity of CDK 4/6 inhibitor in these patients. It extended the use
of CDK4/6 inhibitor in pre/peri-menopausal women in combination with GHRH agonist as
the mean of ovarian suppression. It also proved that tamoxifen was an as effective hormonal
partner as Al with CDK4/6 inhibitor.

The hazard ratios for all first line trials of CDK4/6 inhibitor were similar, ranging between
0.49 and 0.58. It appeared that these drugs had comparable efficacy. The choice of drug would
probably depend on their toxicity profile, dosing regimen, or dosage form. The 3 CDK4/6
inhibitors were not made equal. Palbociclib and ribociclib are structurally similar, basing off
a pyrido [2,3-d]pyrimidin-7-one scaffold that was optimized for selectivity toward CDK4/6
[42, 43]. Abemaciclib, on the other hand, derived from a 2-anilino-2,4-pyrimidine-[5-benz-
imidazole] scaffold. This compound not only has potent activity against CDK4 and 6, it also
inhibits multiple kinases in vitro a concentration less than 100 nM [44]. Neutropenia is the
most common side effect of palbociclib and ribociclib. It appeared that anemia, thrombocyto-
penia and possibly stomatitis were more common in patients given palbociclib. For ribociclib,
results from MONOSEESA-2 showed grade 3 or 4 elevated alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) in up to 9% of the patients. Prolonged QTcF was also
a concern for a small proportion of patients in the study. Although palbociclib and riboci-
clib have comparable spectrum of CDK activity [45], the small disparities in their chemical
structure might explain the differences in their toxicities. Abemaciclib, being structurally dis-
tinct from the other 2 CDK4/6 inhibitors, has diarrhea being the most reported adverse event.
Grade 3 and 4 neutropenia was at around 21-25%, half of that reported in the PALOMA or
MONALEESA trials. Due to the lower incidence of bone marrow toxicity, this drug is taken
twice per day continuously without the need for a resting week. It is also the only CDK4/6
inhibitor with an indication in heavily pretreated patients as a monotherapy.

Although HR™¢/HER2™ breast cancer is regarded as a less aggressive form of breast cancer,
a significant proportion of patients after curative resection ultimately relapse. The impres-
sive response in metastatic setting and decent QoL data of palbociclib suggest that this drug
might have a role as adjuvant therapy and help prevent recurrence. A number of adjuvant
trials are ongoing. For instance, PALLAS evaluates the outcome of adding 2 years of palboci-
clib to standard endocrine therapy [NCT02513394]. PENELOPE-B studies the role of adding
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palbociclib to standard endocrine therapy in patients with high risk of relapse after neoadju-
vant chemotherapy [NCT01864746]. MonarchE [NCT03155997] is also recruiting. It studied
the effect of adding 2 years of abemaciclib to standard adjuvant endocrine therapy in high-
risk node-positive early stage patients post-resection.

CDK4/6 inhibitors revolutionized how HR"¢/HER2™¢ MBC should be treated. There is an
unmet need for biomarker of response to guide management decision. Further studies on the
benefit of continuing CDK 4/6 inhibitors beyond progression or the optimal time to add these
targeted agents would also be needed.

3.2. Traditional mTOR inhibitor remains a standard treatment

mTOR is a downstream effector of the PI3K/AKT pathway. Targeting mTOR is a rational strat-
egy to reverse endocrine resistance. TAMRAD is a phase 2 study that explored the combination
of oral mTOR inhibitor everolimus with tamoxifen versus tamoxifen in patients with HR*¢/
HER2* MBC who have progressed on Al [46]. The dosage of everolimus was 10 mg daily. This
primary end point was CBR. Everolimus significantly improved the CBR from 42-61%. Time
to progression increased from 4.5 months with tamoxifen alone to 8.6 months with addition of
everolimus (HR 0.54; 95% ClI, 0.36-0.81). Significant adverse reaction included fatigue (72%),
stomatitis (56%), rash (44%), anorexia (43%), and diarrhea (39%). Second line Al is a common
strategy upon progression on first line AI. BOLERO-2 is a phase 3 trial which randomized
patients who have receive exemestane plus everolimus or everolimus alone [47]. Patients had
recurrence or progression while on previous endocrine therapy with a nonsteroidal Al in
the adjuvant setting or to treat advance disease. The primary end point was PFS. The study
stopped early after the interim analysis, as median PFS was 6.9 months with everolimus plus
exemestane, versus 2.8 months with exemestane alone (HR 0.43; 95% CI, 0.35-0.54; p < 0.001)
based on assessments by local investigators. These patients were heavily pretreated — besides
nonsteroidal Al, 57% had received an antiestrogen, 26% had chemotherapy in the advance
setting, and 54% had 3 or more lines of therapies. Stomatitis was the most frequent and debili-
tating adverse events (all grades 56%, grade 3 8%), followed by rash (add grades 36%, grade
3 1%), fatigue (all grades 33%, grade 3 3%), and diarrhea (all grades 30%, grade 3 2%). As
everolimus is an immunosuppressant, the incidence of infection cannot be under-estimated
and there were 2 cases of deaths from sepsis. Other class-specific severe toxicities included
anemia (grade 3 5%), hyperglycemia (grade 3 4%), pneumonitis (grade 3 3%), and elevated
AST (grade 3 3%) and elevated ALT (grade 3 3%). The study was not powered to detect a differ-
ence in OS, and the analysis of OS was negative [48]. Subsequent molecular analysis of archi-
val tissue showed that the mutational status of PIK3A, amplification of FGFR1, or P3K/AKT/
mTOR pathway alteration did not affect treatment response to everolimus [49]. This analysis
reviewed some potential quantitative differences in the efficacy of everolimus among tumors
of specific PIK3CA exons, FGFR2, mTOR, and chromosomal instabilities. These remains to be
further investigated. BOLERO-2 also included analysis of plasma cell-free DNA (cfDNA) for
2 ESR1 mutations [50]. ESR1 D538G mutation was detected in 21% and ESR1 Y537S mutation
was found in 13%. Interestingly, patients with D538G mutation had PFS benefit with addition
of everolimus (HR 0.34; 95 CI, 0.02-0.57), while those carrying Y537S mutation did not.

169



170 Breast Cancer and Surgery

Everolimus is an inhibitor of mTORC1. It is postulated that mTORC1 inhibition by everolimus
set off negative feedback mechanism via AKT signaling, and leads to treatment resistance.
Vistusertib is a small molecule ATP competitive dual inhibitor of mTORC1 and mTORC2.
Preclinical model demonstrated that vistusertib had superior activity to everolimus in sup-
pressing tumor growth [51]. MANTA is a randomized phase 2 study of fulvestrant in combi-
nation with vistusertib or everolimus or fulvestrant alone in HR-positive HER2-negative MBC
patients who have disease resistance to Al [52]. No more than 1 line prior chemotherapy was
allowed in advanced setting. Primary end point was PFS. At median follow up of 17 months, it
showed that addition of vistusertib did not add PFS benefit compared with fulvestrant alone
(7.6 versus 5.4 months; HR 0.88; 95% CI, 0.63-1.24, p = 0.46). In fact, the fulvestrant-everolimus
arm had superior PFS compared with the fulvestrant-vistusertib arm (12.3 versus 7.6 months;
HR 0.63; 95% CI, 0.45-0.9, p = 0.01). Stomatitis and rash were the most common adverse effects
of this dual mTOR inhibitor, and the frequency was comparable to that of everolimus. In sum-
mary, dual inhibition of mTOR did not derive superior effect. Everolimus remains the only
mTOR inhibitor approved by the U.S. FDA for HR"¢/HER2 MBC.

3.3. PI3K inhibitors as an emerging treatment

Intracellular signaling pathways have complex interaction. Targeted inhibition of a particular
component in the pathway might cause relief of upstream feedback inhibition. Inhibition of the
effector mTOR in the PI3K/AKT/mTOR pathway, could result in adaptive hyperactivation of
the upstream AKT activity and leads to treatment failure [53]. As PIK3CA mutation is the most
common genetic changes in breast cancer and represents a more proximal target, targeting
PIK3CA might exert upstream halt of growth signaling. A number of PI3K inhibitors have been
developed. Pictilisib is an orally active pan-inhibitor of class 1 PIK3K. FERGI is a randomized
phase 2 study which recruited HR*¢/HER2™ MBC patients who have progressed on or after Al
[54]. Patients were given either fulvestrant or fulvestrant with pictilisib. The primary end point
was PFES. There was no difference between 2 groups, both in the intention-to-treat population
or patients with PIK3CA mutation. Pictilisib-associated serious adverse events in the original
study dose of 340 mg per day were reported in 16%, whereas those leading to discontinuation
were rash, pneumonitis, diarrhea, abdominal pain, stomatitis or elevated AST or ALT. Close
to half the patients required dose modification. Toxicities greatly limited drug exposure of the
patients. Although in the second part of the study dosage has been reduced and toxicity profile
improved, the drug was not further developed due to its lack of PES benefit.

Another extensively studied PI3K inhibitor is buparlisib. It is also a pan-class I PI3K inhib-
itor. It showed encouraging results in early clinical studies and it was ultimately brought
to a number of phase 3 trials. BELLL-2 combined fulvestrant with buparlisib or placebo in
HR*¢/HER2 MBC patients who have progressed on or after Al, and had received up to 1
line of chemotherapy in the advanced setting [55]. The median PFS was 6.9 months in the
buparlisib group versus 5.0 months in the placebo group (HR 0.78; 95% CI, 0.67-0.189; one
sided p <0.001). In patients with PI3K pathway-activation, median PFS was 6.8 months in the
buparlisib group versus 4.0 months in the placebo group (HR 0.76; one sided PFS p —0.014).
The most common grade 3 or 4 toxicities in the buparlisib group was increased ALT (25%),
increased AST (18%), hyperglycemia (15%), and rash (8%). As preclinical data showed that
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buparlisib in combination with fulvestrant can reverse resistance mTOR inhibitor (Novartis
data), BELLE-3 studied the combination of fulvestrant with or without buparlisib in HR"/
HER2¢MBC patients who have progressed on or after mTOR inhibition [56]. It demonstrated
that addition of buparlisib to fulvestrant prolonged the median PFS 1.8 months to 3.9 months
(HR 0.67; 95% CI, 0.53-0.84, one-sided p < 0001). Circulating tumor DNA (ctDNA) analysis of
PIK3CA status was available. Of the 432 subjects, 34% carried PIK3CA mutation. Among these
patients, the median PFS was 4.7 months for those in the buparlisib arm versus 1.6 months
for those in the placebo arm, thus those who received the PI3K inhibitor were 50% less likely
to have disease progression. Despite these encouraging findings, grade 3 or 4 adverse events
related to buparlisib were alarming — they included elevated ALT (22%), elevated AST (18%),
and hyperglycemia (12%). Other toxicities potentially related to the drug such as depression,
anxiety, and rash were also concerning. The company decided not to pursue further develop-
ment of the drug due to its safety profile.

On the other hand, the company has turned its focus to a a-specific PI3K inhibitor alpelisib.
Early phase study showed preliminary preferential antitumor activity in PIK3CA-altered
tumor treated with alpelisib [57]. A presentation of the preliminary results for the combination
of alpelisib and fulvestrant demonstrated encouraging early efficacy [58]. The study recruited
87 patients with HR"¢/HER2™ MBC. Alpelisib was given at 300 mg on a continuous daily
schedule. In the PIK3A-altered population, the CBR was 45%. Median PFS was 9 and 5 months
in the PIK3CA-altered groups and PIK3CA wild-type group respectively. This drug appeared
to be better tolerated than pan-PI3K inhibitors. At the moment, the phase IIIl SOLAR-1 trial
[NCT02437318] studying the same combination in patients who have progressed on or have
failed Al is ongoing. First PFS analysis is expected to be available later the year.

3.4. SERDS and its new role

Fulvestrant is the only clinically available SERD. It targets the ER for proteasomal degradation
and halts the action of estrogen. It is capable of binding to the ligand-binding domain of ERa,
converting it to a form incapable with transcriptional activity [59, 60]. Fulvestrant is given by
intramuscular injection on day 1, 15, 29, then every 28 days. The initial studied and market
dose was 250 mg. At first line setting, as in the FACT study (SWOG 50226 trial), fulvestrant
at 250 mg did not demonstrate survival advantage over Al [61]. As second line treatment,
fulvestrant at 250 mg showed similar time to progression (TTP) to anastrozole. Yet the later
CONFIRM study demonstrated that doubling the dose to 500 mg gave a superior PFS and OS
compared with 250 mg [5, 62]. FALCON is a phase 3 study which further brings fulvestrant at
500 mg to first line setting in comparison with anastrozole. The PFS was 16.6 and 13.8 months
for the fulvestrant and anastrozole groups respectively with a p value of 0.0486 [6].

Given the special property of SERD on receptor degradation and conformation, it would be
interesting to explore if patients with ESR1 mutation respond differently from those with
ESR1 wild type. SoFEA is a study comparing exemestane with fulvestrant-containing regi-
mens in patients with prior sensitivity to nonsteroidal Al. Prospective-retrospective analysis
of plasma ctDNA from SoFEA found ESRI mutation in 39% of patients, of which half were
polyclonal [63]. Those with ESR1 mutation had better PES after giving fulvestrant compared
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with exemestane (HR 0.52, p = 0.02). Patients with ESR1 wild type had similar benefit given
either drug. PALOMAZS is a study that compared fulvestrant plus placebo with fulvestrant
plus palbociclib in patients with progression after prior endocrine therapy. Plasma ctDNA
analysis showed ESR1 mutation rate of 25%, of which 28% where polyclonal. Fulvestrant plus
palbociclib gave rise to better PFS compared with fulvestrant alone in both ESRI mutant (HR
0.43, p =0.002) and ESR1 wild type patients (0.49, p <0.001) [63]. Analysis of ctDNA from the
BOLERO?2 study also supported that ESRI mutation can be found in around 30% of patients
who have failed prior endocrine therapy [50]. Patients with ESR1 mutation had shorted OS
compared with wild type. This study did not involve the use of fulvestrant.

While fulvestrant is non-inferior to Al in the first line setting, more data on OS is awaited.
Yet emerging evidence suggest that testing of ESRI mutation could probably guide us in
the choice of hormonal therapy in patients who have failed prior endocrine therapy. The
approach is limited by the availability of ctDNA analysis, sensitivity of different ctDNA meth-
odology, often difficult-to-obtain tissue biopsy upon the time of progression, and accessibility
to ESR1 test in local laboratory as it is still not a standard practice.

4. The sequence of endocrine therapy and targeted drugs

ATl has been the standard of care for first line treatment of patients with HR"¢/HER2*MBC. The
role of fulvestrant has been controversial. Due to the high cost, the need for monthly injection,
and similar efficacy in the first line setting, fulvestrant is often an option rather than the pre-
ferred choice. Yet much remained to be learnt from this SERD. In the phase 3 FALCON trial,
patients given monthly injection of fulvestrant at 500 mg had borderline statistically longer
median PFS of 16.6 months (95% CI, 13.83-20.99) compared with those of 13.8 months (95%
CI, 11.99-16.59) given oral anastrozole 1 mg daily (HR 0.797, 95% CI, 0.637-0.999; p = 0.0486)
[6]. This approach showed that the ceiling PFS ceiling of hormonal therapy could be stretched
to 20 months in some patients. More interestingly, subgroup analysis suggested that most of
the survival benefit was derived from patients who had bone-only metastatic disease, with a
median PFS of 22.3 month in the fulvestrant group versus 13.8 months in the anastrozole group
(HR 0.59; 95 CI, 042-0.84). Reanalysis of SOG S0226 according to prior exposure to adjuvant
adjuvant tamoxifen, showed that those without prior endocrine exposure had longer median
PFS when given fulvestrant compared with anastrozole (16.7 versus 12.7 months; HR 0.73;
95% CI, 0.60-0.89, p = 0.002), which further translated into improved median OS by 1 year
(40.3 versus 52.2 months, p = 0.0067) [64]. With the emergence of new treatment option of mul-
tiple CDK4/6 inhibitors, and the increasing financial burden associated with them, the practical
questions would be how to choose the first line hormonal therapy. There have been interna-
tional guidelines to lay the general clinical principle that treatment recommendation should
be based on if the patient is naive to endocrine therapy, the type of adjuvant therapy, length of
disease free interval and if disease relapsing less than 12 months from the end of adjuvant Al
[65, 66]. More updated and detailed guidelines are anticipated in light of new findings.

As to the choice of agent in the second line setting or beyond, the choice would largely depend
on prior treatment. Some general principles are becoming apparent. First of all, there is
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enough data to suggest that CDK4/6 inhibitor should be part of standard treatment in patients
with HR"¢/HER2™¢ MBC, be it first line (PALOMA-2, MONALEESA-2, MONARCH-3,
MONALEESA-7), second line (PALOMA-3, MONARCH-2), or later line in refractory cases
(MONARCH-1). Since PI3K/AKT/mTOR plays an important role in hormonal resistance,
mTOR inhibitor should also be considered in all patients. The only approved choice cur-
rently is everolimus. For the choice of hormonal partner in patients who have progressed
on or failed prior Al, testing of ESR1 mutation status might provide some guidance as to if
switching to SERD would be helpful. It is still not clear if patients who progress on first line
CDK4/6 inhibitors should be continued this targeted agent with a switch of hormonal partner.
Chemotherapy should be reserved for patients who have exhausted the options for hormonal
therapy and these targeted therapies, or patients with impending visceral crisis.

5. Conclusion

Although we are becoming increasingly equipped to overcome resistance to hormonal
therapy, these treatment would fail nevertheless. The preliminary OS data for the phase II
PALOMA-1 trial was presented in June 2017. It showed that the median OS was 37.5 months
in patients who received palbociclib and Al versus 34.5 months in those who received Al
(HR 0.897) [67], suggesting the impressive gain in median PFS after adding palbociclib might
not translate into long term survival. Interestingly, analysis of OS for BELL2 appears to be
trending toward similar observation. The median OS for patients who received buparlisib
and fulvestrant versus those who received placebo and fulvestrant was 33.2 and 30.4 months
respectively (HR 0.87;95% CI, 0.74 to 1.02; p =0.045) [68]. Even in patients who had PI3K path-
way activated or PIK3CA mutation, the improvement in median PFS with addition of bupar-
lisib did not translate into better median OS (HR 0.81, p > 0.05). These might be explained by
two reasons. Firstly, post-progression survival can be affected by availability and effective-
ness of subsequent therapy. Second, progression on CDK4/6 inhibitor might have selected
out patients who then became refractory to other treatment especially chemotherapy. More
understanding in the mechanism of resistance to hormonal therapy and targeted therapy is
needed to overcome these barriers.

HR"™¢/HER2™ MBC is the most common type of breast cancer. The main stay of treatment is
hormonal therapy, and the choice of hormonal therapy includes SERM, Al, and SERD. SERD
might play a more important role in selected patients, as development of ESRI mutation
could render patients resistant to Al. Addition of targeted therapy such as CDK4/6 inhibi-
tor or mTOR inhibitor can help prolong the use of hormonal therapy, and should be part of
standard treatment for all patients in their treatment journey. Future research would focus on
strategies to overcome resistance to these therapies.
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Abstract

Cancer is a mass of abnormal and detrimental cells in a given part of the body. The main
elucidated cause is the uncontrolled growth and proliferation of those cells after the cor-
ruption of the physiological processes responsible for normal development and func-
tioning. The advantage of adjuvant therapy, therapy done after surgery, is to prevent
the occurring of symptoms and not necessarily to make sure of the integrity of mecha-
nisms that are crucial in preventing abnormal cell proliferation such cell cycle regula-
tion, cell death, which include autophagy, necrosis, and apoptosis. The understanding
of dysregulated cell death mechanisms combined with suitable alternative cancer thera-
pies could lead to novel treatment modalities for cancer. Currently, breast cancer is the
leading occurring cancer in sub-Saharan women after that of the cervix. This potentially
curable condition kills more than half of the diagnosed group, which consists mainly
of females aged between 35 and 49 years and with 77% being in stages IIl and IV. The
social economic status of populations coupled with the limited access to proper control
strategies and infrastructures in sub-Saharan regions accentuate the burden of the dis-
ease. Photodynamic therapy (PDT) has shown great potential in treating breast cancer
and even greater therapeutic outcomes can be obtained when combining PDT with other
therapies such as immunotherapy or nanomedicine.

Keywords: cancer, breast cancer, current treatment, photodynamic therapy,
photosensitizers, photochemical reactions, cell death immunotherapy, nanomedicine

1. Introduction

The unregulated growth and proliferation of abnormal cells to form solid or liquid tumor in
a given part of the body is referred as cancer. Currently, the condition denotes a collection
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of related diseases with more than 100 types of cancer have been identified and named after
the organs or tissues of origin [1]. Carcinoma is a common category that affects the inner and
outer surfaces of the body and the subcategories include basal cell, squamous cell, transitional
cell and adenocarcinoma. Sarcoma affects the cells in bones and smooth tissues, leukemia
and lymphoma that of the blood and lymphocytes, respectively [1]. Due to the nature of the
condition, the detection has to be as early as possible, followed by appropriate managerial
approach based on the type of cancer to insure the survival of cancer patients. Early detection
and treatment have increased the lifespan of patients diagnosed with cancers, and the sur-
vival rate is thrice higher than that observed in postponed intervention scenarios [2, 3]. Cancer
has become a major health problem and foremost cause of death, claiming more than 8.8 mil-
lion deaths in 2015, and 8.2 million deaths with 14 million new cases been diagnosed in 2012
[4-6]. The lifestyle plays a decisive role in determining cancer incidence and mortality rates,
for example, the consumption of tobacco alone is one of the deadliest causes and accounts for
22% of the global cancer related deaths [5]. In developing countries, about a quarter of the
incidence rate is infection-dependent, such as Hepatitis and Human Papilloma Virus (HPV)
are known to facilitate carcinogenesis. While more than 90% of proper facilities and services
for cancer management are reportedly available in the developed parts of the globe, less than
30% of those are in the low and middle countries. It has been established that the cancer mor-
tality rate is proportionate to the regional dietary behavior and a third of the global cancer
related deaths could be avoided as it is associated with obesity, high both tobacco and alcohol
consumption, both low vegetable and fruit consumption, and physical inactivity [7, 8].

When a cancer develops and originates from the lobular or ductal tissues in the breast, it is
commonly known as breast cancer, one of the most deadly cancers and the most common
womanlike cancers globally [9, 10]. This carcinoma can be either recurrent, metastatic, inva-
sive (or not) and seldom originates in the connective tissues of muscles, fat and blood vessels.
A well developed breast is a tear-shaped milk producing gland and breast cancer is classified
according to level of differentiation, from well differentiated in normal breast to moderately
and poorly differentiated glands in breast cancer. Additionally, the size of the tumor, the pos-
sible invasion to lymph nodes in the armpits and metastatic ability help oncologists to stage
breast cancer from the small ductal/lobular precancerous stage (stage 0) to medium sized in
breast and lymph nodal regions (stage 1-3) and large metastatic phase (stage 4), the latter is
usually associated with worse prognosis [10, 11]. Better prediction of prognosis is facilitated
by the presence or not of certain receptors and the human epidermal growth factor receptor-2
(HER2) together with hormone receptors (HR, estrogen and progesterone) are usually consid-
ered. The luminal A type (HR+/HER2-) of breast cancer has the best prognosis, the luminal B
type (HR+/HER2+) and the HER2-enriched type (HR-/HER2+) have moderate prognosis and
the worst scenario is observed with the triple negative type (HR-/HER2+) [12-15].

The management approach of any kind of breast cancer mainly depends on the stage and the
predicted prognosis; with the more hostile treatments administrated to patients, whose condi-
tions have predicted poor prognosis and elevated probability of recurrence after intervention.
Although the occasional and circumscribed effectiveness, surgery remains the main treatment
modality for breast cancer, including entire (mastectomy), partial (quadrantectomy) or minute
(lumpectomy) removal of the breast. The multidisciplinary approach is often preferred and
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necessitates the accompaniment of chemotherapy or radiation therapy, or both for improved
results [16]. Generally, hormone-blocking agents act as effectors for treatment of luminal
(HR+) types and immune-modulators are favored for certain metastatic and late-staged breast
cancer [17-19].

Photodynamic therapy is an unconventional treatment modality for neoplastic conditions
and a promising treatment for recurrent cancers, depending on photochemical reactions
and subsequent damage, and leading to cancer cell death [20, 21]. Experimental data from a
diverse pool of research reports proved Photodynamic therapy to be a good treatment option
for numerous cancers, offering reduced long-term mobility, very limited side-effects, better
cancer-specificity over surgery, chemotherapy or radiotherapy [20, 22-23]. The radiotherapy
causes loss of oxygen while oxygen is required during the Photodynamic therapy, therefore
the two approaches should not be considered for a combined therapy. Furthermore, combi-
nation with conventional chemotherapeutic agents should be avoided as it would forfeit the
cancer control and selectivity benefits of Photodynamic therapy. A superior targeting and
eradication of breast cancer cells was achieved with photodynamic therapy, which is appeal-
ing and leaving normal-like cells such as breast epithelium and fibroblast unaffected, thus
satisfying a safe usage norms. This emphasizes the edge of photodynamic therapy over other
therapeutic methods; limited to none side-effects to patients. Photosensitivity is the usually
side-effect observed and involves skin redness, tingling or burning sensation up to 24 hours
post Photodynamic therapy, which can only treat tumors where light can reach and [21-25].

2. Fundamentals of photodynamic therapy

Photodynamic therapy was discovered more than a century ago and now is a minimally
invasive and clinically approved therapeutic modality for neoplastic conditions. It involves
the administration of photochemotherapeutic agents, known as photosensitizers, followed
by the irradiation of the agents at a wavelength that matches their absorption properties.
When this occurs in the presence of molecular oxygen, a sequence of reactions that lead to
the tumor microvasculature damage, cytotoxicity and subsequent tumor cell death (Figure 1)
[21, 26, 27]. Photosensitizers have evolved over time and are nontoxic, light absorbing dyes,
able to undergo photochemical changes and transitions between the ground state and first or
higher excited states. The deactivation can happen by heat-release (nonradioactive decay),
emission as fluorescence or undergoing intersystem crossing (ISC). Ideal photosensitizers are
readily able to be excited by appropriate photons, available in simple chemical formulation,
easily synthesized from their precursors, stable and soluble in physiological environments,
easily delivered into the body (injection or other means), and excreted from the body upon
completion of therapy. They have high singlet oxygen quantum yield with strong absorption
in the red region of the visible spectrum (680-800 nm) and high extinction coefficient, and
effective accumulation in tumor tissues and low dark toxicity [28].

The third generation of photosensitizers are currently being developed from conjugating pre-
vious ones with organic and inorganic polymers, immunologic agents and nanoparticles. The
first generation of photosensitizers include the members of Photofrin and hematoporphyrin
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A B C D

Figure 1. Elementary chronological events during photodynamic therapy. (A) Intravenous administration of photo-
sensitizer(PS) to cancer patient. (B) Irradiation and activation of photosensitizer, which is localized in the cancer site.
(C) Induction of cancer destruction mechanisms. (D)cancer-free patient after successful photodynamic therapy.

derivatives. They are complex mixtures of simple macrostructured hematoporphyrin and
absorb light weakly at 630 nm, which resulted in their limited photodynamic effects. They
were mostly used for surface tumors as at this wavelength of 630 nm the tissue penetration
of light cannot exceed 4 mm and the major inconvenient was the extended light sensitivity
period after the treatment. However, members of the first generation were efficient in genera-
tion of singlet oxygen per photon absorbed and met the standard for approval usage for clini-
cal trials [28-31]. The development of second generation photosensitizers aimed to overcome
the shortcomings of their predecessors naming low absorption in the near infrared region of
the visible spectrum, prolonged light sensitivity and skin photo toxicity, and synthesizing
method. From the porphyrin, many second generations were developed and included meta-
tetra (hydroxyphenyl) porphyrin (m-THPP), 5,10,15,20-tetrakis(4-sulfanatophenyl)-21H,23H-
porphyrn (TTPS4), 1,5-aminolevulinic acid (ALA) and numerous derivatives, the chlorin
family derivatives, pheophorbides, bacteriopheophorides, texaphyrins, phthalocyanines. The
members of the phthalocyanine family have great photodynamic actions and intersystem
crossing capabilities due to the incorporation and formation of metal complexes in their core
areas [32-36]. Some non-porphyrinoid photosensitizers exhibit photodynamic activity and
include the anthraquinones, phenothizanies, xanthenes, cyanines and curcuminoids [37-39].
The development of third generation of photosensitizers is motivated by the fact that solu-
bility remains poor with second generation photosensitizers, especially in aqueous environ-
ments at physiological condition, thus preventing intravenous delivery into the bloodstream.
Currently, the research endeavors focus on developing delivery systems to facilitate the trans-
portation to the target areas and to achieve greater selectivity and specificity of the third gen-
eration photosensitizers in order to increase their cellular uptake [40].

Light plays pivotal role for the successful activation of photosensitizers and subsequent
outcomes of photodynamic cancer therapy. In ancient Egyptian, Indian, Greek and Chinese
civilizations, light had a long track record in medical applications and the most usage being
the remarkable efficacy in treat skin conditions [41]. Current applications use specific light
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sources to irradiate targeted tumor tissues. The optical power, wavelength matching the
absorption spectrum of used photosensitizers and the depth of tissue penetration are among
the priorities to be considered. The best tissue penetration of light is achieved in the thera-
peutic window, and most currently used photosensitizers absorb light maximally around that
region of the spectrum, which is also known as the near infrared region (Figure 2) [42, 43].
Various types of light sources exist and the most commonly used in Photodynamic therapy
applications are lasers, filtered lamps and light emitting diodes (LEDs). Lasers were the first
to be utilized and offer high power coherent light in a narrow wavelength bandwidth but
high manufactured skills and high cost are associated with them. Filtered lamps are the sec-
ond and also the most flexible as they can be adapted, allowing their filters to be changed
according to the properties of photosensitizers used but require an endoscope, which limits
the efficiency, especially when using optical fibers. The most recent, LEDs are commonly used
in Photodynamic applications and offer enhanced optical power [44, 45].

Figure 2. Light wave length and tissue penetration. Light penetration is proportional to the length of the wavelength
used, the longer the wavelength, the deeper light penetrates into tissues.
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The final objective of a photosensitizer is to successful transfer energy to molecular oxygen
(°0,) or direct transfer of energy and production of reactive oxygen species. In photodynamic
reactions, one of the most cytotoxic agent is the singlet oxygen ('O,), produced after the active
interaction with a triplet state photosensitizer, and can be determined by measuring the weak
near infrared luminescence of 'O,, possible in both cells in vitro and tissues in vivo. In all of
the cases, the treatment efficacy and cell eradication correlate strongly with the cumulative
'O, luminescence [46]. The amount of different forms of oxygen present in targeted tissues
appear as an important factor to be considered for prognosis. The efficacy of Photodynamic
therapy depends on the interaction of light, photosensitizers and oxygen, all in appropriate
dose, and three dosimetry methods have emerged including explicit dosimetry to measure
different treatment parameters and predict the outcomes, implicit dosimetry to measure bio-
logical intermediates and damage (photo bleaching) and adjust to effective dosage, and direct
dosimetry to measure the critical photobiological toxins and avoid limitations seen with the
previous two [46, 47].

2.1. Mechanisms of photodynamic therapy

Photodynamic therapy involves the use of light exposures to excite a photosensitizer from
the ground state (PS) to the singlet excited state ('PS*). The stability of the photosensitizer
in the excited state determines the occurrence of the intersystem crossing to the triplet and
long-lived excited state (*PS*). Many physical pathways may be involved during intersys-
tem crossing, converting the excited singlet state to the long-lived and excited triplet state
photosensitizer. The triplet state has the ability to undergo photochemical processes and
interact with triplet state molecules such as molecular oxygen. At this point, two possi-
ble photoreactions are envisaged, type I or type II reactions, involving molecular oxygen
(Figure 3). In a type I reaction, electrons are transferred from the excited triplet state pho-
tosensitizer to molecular oxygen, when in the presence of a suitable reducing agent, to
produce reactive oxygen species such as superoxide anion, hydrogen peroxide, hydroxyl
radical and hydroxide ions [9].

The second reaction, Type II, energy or electrons from the excited triplet state photosen-
sitizer are directly transferred to molecular oxygen (°0,), promoting it to an excited state
singlet oxygen ('O,). Energy transfer to *O, can occur only if both photosensitizer and oxygen
(Triplet ground state) are in the same triplet state. Both type I and type II reactions gen-
erate reactive oxygen species, which are responsible for the cytodamage observed during
Photodynamic therapy and type II reactions occur more frequently in photodynamic reac-
tions (Figure 4) [9].

2.2. Photodynamic therapy, a localized therapy

Photosensitizers are tumor-localizing nontoxic agent, they selectively accumulate in neo-
plastic tissues, making Photodynamic therapy a restricted therapy. The irradiation of tumor
tissues with visible light in the presence of oxygen, activates photosensitizers to generation
reactive oxygen species into the tumor cells and thus induces tumor death and tissue destruc-
tion, preventing side-effects to health tissues [47]. Although the photosensitizers will effec-
tively localize in all tumors, Photodynamic therapy is more suitable for localized diseases as
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Figure 3. Schematic representation of type I and type II photoreactions following photo dynamic therapy (Jablonski
Diagram). When the photosensitizer(PS) absorb a photon of light, it is elevated from the ground to the singlet excited
state, it can either return back to the initial ground state by fluorescence or undergo intersystem crossing into the long
triplet excited state. The photosensitizer in the triplet excitable state can transfer energy to an oxygen molecule forming
reactive oxygen species (type I) or to the highly reactive triplet state (type II). There active oxygen species are responsible
for the subsequent damage to biomolecules(nucleic acids, lipids and proteins) and the resulting cell death events.
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Figure 4. Possible photochemical reactions of photosensitizer (PS) in the triple excited state.

the irradiation is more feasible and efficient than in metastatic diseases. Most photosensitiz-
ers interconnect with tumor cells though their numerous low density lipoprotein receptors,
facilitating the uptake of photosensitizers. Once inside the cells, the photosensitizers tend to
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selective accumulate in some organelles, include in the mitochondria, lysosomes and those
near the nuclear areas. Mitochondria are consistent and preferential sites of accumulation of
photosensitizers and the efficiency of Photodynamic therapy is not always affect by differen-
tial localization patterns between various cells. However, all Photodynamic therapy-treated
cells exhibit significant mitochondrial disruption, leading to decreased mitochondrial activity
and adenosine triphosphate production. Most cationic photosensitizers have stronger water
solubility properties and localize in mitochondria, yielding enhanced photodynamic activities
[48, 49]. Most of the photosensitizers that localize in mitochondria of certain kind of cancer
cells, including breast cancer cells, show relatively high co-localization level in near nuclear
areas such as endoplasmic reticulum, and are believed to be good candidates for photodi-
agnosis and photodynamic therapy [50, 51]. Reduced mitochondrial oxygen consumption,
decreased mitochondrial membrane potential and inhibited activity of complexes (I to IV) are
all often seen after photodynamic therapy-mediated by mitochondrial localizing photosen-
sitizers, which have apoptosis-inducing capabilities [52, 49-51]. Some lysosomal-localizing
photosensitizers are hydrophilic and show excellent tumor destruction, they are usually asso-
ciated with the induction of both apoptotic and necrotic responses following photodynamic
therapy [53-55].

2.3. Photodynamic therapy and the induction of cell death

Cellular uptake of the photosensitizers can assist in predicting the mode of cell death as reac-
tive oxygen species accumulated first in the organelles where photosensitizers are localized
[56]. Photosensitizers that favorably localize in mitochondria seem to have the predisposi-
tion of inducing apoptosis. Damage to mitochondria following photodynamic actions, would
lead to mitochondrial leakage and apoptotic response as mitochondria are well known to
play critical roles in most apoptotic pathways [57, 58]. Apoptosis is a highly regulated and
programmed cell death response that comprises interdependent and synchronized pathways
[58, 59]. Photodamage-mediated permeabilized mitochondrial membranes induce leakage of
apoptogenic proteins, such as cytochrome C. In return, the released apoptogenic proteins
activate the caspase mediated apoptotic pathway [60, 61]. Photodamage may also lead to the
induction of other apoptotic pathways [62, 63].

With high dose of photodynamic therapy, cellular components that are essential for the
induction of an apoptotic response, become damaged in the process leading to a necrotic type
of response [64]. Necrosis is a cell death response associated with the pathological processes
and irreversible cellular injury [65]. Sometimes, necrosis is accompanied by an inflammatory
reaction accompanies, which is caused by the direct release of intracellular components into
the cell environment [66]. Successful induction of the necrotic cell death response after pho-
todynamic therapy had been reported, especially as a result of photosensitizers accumulating
maximally in the plasma membranes [67]. Photosensitizers that localize in plasma mem-
branes showed co-localization in mitochondria and slightly in lysosomes, and the observed
post treatment changes at different incubation intervals included cell membrane damage, ini-
tiated cell repair, irreversible damage, induction of apoptotic-like response, and cell cycle S
phase arrest [68].
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Autophagy is a cytoprotective and recycling mechanism responsible to deal with cellular
organelles and cytoplasmic components after damage. The main effector of this function is
the autophagosome, a temporally doubled membrane structure, with the ability to engulf cell
debris and fuse with lysosomes for complete degradation of its contents [69]. Photosensitizers
that localize in mitochondria and endoplasmic reticulum stimulate a prosurvival autopha-
gic response while the lysosomal-localized photosensitizers trigger an inhibitory autophagy
response [55, 70]. Furthermore, low doses of photodynamic therapy lead to the induction of
a cytoprotective autophagic mechanism, and autophagic cell death mechanism is induced
with the high doses [71]. When an apoptotic response is undergoing, the autophagic cell
death complements it and when absent, autophagy stands as the main cell death mechanism
induced after photodynamic therapy [72, 73]. Such observation indicates that photodynamic
treatment gives a concurrent occurrence of various cellular responses, which all depend on
the treatment parameters (types of photosensitizers, cellular localization, dose, light sources,
dose, and incubation time).

2.4. Cancer recurrence and photodynamic therapy

After remaining undetected for a period following treatment, cancer can recur and accord-
ing to the localization; a local, regional or distant recurrence needs to be dealt with. Surgery
and other conventional cancer treatments are not suitable for advanced stage and meta-
static tumors, and leaving room for development of drug-resistant cancer, which is often
associated with cancer stem cells [74]. Cancer stem cells are normal stem cells, with special
ability to give rise to all types of cells found in a particular cancer sample, so making them
able to generate tumors through the stem cell processes of self-renewal and differentiation
[75, 76]. The development of treatment modalities that target both primary and secondary
and cancer stem cells becomes more than required, due to the selectivity of photosensi-
tizers, Photodynamic therapy appears as a promising therapy for drug-resistant cancer
stem cells with the photosensitizer-targeted delivery to cancer and particularly cancer
stem cells [77]. For this reason, the capabilities of photosensitizers are being upgraded
with prospective approaches based on nanoscience and nanotechnology for conjugating
nanoparticles to photosensitizers to achieve nano-photosensitzers targeted delivery in the
photodynamic treatment of cancer and cancer stem cells [78]. The use of nanoparticles
makes it able to explore the poor lymphatic drainage and ensure that the photosensitizers
is much more easily retained in cancer-like tissues than in normal tissues, a phenomena
known as enhanced permeability and retention effect [79]. The conjugation of antican-
cer photosensitizers and water-dispersible nanoparticles with specific affinity for cancer
stem cells yields a systemic self-deliverable photodynamic therapy, which maintains the
pharmacological efficacy while improving the safety and delivery profiles [78, 80]. The
nanocarriers are known to achieve both passive and active targeting delivery, which is
an additional benefit to increase the therapeutic effects and reduce the side-effects [81].
With such development, the burden of enduring several drugs as currently accomplished
in clinical treatment will be alleviated with the development of multifunctional nano-
carriers. Another potential active targeting delivery approach will be conjugation with
monoclonal antibodies specific to cancer and cancer stem cells. Multifunctional carriers of
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antibodies targeted against HER2 or estrogen or any other steroid hormone receptors that
are overexpressed in breast cancer and cancer stem cells could be exploited to achieve bet-
ter targeting, uptake and therapeutic outcomes both in vivo and in vitro. Multifunctional
drug delivery carriers containing antibodies tend to show enhanced eradication of cancer
and cancer stem cells, prospect targeting drug delivery systems depend on the discovery
of cancer stem cell interacting mediators [81-83].

Novel types of targeted cancer therapy like the multifunctional complexes-mediated pho-
todynamic therapy are currently being considered along with other treatments including
cancer vaccines, oncolytic virotherapy and immunotherapy [84-85]. The transcription fac-
tors that regulate cell mobility, invasion and migration during metastatic tumor stages of
breast cancer are becoming attractive and constitute essential molecular targets for future
treatment modalities [86, 87]. Hormone receptors remain the most currently used markers
in clinical trials and the usage of breast cancer markers BRCA1 and BRCA?2 is increasing as
seen by numerous report studies [88, 89]. Most of the preclinical studies are performed with
cell lines derived from breast cancers, and MCF-7, T-47D and MDA-MB-231 are among the
most commonly used [90].

3. Conclusion

Cancer, an uncontrolled cell proliferation condition, has become a major health challenge
and global killer. The incidence and related treatment facilities are unfortunately deter-
mined by the lifestyles and geographic locations of cancer patients. Breast cancer is a com-
mon carcinoma that affects the tear-shaped milk glands in women and its classification is
been facilitated by the presence or not of certain receptors (HER-2 and HR), which are also
to predict the prognosis. Photodynamic therapy is a promising cancer treatment and offers
better specific targeting of cancer and limited side-effects, when compared to conventional
therapy. Mitochondria, lysosomes and perinuclear areas are reported as the most frequent
localization sites for third generations of photosensitizers. The treatment efficiency depends
upon the successful light-activation and intersystem conversion into the excited triplet state,
only then photosensitizers interact with molecular oxygen to produce reactive oxygen spe-
cies, toxins responsible for cytodestruction and cell death. If required, Photodynamic can be
repeated but the contribution of nanoparticles in combination therapy for cancer and par-
ticularly breast cancer, has permitted the successful delivery of therapeutic agents to the tar-
geted tumor site and enhancement of therapeutic effects. When conjugated, they facilitate
the delivery of hydrophobic drugs into biological environments, ensure the preservation of
the pharmacologic properties of the drugs, and enhance selective targeting to cancer cells
through their large surfaces, which can be functionalized with a various kind of components.
The use of photodynamic therapy offers controlled conditions with high selectivity to cancer,
hence reducing the undesired side-effects seen with conventional treatments. Whether used
as main or adjuvant therapy, the aim of combination cancer therapy using photodynamic
therapy is to selectively and completely eradicate cancer by targeting and killing both cancer
and cancer stem cells.
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Abstract

Breast cancer is one of the biggest causes of mortality in some countries. Various condi-
tions contribute to the incidence of breast cancer in either unmarried or married women.
Caring in women with breast cancer is the key to successful treatment of breast cancer.
The conditions patient when is diagnosed breast cancer, undergoing therapy, and after
treatment are different, so caring on breast cancer can be divided into caring at the time of
diagnosis, caring during therapy, and caring in follow-up therapy. The results obtained
from caring of breast cancer increase survival of breast cancer patients.

Keywords: caring in diagnosis, caring in therapy, caring in follow-up therapy,
survival cancer, breast cancer

1. Introduction

Women have risk developing breast cancer in non-breastfeeding women or infertile condi-
tions. The risk of breast cancer was higher among women who currently or recently used
contemporary hormonal contraceptives than among who had never used hormonal contra-
ceptives [1].

At the time when women began to feel the complaint with her breasts, few women hasten to
check themselves completely. The condition of the emergence of symptoms is the right time
for handling so that the rate of recovery is high. Some women are open to complain and has-
ten for therapy. Stigma is present in women when breast cancer is present in them. This is a
management bottleneck in the days before being diagnosed with breast cancer. Attendance
of others such as family and healthcare workers who pay attention, fast management, and
plenary caring are needed during this period.

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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Most women diagnosed with breast cancer are already in a late condition where the breasts
have given an unpleasant condition, foul smell, and excessive fluid. The existence of women
in the family as wives, mothers, and caregivers of families becomes disrupted, and some
women undergo self-care.

Caring in women with breast cancer requires a variety of understanding of the development,
roles and functions of women with breast cancer, and psycho-spiritual and psychosocial
needs. The context of understanding conditions under conditions of diagnosis, therapy, and
follow-up after therapy is a caring breast cancer approach.

2. Caring for patient in breast cancer diagnosis

The diagnosis of breast cancer is identified in someone who has breast cancer risk. Most
women included in the risk group pay more attention to any changes in their breasts. The
following groups are at risk of developing breast cancer [2]:

a. Personal history of breast cancer. Women who had breast cancer in the past have a higher
risk of developing breast cancer again. Breast cancer can develop in the same breast as the
first cancer or in the other breast.

b. Family history of breast and other cancers. The greatest risk in family history of breast
cancer is from mother, sister, or daughter who had breast cancer, especially if they were
diagnosed before menopause.

c. Certain genetic conditions. The following rare inherited genetic conditions are linked with
a higher risk for breast cancer:

1. Li-Fraumeni syndrome increases the risk of developing certain types of cancer, includ-
ing breast cancer, osteosarcoma, soft tissue sarcoma, and leukemia. Most people with
Li-Fraumeni syndrome have inherited a mutation in the TP53 gene, which is normally
a tumor suppressor gene.

2. Ataxia telangiectasia (AT) is caused by a mutation of the ATM gene. This gene is re-
sponsible for repairing damaged DNA. Certain families with a high rate of breast can-
cer have mutations of this gene.

3. Cowden syndrome is caused by a mutation in the PTEN gene, which is normally a
tumor suppressor gene. People with this condition are more likely to develop breast
cancer, gastrointestinal cancers, and thyroid cancer.

4. Peutz-Jeghers syndrome may be related to a mutation of the STK11 (also known as
LKB1) gene. This gene appears to normally function as a tumor suppressor gene.
Peutz-Jeghers syndrome increases the risk of developing gastrointestinal, breast, ovar-
ian, and testicular cancers.

d. Dense breast. Dense breasts have more connective tissue, glands, and milk ducts than
fatty tissue. Breast density is an inherited trait. Some studies show that women with dense
breast tissue in 75% or more of their breasts are 4-6 times more likely to develop breast
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cancer than women with little or no dense breast tissue. Breast density can only be seen on
a mammogram, but dense breasts also make a mammogram harder to read. On a mam-
mogram, fatty tissue looks dark, while dense tissue looks white, like tumors, so it can hide
a tumor.

. Reproductive history. Estrogen is the main hormone associated with breast cancer. Estro-
gen affects the growth of breast cells. Experts believe that it plays an important role in the
growth of breast cancer cells as well. The type of exposure and how long cells are exposed
to estrogen affect the chances that breast cancer will develop. Menopause at a younger
age decreases the length of time the breast tissue is exposed to estrogen and other hor-
mones. Women who experience early menarche, late menopause, and late pregnancy at
risk of breast cancer. Early menopause is linked with a lower risk of breast cancer. Preg-
nancy interrupts the exposure of breast cells to circulating estrogen. It also lowers the to-
tal number of menstrual cycles a woman has in her lifetime. Women who have their first
full-term pregnancy after the age of 30 have a slightly higher risk of breast cancer than
women who have at least one full-term pregnancy at an earlier age.

. Exposure to ionizing radiation. Woman who have received radiation therapy to the chest,
neck, and armpit area have a higher risk of developing breast cancer.

. Hormone replacement therapy. Woman who is taking hormone replacement therapy for
a long time increases the risk of breast cancer.

. Oral contraception. Oral contraceptives that contain both estrogen and progesterone
can slightly increase the risk for breast cancer, especially among women who have used
oral contraceptives for 10 or more years. The higher risk disappears after the wom-
an stops taking oral contraceptives. However, current and recent (less than 10 years
since last use) users have a slightly greater risk than women who have never used oral
contraceptives.

i. Atypical hyperplasia. Atypical hyperplasia is a noncancerous (benign) condition where

there are a greater number of abnormal (atypical) cells in the breast tissue. Atypical hyper-
plasia increases a woman'’s risk of developing breast cancer.

. Alcohol. Drinking alcohol increases a woman'’s risk for breast cancer. Even low levels of
alcohol consumption (just over 1 drink per day) can increase a woman'’s risk. The risk
increases with the amount of alcohol consumed. One possible reason for the link between
alcohol and breast cancer is that alcohol is thought to cause higher levels of estrogen. Al-
cohol may also lower levels of some essential nutrients that protect against cell damage,
such as folate (a type of vitamin B), vitamin A, and vitamin C.

. Being obese. Obesity increases the risk for breast cancer in postmenopausal women. Stud-
ies show that women who have never taken hormone replacement therapy and who have
a body mass index (BMI) of 31.1 or higher have a 2.5 times greater risk of developing
breast cancer than those with a BMI of 22.6 or lower. Ovarian hormones, estrogens in par-
ticular, play an important role in breast cancer. Many of the risk factors for breast cancer
are believed to result from the overall dose of estrogen the breast tissue receives over time.
The ovaries make most of the body’s estrogen, but after menopause fat tissue produces
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a small amount of estrogen. Having more fat tissue can increase estrogen levels and so
increase the chance that breast cancer will develop.

1. Physical inactivity. Physical inactivity increases the risk of breast cancer in both premeno-
pausal and postmenopausal women.

m. High socioeconomic status. Breast cancer risk is slightly higher for women with higher
incomes. This may be because of lifestyle factors that are linked to breast cancer, such as
having children later in life or having fewer children.

n. Tall adult height. Women who have a slightly higher risk of developing breast cancer
after menopause. It is thought that energy intake and diet early in life, which affect adult
height, are the factors that increase the risk, rather than just being tall.

During breast cancer diagnosis, patients follow a series of tests. Examinations performed on
breast cancer patients include [3]:

1. Physical exam. A physical exam allows your doctor to look for any signs of breast cancer.
2. Clinical breast exam.

3. Diagnostic mammography. Diagnostic mammography is an x-ray that uses small doses
of radiation to make an image of the breast. It is used to follow up on abnormal results of
a screening mammography or a clinical breast exam. Mammography can also be used to
find an abnormal area during a biopsy.

4. Biopsy. A biopsy is the only definite way to diagnose breast cancer. During a biopsy, the
doctor removes tissues or cells from the body so they can be tested in a lab. A report from
the pathologist will confirm whether or not cancer cells are found in the sample.

5. Hormone receptor status testing. Estrogen and progesterone are hormones that can stimu-
late the growth of breast cancer cells. Hormone receptor status testing looks for estrogen
receptors (ERs) and progesterone receptors (PRs) in the breast cancer cells.

6. HER2 status testing. HER?2 status testing is done to find out if breast cancer cells are mak-
ing more HER?2 protein than normal (called overexpression).

7. Tumor marker test. Tumor markers are substances found in the blood, tissues, or fluids
removed from the body.

8. X-ray. An X-ray uses small doses of radiation to make an image of parts of the body on
film. It is used to find out if breast cancer has spread to the lungs.

9. Bone scan. Bone scan is used to find out if breast cancer has spread to the bones (called
bone metastasis).

Most of the patients and their families face some degree of depression, anxiety, and fear when
cancer becomes a part of their lives. Breast cancer patients may experience anxiety at different
situations as while undergoing a screening test, waiting for the results, receiving a diagnosis,
undergoing treatment, or anticipating a recurrence of their cancer. The anxiety associated
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with cancer may increase feelings of pain, interfere their ability to sleep, cause nausea and
vomiting, and interfere with their quality of life. And the severe anxiety may even shorten the
patient’s life [4].

Interviewing some breast cancer patients reported that their anxiety is characterized by a
number of typical symptoms and signs such as shivering or tremor. They find that their feel-
ings of anxiety increase or decrease at different times. They may become more anxious as
cancer spreads or treatment becomes more intense. The level of anxiety experienced by one
person may differ from the level of anxiety experienced by another. Anxiety in breast cancer
patients is associated with death anxiety, fear of death as a result of their symptoms [4].

Caseness in depression significantly increased in the first year of breast cancer diagnosis from
baseline (18.5%) to 4 months (21.5%) but decreased to 15.3% at 12 months [5, 6]. This is in
accordance with other studies that majority of women newly diagnosed with early breast
cancer reported clinical or severe depressive symptoms. The patients presented a controlled
emotional coping style. Anger suppression might play a unique role in depressive symptoms
among women newly diagnosed with breast cancer [7]. Anxiety is a more significant psycho-
logical state that contributed to the feeling of distress in breast cancer than depression [8].
So on the stage diagnosis, the health team should be concern about management of anxiety.

Education in depressed breast cancer patients is adjusted for depression and patient charac-
teristics. Psychoeducation in groups is an intervention given to overcome depression [9]. The
role and function of the patient in the family, the pattern of family-patient interaction, the
cultural structure in the community, and the religious value of the patient affect the accep-
tance of breast cancer patients. The severity of depression cannot be separated from the type
of cancer suffered. Patients with no history of cancer in the family experienced more severe
depression than had a family history of cancer [10]. The severity of the patient’s breast cancer
level is related to the depressed level of the patient.

The most common types of breast cancer diagnoses are inflammatory breast cancer, Paget
disease of the nipple, and triple-negative breast cancer [11-14]. Explanations of each type of
breast cancer are as follows:

2.1. Inflammatory breast cancer

Inflammatory breast cancer develops when cancer cells block the lymph vessel; the breast
becomes red and swollen. Inflammatory breast cancer develops more often in younger
women and women of African ancestry. Inflammatory breast cancer is rare and aggressive,
which means that it grows and spreads quickly. In most cases, inflammatory breast cancer
has already spread to the lymph nodes or other organs when it is diagnosed. The most com-
mon symptom of inflammatory breast cancer is a change to the color of the skin on at least
one-third of the breast. The skin becomes very red or purplish in color. Other symptoms of
inflammatory breast cancer include:

1. A swollen breast

2. Dimpled or pitted kin that looks like an orange peel (called peau d’orange)
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3. Thickened skin or breast tissue
4. A breast that feels warm to the touch
5. An increase in the size of the breast

6. Changes to the nipple such as a nipple that suddenly starts to point inward (called an
inverted nipple)

7. Tenderness or pain in the breast
8. Itching or burning
9. A lump in the armpit (called the axilla) or near the collarbone

The symptoms of inflammatory breast cancer are very similar to the symptoms of infection in
the breast tissue (mastitis), which is more common in breastfeeding women.

2.2. Paget disease of the breast

Paget disease of the breast is a rare type of breast cancer. It develops as a rash or other skin
changes on the nipple, usually on only one breast. This is more common in women over the
age of 50. Most women with Paget disease also have invasive ductal carcinoma or ductal car-
cinoma in situ (DCIS). The cancer can then spread to the dark-colored skin around the nipple
(called the areola).

Paget disease of the breast usually causes changes to the nipple, including;:

1. Crusting, scaling, or flaking

2. Redness of the nipple and areola

3. Burning or itching

4. Bleeding or discharge

5. The nipple turning inward, or becoming inverted

6. The nipple becoming flat a lump in the breast, often near or under the nipple

2.3. Triple-negative breast cancer

Many breast cancer cells have receptors for estrogen or progesterone. They may also have
receptors for a protein called HER2 (also called ERBB2). Triple-negative breast cancer means
that the cancer cells do not have any of these receptors. Because it does not have any of these
receptors, triple-negative breast cancer is considered a separate type of breast cancer with its
own treatment options. Most triple-negative breast cancers are invasive ductal carcinoma.
Ductal carcinoma in situ (DCIS) may also be triple negative.

Basal-like breast cancer is similar to triple-negative breast cancer because the cancer cells often
do not have receptors for estrogen, progesterone, and HER2. But basal-like breast cancer cells
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have changes in the proteins that triple-negative breast cancers usually do not have. Most
basal-like breast cancers are invasive ductal carcinomas.

It is important to note that not all triple-negative breast cancers are basal-like and not all
basal-like breast cancers are triple negative. They are two similar, but distinct, subtypes of
breast cancer. Scientists have not yet developed one internationally accepted definition of a
basal-like breast cancer. But they know that it is different from other types of breast cancer.

Women under the age of 40 and women of African or Asian ancestry have a higher risk of
developing triple-negative breast cancer. Basal-like breast cancers are more likely to be found
in younger women and in women of African ancestry.

Many triple-negative and basal-like breast cancers may be called interval cancers because
they can develop between regularly scheduled screening mammography.

Most triple-negative and basal-like breast cancers are high-grade, or aggressive, tumors. This
means that they tend to grow and spread quickly. Many are diagnosed at a later stage when the
cancer has already spread (metastasized) to lymph nodes or other organs. These tumors tend
to spread to the brain or lungs more often than breast cancers that are not triple negative. Most
triple-negative breast cancers have a less favorable prognosis than other types of breast cancer.

Basal-like breast cancers spread differently than other types of breast cancer. They usually
spread to the bloodstream, brain, and lungs. They do not spread to the lymph nodes or the
bones as often as other types of breast cancer.

When the patient is diagnosed with breast cancer, a feeling of sadness and fear arises, sad
because she did not think she will be diagnosed with breast cancer and will lose her breast
due to surgery and patient’s fear of illness and death [15].

Role changes begin to occur in women undergoing diagnosis. The role of mother who takes
care of her children is time-consuming. Some patients still have children less than 2 years old,
so there is a feeling of guilt for not being able to persecute. The role of wife in serving the hus-
band is disturbed because of his physical condition. Women can still meet the sexual needs
of couples but the frequency is reduced. This role change affects self-acceptance as a woman.
The reaction of a patient diagnosed with breast cancer is to accept, deny, blame yourself, and
withdraw [16].

Feeling sad about the diagnosis of cancer that the patient takes requires resistance from your-
self so as not to get sucked in sorrow. Patients should have the power to deal with perceived
problems. The speed of cancer treatment is proportional to the rate of cancer development
itself; the sooner the patient decides to overcome her cancer, the closer she gets in handling
it. Psychological support is needed for patients to gain confidence in themselves; the patient
believes that the cancer she faces can heal. Family and people closest to her are part of a
meaningful social support for patients. Various forms of psychological support, among oth-
ers, are always present to accompany patients at the time of cancer management. Methods
of psychological support, among others, are crisis interventions, psychological counseling,
self-support groups, relaxation, and suggestive psychotherapy [17]. The presence of people
who are meaningful for the life of the patient will give its own strength, increasing the efficacy
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Care Activities

Make time for self Try to stay involved in activities and enjoy
Ask family and friends to help
Care for the body Eat healthy meals and snacks
Try to get enough rest
Continue having checkups
Avoid using alcohol and cigarette
Exercise for 15-30 min each day
Deal with uncertainty Put some plans on hold
Focus on things you can control
Have more knowledge about what is happening
Talk to family and friends Talking how you feel if feeling angry
Try not to hold in all feelings
Organize your time Prioritize your weekly tasks and activities
Use personal planner
Ask for help from family, friends, or support services
Concentrate on one task a time

Avoid multiple trips

Table 1. Activities to take care of themselves for breast cancer patients.

of patients to undergo therapy. Patients will follow various follow-up measures of various
cancer intervention options. The nearest mentoring gives meaning to the patient so that the
patient has hope for the success of the follow-up to be followed.

Patient should care for themselves to overcome breast cancer problems. Table 1 shows some
of the activities that breast cancer patients do to take care of themselves [18].

Caring shown in these conditions, such as empathy with women, do not blame that women
who suffer from breast cancer because of the risks that exist in her. The presence of the nearest
person as the person who gives attention to the woman reinforces her.

3. Caring for breast cancer patients during treatment

Breast cancer patients are given treatment, i.e., surgery, radiation, and chemotherapy depend-
ing on the stage of breast cancer. Each of these treatments has side effects. Effects after che-
motherapy are neutropenia, anemia, nausea, vomiting, and neuropathy [19]. Interventions
to increase food intake in breast cancer patient during treatment are cook extra food, make
meals a time when patient can sit together and talk, and take extra care when preparing food.
These differences include physical changes such as alopecia, depression, decreased body
image, emotional changes, and impaired role function and social function [19].

Breast cancer patients who have chemotherapy will experience high distress 55.3%.
Symptoms of stress include physical signs, such as trouble sleeping, constant headache,
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high blood pressure, and other heart problems. Emotional signs may include feeling tired,
unwell, and overly sensitive. Activities to reduce stress are exercise regularly, meditate to
practice deep breathing, listen to music or read, talk to someone, ask others to help, try to
rest and get enough sleep, eat nourishing food to give energy and keep well, and take time
to care for self.

Some breast cancer treatments have side effects that affect the heart; the most common side
effects are heart dysfunction, chest pain, and irregular heartbeat [20]. Heart dysfunction can
occur during cancer treatment or any time up to 2 years after treatment is finished. The symp-
toms of heart dysfunction are difficulty keeping up level activity, a bloated feeling around
the abdomen, feeling less hungry, swelling of ankles and feet, feeling dizzy when changing
position, and shortness of breath, at rest or when active.

Patients need basic information about chemotherapy, side effects, and problem-solving skills
during therapy. Fulfillment of chemotherapy information prevents depression and anxiety
in breast cancer patients [21]. Patients undergoing radiotherapy experience various problems
such as skin changes, burning scars, and edema. Patients who dissected experienced losing
her breasts affected her body image. Changes in patients with radiotherapy and surgery lead
to changes in self-image that affect the psychological health of the patient. After breast sur-
gery studies show that mastectomy as surgical treatment for breast cancer may negatively
affect a woman’s body image and her self-image [22].

Breast cancer patients maintain a healthy life with various activities. Table 2 describes healthy
activity for the heart of breast cancer patient.

In fact, patients who receive both often have less severe symptoms, have better quality of life,
and report they are more satisfied with treatment [23]. So, they needed symptom manage-
ment, supportive care, or palliative care. Palliative care is given at every step of treatment
process. In this part, the patients accept support from caregivers, family, and friends [24].
The other person such as volunteer, clergy, social group providing support for the patient’s
emotional and social needs, spiritual needs or concern and practical needs.

Healthy Activities
living
Be active Try to stay active during cancer treatment; exercise or do physical activity each day

Increasing physical activity after treatment can help: strengthen muscles, improve fitness level, lower
blood pressure, and give more energy

Eat well Eat a variety of foods from the four food groups each day
Read food label to choose healthier foods
Limit food and drinks that are high in calories, fat, sugar, and sodium

Drink little or no alcohol

Do not smoke Limited smoking or stop smoking

Table 2. Healthy living for breast cancer patients during treatment.
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Palliative care starts at diagnosis and continues throughout all stages of the disease. The best pal-
liative care occurs when patients and their families work together with the healthcare team [25].

Caring for this period can occur when there is good communication between patient, family,
and health teams. Caring can be achieved if the patient can show some communication skills.
For patient, tips to help promote good communication patient with healthcare team are:

a. Ask the doctor to explain the diagnosis, treatment plan, and prognosis.

b. Ask healthcare team to explain if you do not understand an explanation, description, or
unfamiliar medical word.

c. Tell the doctors and nurses about any pain, discomfort, or other side effects.

d. Keep track of symptoms and side effects. Write down what they are, how often they occur,
and how severe they are.

e. Do not be afraid to ask questions.

For the treatment of breast cancer, the physical symptoms of breast cancer patients affect the
needs and fulfillment of the physical, psychological, social, and spiritual aspects [16]. The suc-
cess of Al therapy depends on patients” ability to adhere to treatment recommendations [26].

The breast cancer patients need friends, which receive the shortcomings, and more attention.
During therapy patients should have realistic expectations and interpersonal relationships,
remain active in activities, support family and community, and improve their spirituality. The
patient’s condition enhances the survival abilities of patients undergoing therapy.

4. Caring for following treatment for breast cancer patients

Breast cancer patients who have recovered still have risk to relapse again. Study in the UK
showed that after 5 years of adjuvant endocrine therapy, breast cancer recurrences continued
to occur steadily throughout from 5 to 20 years [27]. After undergoing therapy, breast cancer
patients follow a series of follow-ups. Some follow-ups are doctor visit, mammogram screen-
ing, pelvic exams, and bone density test. Completed of follow up assesment breast cancer
patients on Table 3.

After breast surgery, physical changes can make some women less comfortable with their
bodies. There may be a loss of sensation in the affected breast. Other treatments for breast
cancer, such as chemotherapy, can change your hormone levels and affect sexual interest and/
or response. Partner may worry about how to express love physically and emotionally after
treatment, especially after surgery. But breast cancer can be a growth experience for couples—
especially when partners take part in decision-making and go along to treatments [29, 30].

From the review of research, Sisler showed that after breast cancer treatment, the survivor-
ship care involves four main tasks: surveillance and screening, management of long-term
effect, health promotion, and care condition. Surveillance for recurrence involves only annual
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Maneuver

Recommendation

Do

Primary care visit with history
and physical examination

Every3-6months for years 1-3 after treatment, every 6-12 months for
years 4 and 5, and then annually

History to focus on symptoms of distant (bone, lung, liver, brain)
and local recurrence

Examination focuses on surgical scar, breasts, chestwall,
regional nodes,arms for lymphedema, and common sites of distant spread

Annual gynecologic examination for patients taking tamoxifen

Breast self-examination Monthly breast self-examination is recommended in this higher-risk group

Annually, starting 1 year after initial mammogram but at least 6 months after
radiation therapy is complete, can be performed every 6 months in select cases,
no routine imaging of a reconstructed breast is needed

Mammography

Screen for other cancers As for average-risk individuals, unless family suggests otherwise

Do not do

Breast magnetic resonance Not recommended

imaging
Other tests: Not recommended
Complete blood counts

Liver function tests

Routine imaging of the chest,
abdomen, or bone

Tumor markers

Cardiac imaging Not recommended after completion of anthracycline (epirubicin, doxorubicin) or

trastuzumab therapy unless there are symptoms

Source: Sisler et al. [28].

Table 3. Surveillance and screening for asymptomatic breast cancer survivors.

mammography, and screening for other cancers should be done according to population
guidelines Management of the long-term effects of cancer and its treatment addresses com-
mon issues of pain, fatigue, lymphedema, distress, and medication side effect. Health promo-
tion emphasizes the benefits of active lifestyle change in cancer survivors, with an emphasis
on physical activity [28]. Completed task after treatment breast cancer is shown in Tables 3-5.

Caring in breast cancer patients after treatment can be given by group like in Canada there is
CanIMPACT (Canadian Team to Improve Community-Based Cancer Care along the Continuum)
[31]. Similar teams from either the health team or from community groups are needed by breast
cancer patients to survive.

Breast cancer patients are likely to heal. Once cured, there are those who can survive, but
there is a relapse. Every woman is at risk of breast cancer. Prevention is done by breastfeeding
before the age of 35 years [32].
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Category Recommendations

Cardiovascular ~ Monitor lipid level and provide cardiovascular monitoring as indicated

health Educate patient about healthy lifestyle modification (balanced diet, exercise, smoking cessation),
potential cardiac risk factors, and when to report relevant symptoms (shortness of breath or fatigue)
to healthcare providers

Cognitive Ask about cognitive difficulties

dysfunction . - e . . .
Assess reversible contributing factors of cognitive impairment and optimally treat when possible
Refer for neurocognitive assessment and rehabilitation if there are signs of cognitive impairment
Suggest self-management and coping strategies for cognitive dysfunction (relaxation, stress
management, routine exercise)

Distress, Assess for distress, depression, and anxiety

depression, and
anxiety

Fatigue

Referral
for genetic
counseling

Osteoporosis

Pain and
chemotherapy-
induced
peripheral
neuropathy
(CIPN)

Sexual health

Assess further if the patient is at higher risk of depression

Offer counseling and pharmacotherapy or refer to mental health resource as indicated

Assess for fatigue, use severity rating scale, and treat causative factor

Offer treatment or referral for factors affecting fatigue (mood disorder, sleep disturbance, pain, etc.)
Encourage regular physical activity, refer for cognitive behavior therapy (CBT) if indicated

When fatigue is present, provide education and general strategies to manage fatigue and evaluate
Do not recommend methylphenidate or modafinil to manage fatigue, given insufficient evidence

Preliminary evidence suggest that yoga is likely to improve fatigue

Consider referral for genetic counseling if:

* Breast cancer was diagnosed before age 50 years (especially <35 years)

* Opvarian cancer at any age (epithelial)

* Bilateral breast cancer in the same woman

* Both breast and ovarian cancers in the same women or some family

* Multiple breast cancers on the same side of the family (paternal or maternal)
* Male breast cancer

* Ashkenazi Jewish ethnicity

Dual-energy X-ray absorptiometry (DEXA) scan at baseline and then every 2 years if the patient is
taking aromatase inhibitors or gonadotrophin-releasing hormone (GnRH) agonists
Assess for pain and contributing factors with pain scale and history

Offer interventions such as acetaminophen, nonsteroidal anti-inflammatory drugs (NSAIDs),
physical activity, or acupuncture for pain

Suggest physical activity for neuropathic pain

Refer to appropriate specialist once the cause of pain has been determined (e.g., lymphedema
specialist)

Consider transcutaneous electrical nerve stimulation (TENS) for CIPN in survivors with
contraindications to medication or for whom medication is ineffective

Consider acupuncture as an adjunct option to treat patients with medication-resistant CIPN

Assess for signs and symptoms of sexual or intimacy problems
Assess for reversible contributing factors to sexual problems and treat when appropriate
Offer nonhormonal, water-based lubricants for vaginal dryness

Refer for psychoeducational therapy and sexual or marital counseling when appropriate
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Category Recommendations

Premature Offer selective norepinephrine reuptake inhibitors (SNRIs), selective serotonin reuptake inhibitors

menopause, (SSRIs), or gabapentin and lifestyle modifications to help vasomotor symptoms of premature

menopausal menopause

symptoms Consider CBT or routine exercise for treatment
Consider tailored patient education interventions and consultations when appropriate to decrease
menopausal symptoms

Lymphedema Counsel weight loss for overweight or obese patients to prevent or reduce lymphedema risk
Educate survivors about lymphedema sign and symptoms and assess for lymphedema
Refer if symptoms are suggestive of lymphedema

Infertility Refer survivors of childbearing age experiencing infertility to reproductive endocrinology and
infertility specialist promptly

Body image Assess for body image concerns

concerns

Refer to psychosocial resources as indicated

Source: Sisler et al.

[28].

Table 4. Assessment and management of long-term effects of breast cancer and its treatments.

Category

Recommendation

Weight management ~ Counsel patients to achieve and maintain a healthy weight

Physical activity

Nutrition

Smoking cessation

Counsel patients who are overweight or obese to change dietary habits and increase physical
activity to promote and maintain weight loss

Counsel patients to avoid inactivity and return to daily activities as soon as possible after
diagnosis

Aim for at least 150 min of moderate or 75 min of vigorous physical activity weekly

Include strength training exercise at least 2 days/week

Counsel patients to have a dietary pattern high in vegetables, fruits, whole grains, and
legumes; low in saturated fats; limited in processed and red meats

Limit alcohol

Counselor supplements only if deficiencies are demonstrated

Counsel patients to avoid smoking; offer or refer for cessation counseling and resources

Source: Sisler et al.

[28].

Table 5. Health promotion for breast cancer survivors.

5. Conclusion

Breast cancer occurs in most women who get married late or are not breastfeeding. Acceptance
of breast cancer diagnosis affects a person’s ability to survive. Caring given since the diagno-
sis of breast cancer provides the strength for patients to survive.
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Breast cancer patients need caring of their own body to keep their health. Patients undergoing
therapy require the presence of family and friends to provide care for them. After success-
fully undergoing therapy, breast cancer patients should always live healthily and always do a
series of checks regularly in order to prevent the risk of recurring illness.
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