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Summary

Summary

Worldwide, breast cancer is the most common malignancy among
women, and although treatment and prognosis have improved
substantially over the last decades, for some patients the risk of
recurrence remains for several years following diagnosis. Meanwhile,
many breast cancer patients receive systemic adjuvant treatment
unnecessarily, since their tumours will never recur. Implicitly, these
patients are being overtreated while others are being undertreated. The
challenge is to identify patients with a higher risk of developing
recurrences and metastasis, from those who do not need additional
treatment. These women may be spared potential treatment-induced side
effects. Breast cancer is a highly complex and very heterogeneous
disease, displaying both inter- and intratumoural biological variation. To
ensure correct diagnosis and treatment, we need more precise and
improved biomarkers. Equally important as discovering new and better
biomarkers is the validation of existing ones. The work described in this
thesis focuses on the discovery of novel candidate biomarkers for breast
cancer, but also emphasize the equally important value of validating

existing ones.

The first study examined the expression of the protein MARCKSLI1 by
immunohistochemistry. Increased expression of MARCKSLI1 was
previously associated with risk for metastasis and worse prognosis in
breast cancer patients, especially in those with highly proliferating

tumours. In this study, we set out to validate these findings. However, in
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contrast to previous findings, MARCKSLI1 protein expression was not

prognostic in this independent patient cohort.

In the search for novel prognostic and predictive biomarkers in breast
cancer, microRNAs are now emerging as potential candidates. In
previous studies, gene expression of miR-18a and miR-18b correlated
with high proliferation and basal-like features of breast cancer. In the
second study, we applied chromogenic in situ hybridization to
investigate the in situ expression of these microRNAs in both ER" and
ER" tumours. Our findings revealed that miR-18a and miR-18b are
specifically expressed in the stroma surrounding the tumour, especially
in ER" breast tumours that present with a high degree of tumour
infiltrating lymphocytes. Additional investigations suggested that the

expression of these miRNAs might be associated with macrophages.

Cell proliferation is a fundamental feature of cancer cells, and high
proliferation correlates with a higher risk of recurrence and reduced
survival in breast cancer. Ki-67 is a well-known marker for proliferation,
but its use is controversial because of the lack of consensus regarding
pre-analytical processing, optimal clinical cut-off value and a high
degree of variability across laboratories. Digital pathology is becoming
increasingly important in routine diagnostics and is soon to be
implemented in Norway. In the third study, we employed digital image
analysis to evaluate the expression of Ki-67 in tissue microarrays, in a

case-control study of tamoxifen-treated patients with and without
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recurrence. However, our findings do not support an increased risk of

recurrence associated with Ki-67 expression.

The resulting discrepancies with previous studies discussed in this thesis,
highlights the importance of performing replication and validation

studies, and to critically re-evaluate previous biomarkers.
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Introduction

1 Introduction

In the course of a lifetime, cancer will affect most people in some way.
If they are not themselves diagnosed with cancer, it may still affect them
through the diagnosis of a spouse, close relative, friend, or colleague.
Among the challenges of cancer are the complexity and variability of its
manifestations. On one end of the spectrum, the disease can be mild and
curable within a short time span and, following treatment, the patient
may continue life largely as before. On the other end of the spectrum,
cancer can be aggressive and non-responsive to therapy, spreading and
quickly killing its host. Often, the reality will fall somewhere between
these two extremes. Cancer patients are increasingly surviving beyond
their diagnosis and many are cured. In some cases, they either live for
many years with a chronic but latent disease or they complete treatment
but face a lifetime of various adverse side effects. Medical science has
come a long way with cancer treatments, and physicians now have an
arsenal of sophisticated therapy options available for their patients with
cancer. Nonetheless, cancer remains a leading cause of death, and the
search continues for even better diagnostic tools, with the hopes of
achieving personalized treatment and eventually eradicating both
overtreatment and undertreatment in cancer therapy. To achieve these

aims, we need more and better biomarkers.

This thesis focuses on the discovery and validation of (phenotypic in

situ) biomarkers in breast cancer.
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Introduction

1.1 Tumourigenesis and the Basic Principles of Cancer
A variety of biological events and molecular changes are involved in the
appearance of a tumour, a process called tumourigenesis. Some common
traits of distinguish cancer cells from normal cells. In 2000, Hanahan and
Weinberg published their seminal article Hallmarks of Cancer,
describing six key biological functions or changes that cells acquire in
the multistep process of becoming cancerous. In 2011, two additional
hallmarks were proposed, and two enabling characteristics were added
(Figure 1). Although these listings have been criticized ! for simplifying
the complex biology of a malignant tissue-specific disease, these
hallmarks are regarded as basic principles underlying tumourigenesis.
These 10 traits are briefly introduced here.
Sustaining  Evading

proliferative growth
signaling suppressors

Deregulating Avoiding
cellular immune
estruction

energelics

Resisting Enabling
cell replicative
death immortality
Tumor-
Genome promoling
instabiity inflammation
mutation
Inducing Activating
angiogenesis invasion &
metastasis

Figure 1. Hallmarks of Cancer.

Reprinted from Cell, Vol 144, Issue 5, Douglas Hanahan, Robert A. Weinberg, Hallmarks of
Cancer: The Next Generation, Pages 646-674, Copyright 4721910985387 (2011), with
permission from Elsevier.
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1.1.1  Sustaining proliferative signalling, evading growth
suppressors, and resisting cell death

In normal tissue, growth signals are carefully orchestrated to maintain a
steady balance between the healthy, functioning cells that grow and
divide continuously and the old or malfunctioning cells undergoing
apoptosis, or controlled cell death. Every cell must pass through an
intricate quality-control system to proceed through the cell cycle. This
carefully controlled process ensures homeostasis in the body, fine-tuned
to meet the current needs of the organism, through the release of growth
factors. Cell proliferation —the process of increasing cells numbers
— occurs naturally under healthy conditions, such as during childhood
growth and in pregnancy. Cancer, however, results from cells dividing
out of control and independently of the so-called tumour suppressors that
usually inhibit cell division. Cells gaining these features become self-
sufficient in growth signals, can avoid apoptosis, and are insensitive to
anti-growth signals. These factors will lead to unrestrained cell
proliferation and abnormal growth, and the cancerous cells proliferate
and grow in number, eventually forming masses, i.e., tumours 2. This
increased cell proliferation in tissue, or neoplasms, does not always lead
to cancer; sometimes, the cells will remain slow-growing and harmless,
forming benign masses. When cells of the epithelium behave in this way,
they are designated as “carcinomas.” When carcinomas remain in place,
they are termed “carcinoma in situ” (Figure 2), and the term “cancer” is

used only if the carcinoma becomes invasive and disrupts adjacent tissue.
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Carcinoma in situ Cancer

Outer tissue-|

Muscle - [
layers

Connective
o »

Inner tissue-{

layer

Figure 2. Carcinoma in situ versus Cancer.

The distinction between cancer and carcinoma in situ is based on the invasiveness of the tumour;
a cancer disrupts its inner tissue layer and invades and harms the surrounding tissue. For the
National Cancer Institute © 2011 Terese Winslow LLC, U.S. Govt. has certain rights.
(Reproduced with permission).

1.1.2 Enabling replicative immortality

Normal cells have a limited ability to grow and undergo cell division and
will do so only if necessary, usually being restricted to a certain number
of cell cycles. In other words, normal cells “grow old”, and cell division
eventually ceases, a process called “cell senescence” that results mainly
from successive shortening of so-called telomeres. Telomeres are located
on the end of chromosomes and consist of repetitions of the nucleotide
sequence TCCCAA. This progressive erosion of telomeres is a self-
protecting mechanism that occurs with every cell cycle/division,

ensuring that cells do not have unlimited proliferation power . However,
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the vast majority of cancer cells express the enzyme telomerase, which
counteracts this process by adding telomere repeat segments. In this way,
cancer cells may acquire the potential for unlimited replication and

continue to divide and give rise to even more cancer cells 2.

1.1.3 Genome instability and mutation

Genome instability references an increasing number of changes
accumulating in the genome, consequently interfering with the
maintenance of genome integrity and correct DNA replication.
Sometimes aberrations occur in the chromosomes, leading to
aneuploidy. As reviewed by Stratton et al in 2009, cancer is often said to
be a disease of the genome *. In practical terms, all cancers arise because
of genetic aberrations accumulating in one cell, either acquired over time
(somatic mutations), or inherited (germline mutation). Such mutations
result from errors during replication or from unrepaired or incorrectly
repaired DNA damage, leading to permanent structural changes in the
nucleotide sequences. These genetic mutations may accumulate in the
genome and introduce error(s) into the DNA codons, causing changes in
the expression or the function of the encoded proteins and ultimately
leading to cells becoming cancerous °. Depending on the location of the
deleterious modification in the genome, any of these DNA alterations
can change the structure, amount, or function of a protein. For example,
these pathogenic mutations could lead to loss-of-function of a tumour-
suppressor or to gain-of-function of an oncogene. Uncontrolled cell

proliferation will arise in each case, and cancer can be the end result.

25



Introduction

Only mutations that confer a selective growth advantage for the cell can
promote tumourigenesis and are called “driver mutations”. A typical
tumour involves two to eight of these mutations, which usually develop
over the course of several years *°. Humans have approximately 20,500
genes, and DNA damage and spontaneous mutations occur continuously;
in fact, the mutation rate in humans is estimated at roughly 0.5x10° bp
Uyear! 7. Fortunately, our cells have developed proficient DNA damage
repair mechanisms to deal with these aberrations. Nevertheless, with
time, cells acquire more and more aberrant mutations, which is why
cancer becomes more common as we age *. Genetic variations are also a
reason that some people have increased risk for developing cancer, as

seen in people who are carriers of BRCA1/2 mutations.

1.1.4 Inducing and sustaining angiogenesis

As for all cells, to grow and survive, cancer cells depend on sufficient
amounts of nutrients and oxygen and ways to rid of metabolic waste and
carbon dioxide. Therefore, any cell requires capillary blood vessels
within a distance of 100 um ®. As cells accumulates into a tumour of a
certain size, the tumour becomes dependent on having afferent and
efferent blood vessels to sustain itself °. Induced by a cancer-related state
of hypoxia and/or inflammation, the cancer cells then release soluble
angiogenic factors such as hypoxia-inducible factor 1, and various
growth factors and cytokines that stimulate sprouting and ingrowth of
nearby blood vessels, a process called ‘“neovascularization”. This

stimulus is referred to as the “angiogenic switch”, and vascular
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endothelial growth factor (VEGF) is an important stimulator in this
process, as is platelet-derived growth factor 2. Neovascularization also
involves endothelial progenitor cells (EPCs), activation of platelets, and
remodelling of the extracellular matrix (ECM) by matrix
metalloproteinases (MMPs). Angiogenesis is essential for both the
development and preservation of the cancer, and it contributes to
enabling metastasis by providing an escape route for migrating cancer
cells via its efferent blood vessels. The mechanisms of tumour-induced
angiogenesis are summarized in Figure 3. Sometimes, the tumour grows
so rapidly that angiogenesis cannot keep up, in which case some areas of
the tumour without blood supply will then die, as can be seen under the

microscope as necrotic areas.
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Figure 3. Mechanisms of Tumour-induced Angiogenesis.

Both hypoxia and the tumour cells cause release of several stimulatory signals such as cytokines,
growth factors, and MMPs into the microenvironment. These signals stimulate angiogenic and
inflammatory changes in multiple cell types. Some tumour cells may invade the surrounding
vasculature and enter the circulation; whereas others cause disruption of the vascular barrier.
Exposure of the basement membrane is perceived as a wound, leading to recruitment and
activation of multiple cell types such as platelets, EPCs, and myeloid cells, which contribute to
this process by releasing stimulatory factors into the TME. ECM: extracellular matrix; EPC:
endothelial progenitor cell; MMP: matrix metalloproteinase; TME: tumour microenvironment.
Adapted by permission from Springer Nature Customer Service Centre GmbH: Springer Nature,
Nature Medicine. Tumor angiogenesis: molecular pathways and therapeutic targets, Sara M Weis
et al, COPYRIGHT (2011).

1.1.5 Deregulating cellular energetics

Cancer cells can reprogram cellular metabolism by triggering a
metabolic shift and adjusting energy metabolism to sustain themselves.

The highly effective oxidative phosphorylation in mitochondria is the
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default setting of energy metabolism for normal cells. This process of
glycolysis takes places under aerobic conditions, in which glucose is
processed into pyruvates that enter the mitochondrial tricarboxylic acid
cycle (TCA), resulting in the production of energy-rich adenosine
triphosphate (ATP) and carbon dioxide. Cancer cells, however, prefer a
different form of energy, produced by a mechanism similar to that used
under anaerobic conditions, but in which the pyruvate is converted
mostly into lactate even in the presence of oxygen, depleting the amount
of pyruvate available to enter the TCA (Figure 4). This phenomenon is
also known as the Warburg effect, named after the Nobel laureate who
first described it in the late 1920"s. Presumably, the rationale behind this
phenomenon is that although the cancer cells generates much less energy
(in the form of ATP) through glycolysis, in return, the process yields
even more metabolites to fuel their growth and biosynthesis. In addition,
growing tumours often result in a hypoxic environment that will benefit

cells with such an aberrant metabolism independent of oxygen.

a Metabolism in Normal Cells b Warburg Effect
Glucos«e Glucose

Extra Cellular Extra Cellular

Glucuse
Cytoplasm Cytoplasm
Pyruvate Pyruvate

Lactate
@ Lactate

TCA cycle TGA cycle

Figure 4. Metabolism in Normal vs Cancer Cells.

Cell metabolism in a) a normal cell demonstrating oxidative phosphorylation, and b) a cancer
cell exhibiting the Warburg effect. Reprinted by permission from Springer Nature Customer
Service Centre GmbH: Springer Nature, Springer eBook '°.
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1.1.6 Activating tissue invasion and metastasis

Normal epithelial cells, from which most solid cancers originate, reside
within the basement membrane and their tissue-specific boundaries.
Gaining the ability to displace and invade the surrounding tissue is a
characteristic that distinguishes malignant cells from benign masses,
which “stay in place”. Tumour cells become able to invade the
surrounding tissues by a multistep process, changing the phenotype and
morphology of the cells. One important mechanism is the so-called
epithelial-to-mesenchymal transition (EMT), in which various
transcription factors transform resident epithelial cells are into a motile
mesenchymal phenotype. EMT is a reversible process that is involved in
physiological processes such as embryogenesis, development, stem cell
behaviour, and wound healing, but this cell plasticity is also fundamental
in tumourigenesis. Loss of E-cadherin, which is important for
maintaining cell—cell adhesion, is another cancer cell alteration

contributing to invasion.

The combination of exaggerated cell proliferation and these other
hallmarks results in the formation of a malignant tumour. Some of the
cancer cells may break off from the tumour and attain the ability to
spread by either blood or lymph to other areas in the body and form
metastases, often with detrimental consequences. Metastases are the
main reason for cancer-associated deaths. The mechanisms of metastasis
are highly complex and still not fully understood, although different
explanatory models have been proposed, some of which were reviewed

by Hunter et al in 2008 . Not all cancer cells have metastatic potential;
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metastatic cells must overcome many obstacles to establish a new colony
of cells at a secondary location by forming viable micrometastases. Some
cancers metastasize early on, whereas other cancer cells may be dormant
for years before reactivating and starting to grow into a new tumour,
eventually becoming clinically overt. Different types of cancers can have
very different prognoses, but generally, early detection is of vital

importance for treatment success and patient survival.

1.1.7 Tumour-promoting inflammation and avoiding
Immune destruction

A functioning immune system is critical for upholding and protecting a
viable organism, and an elaborate and highly efficient immune
surveillance system protects us from both exogenous and endogenous
harmful events. Inflammation is a biological process that occurs in
response to tissue damage, trauma, infection, or pathological events and
results in a local release of numerous chemical mediators such as pro-
inflammatory cytokines, histamines, and prostaglandins. This release
induces growth factors and initiates the wound-healing process by
stimulating new tissue growth and neovascularization. Paradoxically,
cancer cells can take advantage of this protective immune response by

directing these mechanisms to stimulate further tumour growth '2,

Generally, our immune system effectively identifies and destroys
infections, damaged cells, or emerging (genetically) aberrant neoplastic
cells. Tumour cells express specific tumour antigens on their surfaces,

which the immune system recognizes either directly or indirectly via so-
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called antigen-presenting cells (APCs). With recognition of these
tumour-specific antigens, cytotoxic lymphocytes (T cells) of the adaptive
immune system will be activated to kill these cells, whereas B cells will
start to produce antibodies directed against the tumour cells. In addition,
cells of the innate immune system contribute by secretion of pro-
inflammatory cytokines. In most solid cancer types, immune cells,
especially lymphocytes, have been found to infiltrate the tumour area.
These cells are called tumour infiltrating lymphocytes (TILs) and have
prognostic value in several cancer types '»'*. The importance of the
immune system in regulating cancer is evident from, for example, the
elevated risks/incidences of cancer in immunosuppressed individuals '°.
It is now recognized that the adaptive and innate immune responses and
their many associated immune cells play an essential but dual role in
cancer, having both pro- and anti-tumour effects, depending on the type

of immune cells involved 'S.

Through genetic and epigenetic
modifications, some tumour cells evade the natural selection pressure of
immune surveillance, remaining undetected and escaping the immune
system, thus enabling the clones to accumulate and continue to grow

without eliciting an immune response =!8,

Tumour-promoting
inflammatory cells take part in both tumourigenesis and maintenance of
cancer and cancer progression, and often involve and occur within the
tumour microenvironment (TME). An illustration of cancer-induced
inflammation and the adaptive- and innate immune responses to

malignant cells is shown in Figure 5. Cancer immunity and the TME are

discussed in further detail in section 1.6.
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Figure 5. Cancer-induced Inflammation.

Simplified model of how adaptive and innate immune cells may respond to cancer-induced
inflammation during neoplastic progression. Dendritic cells (DCs) present tumour antigens to T
and B cells in lymphoid organs. Once activated, these cells elicit an adaptive immune response
with both tumour-promoting and antitumour effects. B cell activation and pro-inflammatory
cytokines activate innate immune cells, further promoting tumour development through
mechanisms such as cell death inhibition, tissue remodelling, and induction of angiogenesis.
Meanwhile, T cell-mediated and antibody-dependent cytotoxicity and tumour cell lysis have anti-
tumour effects. Reprinted by permission from Springer Nature Customer Service Centre GmbH:
Springer Nature. Nature Reviews Cancer. (2006). Paradoxical roles of the immune system during
cancer development, Karin E. de Visser et al .Nat Rev Cancer 6, 24-37, doi:10.1038/nrc1782 16,
[COPYRIGHT 47707415089901, 2006.
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1.2 Breast Cancer Biology and Classification

Breast cancer is one of the oldest described cancers in human history,
with the first evidence dating back to ancient Egypt '°. Hippocrates
described the different stages of breast cancer as early as 400 B.C.E 2.
Because breasts are such a visual and important part of women’s
physiology, they have strong symbolic associations with femininity,
fertility, and motherhood. The physiological development and growth of
the breasts is closely associated with the primary female steroid
hormones oestrogen and progesterone. Induced by hormones during
puberty, the breasts will start to develop into functional tissue consisting
of mostly adipose (fatty) tissue and the functional glandular tissue lobes,
or the terminal ductal lobular units (TDLU). The lobes consist of smaller
sections called lobules. In the case of pregnancy and lactation, these
lobules become milk-producing, branching out into a tubular network of
ducts that ultimately drains into the nipple. The lobes and ducts are lined
with a thin epithelial layer. In addition to the lobes, ducts, and adipose
tissue, the breast also contains blood and lymph vessels, lymph nodes,
nerves, and connective tissue (Figure 6). These components make up the
stromal compartment, i.e., the part of a tissue with a primarily supporting

role.
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Figure 6. Anatomy of the Female Breast.

Anatomy of the female breast, illustrating the draining lymph nodes. Cross-section illustrating
the organization of lobes, lobules, ducts, areola, and nipple in relation to the chest wall. For the
National Cancer Institute © 2011 Terese Winslow LLC, U.S. Govt. has certain rights.
Reproduced by permission.

1.2.1 Breast cancer epidemiology and aetiology

Worldwide, breast cancer is the most frequent female malignancy, with
more than 2 million new cases per year. In Norway, breast cancer
accounted for as many as 3568 cases of cancer and 586 deaths in 2018.
Although men also may develop breast cancer (Norway 2018: 8 male
breast cancers), but for the remainder of this thesis, we will focus only

on breast cancer in women.
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In Norway, the median age at diagnosis is 62 years, and women have an
8.89 % cumulative risk of developing breast cancer by the age of 75.
Breast cancer incidence has increased over the years, likely because of
earlier detection of non-symptomatic cancer through the Norwegian
Breast Cancer Screening Program, which was implemented nationwide
in 2005 2'. Meanwhile, breast cancer survival has also increased (Figure
7), from 89.3% to 90.7% in the last 5-year period (2014-2018), most
likely because of improvements in treatment 21?2, These values translate
into a substantial number of breast cancer survivors, including women
who have either been fully cured, and those who knowingly or not
continue living with the disease in the form of (micro-) metastases. In
fact, the number of breast cancer survivors increased from 34,719 in
2008, to 49,344 by the end of 2018 22, Some of these women had already
been diagnosed with metastases, whereas others may or may not develop

them over time.
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Figure 7. Trends in 5-year Relative Breast Cancer Incidence.
Trends in the 5-year relative incidence (red line), survival (brown line), and mortality rates (pink
line) per 100 000 women with breast cancer in Norway, from 1965-2015. Adapted from 2.

Apart from female sex and age, known risk factors for breast cancer
include excess body mass index, long-term hormone replacement
therapy, and poor diet. As with most cancers, breast cancer risk may to
some extent be partially preventable by reducing alcohol consumption,
increasing physical activity, and maintaining a healthy diet. Pregnancy
at age <25 years, multiple pregnancies, and breastfeeding also seem to
play a risk-reducing role, whereas extended exposure to oestrogen seems
to be disadvantageous. However, for most cases of breast cancer,
generally no single direct cause is attributable. Approximately 5% to
10% of breast cancers are associated with inherited risk because of
mutations in cancer-related genes, the most well-known being the

BRCA1 and BRCA2 mutations, which cause approximately 2% of breast
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cancers 23, Women who inherit a mutated version of one of these tumour-
suppressor genes have a high lifetime risk of developing both breast and
ovarian cancer and these women are therefore offered prophylactic
bilateral oophorectomy and mastectomy 2. Other gene mutations are
also associated with breast cancer, and one study found TP53, PIK3CA,
MYC, CCND1, PTEN, ERBB2, ZNF703/FGFR1 locus, GATA3, RB1,
and MAP3K1 to be the most frequently altered genes in primary breast
cancer »°. A recent large EU project from 2016, identified 93 genes as

the main drivers of breast cancer 2.

1.2.2 Terminology and classification of breast cancer

Breast cancer is a highly complex and heterogeneous disease, displaying
a multitude of both intertumoural and intratumoural biological variation.
Breast cancers are therefore classified based on several clinical,
histological, and molecular characteristics. The vast majority of these
cancers are histologically classified as infiltrating carcinomas of no
special type (NST), and usually originates in the TDLUs (Figure 8).
According to the National Quality Registry for Breast Cancer 2018, NST
carcinomas constitute around 70% of breast cancers in Norway. The
remaining infiltrating carcinomas are of the special type, most frequently
the infiltrating lobular carcinoma (12%) or infiltrating, other (9%).
Furthermore, around 10% of suspected breast cancers turn out to be
premalignant, meaning that there is a tumour but that it has not yet
become invasive. These lesions are called carcinoma in situ (CIS) and

may arise in the ducts (DCIS) or the lobules (LCIS) %7,
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Figure 8. Ductal Carcinoma In Situ.

Breast cancer usually originates from epithelial cells in the TDLUSs, the functional units of the
breast where the milk-producing glands are located. Often, the process of a developing cancer
starts with non-invasive DCIS, before it eventually becomes invasive. DCIS: ductal carcinoma
in situ. TDLU: terminal ductal lobular unit. Allred, D. Craig. Ductal Carcinoma In Situ:
Terminology, Classification, and Natural History. Journal of the National Cancer Institute
Monographs, 2010, volume 2010, issue 41, 134-138, by permission of Oxford University Press.

Stage To be able to offer the right adjuvant treatment, clinicians must
determine at the time of diagnosis the extent to which the cancer has
manifested itself within the breast or the body, i.e., staging. Like most
cancers, breast cancer is classified according to the TNM Staging system

(see Table 1 for summary of this system). This system relies on a set of
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standardized criteria developed by the Union for International Cancer
Control (UICC)*, and is based on the size of the tumour (T),
involvement of regional lymph nodes (N), and whether the cancer has
metastasized (M). Each category is assigned a number to describe the
extent of tumour load. Stage I describes the least advanced tumours and
stage IV the most advanced, but the terms “early”, “late” and “terminal”
breast cancer are also used. Generally, cancers within stage T1-2N0-1MO0
are regarded as operable, whereas stages beyond T3-4N0-3MO0-1 or T1-
2N2-3MO0-1 are considered primarily inoperable. Cancer staging is
determined based first on preoperative clinical examination, imaging
tests, and biopsies, 1.¢e., clinical staging, followed by pathological staging
based on findings in the surgical specimen of the primary tumour per-

and postoperatively.

Most breast cancers are diagnosed before the cancer has spread to more
distant sites, i.e., stages I-III, or non-metastatic disease. Furthermore, for
most (>60%>’) stage I-11I breast cancers, the cancer cells have not yet
spread to nearby lymph nodes, so they are lymph node negative, or LN".
This status is often referred to as early stage breast cancer, which is the

main focus of this thesis.
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Table 1. TNM Staging System.
Simplified summary of the UICC TNM staging system for breast cancer.

CATEGORY DESCRIPTION
™ Primary tumour cannot be evaluated
TO No evidence of primary tumour
Tis Carcinoma in situ (DCIS/LCIS/Paget’s disease).
T1-T4 Size and/or extent of the primary tumour
T1 Tumour < 2 cm in greatest dimension
T2 Tumour > 2.0 < 5.0 cm in greatest diameter
T3 Tumour > 5.0 in greatest diameter
T4 Tumour independent of size, but with direct extension to chest wall and/or

to skin (ulceration or macroscopic nodules).

pNX Regional lymph nodes cannot be evaluated

pNO No regional lymph node involvement (no cancer found in the lymph
nodes)

pN1-N3

Involvement of regional lymph nodes (number and/or extent of spread)

pN1 Micrometastases; or metastases in 1-3 axillary lymph nodes; and/or
clinically negative mammaria interna lymph nodes with micro- or
macrometastases by SLN biopsy.
Metastases in 4-9 axillary lymph nodes; or positive (by imaging)

pN2 ipsilateral mammaria interna lymph nodes(s) in absence of axillary lymph
node metastases.
Metastases in

i. >10 axillary lymph nodes; or infraclavicular lymph nodes, or
pN3 il. Positive ipsilateral mammaria interna lymph nodes by imaging in
presence of positive axillary lymph node (s); or
ii. >3 axillary lymph nodes and micro- or macrometastases by SLN

biopsy in clinically negative ipsilateral mammaria interna lymph
nodes; or in ipsilateral supraclavicular lymph nodes.

MX Distant metastasis cannot be evaluated
MO No distant metastasis (cancer has not spread to other parts of the body)
M1 Distant metastasis (cancer has spread to distant parts of the body)

Adapted from 3°. Used with permission under the Creative Commons Attribution Non-

Commercial License (http://creativecommons.org/licenses/by-nc/4.0