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Abstract — Breast cancer remains a prevalent health
complication among the female population. Early and
reliable detection in an individual is necessary for
effective treatment. Thus, R&D into techniques for
detection of breast cancer continues to the present. Non-
invasive techniques include tactile examinations,
electromagnetic scanning and checks for chemical
markers. Invasive techniques include biopsies that
extract tissue and liquid samples. These techniques have
limitations and setbacks that are being addressed with
supplementary or complementary techniques. Like the
pre-existing techniques, these techniques also rely on
comparison of data between control samples and afflicted
patients to measure their reliability. Therefore, R&D
efforts towards detection of breast cancer have resulted
in incremental improvements  on established
methodologies.
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. INTRODUCTION

Breast cancer is a type of cancer that predominantly
occurs in female populations and a comparatively small
proportion in male populations [1]. In the present-day,
mortality rates are estimated to be increasing at seven in
million for every 5 years [2]. This is happening despite
research and development (R&D) into methods of
treatment.

Studies into breast cancer continue to show that early
detection significantly improves the odds of successful
treatment [3]. Therefore, there is also R&D of detection
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methods, with the goal of reliable confirmation of breast
cancer or absence thereof. For the convenience of
referring to these absences and presences, this article
will henceforth refer to the confirmed absence of breast
cancer as “true negative”, and the confirmed presence
as “true positive”. This nomenclature has been practiced
in other recent articles [4].

In the current era, there are digital tools that help in
the detection of breast cancer among populations, such
as Al assistance and big data. This article is not
specifically about these digital tools and is instead about
techniques that are applied on individual patients to
determine the occurrence of breast cancer. However,
these tools will be mentioned later, specifically in the
matter of analyzing test results.

Il. BACKGROUND & PROBLEM STATEMENT

The following passages provide a brief history of
breast cancer awareness and methods for its detection.

A. Brief Statement on the Terminology of Breast Cancer

“Cancer” is a term that is based on what is
understood by the community of experts that are
researching cancer. The level of understanding changes
when new methods are developed, leading to efforts to
redefine which ailment is cancer and which is not [5].
This article is not about the definition of cancer, so it will
defer to the general description of the occurrence of
abnormal and malignant tissues in breasts [6].
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B. Awareness of Breast Cancer

Breast cancer has been identified as a category of
cancers. Subtypes of breast cancers continue to be
identified to the present day [7]. Identification of the
subtypes is necessary for efficient treatment. However,
the identification must be performed by trained
personnel, due to the need for sophisticated equipment.

Furthermore, these procedures are performed after
the patient has discovered signs of breast cancer and
subjected oneself to further testing. Unfortunately, the
data on the reliability of the patient making this discovery
is inconsistent across the world, with no clear correlation
between affluency and rate of self-exams [8][9][10].

C. Breast Cancer Detection, in General

The main tissues within breasts are composed of
epithelial, stromal, and adipose cells; in layman’s terms,
these cells become surface, connective and fat tissues
respectively [11]. Any deviation from this composition is
potentially a sign of the emergence of breast cancer [11].

Thus, the methods of detection focus on determining
the presence of anything that is out of the norm among
breast tissues [13]. There are methods that rely on tactile
sensations, e.g. any resistance to physical exertions on
breasts in breast self-exams [14], and methods that rely
on the transparency of the breast tissues to radiation
[15], to cite some examples.

In the present-day, there is R&D into novel methods,
such as the application of algorithms on breast mass and
volume measurements [16], or revisiting previous
methods like ultrasound [17]. These methods still follow
the same principle of comparing the results from control
samples, i.e. healthy breast tissues, with the results from
samples by suspect cases.

To improve reliability of these detection methods and
for thorough documentation of the results, a series of
procedures that include these methods can be
established. An example is the Reporting Items for
Practice Guidelines in Healthcare (RIGHT) checklist,
which is developed through international collaboration
[18].

D. Breast Cancer Typification through Detection

In addition to detecting the presence of abnormalities
in the breast, breast cancer detection methods also
attempt to classify the abnormalities as either benign or
malignant [12]. This is necessary for informing the
treatments that would come after, because the methods
for benign and malign cancers differ significantly [12].

Therefore, the detection methods must be able to
differentiate between these broad categories of
abnormalities; this is a significant challenge. For
example, imaging methods require visual information on
the distribution and spatial dimensions of abnormal cells,
which are among the set of traits that are used to
measure the probabilities of the cells being cancerous
[12].
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E. Breast Cancer Treatment, in General

Firstly, this article is not about the treatments for
breast cancer. The topical matter of this review article is
breast cancer detection methods. However, the method
of cancer detection can contribute to the planning and
execution of treatment procedures if treatment is
possible [13]. For example, screening methods yield
visual cross sections of breasts that can help the
planning of surgeries.

After treatment, the same detection methods are
applied again, with the goal of determining any changes
due to the treatment. This is especially so if the treatment
method is classified as clinical, i.e. having measurable
results [19].

As implied earlier, the methods of detection must be
able to determine the presence of breast cancer. The
method must also reveal the cause and/or
circumstances of the cancer so that appropriate
treatment can be applied. The approaches that will be
described hereafter adhere to these two goals, despite
their differences in technique.

DETECTION APPROACHES

A. Non-Invasive Approaches

Non-invasive approaches are meant to avoid injuries
of any severity to the patient. There are some overlaps
with invasive approaches, however, due to inherent risks
in some of the methods that will be described later.

Foremost among these approaches are methods that
the patients use themselves, namely breast self-exams
[8][9][10]. These are the methods by which patients
discover concerns about their own bodies, which may
compel them to seek clinical examination and thus other
methods of breast cancer detection. However, uptake
and practice of these methods vary significantly across
the world [8][9][10].

Clinical non-invasive approaches generally resort to
screening techniques. Screening typically involves
subjecting the patient to radiation emissions of specific
spectra, such X-ray and magnetic resonance, and/or
non-radioactive transmissions, such as ultrasound [20].
This is generally the next step after a patient has raised
concerns after a BSE [18].

For ease of reference, such methods will be
henceforth referred to as “screening”. This is to
differentiate these methods from those that do not
subject the patient to emissions and transmissions.
Incidentally, the results of screening methods are
visually displayable on screens.

B. Invasive Approaches

Invasive approaches inflict injury on the patient, albeit
in controlled ways. Notable examples of these
approaches are core needle biopsies, in which tissue
samples across the breasts are extracted using coring
needles [21]. Therefore, invasive approaches are
pursued usually after non-invasive approaches yield
positive signs of breast cancer, or inconclusive results
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that require further measures to yield any useful
information.

In practice, both approaches are used together
because they search for different signs in ways that may
be mutually exclusive. For example, when
mammography reveals an abnormal lump in a breast, a
biopsy is performed at the location of the lump to extract
samples for pathological examination [3].

Different techniques of the same approach are also
used together because of the same reason of mutually
exclusive methodology. For example, a BSE may reveal
the presence of lumps if they are dense enough for a
tactile response, but a mammography or MRI can reveal
the presence of abnormalities that cannot be revealed
through self-exams [22].

IV. NON-INVASIVE METHODS AVAILABLE IN CURRENT ERA

In addition to BSE, technological progress has
enabled scanning-oriented methods. These methods
focus on how cancerous tissue obstructs or otherwise
distorts emissions or transmissions that pass through it
if they pass through at all.

The following passages in this section describe the
most notable methods that are used in the current era,
together with their advantages and disadvantages as
have been determined in the present day.

Although these approaches have been described as
non-invasive, they are not without risks and issues of
reliability. These will be described in the following
passages.

A. Breast Self-Exam

Although there have been technological advances in
screening technology, breast self-exam (BSE) remains
the most readily available and economical [8][9][10].
Although its reliability greatly depends on the diligence
of the individuals performing BSE, it is the foremost of
early warnings.

Other than the diligence of the individual, the
effectiveness of BSE at detecting abnormalities also
depends on the characteristics of the individual's
breasts. For example, breast sizes pose complications in
the ease of performing BSE [23].

The most notable limitation of BSE is that it alone
cannot confirm the presence of breast cancer. There
must be follow-up procedures for clinical confirmation.

B. X-Ray Screening A.k.a. Mammography

“Mammography” is the term that is used for X-ray
scanning of breasts, as acknowledged by communities
of medical practice [24]. For clearer contrast against
other screening methods in the text of this article, it will
be referred to as “X-ray screening”.

X-ray screening has been implemented in breast
cancer screening for decades. Its reliability and risks
have been debated over the years, but its ability to detect
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abnormalities in the distribution of tissue density means
that it remains in use [25]. It is the proverbial “gold
standard” which other methods are compared against
[26]. For example, it is the standard procedure for breast
cancer detection in Malaysia, with frequent attempts at
making it economical through measures such as
subsidies [27].

The main setback of X-ray screening is the radiation
dosage that is applied to the patient. There are concerns
about the risk of increasing the chance of cancer
occurrence in the patient [28]. Thus, there must be a
balance between the magnitude of the dosage and the
amount of screening data that can be acquired.

C. Ultrasound

As mentioned earlier, the presence of cancerous
tissue will produce screening results that are different
from those of healthy tissue. This concept also applies to
ultrasound. In the case of this method, cancerous tissue
is displayed as anomalies in the ultrasound imaging, e.qg.
a void cluster among striations of breast tissue [29].

The main advantage of ultrasound is that it does not
subject the patient to electromagnetic radiation. Thus, it
can be applied continuously, which in turn allows for
collection of real-time data such as the flow of bodily
fluids through blood vessels [29]. In the case of this
example, cancerous tissue might include blood vessels
where there should be none in a healthy patient [29].

C. Novel Approaches

R&D into novel methods for breast cancer detection
still follow the same concept of identifying deviations in
the results from suspect cases, compared to the results
from healthy patients, i.e. control samples. Specifically,
these methods focus on symptoms that may arise from
the occurrence of breast cancer.

For example, there is the theory that health issues
cause imbalances in proteins within the body, which in
turn lead to deposition of proteins on the fingertips; these
proteins can be biomarkers [30]. Considering symptoms
and/or causes of breast cancer can include protein
imbalances, a detection method based on peptide tests
on fingermarks is possible [31].

Another similar example is testing for biomarkers in
saliva [32]. However, like the fingermark method, this
method requires preparation to remove any contaminant
that might skew the results of peptide testing [32].

Incidentally, approaches that make use of chemical
tests, e.g. examination of biomarkers and other proteins,
have the potential of differentiating between malignant
and benign cases [33].

D. General Problems

The limitation that is common to all non-invasive
approaches is that they do not yield any information that
can be gained with examination of biological samples,
such as the type of cancer cells or the location of
cancerous regions [34]. Consequently, they do not yield
any conclusive evidence of cancer. Moreover,
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supposedly positive results from these methods can be
due to other health complications, or the physiological
condition of an otherwise healthy patient, e.g. an
asymptomatic individual [35].

Except for ultrasound, screening-based approaches
subject the patient to electromagnetic waves of different
spectra. As mentioned earlier, this raises concerns about
inducing cancer or other problems in the patient [28].
These screening approaches are also economically
more expensive than other methods due to investment
costs in the machines that can perform them [35].

The approaches that are not based on screening do
not produce data that indicate the physical presence and
location of anomalous tissue. For example, the
fingermark test can potentially yield results that indicate
the type of cancerous tissue, depending on the proteins
that are released or metabolized by the tissue [31].
However, the test does not reveal the location of the
tissue within the patient’s body.

Novel approaches for breast cancer detection have
potential, but they require further study so that false and
true positives and negatives can be catalogued. This is
a concern for established approaches such as
mammaography [36], so it is expected to be a concern for
these novel approaches too.

E. Upcoming Solutions for General Problems

Although there have been technological advances in
screening methods, they still require devices that are not
readily portable. However, there has been R&D in
minimizing the size and number of components such that
portable devices can be developed for use without
having the patient be inserted into a machine or lying
down on an examination bed; an example has been
achieved for ultrasound methods [37].

In the case of screening methods that subject the
patient to electromagnetic waves (including radiation
dosages), R&D in these methods are oriented around
the minimization of dosage while increasing the amount
of information that can be gleaned from screening results
through data and image processing. For example, X-ray
scans can produce both 2D and 3D images, so there is
R&D into using both sets of data for the detection of
breast cancer [25].

Artificial intelligence (Al) has been used for statistical
hypothesis testing of the results from screening-based
methods [38]. Thus, there is the expectation that Al can
be used to catalogue and analyze the results of non-
screening methods; the earliest implementation of this
that can be expected is a form of quality control with
emphasis on identifying misdiagnoses, as demonstrated
by Wen et al. [39].

V. INVASIVE METHODS AVAILABLE IN CURRENT ERA

Invasive methods generally involve surgery, which is
a long-time field of medical science. Thus, the invasive
methods of today still follow the same mode of operation
as methods of yesteryears, which is the extraction of
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samples for further examination, otherwise known as
biopsy.

The following passages will mention the established
techniques of invasive methods for detection of breast
cancer. This is then followed by the mention of
improvements that build on the basics of these
techniques, or otherwise complement them.

A. Methods of Extraction

The tissue samples that are needed for confirmation
of breast cancer must be extracted from regions of the
body that are significantly below the skin. Thus, surgical
biopsy is generally needed. Since breasts contain a
considerable number of blood vessels, complications
involving bleeding are significant risks [40]. These risks
are stacked onto the complexity of varying breast sizes,
shapes, and tissue composition. For example, there is
the risk of seeding cancer cells elsewhere through
contamination of the surgical tools and then physical
contact of the tools with other regions of the body [41].

Thus, there are R&D efforts to determine other
regions of the body that may be more consistently
reliable for biopsy; examples of these will be described
later. The intentions to carry biopsies in these other
regions are ease of surgical entry, ease of recovery and
minimization of risks of propagating cancer during
surgery [41].

Percutaneous surgery involves the use of needles to
extract a cylindrical core of tissue. In comparison, open
surgery requires incision to expose the flesh to further
and deeper procedures. In the present day, both
percutaneous surgery and open surgery remain in use
for invasive methods of breast cancer detection,
depending on the complications that are posed by the
patients’ circumstances [42]. Percutaneous surgery is
increasingly favored over open surgery due to fewer
concerns about patient recovery after surgery [42].

R&D efforts into methods of extracting samples for
examination include expansions of the search for types
of tissues, or even effluvia, that may yield biomarkers of
breast cancer; examples of these will be described later
in section D.

B. Locations of Extraction

Understandably, extraction of breast tissue samples
requires surgical entry into the patient’s breasts. Recent
studies still suggest that breast cancer originates within
breast tissue, e.g. the lobules, tubes, and connective
tissue [43]. Therefore, tissue samples from the breast
would give affirmative results when examined.

However, as mentioned already, surgery of the
breasts has complications both during and after
[40][41][42][43]. Current R&D efforts into breast cancer
biopsies include identification of tissues that can be
affected by breast cancer, away from the breasts; the
idea behind this alternative is that these other regions of
the body may be easier to operate on.
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For example, the axillary lymph nodes, which are
located in between the armpit and shoulder blade,
process the blood that circulates the breast; therefore,
tissue samples extracted from these nodes may contain
the biomarkers of breast cancer [44]. The reason for
extracting these instead of tissues from the breast is that
these tissues occur in regions of the human body that
are more anatomically consistent across individuals,
and are thus simpler to apply or adapt standardized
surgery procedures for their removal [44][45].

C. Methods of Examining Samples

After extraction, tissue samples are examined to
determine the presence of any anomalies; this is the
basis of histopathology. This has been and remains
performable on samples that are suspected of being
directly affected by breast cancer [46].

Histopathology, as practiced in the examination of
breast tissue samples, has been demonstrated to be
applicable to other tissue samples such as those from
the prostate [47]. Therefore, it may be possible to
perform the same examination on tissue samples
extracted from elsewhere, specifically a region of the
body that is affected by the development of the breast
or otherwise biologically associated with the breast.

For example, histopathology can be performed on
samples of extracted ancillary lymph node tissues, both
before and after treatment of breast cancer to check for
changes [48]. Tests on ancillary lymph node samples
suggest that changes due to treatment that are detected
in breast tissue samples also occur in samples of
ancillary lymph nodes, albeit at different magnitudes
[48].

That said, the main issue with utilizing tissue
samples from other regions of the body is the accuracy
at which they suggest that breast cancer has occurred
within the breasts of the patient. Tests of these other
samples may suggest that the cancer has spread to
other regions of the body instead, i.e. the various
carcinoma that are associated with breast cancer,
without affirmative information on the origin point [49].
Furthermore, without corroborating results from exams
of tissue samples directly extracted from breasts or
regions close to the breasts, the occurrence of breast
cancer could not be reliably confirmed [49].

C. Existing Problems

The main issues of invasive methods are
complications in the extraction of tissue from the patient
and the recovery of the patient.

To elaborate, for direct confirmation of breast cancer,
the tissue samples must be extracted from suspected
regions of the patient’s breast(s), or regions that are
physiologically associated with the breasts. However,
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the variation of shapes, sizes and tissue compositions
can lead to complications, such as post-surgery
bleeding, from applying standardized procedures to
non-standard surgery sites [52]. If biopsies of the breast
are not directly possible, tissue samples would have to
be sourced from elsewhere, thus raising the concern of
not having reliable confirmation [49].

Other issues include the concern about private
medical data of the patient being gleaned from the
extracted samples. Sample extraction requires consent
from the patients, and studies suggest that full
disclosure of the results is best at encouraging the
providing of consent [53][54].

D. Upcoming Innovations and Solutions

Tissue extraction for breast cancer detection requires
biopsy on the patient’s breasts. As mentioned already,
the patient’s circumstances, such as variation in breast
shapes, sizes, and tissue composition, can pose
complications during surgery. These problems are
inherent [52].

Thus, the solutions to these problems are alternatives
to tissues extracted from the breast. Liquid biopsy is the
examination of the proteins in samples of bodily fluids for
genetic markers; this is an alternative that is being
currently explored for detection of various types of
cancer, including breast cancer [55].

In the case of breast cancer, the proposed fluids are
blood and breast milk. Blood tests have been in medical
practices for a long time, with chemical tests performed
to identify the presence of biomarkers; blood tests that
specifically focus on biomarkers of breast cancer have
been performed and studied [56]. Tests with breast milk
is understandably limited to patients that are lactating,
but studies with breast milk samples suggest that breast
milk carry substantial proteins that can be checked for
cancer biomarkers [57]. However, these methods are
intended to be for early-detection [55]. They will not
replace screening methods because they do not reveal
the exact location of tumors for the purpose of excision
[55]. On the other hand, the molecular make-up of the
cancer cells as revealed by spectroscopy can help in
designing chemotherapy and/or radiotherapy treatments
[55].

As with data from non-invasive methods, there is the
suggestion that machine learning, i.e. Al assistance, can
be applied to analyze the data from biopsies, specifically
to improve the rate of correct diagnoses [49]. For
example, convolutional neural network has been
demonstrated to be reliable at classifying breast cancer
[50]. To complement these efforts at identification via
computer science, there is the automated management
of databases of breast cancer patients, for the purpose
of cross-referencing information for more detailed risk
assessment of suspected cases of breast cancer [51].
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VI.

Table 1 provides a summary of non-invasive breast
cancer detection methods. The methods are broadly
categorized to BSE, screening, and non-screening,
which have been defined earlier in section IV of this
article. Table 2 provides the summary for invasive
methods. The methods are broadly categorized to
breast tissue biopsies, non-breast tissue biopsies and
liquid biopsies.

CONCLUSION

TABLE 1. Non-invasive methods of breast cancer detection.

Method Practical Characteristics of Approach
Category Advantages Disadvantages
e Requires training and practice
Readily on the part of the patient.
BSE ) - .
applicable e Insufficient on its own for
confirmation of breast cancer.
e Depending on the technology
Provides visual that is used, this might expose
imaging of the patient to radiation or
Screening | suspected otherwise affect the patient’s
locations  for health.
later biopsies ¢ Immobility of utilized machines
require patients to travel.
More portable, . .
or  otherwise | * Does not_ pro_vlde visual data
. for later biopsies.
Non- requires e Requires  cross-referencin
screening | samples from eq 9
: with data from other methods
bodily surface f borated firmati
of patients. or corroborated confirmation.
TABLE 2. Invasive methods of breast cancer detection
Method Practical Characteristics of Approach
Category Advantages Disadvantages
Anatomical differences across
Results are the . R
most directly d!fferent individuals, eg.
Bregst affirmative of the dlffere_nt breast shapgs, sizes,
biopsies and tissue composition, can
occurrence of )
breast cancer complicate surgery and post-
’ surgery procedures.
Utilize regions of | The results have differences
Non- the body that are | from those of breast biopsies,
breast more depending on how
biopsi anatomically physiologically related these
iopsies : .
consistent across | other regions are to the
individuals. breasts.
Use bodily f[wds The results only reveal the
- that are relatively
Liquid easier to extract presence of cancer, but not the
Biopsies than tissue | Ongin point or the exact
locations of tumors.
samples.

All non-invasive methods share the same limitation of
not being able to provide directly affirmative occurrence

of breast cancer, i.e. pathological information from
tissue samples, but otherwise do not require intrusive
examination of the patients. This is the converse for
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invasive methods, which typically require samples
extracted from the patients’ bodies.

VIl. RECOMMENDATIONS

For both major types of methods, machine learning
and Al are applicable for cross-referencing test results,
improvement of correct diagnoses or affirmation for
further examinations [39][49]. The use of computer
science will be necessary because the types of breast
cancer detection methods are expected to expand, and
consequently the types of data from the results will also
become more complicated and voluminous [58].

Furthermore, as more methods (novel, revisited or
otherwise) are developed, more technical criteria for
classifying breast cancer would be introduced; in the
case of revisited methods, existing criteria must be
revised to account for updates in methodology.
Therefore, existing breast cancer databases must be
revised, and new ones must be designed so that they
can accommodate changes to these criteria or
otherwise new information. For example, Jin et al. had
been performing R&D on databases on clinical data
related to breast cancer, with algorithms that are
intended to cross-reference unstructured data with
established information [59].
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