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Abstract

Purpose: This study evaluated and compared the diagnostic accuracy of an
abbreviated protocol against a full protocol for breast MRI in detecting lobular
carcinoma

Objectives: To compare the diagnostic accuracy and cancer yield of an
abbreviated protocol to a full protocol using breast imaging reporting and data
system classification (BI-RADS); determine diagnostic accuracy through ROC
curves; calculate performance indicators for both protocols.

Methodology: 35 cases undertaken during the period January 2019 and December
2021; 20- biopsy confirmed lobular carcinoma; 15- normal (negative follow up
imaging). Two radiologists independently reviewed the abbreviated protocol. The
data collected was compared with data collected from initial radiological MRI
reports based on the full protocol. Lesions with BI-RADS category 1 or 2 were
considered negative while BI-RADS of 3,4 or 5 considered positive. Results were
analysed using ROC analysis.

Results: The area under the curve obtained from each ROC curve was 1- full
protocol, 0.920 and 0.922 for radiologist A and B for the abbreviated protocol
respectively. The p-value (<0.05) for all the corresponding protocols indicated that
each protocol diagnosed the disease state (cancer yes/no) at a statistically
significant level. When using the abbreviated protocol, the diagnostic accuracy
was maintained. All cancers were detected by the two radiologists with the
abbreviated protocol (100% sensitivity), which was the equal to the full protocol.
The specificity of the abbreviated protocol was significantly (p<0.05) lower for
radiologists A (73.3%) and B (53.5%) when compared to the full protocol (100%
for both).

Conclusions: This study was the first of its kind performed locally creating a
baseline for further investigations and adding to the body of knowledge. Despite
limitations, it demonstrated that the abbreviated protocol had equal diagnostic
accuracy to the full protocol in the detection of lobular carcinoma.
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Chapter 1- Introduction

1.1 Introduction

Cancer of the breast is the most common cancer among women around the world,
with a continual increase in burden over the past decade (Arnold et al., 2022). According to
the Maltese National Cancer Registry (2019) there have been more than 200 new cases of
breast cancer in women registered every year between the years 2007- 2019, with 378 cases
registered in 2019. In 2009, Malta had the highest death rate of 34.4 per 100,000 inhabitants
in Europe from breast cancer (Eurostat, 2018). Coincidentally Malta was one of the last
European country to introduce a breast screening program, the same year these statistics
were collected (Maltese National Cancer Registry, 2019). However, in the latest Eurostat
statistics, the rate has decreased significantly, and Malta registered a mortality rate of 27.5

per 100,000 inhabitants in the year 2018 (Eurostat, 2020).

The definition of health screening varies according to culture, setting and time
periods (Leberg et al., 2015). As discussed by Laberg et al (2015) all definitions include “an
identification of disease or disease precursor among presumptively healthy individuals”
(p.1). The aim behind health screening is to facilitate prevention and early detection which
ultimately leads to a better prognosis (Bretthauer & Kalager, 2013). Mammography is the
current gold standard screening tool for breast cancer and has been for more than five
decades . Breast screening is linked to a reduction of 16-40% in the mortality rate and is one
of the most cost-effective methods of breast screening (Chhor & Mercado, 2017; Koning,
2003; Feig, 2010; Tabar et al., 2003). However, mammography screening alone is not
sufficient for certain groups of women, such as women with a higher than average risk of
developing breast cancer (Cadiz et al., 2013; Chhor & Mercado, 2017). Women with higher
risk factors for developing breast cancer need earlier and more intense health screening
programs due to the risk of developing breast cancer at a younger age (Lee, Monticciolo &

Moy, 2020).
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Locally, women aged between 50 to 69 years are offered mammography screening
every two years irrespective of their risk, however, evaluations are still being made to
introduce programmes specifically for high-risk women (Ministry of Health, 2017). There
has been a growing interest in MRI and evidence indicates that MRI is the most sensitive
imaging modality in young high-risk women (Salem et al., 2013; Gao et al., 2021). This
research study investigated the use of magnetic resonance imaging (MRI) as a screening tool

for high-risk women.

1.2 Background to the study

Approximately one in eight women in the general population have a lifetime risk
(>20%) for developing breast cancer (Sun et al., 2017). For some, the risk of breast cancer
is increased, and these individuals are considered as high-risk women. Breast cancer
screening for high-risk women starts at a very young age due to the high probability of early
onset of breast cancer, as more than 50% of women with high genetic risk are affected with
breast cancer before the age of 50 years (Podo et al., 2002).Women who have genetic
mutations (Breast Cancer Gene (BRCA) 1 or 2), history of breast cancer, family history of
breast cancer or prior chest radiation are all at an increased risk of breast cancer (Monticciolo
et al., 2018). Such women may require mammographic surveillance to start from a younger
age, when the breast is usually much denser thus mammography would also be less sensitive
to detect diseases (Trecate et al., 2006). Younger women are more likely to have almost all
of their breast consisting of dense tissue in comparison to the breast of older women having
more fatty tissue, since with age there is regression in the breast parenchyma (Liao et al.,
2020). Breast density is not a fixed personal characteristic however it is a dynamic process
which changes over a woman’s lifetime (Pinsky & Helvie, 2010). The frequency of
heterogeneously or extremely dense breast tissue decreased with age with 85.3%, 81.6%,

T77%,42.9% and 22.1% in the age groups 25-29, 30-34, 45-49, 55-59 and 65-69 respectively
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(Jietal., 2021). Dense tissue attenuates x-ray more than fat thus, dense tissue appears opaque

(white), while fatty tissue appears radiolucent (dark) on a mammogram (Chen et al., 2015).

Women with dense breasts have a four to six fold increased risk of developing breast
cancer and a low chance of detecting it with mammography (Yaghjyan et al., 2011). Since
the mammographic image suffers from tissue overlapping (superimposition) and there is a
higher possibility that cancer is masked by overlying dense breast tissue rather than fatty
tissue (Chen et al., 2015; Pinsky & Helvie, 2010). Surveillance of high-risk patients should
continue throughout their whole life and therefore would result in an accumulation of
biological damage from ionising radiation administered as part of the routine mammography

screening examination (Trecate et al., 2006).

MRI is a non-invasive imaging technique which does not use ionising radiation
(Ghadimi & Sapra, 2019) and is not influenced by dense breasts. MRI may address the
limitations presented with mammography as there is cross-sectional imaging of the breast
with possible three dimensional imaging and therefore this overcomes the limitation of tissue
overlapping (Lehman, 2006). MRI has the potential to measure more density-related
biological properties than mammography, for example the water-fat content which is seen
with Dixon imaging (fat suppression technique) (Chen et al., 2015). As stated by Podo et al
(2002) MRI of the breast has become the most sensitive imaging modality for breast cancer

diagnosis.

Avristokli et al. (2022) reported a much higher sensitivity to identify breast lesions
with MRI when compared to mammography with a sensitivity of 94.6% and 54.5%
respectively. The study by Roganovic et al. (2015) also reported a similar sensitivity in the
detection of breast cancer with the use of MRI (90%). The sensitivity of MRI as an adjunct

to mammography increased greatly the sensitivity over using mammography alone
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(Aristokli et al., 2022; Saadatmand et al., 2019).The sensitivity of MRI and mammography
combined was 98% while using mammography and MRI alone was 55% and 89%
(Saadatmand et al., 2019). The sensitivity of MRI indicates its great potential in detecting
cancers at an early stage when compared to mammography. The specificity of MRI, however
has been greatly challenged and is significantly lower than that of mammography in studies
(Saadatmand et al., 2019). The main reason for the low specificity is due to the challenge to
discriminate between benign and malignant lesions (Menezes, 2014). In an MRI scan of the
breast both benign and malignant lesions enhance following contrast injection with little
differentiation in their characteristics (Shahid et al., 2016). A mammogram can detect
calcifications unlike MRI which can help distinguish between benign and malignant lesions
(Nalawade, 2009). Micro-calcifications can be the only presenting sign of breast cancer and
their presentation indicates if they are benign or malignant requiring careful evaluation

(Nalawade, 2009).

The contraindications associated with MRI include women who have pacemakers,
artificial heart valves and cochlear implants (Ghadimi & Sapra, 2019). Such women may not
be scanned using MRI or may need to be scanned only under certain conditions, while
claustrophobic patients may not complete the exam (Ghadimi & Sapra, 2019). Despite the
high diagnostic performance of breast MRI, the length of the examinations usually ranges
from 30 to 40 minutes and the cost of each MRI examination hinders its routine application
as a screening modality (Oldrini et al., 2018). To increase the availability of screening with
MRI, Kuhl et al. (2014) was the first to introduce the use of an abbreviated protocol to
counteract such limitations to reduce the time and cost of each examination which provided

very promising results.

Kuhl et al (2014) reported on the feasibility of an abbreviated protocol which
consisted of an unenhanced T1 weighted and first contrast enhanced T1 weighted sequence,

5
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Maximum Intensity Projection (MIP) imaging and subtraction imaging. The abbreviated
protocol was generated from the full diagnostic protocol (Kuhl et al., 2014). The authors
concluded that there was a significant reduction in image acquisition and interpretation time
without compromising the diagnostic accuracy (Kuhl et al., 2014). Following Kuhl et al.
(2014) further studies followed on the same principle and different abbreviated protocols
with various sequences were considered to determine which protocol provides the most
accurate breast cancer diagnosis (Chen et al., 2017; Choi et al., 2018; Dogan et al., 2018;
Grimm et al., 2015; Harvey et al., 2016; Heacock et al., 2016; Machida et al., 2017; Mango
etal., 2015; Moschetta et al., 2016; Oldrini et al., 2017, 2018; Panigrahi et al., 2017; Petrillo
etal., 2017; Romeo et al., 2017; Strahle et al., 2017). Most of these studies used a wide range
of patients who had normal, benign or malignant findings to compare both protocols and
assess if cancer detection was maintained. The study by Leithner et al., (2019) evaluated all
the different protocols used in a variety of studies and concluded that the abbreviated
protocol maintained high diagnostic accuracy with a decrease in image acquisition and
interpretation time. Leithner et al. (2019) addressed the fact that unnecessary breast biopsies
may increase, however, sequences such as diffusion weighted imaging (DWI) are being

investigated to be added to the abbreviated protocol to address this issue.

An abbreviated MRI protocol still needs refinement and standardisation, however it
is expected that abbreviated breast MRI protocols will play an essential role in the future of

breast imaging (Leithner et al., 2019).

1.3 Rationale to the study

To date, locally there is no general specific screening program for women who are
at a high-risk of developing breast cancer. Due to the lack of programs available for these
women, the probability is that such women may seek out screening on their own will in

private clinics or hospitals, if they are able to afford it. In the local public hospital in Malta,
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breast MRIs are performed for patients who have been diagnosed with breast cancer by
mammography or as follow up of previous breast cancer diagnoses. The local hospital
performs breast MRIs and has all the necessary resources to perform screening with MR,
therefore, this research study will investigate the possibility of using MRI to target the group
of women who are at high-risk and offer what is considered to be the best breast cancer

screening option in their case.

Even though breast MRI presents very encouraging results, breast MRI is a complex
scan which can be difficult to implement (Leithner et al.,, 2019). However, with the
improvements in the abbreviated breast MRI protocol, to date, eight different countries have
started implementation of the abbreviated breast MRI exam (Leithner et al., 2019). There
are a variety of abbreviated protocols which mainly consist of unenhanced and first contrast-
enhanced T1- weighted sequences, while some of them additionally include T2-weighted,
Short Tau Inversion Recovery (STIR), second contrast-enhanced, subtraction, and MIP
images (Leithner et al., 2019). This study will select the adequate sequences for the
abbreviated protocol and based on the study findings, provide recommendations for local

implementation in the future.

1.4 Aim and Objectives

The aim of the study was to evaluate and compare the diagnostic accuracy obtained
using an abbreviated protocol against the full protocol for breast MRI imaging in the

detection of lobular carcinoma.

The objectives of this research are outlined below:

e Based on literature findings, MR sequences from the full protocol were identified

and selected for the abbreviated protocol.
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e An MRI examination dataset was compiled for image review by radiologists. The
MR dataset was composed of MR examinations with both positive and negative
findings.

e The diagnostic accuracy and cancer yield of an abbreviated protocol was compared
relative to the full protocol in terms of the breast imaging reporting and data system
(BI-RADS) classification for interpretation of breast MRIs.

e The diagnostic accuracy was estimated using standard receiver operating
characteristics (ROC) methods. The true disease status which is referred to as the
‘gold standard’ was available for pathological correlation.

e The scores obtained through ROC analysis for both protocols were analysed.

e The sensitivity, specificity, positive predictive value (PPV), and negative predictive
value (NPV) were calculated.

e Recommendations for the clinical use of an abbreviated MRI breast protocol based
on the study findings were provided.

1.5 Research Methodology

The study adopted a quantitative, retrospective, and comparative non-experimental
research approach by evaluating and comparing the current full MRI breast imaging protocol
to an abbreviated MRI breast protocol.

The target population referred to the Magnetic Resonance (MR) breast images of
patients who performed a breast MRI examination in Malta. Whilst the accessible population
referred to MR breast images of patients who performed their breast MRI at the medical
imaging department in a public general hospital in Malta between January 2019- December
2021. The specific period was chosen as this was when the most recent exams were

performed using the full protocol on a 3-T Philips unit.
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In this study the patient images used, were selected by using simple random sampling
and the images were accessed by a radiographer acting as an intermediary on behalf of the
researcher. A minimum of 2 radiologists specialised in breast imaging having a minimum of
two years of experience in MRI breast reporting were conveniently selected to evaluate the
diagnostic accuracy of an abbreviated protocol when compared to the full protocol. Images
from the abbreviated protocol were presented to the radiologists who reviewed the images
and filled in a data collection sheet for each set of images. The radiologists were blinded to
the original radiological report, clinical history, other imaging modality reports and the
number of negative and positive cases within the image dataset. The data collected from the
abbreviated protocol was then compared with the data collected from the initial radiological
MRI report based on the full MRI protocol. Lesions with a final BI-RADS category of 1 or
2 were considered as negative findings while those with a final BI-RADS of 3,4 or 5 were
considered positive findings.

The findings were then compared with the gold standard being the histo-pathological
correlation of a breast lesion or at least 12 months of negative findings on follow-up imaging
with either mammography, ultrasound (US) or MRI in the absence of a biopsy.

1.6 Ethical considerations

Voluntary participation was obtained from the radiologists and the participants
taking part in the study. All the images used were anonymised and the participants could not
be identified, no personal data was collected to further ensure patient confidentiality. Prior
to the start of the research process, ethical permission was sought and obtained from several

entities as discussed in Chapter 3 Section 3.7.
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1.7 Overview of the study

This research study is composed of the following sections:

Chapter One: provides a clear and concise introduction to the study along with an outline of

the aim and objectives, rationale of the study and research methodology adopted.

Chapter Two: presents an analysis of the evidence-based literature in a critical manner and

continues to discuss and assess this body of literature.

Chapter Three: provides a description and justification of the research methods used to
address the research aim and objectives highlighted in Section 1.4, while also acknowledging

the strengths and limitations of the study.

Chapter Four: presents and discusses the results and findings in relation to the theoretical

body of literature reviewed in chapter two.

Chapter Five: presents conclusions and recommendations arising from this research study

based on the results.

1.8 Conclusion

In this chapter the aims and objectives of the study were highlighted, together with
the rationale for performing this research study. This chapter introduced the subject of breast
cancer screening in high-risk women using an abbreviated MRI protocol. The next chapter
will provide a critical analysis of the literature and relevant studies identified as well as an

evaluation of their findings and results.
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Chapter 2- Literature Review

2.1 Introduction

This chapter provides a review of the current literature, detailing information related
to the study. The literature review serves to offer insight into the value of an abbreviated
MRI protocol as an alternative especially for high-risk women. An overview of breast cancer
incidence and mortality together with the types of breast cancer are presented. Furthermore,
the risks of breast cancer are outlined, and the process of screening defined. Different breast
cancer screening modalities are explored and compared to MRI. A critical review of the
literature surrounding the MRI abbreviated protocol is provided along with the strengths and
challenges when used for screening purposes. The literature is critically appraised enabling

the researcher to identify any gaps in the literature which this research addressed.

2.2 Search strategy

All literature related to this study was retrieved from electronic searches. The
researcher used several databases to identify relevant published studies which include
Google Scholar, HyDi, PubMed (ncbi), Elsevier and SpringerLink. Electronic databases
were more convenient since information was easy to retrieve plus literature related to health
and medical institutions was more readily available online. Keywords and terms that were
commonly used to look up data included breast cancer, screening, breast MRI, magnetic
resonance imaging, abbreviated protocol, high-risk screening. Only peer-reviewed literature
was selected, and studies published in the English language within the last 15 years.
Additional studies were obtained by searching through the reference lists of relevant articles

which is a technique referred to as ‘snowballing” (Wohlin, 2014).

The title and abstract of each article retrieved from the search was read and if
relevant to the subject matter of the dissertation the article was downloaded. On evaluation

of the identified literature, there was a vast amount of research regarding the abbreviated
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protocol. A variety of studies have investigated the use of the abbreviated protocol for breast
cancer screening purposes while others observed the abbreviated protocol for the assessment
of known cancer lesions. Researchers have studied different abbreviated MRI protocols and

efforts have been made to identify the most important sequences for breast MRI screening.

The sequences selected to form part of the abbreviated protocol and the data collection tool
for this study, were based on the literature reviewed. The literature reviewed also helped the
researcher choose the most appropriate design and method for this study.
2.3 Breast cancer

Cancer, as described by the World Health Organisation (WHO), is a generic term
which encloses a group of diseases which can influence any part of the body. The
characteristic feature of all cancers is that cells become abnormal and start to grow out of
control to become the building blocks of tumours (Haussmann et al., 2020). Cancer cells
tend to grow beyond their usual boundaries and invade adjoining cells and spread to other
organs, this process is referred to as metastasis (WHO, 2022). As described by Zendehdel et
al. (2018) ‘breast cancer is a multifactorial disease’ and various factors will influence its
occurrence. Early diagnosis and treatment can influence and shift the statistics (Nounou et

al., 2015).

Eight million women worldwide were diagnosed with breast cancer between 2015-
2020, making breast cancer the world’s most prevalent cancer (WHO, 2021). Breast cancer
accounts for more than 1 in 10 new cancer diagnoses each year worldwide (Alkabban &
Ferguson, 2022). Breast cancer is the most common cancer and the most common cause of
death among women (Momenimovahed & Salehiniya, 2019). In 2019 breast cancer
accounted for 31.6% of newly diagnosed cancers in Malta (Malta National Cancer Registry,

2022).
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2.3.1 Types of breast cancer

Breast cancer can start from the milk- producing glands (lobules) and in the cells
lining the milk-producing glands (ducts), while a small number start from other tissues
(Sharma et al., 2010). Breast cancer can be classified as either non-invasive (in-situ)

carcinoma or invasive carcinoma (Nounou et al., 2015).

In non-invasive (in-situ) breast cancer, cells do not invade surrounding breast tissue
but are confined to the ducts (Sharma et al., 2010). Non-invasive (in-situ) breast cancer is
subclassified as ductal or lobular carcinoma (Nounou et al., 2015). As stated by WHO
(2022), 85% of breast cancers arise from the ducts while the remaining 15% from the lobules.
Non-invasive cancers are less common, with ductal carcinoma in situ (DCIS) occurring inl
in 5 (American Cancer Society, 2019). Lobular carcinoma in situ (LCIS) is rare and tends to
be an incidental finding, found in a breast biopsy or surgical excision, therefore it is difficult

to estimate the actual incidence of LCIS (Wen & Brogi, 2018).

In invasive breast cancer, cells break through the duct and invade surrounding breast
tissue and may potentially spread to lymph nodes or distant organs such as brain, bones,
lungs and liver (Akram et al., 2017). The most common invasive breast cancer originates
from ductal or lobular cells and continues to invade and spread to other areas, unlike the
non-invasive type, which remain contained. Invasive breast cancer, in rare cases, can also
originate from other cells such as medullary carcinoma, mucinous carcinoma, tubular
carcinoma, inflammatory breast cancer, Paget’s disease and phyllodes tumours (Akram et
al., 2017). Cancer of the breast can also be invasive without becoming metastatic (Sharma

etal., 2010).

The most common type of breast cancer is invasive ductal carcinoma (IDC) and

about 8 in 10 invasive breast cancers are IDC, while 1 in 10 are invasive lobular carcinoma
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(ILC), the remaining are rare types of invasive breast cancers (American Cancer Society,
2019). In the year 2019 in Malta, out of 373 diagnosed breast cancers, 65 (17.4%) were

DCIS, the rest were invasive breast cancers (Malta National Cancer Registry, 2022).

2.3.2 Breast Cancer Screening

Breast cancer evolves and progresses silently and can either be detected during
routine screening or with symptomatic changes (Alkabban & Ferguson, 2022). Breast cancer
screening will detect breast cancer at an early stage which would benefit substantially from
therapy and improve prognosis. The main aim of screening in breast cancer, is to reduce the
rate of breast cancer mortality through the early detection of the disease (Beau et al., 2018).
Screening is a process which aims to identify women who harbour subclinical disease in a

large population of individuals who do not (Kuhl et al., 2014).

Every woman is at risk for breast cancer however, the level of risk is not the same
for all women and ranges from very low to high. The risk depends on multiple risk factors
some of which are modifiable, such as personal health history, while others are not, such as
the individual’s family history of breast cancer (Lukasiewicz et al., 2021). The person is
categorised as being either low, average, or high risk depending on the number, type and
combination of risk factors. Women who have an average risk of breast cancer are
recommended to perform mammography screening. All women are encouraged to start
mammography at the age of 40 years; however, different organisations provide their own

recommendations based on literature findings.

Locally the Maltese national screening program invites women between the ages of
50-69 biennially for screening mammography. However, there have been proposals to start
screening at the age of 45 years (Borg, 2022). Women who have an increased risk of breast

cancer need consideration for breast screening to start at a younger age (<40 years) and have
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more intense or frequent screening (Monticciolo et al., 2018). Locally, evaluations are still
being made to introduce screening programmes for high-risk women (Ministry of Health,
2017). The imaging modalities that are available locally for breast imaging are
mammography, handheld US, digital breast tomosynthesis (DBT) and MRI. Other imaging
procedures such as contrast-enhanced digital mammography (CEDM) and automated whole-
breast ultrasound (ABUS) are not available in the local hospital, with initial discussions
taking place to consider the introducton of CEDM. ABUS however is available in the private

sector.

2.4 Performance indicators

Performance indicators are essential to establish the accuracy of a health screening
or diagnostic test (Trevethan, 2017). In health screening tests, it is essential to determine the
power of a test to separate diseased from healthy individuals so that the findings are used for
appropriate decision making (Baratloo et al., 2015; Trevethan, 2017). It is critical that the
confidence of using a specific health screening test is justified, as there can be serious
consequences for both the individual and the healthcare system (Trevethan, 2017). The
predictive validity or power of a health screening test is compared with a definitive indicator
which is referred to as the ‘gold standard’ of the same disease being evaluated (Figure 2.1)

(Trevethan, 2017).
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Status of person
according to “gold standard”

Has the Does not have
condition the condition
a5 Row entries for
Positive | a b i gis
. . <«— determining positive
True positive False positive ———
Result from predictive value
screening test : Row entries for
— Negative | ¢ d s s ;
= X . <— determining negative
False negative True negative gy
S < predictive value
Column entries Column entries
for determining for determining
sensitivity specificity

Key: True positive (TP) = the number of cases correctly identified as diseased
False positive (FP) = the number of cases incorrectly identified as diseased
True negative (TN) = the number of cases -correctly identified as being healthy
False negative (FN) = the number of cases incorrectly identified as being healthy

Figure 2.1 The relationship of sensitivity, specificity, positive and negative predictive values (Trevethan, 2017)
2.4.1 Sensitivity
“Sensitivity is the ability of a test to classify an individual as diseased” (Parikh et al.,
2008, p.45). A sensitivity of 100% reflects the ability of a test to detect all the people with
the condition (Trevethan, 2017). The health screening test is being assessed on the basis of
performance in relation to the ‘gold standard’, to assess if the health screening test is
satisfactory (Trevethan, 2017). To estimate the sensitivity of a test, the proportion of true

positives in the population of cases should be calculated as:

True positive

Sensitivity =
y True positives+False negatives

(Parikh et al., 2008)

2.4.2 Specificity
Specificity is defined as “the ability of a test to classify an individual as disease free”
(Parikh et al., 2008, p.46). A specificity of 100% reflects the ability of a test to identify all

the people who do not have the condition (Trevethan, 2017). Specificity assesses the ability
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of a health screening test to correctly identify healthy individuals and not classify people as
having a condition when they do not (Trevethan, 2017). To estimate the specificity of a test,
the proportion of true negatives in a population of healthy individuals should be calculated

as:

True negatives
True negatives + False positives

Specificity =

(Parikh et al., 2008)

2.4.3 Positive Predictive Value (PPV)

The definition of PPV is “the percentage of patients with a positive test who actually
have the disease” (Parikh et al., 2008, p.46) (i.e., identifying the true positives) while
reducing individuals diagnosed as having the disease when they do not (i.e., avoiding false
positives) (Safari et al., 2015; Trevethan, 2017). The higher the PPV is (closer to 100)
suggests that the test is up to standard and as accurate as the ‘gold standard’ (Parikh et al.,

2008).

True positive

PPV = — Py
True positives + False positives

(Parikh et al., 2008)

2.4.4 Negative Predictive Value (NPV)
The definition of NPV is “the percentage of patients with a negative test who actually do
not have the disease” (Parikh et al., 2008, p.47) (i.e., identifying the true negatives) while
reducing individuals diagnosed as healthy but actually having the disease (i.e., avoiding false

negatives) (Safari et al., 2015; Trevethan, 2017). The higher the NPV is (closer to 100) then
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this suggests that the test is up to standard and as accurate as the ‘gold standard’ (Parikh et

al., 2008).

True negatives

NPV = - .
True negatives + False negatives

(Parikh et al., 2008)

2.4.5 Other performance indicators
Cancer detection rate (CDR)- is the number of true positive examinations in the total
number of screened individuals (per 1000 women) (Théberge et al., 2017; Lehman et al.,

2017).

Recall Rate — is the number of positives (true positives and false positives) in the total
number of screened individuals (Théberge et al., 2017). Recall rate is the portion of
examinations which required further work-up such as further imaging or invasive procedures

(e.q., biopsy) based on the findings of the initial screening test (Yankaskas et al., 2001).

2.5 Recommended screening guidelines for women at average risk

Throughout the years there have been numerous updates on the recommended
screening guidelines, this is partially due to new data available together with advances or
new imaging technologies. Some organisations such as American College of Radiology
(ACR), American Cancer Society (ACS) and U.S Preventive Services Task Force
(USPSTF), despite their differences, agree that mammaographic screening commencing at 40
years of age saves the most lives (Arleo et al., 2017; Lee, Monticciolo & Moy, 2020;
Monticciolo et al., 2021). All women should have the opportunity to begin early screening
at the age of 40 years. Each organisation provides their recommendations, which are

presented below in Table 2.1.
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Table 2.1 Recommendations for Mammography Screening in Women at Average Risk for Breast Cancer
(Elmore & Lee, 2020; Lee, Monticciolo & May, 2020; Sardanelli et al., 2017, ACOG, 2017)

ACR, SBI, USPSTF,
Mammo NCCN, AAFP, ECIBC or
graphy  NCBC, ACS ACP, EBC EUSOBI ACOG
ASBrS WHO
Age Recommend Offer at 40 Begin at Begin Begin Offer at 40
at 40 years years to 44 50 vyears, screening at screening  years,
years, individual 45 years at 50 years recommen
recommend at decision of age, ded by no
45 years from 40 to recommen later than
49 years d at 40 50 years
years
Interval  Annual Annual  from Biennial Biennial or Annual for Annual or
40 to 54 years, Triennial at 40-49 Biennial
biennial or 45-49 years, years or
annual for 55 biennial  at biennial
years and older 50-69 vyears from 50
and triennial years and
at 70-74 older
years.

Key: ACR-American College of Radiology, SBI- Society of Breast Imaging, NCCN- National
Comprehensive Cancer Network, NCBC- National Consortium of Breast Centres, ASBrS- American Society
of Breast Surgeons, ACS- American Cancer Society, USPSTF- United States Preventive Services Taskforce,
AAFP- American Academy of Family Physicians, ACP- American College of Physicians, WHO- World
Health Organization, ECIBC- European Commission Initiative on Breast Cancer, EBC- European Breast
Cancer, EUSOBI- European Society of Breast Imaging, ACOG- The American College of Obstetrician and
Gynaecologists

USPSTF suggests that biennial mammography screening begins at 50 years however,
the individual may decide to start from 40-49 years and stop at 74 years as there is
insufficient evidence of any benefit to continue after 75 years (Siu, 2016) (The local breast
screening guidelines are discussed in Section 2.3.2). The growing interest in screening
women at a younger age between 40-49 years was due to the sharp increase in incidence of
breast cancer in women in this age group (Lee, Monticciolo & Moy, 2020). Lee, Monticciolo
and Moy (2020) explained how annual screening of women between 40-49 years old came
about because of the improvements in screening technology, increasing cancer detection and

reducing false positives.
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The European Breast Guidelines (EBG) or European Commission Initiative on
Breast Cancer (ECIBC) generally agree with other guidelines such as American College of
Physicians (ACP) however, diverge from others such as ACR on the frequency of screening
since, EBG or ECIBC recommend biennial or triennial screening (ElImore & Lee, 2020).
The ECIBC also suggest that screening can also be done using DBT instead of
mammography. The EUSOBI together with 30 national breast radiology bodies issued
recommendations for mammography screening (Sardanelli et al., 2017). The American
College of Obstetrics and Gynaecologists (ACOG) provides recommendations to women,
however, allows them to make their own decision after the potential benefits and harms are
explained to them and the women’s value and preference are taken into consideration

(ACOG, 2017).

2.6 Recommended screening guidelines for women at high-risk

Breast cancer occurs all around the world however, the incidence, mortality and
survival rates vary considerably between countries (Momenimovahed & Salehiniya, 2019).
Risk or absolute risk is defined as the probability that an individual develops cancer over a
specific period of time (Gail & Pfeiffer, 2005). Women in the general population have a
lifetime risk of 12% for developing invasive breast cancer however, some groups of women
carry an elevated risk (Conley, 2017). Classifying women based on the risk factors for breast
cancer can design specifically targeted breast cancer screening programs which can improve
early diagnosis in younger age groups (Momenimovahed & Salehiniya, 2019). Since
screening in high-risk women starts at an early age, mammography is not ideal as there are
concerns for young women to have an increased sensitivity to ionising radiation (Reeves &
Kaufman, 2022). Screening breast MRI tends to be recommended because it will detect

certain breast cancers without the added risk of radiation (Reeves & Kaufman, 2022)
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Identifying the risk factors related with the increased prevalence of breast cancer
development is essential in breast screening for women (Alkabban & Ferguson, 2022). Risk
factors include anything that increases the individual’s chance of getting a disease such as
cancer (Feng et al., 2018). The study by Momenimovahed and Salehiniya (2019) identified
seven factors that influenced the incidence of breast cancer in the general population. The
seven factors include demographic factors, reproductive factors, hormonal, hereditary,
breast related, lifestyle and others which include radiation and diabetes. The factors are
divided into modifiable and non-modifiable risk factors (Vegunta et al., 2021). Hereditary,
hormonal, reproductive and demographic factors are risk factors that cannot be modified
however lifestyle factors such as diet, exercise, coffee, smoking, weight, alcohol and
exogenous hormone therapy are all modifiable risk factors that can reduce the risk of breast

cancer if modified (De Silva et al., 2019).

Certain women will have a higher risk of developing breast cancer due to coexistence
of multiple risk factors or genetic variants (Vegunta et al., 2021). If awoman has a risk factor
which is associated with a relative risk greater than one, then her risk of developing breast
cancer will be higher than the average population, taking into consideration that all other
things are equal (Joy et al., 2005). The National Comprehensive Cancer Network (NCCN)
defines the high-risk population as women with a lifetime risk greater than 20% (National
Comprehensive Cancer Network (NCCN), 2016). For this group of women, increased focus
on breast cancer risk assessment and prevention is essential (Conley, 2017). The factors
which classify a woman as high risk vary nationally and are based on expert panels
(Hermann et al., 2020). According to the ACR Appropriateness Criteria high-risk women

would have either one or a combination of the risk factors listed in Table 2.2.
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Table 2.2 A list of high risk factors (Monticciolo et al., 2018)

High risk Factors

e Breast cancer gene mutations and other genetic syndromes such as Li-Fraumeni
syndrome

e Women with a history of chest irradiation between 10 and 30 years of age
e Strong family history of breast cancer

e History of lobular carcinoma in situ or atypia

e Dense breasts

e Personal history of breast cancer before 50 years of age

The ACS presents the same risk factors as the ACR for high-risk women (Saslow et
al., 2007). While the ASBrS organization presents the same risk factors however divides
women who had a history of breast cancer into two; if younger than 50 years or with dense
breasts and 50 years or older with non-dense breasts (The American Society of Breast
Surgeons (ASBrS), 2019). The NCCN guidelines subdivides high-risk categories according
to age. Women with a strong family history or genetic predisposition who are <25 years,
women > 35 years of age with a five-year risk for invasive breast cancer >1.7% and finally
women with prior chest irradiation who are younger or older than 25 years (Bevers et al.,
2009). The NCCN guidelines do not consider women with dense breasts as high-risk unlike

ACR, ACS and ASBTrS (Bevers et al, 2009).

The ACR recommends that women at high risk should undergo risk assessment for
breast cancer at the age of 30 years, so women who are at a higher risk are identified and
may benefit from other forms of imaging besides mammography (Monticciolo et al., 2018).

2.6.1 Genetic mutations

Hereditary factors include any genetic mutations or family history of breast cancer

which make women more susceptible to develop breast cancer. The genes BRCAL and
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BRCA2 are primarily tumour suppressor genes (Kaminska et al., 2015). Large mutations in
the coding sequences of BRCA genes will lead to hereditary syndrome referred to as
Hereditary Breast/ Ovarian Cancer (Shiovitz & Korde, 2015). Thus, women who have
cancer-predisposing mutations in BRCA1 or BRCA2 confer an increased risk in both breast
and ovarian cancer (Saslow et al., 2007). Such mutations have an autosomal dominant
pattern of transmission which causes the sister, mother or daughter of a woman with a BRCA

mutation to have a 50% chance of carrying the same mutation (Saslow et al., 2007).

Women carrying the BRCA1 or BRCA2 gene have a lifetime risk of 65% to 80% and
45% to 85% respectively of developing breast cancer by the age of 70 years (De Silva et al.,
2019). Feng et al. (2018) stated that the effect that the gene mutation has is related to the
number of family members who have breast cancer, the more family members affected, the
higher the risk of breast cancer. Several other genetic factors may contribute to breast cancer,
BRCA1 and BRCA2 mutations being the most common and account for 40% of all hereditary
breast cancer cases (Cobain et al., 2016). Inherited mutations in many other genes are less
common and less drastic than BRCA mutations however, may also lead to breast cancer
(Feng et al., 2018). Some of the mutated genes include ATM, TP53, CHEK2, PTEN, CDH1,
STK11 and PALB2 (Feng et al., 2018). About 5% to 10% of all breast cancers and 20% to
25% of hereditary breast cancers are caused by BRCA1/2 mutations (Balmaria et al., 2011,
Paluch-Shimon et al., 2016). Primary prevention for women who carry the BRCA mutation
is risk reducing mastectomies and/or chemoprevention (Trecate et al., 2006; Lee,
Monticciolo & Moy, 2020). However, attention has moved towards a less radical approach
that involves intensive surveillance including annual mammography and breast MRI which
can significantly improve early detection of breast cancer (Trecate et al., 2006; Franceschini

etal., 2019).
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Considering the variations between recommendations from different organisations,
there is consensus regarding the screening recommendations for women with high-risk
genetic mutations (Lee, Monticciolo & Moy, 2020). As detailed in ACR, ASBrS, European
Society for Medical Oncology (ESMO) and NCCN screening with annual MRI commencing
at the age of 25 years of age with a combination of annual mammography starting at the age
of 30 years (Bevers et al., 2009; Monticciolo et al., 2018; Paluch-Shimon et al., 2016;
ASBIS, 2019). The ACS recommend annual mammography at the age of 30 years however
no recommendation for or against MRI (Saslow et al, 2007). The ESMO and NCCN
organisations suggest starting screening from the age of 25 years or 10 years before the
youngest case in the family, depending which is earlier (Bevers et al., 2009; Paluch-Shimon

etal., 2016).

Genetic testing is recommended for early detection and/ or prevention of breast
cancer (Feng et al, 2018). The ACS recommends that genetic testing for BRCA1 or BRCA2
is offered to adult members of families with a known BRCA mutation and to women who

have 10% likelihood of carrying this mutation (Saslow et al, 2007).

2.6.2 Family history

Family history is a well-known risk factor for the increased onset of breast cancer
(Liu et al., 2021) depending on the degree of family history. A large number of women in
the general population have at least one close relative with breast cancer however, this does

not increase the risk for a woman to develop breast cancer (Saslow et al., 2007).

Women with family history of two or more relatives having had breast cancer have
a 2.5 fold increased risk of breast cancer (Brewer et al., 2017). A woman having only one
or two first-degree relative/s (mother, sister or daughter) with breast cancer doubles and/or

triples the risk respectively (Feng et al., 2018). The risk is also increased if a woman has a
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father or brother with breast cancer (Feng et al., 2018). Breast cancer risk increases when
close relatives develop breast or ovarian cancer at a young age. Women without any genetic
mutations have a 14.1% risk of developing breast cancer when first-degree relatives develop
breast cancer before 40 years of age (Liu et al., 2021). The ASBrS recommends annual MRI
with concurrent mammography for women who have a strong family history starting at the
age of 35 years of age (ASBrS, 2019). While NCCN screening recommends the same
concurrent screening program starting in women aged 25 years and older (Bevers et al.,
2009). The ACR and ACS provide no specific age at which annual mammography and MRI
should start (Monticciolo et al., 2018; Saslow et al., 2007). The ACS recommends the use
of models that include first and second degree family history (e.g: Claus or BRCAPRO) to
determine eligibility for screening breast MRI (Monticciolo et al., 2018). According to
Monticciolo et al, (2018) MRI performed better in patients with a history of breast cancer
rather than women with a strong family history due to fewer false positives, higher

specificity, equivalent sensitivity and cancer detection rate (CDR).

2.6.3 History of chest irradiation

Women who in the past were treated with chest therapy for another cancer when they
were young, such as Hodgkin’s lymphoma, have a higher risk of developing breast cancer
(Feng et al., 2018). The risk starts approximately 8 years following the completion of
radiation therapy (Lee, Monticciolo & Moy, 2020). Women treated with chest radiation
(cumulative dose of 10 Gy or greater) as a teen or young adult (<30 years old) have a higher
risk of developing breast cancer since the breasts would still be developing when irradiated
(Feng et al., 2018). Treatment with radiation after the age of 40 years does not provide a
significant increase in breast cancer risk (Feng et al., 2018). Around 20% of these women
may develop cancer by the age of 40-45 years (Lee, Monticciolo & Moy, 2020). More

advanced treatments have used lower doses of radiation and limited-field radiotherapy which
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significantly reduces direct breast radiation and thus lower breast cancer risk (Hilal & Rudy,

2016).

The NCCN and ACR recommend annual mammography and MRI screening starting
at the age of 25 years or 8 years following radiation whichever comes later (Bevers et al.,
2009; Monticciolo et al., 2018). While ASBrS recommends annual MRI starting at the age
of 25 years with concurrent mammography starting at 30 years of age (ASBrS, 2019). The
ACS recommends annual mammography at 30 years of age and MRI screening due to the
high risk of secondary breast cancers in this group (Saslow et al., 2007).

2.6.4 Personal history of breast cancer

Women with a personal history of breast cancer are classified as high-risk. Personal
history of breast cancer increases the risk for recurrence or for a second primary breast cancer
(Monticciolo et al., 2018). The meta-analysis by Darby et al. (2011) found that the risk of
recurrence during the first 10 years following diagnosis is 19.3%, which is significantly
higher than that of the general population. Women who are diagnosed with breast cancer
before the age of 50 have a 20% or more lifetime risk of developing another breast cancer
(Punglia & Hassett, 2010). Women with a history of breast cancer have a 0.5%- 1% risk per
year of developing breast cancer in the contralateral breast (Monticciolo et al., 2018).
Oestrogen receptor positive breast cancers increase the risk of developing another cancer in
the future (Monticciolo et al., 2018). Such women present a higher risk than having a strong

family history (Monticciolo et al., 2018).

The sensitivity of mammography was found to be low in women with a history of
breast cancer due to postsurgical scarring and dystrophic calcifications (Lee, Monticciolo &
Moy, 2020). The study by Mann et al. (2019a) found MRI produced sensitivities which
ranged from 80-100% while mammography ranged from 0-53%. MRI performed better in

patients who had a history of breast cancer rather than family or genetic history, as there
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were lower false positives, better specificity, and equivalent sensitivity and cancer detection
rates (Lehman et al., 2016). The findings by Lehman et al. (2016) supported the use of MRI
for such women since MRI can detect mammographically occult invasive breast cancers
while they are still small and node negative. The ACR recommends the use of annual MRI
in conjunction with mammography for women diagnosed before the age of 50 years
(Monticciolo et al., 2018). The ACS supports annual screening with mammography starting
at the age of 30 years however, it is argued that there is insufficient evidence to recommend
for or against MRI (Saslow et al., 2007). The ASBrS divides women with personal history
based on age and the density of the breast (ASBrS, 2019). Women younger than 50 years or
with dense breasts are recommended to have both annual MRI and mammography however,
women older than 50 years or with non-dense breasts are recommended to have an annual
MRI but there is no recommendation for or against MRI (ASBrS, 2019). The NCCN
recommends annual mammography for surveillance following the history of breast cancer
(Modi et al., 2020). There is a lack of agreement between the organisations regarding the use
of MRI for surveillance in women with a personal history of breast cancer, this is due to the
lack of evidence available on the use of MRI in such women (Lehman et al., 2016). Locally
women who have a history of breast cancer have routine follow up with mammography or
MRI and in certain types of breast cancers even both concurrently.
2.6.5 Dense Breasts

Breast density has been revealed to be a strong independent risk factor for breast
cancer (Bravi et al., 2018; Duffy et al., 2018; Mann et al., 2022). Mammographic appearance
of a breast depends on the different attenuation characteristics of the breast tissue
components (Pinsky & Helvie, 2010). The breast is mainly made up of various amounts of
fibrous and glandular tissue together with fatty tissue. Fibrous and glandular tissue absorb

the x-ray beam much more than fat therefore fewer x-rays reach the detector resulting in a
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whiter (radiopaque) appearance (Pinsky & Helvie, 2010). Whilst in fatty tissue more x-rays
penetrate and therefore reach the detector making fat appear dark (radiolucent) on a
mammogram (Pinsky & Helvie, 2010). Mammographic breast density is the representation
of the amount of fibrous and glandular tissue (radiopaque) in the breast in relation to fatty
tissue (radiolucent) (Pinsky & Helvie, 2010). According to the ACR BI-RADS atlas
terminology, mammaographic density is classified into four density categories as displayed
in Table 2.3 (D’Orsi et al., 2013). The latter two categories classify a woman as having

‘dense’ breasts (Mann et al., 2022).

Table 2.3 Breast tissue density category (D’Orsi et al., 2013)

Breast Breast Image Reference
Category Composition

A Almost entirely
fatty
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Scattered areas of
fibro glandular
density

Heterogeneously
dense

Extremely dense
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As stated by Pinsky and Helvie. (2010), having extremely dense breasts is a risk
factor for breast cancer, yet it is not acknowledged in current risk assessment models. The
risk for breast cancer is four to six times higher in women with dense breasts (Weigel et al.,
2016). Breast cancer appears white on a mammogram irrelevant of the type (mass,
calcification, distortion, etc.) therefore the possibility that a cancer is masked by overlying
breast tissue is much greater in women who have dense breasts (Freer, 2015; Pinsky &
Helvie, 2010). Mammography is less sensitive in dense breasts as it is a two-dimensional
summation image were all breast tissue is overlapping therefore, there is a substantial
amount of cancers being missed / not diagnosed especially in dense-breasted women (Chen

et al., 2015; Freer, 2015; Pinsky & Helvie, 2010).

Besides having the risk that breast cancer is masked and thus not detected, women
who have dense breasts undergoing mammography have an increased risk of developing
breast cancer due to a high amount of fibroglandular tissue present within the breast and the
breast composition (Wanders et al., 2018). Cancers most commonly rise from the epithelial
tissue, thus a large amount of epithelial tissue would increase the chance that cancer may
arise in this tissue (Freer, 2015). Thus, women with dense breasts have a high risk of
developing breast cancer and a low chance of detecting it with mammography. In dense
breasts the sensitivity of mammography decreases from 86-89% to 62-68% (Al-Mousa et
al., 2020; Mann et al., 2022). The increased risk for breast cancer and masking effect in
mammaography act together to increase the interval breast cancers i.e. cancers which become

clinically visible between two rounds of screening (Mar et al., 2019, Mootz et al., 2019).

Density tends to change over a woman’s lifetime under certain influences such as
age, menopausal status and hormone replacement therapy (HRT) (Mandelson, 2000).
Menopause in a woman tends to alter the glandular breast tissue and reduce the density
therefore a decrease in breast density with increasing age is expected (Checka et al., 2012).
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Fifty percent of women between the ages of 25 and 49 years have dense breasts (>50%
density-BI-RADS C) (Pinsky & Helvie, 2010). Dense breasts are observed in women who
are pre-menopausal and who are not included in the screening program unless they are
classified as high risk for breast cancer and have to start screening at a younger age (25 or
30 years old) (Pediconi et al., 2009). With increasing age the breast density tends to decrease
unless there are other factors such as HRT which would influence breast density (Carney et
al., 2003). HRT has an effect on the breast density therefore, indirectly causes an increased
risk for breast cancer, making breast density the mediating factor (Byrne et al., 2017; Rice
et al., 2016). Hormone therapy tends to slow down the expected age-related decrease in
breast density. Post-menopausal women who never used such therapy had a greater decline
in breast density after the age of 50 years when compared with women who used or are

currently using it (Kelemen et al., 2008).

Due to the limitations of mammography as a screening tool for women with dense
breasts, underdiagnosis is expected in women with extremely dense breast tissue compared
to other women (Mann et al., 2022). The study by Freer (2015) observed a sensitivity of 86-
89% for mammography in fatty breasts while a 62-68% sensitivity in extremely dense
breasts. The study by Carney et al. (2003) found similar results and obtained a sensitivity of
87% for fatty breast types whilst 62.9% for extremely dense breast. MRI is not influenced
by breast density as it does not suffer from any tissue overlapping as mammography and can
hence measure more density related biological properties than mammography (Chen et al.,
2015). The DENSE trial has provided promising research with regards to the use of MRI in
women with extremely dense breasts. The use of supplementary MRI screening reduced the
rate of interval cancers by 84%, which in turn reduces underdiagnosis (Bakker et al., 2019).
The diagnostic accuracy of mammography in women with dense breasts has improved,

however is still as low as 70% (Albert et al., 2015). Recommendations for screening with
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MRI for dense breasts is somewhat vague. Certain organisations such as ACS who have
dated guidelines do not have any recommendations for or against MRI but recommend
mammography for women with dense breasts starting at the age of 30 years (Saslow et al.,
2007). The most recent guidelines from ACR and NCCN suggest MRI in dense breasts
especially when combined with other risk factors (Lee, Monticciolo & Moy, 2020). The
European Society of Breast Imaging (EUSOBI) has relied on the evidence from the meta-
analysis by Marmot et al. (2013) that women with extremely dense breasts between the ages
of 50 to 70 years to be screened using MRI (Mann et al., 2022). The ACR and ASBrS
suggests annual screening with both MRI and mammography for women with dense breasts
who have had a history of breast cancer (ASBrS, 2019; Monticciolo et al., 2018). The NCCN
does not consider dense breasts as a risk factor that categorises women as high-risk (ASBrS,
2019). Locally, evaluations are still being made to introduce specific programmes for women
who have dense breasts (Ministry of Health, 2017). Currently, the procedure is that if a
mammogram is difficult to interpret due to dense breasts, then the radiologists will tend to

recall the patient for an US.

2.6.6 Atypical Epithelial Hyperplasia

Women with benign proliferative diseases such as atypical ductal hyperplasia
(ADH), atypical lobular hyperplasia (ALH), and LCIS have an increased risk of 3-10 times
more of developing breast cancer when compared with the general population (Bevers et al.,
2009; Lee, Monticciolo & Moy, 2020). Women with LCIS and atypical epithelial
hyperplasia have lifetime risk estimates ranging from 10 to 20% (Arpino et al., 2005).
Women with LCIS have a risk of subsequent development of cancer in both breasts up to 15
years after initial diagnosis (Monticciolo et al., 2018). The risk related to ADH is also
increased but lower than LCIS (Monticciolo et al., 2018). Having these diseases makes a

women classified as high-risk and organisations such as ACR recommend annual
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mammography and annual MRI especially if other risk factors are present (Monticciolo et
al., 2018). The ACS recommends annual mammography starting at 30 years of age however
there are no recommendations for or against MRI (Saslow et al., 2007). The NCCN
recommends annual mammography and annual MRI in conjunction with mammography for
LCIS (Bevers et al., 2009). The ASBrS includes women who have LCIS, ADH or ALH in
the subgroup of women with a lifetime risk of 20 % or more and recommends annual
mammography and additional MRI at the age of 35 years if recommended by their physician

(ASBrS, 2019).

2.7 Breast cancer screening imaging modalities

2.7.1 Mammaography

For a screening test to be effective it must be safe to administer, cost-effective,
widely available, have a high detection rate and improve health outcomes. Mammography
meets all these requirements (Seely, 2017). Digital x-ray mammography has been the
screening tool used to detect breast cancer for several decades throughout the world (Deike-
Hofmann et al., 2019; Greenwood, 2019). Mammography is the most cost-effective tool for
breast cancer screening (Chhor & Mercado, 2017). Mammography is the current gold
standard screening tool and is the only imaging modality which was proven to decrease
breast cancer mortality rates by 25% to 40% (Mootz et al., 2019). In 2014, experts from 16
countries concluded that women who attend regular mammography screening between 50
and 69 years of age will have a 40% reduction of breast cancer mortality (Lauby- Secretan
et al., 2015). Many randomized trials and observational studies agreed and stated that
mammaography screening reduces breast cancer mortality by 30% or more (Tabar et al.,
2015; Monticciolo et al., 2021; Webb et al., 2014). While mammography remains the
mainstay in routine breast cancer screening it is “far from perfect” (Chhor & Mercado, 2017,

p.284), due to a sensitivity as low as 70 % which could result in the reduced detection of
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cancers (Chhor & Mercado, 2017; Deike-Hofmann et al., 2019). Limitations in sensitivity
and specificity persist even with recent technological improvements (Pacile et al., 2020).
The number of advanced breast cancers have not decreased with the implementation of
breast screening programs (Bleyer & Welch, 2012; Welch et al., 2016). However, in the last
three decades early stage invasive breast cancer and ductal carcinoma in situ detection has
increased (Warrier et al., 2016). Points of criticism have also been raised against
mammography screening due to the fact that in spite of long standing mammography
screening, breast cancer still remains the major cause of cancer death among women (Kuhl,
2018). Such information has led to claims that mammography may over-diagnose small in
situ or indolent invasive cancers while failing to detect more aggressive breast cancers
(Greenwood, 2019; Kuhl, 2018; Mootz et al., 2019). Cancers can have imaging appearances
that make the detection by mammography difficult or render them indistinguishable from
normal or they are mistakenly diagnosed as benign. (Kuhl, 2018). For example, a
biologically aggressive high-grade cancer, not detected by mammography was however,
detected on MRI (Figure 2.1 and 2.2). The sensitivity of mammography is limited mainly
due to dense breasts and the tumour growth pattern which make detection difficult or
suggestive of benign disease (Kuhl, 2019; Mootz et al., 2019; Roganovic et al., 2015). The
decrease in sensitivity of mammography is intensified in young women with dense breasts
and thus in women who are at a high risk of developing breast cancer mostly BRCA 1 and
BRCA 2 mutation carriers (Chhor & Mercado, 2017; Deike-Hofmann et al., 2019; Mootz et
al., 2019). Therefore, mammography is limited in its usefulness in high-risk younger women

(Drukteinis et al., 2013).
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Figure 2.2 Example of a mammaography-occult biologically aggressive cancer (a) two-view mammography
with no evidence of breast cancer. (b) Two enhancing lesions present in an abbreviated MRI (biopsy proven-
multifocal high grade HER 2-positive) (Kuhl et al., 2019).

Figure 2.3 Example of a mammography-occult biologically aggressive cancer (a) Mammography with no
evidence of breast cancer or dense breasts. (b) Ductal enhancement present in an abbreviated MRI (biopsy
proven- high grade DCIS) (Kuhl et al., 2019).
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2.7.2 Magnetic Resonance Imaging (MRI)

MRI in its current use does not fulfil the criteria of a screening test, as it is not cost
effective, neither rapid nor easily applied (Kuhl, 2019). However, out of all the available
imaging modalities, MRI offers the highest diagnostic accuracy and sensitivity for the
detection of breast cancer, irrespective of stage, type of cancer and breast density (Chhor &
Mercado, 2017; Kuhl, 2019; Riedl et al., 2015). MRI offers a higher cancer detection rate
over mammography, DBT and US and is undisputedly the most sensitive imaging modality
for breast cancer (Leithner et al., 2019; Mootz et al., 2019). MRI does not only have a high
sensitivity but also has the capability of detecting cancers less than 1 cm in size when
compared with mammography and US (Sardanelli & Podo, 2007; Leach etal., 2005; Warner

et al., 2004).

MRI is a non-invasive imaging technique which does not make use of any radiation
(Ghadimi & Sapra, 2019). A 3T magnet is used for breast imaging with a specialized breast
coil used to obtain images. The patient would be in a prone position with the breasts
positioned through openings in the coil (Figure 2.3). Gadolinium contrast medium
(0.1mmol/kg) is administered intravenously with a power injector. The administration of
contrast is used in almost all breast MRI examinations except for evaluation of silicone
implants (Gunduru & Grigorian, 2021). Breast MRI should ideally be performed between
day seven to day 14 of the menstrual cycle to reduce the effect that hormones have on
background parenchymal enhancement and thus reduce the rate of false positives (Gunduru

& Grigorian, 2021).

37



Chapter 2- Literature Review

Figure 2.4 An illustration of patient positioning in breast MRI (Nissan et al., 2014)

The demonstration of contrast enhancement is the basis of breast cancer detection in
MRI which is caused by the angiogenic activity of cancers (Kuhl, 2019). The process of
angiogenic activity leads to a fast arterial-type enhancement at the area of breast cancers
(Kuhl, 2019). The high sensitivity produced by MRI is due to the unmatched soft-tissue
contrast and functional information provided by MRI scans in conjunction with the
correlation of angiogenic activity of cancers (Sung et al., 2016). Breast MRI is not
influenced by age, breast density or any genetic mutations therefore, any biologically
relevant breast cancers are detected (Riedl et al., 2015). Breast MRI has traditionally been
used as a second-line imaging modality to diagnose equivocal findings on mammaography or
US (Kuhl et al., 2014). However, over the past decade, the consideration of breast MRI for
screening has increased greatly (Kuhl et al., 2014). The costs and lack of availability
contribute to MRI being greatly underutilised even in women at high-risk who need it the
most (Kuhl, 2019). An abbreviated MRI protocol was set up by Kuhl et al. in 2014 to
counteract the limitations of time and cost presented by the full protocol, which provided
very promising results. A detailed discussion on the abbreviated breast MRI protocol is

found in Section 2.8.

Screening with MRI was initially recommended for women who have more than 20%

lifetime risk of developing breast cancer, to help improve cancer detection and reduce
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interval cancers i.e. cancers which become clinically visible between two rounds of
screening (Leithner et al., 2019, Mootz et al., 2019, Mann et al., 2015; Sardanelli et al., 2010;
Saslow et al., 2007). MRI used in high-risk women reduces the interval cancers due to its
high sensitivity and more lower stage breast cancers are detected rather than aggressive
cancers (Kuhl et al., 2014). For women with high-risk of developing breast cancer, MRI was
found to be cost effective (Taneja et al., 2009) however there are still studies on going for
the use of MRI for women at moderate or low risk (Leithner et al., 2019; Mann et al., 2019b).
The advantage about MRI screening is the low or even absence of interval cancer (Kuhl,
2019). A low interval cancer rate was observed for both women at high-risk and average risk
with MRI screening. This indicates that with appropriate imaging methods interval cancers
can be reduced or avoided altogether unlike in mammography where the interval cancer rate

is due to underdiagnosis (Kuhl, 2019).

Mango et al. (2019) explained how the detection of more cancers with MRI tends to
raise concern for the potential overdiagnosis of breast cancer. When Saadatmand et al.
(2019) compared MRI with mammography for women with familial risk, more breast
cancers were detected in MRI compared to mammography even though there was no
difference in the incidence of breast cancer. Mammography detected more late stage and
node-positive cancers which shows that MRI can potentially decrease mortality compared
to mammography (Saadatmand et al., 2019). Roca et al. (2020) emphasised how MRI detects
more invasive cancers than mammography which detects more DCIS. Almost half of the
cancers detected with MRI in the study by (Kuhl et al., 2017) corresponded to differentiated
high-grade lesions. MR imaging enables the early detection of cancers which if remained
undetected would develop into more advanced interval cancer or ultimately become
mammographically visible (Kuhl et al., 2017). This inherently introduces the potential for

MR imaging to diagnose only indolent cancers and therefore bring about overdiagnosis
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(Kuhl et al., 2017). Kuhl et al. in 2019, argued that MRI not diagnosing low-grade DCIS
would essentially help to avoid overdiagnosis.
2.7.3 Other imaging modalities
Other imaging modalities used for the detection of breast lesions include US or

ABUS and DBT and CEDM.

DBT makes use of multiple projections acquired across an arc which are then
reconstructed into a series of stacked images (Chong et al., 2019). DBT is a technique which
allows for a 3-D examination of the breast reducing the superimposition of breast tissue
which in-turn may reduce the masking effect (Chen et al., 2015). Comstock et al. (2020)
stated that DBT was initially used to complement mammography, however, DBT has

increasingly replaced mammography.

There is a lack of literature regarding the use of DBT in high-risk women as
generally studies focus on the use of DBT in women with dense breasts. Women who are at
increased risk for developing breast cancer are young with dense breasts therefore, the results
of such studies may be beneficial for such women. The study by Phi et al. (2018) evaluated
16 cases who had both DBT and mammaography and reported that DBT improved cancer
detection rate in women with dense breasts when compared with mammography. DBT
allows for a 3-D examination of the breast reducing the superimposition of breast tissue

which in-turn reduces the masking effect (Figure 2.4) (Chen et al., 2015; Coop et al., 2016).
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. Mammography Contrast-enhanced MRI

-

Figure 2.5 Example of a mammography-occult biologically aggressive cancer visible on DBT and MRI (a)
DBT with evidence of breast cancer with asymmetry and architectural distortion. (b) Dense breast tissue
obscuring the findings on mammographic image (c) Invasive ductal carcinoma present in the contrast-enhanced

MRI (Jones et al., 2020).

Handheld US in breast imaging is generally used to complement mammography to
confirm the nature of masses observed on a mammogram. However, adding US to
mammography can help to identify mammographically occult breast cancer (Mar et al.,
2019). There are more studies that investigated the use of US in women with a high risk of
breast cancer unlike DBT (Berg et al., 2012; Cortesi et al., 2019; Wang et al., 2019). The
ACR and SBI recommend the addition of US to mammaography in women with a high risk
of developing breast cancer who cannot undergo MRI due to contraindications (Cortesi et
al., 2019; Warrier et al., 2016). The American College of Radiology Imaging Network
(ACRIN) 6666 trial evaluated the use of US in women who have a high risk of breast cancer,
this multicentred study identified 3.7 additional cancers per 1000 screens. (Berg etal., 2012).
Wang et al. (2019) observed a satisfactory diagnostic yield for US in high-risk women. The
study by Cortesi et al. (2019) divided the women into different risk groups: BRCA, high
risk, intermediate risk and slightly increased risk, and studied the effect of US in each group.
The addition of US to mammography in high-risk women improved the sensitivity to 100%,

thus Cortesi et al. (2019) suggested that in this group it is justified to enhance screening with
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US. The sensitivity of US for BRCA carriers was 22.7% however, in this population MRI

produced a 94% sensitivity which superseded US (Cortesi et al. 2019).

ABUS is a new imaging technique which is an additional screening tool specifically
for women with heterogeneously and extremely dense breasts (Boca et al., 2021). The ABUS
is a volumetric sonographic technique which has a large transducer that is placed on the
patient’s entire breast, providing multiplanar reconstructions of the breast (Mussetto et al.,
2020). The ABUS has a comparable diagnostic accuracy to handheld US (Kim et al., 2020;
Rellaetal., 2018). ABUS is a reproducible tool in the description of lesion location, distance

from nipple and size (Rella et al., 2018).

Contrast-enhanced  digital mammography (CEDM) combines digital
mammaography with the intra-venous administration of iodinated contrast medium (Ghaderi
etal., 2019). CEDM images are obtained after contrast administration to assess breast tissue
function similar to MRI (Hashem et al., 2021; Vegunta et al., 2021). CEDM imaging is
relatively new and has a superior diagnostic performance when compared with
mammography, US and DBT, with comparable results to MRI (Hashem et al., 2021).
Hashem et al. (2021) concluded that CEDM is a valuable imaging modality in women who
are at high-risk for breast cancer compared with mammography which has a lower cancer
detection rate. In the study by Sung et al. (2019) it was stated that CEDM has the potential
to replace 2-D mammaography in high-risk women. The sensitivity of CEDM was 87.5%
which is much higher than 50% for mammography (Sung et al., 2019). Hashem et al. (2021)
insisted that CEDM deserves similar attention as MRI and further studies are required to
validate the positive results achieved from this imaging examination. CEDM is currently
recommended to be used in women who have contraindications to MRI (Ghaderi et al., 2019;

Vegunta et al., 2021).
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2.8 Abbreviated breast MRI protocol

MRI of the breast is “undisputedly the most sensitive of image methods to detect
cancer” (Leithner et al., 2018, p.85). The application for MRI in breast screening has not
been implemented since MRI is expensive and time consuming therefore making it less
available when compared with conventional imaging (Leithner et al., 2018). Kuhl et al.
(2014) aimed to create the concept of breast MRI screening similar to mammographic
screening by setting up the concept of an abbreviated breast MRI protocol. The aim of the
abbreviated protocol was to overcome the limitations and increase access to screening breast
MRI by reducing the scanning time and reading time whilst maintaining the same diagnostic
accuracy to the full protocol (Kuhl et al., 2014). Following in the steps of Kuhl et al. (2014),
several studies have investigated different abbreviated protocols with similar results
presented in Table 2.4. The principle of an abbreviated MRI protocol is to design a protocol
that is tailored to answer a single clinical question, whether there is the presence or absence
of breast cancer (Kuhl, 2019). The concept of a fast abbreviated MRI protocol is very
appealing due to its high diagnostic accuracy with a reduction in costs as the value of
healthcare is the women’s outcome over costs (Leithner et al., 2018). Abbreviated MRI has
gained superiority over other imaging modalities throughout the years however it still has its
own weaknesses (Pham et al.,, 2020). The study by Pham et al. (2020) analysed the
abbreviated MRI protocol and established its strengths and weaknesses, which will be
discussed in Section 2.9 and 2.10 respectively.

2.8.1 Different types of abbreviated breast MRI protocols

Following the initial study by Kuhl et al. (2014) there have been more studies
regarding the application of the abbreviated MRI protocol and efforts have been made to
identify the sequences necessary to provide the most confident breast cancer diagnosis

(Leithner et al., 2019). An MRI abbreviated protocol should contain the minimum number
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of sequences required for detecting any suspicious lesions (Mootz et al., 2018). While the

full diagnostic MRI protocol is reserved for further characterisation of suspicious lesions to

differentiate between benign from malignant disease with the aim to prevent false- positives

and false- negatives (Mootz et al., 2019). Greenwood et al. (2019) explained how an

abbreviated MRI protocol does not require any specific sequences to be used, it depends on

the individual organisation to decide however, the scanning time should be less than 10

minutes. Currently there are no criteria or time limits of an exam to define an MRI protocol

as abbreviated (Mann et al., 2019c).

Table 2.4 Abbreviated protocol used in 17 studies

Study with Abbreviated Protocol 1 Abbreviated Abbreviated
reference Protocol 2 Protocol 3
(Kuhl et -Axial unenhanced T1-weighted
al., 2014) imaging (not fat sat (FS))
-Axial first contrast enhanced T1
weighted imaging (not FS) -
subtraction and MIP
(Mango et -Sagittal  Unenhanced  T1-
al., 2015)  weighted imaging (FS)
-Sagittal First contrast-enhanced
T1-weighted imaging (FS)
-Subtraction, MIP
(Grimm et -Axial T2-weighted imaging Abbreviated protocol
al.,, 2015)  (FS) 1 + Second contrast-
-Axial unenhanced T1-weighted enhanced T1-
imaging (FS) weighted  imaging
-Axial first contrast-enhanced (FS)
T1-weighted imaging (FS)
(All sequences were taken in the
axial plane, but readers could
reconstruct images in the sagittal
and coronal plane)
(Harvey et -Axial unenhanced T1-weighted
al., 2016)  imaging (FS)

-Axial post contrast-enhanced
T1-weighted imaging (FS)
-Subtraction and MIP
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(Heacock  -Sagittal unenhanced  T1- Abbreviated protocol Abbreviated protocol
et al., weighted imaging (FS) 1 + With previous 1 + With previous
2016) -Sagittal first contrast-enhanced imaging imaging + T2-
T1-weighted (FS) weighted  imaging
-Subtraction (FS)
-No previous imaging
(Moschetta -Axial short T1 inversion
et al., recovery (STIR)
2016) -Axial T2-weighted imaging
turbo-spin-echo (TSE)
-3D Unenhanced THRIVE
-3D  Intermediate  contrast-
enhanced THRIVE (3 min after
gadolinium injection)
(Pineda et -Axial pre and post contrast-
al., 2016) enhanced T1-weighted (FS)
imaging with high spatial and
temporal resolution
(Machida  -Unenhanced T1-weighted
et al., imaging (FS)
2017) -First contrast-enhanced T1-
weighted imaging (FS)
(Chen et -Unenhanced T1-weighted
al.,, 2017)  imaging (FS)
-First contrast-enhanced T1-
weighted imaging (FS)
-MIP
(Strahle et -Axial T2-weighted imaging
al., 2017)  Unenhanced T1-weighted
imaging (FS)
- Axial early contrast-enhanced
T1-weighted imaging (FS)
-Axial late contrast-enhanced
T1-weighted imaging (FS)
(Petrillo et -Axial unenhanced T1-weighted
al.,, 2017)  imaging (FS)
-Axial first contrast-enhanced
T1-weighted imaging (FS)
(Panigrahi  -Axial unenhanced T1-weighted
et al., imaging (FS)
2017) -Axial first contrast-enhanced
T1-weighted imaging (FS)
-Subtraction MIP
(Romeo et -Axial unenhanced T1-weighted
al.,, 2017)  imaging (FS)

-Axial three contrast-enhanced
T1-weighted imaging (FS)
-Subtractions at 3 time points
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(Oldrini et MIP Abbreviated protocol Abbreviated protocol
al., 2017) 1 + Contrast- 1 + Contrast-
enhanced TRICKS enhanced TRICKS
acquisitions at 12 acquisitions at 12
timepoints timepoints+
Unenhanced T1-
weighted  imaging
(FS)+ T2 weighted
imaging
(Choi et -Sagittal T2-weighted imaging
al.,, 2018) (FS)
-Sagittal ~ unenhanced  T1-
weighted imaging (FS)
-Sagittal first contrast-enhanced
T1-weighted imaging (FS)
-Subtraction and MIP
(Dogan et -Axial T2-weighted imaging
al.,, 2018) DIXON
-Axial pre and post contrast-
enhanced T1 weighted imaging
DIXON (FS)
(Oldrini et -Sagittal 3D unenhanced T1W-
al., 2018)  weighted VIBRANT
-1st  Sagittal 3D  contrast-
enhanced T1W-weighted
VIBRANT
-Subtraction
Key:  THRIVE- 3D gradient echo sequence (Philips vendor name)

DIXON- fat suppression technique based on chemical shift
VIBRANT-volume image breast assessment (fat sat) (GE vendor name)

(Liney, 2010)

In the studies listed in Table 2.4, the abbreviated protocol generally consisted of an

axial unenhanced and first contrast enhanced T1 weighted sequence (Leithner et al., 2019).

Some studies opted to study more than one abbreviated protocol as seen in Table 2.4.

Subtraction and MIP images are also commonly used in studies such as Choi et al., 2018;

Harvey et al., 2016; Kuhl et al., 2014; Mango et al., 2015 and Panigrahi et al., 2017. The

MIP and subtraction sequences do not increase the scanning time as they are reconstructed

from the T1-weighted images obtained (Deike-Hofmann et al., 2019). In some certain studies

(Chen et al., 2017; Heacock et al., 2016; Oldrini et al., 2018 and Romeo et al., 2017) the
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researchers opt to use either subtraction or MIP. Some studies included a T2-weighted, STIR
and second or third contrast-enhanced T1-weighted sequence (Leithner et al., 2019).
Contrast enhancement was used in all the abbreviated protocols indicating its importance in
diagnostic accuracy. Current techniques such as diffusion-weighted imaging (DWI) are not

sensitive enough to replace contrast enhanced breast MRI completely (Mann et al., 2019b)

2.9 Strengths of an abbreviated breast MRI

2.9.1 Comparable performance indicators

An abbreviated MRI breast protocol takes advantage of the high sensitivity and
specificity of breast MRI while benefiting from reduced cost and time (Marshall & Plecha,
2020). To date, many abbreviated breast MRI scans were performed and studied in over
4500 women (Leithner et al., 2018). Sung et al. (2016) diagnosed more invasive cancers
with MRI while DCIS was mostly detected by mammography in women at high-risk who
performed both MRI and mammography. When using the abbreviated protocol, it was
observed that mainly early-stage invasive cancers and predominatly intermediate or high-
grade DCIS were detected (Dogan et al., 2018; Harvey et al., 2016; Heacock et al., 2016;
Kuhl et al., 2014; Machida et al., 2017; Mango et al., 2015; Oldrini et al., 2018; Panigrahi et
al., 2017; Petrillo et al., 2017; Romeo et al., 2017). The studies highlight that using an
abbreviated MRI protocol as supplemental screening detects biologically relevant cancers
and those which are occult on mammography (Morris, 2014). The ability of MRI to detect
more aggressive cancers should impact the mortality and morbidity associated with breast

cancer (Pham et al., 2020).

The primary abbreviated protocol set up by Kuhl et al. (2014) consisted of an
unenhanced non-fat saturated axial T1- weighted and first contrast-enhanced axial T1-

weighted sequence, subtraction imaging, and a single MIP image. The abbreviated MRI
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protocol achieved an equal diagnostic accuracy as the full protocol. The findings by Mango
etal. (2015) agreed with Kuhl et al. (2014) that using MIP imaging alone is not sufficient to
accurately detect breast cancer. Following these two preliminary studies, certain abbreviated
protocols included axial T2 weighted or axial STIR sequences while others solely relied on
contrast enhanced MRI sequences. Moschetta et al. (2016) used axial STIR, axial T2-
weighted sequences, a pre-contrast, and single post contrast T1-weighted axial sequence and
found no significant difference in diagnostic accuracy between full and abbreviated
protocols. Choi et al. (2018) screened 725 women, 12 malignancies were detected, with 5

lesions visible on the abbreviated MRI protocol alone.

The abbreviated MRI protocol evaluated was made up of fat-suppressed T2 weighted
axial sequence, pre- and post contrast T1 weighted axial sequence, and subtracted MIPs
(Choi et al., 2018). Dogan et al. (2018) eliminated STIR from the abbreviated protocol and
used T2 weighted axial imaging and the axial Dixon sequence for dynamic contrast enhanced
(DCE) MRI, which yielded the same image quality equivalent to the full protocol. Petrillo
et al. (2017) used one pre-contrast T1 weighted and first post-contrast T1 axial weighted
while Romeo et al. (2017) opted for one pre-contrast T1 weighted sequence and three post-
contrast axial sequences instead of the first only. Both abbreviated MRI protocols yielded
comparable diagnostic accuracies to the full MRI protocol (Petrillo et al., 2017; Romeo et
al., 2017). The comparison of the performance indicators in published abbreviated protocols

are summarised in Table 2.5.
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Table 2.5 Diagnostic Accuracy of Published abbreviated protocols compared to the full MRI  protocol

Sensitivity

Specificity

% PPV % NPV %

Author Setup (compared (compared (comparfed” (comparfd”
to full to ull to u
protocol) protocol) protocol)

(Kuhl et al., Screening mild 94.4 (95) 31.4 (33) 100 (100)

2014) risk/ dense

breasts

(Mango et Known cancer N/A N/A N/A

al., 2015)

(Grimm et Selected cases 52 (52) N/A N/A

al., 2015)

Protocol 1 as

in Table 2.4

(Grimm et Selected cases 45 (52) N/A N/A

al., 2015)

Protocol 2 as

in Table 2.4

(Harvey et High- risk N/A N/A N/A

al., 2016) screening

(Heacock et Known cancer N/A N/A N/A

al., 2016)

Protocol 1 as

in Table 2.4

(Heacock et Known cancer N/A N/A N/A

al., 2016)

Protocol 2 as

in Table 2.4

(Heacock et Known cancer N/A N/A N/A

al., 2016)

Protocol 3 as

in Table 2.4

(Moschetta ~ Screening, 91 (92) 64 (68) 98 (98)

etal., 2016)  problem solving,

preoperative
staging
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(Machida et Consecutive 87 (87) 92 (90) 69 (66) 97(97)
al., 2017) cases
Observer 1-
15 years of
experience
(Machida et Consecutive 94 (97) 83 (90) 55 (67) 98 (99)
al., 2017) cases
Observer 2-
14 years of
experience
(Chen et al.,, Screening mild 94 (100) 88 (95) 22 (41) 100 (100)
2017) risk/ dense

breasts
(Petrillo et Selected cases 100 75 (77) 74 (75) 100 (100)
al., 2017) (100)
(Panigrahi et High-risk 82(82) 97 (97) N/A N/A
al., 2017) screening
(Romeo et Consecutive 99 (97) 93 (95) 95 (97) 98 (95)
al., 2017) cases
(Oldrini et High risk 93(93) 83 (60) 87 (74) 90 (87)
al., 2017) screening,

problem solving,
Observer 1 preoperative

staging, nipple

discharge
(Oldrini et High risk 93(93) 71(58) 79 (73) 89.5 (87.5)
al., 2017) screening,

problem solving,
Observer 2 preoperative

staging, nipple

discharge
(Choi et al., Personal history 100 89 N/A N/A
2018) of breast cancer
(Oldrini et Staging, high- 100(100) 94 (95) N/A N/A
al., 2018) risk  screening,

symptomatic
cases, lesion
characterisation
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2.9.2 Shorter acquisition time

There is no published standardised full breast MRI protocol however, on average this
requires 30 to 40 minutes image acquisition to generate several hundred images for
interpretation (Ko & Morris, 2019). The first abbreviated protocol produced by Kuhl et al.
(2014) had an acquisition time of 3 minutes. Throughout the years a variety of abbreviated
protocols were generated with different acquisition times however, none of them had more
than 15 minutes of scanning time (Deike-Hofmann et al., 2019). Harvey et al. (2016) and
Panigrahi et al. (2017) were the only two studies which managed to reduce the acquisition
time to 4 and 3 minutes respectively. Pham et al. (2020) discussed how three abbreviated
MRI scans can be completed in the slot allocated for a full MRI scan. The shortened
acquisition time may directly lead to reduced motion, discomfort, costs and a more tolerable
scan for patients with claustrophobia (Pham et al., 2020). Short acquisition times result in
less exposure to the risks associated with MRI such as the exposure to an electromagnetic
field in the RF range which can induce biological effects through direct heating (Hartwig et
al., 2009). Other than the risk of heating, during magnetic field changes, a loud knocking

sound is created which can be harmful, if there is no adequate ear protection (McJury, 2022).

An abbreviated protocol generates less images resulting in a shorter interpretation
time, for example Kuhl et al. (2014) reported a 30 second reading time. All the studies
performed after Kuhl et al. (2014) managed to generate a short interpretation time unlike
Grimm et al. (2015), who had 3 minutes interpretation time for both the full and abbreviated
protocol. When compared with the interpretation time of 2 to 4 minutes of mammaography,
the abbreviated MRI protocol proved to have a faster interpretation time (Haygood et al.,

2009).
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2.9.3 Decreased cost

Cost has been a long-standing barrier to the application of screening the average
population with MRI (Marshall & Plecha, 2020). Apart from the initial cost price of the MRI
equipment, the major cause of high costs of breast MRI is due to the long acquisition times
(Leithner et al., 2018). The abbreviated protocol was introduced in efforts to reduce the costs
associated with scanning time (Kuhl et al., 2014; Marshall & Plecha, 2020; Vinnicombe et
al., 2021). The short reading time obtained with the abbreviated protocol counteracts the
high costs of the MRI (Kuhl et al., 2014). A simulation developed by Mango et al. (2019) in
the United States found that the aggregate cost for MRI screening for 24 years costs $13.02
billion whilst $13.03 billion for mammography screening. Mango et al. (2019) observed

that the initial cost of the implementation of a breast MRI screening program is high.

2.10 Challenges associated with the abbreviated breast MRI

2.10.1 Contrast Agents

Currently the backbone of any abbreviated protocol is the contrast-enhanced
sequences which provide excellent sensitivity (Leithner et al., 2018). However, concerns
about the use and safety of gadolinium-based contrast agents (GBCA) is increasing in the
light of new evidence (Pham et al., 2020) which suggests that gadolinium is deposited and
retained in the brain, bone, skin and other tissues (Gulani et al., 2017; Ramalho et al., 2016).
The controversy surrounding the safety of GBCA has initiated the recommendations to use
GBCA only when essential and if a diagnosis cannot be made with unenhanced scans
(Dekkers et al., 2018; Gulani et al., 2017). Using contrast-enhanced abbreviated protocols
for annual or biannual screening increases the potential for additional gadolinium deposit in
the brain (Pham et al., 2020). To date there is no scientific evidence that the retention of
gadolinium in the brain has an adverse clinical effect (Leithner et al., 2018; Pham et al.,

2020). GBCA have been used for more than 20 years and the evidence suggests that it is safe
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to use (Pham et al., 2020). GBCAs have not yet been prohibited however, efforts have been
made to develop unenhanced MRI techniques that have an equivalent diagnostic accuracy

to breast MRI screening (Leithner et al., 2018).

Diffusion weighted imaging (DWI) has emerged as a valuable and robust technique
in studies exploring an alternative for contrast-enhanced MRI (Leithner et al., 2018). DWI
is an imaging technique that measures the mobility of water molecules within tissue, based
on the differences in Brownian motion (Amornsiripanitch et al., 2019). On DWI breast
cancer will have reduced diffusivity and thus appear hyperintense to surrounding tissues
(Amornsiripanitch et al., 2019). Several authors have investigated the use of DWI for an
unenhanced MRI examination with promising results. Shin et al. (2016) compared an
enhanced protocol against an unenhanced protocol made up of DWI and T1-weighted
imaging which obtained similar detection rates and diagnostic accuracies. The study by
Baltzer et al. (2017) achieved similar results for diagnostic performance when using a DWI
protocol against a contrast-enhanced MRI with T2 weighted imaging. Amornsiripanitch et
al. (2019) reviewed a variety of studies and concluded that the overall sensitivity is lower in
DWI than with dynamic contrast enhanced MRI. However, when studies compared DWI
with mammography, DWI had a superior overall sensitivity for cancer detection than
mammography. When DWI and mammography were combined the sensitivity improved to
93% rather than 74% and 64% with DWI and mammography alone respectively (Kazama et
al.,, 2012) . Unenhanced DWI alone can be used as a supplemental screening to
mammography (Pham et al., 2020). A variety of studies have investigated abbreviated
unenhanced protocols with different combinations of T1 or T2 weighted with DWI. In these
studies the abbreviated unenhanced MRI obtained an equal or superior sensitivity to
mammography (Baltzer et al., 2017; Bickelhaupt et al., 2016; McDonald et al., 2016; Shin

etal., 2016).
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A limitation of DWI is that sensitivity is limited only in lesions which are smaller than 12mm
or presenting with diffuse non mass enhancement (Pinker et al., 2018). The potential of DWI
iIs encouraging however more studies are required with improved protocols and
postprocessing techniques (Pham et al., 2020; Leithner et al., 2018).

2.10.2 Lack of standardised protocols

The abbreviated MRI protocol has become widely accepted yet magnetic field
strengths and scan protocols are not yet harmonised (Pham et al., 2020). Despite the
variability between each abbreviated MRI protocol, diagnostic accuracy and cancer
detection rates were equivalent when comparing the full versus abbreviated protocol (Ko &
Morris, 2019). Ko and Morris (2019) reviewed a variety of abbreviated protocols
investigated throughout the years and in general, the studies used were pre-contrast T1 and
first post-contrast T1 with the addition of other options such as subtraction, MIP, second and
third points post contrast, T2 weighted images, DWI and STIR images (Ko & Morris, 2019).

Even the two studies performed by Kuhl et al. (2014) and (2017) used two different
protocols that were less than 10 minutes duration each. In the first study Kuhl et al. (2014)
used axial T1-weighted before and then immediately after contrast injection together with
subtracted and MIP images. In the later study performed in 2017 the protocol consisted of
axial T1-weighted prior to and four times after contrast injection with the addition of an axial
T2-weighted sequence (Kuhl et al., 2017). The addition of the axial T2-weighted sequence
resulted in a 37.7% decrease in the number of BI-RADS 3 categories which was changed to
BI-RADS 2 (Kuhl etal., 2017). Bickelhaupt et al. (2016) analysed which sequences in a full
diagnostic protocol were the most relevant for a confident breast cancer diagnosis. The
authors concluded that T2-weighted, T1-weighted pre contrast, and first and late postcontrast

images are essential to enable a rapid breast cancer screening. While Heacock et al. (2016)
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concluded that T2 weighted provided the most lesion characterisation with the same cancer

detection rate.

Currently, at the time of writing this dissertation the ECOG-ACRIN (Eastern
Cooperative Oncology Group- American College of Radiology Imaging Network) 1141
(EA1141) trial by Christiane Kuhl is working to compare the abbreviated protocol with DBT
for breast cancer screening in women with dense breasts. Once the results of this prospective
randomised EA1141 study are released, this may facilitate an agreement on a standard
abbreviated MRI protocol.

2.10.3 Potential Decrease in Performance Indicators

MRI was given the reputation as a high-sensitivity, low-specificity imaging modality
due to results from earlier studies (Kuhl, 2019). The metric to rate the power with which a
health screening method differentiates benign from malignant disease is not specificity but
based on the PPV. Early trials produced unsatisfactory PPV values for MRI screening
(Kriege et al., 2004; Warner et al., 2004; Leach et al., 2005). MRI then was still a new
modality unlike mammography which was well developed (Kuhl et al., 2019). With the
improvement of radiologists’ expertise in MRI interpretation of breast images and
appearance on different sequences, the PPV of MRI for breast cancer screening became

equivalent to mammographic screening (Kuhl et al., 2010).

The elimination of certain sequences from the full protocol may potentially affect
both the recall rate and limit interpretation of certain breast cancers (Ko & Morris, 2019).
The increased use of the abbreviated MRI protocol for screening can increase the risk of
potential pitfalls, such as recall rates, increased biopsies, BI-RADS 3 assessment rate, low
PPV of biopsies performed (Pham et al., 2020). Indeterminate findings on an abbreviated
MRI protocol would require additional diagnostic evaluation to enable characterisation

therefore, increasing the overall cost of MRI (Ko & Morris, 2019). The study by Kuhl et al.
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(2014) revealed that one-third of BI-RADS category 3 (probably benign) were downgraded
to BI-RADS category 2 (benign), eliminating the unnecessary short-term follow up. This
finding created the concern that abbreviated MRI protocols may result in an increase in recall
rate and decreased specificity (Ko & Morris, 2019; Kwon et al., 2021). Studies on the
abbreviated MRI protocol following Kuhl et al. (2014) obtained equivalent sensitivities and
specificities for cancer detection indicating the feasibility of an abbreviated protocol (Grimm

et al., 2015; Abe et al., 2016; Machida et al., 2017; Mann et al., 2014; Morris, 2014).

To address some of these issues Pham et al. (2020) suggested that radiologists
training and the use of guidelines on how to interpret abbreviated MRI protocol findings are
required. Radiologists must pass an MRI interpretation test before they read studies, to
ensure that a more uniform threshold is used when determining the need to recall patients
for an abnormality (Pham et al., 2020). The monitoring of BI-RADS category 3, 4 or 5 rates
need to be audited regularly (Pham et al., 2020).

2.10.4 Timing of scan

Existing recommendations suggest that women should have their MRI scan in the
second week of the menstrual cycle, for background parenchymal enhancement (BPE) to be
the lowest (DeMartini et al., 2012; Ellis, 2009). With a low BPE any abnormalities are more
visible and there are less false positive findings (DeMartini et al., 2012; Ellis, 2009; Kuhl et
al., 1997). However, later studies have shown that there is no need to scan at certain times
during the menstrual cycle (Dontchos et al., 2019; Lee, Bryce, et al., 2020). The study by
Lee, Bryce, et al. (2020) evaluated 1536 MRI examinations and concluded that there was no
difference in BPE, PPV, cancer detection rate, sensitivity or specificity dependent on the
time of the menstrual cycle. However, Dontchos et al. (2019) evaluated 320 MRI
examinations and did not find any association between BPE and menstrual cycle. Similarly,

to Lee, Bryce et al. (2020) interpretation rate, positive biopsy rate, cancer yield, sensitivity,
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and specificity did not differ significantly on the basis of menstrual cycle. Eliminating the
need to scan women at certain times in the menstrual cycle would improve access and
scheduling of abbreviated MRI for screening (Pham et al., 2020).
2.11 MRI report structure

An MRI report irrespective whether full or abbreviated should be concise and
standardised. The ACR BI-RADS Atlas set up a report structure which consists of 7 points

that an MRI report should contain (Morris et al., 2013).

1. Indication for examination
A brief description for why the examination is being performed and the patient’s clinical
history. The indications should include the reason for performing breast MRI (screening,
follow-up, staging, pre-operative or problem solving), clinical abnormalities, previous

biopsies and hormonal status (Morris et al., 2013).

2. MRI technique
A detailed description of the technical aspects of the MRI scan should be given prior to the
actual report. The types of sequences used in the MRI scan, if contrast was used, any post
processing techniques and any titanium markers visualised indicating biopsy of the area
(Morris et al., 2013).

3. Description of overall breast composition
The breast composition is divided into two: the fibroglandular tissue and the amount of
background parenchyma enhancement (BPE) on the MRI. The fibroglandular tissue
describes the density of the breast which is divided into four density categories: 1-almost
entirely fatty, 2- scattered areas of fibroglandular density, 3-heterogeneously dense and 4-
extremely dense (D’Orsi et al., 2013). The BPE is the visually estimated enhancement of the
fibroglandular tissue which is divided into four categories based on the level of

enhancement: a- minimal, b- mild, c- moderate and d- marked (Morris et al., 2013). If
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implants are present, it is important that information regarding their composition is included

(Morris et al., 2013).

4. Clear description of any important findings
Any abnormal findings in the MRI scan should be described by indicating the location, the
lesion type and descriptors (Morris et al., 2013). The descriptors should include size and
location of each lesion; right or left breast (quadrant, clock-face position or central, retro
areolar and axillary tail) (Morris et al., 2013). Any abnormal enhancement may include the
following: artifacts, focus, masses, non-mass enhancement, intramammary lymph node, skin
lesion, non-enhancing findings, associated features (e.g., nipple retraction, skin retraction
etc...), fat-containing lesions (e.g., lymph nodes), stability of enhancement, kinetic curve
assessment and implants (Morris et al., 2013).

5. Comparison to previous examination(s)
The current examination should be compared to any previous examinations with the date
specified (Morris et al., 2013). Comparison should be made to any examination including

MRI, mammaography, US and any other relevant imaging modalities (Morris et al., 2013).

6. Assessment
The category for assessment is based on the BI-RADS categories developed for
mammography. The ACR developed the BI-RADS categories as a standardised format and
universal terminology ((D’Orsi et al., 2013; Ghaemian et al., 2021). BI-RADS categories
includes seven categories from zero to six, the higher the number indicates the likelihood of
malignancy (Ghaemian et al., 2021). The ACR does not only indicate the level of suspicion
for cancer but also recommendations for follow-up management (Table 2.6) (Gupta et al.,

2017).
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Table 2.6 ACR BI-RADS assessment categories (ACR BI-RADS®-Breast MRI, In ACR BI-RADS® Atlas,
Breast Imaging Reporting and Data System. Reston, VA, 2013, American College of Radiology)

BI-RADS Assessment Likelihood of cancer Management
score
0 Incomplete N/A Recommend  additional

imaging: mammogram or
targeted US

1 Negative Essentially 0% likehood Routine breast MRI
of malignancy screening if cumulative
lifetime risk > 20%
2 Benign Essentially 0% likehood Routine breast MRI
of malignancy screening if cumulative
lifetime risk > 20%
3 Probably benign > 0% but <2% likehood of Short-interval (6-month)
malignancy follow-up
4 Suspicious > 2% but < 95% likehood Tissue diagnosis
of malignancy
5 Highly > 95% likehood of Tissue diagnosis
suggestive  of malignancy
malignancy
6 Known biopsy- N/A Surgical excision when
proven clinically appropriate
malignancy

Categories 1 and 2 indicate that there is no evidence of malignancy (Morris et al.,
2013). While categories 3 to 5 indicate a suspicion of malignancy but must be investigated
further (Morris et al., 2013). In category 6 a cancer diagnosis has already been established
and the lesion is visualised on the MRI for additional evaluation (Morris et al., 2013). In
mammography and US, category 4 is subdivided into 4A, 4B and 4C on the basis of
likelihood for malignancy: 4A- low suspicion for malignancy (>2%- < 10%), 4B- moderate
suspicion for malignancy (>10%- < 50%), 4C- high suspicion for malignancy (>50%- <
95%) (Strigel et al., 2017). However, in breast MRI category 4 is not subdivided due to the
shortage of data available to guide practice in MRI (Strigel et al., 2017). The BI-RADS score
is commonly used in most of Europe and North America (Taylor et al., 2011). The UK Royal
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College of Radiologists Breast Group (RCRBG) and the Australian National Breast Cancer

Centre (NBCC) formed a 1 to 5 point scoring system (Table 2.7) (Maxwell et al., 2009).

Table 2.7 Comparison of different classification systems (Maxwell et al., 2009)

Category BI-RADS NBCC RCRBG
0 Assessment N/A N/A
incomplete
1 Negative (Routine No significant Normal/no significant
screening) abnormality. abnormality.
2 Benign  finding Benign findings (No Benign findings
(Routine further imaging is
screening) required)
3 Probably benign Indeterminate/equivocal Indeterminate/probably
finding (Short  findings benign findings
interval follow up) ) ) o )
(Requires further (Further investigation is
investigation (biopsy)) indicated)
4 Suspicious Suspicious findings of Findings suspicious of
abnormality malignancy malignancy.
(Tissue diagnosis- ) ) o )
biopsy) (Requires further (Further investigation is
investigation. May indicated)
require excisional biopsy)
5 Highly suspicious Malignant findings. Findings highly
of malignancy Requires further suspicious of malignancy.
(tissue diagnosis- investigation, even if non- ) o )
biopsy) excision  (percutaneous) (Further investigation is
sampling is benign indicated)
6 Known  biopsy- N/A N/A
proven
malignancy
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7. Management
Management is the description of what should be done for each BI-RADS score (Table 2.7).
If a suspicious lesion of category 4 or 5 is detected then it warrants a tissue diagnosis (biopsy)
to confirm the presence of malignancy (Morris et al., 2013).
2.12 Conclusion

In this chapter the current literature available was analysed and an overview related
to the abbreviated breast MRI was provided. The literature indicates a growing interest in
using MRI for breast cancer screening and various studies have assessed the quality of the
abbreviated protocol. There is ample evidence that MRI has a superior diagnostic accuracy
and outperforms mammography or US as an imaging tool for breast cancer. However,
important issues need to be addressed if the abbreviated protocol is to be used routinely for
breast cancer screening. Throughout the literature there is a lack of standardisation
surrounding the abbreviated protocol which introduces certain uncertainties. In the next

chapter, the methodology used to carry out this study is discussed.
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Chapter 3- Research Methodology

3.1 Introduction

The following chapter presents and discusses the methodological design adopted in
this research study, to achieve the research aim and objectives as presented in chapter one.
The rationale behind the research approach used in this study is provided and a detailed
evaluation of the selection of research participants, sampling methodology, data collection

procedures and data analysis will be conveyed.

3.2 Research Design

Research is conducted by the systematic collection, interpretation and evaluation of
data in accordance with established methodologies (Ozhan Caparlar & Donmez, 2016). A
research design “is a blueprint to guide the research process” (Abutabenjeh & Jaradat, 2018,
p.2) from the research question to the end result. The research design aids to collect and
analyse data to improve the understanding of the selected topic (Abutabenjeh & Jaradat,

2018).

A quantitative, retrospective, and comparative non-experimental methodology was deemed
an appropriate research design for this study.

3.2.1 Quantitative Approach

As defined by Polit and Beck (2017), quantitative research is “the investigation of an
occurrence that leads to the exact measurement and quantification involving a controlled
design” (p.741). Quantitative studies are used to establish the relationship or trends between
certain variables (Dellis et al., 2014). Quantitative research as described by Watson (2015)
as a way of thinking about the world where measurements are made, analysis is applied, and
conclusions are drawn. The data gathered from quantitative research is numerical data which
may be measured in units or placed into categories (Mcleod, 2017). Quantitative research is

typically performed in a systematic fashion from the definition of a problem to a solution
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(Polit and Beck, 2017). The numerical data was collected from the images being evaluated
and was statistically analysed with a quantitative approach.

3.2.2 Retrospective Study

The timing of the research in terms of the outcome determines if the study is
classified as prospective or retrospective (Ranganathan & Aggarwal, 2018). A prospective
study attempts to establish the outcome of an event or what is most likely to happen (Gerrish
& Lacey, 2010). In a retrospective study, the outcome of interest has already occurred, and
the data would already be present prior to the study (Polit & Beck, 2017). In a study with a
retrospective design, the researcher attempts to determine the factors that have caused an
outcome in the present (Polit & Beck, 2017). When doing a retrospective study, the
researcher relies on the already available data which was not intended for research purposes,
while in a prospective study the desired data is guaranteed to be included (Gerrish & Lacey,

2010).

Locally, breast MRIs using the full protocol are currently being performed for
symptomatic patients who require further imaging, after having a negative mammogram
and/or ultrasound, in the follow up of breast cancer patients to assess for recurrence or to
delineate the extent of a breast cancer and for patients who have breast implants to check for
any ruptures. Due to the small number (approx. 150) of breast MRIs performed locally
annually, a retrospective approach was deemed as being the most appropriate design for this
study to obtain the stored data over the years and therefore obtain a large enough sample size
to attempt generalisation of findings. However, a prospective design was used in the second
phase of the study where the radiologists analysed the abbreviated protocol and filled in the

data collection tool.
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3.2.3 Comparative Study

The research design for this quantitative research approach was a comparative, non-
experimental approach. A comparative approach attempts to identify any relationship
between two or more groups (Grove & Gray, 2019). The relationship under investigation
would be whether there is a relationship between using an abbreviated protocol vs. use of
the full protocol on the diagnostic accuracy of the images obtained from patients who
performed a breast MRI with either a normal or abnormal finding. In a comparative
approach, the researcher would not manipulate any variables, but will only investigate the
effects which in this case is the diagnostic accuracy. Both protocols were compared to
identify if the abbreviated protocol may be of benefit in the screening environment. The
abbreviated protocol was extracted from the full protocol and used separately. This study
was performed to examine if the diagnostic accuracy persisted with an abbreviated protocol,
then the comparative approach was ideal to achieve the aims of the research question.

3.2.4 Non-experimental Study

A non-experimental approach was adopted by the researcher since there was no
manipulation of the variables, but the variables were examined as they naturally occurred in
the environment, without implementing any changes to the data (Grove & Gray, 2019). As
described by Polit and Beck (2018), the researchers in a non-experimental study are
bystanders as they collect quantitative data without introducing any treatments. Unlike in an
experimental study, no control group and experimental group were included in this study
and there was no attempt by the researcher to manipulate the independent variable thus, the

research was considered to be a non-experimental research design (Polit & Beck, 2018).

3.3 Overview of methodology
An image data set was compiled from MRI breast examinations performed on

patients performed between January 2019 to December 2021. MRI breast examinations of
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patients who fulfilled the inclusion and exclusion criteria listed in Section 3.3.2.1 were
selected to form part of the image data set. Any data related to the patient was collected by
an intermediary person, a radiographer working in the MRI unit, on behalf of the researcher.
The intermediary person contacted the patients and provided the required information about
the study and whether they gave their permission for their images and clinical data to be used
as part of the image data set for the study. Once the intermediary person received consent
from the patients, the sequences making part of the abbreviated protocol were extracted from
the full protocol. The histopathological results and previous imaging results were also
collected by the intermediary person to use as the gold standard. The intermediary person
made sure that the case was anonymised and that each case was assigned a number. The
radiologists would access the images from their respective workstation via the Picture
Archiving and Communication System (PACS) by entering the case number assigned by the
intermediary person. The radiologist would be blinded to any other patient history, only the

abbreviated protocol would be available for the radiologist to view.

For each set of images, the radiologist filled in the final BI-RADS score in the data
collection tool. A negative abbreviated MRI examination was classified as BI-RADS 1 or 2
while a positive abbreviated MRI examination was classified by a BI-RADS 3, 4 or 5. The
findings from the radiologists would then be compared to the gold standard for each case.
Taking BI-RADS >3 as the optimal classification criteria, the sensitivity, specificity, PPV
and NPV of the abbreviated protocol were then calculated. The sensitivity, specificity, PPV
and NPV were calculated based on the formulas described in Section 2.7.

3.3.1 Target and Accessible population

The target population, accessible population, sampling criteria and sample technique
should be formulated prior to the start of the study (Polit & Beck, 2017). The target

population refers to the total population that the researcher is interested in studying (Polit &
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Beck, 2018). Grove and Gray (2019) defined the target population as participants who meet
the sampling criteria. The researcher would generalise the study results to the target
population (Gerrish & Lacey, 2010). The accessible population consisted of participants

from the total population who were accessible to the researcher (Polit & Beck, 2018).

Patient Participants:

The target population in this study were patients who performed a breast MRI examination
in Malta. In this regard, the accessible population included patients who performed a breast
MRI at the medical imaging department of a public general hospital in Malta between
January 2019 and December 2021. The period was conveniently selected to have a larger

accessible population from which the sample was selected.

Radiologist participants:

Both the target and accessible population included all breast consultant radiologists in the

public general hospital in Malta.

The sampling criteria and sampling methods used are discussed in Sections 3.3.2 and 3.3.3

3.3.2 Sampling Criteria

Sampling criteria comprise of setting up characteristics to obtain a uniform
population of a study (Polit & Beck, 2010). Gray, Grove and Sutherland (2017) stated that
the sampling criteria selected determines the target population and “the sample is selected
from the accessible population within the target population” (p.619). If a study has a
representative sample, the findings, once the study is complete, could be generalised from

the sample to the target population (Gray et al., 2017).
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3.3.2.1 Inclusion and Exclusion Criteria

Inclusion criteria are characteristics that the subject must possess to participate in the

study (Grove & Gray, 2019). While exclusion criteria are characteristics that can cause the

subject to be excluded from the population even if all the inclusion criteria are met (Grove

& Gray, 2019). Exclusion criteria are essential to ensure that the sample does not contain

any undesirable characteristics that should not be included (Polit & Beck, 2018).

Patient participants:

For the purpose of this study, the following inclusion criteria were set:

Patients who were scanned using the 3.0-T (Tesla) MRI Philips Ingenia with a
dedicated prone breast coil (7 channel coil), this to maintain reproducibility of image
quality.

Patient scanned with the same full protocol had to be used for the selected cases.
Patients must have histo-pathological findings from a biopsy or availability of a 12-
month of negative findings on follow-up imaging with either mammaography, US or
MRI in the absence of a biopsy. The findings represent the true disease status referred
to as the ‘gold standard’ which was compared to the findings from the MRI report.

Patients with a pathological finding of breast lobular carcinoma.

The exclusion criteria were:

Patients who have breast implants or previous breast operations, such as mastectomy
or wide local excision since there will be distortion of breast tissue. It is essential that
the breast tissue is visible and not obscured as this will influence the findings of
radiologists.

Patients who were uncooperative during the scan and have either stopped the scan or

constantly moved resulting in poor quality images.
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e Other breast cancers which are not lobular carcinoma were not included in the study
to satisfy uniformity.

Radioloqist participants:

The inclusion criteria for radiologists were that they are specialised in breast imaging with a
minimum of two years of experience in MRI breast reporting. The selected sample of
radiologists was based on their availability and willingness to participate.

3.3.3 Sampling Method

Sampling is the term that describes a portion of the population to represent the whole
target population being studied (Polit & Beck, 2018). In research there are two basic
sampling methods: probability and non-probability sampling schemes. The difference
between probability and non-probability sampling is mainly whether the sample was selected
at random or not (Trochim, Donnelly & Arora, 2016). Gerrish and Lacey (2010) stated that
probability schemes are generally used for quantitative research studies, since any bias or
errors may be calculated and accounted for. Probability schemes allow for better
generalisation to the target population than non-probability schemes (Gerrish & Lacey,
2010). In probability sampling, the population has an equal opportunity to be included in the
sample (Polit & Beck, 2018). Non-probability sampling is used when the population cannot
be identified in advance from which the sample can be obtained (Gerrish & Lacey, 2010).
In this study two sampling methods were used; consecutive sampling was used for the
selection of the participants to use their MR images while radiologists were chosen using

convenience sampling.

Consecutive sampling is a type of non-probability sampling, where all the members
in the accessible population for a specific period who fit the exclusion and inclusion criteria
are selected (Polit & Beck, 2018). Consecutive sampling is the best at controlling any sample

bias since all the population available is used (Thewes et al., 2018).
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Convenience sampling was used to select radiologists. Convenience sampling is a
non-probability sampling method. Participants were selected based on their availability and
accessibility (Elfil & Negida, 2017). Convenience sampling was described by Polit and Beck
(2018) as the weakest form of sampling, however this is a common sampling method used
especially when resources are limited. All radiologists from the population were invited to
participate in the study however those who accepted were recruited in the study. In total
there were four radiologists within the accessible population, and two accepted to participate
in the study.

3.3.3.1 Sampling Size

In quantitative research, sample size is a major concern. Larger sample sizes
are better than smaller (Polit & Beck, 2018). Studies with a larger sample size will produce
results which better represent the whole population (Polit & Beck, 2018). In comparison
studies, the sample size will determine if a statistical significant difference is present
between groups (Grove & Gray, 2019). The sample size was limited to 35 patients who
satisfied inclusion and exclusion criteria. Since an MRI examination contains several
sequences with each sequence having a vast number of images, having a large sample would
result in the evaluation process being too long. Acknowledging the researcher’s time
together with the radiologist’s availability, 35 patients were deemed as an adequate amount
to satisfy practicality. In the period between January 2019-December 2021 a total of 495
MRI breast scans were performed in the local hospital however, this amount reduced
significantly because of the inclusion and exclusion criteria.

Consultation with an experienced statistician was sought to determine an adequate

sample size with the limitations presented (L. Pace, personal communication, May 18th,

2022). The programme G*power version 3.1.9.4 was used to determine the adequate sample

size to be used in the study. The independent t-test was used to determine the statistical

70



Chapter 3- Research Methodology

power based on the sample size of each group. A statistical power of 80% or higher is
adequate to determine the effects of the research study (Shreffler & Huecker, 2022). The
statistical power is critical to decide the sample size especially when the sample is low
(Shreffler & Huecker, 2022). A sample size of 15 for the normal group and a sample size of
20 for the abnormal group provided a statistical power of 81.1% which was considered
satisfactory to determine if a statistically significant difference is present between the two
groups.
3.4 Data Collection Tool

Data collection commenced after carrying out a review of the available literature and
choosing the adequate research design for the study. As suggested by Johnson & Christenses
(2012) the method of data collection was selected to attain the appropriate research data from
the subjects. Regardless of the type of data collected, the data collection tools are structured
to collect and analyse data. Quantitative data tend to be quantifiable and structured to obtain
the same information from the subjects in a comparable way (Grove et al, 2013). Unless a
data collection tool is available already, then the researcher must create one. As none were
available or could be identified for this research study, a self-designed data collection tool

was used.

The data collection tool was divided into two sections, the first one was filled in by
the intermediary person who recorded the findings of the original MRI report using the full
protocol, histo-pathological results or follow up imaging and the other one was completed
by the radiologists after reviewing the abbreviated protocol. A copy of the data collection
tool may be found in Appendix B. Only the abbreviated protocol was presented to the
radiologists, who were blinded to the original report, clinical history, other imaging modality
reports and the number of negative and positive cases in the study. The images were made

up from a random batch of normal breast MRI scans (n=15) combined with scans which
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demonstrated breast lobular carcinoma (n=20) which was confirmed through histo-

pathology.

In the data collection tool, the first question asked the radiologists if there was a
lesion present in the breast, if yes, then more information was sought regarding the size,
location (left/right/both breasts), quadrant, number of lesions, size and if there were any
lymph node involvement. Ultimately for each case the radiologist filled in the final BI-
RADS score. BI-RADS provide a standardised method of image reporting and reduce
confusion by providing a common language among radiologists which enable consistent
communications regarding findings and management recommendations (Lee, 2017). The
findings presented by the radiologists were compared with the findings obtained from the
full protocol MRI report, histo-pathological findings and follow-up imaging.

3.4.1 Validity and Reliability of the Tool

The data collection tool was self-designed by the researcher, therefore both reliability
and validity testing were performed prior to the use of the tool in the research study. As
stated by Polit and Beck (2018) “researchers want their inferences to correspond to the
truth” (p.121), hence validity and reliability tests are crucial to obtain results which are
significant and credible.

3.4.1.1 Validity Testing

Validity is when the research tool used to collect the data is evaluated to confirm that
the tool measures what is intended (Polit and Beck 2018) without bias or misrepresentation
(Gerrish and Lacey, 2010). Validity will vary from one sample to another therefore, validity
is done to evaluate the tool for a group or purpose, instead of the tool alone (Grove & Gray,
2019). Validity testing is creating an evidence-based argument on how accurately the tool

gives the results intended (Gray et al., 2017).
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The data collection tool for this study was self-designed since there was no data
collection tool available within the local clinical scenario and in the literature available.
There are different types of validity which may be considered the main being, content,
construct and criterion validity (Grove & Gray, 2019). Content validity was the type of
validity assessment chosen for this study as this tests if the research tool being used is easy
to understand and whether it correctly reflects what it is anticipated to measure (Grove &
Gray, 2019). Content validity was performed by handing out the data collection tool to
‘experts’ in the field to rate the relevance of the tool (Polit & Beck, 2018). The data collection
tool used in the study was validated by two expert radiologists who are specialised in breast
imaging with more than 15 years of experience and perform breast biopsies or localisations
under image guidance. To measure the content validity index (CV1), the experts were asked
to rate how relevant and how clear each item on the data collection tool was in relation to
the aims and objectives of the study. The rating scale from Waltz, Strickland and Lenz (2010)

was utilised for this purpose.

The experts had to rate every item being recorded according to the 4-point Likert
scale, with a rating of 1 indicating that the question was not relevant and a rating of 4
indicating that the statement was very relevant and clear (Waltz, Strickland and Lenz, 2010).
Ratings of 1 and 2 were “content invalid” while ratings of 3 and 4 were taken to be “content
valid” (Waltz, Strickland and Lenz, 2010). To calculate the CVI, the items that were rated 3
or 4 were summed up and the total divided by the number of elements rated. A CVI value of
0.9 or more provides evidence of good content validity (Polit & Beck, 2018). Since all items
were considered as relevant (rated 3 or 4) the CVI for this study was found to be 1 deeming
the research tool to be valid (Zamanzadeh et al., 2015). Once validity testing was performed,

a pilot study was conducted and is discussed in Section 3.4.2.
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3.4.1.2 Reliability Testing
Validity and reliability are interlinked factors, data cannot be valid if it is not reliable
(Cormack, Gerrish & Lathleean, 2015). Reliability concentrates on the consistency of a
measurement method (Grove & Gray, 2019). Polit and Beck (2018) described reliability as
“the accuracy and consistency of information obtained in a study” (p.121). For a data
collection tool to be reliable, the same readings should be generated for repeated measures

(Gerrish & Lacey, 2010).

Reliability evaluation of radiologists in image quality evaluation

Radiologists who evaluated the images were tested for reliability by means of intra-
and inter- rater methods. Inter-rater reliability is a score of how much linearity there is in the
results given by different raters (Polit and Beck, 2020). While intra-rater reliability can be
described as the degree of agreement among repeats of a diagnostic test performed by a
single rater (Polit and Beck, 2020). In the image dataset of the clinical study, duplicate MR
examinations were added and presented to each radiologist to facilitate intra-rater reliability
testing. The radiologists had no knowledge that some of the examinations were duplicated.
Inter-rater reliability was tested by comparing the scores obtained in the data collection tool
between the radiologists. The Cohen’s Kappa test is applied on variables that present a
nominal scale while, the intraclass correlation coefficient (ICC) was used for the BI-RADS

Score.

Cohen’s kappa coefficient is a technique which is used to measure the percentage agreement
between the two sets of responses (McHugh, 2012). The kappa (k) coefficient represents the
proportion of the possible agreement. Kappa () values increasingly greater that O represent
increasing better-than-chance agreement, to a maximum value of +1, which indicates perfect

agreement (Artstein and Poesio, 2008). The null hypothesis states that the agreement
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between the raters is no different than chance agreement. The alternative hypothesis stated
that if the kappa is different from zero there is agreement. If the p-value is < 0.05, the result

is statistically significant, and the alternative hypothesis is accepted.

Intraclass correlation coefficient (ICC) is a statistical test that is used to assess the
reliability of a tool (Polit & Beck, 2018). ICC is used commonly in test re-test, intra-rater
and inter-rater reliability analysis (Koo & Li, 2016). I1CC is a number with a value between
0 to 1 (Liljequist et al., 2019), where O indicates no reliability while 1 represents perfect
reliability with no error. ICC values above 0.8 or 0.9 are regarded as excellent reliability
however whether an ICC number is good enough depends on the method being used
(Liljequist et al., 2019). The null hypothesis states that if the ICC is 0 no agreement is
present. The alternative hypothesis stated that if the ICC is more than zero, agreement is
present. Furthermore, a p-value which > 0.05 indicates that the null hypothesis should be
accepted and deems the person collecting the data as unreliable. If the p-value is < 0.05 this

indicates that the person is reliable.

For both intra-rater and inter-rater reliability only the reliabilty for the variables ‘is
there a lesion present’ and ‘is there lymph node involvement’ could be calculated due to the
fact that when the radiologist responded no in statement ‘is there a lesion present’ then no
other information of the data tool had to be filled in therefore reliability could not be

calculated for the other statements.

Intra-rater reliability of each radiologist

Cohen’s Kappa test was run to determine if there was agreement between the
readings of the radiologists for the variables ‘is there a lesion present’ and ‘is there lymph

node involvement’. The test revealed satisfactory results as the statistical values were all
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<0.05 which indicates agreement between the repeated images for these statements
(Appendix C). The BI-RADS score was assessed using the ICC score which produced p
values of 0.021 and 0.0001 for radiologist 1 and 2 respectively indicating statistically

significant agreement between the two readings for both radiologists (Appendix C).

Inter-rater reliability of each radiologist

Cohen’s Kappa test was run to determine if there was agreement between the
readings of the first and second radiologists for the variables ‘is there a lesion present’ and
‘is there lymph node involvement’. The test revealed satisfactory results as the statistical
values were all < 0.05 which indicates good significant inter-rater reliability (Appendix C).
The BI-RADS score was assessed using the ICC score which produced p values of 0.086
and 0.0001 for the first and second reading respectively. Unlike the first readings for the
final BI-RADS score, the second readings by radiologists 1 and 2 seem to be much more
reliable. In the first readings, the BI-RADS score by radiologist 1 was much lower than that
of radiologist 2, which led to a low reliability. On the other hand, the second readings
resulted to be more comparable and resulted to have a very good reliability as the p value

was < 0.05 (Appendix C).

3.4.2 Pilot Study

A pilot study is a small-scale study performed before embarking on the actual
research study (Polit and Beck 2018). The pilot study is a trial run of the actual study, which
uses the same process, population, intervention, data collection and analysis that will be used
in the actual study (Gray et al, 2017). Researchers conduct the pilot study to make any
necessary amendments and refine the study sampling process, intervention or measurement

of variables (Grove & Gray, 2019).
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The pilot study was performed for the image evaluation process. The two radiologists
who report breast MRI examinations and considered as experts in the area, and who
performed the validity and reliability, also performed the pilot study. The pilot study was a
smaller version of the actual study, it was conducted for only four cases. The two radiologists
who took part in the pilot study were not included in the actual study. Following the image
evaluation process, they were asked if any difficulties were encountered when viewing the
images or when filling in the data collection tool. No issues were encountered during the
pilot study. However, it was suggested that the data collection period of the actual study
should be increased. The reviewers noted that the data collection period coincided with
breast awareness month therefore radiologists had an increased workload and for this reason
the data collection period had to be extended to last approximately three months. The data
collection was performed between September to November 2022.

3.5 Data Collection

Data collection is the systematic gathering of information which is relevant to the
research, to reach the aims and objectives of the study (Polit & Beck, 2018). As described
by Gerrish and Lacey (2010) the stage of data collection is the most rewarding stage of the
research. The data collection could be carried out after ensuring that the tool was valid. The
images used in the data collection process were from patients who fulfilled the eligibility
criteria and consented to have their images and histo-pathological results accessed by the
intermediary person for research purposes. Since this study was performed retrospectively,
the patients were already scanned during the period between January 2019 and December
2021 using the full protocol. The patients did not have to be re-scanned to obtain the
abbreviated protocol; however the sequences required for the abbreviated protocol were

extracted from the full protocol.
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The abbreviated protocol selected was based on the literature findings presented in

Section 2.8.1 in Chapter 2. The full protocol used locally was described by a radiologist as

“long and unnecessary” (Personal communication, 22" November 2021) therefore the

abbreviated protocol selected is much shorter and refined as observed in Table 3.1 below.

As shown in Table 3.1 the total scanning time was reduced from 32 minutes 15 seconds for

the full protocol to 3 minutes 54 seconds for the proposed abbreviated protocol. There was

a reduction in scanning time of 29 minutes and 1 second.

Table 3.1 Local full protocol against proposed abbreviated protocol sequences

Local Full Protocol Sequence Proposed Abbreviated Sequence
sequences time Protocol sequences time
T1- Weighted -TSE Axial 5.41 min /
T2- Weighted- SPAIR Axial 6.10min /
Unenhanced Axial Dynamic
_ _ ) THRIVE (T1-Weighted) (FS) _
Unenhanced Axial Dynamic 1.18 min 1.18 min
THRIVE (T1-Weighted) (FS) each + each
dynamic ] dynamic
+ scan First and second contrast scan
) ) axial enhanced (early arterial
Six contrast axial enhanced 914 min  phase) Dynamic THRIVE (T1-  3.54 min
Dynamic THRIVE (T1 (total) Weighted) (FS) (total)
Weighted) (FS)
eTHRIVE High resolution 4.21 min / /
Sagittal
T2- Weighted Longer TE 4.02 min / /
higher resolution Axial
Diffusion Weighted Imaging 3.27 / /
(DWI)
Maximum Intensity 0 min Maximum Intensity Projection 0 min
Projection (MIP) (MIP)
Subtraction Imaging 0 min Subtraction Imaging 0 min
Total: Total:
32.15 min 3.54 min
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The most common abbreviated protocol made use of unenhanced and first contrast-
enhanced fat sat T1 weighted axial sequence. Kuhl et al. (2014) made use of the same
sequences however, without fat saturation, which differed from all the succeeding
abbreviated protocols performed to date. The importance of using the early arterial phase
following contrast injection is to detect any potential malignant lesions or rule out the
presence of cancer (Petrillo et al., 2017). The MIP of subtracted images provides information
regarding non-physiological enhancement while the rest of the abbreviated protocol provides

further information on any lesions present (Petrillo et al., 2017).

Out of 17 studies, 7 studies opted not to use the MIP and subtraction imaging as
presented in Table 2.4 in Chapter 2 (Dogan et al., 2018; Grimm et al., 2015; Machida et al.,
2017; Moschetta et al., 2016; Petrillo et al., 2017; Pineda et al., 2016; Strahle et al., 2017).
The MIP and subtraction imaging are generated from post-processing which provide added

information to the radiologists without added scanning time.

The intermediary person extracted the sequences for the abbreviated protocol from
PACS, anonymised and gave a specific case number to each individual case. Prior to the
image evaluation process the intermediary person asked each radiologist taking part to read
and sign the consent form. The data collection tool was supplied and explained briefly to the
radiologist. The anonymised set of images was presented to the two radiologists taking part
in the image evaluation by the intermediary person. The data set consisted of only the
abbreviated MRI protocol for 35 patients, with 10 abbreviated protocols repeated for
reliability, giving a total of 45 exams for evaluation (Table 3.2). During the image evaluation
process, the images were randomly presented to each radiologist. For each set the radiologist

had to complete the data collection tool supplied.
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Table 3.2 Contents of image data set

Image data set (total of 45 cases)

15 normal findings

20 abnormal findings

10 repeated cases (5 normal and 5 abnormal) for reliability

The display monitors that were used to view the MRI images had a 1280 x1024
(pixels) resolution with a maximum luminance of 200cd/m2. Digital images must be viewed
in low lighting for adequate interpretation. The ambient lighting in the viewing rooms
measured at 100cm from a switched off monitor should be between 25-75 lux as set by the
American Association of Physicists in Medicine (report 270, 2019). A Physikalisch
Technische Werkstatten CD LUX metre model L991263 was used to measure the ambient

illuminance which resulted in 39 Lux which was within the recommended range.

The results from both the full and abbreviated MRI scan had to be compared to the
true disease status which is generally referred to as the ‘gold standard’ which is follow up,
surgical verification, such as biopsy (Zou et al., 2007). Zou et al. (2007) suggested that the
full and abbreviated MRI scans are compared with the ‘gold standard’ to confirm the
findings of the MRI and avoid any verification bias or measurement error.

3.6 Data Analysis

As stated by Grove and Gray (2019) data analysis involves the organisation of data
together with the analysis of the data to produce the study results from which conclusions
may be drawn. Gerrish and Lacey (2010) stated that the data analysis phase is the most
crucial part of the research study. Data analysis was performed by conducting statistical tests
to analyse the information collected (Polit & Beck, 2018). Statistical analyses were used to

examine and give meaning to the numerical data collected in the study. To analyse the data,
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the Statistical | Package for Social Sciences Software (SPSS) version 24 was utilised by the

researcher. A statistician was also consulted for assistance.

Receiver Operator Characteristic (ROC) analysis was used to analyse the data. ROC
is a valuable tool to evaluate the performance of diagnostic tests (Zou et al., 2007). ROC
analysis quantifies how accurately a diagnostic test can differentiate between two patient
states ‘diseased’ and ‘non-diseased’ (Hajian-Tilaki, 2013). ROC analysis functions as a
simple graphical tool to display the accuracy of a diagnostic test (Zou et al., 2007). A ROC
curve has sensitivity (true positive) plotted on the y-axis against specificity (false positive)
on the x-axis across cut-offs which generate the ROC curve (Hajian-Tilaki, 2013). As shown
in figure 3.1, test B has a greater discriminate capacity than test A, since it is located closer
to the upper left-hand corner (Hajian-Tilaki, 2013). In this study the tests would represent
the abbreviated and full protocols. The area under the curve (AUC) of a ROC graph is a
measure which averages diagnostic accuracy across the test value spectrum (Hajian-Tilaki,
2013). The AUC is a summary of measured accuracy, which determines the ability of a test
to distinguish between diseased and non-diseased (Kumar & Indrayan, 2011). The AUC
provides a combined measure of sensitivity and specificity which portrays the inherent

validity of diagnostic tests (Hajian-Tilaki, 2013).

The minimum AUC of 0.5 is considered a chance level which is represented by the
yellow line in figure 3.1 (Hajian-Tilaki, 2013). The maximum AUC value of 1 means that
the diagnostic test is perfect to distinguish between a negative (non-diseased) and positive
(diseased) case therefore, the higher the AUC, the better the test is at distinguishing between
positive and negative cases (Hajian-Tilaki, 2013). An AUC of 0 suggests that the test is
incorrect, and the positive cases are classified as negative and vice versa however, this rarely

occurs in clinical practice (Hajian-Tilaki, 2013). An AUC of 0.5 indicates that the diagnostic
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test has no ability to distinguish between patients with and without the disease (Mandrekar,

2010). However, the values between 0.5 and 1 have different interpretations (Table 3.3)

Table 3.3 Interpretation of the range of values for AUC between 0.5 and 1 (Mandrekar, 2010)

AUC Value Interpretation
0.5 No discrimination
0.5-0.7 Poor
0.7t00.8 Acceptable
0.8t00.9 Excellent
More than 0.9 Outstanding
1
0.8
—Test A
w 0.6
o —Test B
= 0.4
Chance lewel
0.2
0 I I I 1 I
0 020406 0.8 1
FPF

Figure 3.1 An example of an ROC curve (Hajian-Tilaki, 2013)
3.7 Ethical considerations

Ethical considerations must be addressed in any research which involves human
participants (Polit & Beck, 2018). Ethical concerns are particularly prominent in healthcare
because the line between the expected practice and the collection of data can get blurred
(Polit & Beck, 2018). There are three primary ethical principles articulated by the Belmont
Report, namely beneficence, respect for human dignity and justice which need to be

observed prior to carrying out a research study (Biomedical & Research, 1978).
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Prior to embarking on the research process, Ethical permission was sought and
obtained from Faculty Research Ethics Committee (FREC) and University Research Ethics
Committee (UREC) (FHS-2021-00038). Permission was also sought and obtained from the
public general hospital’s Chief Executive Officer (CEO). As a requirement to obtain ethical
permission, consent from the data protection officer of the hospital was acquired to access
the Radiological Information System (RIS) and the PACS to obtain the participants’ MRI
images from the hospital’s database systems. Further consent was obtained from the
Chairperson and Radiography Lead of the Medical Imaging Department. All the permissions

are attached in appendix Al.

Permission was sought and obtained from three radiographers to act as intermediary
persons to retrieve and gather the required data. The roles of the intermediary persons were

as follows:

Access PACS and RIS to obtain the data required to generate the image data set for

the radiologists to evaluate,

e Obtain the histo-pathological reports for breast biopsies to be used as the gold
standard,

e Invite participants and radiologists to take part in the study and distribute the
information sheet and consent forms,

¢ Retrieve the images from PACS and create the coded anonymised image data set,

e Explain the data collection procedure and obtain the results from the radiologists.

Due to ethical considerations regarding the General Data Protection Regulation (GDPR)
of the participants, all eligible patients were contacted through a letter sent by the assigned
intermediary persons. Prior to starting the data collection, the patients had to consent to have

their images and histo-pathological results used for the sole purpose of this study. Letters
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were sent on behalf of the researcher by the intermediary persons to each patient with a self-
addressed envelope, if the patients consented to the use of their data the sheet was to be
signed and sent back in the self-addressed envelope. Through an information letter given to
them by the intermediary persons, the participants were informed that termination of consent
was possible at any stage of the study and that withdrawing from the study does not have
any effect on the services received from the hospital. All the information was written down
both in the information sheet and consent form they received by post. In the study four
participants did not send the signed consent form in the self-addressed envelope therefore, it
was considered that the patient did not consent to have their information accessed and thus

excluded from the study.

To maintain ethical considerations the following was observed:

e The data collected was treated with strict confidentiality and any information
gathered was kept under lock and key,

e Images used were anonymised by the intermediary person and the participants could
not be identified, no personal data was collected to further ensure patient
confidentiality,

e The information letter and consent forms were written both in English and Maltese
(Appendix A4), to ensure that the participants fully understood the research study,

e The participants did not have to participate directly. The participants had every right
to decide to not participate as participation was voluntary

The researcher must honour all agreements that were made with the participants prior to the

study and respect their beliefs throughout the study (Polit & Beck, 2018).
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3.8 Limitations and Strengths of the study

Limitations are challenges that arise in a research study which may decrease the
generalisability of the findings (Gray et al., 2017). Identifying study limitations is essential
and the researcher must acknowledge how these were addressed and how these might have
influenced the study findings (Gray et al., 2017). The researcher recognised the limitations
and made the effort to try and minimise such limitations throughout the study however, some

limitations were beyond the control of the researcher.

The main limitation of the study was the sample size. A small sample size may fail
to show a difference between groups if present, not because it is non-existent, but because
of the small sample size (Polit & Beck, 2018). There was a limited number of breast MRIs

included in the study however, the power sample obtained was still more than 80%.

Another limitation was the availability of normal MRIs, as at the hospital where the study
took place a breast MRI is usually performed for patients who are symptomatic or suspicious
of malignancy, have been diagnosed with breast cancer following a mammography
examination or as follow up of previous breast cancer diagnosis. The radiologists were aware

of this and therefore their evaluation could have been biased.

MRI for high-risk patients as a screening tool is not yet available locally and the population
sample did not represent the high-risk group but represented only cases of lobular
carcinomas as other types of breast carcinomas were excluded. Patients with lobular
carcinoma may not necessarily have a similar age profile to patients invited for breast

screening. Thus, the sample did not represent patients invited for breast cancer screening.

The images were anonymised by the intermediary person, and the radiologists had
no access to any previous imaging or histopathological results. Some of the reports for the

full MRI scans, were previously done by the same radiologists who took part in the study,
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thus there could have been an element of bias in the study by the radiologists remembering
the case. Also, the fact that the radiologists had different years of experience could have had

an impact on the results.

Another limitation in this research study is that it had a retrospective design.
Therefore, the researcher had to rely on the data available which was not primarily for
research purposes The researcher had no other option than to perform the study

retrospectively to gather a larger sample size due to the time restriction.

A strength of the research study is that the radiologists were blinded to the clinical
indications, original report, clinical history, other imaging modality reports and images and
the number of negative and positive cases in the study. Therefore, their results were not

based on any previous findings.

Another strength of this research study was that it was the first to be conducted
locally. Therefore, it can be used as a small-scale study for larger studies in the future,

creating a baseline for further investigations and adding to the body of knowledge.

The results of the study were compared to the gold standard being the
histopathological results from biopsy in the pathological cases and a negative follow up
imaging for at least 12 months for the normal cases. The fact that the gold standard was used
was a strength in the study because the gold standard represented the true disease status of
each case.

3.9 Conclusion

The purpose behind this chapter was to outline and represent the research design and
the data collection tool adopted in the study and the rationale behind such an approach. The
strengths and limitations were acknowledged. The following chapter will exhibit, analyse

and discuss the data collected and results obtained.
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4.1 Introduction

In this chapter, the analyses and discussion of the data collected is presented. The
analyses were performed through a series of statistical tests. Throughout this chapter, the
results are discussed in conjunction with the literature findings to achieve the aims of the
study proposed in Chapter 1 Section 1.4. Any necessary tables and graphs were utilised to
recognise any pattern which provides the best interpretation of results. The IBM SPSS
statistical software version 28 (SPSS 28.0) and Microsoft Excel 2022 were used to analyse
the data gathered during the study.
4.2 The sample population

4.2.1 Radiologist participation

A total of two from four radiologists who fulfilled the edibility criteria, took part in
the study as the other two radiologists had previously been involved in the pilot study and
were not included in the actual study. The two radiologists who participated in the study
were a breast specialist consultant with more than 10 years of experience and a resident
specialist with five years of experience, both of whom individually and blindly reviewed the
images.

4.2.2 Patient participation

A total of 35 abbreviated breast MRI scan protocol examinations were evaluated by
the two radiologists. The cases were retrospectively selected by the intermediary person from
MRI breast examinations performed during the period January 2019 and December 2021.
For each radiologist, the order of the cases was randomised, and the radiologists were
blinded to the original report, clinical history and other imaging modality reports. To

calculate reliability ten of the cases were replicated, resulting in a total of 45 cases.
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4.3 Image demographics

4.3.1 Gold standard results

The 35 cases reviewed consisted of 15 negative cases (normal) and 20 positive cases
(abnormal). The histological report for the 20 cases identified showed that all had lesions
identified by the pathologist as invasive lobular carcinoma with a histology grade of 2. Of
these, 13 (65%) were on the left breast and 7 (35%) on the right breast. Out of 20 cases seven

(35%) had lymph node involvement.

The gold standard for the normal cases was negative follow up imaging for at least
12 months. The follow-up imaging in these 15 cases were 5 (33.3%) mammography, 5

(33.3%) ultrasound, 4 (26.7%) MRI and 1 (6.7%) DBT.

4.3.2 Patient demographics

The mean patient age of the sample population was 57.9 years with an age range of
27 to 80 years. The indications for MRI were 20 (57.1%) for breast cancer staging, 5 (14.3%)
due to nipple discharge with a negative mammogram and ultrasound, 2 (5.7%) for lesion
characterisation and 8 (22.9%) for screening due to family history or BRCA mutations.
4.4 Statistical Analysis- ROC curves and AUC results

Applying SPSS statistical software, the ROC curves were constructed for the full and
abbreviated protocol (for both radiologists individually) (figures 4.1-4.3) as well as for both
radiologists together (figure 4.6) to show the difference in terms of diagnostic accuracy
between the full and abbreviated protocol. The gold standard was represented as either 0 or
1 depending if the case is positive (1) or negative (0). The other variables (full and
abbreviated) would represent the BI-RADS classification given to each case for the different
protocols, with higher numbers indicating greater positivity. The AUC for each curve was

obtained together with the p-value (asymptotic significance) of each protocol.
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The p value of each model represents if the test is statistically significant. A value of 0.05 or
less indicated satisfactory discrimination which means that the test was able to diagnose the
disease state at a statistically significant level. The sensitivity, specificity, PPV and NPV
were also calculated and compared. The values of the AUC were compared with each other
to check for statistical significance by using pairwise comparison design. A p-value
(asymptotic significance 2-tail) greater or equal to 0.05 indicates that there is no significant

difference between the protocols.

4.4.1 Full protocol analysis

For the full protocol ROC curve (Figure 4.1), the full protocol scores and the gold
standard were compared. The AUC value of the ROC curve plotted for the full protocol was
1. This indicates that overall, the full protocol is outstanding in distinguishing between a
negative and a positive case since the AUC was 1 which is the maximum AUC value. All
the cases in the full protocol were correctly scored when compared to the gold standard and
no cases were missed. The accuracy of the full protocol was 100% for all performance
indicators (Table 4.1), therefore the full protocol was accurate as the gold standard in

diagnosing patients as normal or having a breast cancer present.
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Figure 4.1 ROC curve- Full protocol
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Table 4.1 Performance indicators for the full protocol

Performance Indicators Value
Sensitivity 100%
Specificity 100%

PPV 100%
NPV 100%

4.4.2 Abbreviated protocol analysis (Radiologist A)

For the abbreviated protocol, (radiologist A-consultant) ROC curve (Figure 4.2), the
abbreviated protocol scores for radiologist A and the gold standard were compared. Since
the full protocol and gold standard agreed 100%, then the full protocol can also be considered
as the gold standard. The AUC value of the ROC curve plotted for the abbreviated protocol
(radiologist A) was 0.920. The closer the AUC is to the value of 1 means that the test is
better at distinguishing between a negative and a positive case and a value of more than 0.9

considers the test outstanding at discrimination (Mandrekar, 2010).

Abbreviated protocol (Radiologist A)
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Figure 4.2 ROC curve- Abbreviated protocol (Radiologist A)
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Table 4.2 Image ratings by radiologist A

5= Highly _
True suggestive ) -
) _ _ 3=Probably 4= Malignancy
disease =~ 1=Negative 2= Benign ) o of )
benign Suspicious ] (biopsy
status malignancy
proven)
Normal 4 7 1 2 1 0
Abnormal 0 0 1 6 13 0

Table 4.2 illustrates the ratings of images obtained from the 35 cases by radiologist A. The
cut-off point for classifying a patient as normal or abnormal was three therefore, a rating of
three or more indicates that the test is positive. From the image ratings it shows that
radiologist A scored four normal cases as abnormal. Four cases which were negative were
marked as being positive; two cases were marked BI-RADS 4, one BI-RADS 5 and the other
BI-RADS 3. There were no positive cases that were missed therefore no breast cancers were
missed. The accuracy of the abbreviated protocol for radiologist A was 88.6% (31/35).

Performance indicators for Radiologist A are presented in Table 4.3.

Table 4.3 Performance indicators for the abbreviated protocol (radiologist A)

Performance Indicators Value
Sensitivity 100%
Specificity 73.3%

PPV 83.3%
NPV 100%
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4.4.3 Abbreviated protocol analysis (Radiologist B)
For the abbreviated protocol (radiologist B- resident specialist) ROC curve (Figure
4.3), the abbreviated protocol scores for radiologist B and the gold standard were compared.

The AUC value of the ROC curve plotted for the abbreviated protocol (radiologist B) was

0.922.
Abbreviated protocol (Radiologist B)
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Specificity AUC=0.922

Figure 4.3 ROC curve- Abbreviated protocol (Radiologist B)

Table 4.4 Image ratings by radiologist B

5= Highly
True suggestive - ]
] ) ) 3=Probably 4= Malignancy
disease 1=Negative 2= Benign _ o of _
benign Suspicious ) (biopsy
status malignancy
proven)
Normal 8 0 2 3 2 0
Abnormal 0 0 0 1 19 0

The table 4.4 illustrates the ratings of images obtained from the 35 cases by
radiologist B. From the image ratings it shows that radiologist B scored seven normal cases
as abnormal. Seven cases which were negative were marked as being positive; two cases

were marked BI-RADS 5, three BI-RADS 4 and two BI-RADS 3. There were no positive
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cases that were missed therefore no breast cancers were missed. The accuracy of the
abbreviated protocol for radiologist B was 80% which indicates that when using the
abbreviated protocol, radiologist B had accurately classified 28 out of 35 cases correctly.

Performance indicators for radiologist B are presented in Table 4.5.

Table 4.5 Performance indicators for the abbreviated protocol (radiologist B)

Performance Indicators Value
Sensitivity 100%
Specificity 53.5%

PPV 74%
NPV 100%

4.5 Results of lymph nodes, location (right/left breast) and number of lesions

4.5.1 Lymph node involvement

In the current study, lymph node involvement was defined by any presence of disease
from the histological result. Similar to the study by Lee-Felker et al. (2020) the same
approach was used to assess the detection of lymph nodes when using the abbreviated
protocol. In their study Lee-Felker et al., (2020) reported that true positives were
histopathological positive lymph nodes when the lymph nodes of the same side were deemed
suspicious on MRI while true negatives were those that were histopathological negative
when lymph nodes of the same side were normal. False positives were histopathological
negative lymph nodes when lymph nodes of the same side were deemed suspicious on MRI
and false negatives were histopathological positive lymph node when lymph nodes of the
same side were marked as normal on MRI (Lee-Felker et al., 2020). Out of the 20 breast
cancer cases seven had histologically proven lymph node metastasis. The results for each
protocol for this study are displayed in figures 4.4 and 4.5 for positive and negative lymph

node detection respectively.
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Positive Lymph Nodes

Full protocol

Abbreviated protocol (Rad B)

m True positives  m False negatives

Figure 4.4 Positive lymph nodes detected with all the protocol

The abbreviated protocol observed by radiologist A had the greatest false positives
when compared to the other protocols and 4 cases were marked to have positive lymph nodes
when they were normal. The abbreviated protocol for radiologist B correctly detected all

normal lymph nodes.

Negative Lymph Nodes

Full protocol

Abbreviated protocol (Rad A)

Abbreviated protocol (Rad B)

22 23 24 25 26 27 28

B True negatives ™ False positives

Figure 4.5 Negative lymph nodes detected with all the protocols
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4.5.2 Location (right/left breast) and number of lesions

F (Appendix D1). The full protocol detected all lesions on the correct breast while
when the abbreviated protocol was used, radiologist A marked two cases as having a lesion
on the right breast and two on the left breast, however the cases were normal with no breast
cancer. Radiologist B marked four cases to have a lesion on the right and three on the left
breast, the cases were normal with no breast cancer. However there was one case where both
radiologists marked both breasts to have a pathology, when the breast cancer was only in the

left breast.

Besides the location, the number of lesions detected for each positive case was
compared to the gold standard to observe if there was agreement (Appendix D1). The full
protocol matched the number of lesions for 18 out of 20 positive cases (90%). While the

abbreviated protocol for radiologist A and B matched 15 out of 20 positive cases (75%).

4.5.3 Breast localisation and size of lesion

The specific breast location and the size of the lesion could not be accurately assessed
because of the inability to correlate the specific location and size with those on the
histopathological result, even in retrospect. There are various acronyms for the same specific
location either using quadrant, clock-face position or central, retro areolar and axillary tail
(Morris et al., 2013). However, when compared to the full protocol, from a total of 20 cases,
the abbreviated protocol for radiologist A matched the exact location for 12 cases while

radiologist B matched 16 cases (Appendix D2).

The lesion size ideally should be reported in at least two dimensions however three
dimensions is preferable especially when comparing to previous examinations (Morris et al.,
2013). In this study for both full and abbreviated protocols radiologists would list the size in

all three dimensions: anteroposterior (AP), transverse (TRA) and craniocaudal (CC) or only
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specify two or one size in a particular direction. Therefore, due to these limitations accurate
comparison could not be made however, the data obtained is listed in appendix D2.
4.6 Discussion

4.6.1 AUC value and significance

The AUC obtained from each ROC curve was 1 for the complete protocol, 0.920 and
0.922 for radiologist A and B for the abbreviated protocol respectively. Figure 4.6 shows the
ROC curves corresponding to each protocol. The p-value for all the corresponding protocols
was <0.05 (Table 4.6) which indicates that each test diagnosed the disease state (cancer
yes/no) at a statistically significant level. Thus this indicates that when using the abbreviated

protocol the diagnostic accuracy was maintained.

Full protocol vs Abbreviated protocol

1.0
08 — Abbreviated
protocol
(Radiologist A)
>06
2 —— Abbreviated
[z protocol
B 0.4 (Radiologist B)
—Full protocol
0.2
0.0
0.0 0.2 0.4 0.6 0.8 1.0

Specificity

Figure 4.6 ROC curves for full and abbreviated protocols
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Table 4.6 Resultant AUC and p-values from ROC curves for both full and abbreviated protocols

Asymptotic 95% Confidence

p-value Interval
Protocol AUC o
(Asymptotic Sig.) Lower Bound  Upper Bound
Full protocol 1.000 0.000 1.000 1.000
Abbreviated
protocol (Rad A) 0.920 0.000027 0.818 1.000
Abbreviated 0.922 0.000025 0.814 1.000

protocol (Rad B)

When each AUC was compared together, the p-value (asymptotic sig. 2-tail) for each
pair was more than 0.05 (Table 4.7) which indicated that there is no significant difference
between the protocols. Therefore, there is no significant difference in the effectiveness
between the full and abbreviated protocol to diagnose breast cancer. In the ROC study by
Martinez et al. (2020) there also was no significant difference observed between the AUC

of the complete, abbreviated and MIP protocol (p=0.0650).

Table 4.7 Results from the pairwise comparison of each protocol

Asvmbtotic Asymptotic 95%
Protocol ymp AUC Confidence Interval
Sig. (2-  difference Lower Upper
tail) Bound Bound
Full protocol vs
Abbreviated protocol A 1.646 0.100 0.080 -0.015 0.175
Full protocol vs 1620  0.105 0078 0016 0173
Abbreviated protocol B ' ' ' : '
Abbreviated protocol A
vs Abbreviated protocol  -0.037 0.970 -0.002 -0.090 0.087

B
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4.6.2 Sensitivity, Specificity, PPV and NPV

The assessment of the abbreviated protocol for both participating radiologists
showed a 100% sensitivity which is the same as that for the full protocol. All cancers were
detected by the two radiologists when applying the abbreviated protocol. Studies, such as
Heacock et al. (2015) and Mango et al. (2015) have shown that the cancer detection rate was
similar when using the abbreviated protocol. Both studies had a similar sample population
to the current study, which included biopsy proven cancers. Heacock et al. (2015) all
reported that invasive breast cancers were detected with reduced sequences while Mango et
al (2015) concluded that all cancers were visualised by at least one of the four readers
involved in the study. Petrillo et al. (2017) performed a retrospective study on selected cases
and both full and abbreviated protocols detected 206 out of 207 cancers thus there was no
difference in diagnostic performance. These comparable findings further support that the

abbreviated protocol is effective for cancer detection.

Although the sensitivity of the abbreviated protocol was 100%, the specificity of the
abbreviated compared to the full protocol differed substantially. The specificity of the
abbreviated protocol was significantly lower for radiologists A and B at 73.3% and 53.5%
respectively when compared to that of the full protocol. The low specificity indicates an
increase in the false positive rates. False positives are associated with unnecessary further
imaging, tissue sampling (biopsy) and additional follow-up examinations to exclude the
presence of breast cancer, which could have been avoided (Dekker et al., 2021). Recalls are
associated with increased patient anxiety, health care costs and very rarely morbidities
related with biopsy (Dekker et al., 2021; Tosteson et al., 2014). Women who had to undergo
a biopsy due to a false positive, were 2.3 times less likely to attend future screening within

30 months after the recall (Shen et al., 2017).
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Radiologist B had an even lower specificity than radiologist A, this could be due to
the fact that this radiologist had less years of experience. The gap between the average
expertise in reading mammograms when compared to reading MRI studies may be the reason
for the limited specificity of breast MRI imaging (Kuhl, 2007). The study by Kuhl et al.
(2014) suggested that the expertise of interpreting radiologists will help to avoid false-
positive diagnosis. Radiologists who wish to engage in European screening programs, must
report 5000 mammograms per year (Kuhl et al, 2014). Thus, Kuhl et al. (2014) suggests that
if an MRI screening program is to be implemented then the radiologic community must
undergo the same process it went through with the propagation of mammographic screening
process to improve the MRI reporting expertise. In this study, the abbreviated protocol was
effective for demonstrating cancers however, 11.4% (4) and 20% (7) normal cases were
reported as false positives for radiologist A and B respectively. In the study by Oldrini et al.
(2018) the rate of false positives was 4.9% (7) and 8.4% (12) for senior (5 years experience)
and junior (6-months experience) radiologists, the number of normal cases missed were
much higher than in this study as well as the fact that, the total sample size was much larger
(90 women) as opposed to the 35 women in this study. When compared to previous studies
(Chen et al., 2017; Machida et al., 2017; Petrillo et al., 2017), the specificity was always
slightly lower when compared to the full protocol as observed in Table 2.5. However, reader
specificity in the current study was lower than 90% when compared to findings reported in
other studies (Kuhl et al., 2014, Moschetta et al., 2016; Panigrahi et al., 2017; Romeo et al.,
2017; Oldrini et al., 2018). The reason may be because the radiologists in the current study
did not have access to previous imaging and biopsy results therefore, they were unable to
confirm long-term stability and correlate any lesion findings with other imaging modalities.
The readers in the study by Grimm et al. (2015) did not have access to previous imaging

studies and also obtained a low specificity of 45% and 52%.
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The ideal test should have both high sensitivity and high specificity and a test can be
structured to have a balance between the sensitivity and specificity (Maxim et al., 2014).
Maxim et al. (2014) reported the sensitivities and specificities of various screening tests and
as can be seen there are a number of screening tests which have both high sensitivity and

specificity but many fall short of this ideal as seen in the figure 4.7 below.
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Figure 4.7 Reported sensitivity and specificity of multiple screening tests reported in the study by Maxim et
al. (2014) and Alberg et al. (2004).

The high value of the NPV produced by the abbreviated protocol which was 100%
for both readers produced strong evidence that the abbreviated protocol was able to exclude
the presence of cancer. The NPV was the same for both full and abbreviated protocols which
is comparable to other studies (Chen et al., 2017; Kuhl et al., 2014; Machida et al., 2017,
Moschetta et al., 2016; Petrillo et al., 2017). The higher the PPV is, the lower the false
positive outcomes are (Trevethan, 2017). The PPV value for the full protocol was 100%
while that of the abbreviated protocol for radiologist A was 83.3% which was much better
than the 74% obtained by radiologist B. In the study by Chen et al. (2017) the PPV value for
the abbreviated protocol was also significantly lower than the full protocol with 22 % and

40% respectively.
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4.7 Lymph Node involvement

MRI has a limited role in the diagnosis of axillary lymph node metastasis (Marino et
al., 2020). There are multiple MRI features which increase suspicion for lymph node
metastasis which include loss of fatty hilum, round shape, cortical thickening or a long axis
to short axis ratio of less than 2 (Marino et al., 2020). However, perifocal oedema which is
demonstrated as a hyperintense signal in the fat surrounding a lymph node on T2 weighted
images has a higher PPV value for malignancy (Dogan et al., 2018; Marino et al., 2020). The
DWI and unenhanced T1 weighted imaging also provide high accuracy for the detection of
lymph node metastasis (Marino et al., 2020). In the study by Strahle et al. (2017) the T1 pre
contrast and T1 first and second subtraction images identified lymph nodes much better than
T2 and STIR images. In the current research study, the T2 weighted imaging and DWI was
not included in the abbreviated protocol however, both abbreviated protocols detected more
positive lymph nodes than the full protocol. D
4.8 Conclusion

The data obtained in the current study was presented and discussed in this chapter.
This chapter presented an overview of the outcomes of the abbreviated protocol. The
advantages and disadvantages of each protocol were highlighted. Overall, there was no
significant difference in the diagnostic accuracy (high sensitivity and NPV) between the full
and abbreviated protocol to detect breast cancer. However, with the abbreviated protocol a
low specificity and PPV value was observed producing a high recall rate and false positives
which may complicate the implementation of MRI as a screening tool on a large scale. The

conclusions along with further recommendations will be discussed in the following chapter.
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Chapter 5- Conclusions and Recommendations

5.1 Introduction
This chapter presents the overall conclusions based on the results acquired from this study
and identifies the need for any recommendations for clinical practice or further research on
the subject. The conclusions are presented according to the aims and objectives of the
research, these are followed by the recommendations for practice drawn from the results and
the literature findings.
5.2 Conclusions from the study

The aim of the study was to evaluate and compare the diagnostic accuracy obtained
when using an abbreviated protocol against the full protocol for breast MRI imaging in the
detection of lobular carcinoma. The study findings do not describe observer performance of
abbreviated MRI in non-lobular carcinoma or other breast pathologies. In order to fulfil the

aim a number of objectives were set.

Objective 1: The diagnostic accuracy was estimated using standard receiver operating
characteristics (ROC) methods. The scores obtained through ROC analysis for both

protocols were analysed.

For the full protocol the AUC was 1 which means that the test was perfect in distinguishing
between a negative and a positive case. While the abbreviated protocol for radiologist A and
B was 0.920 and 0.922 respectively which indicates that the test is outstanding at
distinguishing between a negative and a positive case. Each protocol diagnosed the disease
state (cancer yes/no) at a statistically significant level (p-value <0.05). This indicates that
when using the abbreviated protocol the diagnostic accuracy was maintained. When each
AUC was compared together, for each pair the p-value was more than 0.05 which indicates
that there is no significant difference between the protocols. There was no significant

difference in the effectiveness between the protocols to diagnose breast cancer.

104



Chapter 5- Conclusions and Recommendations

Objective 2: The sensitivity, specificity, positive predictive value (PPV), and negative

predictive value (NPV) were calculated.

Sensitivity: Both the full and abbreviated protocols yielded a sensitivity of 100%. All cancers

were detected with the abbreviated protocol for both radiologists.

Specificity: The abbreviated protocol for radiologists 1 and 2 had significantly lower
specificity of 73.3% and 53.5% respectively than that of the full protocol which was 100%.
The low specificity has the disadvantage that subjects who do not have the disease will
screen positive and therefore receive unnecessary follow-up tests which may have a potential

risk and contribute to increasing costs.

PPV: The PPV value for the full protocol was 100% while that of the abbreviated protocol
for radiologist A was 83.3% which was much better than the 74% obtained by radiologist B.
Radiologist A had a higher PPV which resulted in lower false positives (n=4) than radiologist

B (n=7).

NPV: All protocols produced an NPV value of 100%. The high value of the NPV produced
by the abbreviated protocol for both readers produced strong evidence that the abbreviated
protocol was able to exclude the presence of cancer.
5.3 Recommendations for clinical practice

The final objective was to propose recommendations for consideration to include the
use of an abbreviated MRI breast protocol in the department where the study took place. The
data obtained suggested that using the sequences selected, which was based on literature
findings, resulted in no significant difference in the diagnostic accuracy when using the

abbreviated protocol since all lobular carcinomas were detected.
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The abbreviated protocol is an easy and simple technique and there should be no
difficulty in implementing this procedure as it is a concise version of the full protocol. No
additional equipment or training for the radiographers is needed therefore, no added cost.
The abbreviated protocol is associated with decreased scanning time (29 minutes and 1
second reduced scanning times as shown in tabel 3.1) and reading time for the radiologists
(Kuhl et al., 2014; Marquina Martinez et al., 2020; Moschetta et al., 2016; Oldrini et al.,
2018; Petrillo et al., 2017; Strahle et al., 2017). The abbreviated protocol could enable a
higher number of examinations to be performed within the same MR session which could
translate into cost-effectiveness and better use of resources (Marquina Martinez et al., 2020;

Petrillo et al., 2017).

The dataset used in the current study was based on a symptomatic / non-screening
population. Since the selected cases were likely to have been symptomatic or suspicious of
malignancy for them to have been referred for an MRI in the first place this could have
accounted for the high sensitivity. Therefore, an MRI dataset with the prevalence of disease
expected within a high-risk screening population and a wider range of observers should be

considered before any further implementation of study findings.

However, when using the abbreviated protocol there was an increase in false
positives which would result in incorrect initial diagnosis. This creates additional imaging,
scan time or extra biopsies which all come at an extra cost, in conjunction with patient’s time
and anxiety (Strahle etal., 2017). When implementing a new modality there is a great chance
of high false positives rates however, this can be overcome with training and an increase in
reporting numbers for the specific abbreviated protocol (Kuhl et al., 2014). Further training
to radiologists is required as stated by Pham et al. (2020), to ensure that a more uniform

threshold is used when determining the need to recall patients for an abnormality.
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Locally the use of the abbreviated protocol could first be implemented for women
who have a high-risk of developing breast cancer with the long-term goal being to increase

the widespread use of MR for the whole screening population.

5.4 Recommendations for further research

As this study had a small population sample, which has been acknowledged as a
major limitation of the study, it is recommended that the study is repeated on a wider scale
to assess if the results remain the same over a larger sample of cases.

In the current study only lobular carcinoma was included as a type of breast cancer
therefore, an extension of the study could be that other types of breast cancers are included
in the sample population. Then the effectiveness of the abbreviated protocol can be assessed
over the different breast cancer types.

An extension to this study is to investigate the reading times of the radiologist and
how it would change when reporting the abbreviated protocol locally. This could be

compared to the reading times of mammography, US or DBT.

The abbreviated protocol could be investigated for the general screening population
because in this study, due to the small sample size the population sample did not represent

only the screening population.

The study of women’s attitudes and opinion towards the use of an abbreviated MRI
protocol as a screening tool for breast cancer instead of or additional to mammography, US
or DBT could also be investigated.

5.5 Conclusion

The conclusions of the current research study were presented in this chapter and

relative recommendations were suggested. The abbreviated protocol is the future for

screening with MRI. Locally, this research study was the first of its kind to be performed
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creating a baseline for further investigations and adding to the body of knowledge. The
current study with its limitations, demonstrated that the abbreviated protocol had an equal
diagnostic accuracy to that of the full protocol indicating promising results for any future

studies.
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Chairperson L-Universita

'
Medical Imaging Department ta' Malta
22/1172021
Dear Dr. Saliba
I am a radiographer who is ly reading for a M.Sc. Radiography area of

peciali - Breast Imaging at the University of Malta. As part of my final year of studies,
I am required to conduct a h study. My study is entitled *The impact on diagnostic
accuracy of an abbreviated screening breast Magnetic R Imaging (MRI)
protocol’. The study is being carried out under the supervision of Dr. Francis Zarb, Dr. Paul

Bezzina and Ms. Deborah Mizzi

Currently in Malta there is no programme available for breast screening (non-
symptomatic patients) with MRI especially for high-risk patients. A full breast MRI protocol
is performed for symptomatic patients who require further imaging after having a negative

gram and/or ul d, follow up of breast cancer patients to assess for recurrence or
to delineate the extent of a breast cancer. A full breast MRI protocol is a long scan (30 to 40
minutes) and is very expensive to perform therefore an abbreviated protocol will counteract
these limitations by reducing the time and cost of each examination making it more applicable
as a screening tool.

The aim of the study is to evaluate and compare the diagnosti y obtained using
an abbreviated protocol against the full protocol for breast MRI imaging for breast cancer
screening purposes.

The target population will be patients who performed a breast MRI examination. Whilst
the accessible population will include patients who performed their breast MRI at the medical
imaging department in a public general hospital in Malta between January 2019- December
2021. The specific period was chosen as this is is when the most recent exams were performed
using the updated full protocol on a 3-T Philips unit. In this study the patient images, which
will be used for the study, will be selected by using simple random sampling.

A mini of two radiologists specialised in breast imaging with a mini of two years
of experience in MRI breast reporting will be conveniently selected to evaluate the diagnostic
accuracy of an abbreviated p | when pared to the full p l. The abbreviated

protcol will be presented to the radiologists who will review the images and fill in the data
collection tool for each set of images. The data collected from the abbreviated protocol will be
compared with the data from the report issued from the MR using the full protocol. Lesions
with a final BI-RADS category of | or 2 will be considered as negative findings while those
with a final BI-RADS of 3,4 or 5 will be idered positive findings. The findings will then
be compared with the gold standard being the histo-pathological correlation of a breast lesion
or at least 12 months of negative findings on follow-up imaging with either mammography,
ultrasound or MR in the absence of a biopsy.

In line with cthical requirements, | would like to ask for your permission:
'Solhnthcndmmphcrmmauﬂnnmamednrypammmﬂwpwm )

archiving and communication system (PACS) and iSoft archive to identify the required : . 1
MR cases for the purpose of this study ML_M*_LMML—M
* For the intermediary person’s to contact the patient participants who are randomly —deea o mpude o~ dibe ot fouen eltnal winllefdous —

selected, to obtain their informed consent to use their MR images, imaging reports and
histo-pathological findings for the purpose of the study. For the intermediary person/s
10 retrieve their MR images and anonymise them to be used for the study.

R : Dr. Kenneth Saliba
o For the intermediary person/s to invite radiologists to participate in the image
pathology identification and supply them with the anonymised images for image Chairperson Medical Imaging Department Signature: _
pathology identification.
Kindly note that permission and approval to conduct this study will be sought from the Faculty : )
of Health S R h and Ethics C: (FREC) and U y R h Ethics Approval:  Granted / Net-Granted Date:

Committee (UREC DP). Permission from the Hospital chief executive officer (CEO) and Data
Protection Officer (DPO) are also going to be obtained. | can assure you that all ethical issues
would be considered throughout the study and addressed

Ifmmm-ywncm,lhmllynkywtommplacuﬂ sign this letter. Should you wish any
T I ¥ 1 ed study, pleue contact me on +356

| Thank you in advance,
Kind Regards,
Leannc Galea

Leanne Galea
Researcher
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L-Universita

Mr Raymond Spit
o — ta’' Malta

Radiography Lead
Medical Imaging Department

22/112021
Dear Mr. Spiteri

I am a radiographer who is currently reading for a M.Sc. Radiography area of
specialisation - Breast Imaging at the University of Malta. As part of my final year of studies,
1 am required to conduct a rescarch study. My study is entitled *The impact on diagnostic
accuracy of an abbreviated screening breast Magnetic Resonance Imaging (MRI)
protocol”. The study is being camied out under the supervision of Dr. Francis Zarb, Dr. Paul
Bezzina and Ms. Deborah Mizzi

Currently in Malta there is no programme available for breast screening (non-
symptomatic patients) with MRI especially for high-risk patients. A full breast MRI protocol
is performed for symptomatic patients who require further imaging after having a negative
mammogram and/or ultrasound, follow up of breast cancer patients to assess for recurrence or
to delincate the extent of a breast cancer. A full breast MRI protocol is a long scan (30 to 40
minutes) and is very expensive 1o perform therefore an abbreviated protocol will counteract
these limitations by reducing the time and cost of each examination making it more applicable
as a screening tool

The aim of the study is to evaluate and compare the diagnostic accuracy obtained using
an abbreviated protocol against the full protocol for breast MR imaging for breast cancer
screening purposes.

The target population will be patients who performed a breast MRI examination. Whilst
the accessible population will include patients who performed their breast MRI at the medical
imaging department in a public general hospital in Malta between January 2019- December
2021. The specific period was chosen as this is is when the most recent exams were performed
using the updated full protocol on a 3-T Philips unit. In this study the patient images, which
will be used for the study, will be selected by using simple random sampling.

A of two radiologists specialised in breast imaging with a minimum of two years
of experience in MRI breast reporting will be conveniently selected to evaluate the diagnostic
accuracy of an abbreviated protocol when compared to the full protocol. The abbreviated
protcol will be presented to the radiologists who will review the images and fill in the data
collection tool for cach set of images. The data collected from the abbreviated protocol will be
compared with the data from the report issued from the MRI using the full protocol. Lesions
with a final BI-RADS category of 1 or 2 will be considered as negative findings while those
with a final BI-RADS of 3,4 or § will be considered positive findings. The findings will then
be compared with the gold standard being the histo-pathological correlation of a breast lesion
or at least 12 months of negative findings on follow-up imaging with cither mammography,
ultrasound or MRI in the absence of a biopsy

In line with ethical requirements, | would like to ask for your permission:

onance Imae.'\s (MEI\ Protocal g

' gy
brearm Magrenic  Res

Comments:

® So that the radiographer acting as the intermediary person to access the picture
archiving and communication system (PACS) and iSoft archive to identify the required
MR cases for the purpose of this study.

* For the intermediary person/s to contact the patient participants who are randomly
selected, to obtain their informed consent to use their MR images, imaging reports and
histo-pathological findings for the purpose of the study.

e For the intermediary person’s to retrieve their MR images and anonymise them to be
used for the study.

e For the intermediary person/s to invite radiologists to participate in the image
pathology identification and supply them with the anonymised images for image
pathology identification.

Kindly note that permission and approval to conduct this study will be sought from the
Faculty of Health S (FREC) and U y R h Ethics C (UREC DP).
Permission from the Hospital CEO and Data Protection Officer are also going to be obtained.
I can assure you that all ethical issues would be considered throughout the study and
addressed.

If you are in agreement, kindly complete and sign this letter. Should you wi
information or clarification about the proposed study, please contact me on +356
by e-mail or my Supervisors;

, Dr. Paul Bezzina
- s Dcborsh Mizzi

I Thank you in advance,
Kind Regards,

Leanne Galea
Researcher

Mr. Raymond Spiteri

Radi graphy Lead Medical | ging Department

V
Approval:  Granted / W‘d

Signature:

Date: 22| 2:6!
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Univarsity of Malta Ml - Seeking permissson 10 pertorm Re

Taa L-Universita
Y ta’ Malta |

Seeking permission to perform Research Study

23 November 2021 at 15:25

To whom it may concern,

1 am a radiographer who is currently reading for a M.Sc. Radi area of specialisation -
Breast Imaging at the University of Malta. As part of my final year of studies, I am required to
conduct a mh study. My smdy is cnmled “l'he impact on diagnostic accuracy of an

g breast M ing (MRI) p I'. The study is being
carried out under the supervunon of Dr. Francis Zarb, Dr. Paul Bezzina and Ms. Deborah Mizzi.
Currently in Malta there is no prog ilable for breast

patients) with MRI especially for hlgh risk panenls A full breast MRI prolocol is pcrfonned for
symptomatic patients who require further imaging after having a negative mammogram and/or
ultrasound, follow up of breast cancer patients to assess for recurrence or to delineate the extent of a
breast cancer. A full bteast MR.I proloool is a long scan (30 lo 40 mmules) and i is very expensive to

perform therefc will by g the time and
cost of each mmmnnon making 1( more applicable as a scteemng tool.
The aim of the study is to eval and the di i ined using an

abbreviated protocol against the full pmlo«;l for breast MRI umgmg for breast
cancer screening purposes.

The target population will be patients who performed a breast MRI examination. Whilst the
accessible population will include patients who performed their breast MRI at the medical imaging
department in a public general hospital in Malta between January 2019- December 2021. The specific
period was chosen as this is when the most recent exams were performed using the updated full
protocol on a 3-T Philips unit. In this study the patient images, which will be used for the study, will
be selected by using simple random sampling.

A mini of two radiol iali mbmm‘llmagmgmthimmnnumoftwoyursof
experience m MIU breast rcpomng wﬂl be oonvemcmly selected to eval lhc gr
of an abt | when pared to the full 1. The abt d p 1 will be
presented to the nd)olognsls who will reV\ew lhc images and ﬁll in the data collection tool for each set
of images. The data collected from the Il be pared with the data from the
report issued from the MRI using the full protocol. Lmons wnll a final BI-RADS category of 1 or 2
will be considered as megative findings while those with a final BI-RADS of 3,4 or 5§ will be
considered positive findings. The findings will then be compared with the gold standard being the
histo-pathological correlation of a breast lesion or at least 12 months of negative findings
on follow-up imaging with either mammography, ultrasound or MRI in the absence of a biopsy.

In line with ethical requirements, I would like to ask for your permission:

So that I can identify and invite a radiographer to act as an intermediary person to
access the picture archiving and communication system (PACS) and iSoft archive to identify

University of Malta Mai - Seeting permission 10 parform Research Study
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University of Malta Mad - Seeking permission 10 perform Research Study

g L-Universita
ta' Malta

Seeking permission to perform Research Study

paut sezzina N <o+ 122

Dear Ms. Falzon

I am a radiographer who is currently reading for a M.Sc. Radiography area of specialisation -
Breast Imaging at the University of Malta. As part of my final year of studies, I am required to conduct a
research study. My study is entitled “The impact on diagnostic accuracy of an abbreviated screening
breast Magnetic Resonance Imaging (MRI) protocol’. The study is being carried out under the
supervision of Dr. Francis Zarb, Dr. Paul Bezzina and Ms. Deborah Mizzi.

Currently in Malta there is no programme available for breast screening (non-symptomatic
patients) with MRI especially for high-risk patients. A full breast MRI protocol is performed for
symptomatic patients who require further imaging after having a negative mammogram and/or ultrasound,
follow-up of breast cancer patients to assess for recurrence or to delineate the extent of a breast cancer. A
full breast MRI protocol is a long scan (30 to 40 minutes) and is very expensive to perform therefore an
abbreviated protocol will counteract these limitations by reducing the time and cost of each examination
making it more applicable as a screening tool.

The aim of the study is to evaluate and compare the diagnostic accuracy obtained using an
abbreviated protocol against the full protocol for breast MRI imaging for breast
cancer screening purposes.

The target population will be patients who a breast MRI Whilst the
accessible population will include patients who performed their breast MRI at the medical imaging
department in a public general hospital in Malta between January 2019- December 2021, The specific
period was chosen as this is when the most recent exams were performed using the updated full protocol.
In this study the patient images, which will be used for the study, will be selected by using simple random
sampling.

A mini of two i in breast imaging with a minimum of two years of
experience in MRI breast reporting will be conveniently selected to evaluate the diagnostic accuracy of an
abbreviated protocol when compared to the full protocol. The abbreviated protocol will be presented to the
radiologists who will review the images and fill in the data collection tool for each set of images. The data
collected from the abbreviated protocol will be compared with the data from the report issued from the
MRI using the full protocol. Lesions with a final BI-RADS category of 1 or 2 will be considered
as negative findings while those with a final BI-RADS of 3,4 or 5 will be considered positive findings.
The findings will then be compared with the gold standard being the histo-pathological correlation of a
breast lesion or at least 12 months of negative findings on follow-up imaging with cither
mammography, ultrasound or MRI in the absence of a biopsy.

In line with ethical requirements, I would like to ask for your permission:

So that I can identify and invite a radiographer to act as an intermediary person to access the
picture archiving and cc

Unlversity of Malta Mail - Seeking permission to perform Research Study

hitps [Imat google comimanu/0/Tk=deada12 1 Jek

oyjov2022, a4y UVersity of Mata Mai - Saeking permisaion to perform Research Study

29 December 2021 at 17:37

PHtps //mail google comimat/u/0/Th = desdat2f Jeviaws plhseare _g-a%IA/45414471072637624

OPEN unless you

MR cases and respective histo-pathological findings for the purpose of this study.

For the intermediary person/s to contact the patient participants who are randomly selected, to
obtain their informed consent to use their MR images, imaging reports and histo-pathological

findings for the purpose of the study.
For the intermediary person/s to retrieve their MR images and anonymise them to be used for
the study.
For the intermediary person/s to invite radiologists to participate in the image pathol

identification and supply them with the anonymised images for image pathology identification.

Kindly note that permission and approval to conduct this study is also being sought from the Faculty of
Health Sciences Research and Ethics Committee (FREC) and University Rescarch Ethics Committee
(UREC). I can assure you that all ethical issues would be idered and adds d the study.

t the proposed study, please contact me on
isors; Dr. Francis Zarb

Attached with this communication please find:

Patient information letter and consent form both in English and Maltese

* Radiologist information letter and consent form in English

P letter from the Ch of the Medical Imaging Department (MID)
Permission letter from the P Lead, Rad hy of the MID
Permission letter from the I diary person/s

* One page proposal and Data collection tool
+ Covering Letters in Maltese and English
Permission letter from Data Protection Officer (MDH)
I thank you in advance,
Kind Regards,

Leanne Galea

9 attachments

L) Patient information sheet and consent form ENGLISH updated.pdf
606K

) Data collection tool updated.docx
18K

2] Covering letter MALTESE.pdf
352K

) Covering letter ENGLISH .pdf
349K

CAUTION: This email originated from OUTSIDE the Government Email Infrastructure. DO NOT CLICK LINKS or
the sender and know the content is safe.

To: CEO at Health-MDH
Dear Ms. Farrugia,
Email forwarded as requested.
Thank you,
Regards,

Leanne

CEO at Health-M
To: Leanne Gale:

Dear Ms Galea,

3 January 2022 at 12:21

3 January 2022 at 13:09

Kindly note that approval has been given by Ms Celia Falzon for you to conduct this study in line

with applicable hospital protocols.
Regards

Carmen Farrugia
Personal Assistant To CEO

E carmen.farrugia@gov.mt

Mater Dei Hospital, Triq id-Donaturi tad-Demm, I-imsida, Malta MSD 2090 | Tel +356 2545 0000 | https://deputyprimeminister.

gov.muen/MDH/Pages/Home.aspx | hitps.//www facebook com/materdeihospital/

This email and any files transmitted with it are confidential, may be legally privileged and intended solely

for the use of the individual or entity to whom they are addressed

google g-a%.

3151360310 Page4of 5
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Mr Claude Portanier Mifsud = . o
Allied Health Professional E‘? tal,’;“';ﬁ?"*
Medical Imaging Department

22/112021
Dear Mr Portanier Mifsud

I am a radiographer who is currently reading for a M.Sc. Radiography area of
pecialisation - Breast | at the University of Malta. As part of my final year of studies,
1 am required to conduct a research study. My study is entitled ‘The impact on diagnostic
accuracy of an abbreviated screening breast Magnetic Resonance Imaging (MRI)
protocol’. The study is being carried out under the supervision of Dr. Francis Zarb, Dr. Paul
Bezzina and Ms. Deborah Mizzi.

Currently in Malta there is no programme available for breast screening (non-
symptomatic patients) with MRI especially for high-risk patients. A full breast MRI protocol
is performed for symptomatic patients who require further imaging after having a negative

and/or ul d, follow up of breast cancer patients to assess for recurrence or
o dclmeaxc the extent of a breast cancer. A full breast MRI protocol is a long scan (30 to 40
minutes) and is very expensive to perform therefore an abbreviated protocol will counteract
these limitations by reducing the time and cost of each examination making it more applicable
as a screening tool.

The aim of the study is to evaluate and compare the diagnostic accuracy obtained using
an abbreviated protocol against the full protocol for breast MRI imaging for breast cancer
screening purposes.

The largcl popuhuon will be patients who performed a breast MRI examination. Whilst
the pop will include patients who performed their breast MRI at the medical
imaging depz in a public g | hospital in Malta between January 2019- December
20"1 The specific period was chosen as this is is when the most recent exams were performed
using the updated full protocol on a 3-T Philips unit. In this study the patient images, which
will be used for the study, will be selected by using simple random sampling.

A minimum of two radiologists specialised in breast imaging with a minimum of two yws
of experience in MRI breast reporting will be conveniently selected to evaluate the di
accuracy of an abbreviated protocol when compared to the full protocol. The abbmv:ated
proteol will be p d to the radiologists who will review the images and fill in the data
collection tool for each set of images. The data collected from the abbreviated protocol will be
compared with the data from the report issued from the MRI using the full protocol. Lesions
with a final BI-RADS category of 1 or 2 will be considered as ive findings while those
with a final BI-RADS of 3,4 or 5 will be considered positive ﬁndmgs The findings will then
be compared with the gold standard being the histo-pathological correlation of a breast lesion

ln line with ethical requirements, | would like to ask if you would agree to act as the
diary person for this proposed study. Your role as the intermediary person will be to:

o Identify the population and randomly select the sample of patient examinations
retrospectively from the medical imaging picture archiving and communication system DECLARATION BY INTERMEDIARY
(PACS) and iSoft archive

o Contact the patient participants who were randomly selected, to obtain their informed e
consent to use their MR images, imaging reports and histological findings for the I, CcAODE poriamitrt awavD declare that [ accept responsibility to act as
purpose of the study. intermediary for this study as described above and wish to do so from my own free-will.

o Provide the selected patient participants with an information letter and consent form.

o Retrieve their MR images, imaging reports and histological findings and ymi
them to be used for the study. g . oV - 2021,

o Invite radiologists to participate and supply them with the anonymised images for Date Signature
image pathology identification.
o Collect the data following the image pathology identifi

Kindly note that permission and approval to conduct this study will be sought from the Faculty
of Health Sciences Research and Ethics Committee (FREC) and University Research Ethics
C (UREC DP). P ion from the Hospital chief executive officer (CEO) and Data
Protection Officer (DPO) are also going to be obtained. I can assure you that all ethical issues
would be considered throughout the study and addressed.

If you are in agreement to take on this role as an intermediary person, I kindly ask you to
complete and sign this letter. Should you wish any further information or clarification about
the proposed study, please contact me on +356
or my sors; Dr. Francis

I thank you in advance,
Kind Regards,

Leanne Galea
Researcher
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University of Matla Mail - Seeking Darmission (o act as intermediary persen

“Vi, & L-Universita
[ ta' Malta

Seeking toactas | diary person

24mpon, 1w

Leanne Galea <ieanne galea 15@um edu mt> 23 November 2021 at 18:37
Yo

Dear Ms

1 am a radiographer who is currently reading for a M.Sc. Radiography area of specialisation - Breast
Imaging at the University of Malta. As part of my final year of studies, | am required to conduct a rescarch study.
My study is entitied ‘The impact on diagnostic accuracy of an abbreviated screening breast Magnetic
Resonance Imaging (MRI) protocol’. The study is being carried out under the supervision of Dr. Francis Zarb,
Dr. Paul Bezzina and Ms. Deborah Mizzi

Currently in Malta there is no programme available for breast screening (non-symptomatic patients) with
MRI especially for high-risk patients. A full breast MRI protocol is performed for symptomatic patients who
require further imaging after having a negative mammogram and/or ultrasound, follow up of breast cancer
patients to assess for recurrence or to delincate the extent of a breast cancer. A full breast MRI protocol is a long
scan (30 to 40 minutes) and is very expensive to perform therefore an abbreviated protocol will counteract these
limitations by reducing the time and cost of each examination making it more applicable as a screening tool.

The aim of the study is to cvaluate and compare the diagnostic accuracy obtained using an abbreviated
protocol against the full protocol for breast MRI imaging for breast cancer screening purposes.

The target population will be patients who performed a breast MRI examination. Whilst the accessible
population will include paticnts who performed their breast MRI at the medical imaging department in a public
general hospital in Malta between January 2019- December 2021. The specific period was chosen as this is is
when the most recent exams were performed using the updated full protocol on a 3-T Philips unit. In this study
the patient images, which will be used for the study, will be sclected by using simple random sampling.

A minimum of two radiologists specialised in breast imaging with a minimum of two years of experience in
MRI breast reporting will be conveniently selected to evaluate the accuracy of an
protocol when compared to the full protocol. The abbreviated protcol will be presented to the radiologists who
will review the images and fill in the data collection tool for each set of images. The data collected from the
abbreviated protocol will be compared with the data from the report issued from the MRI using the full protocol.
Lesions with a final BI-RADS category of 1 or 2 will be considered as negative findings while those with a final
BI-RADS of 3,4 or § will be considered positive findings. The findings will then be compared with the gold
standard being the histo-pathological correlation of a breast lesion or at least 12 months of negative findings
on follow-up imaging with cither mammography, ultrasound or MRI in the absence of a biopsy.
In line with ethical requirements, I would like to ask if you would agree to act as the intermediary person for this
proposed study. Your role as the intermediary person will be to:

Identify the population and randomly select the sample of patient examinations retrospectively from
the medical imaging picture archiving and communication system (PACS) and iSoft archive.

Contact the patient participants who were randomly selected, to obtain their informed consent to use
their MR images, imaging reports and histological findings for the purpose of the study.

- Provide the selected patient participants with an information letter and consent form.
Retrieve their MR images, imaging reports and histological findings and anonymise them to be used

for the study.
Invite radiologists to participate and supply them with the anonymised images for image
pathology identification.
Niga frmat google 9-a%3ar-as6z —— Pagetet2

University of Mata Mail - Seeting permisson 1 act a3 intermediary person

S L-Universita
ta' Malta

24maen, naz

Seeking permission to act as | diary p
To:
Dear Ms Muscat

I am a radiographer who is currently reading for a M.Sc. Radiography area of specialisation -
Breast Imaging at the University of Malta. As part of my final year of studies, I am required to
conduct a research study. My study is entitled ‘The impact on diagnostic accuracy of an
abbreviated screening breast Magnetic Resonance Imaging (MRI) protocol’. The study is being
carried out under the supervision of Dr. Francis Zarb, Dr. Paul Bezzina and Ms. Deborah Mizzi.

Currently in Malta there is no programme available for breast (non-symptomatic
patients) with MRI especially for high-risk patients. A full breast MRI protocol is performed for
symptomatic patients who require further imaging after having a negative mammogram and/or
ultrasound, follow up of breast cancer patients to assess for recurrence or to delineate the extent of a
breast cancer. A full breast MRI protocol is a long scan (30 to 40 minutes) and is very expensive to
perform therefore an abbreviated protocol will counteract these limitations by reducing the time and
cost of each examination making it more applicable as a screening tool.

The aim of the study is to evaluate and compare the diagnostic accuracy obtained using an
abbreviated protocol against the full protocol for breast MRI imaging for breast
cancer screening purposes.

The target population will be patients who d a breast MRI Whilst the
accessible population will include patients who performed their breast MRI at the medical imaging
department in a public general hospital in Malta between January 2019- December 2021. The specific
period was chosen as this is is when the most recent exams were performed using the updated full
protocol on a 3-T Philips unit. In this study the patient images, which will be used for the study, will
be selected by using simple random s;mpling,

of two

d in breast imaging with a minimum of two years of
:xpencncc in MRI breast npornng will be conveniently selected to evaluate the diagnostic accuracy
of an abbreviated protocol when compared to the full protocol. The abbreviated protcol will be
presented to the radiologists who will review the images and fill in the data collection tool for cach set
of images. The data collected from the abbreviated protocol will be compared with the data from the
report issued from the MRI using the full protocol. Lesions with a final BI-RADS category of 1 or 2
will be considered as megative findings while those with a final BI-RADS of 34 or 5 will be
considered positive findings. The findings will then be compared with the gold standard being the
histo-pathological correlation of a breast lesion or at least 12 months of negative findings
on follow-up imaging with cither mammography, ultrasound or MRI in the absence of a biopsy.

In line with ethical requirements, I would like to ask if you would agree to act as the intermediary
person for this proposed study. Your role as the intermediary person will be to:

Identify the population and randomly select the sample of patient

University of Mata Mall - Seeking Dermission (o act as intermediary Derson 24mpon, v

+ Collect the data following the image pathology identification.

Kindly note that permission and approval to conduct this study will be sought from the Faculty of Health
Sciences Rescarch and Ethics Committee (FREC) and University Rescarch Ethics Committee (UREC DP).
Permission from the Hospital chief executive officer (CEO) and Data Protection Officer (DPO) are also going to
be obtained. I can assure you that all ethical issues would be considered throughout the study and addressed.

If you are in urecmml 1 uke on Ihu role as an ml:rmcdury person, 1 kindly ask you to complete and sign this
A bout the proposed sludy please contact me on

1 thank you in advance,

Kind Regards,

Leanne Galea
Borg Marion at 24 November 2021 at 10:16
To: Leanne Galea mt>

Dear Leanne Galea,

| hereby accept the role of intermediary person to serve as an aid in your study.

Marion Borg

From: Leanne Galea

Sent: 23 November 2021 18:37:02

To: Borg Marion at Health-MDH

Subject: Seeking permission to act as Intermediary person

CAUTION: This email originated from OUTSIDE the Government Email Infrastructure, DO NOT CLICK LINKS or OPEN atiachments
unless you recognise the sender and know the content is safe

Nttos [mai google. ™ Pagezol2

University of Waita Mad - Seeking permiasion to act a5 Intermediary person 24mpen, 3z

Contact the patient participants who were randomly selected, to obtain their informed
consent to use their MR images, imaging reports and histological findings for the purpose of
the study.

Provide the selected patient participants with an information letter and consent form.

Retrieve their MR images, imaging reports and hi findings and them to
be used for the study.
Invite radiologists to participate and supply them with the anonymised images for image
pathology identification.
Collect the data foll g the image pathology idk
Kindly note that permission and approval to conduct this study will be soughl fmm the F:culry of
Health Sciences Research and Ethics Committee (FREC) and University h Ethics C

(UREC DP). Permission from the Hospital chief executive officer (CEO) and Data Protection Officer
(DPO) are also going to be obtained. I can assure you that all ethical issues would be considered
throughout the study and addressed.

If you are in agreement to take on this role as an intermediary person, I kindly ask you to complete
and sign this letter. Should you wish any further information or clarification about the proposed study,
please contact me on or my supervisors;
Dr. Francis Zarb Paul Bezzinma
Mizzi

I thank you in advance,
Kind Regards,
Leanne Galea

Muscat Tiziana at Health-MDH
To: Leanne Galea

24 November 2021 at 11:21

Dear Leanne,

1 writing this email as an acceptance 10 act as an intermediary for this study.
Regards,

Tiziana Muscat

8.SC Hons Radiography

To:
Subject: Seeking permission to act as Intermediary person

CAUTION: This email originated from OUTSIDE the Government Email Infrastructure. DO NOT CLICK LINKS or OPEN
unless you recognise the sender and know the content is safc.

retrospectively from the medical imaging picture archiving and communication system (PACS)
and iSoft archive.

ios [imad google 3-amaa Pagerer2

etps jmat anaar ™. Pagezer2
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FREC/UREC Approval
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University of Malta Mail - UREC-DP2201011FHS - FHS-2021-00038 Leanne Galea 02/03j2022, 14:08

L-Universita
ta' Malta _

UREC-DP2201011FHS - FHS-2021-00038 Leanne Galea

Rita Pace Parasca 2 March 2022 at 11:18

To: Leanne Galea

Cc: Francis Zarb ch Ethics HEALTHSCI <research-

Dear Leanne,

your final revision was reviewed. Approval for your study is granted oBo FREC. You may proceed with your study and collect the data.
Good luck

Regards
Dr Rita PP

’ Aad Dr Rita Pace Parascandalo PhD (UCLan
ﬁ BT T T e il i i

ta' Malta
Senior Lecturer, Department of Midwifery

Chairperson, Faculty Research Ethics Committee

158



Appendix A4

Information and covering letters (English
version)
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L-Universita
ta' Malta
Patients” Information Sheet

Dear Participant,

My name is Leanne Galea, and | am currently reading for a M.Sc. Radiography area of
specialisation- Breast Imaging at the University of Malta. As part of my course requirements, I am
conducting a research study. My study is entitled ‘The impact on diagnostic accuracy of an
abbreviated screening breast Magnetic Resonance Imaging (MRI) protocol’.

Currently in Malta there is no programme available for breast screening (non-symptomatic
patients) with MRI especially for high-risk patients. A full breast MRI protocol is performed for
symptomatic patients who require further imaging after having a negative mammogram and/or
ultrasound, follow up of breast cancer patients to assess for recurrence or to delineate the extent of
a breast cancer. A full breast MRI protocol is a long scan (30 to 40 minutes) and is very expensive
to perform therefore an abbreviated protocol will counteract these limitations by reducing the time
and cost of each examination making it more applicable as a screening tool.

The aim of the study is to evaluate and compare the diagnostic accuracy obtained using an
abbreviated protocol against the full protocol for breast MRI imaging for breast cancer screening

purposes.

The study is a mixed method, retrospective and comparative non-experimental study, evaluating
and comparing the current full MRI breast imaging protocol to an abbreviated MRI breast protocol.
The target population would be MR breast images of patients who performed a breast MRI
examination. Whilst the accessible population will include MR breast images of patients who
performed their breast MRI at the medical imaging department in a public general hospital in Malta
between January 2019- December 2021. This period was chosen as this is when the most recent
examinations were conducted using the full protocol. In this study the patient images, which will
be used for the study, will be selected by using simple random li

Y e o

A minimum of two radiologists specialised in breast imaging with a minimum of two years of
experience in MRI breast reporting will be conveniently selected to evaluate the diagnostic
accuracy of an abbreviated protocol when compared to the full protocol. The abbreviated protocol
will be presented to the radiologists who will review the images and fill in the data collection tool
for each set of images. The data collected from the abbreviated protocol will be compared with the
data from the report issued from the MRI using the full protocol. Lesions with a final BI-RADS
category of 1 or 2 will be considered as negative findings while those with a final BI-RADS of 3,4
or 5 will be considered positive findings. The findings will then be compared with the gold
standard being the histo-pathological correlation of a breast lesion or at least 12 months of negative
findings on follow-up imaging with either mammography, ultrasound or MRI in the absence of a

biopsy. Your participation in this study would help us gain a better understanding about the use of
MRI as a screening tool. This study has been apy d by the R h Ethics C ittee of the Faculty of Health Sciences
at the University of Malta,

You are being invited to participate in a study since you have recently performed an MRI

of the breast between January 2019- December 2021. If you consent to participate, your MRI Thank you for your time and consideration.
images, imaging reports and histological findings, will be pseudonymised meaning that the data
will be assigned codes and that this data will be stored securely and separately from any codes and Yours Sincerely

personal data which only the intermediary will have access to. The radiologists conducting the
image quality evaluation will have access only to the anonymised images to evaluate the impact
that the abbreviated protocol may have on diagnostic accuracy. You are not obliged to participate
in this study, and you may withdraw from the study at any time without giving a reason.
Furthermore, withdrawal from the study will not have any negative repercussions on you. I can
assure you that confi will be maintained throughout the study and that your identity and
personal information will not be revealed in any publicati reports or p ions arising from ——
this research,

Leanne Galea

Leanne Gales Dr. Francis Zarb Dr.Paul Bezzina M Deborsh Mizzi

A radiographer acting as the diary person will provide you with an information sheet.
The intermediary person will also answer any questions which you may have. No harm or distress
will be caused by your participation in this study. Participation in this study is completely
voluntary and you are free to accept or refuse to take part without giving a reason. A copy of the
information sheet and consent form will be provided for future As a partici you
have the right, under the General Data Protection Regulation (GDPR) and national legislation that
implements and further specifies the relevant provisions of said regulation, to access, rectify and
where applicable ask for the data concerning you to be erased. Once the study is completed and
the results are published, the data will be retained in anonymous form. Any personal details will
bed d in September 2022, F ipation in this study would allow the researcher to assess if
the diagnostic accuracy was maintained between the i and full protocol and scrutinize
the suitability of the abbreviated protocol for future screening purposes.

Ricerkatriti Supervizur primarju Supervizur tar-ricerka Gwida

This data may only be d by the her. The demic supervisor/s and the
examiners will typically have access to coded data only. There may be exceptional circumstances
which allow the supervisor and examiners to have access to personal data too, for verification

purposes. If you want to enquire who accessed your data (including the two radiologists), please

Francis  Zarb Dr. Paul Bezzina
and Ms Deborah Mimm

w the researcher’s personal computer which 1s passwor

protected and in an encrypted format. Any material in hard-copy form will be placed in a locked
cupboard.
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) [ L-Universita
L) ta' Malta

I, the

Patients” Consent Form

“The impact on diagnostic accuracy of an abbreviated screening breast Magnetic
Resonance Imaging (MRI) protocel”
undersigned, give my consent o take part in the study conducted by Leanne Galea. The

purpose of this document is to specify the terms of my participation in this rescarch study.

1.

2

w

-

| have been given written and verbal information about the purpose of the study and all
questions have been answered.

I understand that | have been invited to participate in a study, in which the researcher will
perform tests to investigate the diagnostic accuracy obtained using the abbreviated protocol
against the full protocol for breast MRI imaging as a screening alternative.

. | am aware that the data collected will be coded and that this data will be stored securely

and separately from any codes and personal data.

.| am aware that the researcher is the only person who has access to this data. The academic

supervisor/s and examiners will typically have access 1o coded data only. There may be
exceptional circumstances which allow the supervisor and examiners to have access W0
personal data too, for verification purposes want to enguire who accessed my data, | can
contact the researcher on br her
supervisors; Dr. Francis Zarb Dr. Paul Bezzina

. I am also aware that any data files will be stored on the researcher’s personal computer that

is password protected and in an encrypted format and no audio/video recordings will be
used for data collection. Any material in hard-copy form will be placed in a locked
cupboard and kept until results are published.

. | am aware that my identity and personal information will not be revealed in any

reports or pi ions arising from this research

. 1 also understand that I am free to accept, refuse or stop participation at any time without

giving any reason. This will have no negative repercussions on myself and that any data
collected from me will be erased. Data will be stored anonymously if it is impossible to
delete (¢.g. if it has already been anonymised)

I also understand that my contribution will serve 1o evaluate the suitability of an MRI
abbreviated protocol for screening purposes.

A radi acting as an i

and will answer any questions which might arise. No risks/discomfort are present in this

person will provide me with an information sheet

Dear Participant,

study. | am aware that no additional harm or distress is expected by participating in this
rescarch study.

10.1 understand that under the General Data Protection Regulation (GDPR) and national
legislation that implements and further specifies the relevant provisions of said regulation,
1 have the right to access, rectify, and where applicable ask for the data conceming me to
be erased.

11. 1 also understand that once the study is completed and results are published the data will
be retained in anonymous form. Any personal details will be destroyed in September 2022,

12.1 will be provided with a copy of the information letter and consent form for future
reference.

13.1 have read and understood the points and statements of this form. | have had all the
questi 1o my sati ion, and I agree to participate in this study.

P

Leannc Galea Dr. Francis Zarb Dr. Paul Bezzing ™% Deborsh Mizzi

Ricerkatriéi Superviturprimatiu  Supervizur tar-riterka it

I-{"‘r'- MATER DEI

I am a radiographer who is acting as an intermediary person for the researcher (Leanne
Galea) who is currently reading for a M.Sc. Radiography area of specialisation - Breast
Imaging at the University of Malta. The study is entitled ‘The impact on diagnostic accuracy
of an abbreviated screening breast Magnetic Resonance Imaging (MRI) protocol’. I will
be sending all the information on behalf of the researcher. The study is being carried out under
the supervision of Dr. Francis Zarb, Dr. Paul Bezzina and Ms. Deborah Mizzi.

The aim of the study is to evaluate and compare the diagnostic accuracy obtained using
an abbreviated protocol against the full protocol for breast MRI imaging for breast cancer
screening purposes. You are being invited to participate in a study since you have recently
performed an MRI of the breast between January 2019- December 2021. If you consent to
participate, your MRI images, imaging reports and histological findings, will be accessed and
anonymised to be used in the study to evaluate the impact that the abbreviated protocol may
have on diagnostic accuracy. Attached with this letter you may find all the documents for your
perusal.

You are not obliged to participate in this study, and you may withdraw from the study
at any time without giving a reason. Furthermore, withdrawal from the study will not have any
negative repercussions on you or on the care pathway within the hospital. I can assure you that
confidentiality will be d throughout the study and that your identity and personal
information will not be revealed in any publications, reports or presentations arising from this
research.

If you consent to participate in this study please reply with the self addressed
envelope attached. If you fail to respond by the end of January it will be taken as a
negative reply. No participation in this study will not have any impact

Thank you for your time and consideration.
Yours Sincerely

Tiziana Muscat
Allied Health Professional (Radiographer)
Medical Imaging Department (MRI)
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Data collection tool
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Data collection tool- Image evaluation by radiologists

- In which quadrant .
If yes indicate : : Size of
— . is/are the lesion/s . . Is there lymph .
Image Is there a location: How many lesions " lesion/s in Final BI-
: present * node
set lesion present? Left (L) are present on the (UOQ,UIQ, LOQ mm involvernent? RADS score
number (Yes/ No) Right (R)/ specified breast/s? ’ ’ ’ (AP x TRA x ' (0 to 6)
LIQ, retroareolar (Yes/No/Unsure)
Both (B) breasts . . . CQO)
region or axillary tail)

Left Right Left Right
Breast Breast Breast Breast

1
2
3
Key: UOQ - upper outer quadrant Key: AP - Antero Posterior Key: ABP- Abbreviated Protocol
UIQ - upper inner quadrant TRA - Transverse FP- Full protocol
LOQ - lower outer quadrant CC - Cranio Caudal

LIQ - lower inner quadrant
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Data collection tool- Filled in from original report

In which quadrant

If yes indicate : . Size of
Is there a _— . is/are the lesion/s : : Is there lymph .
Image lesi location: How many lesions N lesion/s in Final BI-
set esion Left (L) are present on the present : mm . node RADS score
present? : e (UOQ,UIQ, LOQ, involvement?
number Right (R)/ specified breast/s? (AP x TRA x (0 to 6)
(Yes/ No) LIQ, retroareolar (Yes/No/Unsure)
Both (B) breasts . : : CC)
region or axillary tail)
Left Right Left | Right Breast
Breast Breast | Breast
1
2
3

Key: UOQ - upper outer quadrant

UIQ - upper inner quadrant

LOQ - lower outer quadrant

LIQ - lower inner quadrant

Key: AP - Antero Posterior

TRA - Transverse

CC - Cranio Caudal

Key: ABP- Abbreviated Protocol

FP- Full protocol
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Continuation of table- gold standard

Image
set
number

Histopathological findings

Follow up imaging

Left (L)/ Right (R)/
Both breasts (B)

Lymph Node
involvement

BI-RADS Score

Negative (N) /

Imaging used Positive (P)
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Reliability Results

166



Intra-rater reliability of each radiologist

Cohen’s Kappa scores to evaluate intra-rater reliability for both radiologists

) _ _ Kappa Value
Variable Radiologist P value
(n=10)
Is there a lesion 1 0.600 0.048
present? 2 0.624 0.045
Is there lymph node 1 0.783 0.011
involvement? 2 1 0.002
*n=number of observations
ICC score to evaluate intra-rater reliability for both radiologists
Variable Radiologist ICC score (n=10) P value
1 0.598 0.021
BI-RADS score
2 0.969 0.0001
*n=number of observations
Inter-rater reliability of each radiologist
Cohen’s Kappa scores to evaluate inter-rater reliability for both readings
Variable Radiologist Kappa Value (n=10) P value
Is there a lesion First reading 0.600 0.038
present? Second reading 0.600 0.038
Is there lymph node First reading 0.785 0.010
involvement? Second reading 0.668 0.035
*n=number of observations
ICC score to evaluate intra-rater reliability for both readings
Variable Radiologist ICC score (n=10) P value
First reading 0.444 0.086
BI-RADS score i
Second reading 0.832 0.0001

*n=number of observations
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Appendix D1

Location (right/ left) and number of
lesions results for both protocols
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Number of lesions on

Full vs Left/ Right or Both each breast
Abbreviated protocol breast
Gold standard Left 1
Full Left 1
Abbreviated A Left 1
Case 1 Abbreviated B Left 1
Gold standard No lesion 0
Full / /
Abbreviated A Right 1
Case 2 Abbreviated B 1
Gold standard Left 1
Full Left 1
Case 3 Abbreviated A Both 2- left, 1- right
Abbreviated B Both 3-left, 1-right
Gold standard Left 2
Full Left 3
Abbreviated A Left 3
Case 4 Abbreviated B Left 3
Gold standard Left 1
Full Left 1
Abbreviated A Left 2
Case 5 Abbreviated B Left 1
Gold standard No lesion 0
Full / /
Abbreviated A / /
Case 6 Abbreviated B / /
Gold standard No lesion 0
Full / /
Abbreviated A / /
Case 7 Abbreviated B Right 1
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Gold standard Left 1

Full Left 1

Abbreviated A Left 1

Case 8 Abbreviated B Left 1
Gold standard Left 1

Full Left 1

Abbreviated A Left 1

Case 9 Abbreviated B Left 1
Gold standard No lesion 0

Full / /

Abbreviated A / /

Case 10 Abbreviated B Right 2
Gold standard Left 1

Full Left 1

Abbreviated A Left 1

Case 11 Abbreviated B Left 1
Gold standard Left 1

Full Left 1

Abbreviated A Left 1

Case 12 Abbreviated B Left 2
Gold standard Right 1

Full Right 1

Abbreviated A Right 1

Case 13 Abbreviated B Right 1
Gold standard No lesion 0

Full / /

Abbreviated A / /

Case 14 Abbreviated B Left 1
Gold standard No lesion 0

Full / /

Case 15 Abbreviated A / /
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Abbreviated B Right 1

Gold standard Left 1

Full Left 1

Abbreviated A Left 2

Case 16 Abbreviated B Left 2
Gold standard Right 1

Full Right 1

Abbreviated A Right 1

Case 17 Abbreviated B Right 2
Gold standard No lesion 0

Full / /

Abbreviated A / /

Case 18 Abbreviated B / /
Gold standard No lesion 0

Full / /

Abbreviated A / /

Case 19 Abbreviated B / /
Gold standard Left 1

Full Left 1

Abbreviated A Left 1

Case 20 Abbreviated B Left 1
Gold standard Left 1

Full Left 1

Abbreviated A Left 1

Case 21 Abbreviated B Left 1
Gold standard No lesion 0

Full / /

Abbreviated A / /

Case 22 Abbreviated B / /
Gold standard Right 1

Full Right 1

Case 23 Abbreviated A Right 1
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Abbreviated B Right 1

Gold standard Right 1

Full Right 1

Abbreviated A Right 1

Case 24 Abbreviated B Right 1
Gold standard No lesion 0

Full / /

Abbreviated A Left 2

Case 25 Abbreviated B Left 2
Gold standard Right 1

Full Right 2

Abbreviated A Right 2

Case 26 Abbreviated B Right 2
Gold standard No lesion 0

Full / /

Abbreviated A / /

Case 27 Abbreviated B / /
Gold standard No lesion 0

Full / /

Abbreviated A Right 1

Case 28 Abbreviated B / /
Gold standard Left 1

Full Left 1

Abbreviated A Left 1

Case 29 Abbreviated B Left 1
Gold standard No lesion 0

Full / /

Abbreviated A / /

Case 30 Abbreviated B / /
Gold standard No lesion 0

Full / /

Case 31 Abbreviated A Left 1
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Abbreviated B Left 1

Gold standard No lesion 0

Full / /

Abbreviated A / /

Case 32 Abbreviated B / /

Gold standard Right 1

Full Right 1

Abbreviated A Right 1

Case 33 Abbreviated B Right 1
Gold standard Left
Full Left

Abbreviated A Left 1

Case 34 Abbreviated B Left 1

Gold standard Right 1

Full Right 1

Abbreviated A Right 1

Case 35 Abbreviated B Right 1
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Appendix D2

Size and breast localisation results for
both protocols
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Full vs

Abbreviated Localisation Size
protocol
Full Left UOQ 3cm
] 1.2cm AP x4.4cm
Abbreviated A Left UOQ
Casel transverse x3.9cm CC
_ Left UOQ/ Retroareolar/ L 1.1cm AP x4.6cm
Abbreviated B N
3o’clock position transverse x3.9cm CC
Full Left UOQ 1.5cm
Right- 1.5 cm AP
x0.6cm transverse X
_ 1.0cm CC
Right deep retroareolar )
_ Left 1st lesion-0.9 cm
) Left 1st lesion-Left supra-
Abbreviated A AP x1.7 cm transverse X
areolar
] 1.3cm CC
Left 2nd lesion- LOQ )
Left 2nd lesion- 0.8
Case 3
cmAP x 0.5cm
transverse x 0.7 cm CC
) Right- 1.2 cm x0.5cm
Right UOQ )
_ Left 1st lesion-0.5 cm
Left 1st lesion-Left supra-
x1.5cm
) areolar )
Abbreviated B Left 2nd lesion- 1.4 cm
Left 2nd lesion- 9o'clock
) x0.3 cm
Left 3rd lesion- Left UOQ/ )
Left 3rd lesion- 0.6 cm
3o'clock
focus
1st lesion-1.8 cm AP,
1.8 cm transverse, 1.7
1st lesion-Left UOQ cm CC
Case 4 Full 2nd lesion-retroareolar region | 2nd lesion-0.8 cm AP,

3rd lesion-Left LOQ

0.8 cm transverse, 0.8
cm CC
3rd lesion- 0.5 cm AP,
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0.5 cm transverse, 0.5
cm CC

Abbreviated A

1st lesion-Left axillary tail /
Left UOQ
2nd lesion-retroareolar region
(cranial) 3rd
lesion-retroareolar region
(caudal)

1st lesion-1.5 cm AP

x1.1 cm transverse X
1.7cm CC

2nd lesion-0.6 cm AP

x1.0 cm transverse x
1.5cm CC

3rd lesion- 0.6 cm AP x
0.6cm transverse X

0.4cm CC

Abbreviated B

1st lesion-Left UOQ
2nd lesion-retroareolar region

3rd lesion-Left infraareolar

1st lesion-1.7 cm x1.8
cm

2nd lesion-0.9 cm x0.8

] cm
region )
3rd lesion- 0.4 cm
Full Left UOQ N/A
1st lesion (cranial)-
0.9cm AP x 1.0cm
_ Both lesions retroareolar transverse x 0.9 cm CC
Abbreviated A ] )
Case 5 region 2nd lesion (caudal)-
0.4cm AP x 0.6cm
transverse x 0.5cm CC
_ _ 1.0 cm transverse x 0.8
Abbreviated B | Left UOQ/ Retroareolar region
cm AP
) 1.8cm AP, 3.0 cm
Full Retroareolar region
transverse, 2.0 cm CC
) 2.5cm AP, 3.0 cm
Case 8 Abbreviated A Left LIQ
transverse, 2.5 cm CC
) ) 2.0cm AP, 3.1 cm
Abbreviated B Supra-areolar region
transverse, 2.7 cm CC
Case 9 Full Left LOQ 4.4cm AP x 3.1cm CC
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4.1cm AP x 3.4cm

Abbreviated A Left LOQ
transverse x 3.2cm CC
) 2.7cm transverse, 4.0cm
Abbreviated B Left LOQ
AP x 3.1cm CC
8cm AP, 2.1cm
Full Left UOQ
transverse, 4 cm CC
) 6.7cm AP, 3.2cm
Case 11 | Abbreviated A Retroareolar to Lt UOQ
transverse, 4.5 cm CC
] - 7.5cm AP, 2.7cm
Abbreviated B | Left UOQ/ 3 o'clock position
transverse, 4 cm CC
Full Retroareolar region 1.3cm x 0.9 cm
) ) 1.4cm APx1.3cm
Abbreviated A Supraareolar region
transverse x 1.6cm CC
Case 12 1st lesion-1.2cm
) 1st lesion-Left UIQ APx1.2cm transverse X
Abbreviated B )
2nd lesion-3o'clock 1.3cm CC
2nd lesion-5x4mm
Full Right UOQ 0.9cm x0.7cm
] ) 0.9cm AP x0.9cm trans
Abbreviated A Right UOQ
Case 13 x 0.8cm CC
) ) 1.4cm AP x1.3cm trans
Abbreviated B Right UOQ
x1.4cm CC
Full Left UOQ 1.2cm x 1.4cm
1st lesion (posterior)-
1.0cm APx1.6cm
) transverse x 1.1cm CC
Abbreviated A Both Left UOQ ] ]
2nd lesion (anterior) -
Case 16

0.4cm AP x0.5cm

transverse x 0.5cm CC

Abbreviated B

Both Left UOQ

1st lesion-1.0cm
APx1.4cm transverse X
1.5cm CC
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2nd lesion-0.4cm

x0.6cm

Full

Right LOQ (8/9 o clock)

2.6cm AP, 1.4cm

transverse, 1.5 cm CC

Abbreviated A

Lateral retroareolar

2.8cm AP x1.1cm

transverse x 1.7cm CC

1st lesion-3.3cm AP

Case 17
x1.8cm transverse x
] 1st lesion- Right LOQ 1.4cm CC
Abbreviated B ] ) )
2nd lesion- Right UOQ 2nd lesion- 1 cm AP x1
cm transverse X 1 cm
CcC
) 4.2cm AP, 1.5cm
Full Right UOQ (2/3 o’clock)
transverse, 2.3cm CC
] ) 2.9cm AP, 1.9 cm
Case 20 | Abbreviated A Right UOQ
transverse, 2.4cm CC
_ Right UOQ extending to 4.5cm AP, 2.1 cm
Abbreviated B )
surpaareolar region transverse, 3.4cm CC
Full Supraareolar region 1.3cm x 0.8cm
] ] 0.9cm AP, 0.9 cm
Abbreviated A Supraareolar region
Case 21 transverse, 1.0cm CC
) ] 0.9cm AP, 0.5cm
Abbreviated B | 120'clock / supraareolar region
transverse, 0.8cm CC
Full Right UIQ 3.5cm x 1.8cm
] ] 3.6cm AP, 1.9 cm
Abbreviated A Right UIQ
Case 23 transverse, 2.2cm CC
) ) 5.6cm AP, 2.0 cm
Abbreviated B Right UIQ
transverse, 2.6cm CC
) 4.4cm APx 3.1 cm
Full Right UOQ
transverse x 2.8 cm CC
Case 24
_ ) 1.3m AP, 0.8 cm
Abbreviated A Right UOQ

transverse, 1.1 cm CC
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Abbreviated B

Right UOQ

2.0m AP, 1.3 cm
transverse, 1.2cm CC

1st lesion -1.2cm x

- 1st lesion - Right UIQ 0.8cm
u
2nd lesion- Right UOQ 2nd lesion- 1.2cm X
1.0cm
1st lesion -1.0 cm AP x
] ) 1.2 cm transverse X
1st lesion -Right
_ 1.2cm CC
Abbreviated A ulQ

2nd lesion- 1.0cm AP x

Case 26 2nd lesion- 9o'clock
1.4cm transverse X
0.8mm CC
1st lesion -1.4 cm AP X
) ) 0.9cm transverse x
1st lesion -Right U1Q
) ) ) 1.6cm CC
Abbreviated B 2nd lesion- 9o'clock/ Right )
2nd lesion- 1.4cm AP X
uoQ
1.0cm transverse x
0.8mm CC
Full Retroareolar region 1.4cm x 1.0cm
) . 1.1cm AP x 1.1cm
Abbreviated A Retroareolar region
Case 29 transverse x 1.0cm CC
) ) 1.2 cm AP x 1cm
Abbreviated B Retroareolar region
transverse x 1.5cm CC
. Supraareolar and retroareolar r | 4.8 AP x 7.4 transverse
u
region x55CC
) ) 4.2 AP x 4.4 transverse
Case 33 | Abbreviated A Retroareolar region
x4.6 CC
) ) 3.2 AP X 6.4 transverse
Abbreviated B Retroareolar region
x4.2 CC
) ) 1.2cm AP x0.8cm
Full Axillary tail
transverse x 1.1cm CC
Case 34
_ ) ) 0.9cm AP x 0.7 cm
Abbreviated A Axillary tail

transverse X 0.9cm CC
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1.0cm AP x 1.0 cm

Abbreviated B Left UOQ
transverse x 1.3cm CC
Full Right UOQ 0.6cm x 0.4cm
] ] 1.1cm AP x0.5cm
Abbreviated A Right UOQ
Case 35 transverse x 0.7cm CC
] ] 1.1cm AP x0.5cm
Abbreviated B Right UOQ

transverse x 0.8cm CC
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