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Abstract

Aims: Early detection of breast cancer through screening mammography has been credited
with 20 — 40% reduction in mortality from the disease. However, screening mammography
misses some cancers and some women who have no cancer are thought to have cancer because
of suspicious features identified on their mammograms. Strategies that improve the early
detection of breast cancer without increasing the number of women incorrectly recalled for
additional testing may improve and expand screening services. Previous screening
mammograms provide an important baseline to assess whether abnormal features identified in
screening mammograms from the current screening round are benign or represent malignancy.
The few previous studies that have investigated the influence on prior mammograms on the
efficacy of screening mammography interpretation were mostly based on film-screen
technology, used older observer performance methodologies and did not examine factors that
may confound the effect of prior mammograms on performance, and involved radiologists.
Radiographers are also increasingly participating in mammography image interpretation, but

the influence of prior mammograms on their diagnostic efficacy has not been explored.

This thesis addresses these limitations to provide informed knowledge of the influence of prior
mammograms on the efficacy of screening mammography interpretation. First, it scopes the
literature to examine the impact that previous mammograms had on diagnostic performance.
Thereafter, three original studies that examined the impact of prior mammograms to
radiologists, radiographers, and the interpretation of digital breast tomosynthesis (DBT) were
conducted. The first study established the impact that access to prior mammograms had on
accurate interpretation of screening mammograms and the characteristics of radiologists and
breast compositions that benefit from prior mammograms. The second extended the

methodology to radiographers and established the impact of providing access to the previous




screening mammograms on the interpretation of the current screening round by breast imaging
radiographers. The third study examined the impact of prior digital mammograms on the

detection and classification of different breast cancer lesion types.

Methods: The three original studies were conducted in three phases using cases from the
BreastScreen Reader Assessment Strategy (BREAST) platform. In the first phase, eight
radiologists independently interpreted 72 screening mammography cases containing 32 cancer
cases in two reading sessions using the Royal Australian and New Zealand College of
Radiologists’ (RANZCR) classification: 1 (normal); 2 (benign); 3 (indeterminate); 4
(suspicious); 5 (highly suspicious). In the first reading session the current screening
mammograms and the mammograms of these women acquired 2 to 4 years prior were
available. In the second reading session the radiologists interpreted the same 72 cases using
only the current mammograms of these women. A Paired T-Test was used to compare
performance in terms of false positives, specificity, sensitivity, lesion sensitivity, Receiver
Operating Characteristics (ROC) Curve, and Jacknife Alternative Free-Response Receiver
Operating Characteristics (JAFROC) scores with and without prior mammograms.
Independent sample T-test was used to compare the performance of groups of readers with
different characteristics and the impact that breast density had on performance when prior
mammograms were available. A relative risk analysis (RR) analysis was also performed to
assess the probability of false positive and false negative outcomes when prior mammograms

were available.

In the second phase, 13 radiographers interpreted two sets (“Prior” and “No prior”) of
mammography cases of the same 28 women containing nine cancer cases. The first reading
session involved the interpretation of the “No prior test-set” (no previous mammograms

available) while second readings session involved the interpretation of the “Prior test-set”




(mammograms from the most recent screening round and the previous mammograms of these
women). The performance of these radiographers with and without prior mammograms were
compared using metrics such as false positives, specificity, sensitivity, lesion sensitivity,
Receiver Operating Characteristics (ROC) Curve, and Jacknife Alternative Free-Response

Receiver Operating Characteristics (JAFROC).

The third phase involved the secondary analysis of the radiologists/breast physicians’ data
collected in the first and second phases of the project. For this phase, the marks assigned to all
the lesions detected in first and second phases (spiculated lesion, discrete mass, calcification,
non-specific density, architectural distortion, or stellate lesion) were analysed. Performance
analysis in each of the test sets used in both phases was conducted for each lesion type.
Performance analyses for each lesion type were conducted separately for radiologists/breast
physicians and radiographers. For each of these phases, the performance of the readers for each
lesion type when prior mammograms were available were compared to the performance of the
same cohort of readers when prior mammograms were not available. Statistical significance

was defined as p < 0.05.

Results: In the first phase involving radiologists, access to prior mammograms improved
specificity in dense and non-dense breasts (p<0.01) and reduced false positives (p=0.01) but
had no effect on sensitivity (p=0.37), lesion sensitivity (p=0.67), ROC (p=0.16), and JAFROC
(p=0.24). Access to prior mammogram also reduced the probability of false positives
(RR=0.38; 95%CI:0.26-0.57; p<0.0001) without affecting the false negative rate (RR=1.14;
95%CI:0.88-1.49; p=0.30). The impact of prior mammograms on performance was not

influenced by breast density or radiologists’ characteristics.




In the second phase involving radiographers, specificity [81(range:58-95) vs. 60(range:37-79);
p=0.002], ROC [91(range:80-99) vs. 82 (range:57-91); p=0.003], and JAFROC 87(range:73-
99) vs. 79 (range:52-91); p=0.01] were higher when radiographers read with prior
mammograms. False positives (p=0.002) were reduced when prior mammograms were
available. No differences were observed between readings with and without prior
mammograms in terms of sensitivity (p=0.70) and lesion sensitivity (p=0.82). Years qualified
as a radiographer did not modify the influence of prior mammograms on specificity, ROC, and
false positives. Years specialised as breast imaging radiographers slightly modified the
influence of prior mammograms in radiographers with >25 years of experience but not those

with <25 years of experience as breast imaging radiographers.

In the third phase, no differences were observed in radiologists’ sensitivity when reading
occurred with compared to without prior mammograms for architectural distortions (p=0.48),
calcifications (p=0.85), discrete masses (p=0.45), and non-specific density (p=0.22). However,
prior mammograms improved the classification of spiculated and stellate lesions (p=0.05).
Specificity was significantly higher when prior mammograms were available (p<0.01 for all).
No differences were observed in lesion sensitivity for all lesion types (p>0.16). Diagnostic
accuracy did not differ between reading with and without prior mammograms when
calcifications, discrete masses, spiculated and stellate lesions, and non-specific density lesions
were examined independently (p>0.16). However, the availability of prior mammograms
significantly improved diagnostic accuracy for architectural distortions (p=0.006). When the
assessments of radiographers were considered, no differences were observed in sensitivity and
lesion sensitivity with compared to without prior mammograms for all lesion types (p>0.05 for

all). However, overall accuracy, which represents performance in correctly identifying the




presence or absence of each lesion type was significantly higher (p<0.002) when prior

mammograms were available to the radiographers

Conclusion: Access to prior mammograms improves the ability to discriminate between
normal and abnormal mammograms and reduce false positive decisions without affecting the
detection of breast cancer, regardless of the characteristics of the mammogram reader and
breast density. Prior mammograms improve the detection of spiculated lesions but not the
detection of other breast lesion types. Therefore, strategies to store, access and understand the
cognitive effects of reference to previous screening mammograms is a useful strategy to

improve performance in mammography interpretation and reduce false positive rates.




Preface

Breast cancer is the most common cancer and the leading cause of deaths in women worldwide.
The establishment of screening programs to facilitate early detection of breast cancer has been
credited with reduction in deaths from the disease. However, the interpretation of screening
mammograms can be challenging and lead to about 30% of breast cancer not detected early or
a significant proportion of women participating in screening mammography wrongly adjudged
to have breast cancer. These challenges have necessitated the need for strategies to improve
early detection while simultaneously reducing the number of women incorrectly recalled for
additional assessment because of suspicious findings in their mammograms.

This thesis presents the outcomes of three original pieces of research that investigated the
influence of prior mammograms of women participating in breast cancer screening on the
accuracy of interpretation of mammograms and detection of different lesion types by
radiologists and breast radiographers. It also highlights the impact that breast density and the
practice-related characteristics of radiologists and breast radiographers have on the influence
of prior mammograms on diagnostic efficacy. The findings highlight the relevance of prior
screening examinations in improving the interpretation of women whose mammograms do not
contain cancer thereby reducing the number of women incorrectly called back for additional
testing. The outcomes have implications for policy and practice. First, the findings highlight
the need for screening programs to store prior mammograms for future reference and for the
establishment of national databases of screening mammograms to support one-stop breast
clinics and to account for population mobility across states. Second, the findings can be used
to support guidelines around the storage, retrieval, and reference to previous screening
mammography examination when interpreting mammograms from the current screening

round, and by extension, the relevance of previous imaging examinations in radiology.
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Glossary of terms

Rate

Abnormal Interpretation

The number of abnormal findings that require additional
follow-up or the number of mammograms with abnormal final

interpretation.

technique

Algebraic reconstruction

An iterative reconstruction technique used to reconstruct

radiological images from a series of angular projections.

Artificial Intelligence

A computer program or software that performs tasks requiring

human intelligence.

Benign

Harmless tumours.

Biopsy rate

The proportion of females had been recalled at screening and

had a biopsy test.

Breast Imaging

Quality assurance and risk assessment tool for reporting breast

Reporting and Data imaging examinations.

Systems

Breast density The proportion of the breast comprising of fibroglandular
relative to fatty tissues.

Breast physician Medical doctor who specialises in diagnosing and treating

breast diseases.

BreastScreen Australia

A joint initiative of the Australian and state and territory
governments that provide breast screening to Australian

women.

BREAST

Breastscreen REader Assessment STrategy
Educational self-assessment and training scheme for breast

screening readers in Australia

BreastScreen Australia
National Accreditation

Standards

Guidelines to evaluate and maintain the quality of care offered
to women participating in breast cancer screening in

BreastScreen Australia services.

Cancer detection rate

The number of cancers detected per 1000 women screened.

Cancer Institute New

South Wales

A New South Wales agency established to lessen the impact of

breast cancer in New South Wales.

Dense breast

Breast composed of high fibroglandular tissue relative to fat.
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Continuous Professional

Development

Learning activities that build practical job applicable skills

used to maintain professional certification.

Craniocaudal

A standard projection used in mammography where the X-ray

tube is above the breast with the detector underneath the breast.

Current mammograms

Mammograms obtained in the most recent screening round.

Detective quantum

The efficiency of an imaging detector to convert X-ray energy

efficiency into a usable signal.
Digital breast A type of mammographic equipment that uses low-dose X-rays
tomosynthesis to produce pseudo three-dimensional images of the breast.

Digital mammography

A type of mammographic equipment that uses electronic

detectors to covert X-rays into digital images of the breast.

False negatives

The number of cases with cancer or positive cases that were

incorrectly reported as negative.

False positives

The number of negative cases that were incorrectly reported as

positive.

False positive rate

The proportion of negative cases that were incorrectly reported

as positive.

Filtered back projection

A reconstruction technique that uses a convolution filter to

remove blurring in radiological images.

Iterative reconstruction

Reconstruction techniques that use iterative algorithms that
compare real-time values to assumed images and continuously

adjust until both images are in concordance.

Jacknife Alternative
Free-Response Receiver

Operating Characteristics

A measure of performance in localising a lesion and
simultaneously rating the level of malignancy vs identifying

correct normal cases.

Laboratory effect

Changes in observer behaviour due to observer expectation and

knowledge that they are being tested.

Lesion localised fraction

Fraction of lesions whose exact location within the breast are

correctly established.
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Lesion sensitivity

The number of cancer lesions correctly localised divided by the
total number of lesions in the test-set or population whose

mammograms are interpreted.

Local health districts
(LHD)

Entities responsible for managing public hospitals and

healthcare services.

Location receiver

operating characteristic

A performance measure that quantifies readers ability to detect

and locate an abnormality on the mammogram.

curve

Malignant Cancer lesions that have potential to spread and invade
surrounding tissues.

Mammography Quality | A framework for assessing the quality mammography

Assurance Program

screening services to ensure that they meet the required

standard.

Mammography  quality

standard act

An Act enacted by the United States congress to regulate the

quality of care in mammography.

Mediolateral oblique

A standard projection used in mammography where the X-ray
tube captures breast images from the medial aspect of the

breast with the detector on the lateral part of the breast.

National Health Service
Breast Screening

Programme

A national breast cancer screening programme for early

detection of breast cancer.

National Safety and
Quality Medical Imaging
(NSQMI) Standards

The Australian National Safety and quality standards for
imaging providers to protect the public from radiation harm

and improve medical image service quality.

Non-dense breast

Breasts comprising mostly of fatty tissue.

“No Prior test-set”

Test-set comprising only mammograms from the most recent

screening round.

PERsonal PerFORmance
in Mammographic

Screening

Educational self-assessment and training scheme for breast

screening readers in the United Kingdom.

Positive predictive value

The proportions of positive results that are true positive.
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Picture archival and

communication system

Software imaging technology for storing, retrieving, and

sharing medical images securely.

Prior test-set

Test-set comprising both mammograms from the most recent

and previous screening rounds.

Prior mammograms

Mammograms from the previous screening rounds

Radiographer Healthcare personnel who use radiological equipment to
acquires radiological images.

Radiologist A medical practitioner who interprets radiological images

Royal Australian and A professional organisation for the promotion of the science

New Zealand College of | and practice of the medical specialties of clinical radiology

Radiologists (diagnostic and interventional radiology) and radiation

oncology in Australia and New Zealand.

Recall rate

The rate of females recalled for follow-up imaging due to

suspicious of cancer.

Receiver Operating

Characteristics Curve

A measure of performance in correctly classifying normal and

abnormal cases

Region of interest figure

of merit (ROI FOM)

The empirical probability that a cancer containing region of

interest is rated higher than a normal region of interest

Relative risk

A statistical test that compares the probability of an event
occurring in an exposed relative to an unexposed group to test

the strength of the association between exposure and outcome.

Sensitivity

The rate of true-positive (cancer) cases that were correctly

identified

Simultaneous algebraic

reconstruction technique

An iterative reconstruction technique used to reconstruct

radiological images when projection data is limited.

Simultaneous iterative

reconstruction technique

A technique that reconstructs images by comparing real-time
values to assumed images and continuously adjust the image
estimate by iteratively minimising the difference between the

measured and estimated projections.

Satisfaction of search

premature termination of search due to identification and

incorrect classification of features that mimic breast cancer
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Specificity The rate of true-negative (normal) cases that were correctly

identified.

Surveillance, An American National Cancer Institute that collects published

Epidemiology, and End | data on cancer incidence, survival, and mortality from various

Results population-based cancer registries across the United States of
America.
True positive The number of cases with cancer that were correctly classified

as positive.

True negative The number of cases with no cancer that were correctly

classified as negative.

World Health An agency for the United Nations that coordinates response to

Organisation internal public health issues and emergencies.

25




List of abbreviations

ART Algebraic Reconstruction Technique
ACS American Cancer Society

a-Se amorphous Selenium

a-Si amorphous Silicon

Al Artificial Intelligence

BI-RADS Breast Imaging Reporting and Data Systems
BRCA Breast Cancer

BREAST BreastScreen Reader Assessment STrategy
BD Breast density

BSA BreastScreen Australia

NAS National Accreditation Standards
CDR Cancer detection rate

CINSW Cancer Institute New South Wales
CPD Continuous Professional Development
CC Craniocaudal

DQE Detective Quantum Efficiency

DBT Digital Breast Tomosynthesis

DM Digital Mammography

EUSOBI European Society of Breast Imaging
FN False Negatives

FP False Positives
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FPR False Positive Rate

FBP Filtered Back Projection

IARC Internation Agency for Research in Cancer

IR Iterative Reconstruction

JAFROC Jacknife Alternative Free-Response Receiver Operating
Characteristics

FOM Figure-of-Merit

LLF Lesion Localised Fraction

LHDs Local health districts

LROC location receiver operating characteristic curve

L.Sen Lesion sensitivity

MQAP Mammographic Quality Assurance Program

MQSA mammography Quality Standard Act

MLO Mediolateral oblique

Mo-Rh Molybdenum-Rhodium

MIOPeG Medical Image Optimisation and Perception Group

MRI Magnetic Resonance Imaging

NHBSP National Health Service Breast Screening Programme

NSQMI National Safety and Quality Medical Imaging Standards

PERFORMS PERsonal PerFORmance in Mammographic Screening

PACS picture archival and communication system

RANZCR Royal Australian And New Zealand College of Radiologists

RR Recall Rate

ROC Curve Receiver Operating Characteristic Curve
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AUC Area Under the Curve

ROI Region of interest

RR Relative risk

Rh-Rh Rhodium-Rhodium

RTP Research Training Program

SART Simultaneous Algebraic Reconstruction Technique
SIRT Simultaneous Iterative Reconstruction Technique
SOS Satisfaction Of Search

SEER Surveillance, Epidemiology, and End Results

TP True positive

TN True negative

UK United Kingdom

USA United States of America

WHO World Health Organisation

W-Rh Tungsten-Rhodium
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CHAPTER 1

INTRODUCTION

Breast cancer and screening mammography

Cancer is a global health challenge. The World Health Organisation (WHO) 2023 statistics
ranked cancer as the top causal factor for deaths worldwide. Estimates indicate that 1 in 6
deaths worldwide is caused by cancer, and deaths are more common in patients with advanced
stage cancer (1, 2). Cancer represents growth of abnormal cells in tissues and organs, with
potential to spread beyond their boundaries and alter the body’s physiological function. The
International Agency for Research on Cancer (IARC) believe that cancer occurs because of the
interaction between genetic signatures and physical, biological, and chemical carcinogens (3).
Examples of physical carcinogens include ionising radiation from radon and medical imaging,
and ultraviolet rays (4-6). Common chemical carcinogens include alcohol, asbestos, tobacco
smoke, and substances that can be found in food (aflatoxin) and water (arsenic) (5, 7, 8).
Genetic and lifestyle factors also increase the risk of cancer and account for the population and
geographical variation in cancer incidence (5, 9, 10). For example, alcohol consumption,
tobacco smoking, physical inactivity, and dieting are leading risk factors for cancer in the
United States, Australia, and Europe (9, 10). In developing low-resource countries, chronic
viral infections have been identified as the major determinants of cancer (11). The age-
standardised incidence of cancer varies from 452.4 cases per 100,000 people in Australia to
40.4 cases per 100,000 people in Niger Republic (12). Cancer estimates from low-resource
countries such as Niger Republic and the Gambia may not necessarily represent the number of
cases per 100,000 population due to the absence of tailored screening programs (12).

Conversely, cancer mortality rates are lower in developed countries with established screening
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programs and higher in resource-poor countries. Prior to 2020, lung cancer was considered the
most common cancer and leading cause of cancer deaths (1). However, recent data show that
there are2.26 million new cases compared to 2.21 and 1.93 million new cases of lung and
colorectal cancers respectively (1).

Breast cancer is a significant global health issue, representing 12.5% of new cases of cancer
annually and 25.8% of new cases of female cancers (13, 14). However, like all cancers, the
incidence rates vary across the world. The age-standardised rates of breast cancer vary from
113.2 per 100,000 population to 17.4 per 100,000 population (15). The top five countries with
the highest cancer rates are Belgium, The Netherlands, Luxemburg, France, and France New
Caledonia. Lower cancer rates have been reported for low-income countries such as Niger
Republic and The Gambia. In 2020, it was estimated that there were 685,000 deaths globally
from breast cancer (15, 16). Australia ranks 7™ globally in the age-standardised breast cancer
incidence chart, with 96.0 new cases per 100,000 population. Estimated cancer rate for
Australian women was 20,428 in 2022, representing 12.7% of all cancers, and 3,214 Australian
women were estimated to die from breast cancer (17). Fortunately, the 5-year survival rate of
breast cancer has improved, and the death rates have reduced considerably (15, 18, 19). For
example, 92 out of 100 women diagnosed with breast cancer survive for at least five years.
Factors such as better awareness of risk factors and prevention strategies, early detection, and
better therapeutic interventions have been credited with improved survival from breast cancer

(20-22).

The effectiveness of treatment interventions depends on the stage at which the cancer is
detected. The Surveillance, Epidemiology, and End Results (SEER) evidence demonstrate that
localised breast cancer had the highest 5-year survival rate (99%). Regional disease has a 5-

year survival rate of 86%, with the survival rate dropping drastically to 30% for cancers with
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distant metastasis (23). The SEER evidence may explain the geographical and population
variation in breast cancer survival and mortality rates, particularly between high- and low-
income countries (23, 24). For example, countries with established screening programs such as
Australia, USA, and many European countries can detect many breast cancers at early stages
where treatment is more likely to be successful. Underserved countries such as those in Sub-
Sahara Africa and South Asia demonstrate lower cancer incidence but high mortality rates due
to the lack of screening programs (23, 25). Therefore, early detection is key to reducing deaths
from the disease.

To ensure early detection and treatment of breast cancer, many high-income countries
including Australia, USA, and European countries such as Netherlands and Denmark have
established organised breast cancer screening programs (26-28). Mammography is the standard
imaging tool for breast cancer screening, with digital breast tomosynthesis (DBT) also
becoming more common in the last 5 years. The objective of screening mammography is to
detect small-sized localised breast cancers in asymptomatic women. To achieve this objective,
breast cancer screening programmes undertake five major tasks: 1) provide education and
awareness about breast cancer and the relevance of early detection, and inviting eligible women
for free breast screening; 2) provide easily accessible screening facilities including mobile
screening vans to increase uptake of the screening service; 3) training and continuous
professional development for radiographers and radiologists to improve their competence in
acquiring and interpreting the screening images. Screening programs also undertake quality
assurance and quality control audits to improve the effectiveness of screening the program; 5)
Provide a medical image reporting system to ensure that women whose mammograms show
features suggestive of breast cancer are appropriately recalled to assessment clinics and

assessed. Thus, breast screening programmes play a crucial role in reducing mortality from
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breast cancer from increasing women’s uptake of screening practices to early detection through

to assessment of women whose mammograms show features of breast cancer.

Age is the major eligibility criterion for invitation to participate in breast screening. However,
the age recommendation for screening varies across international screening services. For
example, the European Commission Initiative for Breast Cancer Screening and Diagnosis
recommends the screening of women aged 45 to 74 years every two or three years (29). The
Australian and US breast cancer screening programmes target women aged 50 to 74 years every
two years (30, 31). It should be noted that the age criterion is for women at average risk of
developing breast cancer. These include women with no personal or strong family history of
breast cancer, not exposed to ionising radiation before the age of 30 years, and those with no
breast cancer (BRCA) gene mutations. Women with these risk factors are at higher-than-
average risk of breast cancer. The American Cancer Society (ACS) recommends optional
annual screening digital mammogram for women aged 40 — 44 years and for women aged 45
— 54 years to get annual screening mammograms. The ACS also recommend biennial screening
mammography for women aged 55 years and older (32, 33). Furthermore, the ACS
recommends breast magnetic resonance imaging (MRI) for women with 20% or higher risk of
breast cancer (33). It is important to note that while digital mammography (DM) is the
recommended tool for breast cancer screening, particularly in women at average risk of breast
cancer, missed cancer rates can be as high as 30% for some cases (34, 35). Consequently, DBT
with advances in capturing multiple slices of the breast from different angles has been
introduced for better assessment of lesion morphology. DBT is mostly used as an adjunct to
mammography and assessment tool, but some practices in the USA have implemented this
modality as a primary screening tool. Recently, the European Society of Breast Imaging

(EUSOBI) recommended breast MRI for women with extremely dense breasts to detect cancers
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that may have been missed on mammograms (36). In Australia, DM is still the preferred
screening tool regardless of a woman’s risk factor or breast density, but some practices use
both DM and DBT. These two X-ray-based breast imaging tools have evolved since their

introduction into the clinical setting and are discussed below.

Mammography: historical overview

The discovery of X-rays in 1895 provided opportunities to create images of the human tissue
for screening and diagnostic purposes (37). The application of X-rays for breast imaging was
first explored using mastectomies in 1913, where it was found to be useful for detecting breast
calcifications and distinguishing between benign and malignant lesions (38). About 17 years
later, general X-ray equipment was used to acquire images of actual women’s breast and
correctly detected cancer in 93% of these women (39). This led to the development of the first
dedicated equipment for breast imaging by Gershon-Cohen in 1937 (40, 41).

Mammography uses low energy X-ray photons to acquire images of the breast. Photon energies
used in mammography vary depending on the material used as the target-filter of the
mammography X-ray tube. These energies are typically between 17.5 and 19.6 keV for
Molybdenum (Mo) targets and 20.2 and 22.7 keV for Rhodium (Rh) targets (41). However,
images produced by the mammographic system developed in 1937 were of poor quality and
research into ways to optimise image quality began shortly thereafter (40). In 1950, it was
discovered that compressing the breast reduced superimposition of breast tissue and improved
image quality. Consequently, a breast compression technique was developed by Raul Leborgne
(42, 43), which enabled the early clinical trials of mammography equipment as a breast cancer

screening tool in 1956. However, it was until 1966 that mammography became widely used as
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a breast cancer screening tool following a large-scale randomised controlled trial (44), which
showed that screening mammography reduce mortality and improved treatment outcomes.

Early mammographic systems were based on non-screen technology (X-ray film and non-
screen cassette), but this was replaced in 1967 with screen-film systems (45). The acquisition
technology of screen-film systems involved an X-ray film enclosed within a cassette containing
an intensifying screen and the X-ray equipment. When the breast is exposed to radiation, the
X-ray photons are converted to light by the intensifying screen, creating a latent image on the
X-ray film. The film is then passed through a developer solution to convert the silver bromide
in the emulsion layer of the film to metallic silver. The developer creates different degrees of
opacities on the X-ray film depending on the attenuating properties of the tissues traversed by
the X-ray photons. Once the film is developed, it is then rinsed and passed through - a fixing
solution to remove the excess silver halide and permanently fix the image to the film. The final
processing step involves the washing and drying of the film before it can be interpreted by
radiologists. With film-screen technology, optical density and contrast on the film are
influenced by the amount of radiation exposure and processing (45). Studies have shown that
screen-film mammography has low contrast resolution (which limit the visibility of image
details), narrow dynamic range (exposure latitude), higher image noise, and is susceptible to
film processing artifacts (46). The quality of the film-screen mammograms is further limited
by exposure and processing parameters. To overcome these limitations, film-screen technology
has been replaced with digital systems in many developed countries since the early 2000s and
evidence shows that digital mammography (DM) detected more cancers than screen-film

systems (47, 48).
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Digital mammography (DM)

DM has become the frontline imaging tool for breast cancer screening in countries with
organised screening programmes. In DM systems, the acquisition and display components are
separate (Figure 1), and the images produced are stored in a picture archival and
communication system (PACS). The acquisition system comprises of the X-ray tube and a
detector usually linked to each other (49, 50). DM uses a motionless X-ray tube to obtain
images of the breast. Technological innovations in the DM tube development have led to the
combination of different target-filter materials by manufacturers: target/filter combinations
(including Rh-Rh and W-Rh) (49, 50). These dual target materials allow for the energy of the
X-ray beam used in DM to be optimised for different breast compositions. Current dual target
systems with higher atomic numbers provide a harder X-ray beam, resulting in reduced image
contrast. Similarly, digital detectors with higher detective quantum efficiency (DQE) are used
in DM to balance image noise and spatial resolution. Available detector systems include flat-
panel systems such as Charge-Couple Device, Scintillator/amorphous Silicon (a-Si),
amorphous Selenium (a-Se), and Computed Radiography digital mammography systems (49).
These detectors have a wide dynamic range in the region of ~1000:1, significantly higher than
the latitude of screen-film mammography (40:1), allowing for post-processing to improve

image quality (49, 50).
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Figure 1: Digital mammography system configuration

Image formation in DM involves two processes: sampling and quantisation. When the X-ray
photons emitted from the X-ray tube interact with the breast, their energy is attenuated
(intensity is reduced) due to absorption and scattering. The transmitted photons are detected by
the detector and converted to signal or light photons depending on whether the detector is a
direct or indirect conversion system. The signal is sampled so that the information contained
in the spatial signal is representative of the breast tissue traversed. The signal is then amplified
and quantised (digitisation of the signal), allowing the information to be stored as picture
elements (Pixel) and displayed as shades of Gray (bits of intensities) (50). Thus, the spatial
resolution of DM images depends on the number of pixels per unit length of the image, while

the intensity resolution and contrast are influenced by the bit dept (the number of bits per pixel).

Opportunities available in DM to change the signal sampling rate and the quantisation level

allow post-processing of DM images to improve quality. Different image post-processing
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techniques can be applied to digital mammograms to improve visualisation of anatomical
details and the detection of breast cancer. These technological improvements have helped to
overcome some of the limitations encountered in screen-film mammography. However,
because the X-ray tube and imaging plate are stationary during screening, breast tissues along
the path of the X-ray beam superimpose each other in the mammographic image produced.
Also, anatomical information in the digital image represents the average of pixel information
across the full thickness of the breast (50, 51). Solid cancers and calcifications have higher
attenuation coefficient than normal breast tissue and appear brighter than both fibroglandular
and fatty tissue. This attenuation differences allow radiologists to detect breast cancers in
mammograms; however, some cancers have similar or low attenuation properties to
fibroglandular tissue and may become invisible if contained within these tissues. The overlay
of breast tissue and averaging of pixel information in two-dimensional images digital
mammography cause anatomical noise, which may conceal cancer lesions (35, 52); these two
phenomena limit the ability of digital mammography to detect cancer, particularly in women
with dense breasts. To overcomes these challenges, imaging tools capable of producing three-
dimensional images such as digital breast tomosynthesis were proposed to supplement

mammography.

Digital breast tomosynthesis

Tomographic imaging was first proposed in the early 1930s (53, 54); however, it was not until
the 1990s that tomosynthesis equipment was developed for breast imaging (54). Digital breast
tomosynthesis (DBT), is an incomplete-angle tomographic X-ray imaging technology
developed to reduce the superposition of breast tissue on X-ray images. DBT uses a rotating
X-ray tube to obtain pseudo three-dimensional images of the compressed breast. During image

acquisition, the X-ray tube undertakes angular rotations forming an arc-shaped motion across
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the breast. During these angular rotations, multiple projection images of the breast are acquired
at different depths across the breast (55, 56). While the principle of image formation is similar,
the degree of X-ray tube motion, acquisition method, acquisition geometry, scan duration,
number of projections, detector technology, and reconstruction algorithms vary across
manufacturers. The acquisition of pseudo three-dimensional images is illustrated in Figure 2.
In Figure 2a, tissues across the full thickness of the breast overlap at the center (see view 2).
As the X-ray tube moves across the breast, these tissues are separated geometrically
proportional to the shift of the tube angle (views 1 and 3). The tube movement ensures that
projection images were acquired at different angles of the breast allowing tissues at different
depths to be viewed separately in the reconstructed images (Figure 2B). The wider the range

of tube motion, the better the tomographic information and separation of breast tissue (56)

Views

Figure 2: Principles of image acquisition in digital breast tomosynthesis showing image
acquisition and separation of breast tissues as the X-ray tube moves through the compressed

breast (Figure 2A) and how the acquired images are displayed (Figure 2 B).
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All the projection images acquired from different breast depths are combined during image
reconstruction. Reconstruction algorithms vary across vendors and include filtered back
projection (FBP) and iterative reconstruction (IR) techniques such as simultaneous iterative
reconstruction technique (SIRT), algebraic reconstruction technique (ART), and simultaneous
algebraic reconstruction technique (SART) (57, 58). The reconstruction algorithms produce
thin slices across different breast depths (Figure 2¢). Breast tissues within the projected plane
(in-focus) are enhanced to produce image slices while tissues which are not in the projected
plane (out-of-focus) are blurred. Most of the algorithms produce in-focus slices of 1mm
thickness at Imm intervals; however, the slice thickness may vary between 0.5 — 1lmm
depending on the manufacturer (55, 56). The acquisition of multiple image slices allows breast
images acquired by DBT to be viewed like the leaflet of a notebook. Thus, radiologists scroll
through a stack of images to visualise different layers of the breast during image interpretation.
This slice-by-slice assessment of breast tissue helps to overcome the challenges of tissue
overlap and improves the visualisation of breast anatomy, and the detection and discrimination
of breast lesions in dense breasts. Once the DBT acquisition creates the three-dimensional
dataset, these can be projected onto a two-dimensional plane to generate two-dimensional
images like digital mammography images (56, 59) These synthetic two-dimensional images
such as C-view by Hologic, are generated without additional exposure to radiation. These
synthetic images demonstrate better contrast and lesion conspicuity but have higher noise and
lower resolution relative to DM images (60). DBT was initially used as an adjunct to digital
mammography; however, due to newer systems synthesising two-dimensional images from the
DBT acquisition and additional benefits of this technology, some screening services in Europe
and the USA have recently implemented DBT as a screening tool (61, 62). In Australia, DBT

is mostly used as an adjunct to digital mammography and for the assessment of women recalled
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at screening. Therefore, it is important that Australian studies assessing the impact of prior
mammograms on performance in Australia focus on the technology currently used in the

Australian breast cancer screening service.

Breast cancer screening and image presentation

As described previously, in countries with organised screening programmes, eligible women
are invited to undergo screening mammography at set intervals (30, 31). Screening
mammography involves the mammographic imaging of breasts of asymptomatic women. The
woman to be screened is positioned in front of the mammography equipment with the breast
being screened placed between the compression plates. Thereafter, compression is applied to
spread the breast tissue over the detector and reduce tissue superimposition. Compression
improves the quality of the image and enhances the edges of the breast on the image. Usually,
two standard projections of each breast are taken: craniocaudal (CC) view, where the X-ray
tube is position above the breast with the detector under it. To optimise the CC view, the
external portion of the breast is often rotated laterally to demonstrate the posterior edge of the
pectoral muscle, retromammary space, and the nipple in profile. For the Mediolateral oblique
view (MLO), the patient is positioned to face the mammography equipment with arm on the
side being imaged moved away from the body. The breast is uniformly compressed to reduce
skinfolds around the axilla. The X-ray tube and detector are rotated so that they are both at 45°
to the breast, albeit the angle can vary between 40° and 60° depending on the woman’s

condition (Figure 3).
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Figure 3: Illustration of patient positioning for the craniocaudal and mediolateral oblique

views.

The mammograms acquired are displayed on digital monitors for interpretation under
optimised ambient lighting conditions usually between 12-40 lux. The mammography quality
standard act (MQSA) and other quality guidelines recommended that the mammograms should
be displayed on a primary monitor with at least 5-megapixel resolution (63). Screening
programmes require women participating in screening to re-attend screening every 1-3 years
depending on the country’s screening practices. This practice ensures that women have
mammograms from many screening rounds, allowing radiologists access to prior
mammograms of many women participating in breast cancer screening. With the digitisation
of the screening process, it has become possible to display the prior mammograms of these
women together with mammograms or DBT images from the current screening round. The
simultaneous display of current and prior mammograms is to allow assessment of changes in

the breast over time that may indicate malignancy (Figure 4). However, the large data size and
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volume of digital images produced require large space for storage. Limited storage space
sometimes challenges the storage, retrieval, and display of prior images alongside the current
mammograms. It should also be noted that not all women have prior mammograms, and some
women will have prior screening rounds from other geographical areas (such as across states,
nations or have been imaged in private clinics). Therefore, not all women have screening
mammograms from the current and previous rounds displayed simultaneously. There is
contention around the relevance of prior mammograms to the outcomes of screening

programmes (64). This thesis will address some of these issues.

Figure 4: Current and prior mammograms displayed simultaneously.
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Interpretation of screening mammograms

The images produced by both DM and DBT are often reviewed by radiologists and other screen
readers (such as breast physicians in Australia, and advanced practice diagnostic radiographers
in the UK) to visualise and interpret the features displayed in the images. The visual screening
interpretation process involves search, perception, and evaluation of information perceived to
make a diagnostic decision (35, 65, 66). Radiology search refers to the process of
systematically scanning the different areas of the image to visualise and gather information
necessary for the detection of abnormalities in radiological images. Search patterns differ
between radiologists of different experience and workload characteristics (35, 65, 67). Non-
visualisation of malignant features in mammograms may be due to inadequate sampling of
mammograms (68) or premature termination of search due to identification and incorrect
classification of features that mimic breast cancer, an error often referred to as “satisfaction of
search (SOS)” (69, 70). Inadequate search and SOS have been estimated to be responsible for
42% of errors in the interpretation of screening mammograms (71, 72). Perception is the
recognition and understanding of the significance of features identified. It involves the
classification of the features as normal or abnormal, and understanding the severity of abnormal
image presentations. Failure to perceive abnormal features can lead to cancer being missed in
mammograms. Conversely, incorrect perception of normal image features may lead to false
positive diagnosis. Errors due to faulty perception contribute to 60-80% of errors in the
interpretation of radiological images (73-75). Diagnostic decision-making involves intuitive
and analytical thought processes of using the image features identified to make a diagnostic

decision.
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Different disease processes affect the breast including inflammation, cysts, hormone-related
breast discharge, and benign and malignant lesions (76, 77). Of these, breast malignancy is the
breast disease commonly responsible for most breast-related mortality and morbidity.
Therefore, the task of radiologists interpreting screening mammograms is to detect abnormal
findings related to breast cancer in women participating in breast cancer screening. Different
lexicons have been developed for the reporting of mammography findings. The most frequently
used lexicon is the American College of Radiologists’ Breast Imaging Reporting and Data
Systems (BI-RADS) atlas (78). BI-RADS classifies mammography findings into seven
assessment categories from 0 to 6 using criteria such as presence or absence of lesions in the
breast, size, borders, and density of lesions, calcifications, asymmetry, and distortions. These
categories are: BI-RADS 0 (findings are unclear); BI-RADS 1 (no lesion, breast tissue appear
normal); BI-RADS 2 (a lesion(s) is present but it is benign); BI-RADS 3 (lesion detected is
probably benign); BI-RADS 4A (lesion is suspicious cancer and has 2-9% chances of being
malignant); BI-RADS 4B (detected lesion has moderate chance of being cancerous 10— 49%);
BI-RADS 4C (detected lesion has 50-94% chance of being cancerous); BI-RADS 5 (detected
lesion has 95% or higher chance of being cancerous); BI-RADS 6 (lesion has been confirmed

to be cancerous using biopsy) (77).

As a process in BreastScreen Australia (BSA), the Australian national population breast
screening program, radiologists and breast physicians use the Royal Australian and New
Zealand College of Radiologists (RANZCR) classification scale, where mammography
findings are classified into one of five grades: Grade 1 (Normal); Grade 2 (Benign); Grade 3
(Indeterminate); Grade 4 (Suspicious of malignancy); Grade 5 (Highly suspicious of
malignancy) (79). These gradings systems are used to determine if a woman should be called

back for additional testing or pass through the normal biennial screening pathway. In the BI-
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RADS system, lesions rated BI-RADS 3 undergo short interval follow-up. However, in the
RANZCR system, lesions rated 3 are recalled for additional testing, which may involve
additional DM views such as magnified views, DBT, ultrasound, and/or biopsy (79). Also,
when findings from the current mammograms are unclear, additional imaging or comparison
with prior imaging is often needed to clarify ambiguities. The diagnosis of breast cancer in
current mammograms is made based on the identification of abnormal image features. Since
breast cancer cells divide and grow rapidly over time, they induce changes in mammograms
acquired at different screening rounds. Therefore, even without ambiguities, many screening
programmes simultaneously display mammograms from the current and previous screening
rounds to allow for comparison and identification of changes that may indicate the presence of

breast cancer (80, 81).

Traditionally, screening mammograms are reported by radiologists. However, there is a global
shortage of radiologists, and this issue has persisted to-date (82, 83). The shortage of breast
radiologists and the ratio of breast radiologists to women vary across the world. For example,
in Mexico, 260 breast radiologists have been identified as being involved in the reporting of
screening mammograms, resulting in a ratio of one breast radiologists to 60,000 women eligible
for mammography screening (84, 85). In the United Kingdom (UK), the workforce survey
identified 407 full-time equivalent breast radiologists providing screening and diagnostic
mammography interpretation services to 62 National Health Service Breast Screening Program
units and approximately 35 million women (86). Data from the survey also showed that 25%
of screening services had two or fewer breast radiologists, with 52% of these breast radiologists
working less than full-time. While the survey identified only 1% annual increase in the number
of breast radiologists, the national data on retirement rates indicated that 24% of breast

radiologists would retire in 2025 (86). In Australia, the recent workforce survey showed that
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the number of radiologists involved in the national breast screening program had continued to
dwindle (83, 87). The decline in the number of Australian breast radiologists is further
challenged by a decline in the average retirement age, from 71.1 years to 66.1 years (87). With
the increasing aging population, the extension of the screening age to include women up to 74
years, declining radiologists specialising in breast imaging, and higher proportion of
retirements, it is challenging to sustain screening programs radiology workload. These
challenges will also negatively impact upon the World Health Organisation (WHO) target to
reduce breast cancer deaths by 2.5% or save the lives of 2.5 million women worldwide by 2040
(88). Therefore, strategies are needed to increase and support the screening mammography
interpretation workforce by understanding the mechanism by which correct interpretations are

made and enhance strategies that support workforce extension.

It has been suggested that the shortages of breast radiologists can be mitigated by non-radiology
professionals such as radiographers and nurse practitioners. These non-radiology professionals
may undertake preliminary evaluation of mammograms so that those with suspicious features
are evaluated by radiologists (89). Since the late 20th century, radiographers have emerged as
the front runners to support radiologists in the reporting of X-ray images (90). With
technological innovations, increasing radiological workloads, radiographer aspirations to
report radiographs, the UK national health service supported and established radiographer
reporting (90). Currently, advanced practice radiographers in the UK report screening and
diagnostic mammograms independently or are paired with radiologists in a double reading
system. Published data support the integration of UK radiographers into the reporting
framework due to their comparable sensitivity with UK radiologists (91, 92). UK radiographers
have also been shown to demonstrate better diagnostic performance than radiologists from

developing countries (93). Data emerging from Australia and New Zealand also indicate that
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radiographers have the potential to interpret screening mammograms but currently do not
undertake mammogram reporting clinically (94-97). These pieces of evidence suggest that
there is potential for radiographer reporting of mammograms. Breastscreen Australia policies
of extending the screening age to 74 years, incorporating digital breast tomosynthesis in the
screening setting, and implementing mobile screening mammography further increases the
reporting workload in Australia. The absence of radiologists at mobile screening sites provides
opportunities for Breastscreen services to harness the mammography interpretation expertise
of radiographers. BreastScreen radiographers may assist in identifying women with suspicious
lesions who may require extra views, additional imaging, or whose mammograms need to be
triaged for immediate radiologists’ reporting. Also, an increase in the number of mammograms
acquired from previous and current rounds requires additional time for breast readers to review
and assess these images, a task where radiographers can assist radiologists. However, there is
a lack of studies on the impact that prior mammograms have on the performance of Australian
radiographers in interpreting mammograms. Studies that have examined the impact of prior
mammograms on diagnostic efficacy focused on breast radiologists (80, 98-111) even though
advanced practice radiographers now participate in screening mammography interpretation.
Therefore, studies are needed to establish the impact that prior mammograms have on the

interpretation of mammograms by radiographers.

Prior mammograms and outcomes of mammography interpretation

As described previously, the digitisation of the screening process has allowed for professionals
interpreting mammograms to access prior mammograms when interpreting current screening
mammograms more easily. The human breast has a heterogenous appearance on mammograms

due to a mixture of fibrous, glandular, and fatty tissues. Breast cancer lesions induce changes
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to the normal appearance of the breast as displayed on mammograms (112, 113). When
radiologists perceive the changes suggestive of breast cancer, the features of these changes are
described and classified or graded according to the perceived level of malignancy as described
above. Sometimes, the changes induced by breast cancer may be subtle and difficult to discern
or may require comparison with previous mammograms before a diagnostic decision is made
(104, 114). The comparison with previous mammograms is to assess if the changes identified
in the current mammograms are present or significant differently from that visible in the
previous mammogram. Therefore, prior mammograms can be considered a form of imaging
history that can be used to support decision-making around the classification of changes
identified in current screening mammograms or rule out malignancy in the absence of changes
in the detected lesion. Thus, many screening programs provide options for radiologists to
display either the current mammograms or both prior and current mammograms on the screen

at the time of interpretation.

To-date, only 15 studies have examined the role prior mammograms play in the success of
screening programs (80, 98-111). A detailed description of the characteristics of published
studies and their findings and limitations is presented in Chapter 2 (64). Overall, published data
on the impact of prior mammograms to diagnostic accuracy is limited. The few published
studies focused on diagnostic performance metrics such as sensitivity and specificity (103-105,
107-109), with a few other studies examining recall rates (80, 101, 108), false positive rates
(106, 107), and positive predictive value (103, 111). Available data shows that access to prior
mammograms does not improve cancer detection rate and sensitivity, but specificity, recall
rates, false positive rates, and positive predictive value improve when radiologists reviewed
current mammograms together with prior mammograms (64). A limitation of the diagnostic

performance metrics used to assess the impact of prior mammograms on the diagnostic efficacy
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of screening programs is that they involve a classification task, where mammograms are
classified as normal or abnormal. Given that women with abnormal mammograms may need
to undergo biopsy to confirm that they have malignant lesions, it is important that performance
metrics that assess radiologists’ ability to locate the lesion and rate the level of malignancy are
used to assess the impact of prior mammograms. However, such metrics including location
receiver operating characteristic curve (LROC), lesion sensitivity, and Jacknife alternative
receiver operating characteristic curve (JAFROC), which quantify observers’ ability to detect,
localise, and establish the level of malignancy of the lesions were rarely considered (115, 116).

These limitations need to be addressed.

Another factor that influences radiologists’ decision to report the presence of breast cancer in
mammograms is the feature of the lesion identified. Breast cancer presents mammographically
with an array of features, commonly described radiologically as lesion types. Five common
lesion types have been described including architectural distortions, calcifications,
stellate/spiculated mass, discrete mass, and non-specific/ asymmetric breast density (108).
When interpreting screening mammograms, radiologists look out for mammographic features
that may indicate the presence of any of these lesion types (see Figure 5 and 6). Histologically,
these lesion types are associated with different breast cancer subtypes but may also represent
benign conditions (117, 118). For example, stellate/spiculated masses may be seen in scirrhous
and invasive cancer (117, 118). Also, discrete masses may be benign or malignant (119), and
architectural distortions may represent cancer or radial scars (120-122). Since not all breast
lesions are malignant, breast readers may ignore some lesions identified or classify the lesions
according to their perceived risk of malignancy using appropriate lexicons. In the USA, the
Breast Imaging Reporting and Data Systems is used to classify lesions into seven categories as

described previously (78).
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In Australia and New Zealand, the Royal Australian New Zealand College of Radiologists
(RANZCR) classification system is used to classify mammographic findings into five
categories: 1 (Normal); 2 (benign); 3 (Indeterminate); 4 (suspicious of malignancy); 5 (highly
suspicious of malignancy) (123, 124). Screening programs rely on the risk stratification of
detected lesions to recall women for assessment and follow-up. The risk of malignancy varies
across lesion types, with spiculated/stellate lesions identified as the most predictive of invasive
breast cancer (117, 118). Therefore, apart from the changes induced in mammograms by breast
lesions, the lesion type identified may also play a critical role in breast readers’ decisions to
report the presence of cancer or recall women for additional testing. However, the impact of
prior mammograms on the detection and risk classification of different lesion types is
unknown. The only study that examined radiologists’ diagnostic performance for each lesion
type compared priors from the same vendor technologies versus different vendors and the
radiologists who interpreted mammograms with priors were not always the same as those who
interpreted mammograms without priors (108). Therefore, studies are needed to establish the
influence of prior mammograms on reader performance in detecting and discriminating

different types of breast lesions.

50



Figure 5: Mammograms showing the features of breast lesions in craniocaudal and

mediolateral oblique views. A: Calcifications; (B) Non-specific density; (C) Architectural
distortions. Green circles represent the true cancer locations and yellow circles represent

markings of breast readers for suspected cancer locations during mammogram readings.
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Figure 6: Mammograms showing the mammogiaphic features of breast cancer masses. A:

spiculated/stellate mass; B: discrete mass. Green circles represent the true cancer locations
and yellow circles represent markings of breast readers for suspected cancer locations during

mammogram readings.
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Role of test-set interventions in assessing observer performance and the

effect of technology and techniques on observer performance

Breast cancer screening programmes regularly undertake quality assurance and quality control
to improve the effectiveness and diagnostic outcomes of the screening service. Also, when new
techniques and technologies are introduced in clinical practice, performance assessments are
often undertaken to ensure that these technologies and techniques are fit for purpose. Technical
factors such as positioning and compression can affect the quality of mammograms (35);
however, the BSA National Accreditation Standards (NAS) and the Mammography Quality
Assurance Program (MQAP) ensure screening services produce consistent image standards.
The National Safety and Quality Medical Imaging Standards (NSQMI) also provide quality
frameworks for radiology in Australia. While there may be potential differences in technical
parameters used for acquiring mammograms at different screening rounds, acceptance of the
images for interpretation indicate that these images meet the acceptable quality standards for
mammography. Therefore, differences in compression and positioning between different
screening rounds may be minimal and have negligible impact on image interpretation. Many
screening services undertake quality control and service performance through clinical audits, a
process examining the delivery and outcomes of healthcare services against agreed standards
(125). A challenge with clinical audits for diagnostic performance evaluation includes that it
takes a long time to complete, and the results are provided to the screening service, not
individual radiologists. Therefore, it is difficult for individuals involved in the image
interpretation process to obtain feedback about their errors and seek corrective interventions to
improve their diagnostic accuracy. Since the essence of audits is to improve the quality of the
service, strategies that identified errors made and provide tailored individualised feedback are

needed.
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Over the years, test-set educational interventions have been implemented for continuous
professional development (CPD) of radiologists. The first platform for mammography test set
training and self-assessment platform was the PERsonal PerFORmance in Mammographic
Screening (PERFORMS) implemented in the United Kingdom (126). In Australia, the
BreastScreen Reader Assessment Strategy (BREAST) was also developed to support
radiologists in identifying their errors and getting feedback on how to reduce error rates (127,
128). In the last 10 years, data generated from test set interventions such as PERFORMS and
BREAST have shown that these platforms are robust resources for assessing the impact of
technology on the diagnostic efficacy of breast screening services (126-128). Through these
platforms, researchers have identified the characteristics of radiologists associated with
diagnostic performance, and how technology and the characteristics of the screening
population affect radiologists’ performance. Knowledge gained from using the BREAST
platform has been shown to improve the diagnostic performance of radiologists by about 34%
(129). A recent study has also shown that test set interventions can be used as audit tools for
quality improvement of screening services (130). There are arguments that data generated in a
test setting may not necessarily reflect the clinical setting due to participants’ behavioural
adjustment from knowledge of being tested (131). However, it has been shown that
radiologists’ performance in a test set environment is not different from their performance in a
clinical setting (130). It has also been shown that and that test-set performance can be used to
predict clinical performance of radiologists (130). Therefore, test set platforms provide
accessible and available avenues for assessing the impact that prior mammograms have on

radiologists’ performance.
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Reader and patient factors affecting the interpretation of screening

mammograms

The X-ray appearance of the breasts makes the interpretation of screening mammograms
challenging (35, 132). The literature shows that 20-30% of cancers are missed in
mammograms. Some of these missed cancers are visible in mammograms but were missed due
the readers’ inability to perceive and accurately report the cancer (35). The missed cancer rates
vary between radiologists (35, 133), suggesting that limitations of readers interpreting the
images may be responsible for errors in the interpretation of mammograms. Therefore, there
has been growing interest in identifying the characteristics of radiologists associated with
improved performance in screening mammography interpretation. A recent systematic review
could not establish specific reader characteristics associated with expertise in the interpretation
of mammograms, but some trends emerged (134). Radiologists with higher annual volume of
mammograms read, and radiologists that were considered breast imaging specialists
consistently showed higher sensitivity, cancer detection rate, and specificity. Radiologists who
were older in age were also found to demonstrate lower false positive rates regardless of their

reading volume.

The goal of screening programs is to increase cancer detection rate with high sensitivity and
specificity while reducing the recall rate (30, 31). The systematic review described above (134)
did not report whether the methodological differences between studies particularly the use of
prior mammograms had any impact on the findings. Also, given that reading volume,
specialisation, and age were found to be associated with key performance metrics (128, 134),
it is important to establish the characteristics of readers who benefit from accessing prior

mammograms when interpreting mammograms of women from the current screening round.
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Identifying such reader characteristics may be useful for optimising the use of prior

mammograms in screening programs.

It has also been suggested that technical factors affect the detection of breast cancer in
mammograms. There are currently different mammographic systems in use across different
screening programs (135, 136). These systems differ in detector technology, target/filter
combinations, and image post-processing (137, 138). These factors may lead to differences in
image quality across imaging systems and the perception of cancer in the images produced by
these systems. Women participating in mammography screening may be screened using
different systems across screening rounds. That is, the prior images of these women may have
been acquired with mammography systems that are different from the system used for the
current screening round. Whether the combination of priors and current mammograms acquired
by different imaging systems influence reader performance in screening mammography
interpretation is unclear. To-date, only one study has assessed whether pairing priors and
current mammograms from the same or different vendor technologies has effect on reader
performance (108). This study showed that prior and current mammograms from different
vendor technologies improved cancer detection, while prior and current mammograms from
the same vendor technology improved the correct interpretation of mammograms with no
cancer. These findings need to be interrogated if we are to use prior mammograms from

different vendor technologies to improve the diagnostic effectiveness of screening programs.

The characteristics of women participating in breast cancer screening have also been identified
as possible factors influencing the accuracy of screening mammography interpretation (35).
One of the most studied patient factors affecting the interpretation of screening mammograms

is breast density. A major concern about breast density is its masking effect from
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superimposing tissue, meaning that there is a decrease in the detection of breast cancer (139,
140). The sensitivity of mammography in women with almost fatty breasts with scattered
fibroglandular tissue is as high as 90% but can be as low as 48% in women with extremely
dense breasts (141, 142). Women with extremely dense breasts constitute about 60% of women
recalled at screening even though they constitute 30 — 50% of women participating in screening
(143, 144). Women with dense breasts are more likely to receive false positive outcomes due
to artefacts in their mammograms caused by breast density (145, 146). Therefore, breast density

affects the effectiveness of screening services from detection to recall through to assessment.

The premise of screening programs is to recall as fewer women as possible, hence it is
important to examine if prior mammograms can be used to reduce the recall rate. There is
limited data on the association between the availability of prior mammograms and diagnostic
performance in dense and non-dense breasts. Only one study has assessed the impact of breast
density on reader performance with and without prior mammograms reported higher
performance values without prior mammograms with prior mammograms from different
vendor technologies compared to with prior mammograms from the same vendor across
different breast densities (108). Thus, research is needed to establish the role of prior

mammograms in optimising breast cancer detection in women with dense breast.

Gaps and deficiencies in the literature

The literature demonstrates significant gaps in evidence regarding the value of prior
mammograms on the performance of breast cancer screening services (80, 99, 100, 101, 105,
147). First, the few studies that examined the value of prior mammograms used different

diagnostic performance metrics and there is limited data on each of these metrics. Second,
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evidence for the association between the availability of prior mammograms and diagnostic
accuracy is limited and unclear. Previous studies show that access to prior mammograms could
reduce recall rates and increase specificity; however, this does not show an improvement in
sensitivity and cancer detection rate. Third, slow growing cancerous lesions require an interval
of two to five years to show subtle changes on mammograms, but there were short intervals
between prior and current mammograms in published studies. These factors limit radiologists’
ability to detect subtle changes related to breast cancer. Fourth, prior mammograms used in
most of these studies were based on film-screen technology, which does not reflect current
practice. Fifth, patient and technological factors that affect diagnostic accuracy of screening
mammography such as breast density, mammographic features of breast cancer lesions,
imaging technology used for acquiring the mammograms were not considered. While most of
the published evidence were observer performance studies, almost all the studies were based
older observer performance methodologies which do not consider the location and malignancy
rating of the lesion. Furthermore, there were small numbers of radiologists who evaluated the
mammograms and lack of information on their sampling strategy. Also, there is no data on the
characteristics of radiologists who may benefit from accessing prior mammograms so that these
can be used to improve the use of prior mammograms. In addition, radiographers have been
increasingly undertaking independent interpretation of mammograms and have been identified
to fill the global mammography interpretation workforce shortage. Understanding and
comparing the findings from prior and current mammograms may provide radiographers
baseline information to support decision-making when interpreting mammograms. However,
the relevance of prior mammograms to breast radiographers has not been examined. Lastly, the
diagnosis of breast cancer in mammograms relies on the identification of suspicious lesions in
the breast parenchyma, and the imaging features of these lesions are used to stratify the lesions

according to their risk of malignancy. However, there is a lack of data on the impact that prior
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mammograms have on the detection and risk stratification of different lesion types. All these
gaps must be addressed if we are to improve the performance of screening programs using prior

mammograms.

Aims and Objectives of the thesis

The overarching aim of this thesis is to assess the relevance of prior mammograms to the
diagnostic efficacy of breast cancer screening programs. To achieve this aim, the thesis
addresses three strategic objectives:
= To assess radiologists’ performance with prior digital mammograms compared to
their performance without prior digital mammograms and the characteristics of
radiologists associated with performance under these reading conditions.
= To assess the influence of prior mammograms on radiographers’ performance in the
interpretation of digital mammograms.
= To assess the influence of prior mammogram availability on the detection of different

breast lesion types.
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CHAPTER 2

Does the availability of prior mammograms improve radiologists’ observer

performance? -a scoping review

To ensure that the gaps and limitations in the literature are appropriately identified and
addressed in this thesis, a scoping review of the literature was undertaken in Chapter 2. The
review examined the impact that prior mammograms have on radiologists’ performance. Using
the Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) extension
for scoping reviews (ScR), published literature were extracted from MEDLINE, PubMed, Web
of Science, ScienceDirect, and CINAHL databases. Google cross-searches were also
conducted, and reference lists of eligible articles were examined to capture articles not
identified on database search. Individual sources of evidence were critically appraised using
the Standard for Reporting Diagnostic Accuracy Studies (STARD) guidelines. The search
strategy yielded 15 eligible studies. Findings from these studies showed that access to prior
mammograms reduce recall rates, false-positive rates, abnormal interpretation rates, and
increases specificity without affecting sensitivity and cancer detection rate. However, most of
the evidence were from studies involved either older screening technologies or observer
performance evaluation methodologies that do not account for observer evaluation at the lesion
level. The findings in Chapter 2 are published as Akwo JD, Trieu PD, Lewis SJ (2023). Does
the availability of prior mammograms improve radiologists’ observer performance? -a scoping

review. BJR Open. 2023; 5(1): 20230038. 10.1259/bjr0.20230038
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Objective: The objective of this review was to examine
the impact of previous mammogram availability on radi-
ologists’ performance from screening populations and
experimental studies.

Materials and Methods: A search of the literature was
conducted using five databases: MEDLINE, PubMed,
Web of Science, ScienceDirect, and CINAHL as well as
Google and reference lists of articles. Keywords were
combined with “AND” or “OR” or “WITH” and included
“prior mammograms, diagnostic performance, initial
images, diagnostic efficacy, subsequent images, previous
imaging, and radiologist’s performance”. Studies that
assessed the impact of previous mammogram availa-
bility on radiologists’ performance were reviewed. The
Standard for Reporting Diagnostic Accuracy guidelines
was used to critically appraise individual sources of
evidence.

Results: A total of 15 articles were reviewed. The sample
of mammogram cases used across these studies varied
from 36 to 1,208,051. Prior mammograms did not affect

INTRODUCTION

Breast cancer is identified as the second highest cause of
cancer-related deaths in females across the world."> The
World Health Organisations (WHO) global estimate that
7.8 million women live with breast cancer.” In 2020, there
were 2.3million new cases of breast cancer and 685,000
deaths from the disease.” The incidence and deaths from
breast cancer vary across the world,>* and in the last two
decades, mortality from breast cancer has reduced consid-
erably due to early detection primarily through organised
population screening programmes and advances in treatment
strategies.”* Current data show that advances in breast cancer
screening and treatment have reduced breast cancer mortality
by 20-40%.”° Full-field digital mammography (FFDM) is
the standard imaging tool for breast cancer screening in
Australia, the USA and many European countries, and has

sensitivity [with priors: 62-86% (mean = 73.3%); without
priors: 69.4-87.4% (mean = 75.8%)] and cancer detec-
tion rate, but increased specificity [with priors: 72-96%
(mean = 87.5%); without priors: 63-87% (mean 0.5%)]
and reduced false-positive rates [with priors: 3.7 to
36% (mean = 19.9%); without priors 13.3-49% (mean
= 31.4%)], recall rates [with priors: 3.8-57% (mean =
26.6%); without priors: [4.9%-67.5% (mean = 37.9%)],
and abnormal interpretation rate decreased by 4% with
priors. Evidence for the associations between the avail-
ability of prior mammograms and positive-predictive
value, area under the curve (AUC) from the receiver
operating characteristic curve (ROC) and localisation
ROC AUC, and positive-predictive value of recall is
limited and unclear.

Conclusion: Availability of prior mammograms reduces
recall rates, false-positive rates, abnormal interpretation
rates, and increases specificity without affecting sensi-
tivity and cancer detection rate.

been partly credited with the success in improving survival
rates from the disease.”” For mammographic images to be
useful in the early detection of breast cancer, they must be
accurately interpreted by trained radiologists and in some
countries by breast physicians and advanced practice radiog-
raphers. However, heterogeneity in the appearance of the
breast and breast cancer features, and anatomical noise due to
tissue superposition make accurate interpretation of FFDM
images challenging.” These factors together with the inherent
limitations of humans interpretating the images reduce the
diagnostic performance of FFDM.”"

Despite the introduction of digital breast tomosynthesis
(DBT), ultrasound and MRI into the breast imaging pathway
for screening and diagnosis, FFDM continues to be the front-
line tool for breast cancer screening in many countries.*” In

© 2023 The Authors. Published by the British Institute of Radiclogy. This is an open access article distributed under the terms of the Creative Commons
Attribution 4.0 International License, which permits unrestricted use, distribution and reproduction in any medium, provided the original author and source
are credited
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the last two decades, both technological and human-related strat-
egies have been explored to improve the performance of FFDM in
breast cancer screening.>'" These technological strategies include
computer-assisted software packages such as computer-aided detec-
tion (CAD), artificial intelligence (AI), and machine learning (ML)
algorithms to flag suspicious areas in mammograms or provide
diagnostic decision-support.*'® Although these tools have shown
promise for improving cancer detection, they are not widely used
clinically, and the final diagnostic decision is still mostly made by
radiologists. Therefore, strategies for improving radiologists’ perfor-
mance have been the focus of many research studies.”"'* These
strategies have included double independent reading of FFDM,
pairing of radiologists with the technological algorithms, identifi-
cation of radiologists’ characteristics associated with performance,
and giving radiologists access to the previous images of screened
females.*'*'* These human-related strategies have been shown to
impact differently on radiologists performances and understanding
which of these factors improves performance is crucial to improving
the outcomes of breast cancer screening programs.

The detection of breast cancer in mammograms of asymptomatic
females is made based on the identification of abnormal changes
displayed on these mammograms.'® With the digitisation of the
screening process, it has become easier to retrieve and compare
previous and current screening mammograms for abnormal
breast changes. However, screening programs are also challenged
by storage capacity due to the big data generated from current
and previous screening rounds in the digital era and movement
of females between screening services and public vs private clinic
attendance for imaging. Consequently, several prospective and
retrospective studies have examined the association between
availability of previous mammograms and radiologists’ perfor-
mance, but these studies have generated mixed outcomes.'” %
The reasons for these findings are not clear, and no review has
been conducted to establish the relevance of prior mammograms
to screening programs. Therefore, this review aims to examine
the impact of previous mammograms on diagnostic perfor-
mance in screening populations and experimental studies. Find-
ings from the review should provide evidence for the relevant
usability of prior imaging in clinical practice.

METHODS

Eligibility criteria

Articles were considered eligible if they examined the impact of
prior mammograms (FFDM, film-screen (FS) mammograms) on
the accuracy of mammography interpretation and were published
in the English language. We also included articles that used DBT
in conjunction with mammography, in recognising that some
screening and diagnostic imaging pathways have transitioned to the
dual use of FFDM and DBT, or as DBT as an updated technology
and FFDM was used for the prior cases. Articles were also consid-
ered eligible if they compared the performance of readers with and
without prior images, had at least one reader and a reference stan-
dard for assessing reader performance. Articles that calculated at
least one of the following metrics, sensitivity, specificity, recall rates
(RRs), false-positive rates (FPRs), cancer detection rate (CDR),
negative-predictive value (NPV), positive-predictive value (PPV),
PPV of recall, abnormal interpretation rates (AIR), area under the

curve from receiver operating characteristics (ROC AUC), Region-
of-interest (ROI) figure of merit (FOM), jacknife alternative free
response curve (JAFROC), location receiver operating character-
istic curve (LROC), PPV of recall, and biopsy recommendation
rate (BRR), were considered eligible. No restriction was placed on
publication date.

Information sources

A search of the literature was conducted using five databases:
MEDLINE, PubMed, Web of Science, ScienceDirect, and CINAHL
to identify articles that examined the impact of prior mammograms
on radiologic image interpretation or diagnostic accuracy. Other
information sources included Google, Google Scholar, and refer-
ence lists of published articles.

Search strategy

The following keywords were used to search for articles and were
combined with “AND” or “OR” or “WITH”: prior images AND diag-
nostic performance; initial images AND diagnostic efficacy; initial
OR subsequent images OR previous imaging AND radiologist’s
performance; prior radiographs AND reader performance; prior
mammograms AND diagnostic efficacy; prior mammograms AND
screening outcomes; previous imaging OR initial film; comparison
WITH priors; prior breast imaging AND screening performance. A
Google cross-search was conducted and reference lists of identified
articles were also manually searched to identify additional articles.

Study/source of evidence selection

After the articles were identified, their titles and abstracts were
first screened by one reviewer. Full texts of articles that fulfilled
the inclusion criteria were retrieved. A second reviewer inde-
pendently reviewed the abstracts of these articles identified for
relevance. Thereafter, a detailed assessment of the full text of all
selected articles was performed against the inclusion criteria by
two independent reviewers. Where there was a disagreement,
this was resolved through discussion. Articles that did not fulfill
these criteria were excluded as were reviews, case reports, and
conference proceedings. The results of the search and evidence
selection were then presented in a Preferred Reporting Items
for Systematic Reviews and Meta-analyses extension for scoping
review (PRISMA-ScR) flow diagram.B

Data extraction/charting process

A data charting table was developed to guide data extraction from
eligible articles. Each of the two reviewers, who were involved in the
evidence selection process working independently, extracted the
data from papers that fulfilled inclusion criteria based on this data
charting table. The data extracted included study year, population
of study/participants, study context and design, key findings rele-
vant to the review question and adjustments. Any disagreements
between the reviewers were also resolved via discussion, and when
a consensus could not be reached, a third reviewer was contacted to
act as an arbiter.

Data items

Data items are summarised in Table 1 and included CDR, sensi-
tivity, specificity, RR, ROC AUC, JAFROC, FPR, ROI FOM,
LROC, PPV, AIR, and BRR.
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Table 1. Data items included in the review

Data items

Definition of tems

1 Cancer detection rate The number of cancers detected per 1000 women screened.
2 Sensitivity The rate of true-positive (cancer) cases that were correctly identified.
3 Specificity 'The rate of true-negative (normal) cases that were correctly identified.
4 Recall rate The rate of females recalled for follow-up imaging due to suspicious of cancer.
5 AUC from ROC A measure of performance in correctly classifying normal and abnormal cases
6 JAFROC FOM A measure of performance in localising a lesion and simultaneously rating the level of
malignancy vs identifying correct normal cases
7 FPR ‘The number of negative cases that were incorrectly reported as positive.
8 ROI FOM The empirical probability that a cancer containing ROI is rated higher than a normal ROI)
9 PPV ‘The proportions of positive results that are true positive
10 AIR The number of abnormal findings that require additional follow-up or the number of
mammograms with abnormal final interpretation.
11 Biopsy rate The proportion of females had been recalled at screening and had a biopsy test.
12 LROC A performance measure that quantifies readers ability to detect and locate an abnormality
on the mammogram.

AIR, abnormal interpretation rate; AUC, area under the curve; FOM, figure of merit; FPR, false-positive rate; JAFROC, jacknife alternative
free-response curve; LROC, location ROC; PPV, positive-predictive value; ROC, receiver operating characteristic; ROI, region-of-interest.

Critical appraisal of individual sources of evidence

Critical appraisal was performed using the Standard for
Reporting Diagnostic Accuracy (STARD) recommendations.”*
Items assessed included research questions or study aims and
methodological criteria such as participants, reference standard,
blinding of readers, index text, flow and timing (interval between
the index tests and the reference standard). Other items included
methods for calculating measures of accuracy and quantify
uncertainty, data collection, sampling, training and expertise of
readers, characteristics of the population studied, description of
disease distribution and severity, and reproducibility estimates.

RESULTS

Selection of sources of evidence

Database search yielded 584,018 articles and 11 articles were
identified through other sources, including Google and reference
list of published articles. After duplicates were removed, 11,150
articles were available for screening. Of these 11,150 articles
screened, 10,781 were excluded because they were not mammog-
raphy reader performance studies. Out of the remaining 369 arti-
cles selected for abstract and full-text review, 354 studies were
excluded for the following reasons: (1) they did not compare
reader performance with and without prior images (n = 201),
were based on computer-aided detection such as Al or ML (n =
99) or were animal studies (n = 32). Duplicates (n = 11), confer-
ence papers (n = 6), commentaries or letters to the editor (n = 3),
and studies that assessed change in case management or radiolo-
gist’s opinion but did not report any performance metric (n = 2)
were excluded. A total of 15 articles fulfilled the eligibility criteria
and were included in the review (Figure 1).

Characteristics of sources of evidence
Table 1 summarises the characteristics of the studies identified.
In terms of study location, there were 2 studies each conducted

in the UK and Netherlands, 10 studies conducted in the USA,
and 1 study each in Korea, Australia, and Denmark. 11 of
these studies were observer performance studies examining
test-sets'"1*?222% while four were retrospective analyses of
mammographic databases, with three examining screening
data whilst one also included a cohort of diagnostic mammo-
grams. Eight studies were either based on FS mammography or
a combination of FS and FFDM; four studies used FFDM alone,
and three studies used FEDM and DBT.'”*"* The number of
mammograms used in the studies reviewed ranged from 36 to
1,208,051 (Median: 160; Mean: 80,536.7). The sample of readers
in 14 studies varied from 3 to 12, and 1 retrospective study eval-
uated test-set results of 612 radiologists.”” In these 15 studies, the
index test (the test being evaluated against a reference standard)
was independently interpreted in 13 studies, and 2 studies did
not provide any information about the index test.*>*

In comparing performance with and without prior images,
four studies used ROC AUC,'7?%?>* four used RRs,!"?*?1:33
seven used sensitivity and specificity,”?*****% and four
used CDR.***** Two studies examined diagnostic accuracy.
Outcomes metrics such as PPV of recall, number of cancers
detected, abnormal interpretation rate, biopsy recommendation
rate, and biopsy yield were each assessed in one study. In addi-
tion, JAFROC FOM, LROC, false-positive recall, FPR, and ROI
FOM were each assessed in one study (Table 2).

Critical appraisal within sources of evidence

Appendix 1 summarises the strengths and weaknesses of the
studies reviewed according to the STARD guidelines. 10 of
the studies reviewed were prospective'”*****"* and 5 were
retrospective analyses.'?"*333% All studies provided the aim,
described the reference standard, blinded readers, and described
the flow and timing of the index test. 10 studies described the
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Figure 1. Prisma flow chart showing the selection of evidence. Al, artificial intelligence; CAD, computer-aided detection; ML,

machine learning.
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99 CAD, AL and ML
32 animal studies
11 duplicates
m 6 conference paper
= 3 commentaries
—
a Studies included in the final 2 focused on case management
o review or change in radiologist’s
e (n=15) opinion with no performance
data provided.
participants,'”!?222673% 3 studies provided limited participant were noted in terms of reproducibility, description of the expertise
information”**** and only 2 studies did not provide informa- of the readers, and the characteristics of the population studied.

tion about participants demographics.'® Almost all of the studies
(14/15) provided information about the index test; however, the
retrospective studies did not establish the reference standard
prior to the index test. Only one study described how the readers
were sampled”! or assessed the reproducibility of the findings.”’
Information about the expertise of the reader were reported in 11
studies. 7177222528333 Al] studies provided information about
the methods for calculating reader performance and uncertainty.
The characteristics of the females whose mammograms were
used (such as ethnicity, age) were clearly described in 10 studies,
but this information was unclear in the remaining 5 studies. 13 of
the studies described disease distribution and severity.

Overall, most of the studies were well conducted in terms of the
reference standard, blinding of readers, index text, methods for
calculating or comparing measures of diagnostic accuracy, and
the statistical methods used to quantify uncertainty. Weaknesses

Only seven of the studies reported the interval between the
prior and current mammograms, which ranged from 9 months
to 4.5 years. Many of the studies (11/15) did not adjust for any
confounding factor, two studies adjusted for breast density and
age, and one study adjusted for reading location (Table 2).

Results of individual sources of evidence

Table 2 summarises the characteristics and results of studies
reviewed. The results of studies comparing reader performance
with and without prior images can be mapped into two themes:
(1) diagnostic performance evaluation; (2) RRs.

Diagnostic performance evaluation

Of the three studies that assessed CDR, only two of these studies
assessed CDR per 1000 women screened and the reported values
ranged from 3.7 to 5.2% with prior mammograms and 5.5 to
7.1% without prior mammograms. One of the studies reported
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that the availability of prior mammograms did not affect the
CDR,” one reported an increase in CDR,”” and one study
reported a decrease in the CDR.** Overall, evidence for the asso-
ciation between the availability of prior mammograms and CDR
is limited and unclear.

Among the five studies that compared performance using ROC
AUC, three reported ROC values ranging from 79.6 to 83%
(Mean: 80.16%) with prior mammogram availability and 76 to
83% (Mean: 80.68%) without prior images available. Four of
the five studies showed that there is no difference in diagnostic
accuracy between reading with and without prior mammo-
grams,'”??***% and one study showed that when analysis was
stratified by breast density, AUC values without prior images
were significantly higher than AUC obtained when prior and
current mammograms were acquired using the same vendor
technology.30 JAFROC and LROC, which rely on the reader’s
ability to localise the lesion within an acceptable radius, were
each assessed in one study and were found to improve with the
availability of prior mammograms.”®*’

Six out of seven studies reported sensitivity values ranging from
62 to 86% (mean = 73.3%) with prior mammograms and 69.4
to 87.4% (mean = 75.8%) without prior mammograms, and one
study reported a 7% reduction in sensitivity with prior mammo-
grams without providing the sensitivity values obtained. Many of
these studies (5/7) indicated that availability of prior mammo-
grams did not have any effect on reader sensitivity.”"*>*** The
studies that used specificity reported values ranging from 72 to
96% (mean = 87.5%) with prior mammograms and 63 to 87%
(mean = 80.5%) without prior mammograms. Most of the studies
(5/7) indicate that availability of prior mammograms increased
specificity 225253034

Reported FPRs ranged from 3.7 to 36% (mean = 19.9%) with
prior mammograms and 13.3 to 49% (mean = 31.4%) without
prior mammograms. Data from the studies show that prior
mammograms reduced FPR.*"** The only study that assessed
abnormal interpretation rate reported that the availability of
prior mammograms reduced AIR by 4%.'® The two studies that
examined the impact of prior mammograms using PPV showed
significant improvement.”>**

Recall rates

The reporting of RRs is included here as the rate of screening
females recalled for follow-up imaging test due to suspicion of
cancer requiring further imaging and biopsy is closely linked
and reported as separate entities. While there is a relationship
between specificity and RRs in screening mammography, RRs
are also linked to sensitivity and TP identification and have been
the discrete focus of some studies included in this review.

Five of the six studies that examined RRs showed that the avail-
ability of prior mammograms reduced RRs. RRs with prior
mammograms ranged from 3.8 to 57% (mean = 26.6%), which
was significantly less that that reported without prior mammo-
grams [4.9% to 67.5% (mean = 37.9%)].1920303133 There was
limited literature on the association between access to prior
mammograms and PPV of recall.”

DISCUSSION

The findings suggest that the availability of prior mammograms
improve specificity and PPV and reduce FPRs and RRs. In the
studies identified through our search, access to prior mammo-
grams did not improve reader sensitivity, CDR, and AUC
values. Limited data were available to establish the effect of prior
mammographic availability on PPV of recall.

The findings above can be explained by a few factors. Breast
cancer presents with an array of features including masses,
stellate lesions, non-specific densities, and architectural distor-
tions.'® While some of these features may be easy to identify,
other features such as architectural distortions and non-specific
densities may be subtle and associated with benign conditions or
are indeterminate.”” The detection and discrimination of these
subtle and indeterminate lesions may be challenging to radiol-
ogists regardless of prior mammogram availability,”® if lesions
are not visible in prior mammograms and do not elicit signifi-
cant changes in current mammograms.36 Also, even if a lesion
is apparent in the prior and current mammograms, but compar-
ison with prior mammograms did not show significant changes
in the lesion, this radiological feature may be dismissed. There-
fore, comparison with prior mammograms may only result in the
interpretation that a lesion is malignant when significant changes
are observed in the lesion detected in current images. Thus, it
is not surprising that diagnostic performance metrics such as
sensitivity and ROC AUC, which depend on readers’ ability to
distinguish between normal and abnormal image features, and
CDR, which depend on the ability of the readers to identify and
classify lesions in mammograms, do not change in the presence
or absence of prior mammograms,*"**>

Conversely, in the absence of significant differences in the radio-
graphic features of current and prior mammograms or changes
in lesion appearance between these two sets of mammograms,
the radiologists” interpretation that the female has no cancer
signs may increase. Such interpretation differences may explain
the increased specificity and lower false-positive and abnormal
interpretation rates when prior mammograms are available.
This in turn affects the recall rate, as improved specificity should
lead to reduced recall rates if false-positives are improved
simultaneously.

Although screening mammograms are performed on asymp-
tomatic females, prior mammograms can be considered as
a form of imaging history akin to written clinical notes about
a persons medical history, which may influence the pre-test
probability of breast cancer, particularly if these mammograms
show features suggestive of cancer. Evidence in the literature
shows that embedded imaging history has a positive influence
on radiologists’ decisions not to recommend further assessment
by reducing the number of females recalled at screening.'”?%**3
In Australia, females recalled at screening undergo any of, or a
combination of, mammography spot and compression views,
ultrasound, and DBT assessment as well as biopsy.”” Only 1-2%
of females recalled at screening return a positive result after
these series of testing, and as such, increased multiple testing can
increase psychosocial harms and may deter some females from
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rescreening.”® The number of females recalled at screening is
used as one of the most important indicators of the performance
of a breast cancer screening program.” Interestingly, the litera-
ture reports that the availability of prior mammograms reduced
RRs and improved the PPV of recall, suggesting that prior
mammograms have a positive impact on recall decisions and the
females recalled benefitted from these further assessments.

Whilst the findings of the review question the role of prior
mammograms in improving cancer detection, particularly in
small lesions which is one of the goals of screening mammog-
raphy, it supports the use of prior mammograms to reduce the
number of females recalled to assessment clinics. Low FPRs and
low RRs that do not affect sensitivity are also important to a
screening program because they improve workflow, reduce cost
and harms such as patient anxiety, overdiagnosis, and overtreat-
ment. The availability of prior mammograms reduces RRs and
FPRs and increases specificity. Surprisingly, reading mammo-
grams with the prior images did not improve sensitivity and
CDRs. While these findings suggest that prior mammograms
can be considered an important strategy to improve the speci-
ficity and RRs of screening programs and reducing radiologists’
assessment workload, questions will remain about the high visual
workload in reviewing prior images in the screening round.

Whilst the current review has identified 15 studies that assessed
the impact of prior mammograms on diagnostic efficacy, it is
important to note that most of these studies focused on different
performance metrics. Sensitivity and specificity were examined
in only seven studies, with other metrics considered in four or
fewer studies. The differences in performance metrics across
studies, wide variations in the study methodologies (retrospective
analysis and experimental observer performance study), sample
sizes, imaging technologies, and participant characteristics
limits the comparison of results across the studies reviewed. For
example, retrospective studies mostly did not report the number
and experience of radiologists that interpreted the mammo-
grams and almost all the studies prior to 2011 were based on the
older FS technology, with a few of these combining FS, FFDM
and DBT technologies. The Digital Mammographic Imaging
Screening Trial (DMIST) which compared FS and FFDM has
shown that FFDM performed better than FS mammography in
females with dense breasts. Also, only one of the studies in this
scoping review that assessed reader performance adjusted for
the effect of breast density, but did not report the results of this
adjustment; hence it could be impractical to compare results of
studies that use a blended technology. ™’

Other important factors that should be considered when inter-
preting the results of published studies include adjustments for
factors that confound reader performance such as breast density,
characteristics of the population and lesions included in the
data set, and characteristics of the radiologists that interpreted
the images. For example, 12 of the studies did not adjust for
any confounding factor, and only 2 studies accounted for breast
density and age, which are established factors limiting cancer
detection in FFDM. In addition, even though the distribution of
cancer were reported in many studies, the characteristics of the

lesions included in the data sets were not described as required
by the STARD guidelines.”* Furthermore, the small numbers of
readers in the published studies and lack of information on their
sampling strategy limit the generalisability of the results.

The methods of assessing performance across most of the studies
reviewed focused on case-based analyses which is appropriate
to a screening scenario. Only two studies performed lesion-
level analyses using JAFROC and LROC,”*?” with the results of
these studies insufficient to draw definite conclusions about the
impact of prior mammograms on lesion sensitivity performance,
although we recognise that lesion sensitivity is not generally asso-
ciated with the performance of screening programs. In addition,
the imaging features of cancer, such as asymmetric densities,
generally require prior mammograms for identification but these
were not accounted for in statistical analysis in published studies.
Finally, only 46% of the studies reported the intervals between
the prior and current mammograms which demonstrated wide
variation and, in some cases, very short intervals between prior
and current mammograms (9 months to 3 years) in published
studies.'??*2322%3 Only one study included prior mammo-
grams obtained 3-4.5 years before the current mammograms.*
These short intervals and variations across studies may poten-
tially bias the outcomes of published studies. This is because slow
growing cancerous lesions generally require an interval of 2-5
years to show subtle changes on mammograms and shorter inter-
vals may limit radiologists ability to detect subtle changes related
to breast cancer, noting that national programs such as Breast-
Screen Australia have a recommended interval of 24 months.

The limitations of the studies reviewed highlight the need for
well-designed studies that consider current technologies, assess
performance at case and lesion levels, and account for all the
factors that confound radiological diagnosis. Such studies
may provide a better understanding of the relevance of prior
mammograms in breast cancer screening programs and how
their role is validated in radiologists” education for breast cancer
early detection.

This scoping review has a few limitations. Firstly, the literature
search was conducted in the English language and only studies
published in the English language were included in the review.
Secondly, many retrospective studies that used the statistics from
screening populations and did not determine the index test prior
to the interpretation or provide information of the radiologists
that interpreted the index test were included. To our knowl-
edge, this scoping paper is the first to review the literature on the
availability of prior mammograms and diagnostic efficacy. The
outcomes of this review should inform future studies to address
the deficiencies in the literature and provide informed evidence
for the use or prior mammograms in the clinical setting. The
review of prior images has somewhat been unchallenged in
radiology, always anecdotally considered a positive task; however,
the evidence could be clearer.

CONCLUSION
Evidence show that access to prior mammograms reduces RRs,
FPRs, abnormal interpretation rates, and increased specificity,
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however this does not show an improvement in sensitivity and
the CDR. Future studies that consider reader performance at

case and lesion levels and account for factors that confound

radiological diagnosis are needed to confirm the true effect of
prior mammograms on performance in the digital era.
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Review of Chapter 2 and introduction to chapter 3 “access to prior
screening mammograms affects the specificity but not sensitivity of

radiologists’ performance”

The literature review presented in Chapter 2 highlighted important knowledge gaps around the
impact that prior mammograms have on the outcome of screening mammography (1-5). For
example, of the 16 studies that previously examined the impact that prior mammograms have
on diagnostic performance, only seven used current screening technologies such as digital
mammography and/or digital breast tomosynthesis (1, 2). Amongst these seven studies (2, 4-
9), six used older observer performance evaluation technologies and assessed the impact that
prior mammograms had on radiologists’ performance at the case level. Such case level analyses
do not completely reflect the reporting templates used clinically to describe the presence of
cancer in mammograms. Clinically, when radiologists identify features that are suggestive of
breast cancer, they describe the location of the lesion and the rate risk of malignancy of the
lesion. The lesion description and rating are used by screening programs to make decisions
around recall for additional assessment and biopsy recommendation (10). However, previous
studies only examined how the availability of prior mammograms influenced the classification
of mammograms as normal or abnormal without considering correct lesion localisation and the
risk of malignancy in the lesions (1-9). The only study that examined the influence of prior
mammograms on the lesion level was a retrospective analysis of observer performance data of
radiologists (5). In this previous study the radiologists who interpreted the test sets with prior
mammograms were not always the ones who interpreted the mammograms without priors (5).
The lack of data on current technologies and diagnostic performance methodologies highlights
the need for studies to examine the impact that prior mammograms have on the performance

of screening programs in the digital era.
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Published literature also shows that the personal and workload characteristics of breast readers
such as experience, number of years reading mammograms, volume of mammograms read per
year, and participation in diagnostic workup influence diagnostic performance of
mammograms (11). The physical characteristics of the population screened, particularly breast
density, is another factor that affects the efficacy of screening mammography (12). However,
data presented in Chapter 2 shows that previous studies did not adjust for the confounding
effects of breast density and reader characteristics. These methodological limitations needed to

be addressed to verify the impact that prior mammograms have on reader performance.

Further to the limitations identified in Chapter 2, the work in Chapter 3 examined the impact
that prior mammograms have on radiologists’ performance in interpreting screening
mammograms and the influence that radiologists’ characteristics and breast density have on
their subsequent performance. The participants in Chapter 3 included one breast physician and
a trainee radiologist. The breast physician routinely reports screening mammograms for BSA
with 10 years of mammography reading experience and between 151 to 200 mammograms
read per week. The trainee radiologist has been working in breast imaging for four years and
independently reading approximately 20 mammograms per week. Therefore, these participants
were included because they routinely and independently interpret mammograms in Australia.
The work is published in Clinical Radiology and is entitled “Access to prior screening
mammograms affects the specificity but not sensitivity of radiologists’ performance” (13). The
work showed that reference to prior screening mammograms improved radiologists’ specificity
and reduced the false positive rates without affecting sensitivity, lesion sensitivity, ROC, and
JAFROC. It also showed that the influence of prior mammograms on radiologists’ performance
was not affected by radiologists’ personal and workload characteristics such as the number of

years reading mammograms, hours spent reading mammograms per week, number of years
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specialised as breast radiologist, and volume of mammograms read per week. Breast density
also did not affect the influence that prior mammograms have on radiologists’ performance in
interpreting screening mammograms. The outcome of this paper provided evidence to support
policies around the retention of mammograms for future reference. The findings also
highlighted the need for the creation of a national population mammography database to
support the interpretation of screening mammograms of women moving across states or

between screening services.
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CHAPTER 3

Access to prior screening mammograms affects the specificity but not
sensitivity of radiologists’ performance.

Chapter 3 is published as Akwo JD, Trieu PD, Robinson M, Reynolds T, Lewis SJ (2024).
Access to prior screening mammograms affects the specificity but not sensitivity of

radiologists’  performance.  Clinical. ~ Radiology.  79(12): el1549-e1556. DOI:

https://doi.org/10.1016/j.crad.2024.09.007

This published paper is the first of three original studies performed within the institutional
ethics review board approval entitled “The influence of prior cases on radiology performance
with screening mammograms (Human research and ethics committee approval number:

2023/101)”.
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ARTICLE INFORMATION AIMS: To establish the impact that access to prior mammograms has on radiologists’ per-
formance and the influence of radiologists’ characteristics and breast density on their subse-

Article history: quent performance.

Received 25 July 2024 METHODS: Eight participants independently interpreted 72 digital screening mammograms

Received in revised form in two reading sessions using the Royal Australian and New Zealand College of Radiologist's

5 September 2024 classification. In the first reading session, participants were given access to current and prior

Accepted 12 September 2024 mammograms. In the second reading session six months later, participants only had access to

the current mammograms. Radiologists’ specificity, sensitivity, lesion sensitivity, Receiver
Operating Characteristic (ROC) curve, and Jacknife Alternative Free-response ROC (JAFROC)
were calculated. A Paired T-test was used to compare readings with and without prior
mammograms, and to assess if breast density influenced participants performance. Indepen-
dent Sample T-test was used to compare performance across radiologists’ characteristics. A
relative risk analysis was conducted to assess the probability of false positives and false neg-
atives when prior mammograms were available.

RESULTS: Access to prior mammograms improved specificity in dense and non-dense breasts
(p<0.01) and reduced false positives (p = 0.01) but had no effect on sensitivity (p = 0.37),
lesion sensitivity (p = 0.67), ROC (p = 0.16), and JAFROC (p = 0.24). Prior mammogram also
reduced the probability of false positives (RR = 0.38; 95%Cl:0.26—0.57, p<0.0001) without
affecting the false negative rate (RR = 1.14; 95%Cl:0.88—1.49, p = 0.30). The impact of prior
mammograms on performance was not influenced by breast density or radiologists’
characteristics.

CONCLUSIONS: Access to prior mammograms improves radiologists’ specificity and reduces
false positives without affecting sensitivity and the false negative rate regardless of radiolo-
gists’ characteristics and breast density.
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Background

Female breast cancer is the second most common cancer
and leading cause of deaths due to cancer in women
worldwide."” Early detection is key to reducing deaths from
the disease.> To facilitate early detection, Australia estab-
lished a population-based screening program for women
aged 50—74 years in 1991, called BreastScreen Australia
(BSA).* Mammography is the standard imaging tool for
breast cancer screening in Australia, and the images pro-
duced are interpreted by trained readers, normally radiol-
ogists. However, the interpretation of mammographic
images is challenging.”® About 20—30% cancers are missed
in mammograms and radiologists demonstrate wide vari-
ability in their ability to detect cancer.”

The mammographic diagnosis of breast cancer is made
based on the identification of features of abnormality on a
woman's mammogram. Sometimes, these features are
subtle and may be missed or not judged to be cancer by
radiologists interpreting the mammograms.” Breast cancer
contains rapidly proliferating cells, which causes the cancer
lesions to grow over time and sometimes change the ar-
chitecture of the breast tissues.”® Therefore, previous
mammograms may serve as a baseline to identify features
or changes in current mammograms suggestive of breast
cancer, which could help improve diagnostic decision-
making®'® With the digitisation of the mammography
screening process, it has become easier to retrieve and
compare previous and current images of women undergo-
ing screening for abnormal beast changes. However,
screening programs are also challenged by storage capacity
due to the big data generated from current and previous
screening rounds in the digital era. In cases where previous
mammograms are available, radiologists usually spend
additional time reviewing and comparing these previous
mammograms to the current screening exam, which could
increase their workload, both operationally and visually.

Radiologists demonstrate variability in the interpretation
of screening mammograms, and experience and case load
are both documented to be predictors of observer perfor-
mance.’ It is possible that some radiologists more than
others may benefit from looking at both prior and current
mammograms together when interpreting mammograms,
but this is poorly understood. Another factor affecting the
interpretation of screening mammograms is the composi-
tion of a woman’s breast, with the sensitivity of
mammography documented to be lower in women with
extremely dense breasts compared to those with fatty
breast.'”"® Women with dense breasts are more frequently
recalled at screening and often receive false positive out-
comes due to summation artefacts in  their
mammograms.'#'>

Screening programs aim to keep recall rates low and is
generally one of the major criteria for judging the perfor-
mance of the program. It is possible that comparing current
and previous mammograms, particularly of women with
dense breasts may also help screening programs to reduce
recall rates. Therefore, identifying the characteristics of
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radiologists and women who benefit from prior mammo-
grams being reviewed with current mammograms could
lead to informed strategies to improve screening outcomes.
This study aims to establish the impact that access to prior
mammograms has on accurate interpretation of screening
mammograms and to establish the characteristics of radi-
ologists and breast compositions that benefit from prior
mammograms.

Methodology

This study received institutional review board approval
to conduct an observer performance study involving breast
radiologists and other designated screen readers for BSA
interpreting different mammographic cases at two different
time points: first with access to prior mammograms and
second, without access to prior mammograms (Human
Research Ethics Committee Number 2023/101).

Participant recruitment

A simple convenience sampling strategy was used to
recruit readers at the Breast Imaging Group (BIG) confer-
ence and the Royal Australian and New Zealand College of
Radiologists (RANZCR) annual scientific meeting in 2023.
Eleven radiologists with varying levels of experience and
workload characteristics were initially recruited for the
study and 8 participants completed both reading sessions.

Mammogram test set

A total of 72 full-field digital mammograms were
sampled from the Breastscreen REeader Assessment Strat-
egy STrategy (BREAST) databank of cases, ensuring even
distribution of women of breast densities (A-B-C-D), breast
cancer types and characteristics (calcifications, discrete
mass, architectural distortion, and non-specific density),
and ages. Briefly, BREAST was established to provide breast
screening readers the opportunity to assess their perfor-
mance in mammography interpretation and receive feed-
back on false negative and false positive errors like
PERFORMS (Personal Performance in Mammographic
Screening) in the United Kingdom National Health Service
Breast Screening Programme (NHSBSP).'®!7 BREAST is used
to support continuous professional development and serves
as a national quality training tool in BSA as PERFORMS is to
the NHSBSP.'®'® Therefore, BREAST mammography test-set
cases are derived from the imaging libraries of BSA like the
selection of mammograms for PERFORMS are derived from
the NHSBSP.'° The presence of cancer was confirmed by at
least two expert radiologists and a positive biopsy result.
The normal mammograms with no cancer were confirmed
to be cancer-free using negative mammograms acquired
2—4 years later. All cases had a prior mammogram available
through the BREAST databank, with the interval between
the current and prior mammograms ranging from 2 to 4
years to ensure that slow growing cancers developed
enough to be detected. The 72 cases contained prior and
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current mammograms from different vendors (General
Electric, Sectra, Hologic, Fujifilm and Siemens HealthCare).

Experimental design

The cases in the test sets were uploaded to the BREAST
platform for viewing and interaction. The eight partici-
pants independently interpreted the digital screening
mammograms in two reading sessions using the Royal
Australian and New Zealand College of Radiologists’
(RANZCR) classification: 1 (normal); 2 (benign); 3 (inde-
terminate); 4 (suspicious); 5 (highly suspicious). If the
reader detected a lesion, they then used a mouse to click
on the lesion and assign a rating. If a rating of 3 or higher
was assigned, the reader was asked to state the mammo-
graphic feature of the lesion detected (Fig 1). A rating of 2
denoted that reader considered the detected lesion as
benign. The first reading session involved mammograms
acquired in the current screening round and their priors
(mammograms acquired 2—4 years prior to the current
screening round). The second reading session involved the
interpretation of the same 72 cases, but the prior mam-
mograms were hidden so that the readers only had access
to the current mammograms of these women. The two
reading sessions were conducted at least six months apart
to reduce memory effect. All cases were read on 5MP
monitors and ambient lighting was kept between 15—20
lux to conform with the RANZCR standard. Prior to the
assessment, each participant completed a short survey,
which enabled us to collect demographic data and
practice-related characteristics such as age, gender, years
of experience reading mammograms, number of mam-
mograms read per week, whether they are working in
screening services. No feedback was given to the readers
about their performance after the first reading session.
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Statistical analysis

At the end of each the reading session, the BREAST
platform automatically calculates the performance of each
participant using metrics such as sensitivity, specificity,
false positive rates, receiver operating characteristic (ROC)
Area Under the curve (AUC), Jack-knife alternative free-
response receiver operating characteristic (JAFROC), and
lesion sensitivity. We collected and compared the diag-
nostic performance metrics for the participants in the two
reading scenarios (with versus without access to prior
mammograms).

Shapiro-wilk test demonstrated that data were normally
distributed (P>0.05 for all performance metrics). Therefore,
a Paired T-Test, which compares the means of two assess-
ments from the same participants was used to compare
performance with and without prior mammograms. Inde-
pendent sample T-test, which compares the means of two
independent groups was used to compare the performance
of groups of readers with different characteristics. The
thresholds used for the grouping were based on the char-
acteristics of the participants who completed the two
readings and ensured that participants were evenly
distributed between groups. To assess the impact of prior
mammograms across breast densities, we grouped data into
dense (BI-RADS C — D) and non-dense breasts (BI-RADS A —
B) and compared participants’ performance with and
without prior mammograms in dense and non-dense
breasts. A relative risk analysis (RR) analysis was per-
formed to assess the probability of false positive and false
negative outcomes when prior mammograms were avail-
able. For the RR analysis, sample size power calculation
showed that 16 true positive and 16 true negative cases, and
a cohort of five participants each reading with and without
prior mammograms were sufficient to yield 80% power at

Figure 1 BREAST platform showing readers lesion marks. Yellow circle represents the reader's mark denoting the location of cancer and red

circle represents the true location of the cancer.
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Table 1

Participants’ performance with compared to without prior mammograms.
Performance metric ~ With priors Without priors p-value
Specificity 91.1 (80-100) 76.3 (68—85) 0.009*
Sensitivity 67.5 (44-91) 71.3 (53—88) 037
Lesion sensitivity 64.1 (38-91) 66.9 (41-88) 0.67
ROC 80.7 (69.5-91.8) 77.6 (69.4-89.6) 0.16
JAFROC 78.1 (66.4-91.8) 747 (63.3-89.6) 0.24

ROC: Receiver Operating Characteristic curve; JAFROC: Jacknife Alternative
Free-Response Receiver Operating Characteristic curve. Values in bracket
represent the minimum and maximum scores.

95% confidence interval and <5% margin of error.'” P-values
< 0.05 were considered statistically significant.

Results

A total of eight participants (six radiologists, one senior
radiology trainee, and one breast physician) completed the
two reading sessions. The years in their current roles varied
from four to 35 years (mean = 20.3), with years of reading
mammograms ranging from three to 35 years (Mean =
17.3). The number of hours spent reading mammograms per
week varied from four to 30 hours, and the numbers of
mammograms cases read per week ranged from 20 to 200.

Table 1 summarises the performance outcomes of the
eight participants ‘with prior mammograms’ compared to
‘without prior mammograms’. Only specificity was signifi-
cantly higher when radiologists had access to prior mam-
mograms compared to when prior mammograms were not
available. True negatives were significantly higher with
prior availability compared to without prior mammograms
(mean = 36.4 vs. 30.5; p=0.01) and false positives were
significantly lower with priors compared to without priors
(mean = 3.6 vs 9.5; p = 0.01).

The probability of a false positive result was significantly
lower when participants had access to prior mammograms
(RR= 0.38; 95%Cl: 0.26—0.57, p<0.0001). The probability of
a false negative screening result was not significantly
different between readings with and without prior mam-
mograms (RR = 1.14; 95%Cl: 0.88—1.49, p = 0.30).

When the analyses were stratified by breast density,
participants’ performance was not significantly different
between dense and non-dense breast cases (p>0.05 for
specificity, sensitivity, and lesion sensitivity). However,
specificity was significantly higher when radiologists had
access to prior mammograms in dense (p = 0.01) and non-
dense (p = 0.01) compared to when prior mammograms
were not available (Table 2). No differences were detected in

Table 2
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sensitivity and lesion sensitivity when readings with priors
were compared to those without prior mammograms.

Independent sample T-test showed that participants
with >20 years of specialisation as breast radiologists or as
breast physicians demonstrated significantly higher speci-
ficity (p=0.04) and true negatives (p=0.04), and lower false
positives (p=0.04) when prior mammograms were avail-
able compared to those with < 20 years of specialisation. No
differences were observed between participants with
different characteristics in other performance metrics
(Table 3). No significant differences were observed between
these groups of participants when prior mammograms
were not available. There were also no differences between
participants who spent <4 hours per week and > 4 hours
per week reading mammograms in all performance metrics
regardless of whether prior mammograms were available.

When prior mammograms were available, no significant
differences were found between participants who have read
mammograms for < 10 years and those who had more than
10 years of mammography reading experience. Conversely,
when prior mammograms were not available, participants
with more than 10 years of mammography reading expe-
rience demonstrated better sensitivity, lesion sensitivity,
ROC, JAFROC, and true positives (p<0.05 for all). These
group of participants also demonstrated fewer false nega-
tives (p = 0.05). We did not find any significant differences
between participants who read fewer cases (<150) per
week and those who reader more than 150 cases per week.

When the readings with and without prior mammo-
grams were compared for participants employment char-
acteristics, specificity emerged as the only performance
metric that discriminated readings with versus without
prior mammograms (Table 4). Specificity was significantly
higher for participants with greater than 20 years of expe-
rience as radiologist or breast physician (p = 0.008), those
who spent >4 hours/week (p = 0.05) or <4 hours/week (p
=0.02), have >10 years (p = 0.05) or <10 years (p = 0.01) of
mammography reading experience, and those who read
more than 150 mammograms per week (p = 0.04) when
prior mammograms were available compared with when
prior mammograms were not available.

Discussion

The findings demonstrate that access to mammograms
from the previous screening round improves radiologists’
ability to correctly identify women who have no signs of
cancer on their images without affecting the detection and
classification breast cancer lesions in women who have

Comparison of participants’ performance in dense and non-dense breasts with compared to without prior mammograms.

Performance Dense breasts (BI-RADS C — D) Non-dense breasts (BI-RADS A — B)

With priors Without priors p-value With priors Without priors p-value
Specificity 92.5 (80—-100) 76.9 (60—95) 0.01* 92.5 (80—100) 75.6 (60—90) 0.01*
Sensitivity 66.4 (50-93.8) 68.8 (50-87.5) 0.88 68.7 (37.5—93.8) 73.4 (56.3—87.5) 037
L. Sensitivity 62.5 (43.8-87.5) 64.8 (37.5-87.5) 0.66 65.6 (31.3-93.8) 68.8 (43.8-87.5) 0.62

L.Sensitivity: lesion sensitivity. Values in bracket represent the minimum and maximum scores.
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Table 3
Comparison of the performance of participants with different characteristics across readings with and without prior mammograms.

Performance metric ~ With priors Without priors

Years qualified as radiologist or breast physician/specialty

<20 years (n=4) =20 years (n=4) p-value <20 years (n=4) =20 years (n=4) p-value
Specificity 86.5 (80—90) 95.8 (88—100) 0.04* 75.6 (68—85) 76.8 (68—85) 0.87
Sensitivity 71.8 (62—78) 63.3 (44-91) 0.45 68.6 (53—78) 73.6 (66—88) 054
L. Sensitivity 67.3 (56—72) 61(38-91) 0.61 61.8 (41-75) 72 (62—88) 0.35
ROC 81.4 (75.5-79) 80.2 (69.5-91.8) 0.82 76.8 (69.4—82.8) 78.5 (70.3—89.6) 0.76
JAROC 77 (72.5-79) 79 (66.4-91.8) 0.75 712 (63.3-82.8) 77.6 (68.3—89.6) 039

Hours spent reading mammograms per week

<4 hours/week (n=4) >4 hours/week (n=4) p <4 hoursfweek (n=4) >4 hours/week (n=4) p-value
Specificity 91.5 (88—100) 90.6 (80—100) 0.89 75.8 (68—85) 76.8 (68—85) 0.87
Sensitivity 68.5 (62—78) 66.5 (44—91) 0.86 68.8 (53—78) 73.8 (66—88) 0.53
L. Sensitivity 64 (59—72) 64.3 (38-91) 098 61 (41-75) 72.8 (62—88) 027
ROC 81.5(75.5-85.6 80 (65.5-91.8) 0.78 76.3 (69.4—80.9) 78.9 (70.3—89.6) 0.63
JAROC 77.3 (72.5-81.8) 78.9 (66.4—91.8 0.78 70.9 (63.3—79.3) 78.5 (68.3—89.6) 0.26

Number of years reading mammograms

<10 years (n=4) >10 years (n=4) p <10 years (n=4) >10 years (n=4) p-value
Specificity 90.3 (88—95) 91.6 (80—100) 0.82 74 (68—82) 77.6 (68—85) 057
Sensitivity 61.3 (44-91) 71.2 (59-72) 0.39 62.7 (53-88) 76.4 (66—78) 0.05*
L. Sensitivity 55.3 (38—91) 69.4 (56—72) 025 543 (41-88) 74.4 (62—75) 0.04*
ROC 76.7 (69.5-91.8) 83.1(79.1-85.6) 0.22 72.2 (69.4—89.6) 80.9 (70.3—82.8) 0.04*
JAROC 73.6 (66.4—91.8) 80.7 (75-79.7) 0.20 67.6 (63.3—89.6) 78.9 (68.3—82.8) 0.05*%

Number of mammograms read per week

<150 reads/week (n=3)  >150 reads/week; n=5 p <150 reads/week; n=3 >150 reads/week; n=5 p-value
Specificity 90.6 (88—100) 92 (95—-100) 0.80 75 (68—85) 78.3 (68—85) 0.60
Sensitivity 68.2 (59—-78) 66.3 (44—-91) 0.87 74.6 (53—75) 65.7 (66—88) 0.26
L. Sensitivity 65.2 (56—72) 62.3(38-91) 0.82 73.2 (41-72) 56.3 (62—88) 0.10
ROC 81.1 (75.5-85.2) 80.1 (69.5—91.8) 0.85 79.3 (69.4—80.9) 74.8 (70.3—89.6) 042
JAROC 78.1 (72.5—-81.8) 78 (66.4—91.8) 0.99 77.7 (63.3—79.3) 69.6 (68.3—89.6) 0.24

L. Sensitivity: lesion sensitivity; ROC: receiver operating characteristics curve; JAFROC: Jacknife Alternative Free-response receiver operating characteristics
curve; *significantly different. Values in bracket represent the minimum and maximum scores.

cancer. Data generated also show that the availability of
prior mammograms for radiologists to view reduces the
chances of false positive results for women undergoing
screening. After adjustments were made for breast density
and radiologists’ characteristics such as years of speciali-
sation, number of years reading mammograms, volume of
mammograms read per week, and hours spent reading
mammograms, the availability of prior mammograms
consistently led to improvement in specificity and a
reduction in false positive rate without affecting the false
negative rate. It is important to note that while sensitivity
and lesion sensitivity were lower with priors, they were not
significantly different from the values obtained when
readings occurred without priors. Also, despite the slightly
lower sensitivity and lesion sensitivity with priors, ROC and
JAFROC, which measures observers’ abilities to detect the
lesion and simultaneously rate the level of malignancy were
higher when prior mammograms were available even
though these were not significantly greater than chance.
These findings can be explained because breast cancer
elicit perturbations in mammograms, which mimic normal
breast parenchyma or benign changes.””’ However, unlike
perturbations from normal breast parenchyma or benign
lesions, the perturbations due to breast cancer gradually
change overtime as the cancer grows or invades

surrounding tissues.”® Therefore, comparison with prior
mammograms should help radiologists detect changes in
mammographic features that are most discriminative of
breast cancer. These findings are relevant because they
suggest that viewing prior mammograms can improve the
efficiency of screening programs by ensuring that women
who have no cancer are correctly informed thereby
reducing unnecessary recall and testing. However, due to
population mobility across state lines, access to prior im-
ages is not always available to readers. The findings support
screening guidelines and policies that recommend that
mammograms of women undergoing screening should be
retained for future reference.?! Whilst archiving, cost, and
retention issues are factors to consider when retaining prior
mammograms,”” the utility of prior mammograms in
reducing false positives,”*>* which mitigates psychosocial
harms and cost of assessments for women wrongly recalled
emphasise the importance of prior mammograms to
screening programs.?>-2%

Our findings align with published evidence which shows
that availability of prior mammograms to radiologists im-
proves specificity and reduce false positives and recall rates
without affecting cancer detection and sensitivity.”**’ 22
For example, experimental observer performance and
retrospective  studies have reported a 4-14.5%
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Table 4
Comparison between readings with prior compared to without prior mammograms for participants of similar characteristics.

Years qualified as radiologist or breast physician/specialty

With priors Without priors p-value With priors Without priors p-value
(>20 years; n=4) (>20 years; n=4) (<20 years; n=4) (<20 years; (n=4)
Specificity 95. (95—100) 76.8 (72—85) 0.008* 86.5 (80—90) 75.8 (68—85) 0.07
Sensitivity 63.3 (44—-91) 73.8 (66—88) 038 71.8 (62—78) 68.8 (53—78) 0.66
L. Sensitivity 61 (38-91) 72 (62-88) 041 67.3 (56—72) 61.8 (41-75) 0.56
ROC 80 (70-92) 78.5 (73-90) 0.79 81.4 (76-86) 76.8 (69-83)) 0.28
JAROC 79 (66—92) 77.6 (68—90) 0.84 77.1 (73-82) 71.7 (63—-83) 0.11
Hours spent reading mammograms per week
With priors Without priors p-value With priors Without priors p-value
(>4 hoursfweek; n=4) (>4 hours/week; n=4) (<4 hours/week; n=4) (<4 hours/week; n=4)
Specificity 90.8 (80—100) 76.8 (68—85) 0.05* 91.5 (88—100) 75.6 (68—85) 0.02*
Sensitivity 66.5 (44-91) 73.(66—88)8 0.54 68.5 (59-78) 68.8 (53-78) 0.97
L. Sensitivity 64.3 (38-91) 72.8 (62—88) 0.52 64 (56—72) 61 (41-75) 0.74
ROC 80 (70-92) 79 (70-90) 087 81.5 (76-86) 76.3 (69-81) 0.20
JAROC 789 (66-92) 78.5 (68—90) 095 77.3 (73-80) 70.9 (63-79) 0.18
Number of years reading mammograms
With priors Without priors p-value With priors Without priors p-value
(>10 years; n=4) (>10 years; n=4) (<10 years; n=4) (<10 years; n=4)
Specificity 92.5 (80—100) 76.5 (68—85) 0.05* 89.8 (88—95) 76 (68—82) 0.01*
Sensitivity 66.3 (59—75) 73.5 (66—78) 0.19 68.8 (44-91) 69 (53-88) 0.98
L. Sensitivity 64 (56-72) 71 (62-75) 0.20 64.3 (38-91) 62.8 (56—88) 0.92
ROC 81 (79-86) 78.7 (70-83) 049 80.5 (70-92) 76.8 (69—90) 057
JAROC 78 (75—80) 76.2 (68—83) 061 78.1 (66—92) 73.1 (63—90) 0.55
Number of mammograms read per week
With priors Without priors p-value With priors <150 Without priors p-value
(>150 reads/week; n=5 (>150 reads/week; n=5 (reads/week; n=3 (<150 reads/week; n=3
Specificity 91 (80—100) 73.7 (68—85) 0.04* 86.3 (88—100) 77.3 (82-85) 0.19
Sensitivity 68 (44-75) 73 (66—88) 0.40 68.2 (59-78) 70 (53-75) 0.89
L. Sensitivity 66.2 (38-91) 69.7 (62—88) 0.56 64.6 (56—72) 61.7 (41-72) 0.85
ROC 81.4 (70-92) 77.3 (70-90) 022 79 (76—85) 77.7 (69—81) 0.85
JAROC 78.9 (66—-92) 74 (68—90) 0.13 77.1 (73-82) 73.1(63-79) 0.64

L. Sensitivity: lesion sensitivity; ROC: receiver operating characteristics curve; JAFROC: Jacknife Alternative Free-response receiver operating characteristics
curve; *significantly different. Values in bracket represent the minimum and maximum scores.

improvement in specificity, no significant change in
sensitivity,”**’ 2! and 8—13.5% reduction in false positive
rates’>?* when prior mammograms were available. This
current study found a 14.8% improvement in specificity and
a 6% reduction in the false positives rate with prior mam-
mograms. Relative risk analysis demonstrated a 62%
reduction in the absolute probability of false positives when
prior mammograms were available. It is worth noting that
assessment of sensitivity, specificity, and false positive rates
involve classification tasks, which requires observers to
state whether mammograms contain cancer without indi-
cating the location of cancer in the mammogram. The
JAFROC and lesion sensitivity methodologies used in our
study capture observers correct lesion detection and the
level of malignancy. The only previous study that has used
these methodologies compared the performance of radiol-
ogists who read different test sets, some with and others
without prior mammograms,’” which may not completely
capture the impact of prior mammograms on performance.
This study is the first to examine the impact of prior
mammograms where the same cohort of participants read
the same mammograms with and without prior images,
analysed performance with observer performance

methodologies at the level of the lesion, and adjusted for
factors that could influence their performance. Therefore,
our findings account for both the detection and malignancy
rating of cancer lesions and provide stronger evidence for
the impact of prior examinations in identifying the normal
cases better than cancer cases via screening mammograms.

The literature shows that factors such as the character-
istics of women screened and radiologists who interpret
these mammograms influence observer performance in
interpreting screening mammograms.' "> Studies based
BREAST and PERFORMS have demonstrated the impact of
these platforms in identifying the influence that technology,
patient, and radiologists’ characteristics have on perfor-
mance.'”'®** For example, analysis of data of over 400
PERFORMS participants showed that individual and
practice-related characteristics were the most discrimina-
tive of high and low performing screen readers.** To account
for these confounding factors, we adjusted for breast density
and radiologists’ characteristics such as years of experience,
years reading mammograms, number of mammograms read
per week, and hour spent reading mammograms using the
demographic and practice-related information self-reported
by participants in the BREAST platform. Regardless of the
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adjustments that were made, access to prior mammograms
consistently improved specificity without affecting sensi-
tivity, lesion sensitivity, ROC, and JAFROC. When readings
without prior mammograms were considered separately for
each reader characteristic, only radiologists with greater
than 10 years of experience were able to outperform their
colleagues with fewer years of experience in terms of
sensitivity, lesion sensitivity, ROC, and JAFROC (Table 3).
These findings confirm that the improvement observed in
specificity were not due to reader characteristics or the
composition of the breast of women whose mammograms
were used for the study as demonstrated by lack of differ-
ence in performance between dense and non-dense breasts.
Rather, this study indicates that improved performance was
due to the availability of prior mammograms as shown in
Tables 2 and 4. These findings highlight the importance of
prior mammograms to all radiologists regardless of their
years of experience and workload-related characteristics,
and women of all breast densities, and we consider this the
first time such an effect has been shown.

Afew limitations of the study must be acknowledged. The
current study was based on an enriched mammography
test-set with even distribution of breast densities. While this
may not be representative of the clinical environment, the
test-set design ensures that all cancer lesion types and breast
densities were adequately represented, and accounts for the
smaller number of images used in experimental test-set
observer performance studies. It should also be noted that
studies based on BREAST and PERFORMS have shown that
test-set performance can predict screen readers’ perfor-
mance in a real-life clinical setting.’”***> Therefore, our
findings can be used to support the use of priors in screening
programs and the establishment of a national reference
mammography database for women participating in screen
mammography. Secondly, only the assessments of eight
participants who completed both test sets (readings with
and without prior mammograms) were used in the analysis.
However, this number is above the 75th percentile of the
participant sample sizes used in similar previous stud-
ies.”#?’~32 Three participants did not respond to commu-
nication to complete the second test set and were therefore
excluded from the study. The number of cases (n=72) could
limit the generalisability of findings; however, it was
important to develop an experimental protocol that could be
completed in a reasonable time (2—3 hours per test set) so as
not to fatigue the readers. Nonetheless, the sample of cases
and readers in this study fall within the range recommended
for phase II observer performance studies of medical
imaging.'**°

Conclusion

Availability of prior mammograms to radiologists im-
proves specificity and reduces false positive rates without
reducing the detection and characterisation of breast cancer
in mammograms. Therefore, the simultaneous display of
prior and current mammograms may be a useful strategy to
improve the efficiency of screening programs by reducing
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the number of women who are incorrectly called back to
assessment clinics.
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Introduction to chapter 4 “Does access to prior mammograms improve the

performance of radiographers in interpreting screening mammograms?”

The interpretation of screening mammograms is traditionally the role of breast radiologists.
However, with the increase in the number of women participating in breast cancer screening
and the higher volume of screening mammograms and assessment images acquired per day,
the interpretation workload has increased over the last three decades (1, 2). The high workload
of mammography interpretation is compounded by a shortage of breast radiologists. As
described in Chapter 1, the global shortage of breast radiologists has persisted, with national
workforce surveys in the UK and Australia highlighting breast radiologists’ workforce gaps
ranging from 30 — 35% (3). The workforce shortages appear to be getting worse with breast
radiologists’ retirement rates disproportionately higher than the growth rate. For example, the
UK the national data on retirement rates indicated that 24% of breast radiologists would retire
in 2025, but only 1% annual increase in the number of breast radiologists (3). In Australia, the
breast radiologist’s workforce involved in the national breast screening program has also been
shown to consistently decline over the last five years (4, 5). These workforce shortages have
reinforced the need for alternative solutions to mitigate screening mammography interpretation
workload challenges.

It has been suggested that the breast radiologists’ workload shortages can be filled by non-
medical personnel (6, 7). The utilisation of non-medical personnel was first explored in the
USA followed by the UK (6). Since radiographers are the first healthcare personnel to interact
with women participating in screening and acquire the screening mammograms, the UK
developed advance practice training programs for radiographers to undertake mammography
interpretation in the 1990s (6). Since then, the National Health Service Breast Screening

Program (NHSBSP) has utilised radiographers as breastscreen readers (6, 8, 9). The practice

101



of radiographers interpreting mammograms is gaining attention in the literature. However, the
literature review presented in Chapter 2 shows that previous studies that examined the impact
that prior mammograms have on the accuracy of mammography interpretation were based on
radiologists and breast physicians, or do not distinguish radiography readers in the data (10).
Given the differences between the training of radiographers and medical personnel, it is
important to examine the impact that prior mammograms have on radiographers’ interpretation
of screening mammograms.

To address the gaps identified in the literature (10), the study presented in Chapter 4
examined for the first time the impact that prior mammograms have on Australian
radiographers’ interpretation of screening mammograms and the influence of radiographer
characteristics on their subsequent performance. The study is published in the Journal,
Radiography and is entitled “Does access to prior mammograms improve the performance of
radiographers in interpreting screening mammograms?”’ (11). The test set used for this study
only included digital mammograms. Digital breast tomosynthesis (DBT) images were not
included because DBT is mostly used as an adjunct to digital mammography and for the
assessment of women recalled at screening. Findings from the study show that the availability
of prior mammograms to radiographers improved specificity, ROC, and JAFROC, and
reduced the false positive rate without affecting sensitivity and lesion sensitivity. It also
showed that the impact that prior mammograms have on performance is not affected by the
number of years qualified as radiographer and the number of hours spent working in a
mammography service. The outcome of the study highlighted the need for curricular
innovations for radiographers that incorporate systematic analysis of prior mammograms
when interpreting mammograms from the current screening round to reduce radiographers’

false positive rates.
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CHAPTER 4

Does access to prior mammograms improve the performance of

radiographers in interpreting screening mammograms?

Chapter 4 is published as Akwo JD, Trieu PD, Robinson M, Reynolds T, Lewis SJ (2024).
Does access to prior mammograms improve the performance of radiographers in interpreting
screening mammograms? Radiography; 31(1): 247-253. Doi:

https://doi.org/10.1016/j.radi.2024.11.025.

This published paper is the second of the three original studies performed within the
institutional ethics review board approval entitled “The influence of prior cases on radiology
performance with screening mammograms (Human research and ethics committee approval

number: 2023/101)”.
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Introduction: The impact of previous screening mammograms on radiographers’ performance in
mammography interpretation is unknown. This study assesses the impact that previous screening
mammograms has on radiographers’ interpretation of mammograms.
Methods: Thirteen Australian radiographers working for the national breast screening service inde-
pendently interpreted a mammography test-set containing mammograms of 28 women based on the
Royal Australian and New Zealand College of Radiologists’ classification. Twelve radiographers completed
the “No prior test-set” (no previous mammograms available) while one radiographer completed the
“Prior test-set” (most current screening mammograms with access to previous mammograms) in the first
reading session. In the second reading session, 12 radiographers completed the “Prior test-set” and one
radiographer completed the “No prior test-set”. Their performance with and without previous mam-
mograms were calculated and compared.
Results: The availability of prior mammograms significantly improved specificity [81(range:58—95) vs.
60(range:37—79); p = 0.002], ROC [91(range:80—-99) vs. 82 (range:57-91); p = 0.003], and JAFROC
87(range:73—99) vs. 79 (range:52—91); p = 0.01]. Prior mammograms also significantly reduced false
positives (p = 0.002). No differences were observed between readings with and without previous mam-
mograms in terms of sensitivity (p = 0.70) and lesion sensitivity (p =0.82). Years qualified as a radiographer
did not modify the influence of previous mammograms on specificity, ROC, and false positives. Years
specialised as breast radiographer slightly modified the influence of previous mammograms in radiogra-
phers with >25 years of experience but not those with <25 years of experience as breast radiographers.
Conclusions: The availability of previous screening mammograms improves radiographers’ ability to
discriminate between normal and abnormal mammograms and reduce the false positive rate without
affecting the detection of breast cancer.
Implications for practice: The findings highlight the need for practices to store screening mammograms
and for radiographers to actively refer to previous screening mammograms when interpreting mam-
mograms from the current screening round. It also highlights the need for policies to establish a national
accessible mammographic database platform for integrated clinics and to account for population
mobility across states.
© 2024 The Authors. Published by Elsevier Ltd on behalf of The College of Radiographers. This is an open
access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Introduction

Current health trends suggest that one in eight women in
developed countries will be diagnosed with breast cancer in their
lifetime.> Breast cancer accounts for one in three new cases of
cancers in women, and one in six women affected with breast
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cancer will die from the disease.">* Given the obvious health
burden the World Health Organisation (WHO), through the Global
Breast Cancer Initiative, seeks to achieve a 2.5 % reduction in breast
cancer deaths by 2040, which will save the lives of an estimated 2.5
million women worldwide.” To achieve such a significant reduction
in breast cancer deaths, a combination of different approaches
including early detection and improvement in treatment strategies
and patient care is required.®” The literature shows lower mortality
and higher survival rates for women whose cancer were detected

1078-8174/© 2024 The Authors. Published by Elsevier Ltd on behalf of The College of Radiographers. This is an open access article under the CC BY license (http://creativeco
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early.>® Thus, many countries have implemented population breast
cancer screening programs and invite eligible women for
mammography screening. As an example, BreastScreen Australia
invites women ages 50—74 years for biennial imaging. Some
countries provide optional screening to women in their forties and
supplemental screening using magnetic resonance imaging (MRI)
for women at higher risk of developing breast cancer.'®'!

Early detection through screening mammography involves the
interpretation of mammograms, usually by radiologists, with some
other healthcare practitioners such as breast physicians and radi-
ographers also interpreting mammograms, Evidence shows that
the interpretation of screening mammograms is a challenging task,
with about 20—30 % of breast cancers missed.'>!'> However these
numbers vary depending on the characteristics of the women
screened such as breast density, breast size, body mass index and
the experience and expertise of the radiologist who interpreted the
images.'> A major challenge faced by screening programs around
the world is the limited number of radiologists to interpret
mammograms.” % In the United Kingdom (UK), for example, the
workforce interpreting screening mammograms includes radiog-
raphers as second readers and as autonomous advanced practi-
tioners.””'® The number of breast radiologists in Australia is below
the workforce needed to meet the target number of personnel
interpreting screening mammograms.'* Similar to programs in the
UK and around the world, it has been suggested that Australian
radiographers have the potential to fill the mammogram inter-
pretation workforce gap.'” Thus, radiographers could become an
integral part of screening mammography reporting teams.

Mammography readers often review previous mammograms of
women whose mammograms from the current screening round
show features suggestive of breast cancer or demonstrate incon-
clusive findings. Artificial intelligence software packages such as
Terapixel, recently introduced into the reporting framework to
improve the efficacy of the interpretation process, also rely on prior
images to resolve ambiguities or make diagnostic decisions about
suspicious areas on current mammograms.”’ Many screening pro-
grams display previous mammograms of each woman alongside
mammograms from the most recent screening round for compar-
ison and identification of changes that may indicate breast cancer.?!
However, due to factors such as storage limitation, lost images and
movement of women across states and countries, prior mammo-
grams are not always available. While the practice of storing
mammograms for future comparison has become well-established
across screening programs, the impact of this practice on screening
outcomes is poorly understood.

A literature review of previous studies that have examined the
impact of prior mammograms on the diagnostic efficacy of
screening programs found that past studies focus only on experi-
enced radiologists and breast physicians.”’ Findings from these
studies show that access to prior mammograms improved radiol-
ogists’ specificity and positive predictive value while reducing both
recall rate and false positive rate. Diagnostic performance metrics
such as sensitivity, cancer detection rate, and accuracy were not
affected by the availability of prior mammograms.”!

Outside Australia, other healthcare practitioners are also
employed as independent mammography readers. In the United
Kingdom (UK), advanced practice radiographers have become
increasingly involved in the autonomous interpretation of mam-
mograms. Evidence shows that UK radiographers demonstrate
strong diagnostic efficacy in interpreting both screening and
diagnostic mammograms, either as single independent readers or
as second readers in a double reading system.”>* Studies that have
compared UK radiographers and radiologists in reporting screening
mammograms in a double reading system have reported similar
performance across all performance metrics?? or sensitivity”” and
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lower specificity for radiographers.”>** It has also been shown that
UK radiographers outperformed radiologists from developing
countries in all performance metrics.”> These findings support the
integration of radiographers into the screening mammography
reporting system, particularly in countries with radiologists’
shortage.

In Australia and New Zealand, radiographers' roles in
mammography are usually limited to image acquisition and patient
care, but there exists potential for reader status. A few studies have
examined the potential of Australian radiographers to interpret
mammograms,”® 27 the impact of breast density of radiographer
performance in mammography interpretation® and the impact of
targeted training packages to improve Australian radiographers’
performance in the interpretation of screening mammograms.®'
These studies focused on case-level analysis, which requires radi-
ographers to classify mammograms as normal or abnormal without
identifying the location of the cancer in the mammograms. Find-
ings from the studies demonstrate that Australian radiographers
can participate in mammography interpretation but highlight a
wide variability in their interpretation abilities and the need for
interventions to improve performance. However, no study has
examined the impact of prior mammograms on radiographers’
performance in interpreting screening mammograms using
observer performance methodologies that capture their perfor-
mance at the lesion level.

In this new study, we hypothesise that access to previous
mammograms will improve the diagnostic efficacy of radiogra-
phers and reduce false positive errors. Therefore, this study aims to
assess the impact of providing access to the previous screening
mammograms on the interpretation of mammograms from the
current screening round by breast imaging radiographers.

Methods

An observer performance study methodology was employed
and involved the interpretation of two sets of screening mammo-
grams by the same observers. The study was approved by our
Institutional Human Research Ethics Committee (Institutional Re-
view Board Number: 2023/101).

Participant recruitment

Twenty-two radiographers from Australia and New Zealand
who worked in their respective screening services (BreastScreen
Australia and BreastScreen Aotearoa) were recruited to participate
in the study. Participants were recruited at the 2024 Breast screen
Australia conference held in Canberra between the 13th and 15th of
March 2024. Participants were also recruited by email through the
Breast Screen Australia units within the Local Health Districts
(LHDs). All participants were provided with the participant infor-
mation statement and those who consented to the study were
recruited. However, only participants who completed the reading
of the two test sets (with and without prior images) used for the
study were included in the final analysis.

Mammogram test set

The test set used for the study contained 28 digital screening
mammography cases (Cancer: n = 9; normal: n = 19) with prior
images which were taken in the previous screening round. These
mammograms were selected from the BreastScreen Reader
Assessment STrategy (BREAST) image databank to ensure that
mammograms were included from women of different breast
densities (almost entirely fatty, scattered fibroglandular tissue,
heterogeneously dense, and extremely dense), cancer
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characteristics (calcifications, mass, architectural distortion, and
non-specific density), and acquired using different vendor tech-
nologies (General Electric, Sectra, Hologic, Fujifilm and Siemens
HealthCare) were evenly represented. Similar observer perfor-
mance studies involving radiologists used between 36 and 200
mammograms and three to 12 radiologists.”’ Statistical analyses of
clinical assessment in medical imaging also show that exploratory
(Phase 1) studies require between two to three observers and
10—50 patients since the goal is to test observers’ ability to
distinguish images with and without disease.’”>> Therefore, two
sets of 28 mammograms were developed: “No Prior test-set” con-
taining only the most current mammograms of these 28 women;
“Prior test-set” containing mammograms from the most recent
screening round and mammograms of the same cohort of women
acquired 2—4 years prior (previous mammograms). The reference
standard or absolute truth for each mammogram had been
collected from radiology reports and pathological reports for cancer
cases which were independently confirmed by three senior
BreastScreen radiologists who had more than 25 years in inter-
preting the screening mammograms. The absence of cancer in
mammograms classified as normal (cancer-free) was established
based on negative screening mammograms of the same women
acquired 2—4 years later. All prior mammograms used for the study
were acquired 2—4 years prior to provide sufficient time for slow
growing cancers to develop to a point where they can be detected.

Experimental design

Prior to starting the study, each participant was presented with
an user interface on the BREAST platform (www.breastaustralia.
com) to complete a short survey, where information such as their
demographics including age, gender, years of experience taking
mammograms, number of mammograms taken per week, and
practice-related information was collected. Twelve radiographers
completed the “No prior test-set” (no previous mammograms
available) while one radiographer completed the “Prior test-set”
(mammograms from the most recent screening round and the
previous mammograms of these women) in the first reading ses-
sion. Each participant independently reviewed the test-sets and
reported their findings based on the Royal Australian and New
Zealand College of Radiologist's Tabar classification: normal
(RANZCR = 1); benign (RANZCR = 2); indeterminate or equivocal
(RANZCR = 3); suspicious (RANZCR = 4); highly suspicious of
malignancy (RANZCR = 5).** If no lesion or feature of abnormality
was detected, the participant was asked to move to the next case in
the test-set. However, if the participant detects a lesion, they were
asked to mark the lesion and assign a rating from 2 to 5 according to
the RANZCR rating scale using the online BREAST platform. If a
rating of 3 or higher was assigned, the participants was presented
with a drop-list of lesion types to select the lesion type that was
detected (calcifications, mass, architectural distortion, and non-
specific density). Ratings of 3, 4, 5 were used to establish a partic-
ipant's level of confidence that the detected lesion was malignant.
No feedback was provided to the participants about their scores or
correct decisions after the first round of reading the test-set. The
second reading session occurred after a wash-out period with 12
radiographers completing the “Prior test-set” and one radiographer
completing the “No prior test-set”. After the radiographers had
completed both test sets, they were presented with their scores and
could cycle back through the cases to receive case-based feedback.

Statistical analysis

The true positives, true negatives, false positives, false negatives,
specificity, sensitivity, lesion sensitivity (ratio of the number of
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cancers correctly marked and the total number of cancer lesions in
the test set), Receiver Operating Characteristics (ROC) Curve, which
measures performance in discriminating between diseased and
non-diseased cases, and Jacknife Alternative Free-Response
Receiver Operating Characteristics (JAFROC) scores of each radi-
ographer were extracted from the BREAST platform. JAFROC uses
the confidence ratings assigned to lesions to calculate reader per-
formance in correctly localising cancer lesions and rating their level
of malignancy versus classifying images without cancer. Both Kol-
mogorov Smirnov and Shapiro-wilk tests indicated that the distri-
butions of true negatives, false positives, specificity, ROC, and
JAFROC of participants were parametric while true positives, false
negatives, sensitivity, and lesion sensitivity were non-parametric.
Therefore, a paired t-test was used to the radiographers’ false
positives, specificity, ROC, and JAFROC with versus without prior
mammograms. Wilcoxon sign-ranked test was used to compare
sensitivity and lesion sensitivity with versus without prior
mammograms.

The radiographers self-reported the number of years qualified as
radiographer, number of years specialised as breast radiographer,
number hours spent working in a mammography service, and
whether they interpret mammograms. For each of these charac-
teristics, the radiographers were split into two groups: Years
qualified as radiographer >30 versus <30 years; years specialised in
breast imaging >25 years versus <25 years; number of hours spent
working in mammography (>16 h versus <16 h). The thresholds
used for the groupings of participants were based on the charac-
teristics of radiographers who participated in the study to ensure
even distribution between groups. A Mann-Witney-U test (for
sensitivity and lesion sensitivity) and t-test (for specificity, ROC,
JAFROC, and false positives) were used to assess if reader charac-
teristics influenced performance in both readings with and without
prior mammograms.

To test whether radiographers’ characteristics influenced the
impact of prior mammograms on performance, a paired sample t-
test was used to compare the false positives, ROC, JAFROC, and
specificity of each group with versus without prior mammograms.
The Wilcoxon sign-ranked test was used to compare the sensitivity
and lesion sensitivity of each group with versus without prior
mammograms. A two-sided p value < 0.05 was considered
significant.

Results

Out of 22 radiographers who participated in the study, five
radiographers completed only one test-set and three radiographers
completed the test-set as a team. Therefore, the data of the five
radiographers who completed only one test-set, and three radiog-
raphers completed the test-set as a team were excluded. Of the 14
remaining radiographers, one completed the readings sessions
using a low-resolution monitor (<5 MP), which was below that
recommended for mammography image interpretation. Therefore,
13 radiographers were included in the final analysis. Their years of
experience as radiographers ranged from 8 to 44 (mean = 28.2)
years, with the number of years specialised as breast radiographer
ranging from 8 to 33 (mean = 21.4).

False positives (p = 0.002) were lower and True negatives (p =
0.002) were higher when readings occurred with prior mammo-
grams. True positives (p = 0.65) and False negatives (p = 0.65) were
not different between readings with versus without prior mam-
mograms, Specificity (p = 0.002), ROC (p = 0.003), and JAFROC (p =
0.01) were significantly better when radiographer read with pre-
vious mammograms compared to readings without previous
mammograms. No differences were observed in sensitivity (p =
0.70) and lesion sensitivity (p = 0.82) as shown in Table 1.
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Table 1

Comparison of radiographers’ performance with versus without prior mammo-
grams (values in bracket represent the minimum and maximum scores of the
radiographers for each performance metric).

Performance metric With previous Without previous p-value
Specificity 81(58—95) 60(37—79) 0.002°
Sensitivity 96(78-100) 94(67-100) 0.70
Lesion sensitivity 9 (67—100) 88(56—100) 0.82
False positives 3.5(1-8) 7.5(4-12) 0.002°
ROC 91 (80—99) 82 (57-91) 0.003"
JAFROC 87 (73—99) 79 (52-91) 0.01*

ROC: Receiver Operating Characteristics Curve; JAFROC: Jacknife Alternative Free-
Response Receiver Operating Characteristics.
? Statistically significant.

Table 2 summarises the results of the comparison between
radiographers of different characteristics in readings with current
mammograms alone and in readings with previous mammograms.
There were no significant differences between radiographers in
terms of the number of years qualified (>30 years versus <30 years;
p > 0.05), number of years specialised as breast radiographer (>25
years versus <25 years; p > 0.05), and number of hours spent
working in mammography (p > 0.05).

When the reading of each group was compared with and
without previous mammograms, readings with previous mam-
mograms consistently showed higher specificity, ROC, JAFROC, and
lower false positives. In both radiographers with >30 years of
experience and those with <30 years of experience, previous
mammograms significantly improved specificity and reduced false
positives (p < 0.04). The number of years qualified slightly modified
the effect previous mammeograms had on the ROC and JAFROC
values of radiographers with <30 years' experience to below
chance levels. The influence of previous mammograms on speci-
ficity, ROC, JAFROC, and false positives were also slightly attenuated
to below chance levels in radiographers with >25 years of

Table 2
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specialisation as breast radiographers but remained significant in
those with <25 years of specialisation. Number of hours spent
working in mammography did not modify the influence of previous
mammograms on radiographer's performance (Table 3).

Discussion

The results show that the availability of previous mammograms
to breast imaging radiographers improved their skills in correctly
distinguishing women who have cancer from those who do not
have cancer. The results also show that when radiographers had
access to previous screening mammograms, their ability to
correctly classify mammograms of women who do not have cancer
improved without reducing their ability to detect breast cancer in
women with cancer. Also, previous mammograms are helpful to
radiographers in detecting cancer in mammograms and simulta-
neously establishing the level of malignancy and reducing the
proportion of women whose mammograms are incorrectly classi-
fied as positive. The influence of previous mammograms on radi-
ographers’ mammogram interpretation performance remained
noticeable after considering their years of experience as radiogra-
phers and the number of hours spent working in mammography.
When radiographers with different years of experience, years of
specialisation as breast radiographers, and hours spent working in
a mammography service were compared in readings with or
without previous mammograms alone, we did not find any differ-
ence. However, when the interpretations with versus without
previous mammograms were compared for each of these groups of
radiographers, prior mammograms continuously improved speci-
ficity and ROC and reduced false positives for participants with >30
years and <30 years qualified as radiographers, but the improve-
ment in ROC for participants with less than 30 years’ experience
was not statistically significant. Prior mammograms also improved
specificity, ROC, and JAFROC, and reduced false positives in

Comparison of the performance of radiographers of different characteristics in readings with prior mammograms and without prior mammograms.

Performance metric With previous mammograms

Without previous mammograms

Number of years qualified as radiographer

>30 years (n = 7) <30 years (n = 6) p-value >30years (n = 7) <30 years (n = 6) p- value
Specificity 81(58—90) 82(63—89) 0.95 62 (37-74) 58(47—79) 0.56
Sensitivity 95 (78-100) 96(89—-100) 1.00 97.3(89-100) 86.8(67-100) 095
L. sensitivity 89(78-100) 89(67—100) 1.00 87(56—-100) 89(78-100) 1.00
False positives 2.8(78.1-97.7) 3.8(74-90.1) 0.39 6(65.5-87) 8(51.5-84.5) 024
ROC 91 (88—99) 91 (85—99) 0.94 81 (57-91) 3(71-91) 0.73
JAFROC 87 (73-98) 87(74-99) 0.98 78 (52—86) 80 (66—91) 0383

Years of specialisation as breast radiographer

>25 years (n = 6) <25 years (n =7) p-value =25 years (n = 6) <25 years (n = 7) p-value
Specificity 80(58-90) 83(63-95) 0.69 62(47-79) 59 (37-74) 0.86
Sensitivity 94(78—100) 92(67—100) 1.00 93 (67—-100) 95(78—-100) 073
L. sensitivity 84(67—-100) 91(67—100) 0.14 86 (56—100) 89(78-100) 053
False positives 3.8(2-8) 3.2 (1-7) 0.66 7.3 (4-10) 7.7 (5-12) 0.80
ROC 90 (80-99) 92(85-99) 0.90 81 (57-91) 84(71-91) 0.19
JAFROC 86(73-98) 89 (74-99) 0.68 78(52-86) 78 (66-91) 0.62

Number of hours spent working in a mammography service

>16h(n=4) <16 h(n=29) p-value >16 h (n=4) <16h(n=9) p-value
Specificity 86(79—90) 80(58—95) 039 67(47-79) 57(37—74) 025
Sensitivity 95(89—100) 96(78—100) 0.82 89(78—100) 96(67—100) 0.15
L. sensitivity 86(67-100) 90(78-100) 0.60 86(78—100) 89(56-100) 0.50
False positives 28(2-4) 3.9(1-8) 0.39 6.3 (4-10) 8(5-12) 0.24
ROC 91(85-96) 91(80-99) 0.96 81(71-87) 83(57-91) 0.76
JAFROC 87(74-95) 88(73-99) 0.91 78(66-87) 9 (52-91) 092

ROC: Receiver Operating Characteristics Curve; JAFROC: Jacknife Alternative Free-Response Receiver Operating Characteristics; *: statistically significant; L. sensitivity: lesion

sensitivity.
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Table 3
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Comparison of the performance of radiographers with similar characteristics with prior versus without prior mammograms.

Number of years qualified as radiographer

‘With previous Without previous p-value With previous Without previous p-value
(=30 years: n = 7) (=30 years:n=7) (<30 years: n = 6) (<30 years: n = 6)
Specificity 81(58-90) 62(47-79) 0.04" 82(63-95) 58(37-74) 0.03"
Sensitivity 95 (78-100) 94(67—100) 1.00 96(89-100) 95(78—100) 065
L. sensitivity 89(79—100) 87(56—100) 091 89(67—100) 89(78—100) 0.46
False positives 3.6(2-8) 7(4-10) 0.04° 3.5(1-7) 8(5—12) 0.03°
ROC 91(80-99) 81(57-91) 0.03" 91(85-99) 83(71-91) 0.08
JAFROC 87 (73-98) 78(52—86) 0.11 87 (74-99) 76(66—91) 0.06
Years of specialisation as breast radiographer
‘With previous ‘Without previous p-value With previous Without previous p-value
>25 years (n = 6) >25 years (n = 6) <25 years (n=7) <25 years (n=7)
Specificity 80 (58—90) 62 (47-79) 0.08 83 (63-95) 59 (37-74) 0.01°
Sensitivity 95 (78-100) 93 (67-100) 095 95 (89-100) 95 (78-100) 1.00
L sensitivity 89 (79-100) 87(56—100) 073 91 (67-100) 89(78—100) 0.65
False positives 3.8(2-8) 7.3 (4-10) 0.08 33(1-7) 7.7 (5-12) 0,01°
ROC 90 (80—99) 81(57-91) 0.06 92(85-99) 84(71-91) 0.04°
JAFROC 86(73-98) 78(52—86) 0.21 89 (74-99) 78 (66—-91) 0.02°
Number of hours spent working in a mammography service
‘With previous Without previous p-value With previous Without previous p-value
(=16 h:n=4) (=16 h:n=4) (<16 h:n=19) (<16 h:n=9)
Specificity 86(79-90) 67(47-79) 0.03° 80(58-95) 57(37-74) 0.01°
Sensitivity 95(89—-100) 89 (78—100) 0.28 96 (78—100) 96 (67—100) 0.65
L. sensitivity 86(67—100) 86 (78—100) 0.59 90(78—100) 89 (56—100) 073
False positives 2.8(2-4) 6.3 (4-10) 0.04" 3.9(1-8) 8(5-12) 0.02°
ROC 91(85-96) 81(71-87) 0.006° 91(80-99) 83 (57-91) 0.04°
JAFROC 87 (74-95) 78(66—87) 0.008° 88 (73-99) 79 (52-91) 0.08

ROC: Receiver Operating Characteristics Curve; JAFROC: Jacknife Alternative Free-Response Receiver Operating Characteristics.

@ Statistically significant; L. sensitivity: lesion sensitivity.

participants with <25 years of specialisation as breast radiogra-
phers. Finally, prior mammograms improved specificity, ROC, and
JAFROC, and reduced false positives in participants who spend >16
h and those who spend <16 h working in mammography service,
although the improvement in JAFROC for participants spending <16
h working in mammography service did not reach statistical
significance.

To achieve the goal of breast cancer screening programs of
detecting breast cancer in its early stages, many women whose
mammograms show suspicious, abnormal, or ambiguous features
are called back for further assessment.” However, less than 10 % of
these women are eventually confirmed to have cancer at assess-
ment.’® It has been suggested that strategies that reduce the pro-
portion of women incorrectly recalled to assessment without
reducing the detection of cancer may standardise and expand
screening services.”” Interestingly, reference to previous mammo-
grams when interpreting mammograms from the current screening
round improved specificity, ROC, JAFROC, and reduced false posi-
tives without affecting sensitivity. These outcomes may be due to
the radiographers’ ability to dismiss suspicious features when
reference to previous mammograms show a lack of change or
insignificant change within the suspicious area in keeping with the
absence of abnormality or slow-growing benign lesions. Even
though we did not directly examine recall rates, the findings sug-
gest that comparison with previous mammograms can reduce the
number of benign lesions recalled without reducing the positive
predictive value of recall. Screening programs aim to increase
cancer detection rate with high sensitivity and specificity while
reducing the recall rate.*® Reducing recall rate is particularly
important since it has major clinical, economic, and psychosocial
implications. These include increased workload to screening ser-
vices and personnel from unnecessary additional testing, increased
cost and radiation dose associated with assessment of the women
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recalled, and psychological harms such as fear and anxiety, which
reduces screening re-attendance particularly for the 80—85 % of
women who receive a false-positive diagnosis. Since screening
programs aim to recall as fewer women as possible, the storage and
reference to previous mammograms when interpreting mammo-
grams from the current screening round may standardise and
expand screening services by reducing the proportion of women
incorrectly targeted for additional testing and associated costs.
Previous studies, which examined breast radiologists, show that
comparison with previous mammograms improved specificity by
4-15 % and reduced the false positives by 8—14 % without reducing
sensitivity and cancer detection rate’"*® The current study
demonstrated a 22 % increase in specificity, 9 % improvement in
radiographers' abilities to correctly distinguish between mammo-
grams with and without cancer, and 53 % reduction in false posi-
tives when previous mammograms were available. Some women
with breast cancer had two or more lesions and the JAFROC
methodology accounted for the number of lesions detected by the
radiographers. Therefore, the 8 % improvement observed in JAFROC
may be a combination of increase in the number of lesions detected
and rating of lesion malignancy. To the best of our knowledge, this
is the first study to examine the impact of prior mammograms on
breast radiographers' performance in mammography interpreta-
tion. An interesting finding was that the cohort of radiographers
examined demonstrated very high sensitivity regardless of their
experience as radiographers, years specialised as breast radiogra-
phers, and the number of hours spent working in mammography.
Previous studies that have examined radiographers' performance
in mammography interpretation consistently reported comparable
sensitivity with radiologists,”>*” but a high false positive rate for
radiographers ranging 35 %—49 %,%*%! which is a concern for
integrating radiographers into the interpretation process.*%*! We
found a mean false positive rate of 40 % when readings occurred
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without prior mammograms. Interestingly, when the radiogra-
phers had access to previous mammograms, the false positive rate
dropped to 18 %, suggesting that providing previous mammograms
to radiographers is a useful strategy to reduce their false positive
rate. The findings also have implications for advanced practice
mammography training programs. It suggests that the incorpora-
tion of systematic approaches for evaluating and comparing cur-
rent and prior mammograms into the training curriculum may be a
useful strategy for improving radiographers’ mammography
interpretation performance,

Experience and workload characteristics of screen-readers have
been shown to impact upon radiologists' performance in the
interpretation of screening mammograms.*®# To confirm that the
effect observed when readings occurred with previous mammo-
grams were not due to the experiences of the radiographers, we
adjusted the analysis based on the years of practice as radiogra-
phers, years of experience as breast radiographers, and number of
hours spent working in mammography. In all adjustments, speci-
ficity, ROC, and JAFROC were consistently higher, and false positives
decreased for all readings with previous mammograms, and only
failed to reach significance in radiographers with >25 years of
specialisation as breast radiographers. Also, sensitivity and lesion
sensitivity remained unchanged at below chance levels (see Table
3). These results suggest that the experience and time spent by
the radiographer in mammography did not change the impact of
previous mammograms on diagnostic performance. To the best of
our knowledge, this is the first time that the impact that radiog-
raphers' practice experience has on diagnostic performance in
mammography interpretation has been examined. The similar
performance across all the radiographers suggests that breast im-
aging radiographers can serve as adjuncts to breast radiologists,
particularly where there is breast radiologists’ shortage. The find-
ings also provide preliminary evidence to explore the use of breast
radiographers for identifying women whose mammograms may
need to be triaged for immediate interpretation or those who may
require additional imaging such as spot view or digital breast
tomosynthesis to provide sufficient information to assist in the
diagnostic decision-making process. Triaging and additional im-
aging has become particularly important with the expansion of
screening services to include mobile screening mammography.

We acknowledge that our study has a few limitations. First,
participants examined in this work were self-selected breast im-
aging radiographers. The radiographers did not undertake official
interpretation training to read the mammograms; however, most
had many years of experience (8—44 years) working in mammog-
raphy, and this experience could have been helpful to the radiog-
raphers in identifying the abnormal/normal mammograms. This
selection bias may limit the generalisation of the findings to all
radiographers. Secondly, the study was an exploratory baseline
study, reflective of our smaller test-set (mammograms of 28
women) and reader numbers (13 radiographers), who completed
the readings with and without prior mammeograms. The small
number of mammograms may limit the generalisability of the
findings; however, it was necessary to develop an experimental
protocol that mitigates radiographers' fatigue in completing the
test-sets. It is important to note that the sample of mammograms in
our test-sets is within the 10—50 recommended for exploratory
phase of diagnostic performance evaluation,’”*> and that the
sample of readers in the current study is higher than previously
reported in similar studies involving radiologists.”"*>*~*% Therefore,
the numbers of mammograms and readers are sufficient to estab-
lish the influence of previous mammograms on radiographers’
performance in screening mammography interpretation.
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Conclusion

Access to previous screening mammograms improves radiog-
raphers' ability to discriminate between normal and abnormal
mammograms, detect and establish the malignancy level in
abnormal mammograms, and reduce the false positive rates
without affecting the detection of breast cancer. The influence of
prior mammograms on radiographers' performance is not affected
by the number of hours spend working in a breast imaging service,
and the number of years qualified as radiographer or specialised as
breast radiographer, The findings highlight the potential for inte-
grating breast imaging radiographers into mammography inter-
pretation framework, particularly in countries with radiologists’
shortages. The data also emphasise the need for practices to store
screening mammograms for future reference, and for policies to
establish a national accessible mammographic database platform
for one-stop clinics and to account for population mobility across
states.
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Introduction to Chapter 5 “Impact of prior mammograms on radiologists

and radiographers’ detection of different breast cancer lesion types.”

Breast radiologists, physicians, and advanced practice reporting radiographers use features
identified on mammograms to classify mammograms as normal or abnormal (1). Although the
breast parenchyma shows a heterogenous appearance on mammograms, specific features are
used to establish the presence of abnormality, but these abnormal features may be benign or
malignant (1, 2). Radiologically, features such as architectural distortions, calcifications,
spiculations, stellate appearances, discrete mass, and non-specific density raise the suspicion
of malignancy (1, 2). These features are often referred to as mammographic lesion types and
demonstrated differences in their risk of malignancy. For example, the risk of malignancy in
stellate lesions varies from 75-90% (3, 4) compared to 10% for discrete masses and non-
specific densities, and 10-50% for architectural distortions (5-8). To account for the risk of
malignancy in detected lesions, mammography reporting systems such BI-RADS and the
RANZCR classification systems were developed. These systems allow BreastScreen readers
to highlight the presence of a lesion and describe the type of lesion identified and their
perceived risk of malignancy. It has also been shown that longitudinal changes in the
appearance of breast lesions can predict the risk of malignancy (9, 10). For example, changes
in discrete masses and non-specific densities increase the risk of malignancy by only 10%
whereas change in stellate lesions may increase the risk of malignancy by more than 50% (9).
Therefore, changes in lesion features can be used to improve diagnostic efficacy of screening
mammography, and prior mammograms may provide opportunities for breast readers to

identify changes in lesion features over time.
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The results presented in Chapters 3 and 4 focused on the impact prior mammograms have
reader performance and investigated if personal and workload characteristics of the readers,
and breast density, influenced the impact that prior mammograms have on performance.
However, the impact that prior mammograms have on the identification of the different lesion
types was not explored. While the findings in Chapters 3 and 4 pointed to an upward trend in
JAFROC values (lesion detection and risk classification) when prior mammograms were
available, it was not clear if a particular lesion type was responsible for the improvement in
JAFROC. In addition, the literature review in Chapter 2 demonstrated a lack of studies focusing
on lesion-level and lesion type analysis to elucidate the impact that prior mammograms may
have on the detection of different lesion types. Only one study adjusted the analysis for lesion
types; however, the radiologists who interpreted the mammograms with priors were not always
the same as those who interpreted mammograms without priors (2). Therefore, there is limited
understanding of the impact that prior mammograms have on the detection of different lesion
types. The scarcity of scientific evidence on the impact that prior mammograms have on the
detection of different lesion types and the higher JAFROC values recorded with priors in

Chapters 3 and 4 highlighted the need for lesion type analyses.

To address these knowledge gaps, Chapter 5 examined the impact that prior mammograms
have on the detection of different lesion types. The outcome of this chapter has been published
in the Journal of Medical Radiation Sciences and is entitled “Impact of prior mammograms on
radiologists and radiographers’ detection of different breast cancer lesion types”. In this paper,
observer performance metrics such as specificity, ROC, JAFROC, and false positives were not
considered because these metrics incorporate cases without cancer (normal cancer-free cases)
in their analysis. Also, these performance metrics have been reported in Chapters 3 and 4 (25,

26). Therefore, the study in Chapter 5 focused on the impact that prior mammograms have on
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the detection of different lesion types, not the interpretation of negative cases. Briefly, the
findings indicate that reference to prior mammograms improves radiologists’ detection of
stellate/spiculated lesions without affecting the detection of other lesion types. Prior
mammograms did not impact upon radiographers’ abilities to detect any lesion type but
improved their performance in discriminating between normal cancer-free mammograms and
those with cancer. The outcome of the analysis provided important insight into the impact that
prior mammograms have on the radiological detection of changes in stellate/spiculated lesions

which are most discriminative of malignancy.
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CHAPTER 5

Impact of prior mammograms on radiologists and radiographers’ detection of

different breast cancer lesion types

Chapter 5 is published as “Akwo JD, Trieu PD, Barron M, Reynolds T, Lewis SJ (2025).
Impact of prior mammograms on radiologists and radiographers’ detection of different breast
cancer lesion types” in the Journal of Medical Radiation Sciences. 2025; 0:1-7

This published paper is the last of the three original studies performed within the institutional
ethics review board approval entitled “The influence of prior cases on radiology performance

with screening mammograms (Human research and ethics committee approval number:

2023/101)”.
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ABSTRACT

Introduction: Mammographic interpretation relies on the detection of suspicious abnormal changes, and reference to prior
mammograms may support the detection of these changes. However, the influence of prior mammograms on the detection of
different breast lesions is unclear. This paper assesses the influence of prior mammograms on the detection of different lesion
types in mammograms.

Methods: Mammographic test sets comprising different lesion types were interpreted in two stages. In Stage 1, eight radiologists
interpreted current mammograms of 72 women (hormal: n=40; cancer: # =32) with and without access to the prior mammo-
grams. In Stage 2, 13 radiographers interpreted another test set containing 28 mammograms (normal: # =19; cancer: n=9) with
and without access to the prior mammograms. Radiologists and radiographers performances in detecting different lesion types
with and without prior mammograms were compared separately using a paired t-test.

Results: In Stage 1, reference to prior mammograms did not improve sensitivity for architectural distortions (p=0.48), calci-
fications (p=0.85), discrete masses (p=0.45), and non-specific density (p =0.22). However, prior mammograms improved the
detection of spiculated/stellate lesions (p=0.05) and diagnostic accuracy for architectural distortions (p =0.006) and discrete/
spiculated/stellate masses (p =0.01). Prior mammaograms had no impact on lesion sensitivity (p>>0.05). In Stage 2, no differences
were observed in sensitivity and lesion sensitivity when compared to without prior mammograms for all lesion types (p> 0.05),
but prior mammograms improved overall diagnostic accuracy (p <0.002).

Conclusions: Prior mammograms improve the detection of spiculated/stellate lesions but have no impact on the detection of

other lesion types when measuring radiologists’ and radiographers’ performance.

1 | Introduction

Breast cancer remains the most prevalent cancer in women
worldwide, and the incidence of the disease continues to in-
crease annually [1]. Globally, more than three million new
cases of breast cancer are predicted to be diagnosed annually

by 2040 [2]. Current estimates show that one in eight women
will be diagnosed with breast cancer in their lifetime, and one
in 40 affected women will die from the disease [3]. In the last
three decades, deaths from breast cancer have reduced by 44%
[4]. and this has been attributed to early detection through
population-based screening and advances in treatment of
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breast cancer [4]. Estimates from the United States and
Australia show that screening mammography and improve-
ment in breast cancer treatment have reduced breast cancer
deaths per 100,000 women from 64 to 27 in the United States
and 74 to 37 in Australia—a decrease of 37 per 100,000 women
[5; 6

Estimates show that 47% of the reduction in breast cancer
deaths are due to early detection and treatment of Stages 1, 2,
and 3 breast cancers [6]. Screening mammography aims to de-
tect eatrly-stage breast cancers and relies on the identification
of features of the disease. Across the world, radiologists and
other healthcare practitioners involved in mammography in-
terpretation use terms such as discrete mass, spiculated mass,
stellate lesion, calcification, non-specific density, and architec-
tural distortion to describe mammographic features identified
in mammograms and to report the presence of cancer [7]. These
mammographic features have been shown to be correlated with
histopathology features of breast cancer but may also indicate
benign conditions [8, 9]. Therefore, when breast lesions are iden-
tified, they are classified according to their risk of malignancy
using different lexicons such as the Breast Imaging Reporting
and Data Systems (BI-RADS) in the United States and Royal
Australian and New Zealand Caollege of Radiologists (RANZCR)
classification in Australia and New Zealand [10, 11]. The ini-
tial identification and risk classification of these lesions inform
screening programs’ recall to assessment clinics and follow-up.

Mammographic images are traditionally interpreted by breast
radiologists. However, breast radiologists’ work force shortages
have reinforced the need for breast physician and radiographer
reporting. In the United Kingdom (UK) National Health Service
Breast Screening Programme (NHS BSP), advanced practice ra-
diographers undertake independent interpretation of mamma-
grams or act as second independent double readers [12, 13]. In
Australia, radiographers have demonstrated the potential to re-
port mammograms at a level that supports their integration into
the reporting workforce [14-17] but have difficulty in detect-
ing certain lesion types [14]. Previous studies based on breast
radiclogists have explored prior mammograms for improving
the diagnostic efficacy of mammography [18-21]. The rationale
behind these studies is that comparing current mammograms
to mammograms acquired in the previous screening rounds
may facilitate the identification of parenchymal changes asso-
ciated with malignancy [22, 23]. However, these studies were
mostly based on older technologies and observer performance
evaluation methodologies that do not consider performance at
the lesion level, and only evaluated radiologists even though ad-
vanced practice radiographers, particularly in the UK NHS BSP,
now participate in mammography interpretation [18].

To close these knowledge gaps, our group examined the impact
that prior mammograms have on radiologists [24] and radiogra-
phers' [25] performance using current technologies and observer
performance evaluation methodologies. The findings from these
two studies showed that access ta prior mammograms improves
specificity without affecting sensitivity and lesion sensitivity,
and these findings were not confounded by the experience and
work-related characteristics of radiologists and radiographers
[24, 25]. However, in both studies, we observed that access to
prior mammograms led to a similar trend in JAFROC, which

examines performance in detecting lesions and simultaneously
establishing malignancy risk [24, 25]. These findings indicated
that lesion features may impact upon their risk classification and
question the influence that prior mammograms have on the de-
tection and risk classification of different lesion types. The test
sets used in our previous studies included different lesion types
but did not examine the impact that prior mammograms have
on the detection of each lesion type [24, 25]. A recent review by
our group also showed a lack of studies on the impact that prior
mammograms have on radiclogists or radiographers’ detection
of different lesion types [18]. The only study that adjusted ra-
diologists' performance for each lesion type was a retrospective
analysis of observer performance data, and the radiologists who
interpreted with prior mammograms were not always the same
as those who interpreted mammograms without priors, which
does not fully account for the impact that radiologists’ experi-
ence has on performance [21]. Since the risk of malignancy
varies across lesion types [9, 26, 27] and these risk ratings are
used for reporting the presence of breast cancer in the BI-RADS
and RANZCR lexicons [10, 11], it has become increasingly im-
portant to address the knowledge gaps around the impact that
prior mammograms have on performance. Therefore, this study
aimed to assess the influence of prior mammograms on the de-
tection of different breast lesion types via mammograms by ra-
diologists and radiographers. The outcome of the work has the
potential to support the design of training and continuous pro-
fessional development programmes around the systematic anal-
ysis of prior mammograms for radiologists and radiographers.

2 | Methods

This observer performance study approved by the Human
Research Ethics Committee of the University of Sydney Human
Research Ethics Committee (Number 2023/101) involved the
interpretation of screening mammograms of women in two
phases. Participants' recruitment and the interpretation protocol
have been reported previously [24, 25].

2.1 | Mammogram Test Set

Mammograms comprising of different breast lesion types/
mammographic features were used to design separate test sets
for radiologist and radiographers. For each participant group,
two test sets were developed: ‘prior test set’ and ‘no prior test
set’. The design and description of these tests and the vendor
technologies used for acquiring the mammograms used for
the test sets are described in our previous studies [24, 25]. The
sample sizes for the test sets were based on the requirements
for exploratory phase (radiographer test set) and challenge
phase (radiologists test set) observer performance evaluation
[28, 29]. The reference standard for the normal mammograms
(mammograms of women with no cancer) was established in-
dependently by at least two expert radiologists and negative
mammograms acquired 2 to 4years later. Biopsy was used as
the reference standard for the cancer cases (mammograms
containing breast cancer) and expert radiologists who also
established the lesion-type descriptions. The characteristics
of the test sets are summarised in Table 1. All mammograms
were selected from the BreastScreen Reader Assessment
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TABLE1 | Characteristics of mammographic the test sets.

Test set Radiologists Radiographer
characteristics test set test set
Number of cases 72 28
Cancer cases 32 9
Normal cases 40 19
Dense breasts 36 18
Non-dense breasts 36 10
Architectural 8 0
distortions

Calcifications 8 1
Non-specific density 7 4
Stellate/spiculated 5 2
lesions

Discrete mass 4 2

STrategy (BREAST) image databank and uploaded to the
BREAST platform, a cloud-based platform technology that al-
lows readers to interpret the mammograms and receive feed-
back on their performance [30-32].

2.2 | Experimental Design

The study was conducted in two stages. In the first stage, eight
participants interpreted the radiologist's test set containing 72
mammograms (normal: n=40; cancer: n=32) in two reading
sessions as described in our previous studies [24, 25]. Each
reader independently interpreted the mammograms in both
reading sessions based on the RANZCR breast imaging lesion
classification using the BREAST platform. If a lesion was de-
tected, the reader was asked to provide a rating from 2 to 5. A
lesion rating of 2 was considered benign and non-actionable. If
a reader marked a lesion and assigned ratings of 3, 4, or 5, a list
of checkboxes for different lesion-type descriptors (spiculated/
stellate lesion, discrete mass, calcification, non-specific density,
or architectural distortion) was presented for the reader to check
the box corresponding to the lesion type detected. A detailed
experimental design, including viewing conditions, is reported
elsewhere [24, 25].

2.3 | Statistical Analysis

Once each reader completes a test set, the BREAST software
records the reader’s true positives (TP), true negatives (TN),
false negatives (FN), and false positives (FP) scores. The soft-
ware uses these values to automatically calculate each reader's
sensitivity, specificity, lesion sensitivity, receiver operating
characteristic (ROC), area under the curve (AUC) and jack-
knife alternative free-response receiver operating character-
istic (JAFROC). For this study, we extracted the raw data of
each reader and established their TP, TN, FN and FP for each
lesion type in both reading sessions: spiculated lesion, discrete

mass, calcification, non-specific density, architectural distor-
tion or stellate lesion. The sensitivity and diagnostic accuracy
analysis for each lesion type were then performed using the
MedCale software package (Version 23.0.9) [33]. Since dis-
crete and spiculated/stellate lesion types present as masses in
mammograms, these were also combined and analysed. If a
reader's mark falls within the lesion, the BREAST software
records a value to indicate a correct lesion localisation. Lesion
sensitivity or localisation for each lesion type was calculated
by dividing the number of that lesion type correctly marked by
the total number of that lesion type in the dataset. Specificity,
ROC and JAFROC outputs were not analysed since the focus
of the study was on the impact of prior mammograms on the
detection of different lesion types and because they have been
reported elsewhere [24, 25]. Kolmogorov Smirnov test showed
that data for each lesion type in both the radiologists/breast
physicians and radiographers’ datasets were normally dis-
tributed. Therefore, the performance of the readers with and
without prior mammograms for each lesion type were com-
pared using a paired t-test. p £0.05 was considered as statisti-
cally significant.

3 | Results

The eight participants in Stage 1 routinely interpret mammo-
grams in clinical practice. The mean number of years in their
current roles was 20.3x11.6years, and the mean number of
years of reading mammograms was 17.3+10.9years. These
readers spent between four and 30 h interpreting mammograms
and interpret 20 to 200 mammograms per week.

Table 2 shows the mean performance and the minimum and
maximum scores of the participants in each lesion type when
reading occurred with and without prior mammograms in
Stage 1. Overall, there were no differences in sensitivity when
reading occurred with compared to without prior mammo-
grams for architectural distortions (p=0.48), calcifications
(p=0.85), discrete masses (p =0.45) and non-specific density
(p=0.22). However, prior mammograms marginally improved
the classification of spiculated and stellate lesions (p =0.05).
No differences were observed in lesion sensitivity for all le-
sion types (p = 0.16). Overall diagnostic accuracy did not differ
between reading with and without prior mammograms when
calcifications, discrete masses, spiculated and stellate lesions
and non-specific density lesions were examined independently
(p=0.16). However, the availability of prior mammograms
significantly improved diagnostic accuracy for architectural
distortions (p =0.006).

Thirteen radiographers with mean years of experience as ra-
diographers of 28 11 years, and 21 + 8.4 years specialised as
breast radiographers completed the reading in Stage 2. All the
radiographers correctly classified all the discrete masses and
non-specific density lesions when prior mammograms were
available. Since only one calcification was available in the
dataset, it was excluded from the final analysis. Overall, there
were no differences in sensitivity and lesion sensitivity when
readings occurred with compared to without prior mammo-
grams for all lesion types (p > 0.05 for all). However, overall
diagnostic accuracy was significantly higher for all lesion
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TABLE 2 | Radiologists’ performance in lesion type detection with
prior and no prior mammograms.

TABLE 3 | Radiographers’ performance in lesion type detection
with prior and no prior mammograms.

Performance Without Performance Without
metric With priors priors p metric With priors priors P
Architectural distortions (n =8) Discrete mass (#=2)
Sensitivity 58 (25-75) 62 (50-75) 0.48 Sensitivity 100 (100-100) 94 (50-100) 0.35
Lesion 48 (13-75) 53 (38-75) 0.49 Lesion 100 (50-100) 88 (50-100) 0.17
sensitivity sensitivity
Accuracy 86 (79-92) 74 (67-83) 0.006* Accuracy 85 (62-95) 66 (43-81) 0.002*
Calcifications (n =8) Non-specific density (1 =4)
Sensitivity 80 (63-100) 79 (63-100) 0.85 Sensitivity 100 (100-100) 94 (75-100) 0.17
Lesion 79 (63-100) 78 (63-100) 0.16 Lesion 50 (75-100) 84 (50-100) 0.45
sensitivity sensitivity
Accuracy 86 (58-100) 77 (67-85) 095 Accuracy 86 (65-96) 69 (48-83) 0.001*
Discrete mass (n=4) Spiculated/stellate mass (h =2)
Sensitivity 72 (22-100) 78 (75-100) 0.45 Sensitivity 75 (0-100) 75 (0-100) 1.00
Lesion 68(25-100) 69 (25-100) 0.94 Lesion 69 (0-100) 75 (0-100) 0.59
sensitivity sensitivity
Accuracy 85 (57-100) 76 (68-89) 0.18 Accuracy 83 (62-95) 64 (48-76)  <0.001*

Non-specific density (n =7)

Sensitivity 52 (14-100) 60 (42-85) 0.22
Lesion 48 (14-100) 57 (42-85) 0.40
sensitivity

Accuracy 81 (59-89) 76 (66-85) 0.29

Spiculated mass/stellate (n=5)

Sensitivity 75 (40-100) 61 (20-100) 0.05%
Lesion 77 (40-100) 77 (20-100) 1.0
sensitivity

Accuracy 86 (58-100) 76 (67-87) 0.17

Discrete mass + spiculated mass/stellate masses (# =9)

Sensitivity 74 (44-100) 78 (44-100) 0.66
Lesion 72 (44-100) 74 (22-100) 0.89
sensitivity

Accuracy 87 (58-100) 76 (67-87) 0.01*

Nofe: Values in bracke ts represent the minimum and maximum scores of the
readers per lesion ty pe.
*$ignificant difference.

types (p £0.002) when prior mammograms were available to
the radiographers. The mean scores of all readers, and mini-
mum and maximum scores for each performance metric are
shown in Table 3.

4 | Discussion
The findings demonstrate that prior mammograms improve

radiologists' detection of spiculated/stellate lesions without im-
pacting upon the detection of discrete masses, calcifications,

Discrete mass + spiculated mass/stellate masses (n =4)

Sensitivity 92 (50-100) 90 (50-100) 0.76
Lesion 87(50-100) 87 (25-100) 1.0
sensitivity

Accuracy 86 (62-95) 66 (48-83) 0.001*

Note: Values in brackets represent the minimum and maximum scores of the
readers per lesion type.
*Significant difference.

non-specific densities and architectural distortions. The results
also show that prior mammograms did not have an influence
on the ability of radiographers to detect different breast cancer
lesion types. Diagnostic accuracy, which accounts for the read-
er's ability to classify both normal and abnormal mammograms,
was consistently higher when prior mammograms were avail-
able to radiographers. Although the mean accuracy of radiol-
ogists for all lesion types was consistently higher when prior
mammograms were available, this improvement only reached
statistical significance in architectural distortions.

The correct detection and discrimination of different lesion
types on mammograms are important because they influence
both the false-positive recall and false-negative rate, which have
both clinical and economic implications for screening and as-
sessment [34]. Breast imaging readers have a mental picture
of cancer features [35], and when these cancer features are de-
tected, the lesion may likely be reported as cancer regardless of
whether prior mammograms are available. This may explain
the similar sensitivity and lesion sensitivity between readings
with and without prior mammograms. However, different lesion
types can also indicate different benign and malignant condi-
tions [36-38], but some lesion types are mare predictive of can-
cer than others [8, 37, 38]. For example, the risk of malignancy
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in discrete masses and non-specific densities is 10% compared
to 10%-50% in architectural distortions, and 75%-90% in spic-
ulated/stellate lesions [37-39]. Our findings suggest that not all
lesion types visible in mammograms are reported as malignant,
even when comparison with prior mammograms suggests sub-
tle changes in current mammograms. The discriminatory pow-
ers of lesion types may explain the lower radiologists' sensitivity
and lesion sensitivity in both architectural distortions and non-
specific density lesions overall (Table 2), but higher sensitivity
for spiculated/stellate lesions when prior mammograms were
available. This is further supported by the results obtained when
discrete masses were combined with spiculated/stellate masses,
where the impact of prior mammograms on the detection of
spiculated/stellate masses was attenuated.

Although the results of sensitivity analysis indicate that prior
mammograms have no impact on the detection of most lesion
types, the higher mean diagnostic accuracy scores with priors
suggests that the availability of prior mammograms improves
the discrimination between malignant and benign/normal fea-
tures in mammograms. These findings highlight the influence
of prior mammograms in clinical decision-making around re-
call for further assessment and the management and follow-up
of patients with suspicious cancer lesions. Also, despite our use
of prior mammograms obtained 2—-4 years prior to allow changes
in slow-growing cancers to be visible, these changes did not im-
prove the detection rate except for spiculated/stellate lesions.
The high risk of malignancy in spiculated/stellate lesions may
explain the improvement in radiologists’ sensitivity in this le-
sion type. However, this raises concerns for radiographers who
demonstrated similar sensitivity, when priors were available de-
spite this lesion type being most predictive of breast cancer and
most recalled by radiologists [39, 40]. These findings highlight
the need for radiographer intervention that incorporates strate-
gies to thoroughly analyse and compare prior and current mam-
mograms to identify spiculated/stellate lesions and changes in
this lesion type that indicate malignancy.

Previous studies that have explored the mammographic detec-
tion of different breast lesion types focussed on radiologists’
sensitivity [41] or inter-radiologist concordance in classifying
breast lesion types [7, 42] and positive predictive value of differ-
ent lesion types [42]. The studies that assessed the influence of
prior mammograms on radiologists’ performance mostly report
improvement in specificity and reduction in the false-positive
rate with no impact on sensitivity and cancer detection rate
[18, 43, 44]. However, none of these studies examined perfor-
mance according to lesion types. The only study that attempted
to assess the influence of prior mammograms on radiologists’
detection of different lesion types compared prior mammograms
from different vendor technologies and showed that using prior
mammograms from a different vendor improved cancer detec-
tion, particularly architectural distortions compared to priors
from the same vendor [21]. The authors also reported that prior
mammograms from the same vendor improved the classification
of normal mammograms. However, the radiologists who inter-
preted the mammograms with priors were not always the same
radiclogists who interpreted the mammograms without priors
[21], and differences in the expertise of the radiologists could
have influenced the results. Our test sets combined mammo-
grams from both the same and different vendors, and the same

cohort of participants read mammograms of the same women
with and without priors. Therefore, our methodology considered
both the impact of vendor technology and reader expertise on
the influence of prior mammograms on performance in detect-
ing different lesion types. The lack of changes in sensitivity and
lesion sensitivity, but higher mean accuracy scores for readings
with prior mammograms may be due to the readers performance
in classifying normal mammograms when prior mammograms
were available. This is supported by findings of previous stud-
ies that consistently reported higher true negatives, lower false
positives and higher specificity when prior mammograms were
available [18, 21, 44-48]. The results of our lesion-type analyses
provide further evidence that the lack of improvement in sen-
sitivity and cancer detection rate with prior mammograms re-
ported in previous studies [18, 21, 44-48] may not be due to the
imaging features of breast cancer lesions.

Our study has some limitations that should be considered when
interpreting the findings. First, we employed a laboratory-based
experimental study design involving cancer-enriched mammog-
raphy test sets and self-selected radiologists and radiographers.
Given that the study was a lesion-type analysis, it was neces-
sary for different lesion types to be adequately represented in
our test sets. Second, the samples of mammograms used in the
test sets, particularly the radiographer test sets, were relatively
small, which may limit the generalisation of the findings. Since
Australian and New Zealand radiographers do not interpret
mammograms clinically, it was necessary to undertake their
performance evaluation using a sample of mammograms within
the range (10-50 images) scientifically recommended for explor-
atory baseline performance evaluation studies [28, 29]. Also, the
study involved significant radiologists and radiographers' time
commitment at two different time points, which underscored
the need to develop test sets that have scientific merit but also
mitigate the effect that fatigue may have on their performance.
Thirdly, the sample of participants (radiologist/breast physi-
cians: =8 and radiographer: n=13) who completed the test
sets may not represent the population of breast imaging read-
ers. However, these numbers are within the participant sample
sizes used in studies (=3 to 12 readers) that have investigated
the impact of prior mammograms on reader performance, and
many were highly experienced [18, 21, 44-48]. Although the
laboratory nature of our study and the limitations highlighted
may impact upon the generalisability of the findings, it should
be remembered that our methodology followed the recommen-
dations for clinical studies of observer performance in medical
imaging [28, 29]. Furthermore, evidence indicates that the find-
ings from a laboratory setting can be generalised to a clinical
setting [45, 49, 50]. Therefore, the results of our study provide
baseline evidence for the impact of priors in the detection of dif-
ferent lesion types.

5 | Conclusions

The access to prior mammograms marginally improved the de-
tection of spiculated/stellate lesions by radiologists but did not
have an impact on the detection of other lesion types. Similarly,
access to prior mammograms did not improve radiographers'
ability to detect different lesion types. In this laboratory study,
the higher mean diagnostic accuracy when prior mammograms
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were available may be due to readers’ ability to correctly classify
normal images rather than detect cancer, which is an important
capability of screening programmes. The importance of access
to prior screening images remains strong when all elements are
considered, including reducing recall rates and public confi-
dence in the balance between sensitivity and specificity of mam-
mographic imaging.
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CHAPTER 6

DISCUSSION AND CONCLUSIONS

Breast cancer screening programs are established to detect early-stage breast cancer where
treatment is most likely to be successful (1, 2). Screening programs aim to increase cancer
detection rate with high sensitivity and specificity, and lower recall rate (3-5). Maintaining a
balance between the detection of breast cancer via mammography and the number of women
incorrectly recalled for additional testing is crucial to the success of screening programs (6).
However, approximately 30% of cancers are missed in mammograms and about 80-85% of
women whose mammograms show features suspicious of breast cancer and recalled for further
testing turn out to be false positives (7-9).

Despite the technological advances in breast imaging and human interventions, the proportion
of cancers missed, and the high number of women incorrectly recalled for further testing
remains an issue for screening programs (7-9). Mammographic interpretation relies on the
identification of suspicious abnormal changes in the breast parenchyma and surrounding
tissues (10-12). It has been suggested that comparing mammograms from two or more
screening rounds may allow these suspicious changes to be detected more easily (13-18).
Consequently, there are recommendations for screening services to store mammograms for
future reference, and the practice of displaying previous and current screening mammograms
has become well-established in programs such as BreastScreen Australia (19). However, due
to challenges with image data storage and retrieval as well as population mobility, breast

imaging readers might not always have access to previous mammograms.
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This thesis examined the influence that access to prior mammograms has on the interpretation
of screening mammograms and the detection and classification of different types of breast
lesions. First the literature was examined to establish current evidence around the influence of
prior mammograms on radiologists’ observer performance and to identify gaps that need to be
addressed to establish the role of prior mammograms to screening programs (13). While data
from the literature review suggest that prior mammograms improved specificity without
affecting sensitivity and cancer detection rate, the data were sparse and based on older
screening technologies and observer performance methodologies. These older methodologies
do not consider the influence of prior mammograms at the level of the lesion (13). Also,
radiographers are increasingly undertaking autonomous interpretation of mammograms, but
the influence of prior mammograms on their performance has not been examined. Furthermore,
while the diagnosis of breast cancer is based on the detection and risk classification of lesions
in mammograms, the impact of prior mammograms on the detection and classification different
lesion types has not been established (13). This thesis closed these gaps in three pieces of work
establishing the impact that reference to prior mammograms has on:
= radiologists’ performance at both the lesion and case levels, and the influence that
radiologists’ characteristics and breast density have on their subsequent performance
(Chapter 3)
» radiographers’ performance in interpreting screening mammograms (Chapter 4)
= the detection of different breast lesion types in screening mammograms by radiologists

and radiographers (Chapter 5)

Evidence generated from these pieces of work demonstrate that: 1) access to prior
mammograms improves radiologists’ ability to correctly classify mammograms with no cancer

features without affecting their interpretation of mammograms with breast cancer (20). Prior
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mammograms also reduced their likelihood of making false positive errors. The impact of prior
mammograms on radiologists’ diagnostic efficacy was not influenced by a woman’s breast
density or the experience and practice characteristics of the radiologist interpreting the
mammograms as shown in Chapter 3 (20); 2) reference to prior mammograms improves the
ability of breast imaging radiographers to distinguish between normal mammograms from
those with breast cancer and establish the level of malignancy of detected lesions. Prior
mammograms also reduces the false positive rate irrespective of radiographers’ years of
experience and the number of hours spent working in mammography as shown in Chapter 4
(21); 3) access to prior mammograms improves radiologists’ ability to detect spiculated/stellate
lesions without affecting their ability to detect discrete masses, calcifications, non-specific
densities, and architectural distortions. Prior mammograms do not influence the ability of
radiographers to detect different breast cancer lesion types but improve their overall diagnostic
performance in distinguishing normal and cancer containing mammograms as reported in

Chapter 5. Insights from these studies and their implications and relevance are discussed below.

FINDINGS FROM CHAPTER 3 “ACCESS TO PRIOR SCREENING
MAMMOGRAMS AFFECTS THE SPECIFICITY BUT NOT SENSITIVITY

OF RADIOLOGISTS’ PERFORMANCE”.

The findings in Chapter 3 show that reference to prior mammograms when interpreting
mammograms from the current do not influence the radiological detection of breast cancer.
Rather, prior mammograms improve the interpretation of normal mammograms that do not
show radiological signs of breast cancer. This is illustrated by the results of the different
diagnostic performance metrics. For example, sensitivity, which represents the ratio of the

number of mammograms with cancers that were correctly classified, and the total number of
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cancers present in the dataset were similar when readings occurred with versus without prior
mammograms. Also, lesion sensitivity values, which is the ratio of the number cancer lesions
correctly marked by radiologists and the total number of lesions in the dataset, and JAFROC
which accounts for the number of lesions detected and their risk classification were statistically
similar across readings with and without prior mammograms. On the other hand, results of the
performance evaluation metrics that focus on normal cancer-free mammograms showed that
radiologists were more accurate in classifying mammograms with no cancer features with high
specificity when prior mammograms were available. Consequently, reference to prior
mammograms reduced the proportion of cancer-free mammograms that were incorrectly
reported as having cancer and the likelihood of radiologists’ making false positive

interpretations.

Radiologists are trained to identify features of disease in radiological images (22). In the breast
cancer screening setting, their major task is to detect breast cancer (23). Many breast
radiologists have a mental schema of cancer features and actively look out for these features
when interpreting mammograms (22, 24). When features that are discriminative of breast
cancer are detected, radiologists are most likely to detect and classify these features according
to their perceived risk of malignancy irrespective of whether prior mammograms are available
(24). The risk classification is used by screening programs to recall women whose
mammograms show suspicious cancer features and receive a high-risk rating for additional
testing or diagnostic work-up. The distinctiveness of cancer features in mammograms and the
ability of radiologists to detect these features may explain why no significant differences were
observed between readings with and without prior mammograms in terms of false negatives,
sensitivity, and lesion sensitivity. While only a small percentage of mammograms of women

participating in screening mammography contain breast cancer (1), a significant number of
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mammograms are incorrectly determined to contain cancer features due to the heterogeneity of
the breast parenchyma, and lead to many women being incorrectly recalled for further testing.
For example, in Australia, approximately 190,000 of the 1.9 million women participating in
breast cancer screening are recalled due to suspicious findings in their mammograms (1, 25).
Women recalled at screening undergo additional testing using different imaging modalities
such as ultrasound, digital breast tomosynthesis, contrast-enhanced mammography depending
on the routine in the screening service (26), but less than 10% of these women are eventually
confirmed to have breast cancer (1, 4, 27, 28). These statistics suggest that reducing false

positive recalls is equally as important as improving the cancer detection rate.

Interestingly, data from the study in Chapter 3 revealed that access to prior mammograms
reduces radiologists’ false positive recall as demonstrated by improvement in specificity and
reduction in the false positive rate when prior mammograms were available. It should be noted
that some of the normal mammograms in the test set used in Chapter 3 contained benign
changes, which were considered malignant when priors were not available, but were reported
as normal (no cancer) when radiologists had access to prior mammograms. These findings
suggest that prior mammograms not only improved the classification of normal images but also
helped radiologists to distinguish between benign and malignant changes in mammograms.
The impact of prior mammograms on the correct interpretation of normal mammograms may
be explained by factors such as the nature of changes induced by benign and malignant lesions.
Benign lesions are usually slow-growing and less likely to significantly disrupt the breast
parenchyma unlike relatively faster growing cancer lesions which have the potential to cause
pronounced changes in the breast parenchyma and invade surrounding tissues (29, 30).
Therefore, benign lesions detected on mammograms from the current screening round are more

likely to be correctly classified as benign when comparison with prior mammograms show no
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significant differences in the features of the lesions. The ability of breast screen readers to
combine information from current and prior mammograms may be the reason why screening
recall rates are lower at subsequent screens than at first screen. Current data show that the
proportion of women recalled for assessment following a first screen in the Australian national
breast screening program continues to increase whereas the recall to assessment has decrease
at subsequent screens (1, 31). For example, recent data from the Breastscreen Australia
monitoring reports show that in 2021, the recall to assessment for women aged 50 — 74 years
was 11.1% in the first screening round, but this dropped to 4% for those participating in the
subsequent screening rounds (1, 31). Such important decreases and the findings in Chapter 3

highlight the relevance of prior mammograms to Breastscreen readers and screening programs.

The findings in chapter 3 are in concordance with previous studies that have examined the
influence of prior mammograms of radiologists’ diagnostic performance in terms of sensitivity
and specificity (32-37). Chapter 2, which summarises evidence from previous studies found
that access to prior mammograms does not improve the sensitivity and cancer detection rate of
radiologists; however, most of the studies included in the review reported improvement in
specificity and reduction in the false positive rate and recall rates when radiologists referred to
prior mammograms (32-37). Findings from the review in Chapter 2 show that on the average,
specificity is 8% higher and the false positive rate is 14% lower when radiologists interpret
mammograms with priors compared to when reading without prior mammograms. Evidence
from the review in Chapter 2 aligns with the results in Chapter 3, which showed that access to
prior mammograms led to al5% improvement in specificity and 2.6 times lower false positive
rate when prior mammograms were available to radiologists. Chapter 2 also showed that
reference to prior mammograms reduced the recall rates by 15%. while recall rates were not

directly examined in Chapter 3, the improvement observed in specificity and reduced false
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positive rate suggest that prior mammograms influence the recall rate by reducing false

positives, which are a major concern for screening programs.

Although some of the findings in Chapter 3 have been previously reported in other studies,
there were important gaps and methodological limitations, and some of the data reported in
previous studies did not represent the reality of current practice. When breast cancer is
suspected in mammograms, the suspicious regions of the breast are biopsied, and
histopathology analysis is used as a reference standard to assess the diagnostic performance of
imaging tools (26). The outcome of histopathology depends on the representativeness of biopsy
samples taken from the lesion (38, 39), and this highlights the need for radiologists to correctly
localise the lesion in mammograms. The evidence reviewed in Chapter 2 were from studies
using older observer performance methodologies or retrospectively analysed data
incorporating obsolete screen-film technology and required radiologists to classify
mammograms as normal or abnormal, without stating where in the mammogram the cancer is
located. These gaps and limitations were addressed in Chapter 3, where mammograms from
currently available digital systems were used, the same radiologists interpreted mammograms
of the same women with and without priors, and lesion sensitivity and JAFROC analyses were
incorporated into the evaluation of the impact of prior mammograms on radiologists’
performance. The lesion sensitivity and JAFROC methodologies in Chapter 3 accounted for
the impact that prior mammograms have on radiologists’ ability to localise the cancer lesions
and classify them according to their risk of malignancy in keeping with the clinical guidelines
for reporting breast lesions. Also, for the first time, the work in Chapter 3 examined the risk of
false positives with and without prior mammograms and reported a 62% reduced risk of false
positive interpretations when prior mammograms were available. Therefore, evidence reported

in this thesis considered the influence of prior mammograms on radiologists’ performance both
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at the case level (sensitivity, specificity, and ROC) and lesion level (lesion sensitivity and

JAFROC).

One variable that influences the interpretation of mammograms is the composition of a
woman’s breast. As described previously in Chapter 1, radiologists have difficulty in detecting
breast cancer in mammograms of women with extremely dense breasts compared to those with
fatty breast tissue (40, 41). Also, women with dense breasts account for 60% of screen recalls
and are most likely to be false positive recalls (42, 43). Therefore, the assessment of the
influence of prior mammograms on the efficacy of radiologists’ interpretations should consider
the impact that breast density has on the interpretation process. Prior to the study in Chapter 3,
only one study (44) examined whether mammographic breast density influenced the results
obtained when readings with prior mammograms were compared to those without prior
mammograms. However, this study (44) was a retrospective analysis of mammograms read
with versus without prior mammograms, with most of the radiologists who read the
mammograms with priors different from those who read without prior mammograms.
Therefore, the outcome of the study did not account for the impact that radiologists’ expertise
has on the results of this comparison. To ensure that the results presented in Chapter 3 were
not influenced by mammographic breast density, radiologists’ performance in dense
(heterogeneously dense and extremely dense) were compared their performance (almost
entirely fatty and scattered fibroglandular tissue) in non-dense breasts. The outcome of this
comparison showed that radiologists’ sensitivity, specificity, and lesion sensitivity were similar
between dense and non-dense breasts. To further confirm these findings, radiologists’
performance with versus without prior mammograms were compared separately in dense and
non-dense breasts. These adjustments did not change the impact of prior mammograms on

radiologists’ performance. Specificity remained consistently higher when prior mammograms
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were available, and sensitivity and lesion sensitivity remained unchanged in both dense and

non-dense breasts.

Another factor that determines the accuracy of mammogram interpretation is the expertise of
the radiologist who interprets the mammograms (3, 7, 45). Data from previously published
studies show that the accuracy of mammography interpretation vary across radiologists (45,
46). The findings of these studies indicate that radiologists are the most important piece to
improving early cancer detection and reducing false positive error rates. Since the beginning
of the 20" century, there has been significant research focusing on the identification of the
personal and practice-related characteristics of radiologists that improve diagnostic efficacy in
the mammography screening and diagnostic settings (3, 7, 45-48). Radiologists’ parameters
widely investigated include specialisation in breast imaging, radiologists’ experience often
quantified by the number of years reading mammograms, and the volume of mammograms
read per year. Evidence from studies that have examined these factors demonstrate mixed
results (3); however, the volume of mammograms read per year appears to be a better
discriminator of performance in mammography interpretation. Therefore, many countries use
reading volume criterion to certify or renew the certification of radiologists for independent
mammography interpretation (45, 49, 50). Thus, it is necessary to adjust for the confounding
effects of these factors when assessing the impact of an intervention on the accuracy of
screening mammography interpretation. To further test whether the impact of prior
mammograms identified in Chapter 3 was influenced by the characteristics of the radiologists,
the analysis was adjusted for the number of years qualified as breast radiologist, the number of
hours spent reading mammograms per week, the number of years reading mammograms, and
the number of mammograms read per week. The results from these adjustments confirmed that

the improvements observed in specificity and reduction in the false positive rate were not due
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to the characteristics of the radiologists. Rather, the higher specificity and true negative rates,

and lower false positives were due to the availability of prior mammograms to the radiologists.

These findings around the influence of prior mammograms are supported by the results
presented in the Tables 3 and 4 of Chapter 3. In Table 3, when the readings with prior
mammograms of radiologists of different characteristics were compared, breast radiologists
with >20 years of specialisation demonstrated similar sensitivity, lesion sensitivity, ROC, and
JAFROC with those with <20 years specialist experience; only specificity was higher for those
specialised for more than 20 years when prior mammograms were available. When other
radiologists’ characteristics (reading volume and number of years reading mammograms) were
examined independently, no significant differences were observed. When these radiologists
were compared in readings without prior mammograms, no differences were found in terms of
number of years specialised as breast radiologist, the number of hours spent reading
mammograms per week, and the number of mammograms read per. While sensitivity, lesion
sensitivity, ROC, and JAFROC were significantly higher in radiologists with greater than 10
years of experience, no difference was observed in specificity. Conversely, when the readings
with prior mammograms were compared to readings without prior mammograms for
radiologists with similar characteristics, specificity remained consistently higher when prior
mammograms were available regardless of the adjustment made even though it did not reach
statistical significance when years of specialisation and number of mammograms read per week
were considered. Other performance metrics remained unchanged despite the multiple
adjustments that were made to the analysis. These results confirmed that radiologists’ personal

and workload did not confound the effect that prior mammograms had on performance.
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Together, the findings reported in Chapter 3 confirm that access to prior mammograms improve
radiologists’ ability to correctly classify mammograms that do not show features of breast
cancer without affecting their ability to detect cancer in mammograms. The data also confirm
that prior mammograms reduced the risk of false positive screening mammography
interpretations. The work presented in Chapter 3 considered for the first time, the potential
factors that may influence the impact of prior mammograms on radiological interpretation of
screening mammograms and used novel observer performance evaluation methodologies that
accounted for radiologists’ performance at both the case and lesion levels. These considerations
addressed the gaps in previous studies that examined the influence of prior mammograms on
radiologists’ performance. The findings that the impact of prior mammograms on the
interpretation process is not influenced by the experience and characteristics of the radiologists
interpreting the mammograms provide strong evidence for screening programs to store
mammograms for future reference. These findings suggest that all radiologists benefit from
having access to prior mammograms when interpreting mammograms from the current
screening round. The findings also highlight the importance of prior mammograms to women
of different breast densities and support the practice of screening programs of storing screening

mammograms for future reference.

FINDINGS FROM CHAPTER 4 “DOES ACCESS TO PRIOR
MAMMOGRAMS IMPROVE THE PERFORMANCE OF

RADIOGRAPHERS IN INTERPRETING SCREENING MAMMOGRAMS?”

The work in Chapter 3 focused on radiologists who are the traditional custodians of radiological
image interpretation. However, as described in Chapter 1, the interpretation of mammograms

faces several workforce challenges. First the current workforce is less than that required to
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sustain screening service, particularly with half of breast radiologists working part time (51,
52). Second, the breast radiologists’ retirement rate is 23% higher than the growth rate, which
has led to a decline in the workforce across the UK and Australia (52-54). Third, screening
mammograms uptake continues to increase with ageing population, and the extension of the
screening age to 74 years and large volumes of images from screening and assessment of

radiologists further challenge the interpretation of mammograms (1).

To address the breast radiologist’s workforce shortage, advanced practice radiographers,
particularly in the United Kingdom have been commissioned to interpret both screening and
diagnostic mammograms independently or in pairs with radiologists (55, 56). Given the
differences in training between radiologists and radiographers, it was necessary to examine the
impact that prior mammograms have on the performance of radiographers. Therefore, the work
presented in Chapter 4 examined for the first time the influence that prior mammograms have

on radiographers’ interpretation of mammograms.

The results presented in Chapter 4 revealed that prior mammograms improved specificity,
ROC, and JAFROC, and reduced the false positive rate without affecting sensitivity and lesion
sensitivity. These findings imply that when radiographers have access to prior mammograms,
they are better able to discriminate between mammograms which show features of breast
cancer from normal mammograms of women who do not have breast cancer. The results also
indicate that prior mammograms improve radiographers’ performance in detecting breast
cancer and classifying lesions according to their risk of malignancy and reducing the proportion

of mammograms are incorrectly reported as showing cancer features.
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Previous studies that have examined radiographers’ performance in the interpretation of
mammograms have shown promising results (55, 56). Studies based on the UK’s setting report
that advanced practice radiographers interpret screening and diagnostic mammograms at the
level comparable to UK radiologists (55, 56). These findings have supported the integration of
radiographers into the national health service breast screening program (NHSBSP) as
autonomous interpreters of screening and diagnostic mammograms. Studies across other
countries including Mexico and Australia report that radiographers demonstrate optimal
performance, but wide variabilities in the interpretation of mammograms (57-61). For example,
in Australia and New Zealand, radiographer performance analyses reported sensitivity values
ranging from 55% to 100% and specificity ranging from 63% to 98% (57-60). However, pooled
estimates of the results from these studies demonstrate sensitivity and specificity values below
that reported for Australian radiologists (57-60), highlighting the need for interventions to

improve the mammography interpretation performance of these radiographers.

While evidence from these pieces of research has demonstrated the potential for radiographer
participation in mammography interpretation, it has also highlighted the need for strategies to
optimise their performance. However, no study has examined the impact that prior
mammograms have on radiographer performance. It should be noted that radiographers do not
routine interpret mammograms in Australia and New Zealand. The study presented in Chapter
4 involved Australian and New Zealand radiologists working in their respective breast
screening services. Despite these radiographers not reporting mammograms clinically, they
demonstrated strong abilities to detect cancer in mammograms, with a mean sensitivity of 95%,
and these abilities did not change regardless of whether they had access to the prior
mammograms of these women. The high sensitivity values recorded with and without prior

mammograms may be due to their experience and knowledge gained through interacting with
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mammograms of women with and without cancer features over the course of their breast
imaging practice. These findings suggest that experiential learning may have played an

important role in equipping these radiographers to interpret mammograms.

The findings also provide evidence to support the incorporation of breast imaging
radiographers into Breastscreen Australia as screen readers. Alternatively, with the expansion
of screening services to include mobile screening mammography in Australia, breast imaging
radiographers can provide preliminary comments when acquired mammograms show
suspicious cancer features. Even though sensitivity and lesions sensitivity were not
significantly different between readings with and without priors in Chapter 3, JAFROC values
were significantly higher when prior mammograms were available. These findings indicate that
radiographers can detect more cancer lesions and more accurately establish the risk of
malignancy of these lesions when prior mammograms were available. Therefore, it is important
for screening services to retain mammograms for future reference and for breast imaging
radiographers to actively refer to these images when undertaking preliminary review of
mammograms or considering the need for additional views to support diagnostic decision-
making. Breast radiographers’ ability to identify suspicious features of breast cancer at the time
of screening and comment on these features will improve screening service efficiency by
ensuring that women with suspicious lesions are offered immediate additional views or
supplemental imaging at the screening sites. This will also facilitate the triaging of images with
suspicious findings by radiographers for immediate reporting by radiologists and assist in
expediting clinical decision-making around biopsy recommendations and early treatment of
pathologically confirmed breast cancers in line with the goal of breast cancer screening

programs.
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As much as it is important for breast radiographers to be able to identify features that are
suggestive of breast cancer, it is equally important for them to correctly identify mammograms
of women who do not have cancer. Some screening services in Australia allow breast
radiographers to acquire additional mammographic views for women whose screening
mammograms are deemed to show suspicious cancer features. Therefore, correctly classifying
mammograms with no cancer will reduce unnecessary additional views and radiation dose to
women do not have breast cancer. Interestingly finding in Chapter 4 revealed access to prior
mammograms improved radiographers’ abilities to discriminate mammograms without breast
cancer from those with cancer as shown by a significantly higher ROC values when prior
mammograms were available. It should be noted that the higher ROC values with prior
mammograms were driven by high specificity, which describes the ability of the radiographers
to correctly classify mammograms without breast cancer. Specificity was approximately 21%
lesser when radiographers read the mammograms without access to their priors. As discussed
previously, women whose mammograms are deemed to show features suggestive of breast
cancer are recalled to assessment clinics for additional testing. Screening services use the recall
rate to assess the performance of the screening program and aim to detect as many cancers as
possible while reducing the number of normal cancer-free women who are called back to
assessment clinics (1, 25). The lower the specificity, the more the number of women who are
incorrectly called back for additional testing; this incorrect recall to assessment does not benefit
both women participating in breast cancer screening programs and the screening services.
Interestingly the findings in Chapter 4 concur with the results presented in Chapter 3, where
specificity was significantly higher in readings with prior mammograms and further confirm
the impact that prior mammograms have a significant impact on the effectiveness of screening

services. These results indicate that prior mammograms have a similar impact on
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mammography interpretation rate regardless of whether mammograms are interpreted by

radiologists or radiographers.

Another common finding across studies involving radiographer reporting of mammograms has
been high false positive rates ranging from 35 —49% (61, 62). The false positive rate describes
the proportion of normal cancer-free mammograms incorrectly classified as having breast
cancer. High false positive rates for radiographers reporting mammograms have been cited as
a major issue limiting the use of radiographers as Breastscreen readers in many countries (61,
62). This is because have false positive rates have negative implications for women
participating in screening, the screening services, and the government. For example, false
positive screening results lead to long-term psychosocial harms (63, 64) and increase women’s
physical and economic burdens (65-67); these negative outcomes cause some women to avoid
future screening or delay their subsequent screening examinations (67) even though they may
be at higher-than-average risk of developing cancer in the future (68) and being diagnosed of
late stage breast cancer(67). Women who received a false positive result would have undergone
additional testing including spot mammographic views, ultrasound, digital breast
tomosynthesis (DBT), contrast-enhanced mammography (CEM), and/or magnetic resonance
imaging (MRI) as part of their diagnostic assessment before being told that they are cancer-
free (26). These additional tests further increase radiation dose to women and lead to lost time
without benefits (26). Additional testing further increase pressure on already outstretch
screening services’ resources including equipment and personnel and shifts additional cost to
Medicare (69). These negative outcomes justify the concerns around integrating radiographers
as screening mammography interpreter. The study in Chapter 4 highlighted for the first time,
the impact that prior mammograms have on the false positive rate of radiographers when

interpreting mammograms. The findings showed that prior mammograms reduced the false
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positive rate from 40% to 18%, which is more than half the false positive rate when readings
occurred without prior mammograms. Breast radiologists who routinely interpret
mammograms demonstrate wide differences in their false positive rates, which can be as high
as 24% (70, 71), suggesting that solutions that lower the false positive rates for radiographers
to 18% may alleviate the concerns around employing radiographers as screen readers. If the
findings in Chapter 4 can be confirmed in studies with larger samples of mammograms and
radiographers, it may support the development of educational resources and continuous
professional development activities for radiographers to reduce their false positive

mammography interpretation rate.

Given that the radiographers that were examined in did not interpret mammograms clinically,
the work in Chapter 4 examined if their work-related experiences influenced the results
obtained when readings with prior mammograms were compared to these without prior
mammograms. Using the self-reported information provided by the radiographers who
participated in the study, three work-related characteristics were established: years qualified as
radiographer (>30 versus <30 years); years specialised in as breast radiographer (>25 years
versus <25 years); number of hours spent working in mammography (>16 hours versus <16
hours). When the radiographers were compared in readings with prior mammograms based on
these work-related characteristics, no statistically significant differences were observed.
Similarly, no differences were found when they were compared in readings without prior
mammograms. However, when the performance of radiographers with the same work-related
characteristics were compared between readings with versus without prior mammograms,
significant trends emerged. The radiographers’ performance when prior mammograms were
available was consistently better than when prior mammograms were not available, particularly

in terms of specificity, false positives, ROC, and JAFROC (see Table 3 in Chapter 4). The
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work presented in Chapter 4 was also the first to report whether the work-related experience or
characteristics of radiographers affect their performance in mammography interpretation.
These findings indicate that the impact of prior mammograms on radiographers’ abilities to
interpret mammograms is not influenced by their work-related experience characteristics. It
also suggests that all radiographers benefit from looking at prior mammograms when
interpreting mammograms from the current screening round. The findings in Chapter 4 around
the lack of influence of radiographer experience on the impact of prior mammograms also align
with the results presented in Chapter 3 regarding radiologists. Collectively, these pieces of
research indicate that access to prior mammograms is an independent factor that enhances the
efficacy of screening mammography interpretation through improvement in the classification

of normal cancer-free mammograms.

With the Australian breast radiologists’ workforce shortage expected to get worse in the next
five years (52, 53), it has become increasingly important to train Australian radiographers in
mammography interpretation. Published studies that have examined the mammography
interpretation skills of Australian radiographers who have not received formal training in
mammography interpretation show that formal screening mammography training may address
their limitations (57-60). Targeted training packages for Australian radiographers has only been
effective in improving their sensitivity without impacting specificity and false positive rates
(72). Interestingly, the findings in Chapter 4, which considered radiographers’ performance at
both the case and lesion level show that reference to prior mammograms addresses the
specificity and false positive concerns for using radiographers as screen readers. Therefore,
training interventions that incorporate systematic analysis of prior mammograms may upskill
radiographers to report mammograms so that the breast radiologists’ shortage gaps can be filled

and the benefits of radiographer Breastscreen-reading accrued in Australia.
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FINDINGS FROM CHAPTER 5 “IMPACT OF PRIOR MAMMOGRAMS ON
RADIOLOGISTS AND RADIOGRAPHERS’ DETECTION OF DIFFERENT

BREAST CANCER LESION TYPES”.

The pieces of work in Chapters 3 and 4 provided evidence on the influence of prior
mammograms on the performance of radiologists and radiographers in the interpretation of
mammograms. As described in these two Chapters, reader performance in mammography
interpretation is assessed based on their abilities to distinguish between normal cancer-free
mammograms and those with breast cancer, as well as their abilities to detect and classify breast
lesions according to their risk of malignancy. Radiologically, breast cancer lesions display
different features in mammograms (73-75). These lesion features are used by radiologists to
classify lesions into different types by different breast reporting lexicons including the BI-
RADS® and RANZCR classification systems (76, 77). Since the risk of malignancy vary across
lesion types, not all lesions visible in mammograms are considered cancerous by breast
imaging readers. The results presented in Chapters 3 and 4 show that access to prior
mammograms did not improve sensitivity and lesion sensitivity for both radiologists and
radiographers. However, JAFROC values were better when readings occurred with prior
mammograms available even though it did not reach statistical significance for radiologists
(20, 21). JAFROC examines observer performance in detecting multiple lesions and
simultaneously establishing malignancy risk. Thus, the findings in Chapters 3 and 4 highlighted
the potential impact that prior mammograms may have on the detection and risk classification
of different lesion types. The results presented in Chapters 3 and 4 were the performances of
radiologists and radiographers respectively for all lesion types combined without considering

the impact that different lesion types had on the results. Chapter 1 and the evidence in presented
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in Chapter 2 also highlighted the knowledge gaps around the impact that prior mammograms

have on the detection of different lesion types, which needed to be addressed.

Further to the knowledge gaps identified in the literature as described previously in the thesis,
the work in chapter 5 provided new knowledge to close these gaps. The results demonstrated
that the availability of prior mammograms to radiologists improved their ability to detect and
classify spiculated/stellate lesions without limiting their abilities to detect and classify other
lesion types including discrete masses, calcifications, non-specific densities, and architectural
distortions. When the mammography interpretations by radiographers were considered
separately, the availability of prior mammograms did not influence on the radiographers’
abilities to detect and classify different lesion types. However, their overall diagnostic
accuracy, a metric that considers their abilities to distinguish mammograms with cancer from
those without cancer consistently improved when prior mammograms were available. The
diagnostic accuracy of radiologists also improved reaching statistical significance in
architectural distortions. As described in Chapters 1 and 5, the classification of lesions into
radiological types has become a common norm across all breast imaging reporting lexicons
due to their differences in the risk of malignancy. The literature demonstrates that different
radiological lesion types have different histological correlations and cancer predictive abilities
(73-75). For example, the risk of malignancy in architectural distortions vary from 10-50%
due to an array of other benign conditions, which may be responsible for such mammographic
appearance, from complex sclerosing lesion, radial scars, and fat necrosis (78). Discrete masses
and non-specific densities are both associated with a wider range of causative factors, from
benign to malignant (79). Changes in discrete masses and non-specific densities have been
shown to increase the risk of malignancy by only 10% (79). Therefore, these lesion types are

most likely to be reported as benign or indeterminate (80). The work in Chapter 5 included
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prior mammograms acquired 2 — 4 years prior to enable sufficient time for cancer lesions to
induce changes in current mammograms. Despite the interval between the prior and current
mammograms in the test set, no significant differences were observed in the performance of
radiologists in terms of sensitivity and lesion sensitivity, particularly for calcification, discrete
masses, non-specific density, and architectural distortions. These findings may be due to the
low risk of malignancy in these lesion types or the inability of the radiologists and

radiographers to identify changes in the lesion over time that indicate malignancy.

Evidence from published studies show that when cancer cells interact with normal adipose
tissue, these interactions cause changes in the breast parenchyma which appear
spiculated/stellate in mammograms (81, 82). Spiculated/stellate lesions have a high propensity
for malignant transformation (75). Evidence shows that stellate appearance is the most typical
feature of breast cancer in mammograms and constitutes between 75-85% of palpable
malignant breast lesions, with a positive predictive value between 75% —90% (83). A previous
study reported that radiologists easily detected stellate lesions and were most likely to recall
women whose mammograms show stellate lesions for assessment compared to discrete masses,
calcifications, non-specific densities, and architectural distortions, even at lower recall rates
(80). Therefore, when spiculated/stellate lesions or changes in this lesion type are detected,
radiologists are mostly likely to assign a higher risk rating to facilitate histopathology analysis
(83). Histopathology analyses also show that stellate mammographic appearances are highly
predictive of invasive breast cancer (73-75). Approximately 71% of stellate lesions are luminal
Type A molecular subtype of breast cancer, which is associated with good prognostic outcome
compared to other lesion types (73, 74). Therefore, since stellate lesions are less likely to be
false positive and have a good prognostic outcome, changes in the lesions following

comparison with prior mammograms may increase the suspicion of malignancy. The
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previously established high risk of malignancy in spiculated/stellate lesions and the results
presented in Chapter 5, suggest that prior mammograms provide opportunities for Breastscreen
readers to identify changes in spiculated/stellate lesions associated with higher-than-average
risk of malignancy. These pieces of evidence may explain why access to prior mammograms
improved radiologists’ detection and classification of spiculated/stellate lesions. It is also
possible that in addition to the high risk of malignancy in stellate lesions, perceptual
mechanisms may underpin the results in Chapter 5. Therefore, eye-tracking studies are needed
to provide further information to establish whether the interrogation of the different lesion types
differ with and without prior mammograms and explain the other reasons for the findings in

Chapter 5.

Published research regarding radiologists’ performance in detecting different lesion types
focused on metrics such as sensitivity (47) or inter-reader agreement (84, 85) and on the
likelihood of malignancy for each lesion type (84). Prior to the study in Chapter 5, only one
study had explored the impact that prior mammograms have on radiologists’ ability to detect
different lesion types (44); however, the study had important limitations as discussed in
Chapter 5, which may impact upon the translation of these findings. For example, the study
was a retrospective analysis of radiologists’ performance results, and the radiologists who
interpreted the mammograms with priors were not always the same as the ones who interpreted
mammograms without prior mammograms. The literature shows most errors in the
interpretation of mammograms arise from the intrinsic limitations of radiologist and that
radiologists’ factors such as volume of mammograms read per year and years of reading
mammograms affect reader performance (3, 7). Therefore, the previous study that had
examined the impact of prior mammograms on the detection of different lesion types did not

account for the radiologists’ factors that could influence interpretation outcomes (44). The
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work in Chapter 5 performed the first robust analysis of radiologists’ performance comparing
the results of the same cohort of radiologists in detecting each lesion type with and without
access to prior mammograms of the same cohort of women. It also reported for the first time
the impact that prior mammograms have on radiographers in detecting each lesion type when
prior mammograms were available compared to when they were not available. Therefore, the
work reported in Chapter 5 addressed the limitations in the published literature. It also provided
new knowledge, which highlighted for the first time that the lack of improvement in
radiologists’ sensitivity and cancer detection rate reported previous studies (13, 15, 17, 18, 36,
44, 86) when reading with prior mammograms may be due to the mixture of different lesion

types in these studies.

The findings in Chapter 5 suggest that the correct classification of mammographic features into
different lesion types may impact upon the performance of screening services in different ways.
First, when suspicious areas are identified in mammograms of women, these women are called
back for additional testing using different imaging modalities as discussed previously (26). The
literature shows that the diagnostic efficacy of these imaging assessment tools varies across
different lesion types (26). For example, while DBT has been shown to have a sensitivity of up
to 100% in detecting calcifications, its specificity for calcifications can be as low as 0% (87).
Also, while ultrasound underestimates the risk of malignancy in breast calcifications, its
specificity can be as high as 72% (87). These findings suggest that the detection and correct
classification of lesion types can be used to select the choice of imaging assessment modality
or the combination of imaging modalities that improve the detection of breast cancer. Such
strategies will lead to a higher number of cancers being detected and treated early to reduce
deaths from the disease. Secondly, another goal of screening services is to reduce the number

of women whose mammograms show features suggestive of cancer who turn out to be false
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positives following further testing (7-9). It is well established that approximately 80—85% of
suspicious features on mammograms are normal or benign (1, 4, 27, 28). Since the risk of
malignancy vary across different lesion types, the detection and correct classification of lesion
types can be used to establish the risk of malignancy and reduce the chances of benign lesions
being incorrectly recalled for assessment. Because the analysis in Chapter 5 focused on lesion
analysis, specificity, which measures the influence that prior mammograms have on the
reporting of the normal and benign cases was not assessed; however, the specificity results in
Chapters 3 and 4, and the outcome of the diagnostic accuracy analysis in Chapter 5 support the
impact that prior mammograms have radiologists’ abilities to discriminate normal and benign
features from cancer features. Prior mammograms also improved radiographers’ abilities to
discriminate normal and benign mammographic features from features due to malignant
discrete masses, nonspecific density, and spiculated/stellate mases. The ability of prior
mammograms to improve the classification of normal mammograms and those with benign
changes support their usefulness in reducing the number of lesions incorrectly recalled to
assessment clinics. Such reduction will reduce screening services workload of conducting and
reporting assessment images, the cost of additional testing for women recalled, and the number
of women exposed to the psychosocial harms associated with false positive recalls. Therefore,
even though the initial costs of archiving mammograms may be high, the long-term benefits

accrued from storing and retrieving mammograms may surpass these initial costs.

The results pertaining to radiographers in Chapter 5 also highlight the role that prior
mammograms may play in supporting Breastscreen radiographers involved in providing
mobile screening services. In Australia where the studies reported in this thesis were conducted,
specialised trucks or vans customised with portable digital mammography machines are used

to provide mobile screening mammography to communities. Such mobile screening ensures
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that screening services are accessible to women in rural areas, underserved communities,
working women, and to reduce long distance travel to screening sites. With the absence of
radiologists at these screening sites, the initial decision-making around additional views due to
suspicious findings rests solely on breast radiographers. Interestingly, the higher diagnostic
accuracy when prior mammograms were available suggest that providing radiographers access
to prior mammograms may improve their decision-making around additional views. It should
be noted that when prior mammograms were available, radiographers detected more discrete
masses and non-specific density lesions, but fewer spiculated/stellate lesions, which are more
predictive of breast cancer. These findings contrast slightly with those of radiologists, who
detected significantly more spiculated/stellate lesions when prior mammograms were

available.

While the differences in the detection of different lesion type by radiographers did not reach
statistical significance, the findings do highlight the need for solutions to improve
radiographers’ use of prior mammograms as a benchmark to identify the most discriminant
malignant changes in mammograms from the current screening round. Such a solution will
ensure that women whose mammograms show spiculated/stellate lesions are effectively

identified so that additional views can be taken for radiological assessment.

LIMITATIONS OF THE THESIS

The research contained in this thesis have common limitations which must be considered when
interpreting the findings of this thesis. These limitations are related to the designs of the studies

including the laboratory nature, participant recruitment, and mammographic case sample size.
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However, the rationale for the designs is well-grounded in the scientific literature as described

below.

The work reported in Chapters 3, 4, and 5 employed a laboratory-based experimental study
design involving the interpretation of mammographic test sets under controlled conditions.
There are concerns that laboratory-based experimental study designs are limited by selection
bias arising from participant recruitment, information bias or inconsistent data collection, lack
of adjustment for potential confounders, and the laboratory effect (88-91). These challenges
are considered to limit the generalisability and external validity of the findings (88-91). The
studies reported in this thesis utilised a convenience sampling methodology to recruit
radiologists and radiographers, resulting in cohorts of self-selected radiologists and
radiographers, which could introduce selection bias. The study in Chapter 3 was a phase II
observer performance study of medical imaging. The analysis of clinical assessment of clinical
performance of medical imaging requires a sample of five to 10 observers. The sample of
radiologists who participated in previous studies that have assessed the impact of prior
mammograms on radiologists’ performance used between 3 to 12 radiologists (13, 15, 17, 18,
36, 44, 86). In Chapter 3 of this thesis, 11 radiologists were recruited, and the eight radiologists
completed the reading of the two test sets and were included in the analysis. Three radiologists
were excluded from the analysis because they completed only one test set and did not respond
to reminders to complete the second test set. Therefore, the sample of radiologists in Chapter
3 meets the requirements for phase II observer studies and sits in the top quartile of the
participant sample sizes used in similar studies. While a simple convenient sampling strategy
was employed, the characteristics of the radiologists who participated in the study represent

the population of radiologists reporting mammograms clinically for BSA.
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The study in chapter 4 was a phase I (exploratory phase) observer performance study, which
assessed for the first time the impact that prior mammograms have on radiographer
performance. Phase I assessment of performance of medical imaging is necessary when a new
protocol is first evaluated in a cohort of human subject and usually requires two or three
participants (92). The study in Chapter 4 involved 13 breast radiographers, which is
significantly higher than the numbers needed for exploratory baseline studies. Australian and
New Zealand radiographers do not report mammograms clinically, which could limit the
generalisation of their findings to advanced practice radiographers who report mammograms
independently or as second readers in a double reading system. Therefore, the use of
radiographers who do not interpret mammograms routinely could be considered as a limitation
of the study. However, Australian radiographers have been shown to demonstrate optimum
performance in mammography interpretation (57, 59, 60, 72, 93, 94), the radiographers
examined in this thesis have an average of 28 years of experience, which is sufficient for
developing knowledge in mammography interpretation as demonstrated by their which was

within the range reported for advanced practice reporting radiographers (55, 56).

The studies in this thesis also involved image interpretation in two readings sections, which
could introduce memory bias. The concerns related to memory and information bias, or
inconsistent data collection was mitigated in Chapters 3, 4, 5 using the BREAST platform.
Regarding memory bias, it has been shown that radiologists’ image perception memory
declines within weeks (95, 96). The second reading of mammograms in pieces of work reported
in this thesis were undertaken after a washout period, which were up to six months — a washout
period that was sufficient to mitigate memory bias. Therefore, memory bias is less likely to

influence the results presented in this thesis.
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Regarding concerns related to information bias, the use of the BREAST platform ensured
consistency in the data collection from the prior and current mammographic test sets used for
these studies. In addition, the participants involved in each of the studies reported the same set
of prior and current mammograms belonging to the same set of women. Furthermore, only data
of participants who completed the reading of the prior and current test sets using calibrated
clinical grade primary monitors (5 mega-pixel) and in controlled ambient lighting conditions
recommended clinically were included in the analysis. The standardisation of monitors and

ambient lighting conditions ensured consistency in the reading conditions for all participants.

Lastly, the same survey tool was used to collect information related to the characteristics of the
radiologists and radiographers who participated in the studies reported in Chapters 3, 4, and 5.
The studies reported in this thesis accounted for potential confounders that influence the
performance of mammography in breast cancer detection. For example, the work in Chapter 3
adjusted for breast density, which is a major factor that influence the sensitivity of
mammography. The work in Chapters 3 adjusted for the characteristics of the radiologists that
have been shown to confound reader performance including years qualified as radiologist or
breast physician/specialty, hours spent reading mammograms per week, number of years
reading mammograms, and the number of mammograms read per week. In Chapter 4 involving
radiographers, adjustments were made for the number of years qualified as radiographer, years
of specialisation as breast radiographer, and the number of hours spent working in a
mammography service. These adjustments confirmed that breast density and the characteristics
of the participants did not confound the impact that prior mammograms have on participants’
performance. Since the analysis reported in Chapter 5 were based on the work in Chapters 3
and 4, no further adjustments were needed. Finally, regarding the laboratory nature of the study,

an earlier study reported that radiologists’ performance in the clinical setting is better than their
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performance in a laboratory setting (88). The authors attributed their findings to the laboratory
effect due to participants’ knowledge of being tested (88). However, more recent studies show
that radiologists’ laboratory-based test set performance reflects the performance of these
radiologists in clinical settings (36, 97, 98). Also, imaging referral guidelines such as the iRefer
and Radiation protection 118 support the use of evidence from observer performance of
diagnostic evaluation studies to inform clinical practice (99, 100). Thus, the external validity
of the findings reported in this thesis are unlikely to be affected by the laboratory effect.
Therefore, the findings can be used to support practice and policies around the use of prior

mammograms by screening services.

Another potential limitation of the thesis is related to the design of the test sets and their sample
sizes. Clinically, approximately one in 87 or more screening mammograms may contain breast
cancer depending on the prevalence of the disease in the population (1). However, the pieces
of research reported in Chapters 3, 4, and 5 were based on highly enriched test sets. In Chapter
3 there were 32 cancer cases in 72 mammograms. In chapter 4, there were nine cancers in 28
mammograms, and these test sets were combined in Chapter 5. It can be argued that the
distributions of cancer cases in the test sets do not reflect the clinical setting; however, it was
necessary for mammograms of different breast densities, breast lesion types, and from women
of different ages to be adequately and evenly represented in the test sets. In addition, the designs
of the test sets were to conform with the requirements for clinical assessment of clinical
performance of medical imaging which require sufficient diseased cases (92). These
requirements are to allow for robust comparisons, assess false positives and false negatives to
establish how well observers perform when prior mammograms are available, and to assess
performance on difficult cases and different lesion types (92). Regarding the sample sizes in

Chapters 3, 4, and 5, it is important to note that they reflect practical constraints, including

152



limited availability of eligible participants and time/resource limitations. However, the small
numbers conform to the sample sizes required for evaluation of observer performance in
medical imaging and those used in previous studies that had assessed the influence of prior
mammograms on radiologists' performance. For example, Chapter 3 was a phase II study
involving radiologists which requires 50 — 100 mammograms, and Chapter 4 was a phase I
study involving radiographers and requires10—50 mammograms (92, 101). Secondly, prior to
the work reported in this thesis, the influence of prior mammograms was only tested on
radiologists, and the sample size used in Chapter 3 is within the top quartile of the sample sizes
used in similar observer performance studies reviewed in Chapter 2 of this thesis. Thirdly,
assessing the impact of prior mammograms on performance require image interpretation at two
different time points and involve significant time commitment. Therefore, it was necessary to
develop test sets following scientific recommendation that can be completed in a reasonable
time without overwhelming the participants or negatively impacting upon the results of the
studies. Despite these limitations, the data provided valuable results consistent with findings

from similar studies discussed in Chapter 2.

THESIS IMPLICATIONS

The pieces of evidence presented in this thesis collectively have four major implications:
= Implications for screening programs and women participating in mammography
screening: Chapters 3 and 4 consistently demonstrate that reference to mammograms
from the previous screening rounds improve the ability of radiologists and
radiographers to correctly identify women whose mammograms do not contain breast

cancer and reduce the number of women incorrectly classified as having breast cancer.
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Chapter 5, which focused on lesion analysis also indicate that the ability of radiologists
and radiographers to discriminate different lesion types from normal mammograms or
benign lesions was mostly better when references were made to prior mammograms.
These findings have implications for the recall rates, cost of screening services, and
psychosocial harms and screening re-attendance for women participating in screening
mammography. As discussed previously in this chapter, the recall rate is key criterion
for assessing the performance of mammography screening services. Although the goal
of screening is to detect as many cancers as possible in the early stages, screening
services also aim to reduce the number of false positive recalls. This is because lowering
the recall rate, reduces the number of cancer-free women recalled to breast assessment
clinics, and consequently the human resources, workload, and costs associated with
additional testing of these women (65). False positive recalls have been reported to
cause long-term psychosocial harms such as anxiety, negative impact on behaviour,
sleep, sexuality, attractiveness, and mental health (64, 102, 103). It has also been shown
that false positive screening recalls significantly reduce the screening re-attendance rate
(104-107). Therefore, the higher specificity and reduced false positive rate indicate that
the storage, retrieval, and reference to prior mammograms is relevant for improving the
efficiency of screening programs and the experiences of women participating in

screening through lowering the false positive recall rate and associated costs and harms.

Implications for a national accessible mammography database to support diagnostic
decision-making. The additional analysis in Chapter 3 highlighted that radiologists’
experience and workload characteristics do not influence the impact that prior
mammograms have on their performance in interpreting mammograms. Prior

mammograms consistently improved specificity and reduced false positive rates, and
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the influence of prior mammograms was not altered by the number of years qualified
as radiologist or breast physician/specialty, hours spent reading mammograms per
week, number of years reading mammograms, and the number of mammograms read
per week for radiologists. In Chapter 4, prior mammograms consistently improved
specificity, ROC, and JAFROC, and reduced the false positive rate. Like with
radiologists, the number of years qualified as radiographer, years of specialisation as
breast radiographer, and the number of hours spent working in a mammography service
did not alter the impact of prior mammograms on radiographers’ performance. When
the analyses in Chapter 3 were adjusted for breast density, the availability of prior
mammograms consistently led to an increase in specificity in both dense and non-dense
breasts. These findings imply that breast radiologists and breast radiographers of all
experience and workload characteristics benefit from referring to prior mammograms
when interpreting mammograms from the current screening round. They also indicate
that women of all breast densities benefit from their mammograms being interpreted
with the mammograms from their previous and current screening round reviewed
simultaneously. These findings collectively emphasise the need for the establishment
of a national accessible mammography database so that Breastscreen readers can have

access and refer to prior mammograms of women moving across states.

Implications for curricular innovations for radiographers participating in
mammography interpretation. As discussed previously, the major factor limiting the
implementation of radiographer reporting in Breastscreen programs is their high false
positive rate. In Chapter 4 of this thesis, reference to prior mammograms reduced the
false positive rate by 22% and improved the ROC and JAFROC values of

radiographers. In Chapter 5 reference to prior mammograms improved radiographers’
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diagnostic accuracy. The findings around ROC and accuracy suggest that when prior
mammograms are made available, radiographers perform better in distinguishing
cancer containing mammograms from normal mammograms and those with benign
lesions. The findings around JAFROC suggest that when radiographers refer to prior
mammograms during interpretation, they detect more cancer lesions in women with
multiple lesions and more correctly establish the risk of malignancy in these lesions.
However, in Chapter 5, fewer spiculated/stellate lesions were detected when prior
mammograms were available suggesting that radiographers were unable to identify
spiculated/stellate lesions or changes in this lesion type that indicate malignancy.
Identifying and correctly classifying all cancer lesions is important for targeting biopsy
and treatment planning. Thus, the findings in Chapters 4 and 5 pertaining to
radiographers have important implications for radiographer training and continuous
professional development in mammography interpretation. These findings suggest that
curricular innovations that incorporate strategies to systematically evaluate and
compare prior and current mammograms may mitigate radiographers’ false positive
errors and improve the detection of the lesion type that is most predictive of
malignancy. Such curricular innovations may strategically position radiographers to

undertake mammography interpretation with higher accuracy.

Implications of lesion type detection and risk classification. The results in Chapters 3
and 4 demonstrate that prior mammograms do not have any impact on sensitivity;
however, when the analysis was nested on lesion types in Chapter 5, prior
mammograms improved the detection and classification of spiculated/stellate lesions
by radiologists. The availability of prior mammograms mostly improved the detection

of other lesion types even though the results did not reach statistical significance. The
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implications of detecting and correctly classifying spiculated/stellate lesions have been
discussed above (see discussion pertaining to Chapter 5). Briefly, while 75-90% of
spiculated/stellate lesions turn out to be malignant, only 10% of discrete masses and
non-specific density lesions are cancerous, highlighting why prior mammograms only
significantly improved the detection of spiculated/stellate lesions. The findings in
Chapter 5 provide insight into how comparison of mammograms from the previous
screening rounds can improve the detection and risk classification of breast lesions that
are most discriminative of malignancy. The findings emphasise the importance of
reference to prior mammograms when mammographic features in mammograms from
the current screening round point to spiculated/stellate lesions, as changes in the lesion

most likely indicate the presence of malignancy.

FUTURE DIRECTIONS

The thesis has provided evidence on the impact that prior mammograms have on the
interpretation of screening mammograms based on the current screening technology and
observer performance evaluation methodologies incorporating both case- and lesion-level
analyses. Further larger studies are required to confirm these findings. For example, the study
in Chapter 3 was a phase II (challenge phase) evaluation of observer performance, which
compared diagnostic performance at case and lesion levels, and adjusted for both radiologists
and patient characteristics (breast density). Future studies should conduct multi-observer phase
Il (advanced phase) evaluation of the impact of prior mammograms on radiologists’
performance using hundreds of patients sampled prospectively. The study in Chapter 4 was a
baseline exploratory study (phase I study), which tested radiographer diagnostic abilities with
versus without prior mammograms. Future studies exploring the influence of prior

mammograms on radiographers’ performance should be sufficiently powered to meet the
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requirements of phase II or III observer performance evaluation studies. In Chapter 5, reference
to prior mammograms to radiologists significantly impacted upon the detection and
classification of spiculated/stellate lesions, but not other lesion types; however, the perceptual
mechanisms underpinning the results presented in this thesis were not examined. Therefore,
future studies should incorporate eye-tracking into the assessment of the impact of prior
mammograms on observer performance. Such eye-tracking data may elucidate the perceptual

mechanisms responsible for the results presented in this thesis.

CONCLUSIONS

The storage, retrieval and simultaneous presentation of prior and current mammograms for
reporting improves specificity and reduces false positive rates of both radiologists and
radiographers without reducing their abilities to detect and characterise breast cancer in
mammograms. In addition, reference to prior mammograms improves radiologists’ abilities to
detect and classify spiculated/stellate lesions but have no impact on the detection of other lesion
types. Reference to prior mammograms also improve radiographers’ abilities to detect multiple
breast lesions in mammograms and simultaneously establish their risk of malignancy. The
impact of prior mammograms on the interpretation of screening mammograms is not affected
by women’s breast density and radiologists and radiographers experience or workload
characteristics such as the number of years qualified, specialisation in breast imaging, and
reading volume. These pieces of evidence highlight the potential for prior mammograms to
improve the efficiency of screening programs by reducing false positive recall, and the need
for policies to establish a national accessible mammographic database platform to account for

population mobility across states.
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Appendix 1: Human research ethics committee approval

BN THE UNIVERSITY OF Research Integrity & Ethics Administration
*;a:sz* SYDNEY HUMAN RESEARCH ETHICS COMMITTEE

Wednesday, 22 March 2023

Prof Sarah Lewis
Clinical Imaging; Faculty of Medicine and Health
Email: sarah.lewis@sydney.edu.au

Dear Sarah,

The University of Sydney Human Research Ethics Committee (HREC) has considered your application.

| am pleased to inform you that after consideration of your response, your project has been approved.

Details of the approval are as follows:

Project No.: 20231101

Project Title: The influence of prior cases on radiology performance with
screening mammograms

Authorised Personnel: Lewis Sarah; Akwo Judith; Trieu Phuong Dung (Yun);

Approval Period: 22/03/2023 to 22/03/2027

First Annual Report Due: 22/03/2024

Documents Approved:

Date Uploaded | Version Number Document Name

16/03/2023 Email invitation

16/03/2023 PIS

The Committee approved the revised application in the absence of ethical objections and on the basis
of satisfactory scientific merit.

Please note for future submissions: Researchers need to answer all questions in full on each
application so that the reviewing committee has the information they need to independently assess
each submission. Submissions need to stand alone in completeness for more efficient review. Where
the application links to a previous submission to the HREC, researchers should clearly provide this
information in their application (including protocol number) in order to expedite review.

Condition/s of Approval

o Research must be conducted according to the approved proposal.

e An annual progress report must be submitted to the Ethics Office on or before the anniversary
of approval and on completion of the project.

e You must report as soon as practicable anything that might warrant review of ethical approval
of the project including:
» Serious or unexpected adverse events (which should be reported within 72 hours).
» Unforeseen events that might affect continued ethical acceptability of the project.

¢ Any changes to the proposal must be approved prior to their implementation (except where an
amendment is undertaken to eliminate immediate risk to participants).

o Personnel working on this project must be sufficiently qualified by education, training and
experience for their role, or adequately supervised. Changes to personnel must be reported
and approved.

Research Integrity & Ethics Administration T +61 29036 9161 ABN 15211513 464
Research Portfolio E human.ethics@sydney.edu.au CRICOS 00026A
Level 3, F23 Administration Building W sydney.edu.au/ethics

The University of Sydney
NSW 2006 Australia
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e Personnel must disclose any actual or potential conflicts of interest, including any financial or
other interest or affiliation, as relevant to this project.

o Data and primary materials must be retained and stored in accordance with the relevant
legislation and University guidelines.

o Ethics approval is dependent upon ongoing compliance of the research with the National Statement
on Ethical Conduct in Human Research, the Australian Code for the Responsible Conduct of
Research, applicable legal requirements, and with University policies, procedures and governance
requirements.

e The Ethics Office may conduct audits on approved projects.

e The Chief Investigator has ultimate responsibility for the conduct of the research and is
responsible for ensuring all others involved will conduct the research in accordance with the
above.

This letter constitutes ethical approval only.

Please contact the Ethics Office should you require further information or clarification.

Sincerely,

Acting Chair, Health Review Committee (Low Risk)

The University of Sydney of Sydney HRECs are constituted and operate in accordance with the
National Health and Medical Research Council’s (NHMRC) National Statement on Ethical

Conduct in Human Research (2018) and the NHMRC’s Australian Code for the Responsible
Conduct of Research (2018)
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Appendix II: Recruitment advertisement for radiologists

Research participants needed!

Help the University of Sydney researchers investigate the influence of prior mammograms on
diagnostic performance. We are |asking for your help because you are currently a radiologist or
breast physician reporting mammographic images. The goal of the project is to investigate whether the
availability of prior screening mammograms improve radioclogists’ ability to interpret screening
mammograms.

For this study, you will be asked to complete a questionnaire about your demographics and interpret
75 mammograms with and without prior mammograms. There will be two reading sessions which will be
3-4 months apart. The first reading session will require you to interpret 75 images with looking at the
prior mammograms of these women. The second reading session will require you to interpret another
set of 75 mammograms and you will be given access to the prior mammograms of these women to
support the interpretation process. We anticipate that each of the reading session will take about 2
hours and 30 minutes of your time. Participation in the study is completely voluntary. The resulis of your
participation will be anonymised and used for research only. Data protection and confidentiality will
be ensured by storing the data collected in the University of Sydney Research Data Store. We may
also submit the information from this project to a public database for research information, so that
other researchers can access it and use it in their projects, but no information will be linked to you.”

To get signed up, please register your interest by contacting the Chief Investigator, Prof. Sarah Lewis
(sarah.lewis@sydney.edu.au) or PhD student, Judith Akwo (jakw2899@uni.sydney.edu.au)

We look forward to working with you.
Sincerely
Sarah Lewis

Email: sarah.lewis@sydney.edu.au
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Appendix III: Recruitment advertisement for radiographers

Research participants needed!

Help the University of Sydney researchers investigate the influence of prior mammograms on
diagnostic performance. We are asking for your help because you are currently a BreastScreen
radiographer or junior breast radiologist. The goal of the project is to investigate whether the
availability of prior screening mammograms improve radiographers and junior breast radiologists’
ability to interpret screening mammograms.

For this study, you will be asked to complete a questionnaire about your demographics and interpret
two sets of mammograms with and without prior mammograms. There will be two reading sessions
which will be 3-4 months apart and you will be required to interpret 32 images at each reading
session. We anticipate that each of the reading session will take about 2 hours of your time.
Participation in the study is completely voluntary. The results of your participation will be anonymised
and used for research only. Data protection and confidentiality will be ensured by storing the data
collected in the University of Sydney Research Data Store. We may also submit the information from
this project to a public database for research information, so that other researchers can access it and
use it in their projects, but no information will be linked to you.”

To get signed up, please register your interest by contacting the Chief Investigator, Prof. Sarah Lewis
(sarah.lewis@sydney.edu.au) or PhD student, Judith Akwe (jakw2899@uni.sydney.edu.au)

We look forward to working with you.
Sincerely

Sarah Lewis

Email: sarah.lewis@sydney.edu.au
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Appendix IV: Participant information statement for radiologists

Discipline of Medical Imaging Science
THE UNIVERSITY OF

% hool of Ith Sci
SYDNEY Far:ult?{cofo I(\)Il:di:::m:cll-lzr::;

Prof. Sarah Lewis Susan Wakil Health Building (D18)

Associate Dean Research Performance The University of Sydney
NSW 2006 AUSTRALIA

Telephone: M:
Facsimile:

Email: sarah.lewis@sydney.edu.au
Web: http://www.svdney.edu.au/

Influence of prior cases on radiologists’ performance with screening mammograms
PARTICIPANT INFORMATION STATEMENT
(1) What is this study about?

You are being invited to take part in a research project that will investigate the influence of prior
mammograms on diagnostic performance. The purpose of this study is to explore the impact of access
to prior mammograms on the accurate interpretation by BreastScreen readers, and to identify the
characteristics of cases and readers that will benefit from accessing previous mammograms. You have
been asked to participate because you are a radiologist or breast physician reporting mammographic
images and have previously read the same test-set containing prior mammograms. Please read the
following information carefully, and feel free to ask any question(s) about anything you do not
understand or anything you would like to know more about.

Participation in this research study is voluntary.

By giving your consent to take part in this study you are telling us that you:
v’ Understand what you have read.

v’ Agree to take part in the research study as outlined below.

V' Agree to the use of your personal information as described.

You will be given a copy of this Participant Information Statement to keep.

(2

Who is running the study?

The study is being carried out by the following researchers:
e Prof. Sarah Lewis, Associate Dean, Research Performance, The University of Sydney
e Dr. Phuong D (Yun) Trieu, Research Fellow, The University of Sydney
e  Ms Judith Akwo, PhD Student, The University of Sydney.

STUDENT DECLARATION
Ms Akwo is conducting this study as the basis for the degree of Doctor of Philosophy at The University
of Sydney. This will take place under the supervision of Professor Sarah Lewis.

(3) What will the study involve for me?

As a participant in this study, you will be asked to interpret 30 digital breast tomosynthesis (DBT)
images. You have previously read the same test-set containing prior mammograms using the
BreastScreen Reader Assessment Strategy (BREAST) platform. For this study, you will be asked to

Influence of prior cases on radiologists’ performance with screening mammograms
Version 1; 17:11:2022 Page 10of 3
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interpret the same set of DBT images without being able to access the prior mammograms of these
cases. .

We will also ask you to provide your demographic and practice-related information to help us
understand the characteristics of readers who benefit from looking at prior mammograms when
reading DBT images from the current screening round (this is done through creating an account with
BREAST). You are welcome to access the BREAST platform from your workplace during or outside your
working hours in accordance with your department protocols. Alternatively, you are welcome to come
to the Susan Wakil Health Building at the University of Sydney to use our facilities. After creating a
BREAST login profile, or reactivating your existing profile, you will be asked to give consent to collect
your responses to the cases and update your demographics. This consent option will occur prior to
you providing any data points.

(4) How much of my time will the study take?
We anticipate that the reading will take approximately 1 hour of your time.
(5) Who can take part in the study?

Only radiologists and breast physicians who interpret screening mammograms can participate in the
study. This is to ensure that the results of the study are considered representative of the professional
community when considering the impact of the study results.

(6) Dol have to be in the study? Can | withdraw from the study once I've started?

Being in this study is completely voluntary. Your decision whether to participate will not affect your
current or future relationship with the researchers, BREAST or anyone else at the University of Sydney.
If you decide to take part in the study and then change your mind later, you are free to withdraw at
any time up until the results are aggregated and published. After this time, we will not be able to
remove your data points. You can withdraw from the study by contacting the Chief Investigator, Prof.
Sarah Lewis or PhD student, Judith Akwo. There are no consequences for withdrawing from the study.

(7) Are there any risks or costs associated with being in the study?

Aside from giving up your time, we do not expect that there will be any risks or costs associated with
taking part in this study.

(8) Are there any benefits associated with being in the study?

We cannot guarantee that you will receive any direct benefits from beingin the study. You are able to
claim CPD points from RANZCR for the BREAST research activities and your certificate will be added to
your BREAST profile page once you have completed the study.

(9) What will happen to information about me that is collected during the study?

For this study, we will collect demographic information such as age, gender, and practice-related
information such as years since qualification, number of images read per week, and completion of a
breast fellowship as well as your performance data in reading the cases (such as Sensitivity, Specificity
ete). You are able to see your own performance for the set of images once you complete all cases. .
By providing your consent, you are agreeing to us collecting personal information about you for the
purposes of this research study. The BREAST platform has a clear consent option for you to approve,
indicating that you are comfortable for us to collect your data points. Your information will only be
used for the purposes outlined in this Participant Information Statement, unless you consent
otherwise.

Influence of prior cases on radiologists” performance with screening mammograms
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Your information will be stored securely, and your identity/information will be kept strictly
confidential, except as required by law. Study findings may be published, but you will not be
individually identifiable in these publications.

(10) <Can I tell other people about the study?
Yes, you are welcome to tell other people about the study.
(11) What if | would like further information about the study?
When you have read this information and would like to know more about the study, please feel free

to contact Prof Sarah Lewis (sarah.lewis@sydney.edu.au) or Judith Akwo
(jakw2899 @uni.sydney.edu.au)

(12) Will I be told the results of the study?

You have a right to receive feedback about the overall results of this study. This feedback will be in the
form of a lay summary of the findings sent to your nominated email account or through the BREAST
newsletter.

(13) What if | have a complaint or any concerns about the study?

Research involving humans in Australia is reviewed by an independent group of people called a Human
Research Ethics Committee (HREC). The ethical aspects of this study have been approved by the HREC
of the University of Sydney. As part of this process, we have agreed to carry out the study according to
the National Statement on Ethical Conduct in Human Research {2007). This statement has been
developed to protect people who agree to take part in research studies.

If you are concerned about the way this study is being conducted or you wish to make a complaint to
someone independent from the study, please contact the university using the details outlined below.
Please quote the study title and protocol number.

The Manager, Ethics Administration, University of Sydney:
¢ Telephone: +61 2 8627 8176
e Email: human.ethics@sydney.edu.au
e Fax:+61 2 8627 8177 (Facsimile)

O I confirm that | have read and understood the information in this Participant Information Statement
[J By completing this study, | give consent for my responses to be used in the research as detailed in the
Participant Information Statement.

This information sheet is for you to keep

Influence of prior cases on radiologists” performance with screening mammograms
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Appendix V: Participant information statement for radiographers

Discipline of Medical Imaging Science
THE UNIVERSITY OF

SYDNEY Facuf of Medicne nd Hoat

Prof. Sarah Lewis Susan Wakil Health Building (D18)

Associgte Dean Research Performance The University of Sydney
NSW 2006 AUSTRALIA

Telephone: M:
Facsimile:

Email: sarah.lewis@sydney.edu.au
Web: http://www.sydney.edu.au/

Influence of prior cases on radiclogists’ performance with screening mammograms
PARTICIPANT INFORMATION STATEMENT
(1) What is this study about?

You are being invited to take part in a research project that will investigate the influence of prior
mammograms on diagnostic performance. The purpose of this study is to explore the impact of access
to prior mammograms on the accurate interpretation by junior radiologists/ BreastScreen readers, and
to identify the characteristics of cases and readers that will benefit from accessing previous
mammograms. You have been asked to participate because you are a radiologist, breast physician,
radiology trainee reporting mammographic images, or radiographer. Please read the following
information carefully, and feel free to ask any question(s) about anything you do not understand or
anything you would like to know more about.

Participation in this research study is voluntary.

By giving your consent to take part in this study you are telling us that you:
v" Understand what you have read.

v" Agree to take part in the research study as outlined below.

v" Agree to the use of your personal information as described.

You will be given a copy of this Participant Information Statement to keep.

2

~—

Who is running the study?

The study is being carried out by the following researchers:
e Prof. Sarah Lewis, Associate Dean, Research Performance, The University of Sydney
e Dr Tess Reynolds, Deputy Director, Image X Institute, The University of Sydney
e Dr.Yun Trieu, Senior Lecturer, The University of Sydney
e  Ms Judith Akwo, PhD Student, The University of Sydney.

STUDENT DECLARATION

Ms Akwo is conducting this study as the basis for the degree of Doctor of Philosophy at The University
of Sydney. This will take place under the supervision of Professor Sarah Lewis.

(3) What will the study involve for me?

Influence of prior cases on radiologists’ performance with screening mammograms
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As a participant in this study, you will be asked to interpret 28 mammograms using the BreastScreen
Reader Assessment Strategy (BREAST) platform. The study will require you to interpret 28
mammograms without being able to access the prior mammograms of these cases.

We will also ask you to provide your demographic and practice-related information to help us
understand the characteristics of readers who benefit from looking at prior mammograms when
reading mammograms from the current screening round (this is done through creating an account with
BREAST). You are welcome to access the BREAST platform from your workplace during or outside your
working hours in accordance with your department protocols. Alternatively, you are welcome to come
to the Susan Wakil Health Building at the University of Sydney to use our facilities. After creating a
BREAST login profile, or reactivating your existing profile, you will be asked to give consent to collect
your responses to the cases and update your demographics. This consent option will occur prior to
you providing any data points.

(4) How much of my time will the study take?
We anticipate that the reading session will take approximately 1 hour of your time.
(5) Who can take part in the study?

Only junior radiologists, breast physicians who interpret screening mammograms, or radiographers
can participate in the study. This is to ensure that the results of the study are representative of the
professional community when considering the impact of the study results.

(6) Dol have to be in the study? Can | withdraw from the study once I've started?

Being in this study is completely voluntary. Your decision whether to participate will not affect your
current or future relationship with the researchers, BREAST or anyone else at the University of Sydney.
If you decide to take part in the study and then change your mind later, you are free to withdraw at
any time up until the results are aggregated and published. After this time, we will not be able to
remove your data points. You can withdraw from the study by contacting the Chief Investigator, Prof.
Sarah Lewis or PhD student, Judith Akwo. There are no consequences for withdrawing from the study.

(7) Are there any risks or costs associated with being in the study?

Aside from giving up your time, we do not expect that there will be any risks or costs associated with
taking part in this study.

(8) Are there any benefits associated with being in the study?

We cannot guarantee that you will receive any direct benefits from beingin the study. You are able to
claim CPD points from RANZCR for the BREAST research activities and your certificate will be added to
your BREAST profile page once you have completed the study.

(9) What will happen to information about me that is collected during the study?

For this study, we will collect demographic information such as age, gender, and practice-related
information such as years since qualification, number of images read per week, and completion of a
breast fellowship as well as your performance data in reading the cases (such as Sensitivity, Specificity
etc). You are able to see your own performance for the set of images once you complete all 28 cases.
By providing your consent, you are agreeing to us collecting personal information about you for the
purposes of this research study. The BREAST platform has a clear consent option for you to approve,
indicating that you are comfortable for us to collect your data points. Your information will only be
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used for the purposes outlined in this Participant Information Statement, unless you consent
otherwise.

Your information will be stored securely, and your identity/information will be kept strictly
confidential, except as required by law. Study findings may be published, but you will not be
individually identifiable in these publications.

(10) Can I tell other people about the study?
Yes, you are welcome to tell other people about the study.
(11) What if | would like further information about the study?

When you have read this information and would like to know more about the study, please feel free
to contact Prof  Sarah Lewis (sarah.lewis@sydney.edu.au) or Judith Akwo
(jakw2899@uni.sydney.edu.au)

{12) Will I be told the results of the study?

You have a right to receive feedback about the overall results of this study. This feedback will be in the
form of a lay summary of the findings sent to your nominated email account or through the BREAST
newsletter.

(13) What if I have a complaint or any concerns about the study?

Research involving humans in Australia is reviewed by an independent group of people called a Human
Research Ethics Committee (HREC). The ethical aspects of this study have been approved by the HREC
of the University of Sydney. As part of this process, we have agreed to carry out the study according to
the National Statement on Ethical Conduct in Human Research (2007). This statement has been
developed to protect people who agree to take part in research studies.

If you are concerned about the way this study is being conducted or you wish to make a complaint to
someone independent from the study, please contact the university using the details outlined below.
Please quote the study title and protocol number.

The Manager, Ethics Administration, University of Sydney:
e Telephone: +61 2 8627 8176
e Email: human.ethics@sydney.edu.au
e Fax:+61 2 8627 8177 (Facsimile)

O I confirm that | have read and understood the information in this Participant Information Statement
[J By completing this study, | give consent for my responses to be used in the research as detailed in the
Participant Information Statement.

This information sheet is for you to keep
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Appendix VI: Participant consent form

THE UNIVERSITY OF

S50 SYBNEY

PARTICIPANT CONSENT FORM

.......................................................................................... [PRINT NAME], give

consent to my participation in the research project:

Influence of prior cases on radiologists’ performance with screening
mammograms

In giving my consent | acknowledge that:

1.

The procedures required for the project and the time involved have been
explained to me, including any inconvenience and any questions | have about the
project have been answered to my satisfaction.

| have read the Participant Information Statement and have been given the
opportunity to discuss the information and my involvement in the project with the
researcher/s.

| understand that being in this study is completely voluntary — | am not under any
obligation to consent.

| understand that my involvement is strictly confidential. | understand that any
research data gathered from the results of the study may be published, presented
in conferences, or disseminated in a student thesis; however, no information
about me will be used in any way that is identifiable.

| understand that | can withdraw from the study at any time before and during data
collection, without affecting my relationship with the researcher(s) or the
University of Sydney now or in the future.

| understand that | can stop the study at any time if | do not wish to continue, and
the information provided will be erased and not be included in the study.

| consent to participate in this study:
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