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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 
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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” 
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(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.  
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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 
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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. 
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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 

Abnormal Interpretation 

Rate 

The number of abnormal findings that require additional 

follow-up or the number of mammograms with abnormal final 

interpretation. 

Algebraic reconstruction 

technique  

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 

Reporting and Data 

Systems  

Quality assurance and risk assessment tool for reporting breast 

imaging examinations. 

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 

efficiency  

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

into a usable signal. 

Digital breast 

tomosynthesis 

A type of mammographic equipment that uses low-dose X-rays 

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 

curve  

A performance measure that quantifies readers ability to detect 

and locate an abnormality on the mammogram. 

Malignant 

 

Cancer lesions that have potential to spread and invade 

surrounding tissues. 

Mammography Quality 

Assurance Program  

A framework for assessing the quality mammography 

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 

New Zealand College of 

Radiologists 

 

A professional organisation for the promotion of the science 

and practice of the medical specialties of clinical radiology 

(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, 

Epidemiology, and End 

Results  

 

An American National Cancer Institute that collects published 

data on cancer incidence, survival, and mortality from various 

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 

Organisation 

An agency for the United Nations that coordinates response to 

internal public health issues and emergencies. 
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 ACS American Cancer Society 
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BI-RADS  Breast Imaging Reporting and Data Systems 

BRCA  Breast Cancer 
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BSA BreastScreen Australia 
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DQE Detective Quantum Efficiency 
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EUSOBI European Society of Breast Imaging 
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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 
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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 
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NSQMI National Safety and Quality Medical Imaging Standards  
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ROI  Region of interest  

RR Relative risk 
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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 7th 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 



37 

 

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) 

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).  

Tube 

B 

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 2c). 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 1mm intervals; however, the slice thickness may vary between 0.5 – 1mm 

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.  

 

 

 

 

Current 

Prior 
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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. 
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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 mammographic 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. 

 

B 
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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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Thesis layout 

 

Figure 7: Layout of chapters in the thesis 
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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/bjro.20230038 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10630973/
https://doi.org/10.1259%2Fbjro.20230038
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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.  



89 

 

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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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 
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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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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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cancer lesion types” in the Journal of Medical Radiation Sciences. 2025; 0:1–7 
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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 a15% 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 20th 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 
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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 

III (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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