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Abstract: Introduction: Breast cancer is the most commonly diagnosed
cancer among women globally, with an estimated 2.26 million new cases in 2020. The risk
factors of breast cancer include age, genetic mutation and family history, racial and
ethnic disparities, Increase in breast tissue density, etc. Early detection through organized
screening programs plays a crucial role in improving survival by identifying cancer at
stages when treatment is more likely to be curative. However, screening and
diagnostic results can sometimes be misinterpreted, leading to false positives, false
negatives, unnecessary follow-up tests, or over-diagnosis. Although digital mammography
remains the standard, additional imaging methods are now used for high-risk individuals
and those with dense breast tissue. Aims and Objectives: To evaluate the diagnostic
accuracy, and the clinical, psychological, and diagnostic outcomes following recall after
routine breast screening. The studies include a Cohort studies, Observational and Case-
Control studies, Diagnostic accuracy and Screening Programs evaluations. Participants
includes women aged 40 and older undergoing routing breast screening and were called
back for additional assessment. Studies were conducted in several countries including
Norway, Spain, etc. Ethical approval was not required for the studies as the participants
clinical information was anonymized across all selected studies. Methodology: Data were
collected using a computerized search strategy as the principle source of information from
European Journal of Public Health, Journal of Breast Imaging, PubMed, etc. Results:
Findings from the Randomized and Population-based Cohort study suggested that the
screen-detected breast cancers indicated over-diagnosis rate of 14-39% with limited
quality evidence. Data from the Observational studies estimated the 10-years cumulative
probability of false-positive results with Film and Digital Mammography of 49% with
limited quality evidence. Findings from the Cohorts studies showed that those women
called back for further evaluation reported higher levels of anxiety, distress and pains
with a moderate quality evidence. The harm of radiation exposure from mammography
screening is based on only three modeling studies with moderate quality evidence.

INTRODUCTION

Breast cancer is the most commonly diagnosed cancer among women globally, with an
estimated 2.26 million new cases in 2020 (95% uncertainty interval: 2.24-2.79 million)
(Ferlay J., 2020). In the United States, it is projected to represent 29% of all newly
diagnosed cancers in women (DeSantis C.E., 2015). Despite improvements in early
detection and treatment options, breast cancer continues to be a major cause of cancer-
related deaths in women (Bray F. et al., 2018).

Breast cancer is categorized into five stages: 0, 1, 2, 3, and 4. Stage 0 refers to non-
invasive conditions such as ductal carcinoma in situ (DCIS) or Paget’s disease of the breast,
where abnormal cells are confined to the milk ducts and have not spread. This stage
typically presents no noticeable symptoms and is often managed with surgery—such as
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lumpectomy or mastectomy—alongside hormonal therapy to prevent progression. DCIS
accounts for roughly 20% to 25% of all breast cancer diagnosis (van Seijen M. et al., 2019).
Stage 1 breast cancer is classified as an early-stage form of the disease and is generally
highly treatable. At this stage, the tumor is small and typically confined to the breast, with
little or no spread to nearby lymph nodes. Often, it does not cause noticeable symptoms and
is detected through routine screening methods such as mammograms or ultrasounds. When
signs do occur, they may involve a firm, painless lump, skin changes like redness or
flaking, nipple discharge—possibly clear or blood-tinged—or unexplained alterations in the
breast’s size, shape, or swelling (Wang & Wu, 2023; Dye et al., 2012). Standard treatment
options include surgery to remove the tumor, radiation therapy, and sometimes
chemotherapy (Waks & Winer, 2019; Yuan, 2026).

Stage 2 represents early invasive cancer, where the tumor has grown beyond its
original location but remains within the breast and nearby lymph nodes. It is further divided
into 2A and 2B based on tumor size and lymph node involvement according to the TNM
(Tumor, Node, Metastasis) classification. The 8th edition of the AJCC guidelines incorporates
biological markers—including tumor grade, hormone receptor status (ER and PR), HER2
expression, and gene expression panels—into what is known as prognostic staging, allowing
for a more precise evaluation of disease behavior and patient outlook (Available online).
Treatment for stage 2 is tailored to individual risk profiles and may involve a combination
of surgery, radiation, chemotherapy, hormonal therapy, and, when appropriate,
immunotherapy (Journal of Clinical Oncology, 2026).

Stage 3 is considered locally advanced, with cancer spreading to multiple lymph
nodes or nearby tissues. Common signs include palpable lumps, changes in breast shape or
skin texture, and swelling in the armpit. Management usually begins with systemic therapy
like chemotherapy, followed by surgery and radiation, often supplemented with hormonal
or targeted treatments. Stage 4, or metastatic breast cancer, occurs when the disease
spreads to distant organs such as the bones, lungs, liver, or brain. Symptoms vary depending
on the affected site and may include bone pain, persistent cough or breathing difficulties,
jaundice, abdominal swelling, or neurological issues, headaches and vision changes.

Breast cancer can also be classified based on histological and molecular features.
Histologically, invasive ductal carcinoma is the most prevalent type, accounting for 40-80%
of cases (Weigelt B. et al., 2008), and is diagnosed when a tumor does not fit into any
specific special subtype (Tavassoli F.A., 2003). Around 25% of invasive cancers exhibit
distinct patterns and cellular characteristics, leading to their classification as specific
subtypes such as invasive lobular, tubular, mucinous (A and B), neuroendocrine, and others
(Erber R., Hartmann A., 2020).

Molecularly, breast cancers are grouped into luminal, HER2-enriched, basal-like
(often triple-negative), claudin-low, and other subtypes. Luminal cancers, which are
estrogen receptor (ER)-positive, make up approximately 70% of cases in Western populations
(Howlader N. et al., 2014). These are primarily invasive carcinomas of no special type but
can occasionally appear as lobular, tubular, cribriform, mucinous, or micropapillary forms
(Weigelt B. et al., 2010; Makki J., 2015). They are further divided into luminal A and luminal
B, with the latter associated with higher tumor grade, increased cell proliferation, and a
less favorable prognosis (Ades F., 2014; Cheang M.C.U. et al., 2009; Raj-Kumar P.-K. et al.,
2019).
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The HER2-enriched subtype accounts for 10-15% of breast cancers and is defined by
high HER2 expression without ER or PR presence. These tumors show strong activity in genes
related to cell growth, such as ERBB2/HER2 and GRB7, rather than luminal or basal markers
(Raj-Kumar P.-K. et al., 2019; Ranjit K., 2005; Roberts S.A., 2013). However, about 30% of
these tumors may test negative using standard Immunohistochemistry (IHC) or Fluorescence
In Situ Hybridization (FISH methods, posing diagnostic challenges (Plasilova M.L. et al.,
2016). The Triple-negative breast cancer (TNBC), lacking ER, PR, and HER2 expression,
represents about 20% of cases and is more frequently seen in women under 40 years of age
(Plasilova M.L. et al., 2016). A significant proportion—around 80%—of breast cancers in
individuals with BRCA1 mutations are TNBC, while 11-16% of all TNBC cases carry germline
BRCA1 or BRCA2 mutations. TNBC is generally more aggressive biologically and tends to have
a poorer prognosis (Newman L.A. et al., 2014). While most cases are invasive ductal
carcinomas, some present as medullary-like tumors with dense lymphocyte infiltration,
metaplastic types with squamous or spindle cell features, or rare forms such as adenoid
cystic carcinoma (Pareja F., 2016; Wetterskog D., 2012; Badve S. et al., 2010).

The primary method for assessing the prognosis of breast cancer patients is the
American Joint Committee on Cancer (AJCC) staging system, which incorporates
tumor grade, immunohistochemical biomarkers, and the anatomical extent of disease.
Since its introduction in 1977, the AJCC has maintained an internationally recognized
staging framework based on three anatomic criteria: tumor size (T), lymph node
involvement (N), and presence of metastases (M) (Gou C. et al. 2016). The most commonly
used histological grading approach is the Elston-Ellis modification of the Scarff-Bloom-
Richardson system, also referred to as the Nottingham grading system (Weiss A. et al. 2018).
This grading evaluates three morphological features: tubule formation, mitotic activity,
and nuclear pleomorphism—assessing both size and shape of nuclei. Tumors are assigned a
total score, with grade 1 corresponding to scores of 3-5, grade 2 to scores of 6-7, and grade
3 to scores of 8-9.

Early detection through organized screening programs plays a crucial role in
improving survival by identifying cancer at stages when treatment is more likely to be
curative (Tabar L. et al. 2003). Effective early diagnosis strategies focus on ensuring timely
access to care, minimizing barriers between patients and health services, and enhancing
the accuracy of diagnostic tools to correctly identify more cases. According to the 2019
guidelines from the U.S. National Comprehensive Cancer Network (NCCN), annual clinical
breast exams and mammography are recommended for women aged 40 and older, as there
is no strong evidence from randomized trials supporting routine screening in younger women
(Qaseem A. et al. 2007; Chetlen A. et al. 2016; Grandishar WJ. Et al. 2020). However,
screening and diagnostic results can sometimes be misinterpreted, leading to false positives,
false negatives, unnecessary follow-up tests, or overdiagnosis (Welch HG. Et al. 2016).
Access to diagnostic equipment is often limited outside major medical centers, posing
challenges for rural populations or those with transportation difficulties (Welch HG. 2010).
To address this, targeted breast cancer screening initiatives in underserved areas have been
implemented, contributing to improved survival among at-risk women (Poiseuil M. et al.
2019). Enhancing the accessibility and patient comfort of screening and diagnostic
procedures could therefore support earlier detection and treatment, particularly in remote
regions.

Vol. 13 No. 04 (2026): British Journal of Healthcare and Medical Research Page | 107



Scholar Publishing

By 2026, breast cancer screening and diagnosis are increasingly shaped by artificial
intelligence integration and a shift toward personalized, risk-adapted screening schedules.
Although digital mammography remains the standard, additional imaging methods are now
used for high-risk individuals and those with dense breast tissue. A key limitation remains
the lack of randomized controlled trials (RCTs) evaluating these newer modalities. Meta-
analyses, such as those published by Koning (2024-2026), indicate that cone beam breast
computed tomography (CBBCT) offers higher sensitivity (0.92) compared to mammography
(0.77), though direct comparisons with photon-counting detector CT (PCD-CT) are scarce
and largely confined to phantom studies. As of 2026, a review of clinical trial registries and
major medical databases—including PubMed, Radiology, and ClinicalTrials.gov—reveals no
published RCTs directly comparing the diagnostic performance and radiation exposure of
PCD-CT and conventional CBBCT. While both represent cutting-edge advances in 3D breast
imaging, current research is fragmented, often limited to technical validation or
comparisons with traditional mammography (Lechance C.C. & Horton J., 2024;
ClinicalTrials.gov, 2026).

BREAST CANCER EPIDERMIOLOGY AND RISK FACTORS

Breast cancer incidence and mortality have risen steadily over the past 30 years. From 1990
to 2016, incidence rates more than doubled in countries such as Afghanistan, the
Philippines, Brazil, and Argentina, while death rates doubled in nations including Yemen,
Paraguay, Libya, and Saudi Arabia (Sharma R., 2019). In 2020, the global mortality-to-
incidence ratio (MIR)—a proxy for 5-year survival—was 0.30 (Ferlay J., 2020). In regions with
robust healthcare systems like Hong Kong, Singapore, and Turkey, 5-year survival reached
89.6% for localized disease and 75.4% for regional disease. In contrast, less developed
countries such as Costa Rica, India, the Philippines, Saudi Arabia, and Thailand reported
survival rates of 76.3% and 47.4%, respectively (Sankaranarayanan R., 2010). Projections
suggest that by 2030, annual new cases will reach 2.7 million globally, with deaths rising to
870,000 (Ferlay J., 2021).

In low- and middle-income countries, rising incidence is linked to lifestyle changes
associated with westernization—such as later childbearing, reduced breastfeeding, earlier
menarche, physical inactivity, and poor diet (Porter P., 2008). Age is a major risk factor,
and the likelihood of developing breast cancer is about 1.5% at age 40, rises to 3% at 50,
and exceeds 4% by age 70 (Stat Bite, 2004; Benz C.C., 2008; McGuire A. et al., 2015). Triple-
negative breast cancer, known for its aggressiveness and resistance to treatment, is most
frequently diagnosed in women under 40, whereas luminal A subtype is more common in
patients over 70 (McGuire A. et al., 2015).

Several genetic mutations are strongly linked to elevated breast cancer risk. Two
well-known autosomal dominant genes with high penetrance are BRCA1 (on chromosome 17)
and BRCA2 (on chromosome 13), both closely tied to increased susceptibility to breast
cancer (Shiovitz S. & Korde L.A., 2015). Other high-penetrance genes include TP53, CDH1,
PTEN, and STK11 (Shahbandi A. et al., 2020; Corso G. et al., 2018, 2016; Kechagioglou P. et
al., 2014). Additionally, a family history of breast cancer significantly increases individual
risk. Around 13-19% of diagnosed patients report having a first-degree relative with the
disease (Collaborative Group on Hormonal Factors in Breast Cancer, 2001), with risk further
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elevated if the affected relative was diagnosed before age 50 (Shiyanbola O.0. et al., 2017;
Baglia M.L. et al., 2018; Brewer H.R. et al., 2017).

Racial and ethnic disparities continue to be evident among individuals diagnosed with
breast cancer, though the underlying causes of these differences are still unclear. While
white non-Hispanic women have the highest incidence rates of breast cancer (Hill D.A. et
al., 2019; Yedjou C.G. et al., 2019), Black women face significantly higher mortality rates
and the lowest survival outcomes (American Cancer Society, 2016). A strong link has been
established between exposures to endogenous hormones—particularly estrogen and
progesterone—and an increased risk of developing breast cancer. Key reproductive events
such as age at first menstruation, menopause, pregnancy, and breastfeeding, along with
their timing and duration, influences hormonal balance and may contribute to the
development of cancerous changes in breast tissue. Women who experience their first full-
term pregnancy at a younger age, especially in their early twenties, and those with multiple
pregnancies tend to have a lower risk of breast cancer (Bernstein L., 2002; Albrektsen G.,
2004).

Breast tissue density varies over time and is clinically categorized into low-density,
high-density, and fatty types. Higher breast density is more common in younger women,
those with lower body mass index (BMI), individuals who are pregnant or breastfeeding, and
those undergoing hormone replacement therapy (Checka C.M. et al., 2012). Increased
density is consistently associated with greater breast cancer risk in both premenopausal and
postmenopausal women (Kim E.Y. et al., 2020). Some researchers suggest that assessing
breast density could serve as a practical, non-invasive tool for identifying women at higher
risk and guiding more effective monitoring strategies (Duffy S.W. et al., 2017).

Engaging in regular physical activity is widely recognized as a factor that may reduce
the likelihood of developing breast cancer (Chen X. et al., 2018; Kyu H.H. et al., 2016).
Among women with a family history of the disease, physical activity appears to lower risk,
particularly during the postmenopausal years (Chen X. et al., 2018). Potential mechanisms
include reduced exposure to sex hormones, improved immune function, and modulation of
insulin-like growth factor-1 levels (Hoffman-Goetz L., 2009). Epidemiological studies
indicate that obesity increases the risk of breast cancer, especially in postmenopausal
women, who are more likely to develop estrogen-receptor-positive tumors. Research by
Wang X. et al. (2019) found that women over 50 with higher BMI face greater cancer risk
compared to those with lower BMI. Higher body weight is also linked to more aggressive
tumor characteristics, such as larger tumor size and increased lymph node involvement.
Excess body fat may promote chronic inflammation and disrupt hormone regulation, creating
conditions favorable to cancer development (James F. et al., 2015). As a result, poorer
clinical outcomes are often seen in women with a BMI of 25 kg/m? or higher (Protani M. et
al., 2010).

Excessive alcohol consumption is known to elevate the risk of gastrointestinal
cancers and has also been associated with a higher risk of breast cancer. The alcohol
content, rather than the type of beverage, appears to be the primary factor influencing this
risk. Alcohol intake may raise estrogen levels and disrupt hormonal balance, thereby
increasing the likelihood of carcinogenesis in breast tissue (Rachdaoui N. & Sarkar D.K.,
2013; Erol A. et al., 2017).

Vol. 13 No. 04 (2026): British Journal of Healthcare and Medical Research Page | 109



Scholar Publishing

Tobacco contains carcinogens that can reach breast tissue and increase the chance
of genetic mutations, particularly in oncogenes and tumor suppressor genes like p53. Both
active and passive smoking contribute to processes that may lead to cancer (Terry P.D. &
Rohan T.E., 2002). For women with a family history of breast cancer, prolonged smoking
and smoking before the first full-term pregnancy further elevate the risk (Catsburg C. et
al., 2014; Jones M., 2017; Misotti A.M. & Gnagnarella P., 2013).

Vitamins are believed to possess anticancer properties that could play a role in
preventing various cancers, including breast cancer, although the exact mechanisms remain
unclear. Ongoing research examines the impact of specific vitamins—such as vitamin C,
vitamin E, B-complex vitamins, folic acid, and multivitamins—on breast cancer risk, but
findings are inconsistent and insufficient for definitive conclusions (Misotti A.M. &
Gnagnarella P., 2013). Current attention has focused particularly on vitamin D, with several
studies suggesting a protective role (Cui Y., 2006; Atoum M. & Alzoughool F., 2017; El-
Sharkawy A. & Malki A., 2020). Higher blood levels of 25-hydroxyvitamin D correlate with
lower breast cancer incidence in both pre- and postmenopausal women (Atoum M. &
Alzoughool F., 2017; Estébanez N. et al., 2018). Additionally, increased expression of
vitamin D receptors has been linked to reduced breast cancer mortality (Huss L. et al.,
2019). However, more research is needed due to conflicting evidence in existing studies
(Misotti A.M. & Gnagnarella P., 2013; Zhou L. et al., 2020).

Recent studies have linked exposure to artificial light at night (ALAN) with a higher
risk of breast cancer, potentially due to disruptions in melatonin rhythms and resulting
epigenetic changes (Al-Naggar R.A. & Anil S. 2016). Evidence suggests that individuals with
greater ALAN exposure face a significantly elevated risk compared to those with lower
exposure (Johns L.E. et al. 2018). However, the connection between prolonged use of LED-
based electronic devices and breast cancer remains unclear, as current data are limited and
sometimes inconsistent (L.E. et al. 2018).

Long-term exposure to certain chemicals may also contribute to breast cancer
development by altering the tumor microenvironment, triggering epigenetic modifications,
and promoting processes that support tumor growth (Casey S.C. et al. 2015). Women with
sustained contact with such substances show a higher likelihood of developing breast cancer,
with risk increasing alongside the duration of exposure (Videnros C. et al. 2019). Numerous
chemicals have been implicated, but research has primarily focused on
dichlorodiphenyltrichloroethane (DDT) and polychlorinated biphenyls (PCBs), especially
because early-life exposure can interfere with mammary gland development (Rodgers K.M.
et al. 2018; Eve L. et al. 2020). Additionally, potential links have been noted for polycyclic
aromatic hydrocarbons (PAHs), synthetic fibers, organic solvents, oil mist, and various
insecticides (Leso V. et al. 2019).

LITERATURE REVIEW

Established and Emerging Methods of Screening and Diagnosis

Biopsy

When imaging reveals an abnormality in breast tissue, a biopsy is necessary to establish a
definitive diagnosis. This procedure involves the removal of suspicious fluid or tissue for
cytological, histological, and molecular evaluation. Biopsies are typically recommended
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only when there is clinical or imaging suspicion of cancer, as determined by the BI-
RADS classification system used by radiologists (Elmore JG. 2015). Considered as the "gold
standard” in such cases, biopsy remains the most reliable method for pathological
assessment when breast cancer is suspected following physical examination or imaging
(Tikku & Umap, 2015). The choice of technique depends on the lesion’s characteristics and
is usually guided by imaging modalities like ultrasound, mammography, or MRI.

Core Needle Biopsy (CNB) is the preferred approach for evaluating palpable
lumps or masses detected on ultrasound. It uses a hollow needle to extract small cylindrical
tissue samples. CNB demonstrates higher sensitivity (95.83%) and diagnostic accuracy
compared to Fine Needle Aspiration (64.58%) for these cases (Tikku & Umap, 2015). Vacuum-
Assisted Biopsy (VAB) employs a vacuum mechanism to draw larger tissue volumes into the
needle, enabling more comprehensive sampling and, in some instances, complete removal
of small lesions. Stereotactic VAB is particularly suited for non-palpable abnormalities such
as microcalcifications visible on mammograms but not on ultrasound (Li et al., 2020).
It offers better sample quality than standard core biopsy, lowering the risks of under-
diagnosing cancer and sampling errors, with reported sensitivity around 96% (Pyo et al.,
2020).

Fine Needle Aspiration Cytology (FNAC) uses a slender needle to extract cells or
fluid. Though minimally invasive, it yields only cellular details without preserving tissue
structure, limiting its use to clearly benign-appearing lesions or assessment of axillary
lymph nodes (Tikku & Umap, 2015). FNAC also carries a greater likelihood of inconclusive or
indeterminate results compared to CNB. Surgical (excisional) biopsy, which removes the
entire lesion, is now less commonly used for initial diagnosis due to the high accuracy, lower
cost, and improved cosmetic outcomes associated with percutaneous techniques. When
surgery is performed, the guidance method depends on how the lesion was initially
identified: ultrasound guidance is most common and patient-friendly for lesions visible on
ultrasound, stereotactic (mammographic) guidance is required for microcalcifications and
architectural distortions not seen on ultrasound, and MRI guidance is reserved for lesions
detectable only on MRI (Tikku & Umap, 2015).

Mammography

Breast cancer screening involves testing women who show no symptoms, typically using
mammography and clinical breast exams, with the goal of identifying cancers or
precancerous conditions at an early stage (Siegel R.L. et al., 2022). Alongside advances in
treatment, this approach has contributed to a notable decline in breast cancer deaths over
recent decades (Myers E.R. et al., 2015; Sankatsing V.D.V. et al., 2017). Mammography
remains the primary method for screening, widely endorsed by major health organizations
including the American Cancer Research (ACR), Society of Breast Imaging (SBl), American
Cancer Society (ACS), U.S. Preventive Services Task Force (USPSTF), National
Comprehensive Cancer Network (NCCN), and the European Society for Medical Oncology
(ESMO) (Gradishar WJ. Et al. 2020; Oeffinger KC. Et al. 2015; Cardoso F, Kyriakides S. et al.
2019; Siu AL. 2016). Its purpose is to detect malignant growths before they become clinically
apparent.

According to the Breast Cancer Surveillance Consortium (BCSC), standard
mammography demonstrates a sensitivity of 86.9% and specificity of 88.9% (BCSC, 2017),
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while a study by Luczynska et al. reported a sensitivity of 90% and accuracy of 62% (Lucznska
E. (2017). However, because specificity is not perfect, many women receive false-positive
results—initial abnormalities that later prove non-cancerous after additional testing such as
follow-up imaging or biopsy (Sankatsing V.D.V. et al., 2017; Brodersen J. & Siersma V.D.,
2013). The likelihood of experiencing at least one false-positive result over time ranges from
20% to 60% (Elmore J.G. et al., 2002; Barratt A. et al., 2005; Castells X. et al., 2006; Roman
M. et al., 2013; Hubbard R.A. et al., 2010), meaning that in some regions, more than half
of screened women will face such an outcome, while in others, the figure is closer to one
in five. Research by Christiansen C. et al. (2000) suggests that under certain conditions—
such as younger age, higher breast density, or more frequent screening—the cumulative risk
of a false-positive may approach nearly 100%. Additionally, mammography’s effectiveness
can be limited in women with dense breast tissue, where supplementary methods like
ultrasonography may improve diagnostic accuracy (Rahbar H. et al. 2020).

Full-Field Digital Mammography (FFDM)

Full-Field Digital Mammography (FFDM) continues to play a central role in breast cancer
screening, valued for its high resolution and proven clinical effectiveness (Pisano, E.D., et
al., 2005). Since gaining approval in 2000, it has become the standard, replacing traditional
film-based mammography (Smetherman DH. 2013). Nevertheless, FFDM has notable
technical and clinical shortcomings, especially when evaluated alongside more advanced
volumetric imaging techniques such as Digital Breast Tomosynthesis (DBT) and Cone
Beam Breast CT (CBBCT) (Pisano, E.D., et al., 2005; Skaane, P., et al., 2013; Vedantham,
S., etal., 2015). Key drawbacks include overlapping breast tissue, which can obscure lesions
and result in false-negative diagnoses. Its accuracy also declines in women with dense breast
tissue, reducing both sensitivity and specificity. Additionally, FFDM provides limited clarity
in visualizing subtle structural margins, making it harder to assess architectural distortions—
an essential factor in differentiating benign from malignant abnormalities.

Digital Breast Tomosynthesis (DBT)

Digital Breast Tomosynthesis (DBT), commonly referred to as 3D mammography, is an
advanced imaging method that employs a low-dose X-ray system to generate high-resolution
3D reconstructions of breast tissue by capturing multiple images in thin 1mm slices. It was
introduced to address the issue of overlapping tissue inherent in conventional 2D
mammography (Sechopoulos, |. 2013). Research by Fiona and others suggests that DBT may
improve cancer detection while reducing false-positive recalls (Helvie MA. 2010; Gilbert FJ,
Tucker L. 2016). In a 2012 study by Svahn et al., radiologists evaluated 185 patients using
DBT, finding a sensitivity of about 90% for DBT compared to 79% for digital mammography,
with no notable difference in specificity between the two methods (Svahn TM. et al 2012).
Despite these advantages, DBT has several clinical and technical drawbacks. These include
higher cumulative radiation exposure, difficulty detecting malignant microcalcifications due
to blurring artifacts that obscure their visibility, discomfort from breast compression during
imaging, and reduced effectiveness in women with very dense breast tissue (Skaane, P., et
al. 2013; Friedewald, S. M., et al. 2014; Zuckerman, S. P., et al. 2016).
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Ultrasonography

Ultrasonography is a diagnostic imaging method that employs high-frequency sound waves
to visualize internal structures of the body, aiding in the identification of abnormal tissues,
including breast cancer (Smetherman DH.2013). In a study by Zanello and colleagues
involving 241 patients who had previously undergone mammography, ultrasound provided a
definitive diagnosis in 60.6% of cases, while remaining inconclusive in 39.4% (Berg W A. et
al. 2008; Scheel JR. et al. 2015). Although ultrasound plays a key role in breast imaging—
especially in distinguishing cystic from solid masses—it comes with technical and clinical
constraints that limit its use as a primary screening tool, making it more suitable as an
adjunct to other methods (Brem, R.F. et al., 2015; Catalano et al., 2023). Despite its high
sensitivity, particularly in women with dense breast tissue, its low specificity often leads to
false positives, which can result in unnecessary biopsies and increased patient distress.
Additionally, ultrasound is less effective at detecting microcalcifications linked to Ductal
Carcinoma In Situ (DCIS) and tends to identify benign abnormalities—an issue known as over-
detection—leading to more follow-up tests and procedures, higher healthcare costs, and
greater anxiety (Thieme Connect, 2014; lacob et al., 2024; Brem et al., 2015). Various
benign conditions, such as complex cysts, fat necrosis, and fibroadenomas, may appear
suspicious on ultrasound, contributing to reduced specificity and an elevated rate of false
positive findings (lacob et al., 2024; Brem et al., 2015; Yun G. et al., 2019).

Positron Emission Tomography/Computed Tomography

Positron Emission Tomography combined with Computed Tomography (PET/CT) plays a key
role in staging and assessing treatment response in advanced breast cancer. In a study
by Wahl et al., 360 women with newly diagnosed invasive breast cancer were evaluated to
assess FDG-PET’s ability to detect axillary lymph node metastases, yielding a sensitivity of
61% and specificity of 80% (Wahl RL. et al. 2004). Another investigation involving 47 women
with prior breast cancer compared the performance of FDG PET/CT to CT alone,
reporting sensitivity, specificity, and accuracy of 85% versus 70%, 76% versus 47%, and 81%
versus 59%, respectively (Mankoff DA, Gralow JR, 2007). Despite these benefits, PET/CT has
notable drawbacks in early detection and initial diagnosis. Its spatial resolution is
limited, making it less effective for identifying small lesions or sub-centimeter tumors
(Vercher-Conejero J.L. et al., 2015). Additionally, its specificity is compromised by false
positives due to inflammatory conditions. Since FDG is a glucose analog that accumulates in
metabolically active tissues, benign processes such as mastitis, fat necrosis, recent biopsy
sites, or reactive lymph nodes—especially after COVID-19 vaccination—can mimic cancer on
imaging (Chen C.J. et al., 2009). Another concern is the high radiation exposure associated
with PET/CT. Unlike mammography, which targets radiation to the breast, PET
involves systemic distribution of a radiotracer throughout the body. The effective dose
from a PET/CT or Positron Emission Mammography (PEM) scan ranges from 10 to 30 mSv—
substantially higher than that of a standard mammogram. This elevated exposure, along
with the long-term risk of secondary malignancies, limits its suitability for routine screening
(Yanai A. et al., 2018).

Optical Imaging
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Optical imaging is emerging as a promising tool in breast cancer research. Techniques like
Diffuse Optical Tomography (DOT) and Optical Mammography (OM) offer non-invasive
assessment of functional markers such as hemoglobin levels and tissue oxygenation (Poplack
et al., 2023). Clinical studies have explored their use in detecting and characterizing tumors,
monitoring dynamic physiological changes, evaluating breast density, and estimating cancer
risk (Grosenick D. et al. 2016). Fournier et al. used dynamic optical mammography and found
statistically significant differences between benign and malignant lesions, achieving 74%
sensitivity and 92% specificity (Fournier LS. et al. 2009). However, several technical and
clinical challenges hinder its replacement of conventional methods like mammography or
MRI. A major obstacle is photon scattering in breast tissue: as light travels through the
breast, multiple scattering events disrupt its path, reducing imaging precision (Poplack et
al., 2023).

Several clinical trials have been conducted to evaluate optical imaging modalities
mentioned above in the detection and characterization of breast cancer, dynamic response
to external impact, assessment of breast density and cancer risk estimation (Grosenick D.
et al. 2016). Fournier et al. using dynamic optical mammography reported a statistical
difference in the characterization of benign and malignant lesions. The study revealed a
74% and 92% of sensitivity and specificity respectively (Fournier LS. et al. 2009. However,
several significant technical and clinical limitations prevent it from replacing standard
modalities like X-ray mammography or MRI. Strong light scattering of the photons on the
breast tissue is the primary challenge. As the photons travel through the breast, they
undergo numerous scattering events, which cause them to lose their original direction
(Poplack et al., 2023).

Furthermore, optical imaging provides a high resolution but is limited to a depth of
roughly Tmm, making it unsuitable for deep in vivo breast imaging (Poplack et al. 2023). It
has a limited specificity for deep lesions and detecting small or deeply seated tumors
remains difficult (Lee, 2011). Despite the sensitivity of optical imaging to breast density, it
can face difficulties in very dense breasts or in younger women where the high density of
fibroglandular tissue complicates light propagation (Lee, 2011).

Digital Infrared Thermal Imaging (DITI) or Thermography

Digital Infrared Thermal Imaging (DITIl), also known as thermography, is a diagnhostic
imaging technique grounded in the observation that metabolic and vascular changes in pre-
cancerous and cancerous tissues can raise skin surface temperature (Lee, K., et al.
2012). Some research suggests thermography may identify breast cancer earlier than
mammography (Kakileti, S.T., et al. 2017), yet it remains a subject of debate within the
medical community (Lee, K., et al. 2012). A major drawback of DITI is its limited ability to
detect tumors located deep within breast tissue, as the method relies on measuring infrared
radiation emitted from the skin surface—making deeper lesions harder to capture (FDA,
2019; UCHealth, 2022).

Additionally, there is currently no standardized protocol for image acquisition or
software analysis, contributing to inconsistent results across different clinics and
practitioners (JOCPR, 2018). Another significant concern is the high rate of false positives.
Increased breast temperature, which thermography detects, is not exclusive to cancer and
can stem from benign causes such as inflammation, infection, hormonal shifts, or recent
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physical activity, potentially leading to unnecessary stress and further testing (Healthline,
2024). While certain small studies have reported strong detection rates, broader systematic
reviews generally show DITI performs less effectively than mammography. For example,
Kontos et al. evaluated DITI’s accuracy in 63 patients with confirmed breast lesions—both
benign and malighant—who had undergone biopsy or surgery. Their findings revealed a
sensitivity of just 25% (Molina Healthcare, 2013; NZ Medical Journal, 2012) and a specificity
of 85% (Kontos M. et al. 2011).

Contrast Enhanced Mammography (CEM)

Contrast-enhanced mammography (CEM) is an imaging method that employs X-rays, a dual-
energy technique, and a standard iodine-based intravenous contrast agent to detect breast
abnormalities by assessing both new blood vessel formation and the structural
characteristics of lesions. As an advanced functional imaging approach, it integrates dual-
energy digital mammography with contrast enhancement. Studies indicate that CEM offers
higher sensitivity and specificity than conventional 2D mammography, and when compared
to contrast-enhanced MRI (CE-MRI), it demonstrates comparable diagnostic performance,
reduced costs, and a shorter examination time (Philps J. et al. 2019). In a study by Mokhtar
and Mahmoud involving 60 women with suspected breast abnormalities identified via
mammography or ultrasound, CEM showed a sensitivity of 97.7% and a specificity of 50%,
leading the authors to conclude it is more effective than standard mammography,
particularly in women with dense breast tissue (Mokhta O, & Mahmoud S. 2014).

Although CEM achieves sensitivity levels similar to MRI, its clinical use faces several
limitations related to biology, diagnostics, technology, and safety. Like MRI, CEM images
can be affected by Background Parenchymal Enhancement (BPE)—the normal enhancement
of glandular breast tissue (Covington et al., 2024). Elevated BPE may obscure small tumors
or result in false-positive interpretations, with potential influence from the patient’s
menstrual cycle (Tari, 2025). From a safety standpoint, CEM delivers a higher radiation
dose—between 15% and 80% more—than standard 2D digital mammography (Moffa et al.,
2023; Covington et al., 2024). Another concern is the risk of adverse reactions to the
contrast agent. Since CEM requires an iodinated contrast medium, there is a small chance
of allergic responses. While severe reactions such as anaphylaxis are very rare—occurring in
approximately 0.002% of cases—the need for intravenous access and monitoring during
contrast administration adds complexity to the procedure compared to routine
mammography (Moffa et al., 2023; Covington et al., 2024). Furthermore, despite its high
sensitivity—typically ranging from 89% to 97.7%—CEM is generally viewed as slightly less
accurate than breast MRI in overall diagnostic performance, especially in identifying certain
subtle or hidden lesions (Tari, 2025).

Scintimammography

Scintimammography is a functional imaging method that employs radioactive tracers, such
as Technetium-99m sestamibi (99mTc-MIBI), to evaluate breast abnormalities initially
identified through mammography. It is considered a forerunner to more advanced
techniques like Breast-Specific Gamma Imaging (BSGI) and Molecular Breast Imaging (MBI).
The tracer accumulates in breast tissue and emits gamma rays, which are captured by a
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dedicated camera. The resulting images offer insights into both the structure and metabolic
activity of the breast, aiding in cancer detection and providing clues about tumor
aggressiveness. This approach may help monitor treatment response or serve as an
alternative when conventional imaging—such as mammography—is inconclusive or when MRI
cannot be used (Greene LR & Wilkinson D.2015; Berg WA.2016; American College of
Radiology, 2016). It may also benefit women with dense breast tissue or those with breast
implants (Berg WA, 2016, Mettler FA. Et al. 2008).

Despite these potential uses, the clinical role of scintimammography has diminished
over time due to several technical and practical drawbacks. A major issueis its
limited spatial resolution—typically around 7 to 10 mm—far lower than that
of mammography (sub-millimeter) or MRI, making it less effective for identifying
small lesions or microcalcifications (Barone et al., 2024). Another concern is the high rate
of false positives, as the tracer can accumulate in benign conditions like fibroadenomas, fat
necrosis, or inflammatory breast disease (mastitis). This non-specific uptake reduces
its reliability in confirming or excluding cancer (Nawaz et al., 2023; Jadvar,
2024). Additionally, safety and logistical challenges arise from radiation exposure. Unlike
MRI or ultrasound, scintimammography involves injecting a radiopharmaceutical, leading to
systemic radiation. The overall radiation dose is generally higher than that of a standard
mammogram, limiting its suitability for regular screening purposes (Barone et al., 2024;
Nawaz et al., 2023).

Magnetic Resonance Elastography (MRE)

Magnetic Resonance Elastography (MRE) is an evolving imaging method that functions as a
form of "virtual palpation,” assessing tissue stiffness—specifically viscoelastic properties—by
tracking the movement of shear waves through tissue. Although it holds strong potential for
distinguishing benign from malignant breast lesions, integrating MRE into standard clinical
breast imaging remains challenging. One major issue is the overlap in elasticity
measurements between some soft malignant tumors, like mucinous or high-grade necrotic
carcinomas, and harder benign conditions, such as dense fibroadenomas or localized
fibrosis. This similarity in mechanical properties can lower the test’s ability to accurately
identify cancer, reducing its positive predictive value (BCBSM Medical Policy, 2026).

Additional challenges stem from practical workflow considerations. Routine breast
MRI examinations typically last between 30 and 50 minutes, and incorporating MRE requires
extra time and specialized equipment, such as pneumatic drivers or active transducers. This
prolongs the scan, increasing the likelihood of patient discomfort and motion-related image
distortions (PMC, 2026). Furthermore, there is currently no standardized framework for
interpreting breast elastography results. In contrast to the widely adopted BI-RADS
classification in mammography, breast MRE lacks a consistent stiffness threshold
or uniform color-coding system for elastograms, contributing to variability in how different
radiologists interpret the findings (BCBSM Medical Policy, 2026).

Acoustic Radiation Force Impulse (ARFI)

Acoustic Radiation Force Impulse (ARFI) imaging is a non-invasive elastography method that
uses ultrasound to emit a focused, high-intensity "push pulse,” generating shear waves within
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tissue. As an emerging ultrasound-based technique, ARFI offers both quantitative and semi-
quantitative assessments of tissue stiffness or strain in lesions (Jayaraman. et al. 2017).
Research indicates that malignant tumors typically exhibit greater stiffness than benign
ones, with corresponding differences in shear wave propagation (Baltzer PAT. et al. 2017;
Jayaraman J. et al. 2017). For instance, Jayaraman et al. found that the average shear wave
velocity in 34 benign lesions was 2.08 m/s, noticeably lower than the 6.28 m/s observed in
16 malignant samples. Although ARFI reduces operator dependency compared to manual
strain elastography, it is not without technical and clinical challenges. One major limitation
is the low Signal-to-Noise Ratio (SNR) in fatty breast tissue, where the push pulse is
significantly weakened in breasts with high fat content (Taylor & Francis, 2025). This
attenuation can result in failed measurements or unreliable SWV data. Additionally, certain
benign conditions—such as focal fibrosis, prior scarring, or hyalinized fibroadenomas—can
display stiffness levels similar to those of malignant.

Diffusion-Weighted Magnetic Resonance Imaging (DW-MRI) or Diffusion Weighted
Imaging (DWI.)

In oncology, diffusion-weighted magnetic resonance imaging (DW-MRI), also known as
diffusion-weighted imaging (DWI), serves as a valuable tool for improving the detection and
biological assessment of breast tumors. DW-MRI helps distinguish benign from malignant
lesions by measuring the apparent diffusion coefficient (ADC), which tends to be lower in
malignant tissues (Chilla GS, et al. 2015; Partridge SC, et al. 2017). When used alongside
contrast-enhanced MRI (CE-MRI), DW-MRI may help reduce false positive findings,
potentially decreasing the need for unnecessary biopsies when evaluating suspicious lesions
identified through conventional imaging (Partridge SC, et al. 2017). Bickel et al. conducted
a retrospective analysis of ADC values from 170 primary malignant breast tumors to
assess DW-MRI’s ability to differentiate invasive breast cancer from ductal carcinoma in situ
(DCIS), reporting a sensitivity of 78.06% and a specificity of 90.5% (Bickel H. et al. 2015).

Despite its utility as a non-contrast method for evaluating tissue cellularity in the
breast, broader clinical adoption of DWI remains limited due to several technical and
interpretive challenges. A major obstacle is the absence of standardized imaging protocols.
Variations in key parameters such as b-values, echo times (TE), and repetition times (TR)
across different MRI systems contribute to inconsistent ADC measurements (Lee et al.,
2021). This variability prevents the establishment of a universal ADC threshold for
distinguishing benign from malignant lesions, limiting the integration of DWI results into the
BI-RADS classification system (Lee et al., 2021; Partridge & Amornisiripanitch, 2017). DWI is
also prone to artifacts and often suffers from suboptimal image quality, which can mask
small lesions or lead to diagnostic errors (Lee et al., 2021).

Certain benign conditions, including fibroadenomas and papillomas, may show low
ADC values resembling those of cancers, increasing the risk of false positives (Mendez et al.,
2022; Lo Gullo et al., 2024). While DWI performs well in characterizing enhancing masses,
its effectiveness is reduced for non-mass enhancement (NME) lesions, where it frequently
offers little added value over standard MRI (Lo Gullo et al., 2024). Additionally, standard
DWI typically provides lower spatial resolution than dynamic contrast-enhanced (DCE)
MRI, complicating the evaluation of very small abnormalities (Lo et al., 2024).
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Ductoscopy and Ductal Ravage (DDL)

Ductoscopy combined with ductal lavage (DDL), also known as fiberoptic ductoscopy (FDS),
enables direct examination of the mammary duct lining by inserting a thin scope through
the nipple opening. In parallel, ductal lavage involves flushing the milk ducts to collect
epithelial cells for cytological evaluation, primarily aiming to identify precancerous or
cancerous changes in women at high risk for breast cancer. In a study by Liu et al. involving
1,048 women, the sensitivity of FDS alone was found to be 94.2%, while combining FDS with
cytology increased sensitivity to 98.1% (Liu G.Y. et al 2008). Although DDL methods offer
minimally invasive access to the breast duct system, they have not supplanted conventional
imaging or biopsy techniques due to several drawbacks. While ductoscopy provides visual
insight into the duct lumen, it is technically challenging and often yields inconsistent
diagnostic results.

A major obstacle is the difficulty in successfully cannulating the duct, along with the
absence of uniform standards for interpreting suspicious findings. Distinguishing benign
papillomas from early intraductal cancers typically still requires surgical removal for
definitive diagnosis (Bahl et al., 2015). Ductal lavage functions as a form of “liquid biopsy”
by harvesting cells for cytological assessment, but its effectiveness in detecting breast
cancer is limited by low sensitivity. It is more reliable in detecting high-risk cellular
abnormalities than invasive cancer. False-negative results are common, as many tumors do
not release sufficient cells into the lavage fluid. Technical issues such as low cell yield or
inadequate sample volume are frequent—up to 25-40% of procedures fail to obtain enough
epithelial cells for a conclusive analysis (Hery et al., 2011). Additionally, the method cannot
pinpoint the location of abnormal cells within the breast, creating diagnhostic
uncertainty and complicating decisions about targeted biopsy or surgical intervention (Bahl
et al., 2015; Khan et al., 2004). Despite being less invasive, the need for duct dilation and
fluid infusion can cause discomfort and prolong the procedure compared to standard fine-
needle aspiration, affecting patient tolerance.

Radomics

Over the past twenty years, medical image analysis has advanced rapidly, driven by major
improvements in diagnostic imaging technologies, giving rise to the field of radiomics
(Gillies RJ. et al. 2016). This approach focuses on extracting large amounts of quantitative
data from one or more digital medical images, with applications in cancer detection,
diagnosis, and outcome prediction (Valdora F. et al. 2018; Tran WT. et al. 2019; Conti A. et
al. 2020). In breast cancer, radiomics features capture both morphological characteristics—
such as tumor size, shape, intensity, and texture—and functional aspects like blood flow and
cellular metabolism (Tran WT. et al. 2019; Crivelli P. et al. 2018). Radiomics shows promise
not only for identifying breast tumors but also for characterizing them, predicting their
behavior, assessing treatment response, and estimating recurrence risk, thereby supporting
personalized patient care and monitoring. In 2017, Zhang et al. introduced a radiomics
method using ultrasound imaging to distinguish between benign and malignant breast
lesions.  Their  technique involved extracting high-throughput  features  from
sonoelastograms to measure tumor shape, stiffness, and heterogeneity, followed by
classification analysis. The method achieved a sensitivity of 85.7% and a specificity of 89.3%
(Zhang Q. et al. 2017).
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Despite its potential to act as a non-invasive "digital biopsy,” radiomics still faces
significant challenges that hinder its widespread adoption in clinical breast imaging. A
major obstacle is the lack of standardization and the variability in data collection. Radiomic
results are highly influenced by imaging acquisition parameters, and without consistent
protocols for image normalization or voxel resampling, the same scan can yield different
outcomes when processed by different software platforms (Li et al., 2024; MDPI,
2026). Although manual delineation of the Region of Interest (ROIl) is considered the current
gold standard, it is subject to variability between and within observers. This
introduces segmentation bias, limits reproducibility, complicates interpretation, and poses
difficulties in distinguishing between Luminal A and Luminal B subtypes of breast cancer
(PMC, 2026).

Magnetic Resonance Imaging (MRI)

Breast MRI is a non-invasive method for detecting tumors and has demonstrated high
sensitivity, significantly enhancing breast cancer screening for women at elevated risk
(Gillies R.et al.2017; Mann. et al. 2015). In a prospective study by Schelfout et al., contrast-
enhanced (CE)-MRI showed superior performance in identifying both ipsilateral and contra-
lateral breast tumors compared to other imaging methods. The results indicated that CE-
MRI detected 96% of multifocal and 95% of multicentric tumors, whereas mammography
identified only 37% and 18%, and ultrasound 41% and 9%, respectively (K. et al. 2004).

MRI is widely regarded as the most sensitive imaging technique for breast cancer
detection, with sensitivity rates ranging from 98% to 100%. However, its clinical application
faces several challenges related to diagnosis, technology, and patient factors. A common
issue is the detection of enhancing foci—areas that appear suspicious on imaging but turn
out to be benign after biopsy. MRI often cannot reliably differentiate malignant lesions from
benign conditions like fibroadenomas, leading to false positives, Schelfout overdiagnosis,
increased recall rates, unnecessary biopsies, and added psychological burden (Chhetri et
al., 2020; Eremici et al., 2024). Another drawback is its limited ability to detect
microcalcifications. Unlike mammography, MRI does not effectively visualize these small
calcium deposits, which hampers accurate diagnosis of Ductal Carcinoma in Situ (DCIS). From
a public health standpoint, the infrastructure needed for MRI presents a significant barrier.
The high cost of equipment and ongoing maintenance makes MRI approximately ten times
more expensive than mammography, limiting its feasibility as a widespread screening tool.
This cost factor further restricts its role in routine breast imaging. For example, a study by
the UK Magnetic Resonance Imaging in Breast Screening group involving 279 women with a
strong family history of breast cancer found that the additional cost per cancer detected in
those with BRCA1 or BRCA2 mutations was £11,800 (Kriege M. et al., 2004).

Photon-counting Detector (PCD) Technology

Photon-counting detector (PCD) technology is making significant strides in breast cancer
diagnosis by overcoming the traditional compromise between image clarity and radiation
exposure. Unlike conventional energy-integrating detectors (EIDs), PCDs convert X-ray
photons directly into electrical signals and categorize them based on their energy levels.
This capability delivers enhanced spatial resolution—typically around 0.16-0.2 mm2—and
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improved contrast resolution, enabling more sensitive detection of small lesions,
microcalcifications, and subtle structural abnormalities that may go unnoticed with
standard mammography or tomosynthesis.

Early research indicates that photon-counting breast CT (PC-BCT)
identifies suspicious masses in about 85% of cases detected by MRI, with strong agreement
in tumor size measurements (Aunt Minnie Europe, 2026). In comparative studies, images
obtained with photon-counting systems were rated as equally or more clearly visible than
those from conventional systems in 94% of cases (PubMed, 2025).

Additionally, because PCDs reduce electronic noise and utilize X-ray photons more
efficiently, they can produce high-quality diagnostic images at significantly lower Average
Glandular Dose (AGD) levels. Clinical studies have demonstrated dose reductions of 45-60%
compared to EID systems without sacrificing image quality (AJR, 2024), a crucial advantage
for routine screening safety. Another key benefit of PCDs is their ability to sort photons into
distinct energy bins, supporting spectral or multi-energy imaging. This feature improves the
ability to distinguish iodine uptake in tumors from dense breast tissue without requiring
multiple scans. Quantitative analysis of iodine distribution offers accurate cancer staging
and restaging, with performance approaching that of MRl (AuntMinnieEurope, 2026).

Limitations of Different Imaging Modalities

The constraints and limitations on different imaging modalities (for breast cancer screening
and diagnosis) serve as a focus for (doctorate) research into 3D Photon-Counting Detector
(PCD-CT) Technology. The limitations offer a strong rationale for exploring PCD-CT as a
promising alternative. In PhD research, the focus will center on a comparative evaluation
of Photon-Counting Detectors and conventional Integrating Energy Detectors (used in Cone
Beam Breast CT), particularly assessing differences in diagnostic accuracy and radiation
dose.

Characteristics of Cancers Detected by Breast Imaging

Cancers detected through screening tend to have a better prognosis than those found
outside of screening programs, regardless of tumor size, stage, or lymph node involvement.
This difference may reflect inherent biological characteristics—screen-detected cancers are
often slower-growing and less likely to spread aggressively. Screening is more likely to
identify indolent tumors, while faster-growing cancers typically emerge between scheduled
screenings. A 10-year Finnish study of 1,983 women with invasive breast cancer showed that
detection method is an independent predictor of outcome. Even after adjusting for age,
tumor size, and nodal status, screen-detected cases had lower relapse rates and improved
survival. Women whose cancers were diagnosed outside screening faced a nearly twofold
higher risk of death (HR 1.90; 95% CI, 1.15-3.11), despite being more likely to receive
adjuvant treatment (Joensuu et al., 2004).

Similar results emerged from an analysis of three major randomized trials—the
Health Insurance Plan, NBSS-1, and NBSS-2—which found that screened patients had better
outcomes even when accounting for stage, node status, and tumor size. Compared to
screen-detected cancers, the risk of death was 1.53 times higher (95% Cl, 1.17-2.00) for
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interval or incident cancers and 1.36 times higher (95% Cl, 1.10-1.68) for those in control
groups (Wishart et al., 2008). Another study of 5,604 English women diagnosed between
1998 and 2003 confirmed these findings: after adjusting for tumor grade, size, nodal status,
and age, screen-detected cases still showed superior survival, with a hazard ratio of 0.79
(95% Cl, 0.63-0.99) for symptomatic cases (Joensuu et al., 2004; Wishart et al., 2008). These
patterns support the idea that some screen-detected cancers are low-risk and may represent
overdiagnosis.

Assessment of Screening Performance and Diagnostics Accuracy

Evaluating the performance of breast screening programs involves standardized metrics that
assess both initial screening effectiveness and the precision of follow-up diagnostics.
According to the American College of Radiology’s BI-RADS system, monitoring these
measures is essential for quality control and improving patient care (Newell et al., 2025).
Comprehensive evaluation typically includes input, process, and outcome indicators
(Frontiers, 2025).

Sensitivity

Mammography remains the primary tool for breast cancer screening (DeAngelis &
Fontanarosa, 2010). Its sensitivity—the proportion of actual cancers correctly identified—
averages around 79%, but varies based on tumor characteristics, breast density, patient age,
hormonal factors, imaging quality, and radiologist expertise. It tends to be lower in younger
women and those with dense breasts (36-38%).

Diagnostic Accuracy of Imaging Modalities

Accuracy is defined by the modality’s ability to correctly identify both malignant
(sensitivity) and benign (specificity) findings. Diagnostic accuracy in breast cancer imaging
varies significantly across different imaging and biopsy modalities. While digital
mammography remains the screening standard, newer technologies like Digital Breast
Tomosynthesis, Magnetic Resonance Imaging, Photon-Counting Detector and Artificial
Intelligent are redefining accuracy benchmarks (Sprague et al., 2023; PMC, 2026).

Specificity and False-positive Rate

Specificity measures how well a test identifies healthy tissue, directly influencing the false-
positive rate (FPR = 1 - specificity). High specificity is key to reducing harms like anxiety,
unnecessary radiation exposure, and benign biopsies. Breast density is the most influential
factor. In dense tissue (BI-RADS C and D), overlapping structures can mimic tumors,
increasing false positives result. Specificity reaches about 98% in fatty breasts (BI-RADS A)
but drops notably in extremely dense tissue (UCLA Health, 2026). Over time, repeated
screening increases the chance of a false alarm—women undergoing annual exams from age
40 have a 50% to 61% cumulative risk of at least one false-positive recall over a decade
(Annals of Internal Medicine, 2026).
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Recent clinical data emphasizes that while newer technologies improve detection,
they often come with a trade-off in specificity. Breast density remains the most significant
biological factor affecting specificity. In dense breast tissue (BI-RADS C and D), the
overlapping of fibroglandular tissue can mimic a lesion, leading to a ‘‘summation’’false
positive. A 2026 cohort study indicated that specificity remains highest in ‘‘fatty’’ breast
(BI-RADS A) at approximately 98%, while dropping significantly in ‘‘extremely dense’’
breasts (UCLA Health, 2026).

For patients undergoing regular screening, the statistical likehood of a false positive
increases over time. Women who start annual screening at age 40 and continue for 10 years
have a 50% to 61% cumulative risk of at least one false-positive recall (Annals of Internal
Medicine, 2026).

Recall Rate

This refers to the proportion of screening exams requiring additional imaging or diagnostic
follow-up. It serves as a key indicator of program efficiency, balancing early detection
against unnecessary procedures and patient stress (Grabler et al., 2017). While ideal recall
rates are generally considered to be between 5% and 12%, recent studies report rates as
high as 30.6% (ResearchGate, 2026). Women with extremely dense breasts face significantly
higher recall rates—up to 14%-16%—even with advanced imaging (ResearchGate, 2026).

Cancer Detection Rate (CDR)

CDR measures the number of cancers found per 1,000 screenings and is a core indicator of
screening effectiveness. As of 2026, the adoption of Photon Counting Detector 3D imaging
and Al tools has boosted detection rates compared to traditional 2D mammography. Recent
data show CDRs near 12.3 per 1,000 in certain populations (Lowry et al., 2020; Yoon et al.,
2023; Sprague et al., 2023; ResearchGate, 2026). For women with dense breasts, MRI
remains the most effective method, with an odds ratio of 4.16 for cancer detection
compared to other modalities (PMC, 2026).

Interval Cancers

Interval cancers refer to tumors diagnosed between 12 and 24 months following a screening
that showed no abnormalities. The reported incidence is 5.4 cases per 1,000 screenings
(ResearchGate, 2026). Research indicates these cancers are more commonly found in
women under 50 and tend to exhibit mucinous or lobular subtypes, high histological
grade, and strong cell proliferation, despite appearing relatively benign on mammograms
and lacking calcifications. In contrast, cancers detected through screening are
typically tubular in histology, smaller, at an earlier stage, hormone receptor-positive,
and often include a significant component of ductal carcinoma in situ (Porter PL. et
al., 2020). Overall, interval cancers often display features associated with
aggressive growth (Porter PL. et al., 2020), are usually identified at a more advanced
stage, and are linked to worse outcomes (Niraula S. et al., 2020).
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Diagnostic Resolution Rate (DRR)

DRR has recently emerged as a key quality measure in breast cancer screening, shifting focus
from traditional indicators such as "screening uptake" to evaluate the overall efficiency of
the diagnostic process. Unlike conventional metrics that assess test accuracy at a single
moment, DRR tracks how quickly and consistently patients with inconclusive (BI-RADS 0) or
suspicious (BI-RADS 4/5) findings receive a definitive diagnosis—either benign or malignant—
within a set period, usually 60 to 90 days (AJMC, 2026). It reflects a program’s ability to
guide patients through to conclusive clinical outcomes. A high DRR suggests effective follow-
up systems, while a low rate signals gaps in care where patients fall through the cracks
(AJMC, 2026). In this way, DRR serves as a critical safety net for diagnostic reliability. Even
with advanced imaging technologies like Photon-Counting CT, diagnostic value is
undermined if patients do not complete the pathway to a final assessment.

Effectiveness of Population-Based Screening Programs

The success of population-wide breast cancer screening is evaluated based on its capacity
to lower mortality by detecting cancer early, while also considering potential
downsides such as overdiagnosis and false-positive results (Soren R. et al. 2022). As
of 2026, major health organizations including the World Health Organization (WHO) and the
American College of Radiology (ACR) maintain that structured screening programs are
among the most impactful public health strategies for reducing deaths from cancer. The
main objective of these programs is to detect cancers earlier, when treatment is more
effective, rather than at advanced stages. Nations with well-established screening systems
have seen a 40% decline in late-stage diagnoses between the 1980s and 2020s (WHO
2026). Research models indicate that biennial screening for women aged 50 to 74 is
effective, but switching to annual screenings beginning at age 40 could prevent an
estimated 10,000 additional deaths annually in the United States (ACR/SBI, 2026).

Radiologist Experience in Interpretation of Breast Imaging Results

The accuracy of breast imaging interpretation varies considerably and is strongly shaped by
a radiologist’s experience, the number of cases they review annually, and their level of sub-
specialization. In this field, clinical judgment and advanced technology intersect, making
the radiologist’s role pivotal. Skilled radiologists draw on patient history, prior imaging, and
nuanced visual patterns to support critical diagnostic decisions. Although innovations such
as artificial intelligence, photon-counting detector (PCD) technology, and MRI are
transforming the field, human expertise—particularly in terms of reading volume and
specialized training—remains central to diagnostic effectiveness.

A high annual interpretive volume is one of the most reliable indicators of
diagnostic precision. Radiologists who interpret more than 2,000 mammograms per year
tend to show greater sensitivity in cancer detection (Barlow et al., 2004; Miglioretti et al.,
2007). This higher volume is also associated with improved positive predictive value (PPV),
meaning a larger proportion of their biopsy recommendations lead to confirmed cancer
diagnoses (Coldman et al., 2006).
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Additionally, a radiologist’s training path significantly influences their performance
trajectory. Those who complete a dedicated breast imaging fellowship typically begin
practice at a high level of proficiency, avoiding the steep learning curve often seen among
general radiologists (Miglioretti et al., 2009). In contrast, non-specialized radiologists
usually show the most notable improvements in interpretation—especially in reducing false
positives—during their first three years of practice. Overall, breast imaging specialists tend
to achieve higher cancer detection rates and better diagnostic sensitivity than their
generalist counterparts (Miglioretti et al., 2007; Wong et al., 2023).

The emergence of photon-counting detector technology represents a major
advancement in breast imaging, enhancing the tools available to radiologists. A key benefit
for interpreters is the improved contrast resolution and spatial detail provided by PCD
systems. As with any new modality, radiologists’ ability to interpret PCD imaging effectively
is expected to grow through experience, particularly when findings are reviewed
alongside clinical and pathological data (Miglioretti et al., 2015).

AIMS AND OBJECTIVES

With the availability of documented evidences, the aims of this study are to evaluate the
clinical, psychological, and diagnostic outcomes following recall after routine breast
screening. The following research questions were addressed:

1. Among women recalled after screening mammography, what outcome occurs during
diagnostic assessment and follow up?

2. Does integrating Photon-Counting Detector Technology in Breast Imaging improves
diagnostic accuracy, improves the detection of microcalcification and reduces
unnecessary recall after breast screening?

MATERIALS AND METHODS
Eligibility Criteria and Study Selection

Studies were included in the systematic review if they meet the following criteria:

1. The population included women aged 40 years and above undergoing routine breast
screening and recalled for further assessment.

2. Cohort studies, Observational studies of pre-specified harms, Diagnostic accuracy
studies, Clinical audit studies and Screening programme evaluations for the benefits
and harms.

3. Included studies that were most clinically relevant to practice which was determined
by practice setting, population, date of publication, and use of technologies and
therapies in current practice.

4. Included evidence for the benefits and harms of breast cancer screening

Studies were excluded if they contain:

1. Case reports
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2. Animal studies
3. Editorials report

4. Non-screening population

Principle Source of Information and Search Strategy

A computerized search strategy was conducted using the following principle source of
information and database:

-_—

European Journal of Public Health
European Journal of Surgical Oncology
Journal of Breast Imaging

Korean Journal of Radiology

Canadian Journal of Health Technology
Journal of Clinical Medicine

American Journal of Roentgenology

British Journal of Radiology

0 ® N & v A w DN

Data from PubMed, Google Scholar, etc.

Data Extraction and Quality Assessments

Information on study design, patient characteristics, screening methods, interventions,
analytical approaches, follow-up procedures, and outcomes was extracted from an online
database search. The quality of this review was assessed competently, reviewed and
evaluated by (Ugochukwu O. Maluze).

For a structural evaluation, a validated appraisal QUADAS-2 tools was used to assess
the risk of bias (internal validity) and Applicability (external validity). The quality was based
on the studies observed from the articles evaluating the diagnostic accuracy and the
outcomes of assessment pathways for women recalled after routine breast screening.

Diagnostic accuracy and screening outcomes were evaluated using the Quality
Assessment of Diagnostic Accuracy Studies (QUADAS-2) tool. To assess the strength of
evidence regarding benefits and harms, criteria from the U.S. Preventive Services Task
Force were applied, categorizing studies as providing strong, moderate, or limited evidence.
Overall, the quality of the review is rated as moderate, with a final quality score of 62%.

Type of Participants

The study included women aged 40 and older who were undergoing routine breast screening
and were called back for additional assessment. Participants were drawn from cohort
studies, diagnostic accuracy studies, observational studies, clinical audit studies, and
research evaluating screening programs. To maintain consistency, only studies conducted in
Norway, Spain, Denmark, the United Kingdom, the Netherlands, Canada, and the United
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States, etc. were considered, ensuring alignment with findings from prior research by other
investigators. When results from these studies align with those involving the same age group
in population-based screening, they support broader generalizability.

Levels of Evidence for the Selected Studies
e Strong Evidence +++
e Moderate Evidence ++

e Limited Evidence +

Ethical Consideration

No ethical approval was needed for the systematic review, as it was not required. The
review included only published studiesthat met the predefined inclusion and
eligibility criteria. Participant clinical information was anonymized across all selected
studies.

Searched Words

The following searched key words was used in this review; ‘‘Breast cancer screening,
Imaging modalities, risk factors for breast cancer, Overdiagnosis, False Positive, etc.

RESULTS/FINDINGS

Study Selection

The initial electronic search identified 326 articles. After applying the inclusion and
eligibility criteria, only 58 studies were selected for this systematic review. Among these,
two observational studies reported false positive results in women who underwent
screening. Over-diagnosis rates in the screened population were examined in three
randomized controlled trials and thirteen case-control studies. Twenty-five Cohort studies
focused on outcomes related to anxiety and distress. Five studies explored the link between
pain and screening outcomes in women. Seven randomized controlled trials were designed
as interventions to reduce pain associated with mammography. Additionally, three
observational studies assessed radiation exposure linked to various imaging techniques.

Description of Studies

The studies included in this systematic review are summarized in Tables 1 through 3. Table
1 presents a comparison between false positive results and normal results from screening.
Table 2 outlines the study designs and the instruments used to assess clinical and
psychological outcomes linked to screening. These studies were carried out in several
countries, including Norway, Spain, Denmark, the United Kingdom, Canada, the United
States, and the Netherlands. Table 3 provides a summary of the evidence on screening
outcomes across the various studies, along with their respective limitations. Table 4 details

Vol. 13 No. 04 (2026): British Journal of Healthcare and Medical Research Page | 126



Scholar Publishing

the assessment tools based on the QUADAS-2 framework. All studies followed a population-
based approach. Most were conducted in Norway, Spain, Denmark, the United
Kingdom, the United States, and the Netherlands to ensure consistency between their
findings on diagnostic accuracy and screening outcomes and those reported in earlier
research by other authors.

False Positive Mammography Results

Table 1 presents a comparison of screening outcomes between women who received false-
positive results and those with normal results. Table 2 outlines the study design and
the instruments used to assess clinical and psychological outcomes linked to screening,
while Table 3 compiles evidence on screening outcomes from various studies.

Data from two observational studies, based on a large U.S. population breast cancer
surveillance database (Hubbard RA et al., 2011; Kerlikowske K et al., 2013), estimated
the 10-year cumulative probability of false-positive results with film and digital
mammography. When screening started at age 40, nearly half (49%) of women experienced
at least one false-positive result over a decade. Among those beginning screening between
ages 40 and 49, the 10-year cumulative rate of biopsy due to a false-positive result
reached 56% with annual screening. In contrast, for women starting at age 50 or older, the
10-year biopsy recommendation rate was 6% (95% Cl: 6%-7%) with annual screening and 9%
(95% Cl: 7%-12%) with biennial screening. Further analysis showed that among women aged
40-49, those with extremely dense breasts or using combination hormone therapy had the
highest false-positive rates—65.5% and 65.8%, respectively (Kerlikowske K et al., 2013). For
women aged 50-70 with fibroglandular density undergoing biennial or triennial screening,
false-positive rates were lower, at 39.7% and 21.9%.

A separate prospective cohort study on community-based screening found that
annual screening led to a higher proportion of women experiencing at least one false-
positive result over 10 years compared to biennial screening, regardless of breast
density. The cumulative likelihood of a false-positive result was 7.4% (95% Cl: 6.4%-8.5%)
after the first mammogram, rising to 26.0% (95% Cl: 24.0%-28.2%) by the fifth, and 43.1%
(95% Cl: 36.6%-53.6%) by the ninth. Among women in their 40s with scattered fibroglandular
density, the 10-year rates were 68.9% with annual screening versus 46.3% with biennial. For
women aged 50-74 in the same density group, the rates were 49.8% and 30.7%,
respectively (Christiansen CL et al., 2000; Kerlikowske K et al., 2013).

The overall cumulative risk of a false-positive result was influenced by four patient-
related factors—younger age, more prior breast biopsies, family history of breast cancer,
and current estrogen use—and three radiology-related factors: longer intervals between
screenings, failure to compare current and prior mammograms, and individual
radiologists’ tendencies to interpret findings as abnormal. Of these, the radiologist’s
individual interpretation style was the most significant contributor to false-positive results

Over Diagnosis

Overdiagnosis happens when screening identifies cancers that would never have caused
symptoms or posed a health risk without screening. This is a significant concern because,
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while detecting such cancers offers no benefit to the individual, the processes involved in
diagnosis and treatment can lead to substantial harm. One way to estimate
overdiagnosis is by comparing breast cancer rates in populations that undergo screening
with those that do not. However, such comparisons can be influenced by
differences between groups, including time periods, geographic location, lifestyle factors,
and hormone use. A common method for calculating overdiagnosis is the excess incidence
approach, which measures the ongoing difference in cancer rates between screened and
unscreened groups, divided by the number of cancers found through screening.

Findings from 29 randomized studies in Denmark indicated overdiagnosis rates of
14% to 39% in screened populations (Jergensen KJ. et al., 2017). In the Netherlands,
a population-based cohort study suggested that roughly half of all screen-detected breast
cancers, including ductal carcinoma in situ (DCIS), may be cases of overdiagnosis—results
that align with other research pointing to high levels of overdiagnosis linked to screening
(Autier P., 2017). In the United States, a cross-country analysis found that higher use of
mammography screening correlated with increased rates of overdiagnosis (Harding C. et
al., 2015).

The Canadian National Breast Screening Study, a randomized trial, also provided
insights into overdiagnosis. After five rounds of screening, 142 more invasive breast cancers
were diagnosed in the mammography group than in the control group (Miller AB. et
al., 2014; Marmot MG. et al., 2013). By the 15-year mark, this excess had decreased to 106
additional cases in the screened group, translating toan overdiagnosis rate of
22% among the 484 invasive cancers detected by screening. With 25 years of follow-up,
the study revised its estimates by age: about 30% of screen-detected invasive cancers in
women aged 40-49 and up to 20% in those aged 50-59 were deemed overdiagnosed. When
DCIS cases were included, the figures rose to 40% for women 40-49 and 30% for those 50-59.
These calculations again used the excess incidence method.

A systematic review that analyzed 13 observational studies reported unadjusted
overdiagnosis rates ranging from 0% to 54%, while adjusted estimates from six of those
studies fell between 1% and 10% (Puliti D. et al., 2015). More reliable distinctions between
early detection and overdiagnosis come from three randomized comparison studies—
the Malmo | trial and two Canadian NBSS trials—with long-term follow-up (Marmot MG. et
al., 2013; Independent UK Panel on Breast Cancer Screening, 2012). The Malmo |
trial considered all breast cancer cases, whereas the Canadian studies focused only on
screen-detected ones. By comparing the overall incidence of breast cancer (including both
invasive and DCIS) in screened versus unscreened groups, researchers estimated
overdiagnosis at 10.7% (95% Cl: 9.3%-12.2%) when limited to the screening period, and
19.0% (95% Cl: 15.2%-22.7%) when including cases diagnosed during both screening and
follow-up.

Anxiety, Distress, Psychological response and Pains during Screening Procedures

Ten observational studies (Gibson CJ. et al. 2009; Keyzer-Dekker CM. et al. 2012; Brodersen
J. & Siersma VD. 2013; Tosteson AN. et al. 2014; Espasa R. et al. 2012; Schou Bredal I. et
al. 2013; Hafslund B. et al. 2012; Fitzpatrick P. et al. 2011; Klompenhouwer EG. et al. 2014;
Maxwell AJ. et al. 2013) (Table 2) were published alongside four systematic reviews studies
(Brett J. et al. 2005; Brewer NT. et al. 2007; Hafslund B. & Nortvedt MW. 2009; Bond M. et
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al. 2013) (Table 2). The systematic reviews showed that women who received
clear notification of a negative mammogram result generally experienced low levels of
anxiety. In contrast, those called back for further evaluation reported higher levels of
anxiety, distress, and concerns specifically related to breast cancer (Brett J. et al. 2005;
Hafslund B. & Nortvedt MW. 2009; Hislop TG. et al. 2002; Brett J. & Austoker J. 2001).
Among studies examining repeat screening attendance, two found that women with false-
positive results were less likely to return for subsequent screenings (Brett J. & Austoker J.
2001; McCann J. et al. 2002).

A telephone survey of 308 women conducted three months after screening found
that roughly a quarter of the 68 women recalled for additional tests still felt ongoing worry
affecting their mood or daily life, despite cancer having been ruled out (Lerman C. et al.
1991). A 2002 Spanish cohort study observed short-term psychological effects following a
false-positive mammogram, though these typically faded within months (Sandin B. et al.
2002). However, a Danish cohort study from 2013 identified lasting psychological impacts
several years after a false-positive result.

Two systematic reviews—incorporating Five observational studies and 7 randomized
controlled trials—examined pain associated with screening mammography and strategies to
reduce it (Armstrong K. et al. 2007; Whelehan P. et al. 2013; Miller D. et al. 2008) (Table
3, available at www.annals.org). Findings indicated that reports of pain during the
procedure varied widely, ranging from 1% to 77% of women, although most did not view it
as a barrier to future participation (Armstrong K. et al. 2007). Still, five studies noted that
between 11% and 46% of women expressed reluctance to undergo screening again (Whelehan
P. et al. 2013).

Interventions aimed at reducing discomfort during mammography (Miller D. et al.
2008) showed that offering verbal or written information helped lower pain, discomfort,
stress, and anxiety (Alimoglu E. et al. 2004; Shrestha S. & Poulos A. 2001).

Radiation Exposure

The primary risk factors for radiation-related breast cancer are exposure at a young age and
the radiation dose received. However, a small number of women have an inherited
sensitivity to radiation damage and should avoid exposure regardless of age (Swift M. et al.
1991). For most women over 40, the advantages of regular mammography screening
generally exceed the potential harms. A standard two-view screening mammogram delivers
an average of 4 mSv to the breasts and 0.29 mSv to the whole body (Suleiman OH. et al.
1999). This level of exposure could lead to approximately one radiation-induced breast
cancer per 1,000 women who undergo yearly mammograms from age 40 to 80. The risk
doubles for women with larger breasts, who require higher radiation doses, and for
those with breast implants, who often need extra imaging views. Shifting from annual
screening starting at 40 to biennial screening beginning at 50 can reduce the incidence of
radiation-induced cancers by a factor of five (Miglioretti DL. et al. 2016).

Two modeling studies have estimated radiation  exposure, associated breast
cancer cases, and mortality (Hendrick RE, 2010; Yaffe MJ. & Mainprize JG. 2011; Dai X. et
al. 2016). One model projected that radiation-induced deaths from a single digital
mammogram could range from 2 per 100,000 women aged 50-59 undergoing biennial
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screening to 11 per 100,000 among those aged 40-59 receiving annual screening (Semenza

Gl. Et al. 2015).

However, a diagnostic study assessed as having high risk of bias and low applicability
across all QUADAS-2 domains (Table 4) is considered of very low quality. The findings are
likely highly unreliable, potentially generating misleading results, including an invalid
estimate of the false positive rate, making them unsuitable for clinical use.

Table 1: Screening outcomes in Women with False Positive (FP) result vs. Normal
results (NR)

Screening re-attendance Anxiety Depression Breast Cancer-Specific | Quality
Worry/Distress Rating

2 studies: Lower with FP results. 2 studies: No | 2 studies: No | 3 studies: Higher with FP | Good

One study: Higher with FP. difference. difference result.

United States: 5 studies: lower with | 4 studies: Higher | 1 study: Lower | 4 studies: Higher with FP | Fair

FP result (RR 1.07, 95% Cl, 1.02 - | with FP results. with FP result results.

1.12). 4 studies: No 3 studies: No
differences differences.

Canada: 2 studies: lower with NR (RR | Not reported Not reported Not reported Not

0.63, Cl 0.5-0.8) reported

Europe: 5 studies: No differences (RR | Not reported Not reported Not reported Not

0.97, 95% CL 0.93 - 1.01) reported

NN = Normal Result, FP = False Positive, RR = Relative Risk, Cl = Confidence Interval

Table 2: Results of New Studies of Psychological effect on Brest Cancer Screening.

Author, Year | Study Design Population Comparisons (No of | Measures
(Reference) Participants)
Schou Bredal et al. | Case-control Women recalled in a | A:FP: At recall (640) HADS (scores >11).

2013 screening  program  in | B:NR: 4 wk later
Norway
Espasa et al. 2012. Case-control Screening population | A:FP: (100) HADS, structured
program in Spain. B:NR: (50). interview.
Brodersen & | Nested case- | Screening programs in | A: FP (272)
Siersma. control. Denmark. B: NR (864)
C: TP (174)
Fitzpatrick et al. | Retrospective Screening population | A:FP: (9746) Reattendance
2011 cohort program in the United | B:NR: (148589)
Kingdom
Gibson et al. 2009 Prospective New-Hampshire A:FP: (2017) WHO
cohort studies Mammography and the | B:NR: (11;384)
NHWH study
Hafslund et al. | Nested case- | Screening  program  in | A:FP: (128) SF-36, HADS
2012. control studies Norway B:NR: (195)
Keyzer-Dekker et | Prospective Women with abnormal | A: First screen recalls | STAI, CES-D,
al. 2012 cohort studies results in the Netherlands. (186). WHOQOL.
B: Repeated  screen
recalls (296).
Klompenhouwer et | Retrospective Screening program in the | A: Normal screen | Reattendance
al. 2014 cohort Netherlands. 9373,474).
B. First screen recalls
(6672).
Repeated screen recalls
for different lesion (161).
D: Repeated screen
recalls for same lesions
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Maxwell et al. 2013.

Retrospective
cohort

Screening program in the
United Kingdom

First screening:
A; Open biopsy (110).

Needled biopsy sampling

(1052).

C: No tissue sampling

(4009).

Re-attedance

HADs = Hospital anxiety and depression scale, FP = False Positive, NR = Normal Results, TP = True
Positive, NHWH = New Hampshire Women for Health. STAI = State Trait Anxiety Inventory, CES-D =
Centre for Epidemiologic Studies Depression Scale, WHOQL = World Health Organisation Quality of

Life.

Table 3: Summary of Evidence of the screening outcomes of different studies

Primary Findings from | Number and | Overall Limitations Summary of Findings Ratings
Previous USPSTF | Type of Studies Quality
Reviews
False-positive and Limited
false-negative results. Evidence
Younger women had (+)
higher rates of false-
positive mammography | Two Low Not all risk factors | 10-y cumulative rates of
results per screening | observational were examined false-positive
cycle. studies of women mammography results and
Cumulative  10-years | screened in the biopsies were higher with
rates for false-positive | United State. annual Vs. biennial
mammography results screening (61% vs. 42% and
were 49% overall and 7% vs. 5%, and for women
56% for ages 40-49 vy; with  heterogeneously or
cumulative 10-y rate of extremely dense breasts,
biopsies due to false- those aged 40-49 vy, and
postive mammography those using combination of
results was 19% hormonal therapy.
Overdiagnosis 1 meta-analysis | Low No established | Estimates of over-diagnosis | Limited
Estimates of | of 3 RCT; 1 definition or | ranged from 0% to 54% | Evidence
overdiagnosis ranged | systematic methods to | overall and from 11% to 22% | (+)
from 0% to 50%. review of 13 determine  over- | in randomized trials.
studies. diagnosis;
Studies were highly
heterogenous, and
estimates  varied
depending on the
analytical
approach.
Anxiety and distress Moderate
Many women have | 2 systematic | Moderate | Studies used | Women with false-positive | Evidence
anxiety with | reviews of 25 different outcome | results had more anxiety, | (++)
mammography, but it | Cohort studies. measures and | distress, and breast cancer-
is generally transiet thresholds; effects | specific worry than those
and is not a deterrent based on age, risk | with negative results,
to future screening. factors, and | particularly those who had
screening intervals | biopsies, fine- needle
were not | aspirations, and early
determined. recall. Distress was
persistent for some women,
but in some women, distress
was inconsistent.
Some women with false
positive results did not
return for screening.
Pains 1 systematic | High Studies used | Although many women had | Strong
Many women have pain | review of 5 different outcome | pain during mammography | Evidence
with  mammography, measures and | (which ranges from 1% to | (+++)
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but it is generally | observational thresholds; effects | 77%), but the proportion of
inconsistent and it is | studies. based on age, risk | those experiencing pain who
not a deterrent to factors, and | did not attend future
future screening. 1 systematic screening intervals | screening varied (11% to
Pain could be reduced | review of 7 RCT were not | 46%).
by providing helpful | (interventional determined
information and advice | studies) to
to patients. reduce pain).
Radiation exposure 3 observational | Moderate | Not stated Two view Screening | Moderate
studies mammography exposes the | (++)
breast to a mean dose of 4
mSv and the whole body to
0.29 mSv.
Breast cancer may be
induced per 1,000 women
undergoing annual
mammograms from ages 40
to 80 years. Such risk is
doubled in women with
large breasts who require
increased radiation doses
and in women who required
additional views.
For women who begin
biennial screening at age 50
years rather than annually
at 40 years, radiation-
induced breast cancers may
be reduced five fold.
Table 4: QUADAS-2 Framework Assessment Tools
Screening Patient Patient Index | Index Test | Ref. Ref. Flow & | Overall
Assessment | Selection | Selection Test (Applicability | Standard | Standard Timing Quality
Outcomes (Bias (Applicability | (Bias | concern) (Bias (Applicability | (Bias of the
issue) concern) issue) issue) concern) issue) study.
False High Low High Low High Low High Low
Positive quality
Results
Over- High Low High Low High Moderate High Low
diagnosis quality
Anxiety & | High Low Low Low Low Low High Moderate
Distress quality
Pain Low Moderate Low Moderate Low Low Moderate | High
quality
Radiation High High Low Low Moderate | Low High Moderate
Exposure quality
DISCUSSION

A summary of the evidence is provided in Table 3. Two large observational studies of women
screened in the Breast Cancer Surveillance Consortium provided limited quality evidence
about cumulative rates of false-positive mammography results and biopsies over 10 years.
In these studies, rates of false positive results were higher with annual than biennial
screening (mammography, 61% vs. 42%; biopsy, 7% vs. 5%). The rates was also higher among
women with heterogeneously or extremely dense breasts, those aged 40 to 49 years, and
those using combination hormone therapy. Another observational study described false-
positive results with the use of tomosynthesis. This evidence is limited by the lack of
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randomized trials, uncertainty about the comparability of comparison groups, and
differences in outcome measures.

However, a U.S. study comparing tomosynthesis and mammography versus
mammography alone reported a significant reduction of 16 recalls but an increase of 1.3
biopsies per 1000 women. This evidence is limited by the lack of randomized trials,
uncertainty about the comparability of comparison groups, and differences in outcome
measures on the number, quality, and applicability of studies varied widely, and studies
were observational. These results are consistent with those of an earlier study indicating
cumulative 10-year rates of false-positive mammography results of 49% overall and as well
56% for women aged 40 to 49 years, with an overall biopsy rate of 19% (Mazzocco K. et al.
2019). In low and middle income countries, the results of these studies can be used to inform
women of the likelihood of false-positive results with mammography screening.

Despite much research, the evidence for determining over-diagnosis is limited. There
is no consensus definition of overdiagnosis, and there are no criteria on which to base critical
appraisal on the studies. Studies are highly heterogeneous, and estimates vary depending
on the analytic approach. The biased estimates were derived from three Randomized
Control Trials and thirteen Case Control that shows the rate of overdiagnosis between 11%
to 22% and from 0% to 54% respectively. Women who are overdiagnosed can be harmed by
unnecessary procedures and treatments and by the burden of receiving a cancer diagnosis.
The primary concern with overdiagnosis is the subsequent overtreatment. Because doctors
currently lacks a definitive way to distinguish between a ‘‘harmless’’ cancer and a ‘‘lethal’’
one at the point of diagnosis, almost all detected cancers are treated. This can lead to
physical morbidity (unnecessary surgery, radiation, chemotherapy), Psychological burden
and Economic cost (increased healthcare spending on procedures that do not improve life
expectance). The introduction of technology capable of detecting even smaller suspicious
lesions may also lead to increased overdiagnosis. Understanding the concept of
overdiagnosis is important to appropriately inform women about the benefits and harms of
screening despite current limitations in determining its effect on individual women.

In studies assessing the anxiety and distress on breast screening mammography
outcomes, twenty five studies supported the findings with a moderate level of evidence. In
such studies, the reference standard applicability concern is considered low, the study uses
validated tools (such as the Hospital Anxiety and Depression, etc.) to measure psychological
impacts. In general, women with false-positive results have more anxiety and distress than
those with normal results. Anxiety lessens over time for most women but persists for others,
and some women with false-positive results do not attend subsequent screenings.

Five observational studies and Seven Randomize Control Trial are supported with
strong level of evidence on the outcome of pains after mammograms population screening.
Although women that attended mammography experienced pain, the proportion of those
who do not attend subsequent screenings varies. Studies indicated that women that
experienced false positive results and pains during mammography differ widely. Effort to
minimize false positive results in breast cancer screening for many women focused on a
combination of advanced imaging modalities and improved communication strategies to
ensure that patients continue their screening regimens despite the anxiety caused by
recalls.
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The harms of radiation exposure from mammography screening are based on only
three modeling studies with moderate quality evidence. Thus, up to one breast cancer may
be induced per 1,000 women undergoing annual mammograms from ages 40 to 80 years.
Such risk is doubled in women with large breasts who require increased radiation doses and
in women with breast augmentation who require additional views. Radiation-induced breast
cancers may be reduced fivefold for women who begin biennial screening at age 50 years
rather than annually at age 40 years (Miglioretti DL. Et al. 2016). The number of deaths due
to radiation-induced cancer from screening with digital mammography was estimated to be
2 to 11 per 100 000 women, depending on age and screening intervals. Reducing radiation
exposure through more effective imaging modality is an important area of future research.
As of 2026, there is a notable absence of published randomized controlled trials (RCTs)
directly comparing the diagnostic accuracy and radiation dose of dedicated Photon-Counting
Detector CT (PCD-CT) and Cone Bean Breast CT (CBBCT).

To address the two research questions above. Firstly, among women recalled after
screening mammography, the outcomes following screening includes false positive rate,
overdiagnosis, anxiety and distress, pains and radiation exposure. The most common
outcome is a ‘‘false positive’’ where the recalled area is determined to be normal tissue, a
cyst, or a benign calcification. Women who get screened annually for 10 years have over
50% chance of experiencing at least one false-positive recall, and this has been consistent
with previous studies conducted by other researchers (Pace, L.E, & Keating, N.L. (2014;
Marmot, M.G., et al. 2013).

Secondly, incorporating Photon-Counting Detector (PCD) Technology into clinical
settings brings notable benefits compared to conventional 2D mammography and standard
CBBCT, especially in enhancing diagnostic precision—particularly for women with dense
breast tissue. It also enables high-resolution, three-dimensional imaging that overcomes the
issue of tissue overlap, commonly referred to as the "summation effect” (O’Connell &
Kawakyu-0O’Connor, 2012). According to Lehman et al. (2017), the broader goal of adopting
3D imaging is to lower the "Abnormal Interpretation Rate” (AIR), which currently exceeds
recommended levels among radiologists relying on traditional mammography. By offering a
layered, three-dimensional perspective, PCD Technology aids in clarifying ambiguous
findings caused by superimposed tissue—a major factor contributing to false-positive results
in conventional 2D imaging (O’Connell & Kawakyu-O’Connor, 2012).

LIMITATIONS

Several studies from Canada and Europe on screening outcomes did not report all findings,
possibly due to incomplete analyses, which may have introduced non-reporting bias.
Additionally, the evaluation of post-mammography assessment outcomes failed to account
for all relevant risk factors. This omission contributed to patient selection bias, an
underestimation of potential harms such as over-diagnosis, and misleading efficacy
estimates.

Future research assessing diagnostic accuracy and radiation dose—comparing Photon-
Counting Detector Technology with conventional CBBT in breast imaging—should incorporate
risk factor analysis. Integrating these factors into PCD-based studies could support the
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development of personalized, high-precision imaging protocols, improving lesion detection
in dense breast tissue while substantially lowering radiation exposure.

RECOMMENDATIONS

Recent clinical guidelines for breast cancer screening highlight earlier screening initiation
and personalized approaches to better weigh the benefits of lower mortality against
potential risks. Major recommendations from the U.S. Preventive Services Task Force
(USPSTF) and the American College of Physicians suggest annual mammograms—
ideally using 3D imaging—for women at average risk starting at age 40, while biennial
screening remains an acceptable alternative for those aged 40 to 74. For women
at higher risk, annual screening should begin between ages 30 and 35, incorporating breast
MRI as an additional tool.

Women with heterogeneously or extremely dense breasts are increasingly
encouraged to use supplementary techniques such as photon-counting detector systems or
3D tomosynthesis, which can reduce false positives due to tissue overlap. Healthcare
providers are advised to engage patients in transparent conversations about the pros and
cons, emphasizing that while screening can prevent deaths, it may also lead to unnecessary
biopsies and emotional strain. Although photon-counting CT is becoming more common in
general radiology, its role in routine breast screening is still under evaluation, with interest
in its potential to improve diagnostic accuracy, minimize false positives and overdiagnosis,
and as well lower radiation doses.

Enhancing radiologists’ diagnostic skills and interpretation in breast imaging calls for
a multifaceted strategy, including structured education, managing case volume, adopting
new technologies, and establishing ongoing feedback. Implementing “batch
reading” sessions—reviewing 50+ or more cases consecutively—can sharpen diagnostic focus
and pattern recognition compared to fragmented reading throughout the day. It is also
recommended that radiologists systematically review pathology results from all biopsies to
learn which imaging findings correspond to true versus false positives. Regular audit
reviews should be incorporated into practice to assess individual performance metrics—such
as Cancer Detection Rate, Recall Rate, and Positive Predictive Value—against established
benchmarks, helping identify targeted areas for improvement.

CONCLUSION

False-positive results and overdiagnosis are common and notable downsides of
mammography screening, with around 10% of screenings yielding false alarms and a
cumulative 10-year risk of overdiagnosis estimated between 20% and 60%. Although
screening helps lower breast cancer deaths in women, it often leads to unnecessary stress,
additional diagnostic procedures, and the identification of slow-growing cancers that may
never cause harm. Despite these significant drawbacks, most medical guidelines continue
to support screening for certain age groups—typically those aged 50 and older—because the
mortality benefits from early detection are considered to outweigh the risks. Nevertheless,
there is growing interest in tailoring screening approaches to individual risk factors in order
to minimize these adverse effects.
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