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Abstract
Breast cancer screening reduces breast cancer-related mortality. Early detection is necessary for less aggressive treatment. 

However, current screening techniques are nowhere near perfect owing to high false-positive rates and limited sensitivity. 
Novel techniques in breast imaging may soon play a vital role in the screening of breast cancer: digital breast tomosynthesis 
contrast material-enhanced spectral mammography, molecular breast imaging, MRI, and ultrasound. Radiomics and artificial 
intelligence have the potential to improve screening strategies. Also, non-imaging-based screening tests like liquid biopsy and 
breathing tests may restore the screening landscape. This article gives an overview of the major controversies in several key 
areas of breast cancer management. Important studies that have contributed to breast cancer treatment in the field of surgery, 
breast screening, radiotherapy and chemotherapy are highlighted.
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Introduction
Breast cancer is the most common cancer-affecting women 

globally. Studies have shown that approximately 2 million women 
are diagnosed yearly [1]. Breast cancer is the second major 

cause of cancer-related mortality in the United States [2]. The 
prevalence of breast cancer rises at a rate of 0.4% yearly, with 
over a million cases estimated for diagnosis globally by 2040 [1]. 
Many observational studies and randomized controlled trials have 
shown that regular screening mammography can reduce mortality 
of breast cancer substantially [3, 4].
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Early detection and improved treatments have been associated 
with a drastic reduction in mortality rate of breast cancer [5]. In the 
last decade, public enlighten and education on the heterogeneous 
nature of breast cancer via classic histopathological features have 
been refined by seminal papers using gene-expression profiling 
techniques [6]. Studies revolving around microarray-based gene-
expression studies have shown that there are varying groups of 
breast cancer with distinct risk factors, molecular features, clinical 
presentation and response to adjuvant therapies [7, 8]. Advances 
in chemotherapy, radiotherapy and surgery, as well as the advent 
of modern screening techniques has allowed for an individualized 
treatment for patients with breast cancer.

Screening Recommendations
Mammography

Mammography is the mainstay of breast cancer screening. 
The sensitivity and specificity of mammography is in the range of 
77-95% and 94-97% respectively [9]. Mammographic screening 
is linked to a reduction in breast cancer mortality. An analysis of 
eight randomized controlled trials (RCTs) beginning in the 1960s 
showed that the relative risk of breast cancer mortality reduced 
by 19% [10]. On the other hand, the risk of reduction in mortality 
varies based on the age of screening. Women in their 40s and 60s 
have their risk of mortality reduced by 15% and 32% respectively 
[11].

Screening recommendations vary according to institution and 
country. In 2009 for instance, the United States Preventive Services 
Task Force updated its recommendations on mammography to a 
biannual routine starting at 50 years of age [12]. An American study 
showed a slight reduction in screening mammography in women 
aged 40-49 immediately after the publication of the USPSTF 
guidelines. It is important to note that there was an increase in 
the screening rate for this group in the following two years [13] 
and while many European countries and Australia adhere to these 
recommendations; current guidelines from several American 
organizations recommend that mammography be done on a yearly 
basis starting at the age of 40.

Although screening by mammography has increased 
the detection of early invasive cancers and ductal carcinoma in 
situ (DCIS), there has been no dramatic changes in the rates of 
advanced cancer within the last three decades. Data analysis from 
the Surveillance, Epidemiology and End results (SEER) program 
conducted by the National Cancer Institute for Breast Cancer 
Screening between 1979 and 2008 showed a disturbing increase of 
122 early breast cancers per 100,000 women. On the other hand, 
there was an 8% decrease in late-stage cancers within that period 
[14]. This discovery supports the theory that mammography 
screening detects certain cancers that would not progress to an 
invasive form.

Breast Ultrasound

Breast screening ultrasonography is mainly indicated for 
women who possess dense fibro glandular tissue with lower 
mammographic detection rates. Mammography is usually less 
sensitive in dense breasts, sometimes reducing as low as 30-
48% [15, 16]. Dense breasts usually have at least 50% glandular 
tissue in mammography (American College of Radiology [ACR] 
category 3 & 4).

Breast ultrasonography is also recommended by the ACR, 
alongside mammography in women with a high risk of developing 
breast cancer who cannot withstand an MRI. Women considered 
high risk are those with a mutation in the BRCA gene or women 
who are related to a BRCA carrier, women who have undergone a 
chest irradiation between the ages of 10 and 30, and women who 
have at least a 20% lifetime risk of breast cancer [17].

According to multicenter research (ACRIN 6666 trial) 
which evaluated ultrasound in women at very high risk of breast 
cancer, screening ultrasound was able to detect 3.7 more cancers 
per 1000 screens in this group [18]. Six studies were done between 
1995 and 2004 to evaluate screening ultrasonography in women 
with an average risk of breast cancer. These six studies had 
42,838 examinations, and 150 additional cancers were detected on 
breast ultrasound only in 126 women. 90% of these women had 
heterogeneously dense or dense parenchyma [19]. This supports 
the view that breast ultrasonography screening is beneficial in 
women with dense breast.

The Role of MRI

No randomized trial has been conducted to determine the role 
of MRI in reducing breast cancer mortality [20]. Mammography 
screening combined with MRI has a higher sensitivity (90-100%) 
in high-risk patients compared with mammography alone (25-
59%). However, a lower specificity exists with the combined 
method (73-93%) [21]. Based on nine trial results, in 2007, the 
ACS recommended annual screening MRI to supplement annual 
screening mammography for women who have a high risk of 
breast cancer [22].

The Society of Breast Imaging and the American College of 
Radiology in 2010 recommended a yearly MRI and mammography 
in BRCA ½ carriers beginning at 30 years of age. A similar 
recommendation applies for in women with 20% or a high lifetime 
risk of breast cancer. Women who have had a chest irradiation in 
the past should begin annual MRI screening and mammography 
at least 8 years after receiving treatment but not before 25 years 
of age. For women who have a history of breast cancer, biopsy-
proven lobular neoplasia, or ovarian cancer, MRI and annual 
mammography should be considered from the time of diagnosis 
[23].
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Breast CT

Contrast-enhanced computed tomography (CE-CT) is a very 
sensitive imaging modality that supplements ultrasonography and 
mammography. Medical researchers have evaluated the ability 
of computed tomography to distinguish malignant tumors from 
benign tumors. However, due to its relatively low specificity and 
high spatial resolution, contrast-enhanced computed tomography 
is adequate for evaluating extension of tumor within the breast 
and for detecting lesions that are not detected by other methods. 
Helical CT technology reduces exposure to x-ray compared to 
conventional CT and promotes rapid scans without gaps [24]. 
The multi detector-row CT, which enables high spatial resolution 
with faster scanning than helical CT, will widen CT role in breast 
cancer management.

Presently, women with early-stage breast cancer can choose 
between mastectomy, local therapy, or breast conserving treatment 
(BCT). To select candidate eligible for BCT, it is essential to 
conduct a preoperative assessment of tumor extension. This will 
include extensive intraductal component, multicentricity, and 
daughter lesions in the breast [25].

Resection margins without tumors are associated with 
highly effective local control for patients opting for BCT [26]. 
Multiple resections and the anxiety that accompany it could be 
minimized if there were better methods of defining the extent of 
tumor prior to surgery. Micro calcifications on mammography [27] 
and dilated ducts on ultrasound [28] are typically discovered on 
EIC, but ultrasound and mammography do not have much value in 
cases without these findings. The sensitivity of mammography for 
EIC detection is reported to be 41%-81%. Mammography often 
does not detect multicentricity [27, 28]. This information may be 
provided by CE-CT.

Is digital breast tomosynthesis a replacement for abnormal 
mammography?

Digital breast tomosynthesis (DBT) is a modern technology 
that produces three-dimensional images with reconstruction into 
slices, ultimately minimizing the effect of overlapping mammary 
glands, especially in women with breast dense parenchyma. DBT 
makes significant improvement to accuracy, mainly attributed to 
the reduction of false-positive interpretations [29, 30].

According to a recent systematic review involving 2475 
female subjects from 11 studies, an analysis of tomosynthesis for 
breast cancer screening and diagnosis showed that the specificity 
and sensitivity of tomosynthesis ranged from 54% to 100% and 
69% to 100% respectively. The researchers also found that a one-
view tomosynthesis was not necessarily superior to two-view 
digital mammography and that there was inconclusive evidence 
for superiority of two-view tomosynthesis [31].

Advances in Radiotherapy

Radiotherapy has improved the overall survival of breast 
cancer patients after breast cancer surgery [32]. One course of 
whole breast radiotherapy consists 50-50.4 Gy. This course is 
delivered in 25 fractions after which a 10-16 Gy is given to boost 
the tumor bed. Treatment is administered 5 days per week, for 5-7 
weeks.

Within the last decade, many alternative radiotherapy 
techniques have been developed to minimize the number of 
fractions and normal breast tissue exposed to radiotherapy. 
One of these techniques is called hypo fractionation. In hypo 
fractionation, a large radiation dose is delivered over a short period 
compared to the standard radiotherapy. To date, three randomized 
controlled trials (UK and Canada) have shown similar cosmetic 
outcomes between standard regimens and hypo fractionation [33]. 
Fractionation, doses, and patient selection criteria are not uniform 
among these trials, which has precluded hypo fractionation as a 
first line practice.

High dose of radiation is delivered by accelerated partial 
breast irradiation (APBI) to the postsurgical cavity, saving healthy 
breast tissue from radiation. Accelerated partial breast irradiation 
can be delivered as brachytherapy, external beam conformal 
therapy and intraoperative radiotherapy.

Conclusion
Breast cancer screening within the next decade will 

progress beyond the conventional familiar tools such as MRI, 
ultrasound, and mammography. There will be enhancement of 
various new imaging options, combined with neural networks and/
or artificial intelligence by the integration of modern screening 
protocols targeted at precision and more personalized medicine. 
Supplemental and primary screening tools will progress beyond 
screening mammography and MRI or ultrasound for women with 
dense breast tissues and elevated risk of breast cancer. There is 
need for new screening benchmarks as well as development of 
cancer registries to enhance tracking efficacy of screening tools 
and treatments.
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