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ABSTRACT 
 
Breast cancer screening is traditionally administered by radiologists through mammography. Most women 
should be receiving mammograms once they reach their 40s to detect any signs of cancer early, especially those 
with high risk. Recently, the development of AI in medicine has proven to be useful in several fields, one of 
which is breast cancer screening. This literature review looks into the current status of AI in this field and 
evaluates different models of different types that could contribute to diagnosing breast cancer. The methodology 
used was searching key terms on the database PubMed, and then compiling and organizing papers into a table 
that highlighted similar results, which were summarized and analyzed. It was found that AI has the potential to 
be an accessible option. Deep learning, in particular, has seen the most experimentation. The advantages of 
using this technology include using it as a complementary tool for double reading, improving the time efficiency 
for the radiologists without losing accuracy, and its inclusivity throughout all populations. However, there are 
still limitations because many proposals themselves discuss the work that needs to be done before they can be 
generalized. External validation studies haven’t yielded ideal results, exposing the complications of using AI. 
Ethics of using this technology are also important to consider because AI is replacing human tasks. Implement-
ing AI in a prominent role in breast cancer screening should take more examination, but promising develop-
ments have already set the framework.  
 

Introduction  
 
The most common type of cancer, breast cancer, has continued to increase in cases over the past few decades 
(SEER, 2023). With over 300,000 estimated cases this year in the US alone, one in every eight women is likely 
to develop breast cancer in their lives. However, the mortality rate has slowly decreased because of improved 
and more widespread screening (Siegel et al., 2023). More screening translates to the detection of more cases 
of breast cancer and earlier diagnosis, which makes a patient’s treatment options more effective. Today, the risk 
of death is about 1 in every 39 women in their lifetime, which signifies a 43% decrease over the past three 
decades (Giaquinto et al., 2022).   

The conventional imaging methods used for breast cancer diagnosis rely on mammograms and ultra-
sound (Mansour et al., 2021). This is what the current CDC guidelines recommend, so they are widely accepted 
globally as a form of secondary prevention for breast cancer. The frequency with which women receive mam-
mograms is determined by factors such as age and predisposition to breast cancer. For example, women over 
40 years of age are encouraged to get mammograms twice a year for early detection of cancer. However, for 
people at high risk, such as having a family history of breast cancer, annual mammograms or MRIs should be 
given even earlier. Despite these recommendations, several factors limit mammography availability, such as 
the lack of facilities or radiologists in developing countries. Additionally, mammograms are less successful in 
women with dense breasts, and follow-ups on abnormal breast cancer cases are not as reliable for low-income 
and minority women (Giaquinto et al., 2022; Ren et al., 2022).  
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An emerging field of technology, artificial intelligence (AI) in healthcare, can dispel some limitations 
of mammography. AI is a computer science tool that is becoming a popular hot topic. It can imitate human 
actions but ideally avoid human error after being trained, recognize patterns, and make decisions. Its use comes 
in when, for example, there are large datasets that would be inefficient for humans to comb through (Briganti, 
2023). The technology is quickly advancing to provide the most updated healthcare, as AI has had applications 
that have successfully contributed to a variety of fields within medicine, including breast cancer (Cascella et 
al., 2023). The objective of this review article is to understand the modern updates and potential of use for 
artificial intelligence in breast cancer screening techniques.  
 

Methods   
 
To provide a thorough background of breast cancer, reviews were collected on PubMed about the traditional 
screening process with the keywords “breast cancer screening guidelines.” Annual statistics papers compiling 
official government public records on breast cancer were found in ACS Journals. A background in artificial 
intelligence was obtained with the search “history of artificial intelligence.”  

For the main results, a search on PubMed was conducted with the keywords “breast cancer,” “artificial 
intelligence,” and “screening” altogether. It was filtered by free full text and publication date within the past 
five years up to November 2023 because AI is a very recent development. All completed and relevant studies 
(with relevance determined by the abstract and conclusion) aligning with the scope of the study were perused.  

With all the papers, a spreadsheet table was created to organize the overlapping data and findings that 
would be used later for analysis (Table 1). The parameters used included whether it had a positive, neutral, or 
negative viewpoint and further categorizations by topic, including accuracy, computer-aided design, AI’s use 
as a complementary tool, convolutional neural networks, deep learning, double reading, early detection, ethical 
factors, false positives, feasibility, inclusivity, machine learning, proposed models, risk prediction, time effi-
ciency, and external validation. They were reorganized into broader categories for the paper. A total of 77 
studies were used.   
 
Table 1. Data organized into 16 rows based on research focus. Perspectives are color-coded: positive views are 
shaded green, neutral views are shaded white, and negative views are shaded blue.  
 

Accuracy  Stand-Alone 
Artificial 
Intelligence 
for Breast 
Cancer 
Detection in 
Mammograph
y: Comparison 
With 101 
Radiologists  

Impact of 
artificial 
intelligence 
in breast 
cancer 
screening 
with 
mammogra
phy  

Artificial 
intelligence 
(AI) for breast 
cancer 
screening: 
BreastScreen 
population-
based cohort 
study of cancer 
detection  

Accuracy of 
an Artificial 
Intelligence 
System for 
Cancer 
Clinical Trial 
Eligibility 
Screening: 
Retrospective 
Pilot Study  

Developme
nt and 
validation 
of an 
infrared-
artificial 
intelligence 
software 
for breast 
cancer 
detection  

Artificial 
Intelligence 
Evaluation of 
122 969 
Mammography 
Examinations 
from a 
Population-
based Screening 
Program  

CAD  Validation of radiologists’ 
findings by computer-aided 
detection (CAD) software 
in breast cancer detection 
with automated 3D breast 
ultrasound: a concept study 

External 
Evaluation of 3 
Commercial 
Artificial 
Intelligence 
Algorithms for 

Comparisons between 
artificial intelligence 
computer-aided detection 
synthesized 
mammograms and 
digital mammograms 

Evaluation of an 
Artificial 
Intelligence 
System for 
Detection of 
Invasive Lobular 
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in implementation of 
artificial intelligence 
software  

Independent 
Assessment of 
Screening 
Mammograms  

when used alone and in 
combination with 
tomosynthesis images in 
a virtual screening 
setting  

Carcinoma on 
Digital 
Mammography  

Complementary 
tool   

Can 
artifici
al 
intelli
gence 
reduce 
the 
interv
al 
cancer 
rate in 
mam
mogra
phy 
screen
ing?  

Can 
artificial 
intellige
nce 
replace 
ultrasou
nd as a 
comple
mentary 
tool to 
mammo
gram for 
the 
diagnosi
s of the 
breast 
cancer?  

Evaluati
on of an 
artificia
l 
intellige
nce 
support 
system 
for 
breast 
cancer 
screenin
g in 
Chinese 
people 
based 
on 
mammo
gram  

Artificial 
intelligenc
e breast 
ultrasound 
and 
handheld 
ultrasound 
in the BI-
RADS 
categorizat
ion of 
breast 
lesions: A 
pilot head 
to head 
compariso
n study in 
screening 
program  

Combin
ing the 
strength
s of 
radiolo
gists 
and AI 
for 
breast 
cancer 
screeni
ng: a 
retrospe
ctive 
analysis  

Improve
d Cancer 
Detectio
n Using 
Artificial 
Intellige
nce: a 
Retrospe
ctive 
Evaluati
on of 
Missed 
Cancers 
on 
Mammo
graphy  

Changes 
in cancer 
detection 
and false-
positive 
recall in 
mammogr
aphy 
using 
artificial 
intelligenc
e: a 
retrospecti
ve, 
multiread
er study  

Observat
ional 
Study to 
Evaluate 
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Clinical 
Efficacy 
of 
Thermal
ytix for 
Detectin
g Breast 
Cancer in 
Sympto
matic 
and 
Asympto
matic 
Women  

AI-
aided 
detectio
n of 
maligna
nt 
lesions 
in 
mammo
graphy 
screenin
g – 
evaluati
on of a 
progra
m in 
clinical 
practice  

Convolutional 
neural network  

Multi-input convolutional 
neural network for breast 
cancer detection using 
thermal images and clinical 
data  

Microcalcification Discrimination 
in Mammography Using Deep 
Convolutional Neural Network: 
Towards Rapid and Early Breast 
Cancer Diagnosis  

Detecting Abnormal 
Axillary Lymph Nodes on 
Mammograms Using a 
Deep Convolutional Neural 
Network  

Deep learning  Attention-
Based 
Deep 
Learning 
System for 
Classificati
on of 
Breast 
Lesions—
Multimoda
l, Weakly 
Supervised 
Approach  

Evaluation of 
deep learning-
based artificial 
intelligence 
techniques for 
breast cancer 
detection on 
mammograms
: Results from 
a retrospective 
study using a 
BreastScreen 
Victoria 
dataset  

Deep 
Learning-
Based 
Modified 
YOLACT 
Algorithm 
on 
Magnetic 
Resonance 
Imaging 
Images for 
Screening 
Common 
and 
Difficult 
Samples of 
Breast 
Cancer  

Automate
d Breast 
Cancer 
Detection 
in Digital 
Mammogr
ams of 
Various 
Densities 
via Deep 
Learning  

Deep 
learning-
based 
segmentation 
of breast 
masses in 
dedicated 
breast CT 
imaging: 
Radiomic 
feature 
stability 
between 
radiologists 
and artificial 
intelligence  

Fully 
automatic 
tumor 
segmenta
tion of 
breast 
ultrasoun
d images 
with deep 
learning  

A Data Set 
and Deep 
Learning 
Algorithm 
for the 
Detection 
of Masses 
and 
Architectu
ral 
Distortions 
in Digital 
Breast 
Tomosynt
hesis 
Images  
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Current Status  
 
Many proposed models for AI are promising in the field of breast cancer screening. It is important that large 
data sets of digital breast tomosynthesis images are available for research in AI to be conducted (Buda et al., 
2021). Before they can be tested for performance in a study, AI systems must be trained with those databases 
of mammograms (Bao et al., 2022).   
 
Developments in AI 
Developments in AI have been made to improve upon standard mammography methods that may not be as 
convenient for radiologists. The AI breast ultrasound diagnostic system was more accessible and detected more 
breast nodules, and thus likely more lesions, than did handheld ultrasound (Huang et al., 2023). Not only are 
new technologies being introduced, AI that has already been developed, such as the YOLACT algorithm, con-
tinues to improve as it was already modified and tested to improve diagnosis of MRI images to yield a much 
higher accuracy (Wang & Wang, 2023).   

Efforts comparing radiologists and AI reveal its statistical accuracy. A small study with an AI clinical 
decision support system demonstrated an accuracy of over 80% for patients in determining if they needed a 
clinical trial (Haddad et al., 2021). In many findings discussed here, studies used the area under the receiver 
operating characteristic curve, or AUC, which assesses the true positive rate and the false positive rate on a 
graph. Generally, suspicious lesions were identified in mammograms with a higher percentage or AUC than 
radiologists (Dang et al., 2022). Sensitivity, the ability to diagnose a patient as having breast cancer, and spec-
ificity, the ability to diagnose a patient as not having it, are additional factors to consider.  

AI can offer earlier and increased diagnoses at high risk of malignancy than human readers, which is 
particularly useful for women with dense breasts. It can detect a majority of missed cancers, eliminating false 
negatives (Kizildag Yirgin et al., 2022; Koch et al., 2023; Liao et al., 2023). With more carcinomas detected, 
the rate of interval cancer decreases (Byng et al., 2022).   

Risk prediction is an estimation of how likely it is for someone to develop breast cancer in their life-
time. It is important to prioritize women who must be screened for breast cancer early and reduce unnecessary 
efforts on follow-ups that waste resources and time. These models aren’t significantly different for different 
races (Gastounioti et al., 2022). Models are currently being tested in trials to confirm the consistency of their 
accuracy and benefit to target populations (Gastounioti et al., 2022; Yala et al., 2022). Adding lifestyle and 
family history risk factors further improved these models (Eriksson et al., 2023). For those with low risk, pre-
diction with AI is the most cost-effective option that allows women to avoid screening entirely (Mital & Ngu-
yen, 2022).   

The safety and reliability of the technology is also being improved. One study proposed a novel method 
for evaluating AI with the Pearson correlation coefficient, which would help determine if the software was 
behaving normally or needed to be fixed (Aguilar et al., 2022). Optimistic views show that using AI to assess 
mammograms as a single reader can reduce the radiologist’s workload significantly, even by more than half 
(Dembrower et al., 2020; Rodriguez-Ruiz et al., 2019). Based on a survey, the attitude towards integrating AI 
into their workload is generally positive in the view of a group of Swedish radiologists, but its exact use and 
medical ethics are still being debated. The majority of them believe that it will not change their profession 
significantly (Högberg et al., 2023).  
 
Models and Algorithms of the Different Types of Artificial Intelligence  
Computer-Aided Design: Computer-aided design, or CAD, is an AI option based on creating digital models to 
be put into use. It can be used to validate the BI-RADS scores, which are quantified breast cancer assessments, 
that radiologists determine (Van Zelst et al., 2019). When used with digital breast tomosynthesis images, CAD 
has proven to be superior to digital mammography, with improved reader performance, decreased reading time, 
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and detection. It also avoids the harmful radiation that is given as a consequence of mammograms (Uematsu et 
al., 2023). On top of these promising benefits, there are very affordable CADx engines (Kakileti et al., 2020). 
The best-performing CAD AI system in a case study showed a higher sensitivity than radiologists and optimis-
tically aspires to be considered for FDA approval to work as an independent reader. For the average CAD 
system, however, it may be necessary to wait before it is put into use.   

cmAssist, a specific CAD model, can detect the subtle masses that indicate invasive lobular carcinoma. 
Although that in itself may encourage it as a second reader, its false positive rate could even increase the amount 
of time for radiologists. Therefore, it’s too early to determine its overall accuracy and hurts its potential (Arce 
et al., 2023). Evaluating the impact of the false positive rates will reveal the optimal decision in whether CAD 
should be used or not. Another study on cmAssist based on missed clinical cases argues that the false positive 
recall rate is less than 1%. Less experienced radiologists benefitted in particular from this model (Watanabe et 
al., 2019). Therefore, if it cannot yet be used in official diagnoses, radiologists may find AI useful in their 
training, assuming the lack of complete reliance on it.  

 
Machine and Deep Learning: Machine learning (ML) models, which imitate the way humans learn, have been 
shown to be useful for risk prediction in several studies. ML has been developed as an over-the-counter screen-
ing that can be used in clinics to improve time efficiency (Hanis et al., 2022). They may be able to detect breast 
cancer biomarkers in blood tests, which would be a much more time and cost-efficient way (Salod & Singh, 
2019). Images can differentiate benign and cancerous lesions and also provide insight into future cancerous 
growth using a long short-term memory network (Li et al., 2023).  

A subset of ML is deep learning. Scientists have proposed deep learning models based on artificial 
neural networks, which mimic the neurons in the human brain, and have obtained fruitful results. The trend 
tends to be that mammograms have a more difficult time detecting breast cancer when the patient has high 
breast density, but one study claimed that their deep learning algorithms were not influenced by the density 
factor (Suh et al., 2020). There seems to have been the most progress in this particular area of AI based on the 
number of quality models.  

An AI system notable for its accuracy after being tested on a large scale, Transpara, has developed 
many versions. The Transpara 1.4.0 AI system interpreted digital mammography exams on a risk scale of 1 to 
10, and the AI system yielded an AUC of 0.840, while the radiologists’ AUC was 0.814. Yet the best radiolo-
gists still consistently outperformed it (Rodriguez-Ruiz et al., 2019). With a similar method using a risk scale, 
Transpara 1.5.0’s performance in detecting signs of interval cancer could be translated to a 19.3% reduction in 
the rate of interval cancer (Lång, Hofvind, et al., 2021). Later, Transpara 1.7.0 was tested with a considerable 
122,969 mammogram exams, and more than 80% of the cancers were detected (Larsen et al., 2022). However, 
it’s important to note that Transpara may not yield a drastic improvement if it is used as an aid. Despite catching 
most of the lesions, it misses the same ones that radiologists typically do (Johansson et al., 2021).  

Deep-LIBRA is just as skilled as expert readers in estimating breast densities. This is useful for risk 
prediction because dense breast tissue can mask tumors, which must be considered in risk prediction (Haji 
Maghsoudi et al., 2021).  

A tensor-based model, based on deep learning, was suggested to work off of smaller datasets. It was 
compared to other deep learning models and generally showed better performances. However, the preparation 
and training required beforehand made it time inefficient, so it may not be a feasible solution yet (Tzortzis et 
al., 2022).  

A system based on You Only Look Once (YOLO) proved its accuracy on suspicious mammograms 
(with a BI-RADS equal to 4, signifying suspicious abnormality) and reduced the number of biopsies needed. 
While more investigation should be done, it was useful for determining malignity on spot magnification mam-
mograms, which have better spatial resolution than screening mammograms (J.-L. Chen et al., 2023).  

Deep learning models like the clustering-constrained Attention Multiple Instance Learning algorithm 
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can help radiologists locate lesions based on relatively few labeled images (Bobowicz et al., 2023).   
Segmentation algorithms demonstrate stability in the features and classify benign and malignant tu-

mors at a comparable level to experts (Caballo et al., 2020). If human intervention decreases in the field, a 
model showed segmentation with low false positive rates and high sensitivity, which could be reliably used in 
automatic breast ultrasound screening (Zhang et al., 2022).   
 
Convolutional Neural Networks: AI-based convolutional neural networks (CNNs), which are based on recog-
nizing patterns in images, could also identify the malignity of calcifications. Deep CNNs show high accuracy 
in detecting lymph nodes, recommending itself as a radiologist aid (Abel et al., 2022). CNNs have shown a 
strong correlation with the BI-RADS categorization and abnormality scoring, which could help determine 
whether the subject must be further tested with a biopsy. That could potentially save time from going through 
the scrutiny and opinions of several radiologists. (Mansour et al., 2021).   

ResNet50 was the best-performing model, with an accuracy of 97.58%, so it could be used as a back-
bone model (Frazer et al., 2021; Leong et al., 2022).  

FEBrNet, which was tested with a limited amount of data, detects relevant frames to classify benign 
and malignant breast modules from ultrasounds at the same level as doctors. It seems feasible, with an AUC of 
0.912, higher than the performance of ultrasound doctors (J. Chen et al., 2023).   

Fus2Net has similar advantages as FEBrNet in classifying tumors that can help radiologists, and an 
analysis of its accuracy showed an AUC of 0.97 (Ma et al., 2021). Like Fus2Net, most models still need fine-
tuning for optimization.  
 
Advantages of AI in Breast Cancer Detection and Prevention  
 
Complementary Tool  
Studies have found that AI could be useful as a complementary tool. Using AI as a reader aid significantly 
improved diagnostic performance, reducing the number of unnecessary recalls, so the screening time was sig-
nificantly shorter. At a small loss of sensitivity, AI greatly diminished the number of false positives. (Bao et al., 
2022; Kerschke et al., 2022; Y. S. Kim et al., 2022; Lång, Dustler, et al., 2021). According to Kim et al., 
sometimes AI performs even better than radiologists, which makes it reasonable to be used as support (H.-E. 
Kim et al., 2020). In developing areas like Latin America, AI systems could be significantly more accessible 
and helpful in the early detection of breast cancer (Martín-Del-Campo-Mena et al., 2023). In general, it is more 
efficient to have these supplementary networks address nonsuspicious cases so the radiologists can handle the 
others (Hanis et al., 2022). Some studies argue that AI is already safe to use along with human readers, espe-
cially for detecting interval cancer because it won’t have negative effects, even if they are limited (Oberije et 
al., 2023).   

As a complementary tool, AI could specifically be used for double reading, a common process in 
screening in which two independent readers assess mammograms. The second reader being replaced by AI 
could detect more cancers while decreasing the workload for radiologists (Dahlblom et al., 2023; Larsen et al., 
2022; Sharma et al., 2023). Reading time was reduced along with higher sensitivity and accuracy (van Winkel 
et al., 2021). This improvement held up for radiologists of any experience level (J. H. Lee et al., 2022). It has 
been proven to be more effective than the typical double-reading process with two radiologists (Salim et al., 
2020).   
 
Inclusivity 
Implementing a new technology in healthcare takes time to be accepted in society. In underprivileged locations, 
AI thermal imaging can help increase accessibility because of lower prices compared to traditional radiation 
methods. A study conducted in the urban slums of India revealed that breast health was rare in their population, 
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and recommends AI systems as a feasible solution. Women in areas like these should be interviewed about their 
perspectives on this service (Davalagi et al., 2022). By considering cultural aspects and gathering a sense of 
local opinion, AI is likely to be accepted more quickly (Bhattacharya et al., 2019).   

AI chatbots are also growing in popularity for personalization. One was used to evaluate patient sce-
narios by having conversations with them to see if they were eligible for breast cancer screening. While still in 
its preliminary stages, this could be useful for determining family medical history and other criteria, because it 
doesn’t require a radiologist’s time (Sato et al., 2021).   

Populations of Asian women with dense breasts also can benefit from AI detection, especially in places 
without many radiologists. A study suggests combined AI models that could increase performance, aid or out-
perform radiologists, and serve as an alternative in this situation (Tan et al., 2023, p. 3). Multimodal AI solutions 
could be refined to personalize treatment for patients who are all under different circumstances (Duggento et 
al., 2019).  
 

Limitations  
 
However, AI systems’ edge over human radiologists is inconsistent. A large-scale study was done on an AI 
algorithm in comparison with radiologists reading the same screens. The readings for 108,970 mammograms 
showed that the AUC for AI was 0.10 less (Marinovich et al., 2023). A direct correlation between these numbers 
and effectiveness requires more testing to be clear. Infrared-AI showed comparable sensitivity (94.87%) to 
mammography but lower specificity (72.26%), and it has its limitations because factors such as breast density 
were not taken into consideration (Martín-Del-Campo-Mena et al., 2023).   

Standalone AI is not yet as reliable as it would need to be to be used. AI software should not be allowed 
to make decisions about further screening exclusively because it doesn’t completely match the radiologist’s 
evaluation (Tari et al., 2023). A decision-referral approach is proposed by radiologists instead (Leibig et al., 
2022). But even that could cause concern. Despite a 26% increase in cancer detection, a 53% increase in recall 
rate was seen when AI was used (Dahlblom et al., 2023). The majority of AI systems in one study revealed that 
their accuracy was lower than that of radiologists; thus, AI isn’t ready to replace them (Freeman et al., 2021).  
 
External Validation  
 
AI algorithms must undergo external validation before they can be put into clinical practice. So far, in these 
studies, many limitations and concerns have been brought up, and none of them recommend AI implementation 
yet. External validation must be developed to gain a transparent understanding and confidence in AI. If AI 
doesn’t prove to maintain and improve its accuracy, the FDA is unlikely to adopt it (C. I. Lee et al., 2020). AI’s 
accuracy improvements are small, and its bias may hurt rather than help (Anderson et al., 2022). Even though 
they were trained with large data sets, some models performed much worse than radiologists on diverse patient 
populations (Hsu et al., 2022).   

In double reading, the first reader’s interpretation was always more different compared to the AI than 
the second human reader, which wouldn’t be time efficient. Sensitivity was often found to be improved at the 
expense of specificity or vice versa, so it’s important to note when one should be prioritized during a particular 
clinical situation. For instance, CAD as a validation assistant can discard malignant results. Technical issues 
are also involved with AI, such as errors and recalls. Therefore, more external validation studies would need to 
be performed to see the extent of the benefit of AI (Cushnan et al., 2023; Freeman et al., 2021).   
 
Ethics  
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According to Jonmarker et al., there is a significant degree of trust in AI decision-making, even among older 
people who don’t understand the technology as well. Less educated people tended to mistrust it (Jonmarker et 
al., 2019). However, based on current women’s preferences, another study showed that there still isn’t enough 
trust in AI to work independently of radiologists in double reading, especially because of the question of ac-
countability in errors (Ongena et al., 2021). There is a rush to implement AI due to its potential, but it shouldn’t 
be because it would be hard to reverse once it was. Therefore, it is important to continue evaluating bias, pri-
vacy, and responsibility concerns about AI in public discussions (Carter et al., 2019).   
 

Conclusion  
 
AI appears to be in its early stages and must be refined and further tested before being heavily relied on. Whether 
it’s an increase in false positives or a decrease in specificity, the proper system must be used in the appropriate 
clinical context. AI systems have nuances among each other in function and what they’re looking for in breast 
images. Based on the investigation of different models and factors involved in breast cancer screening that this 
review covered, AI is most helpful as a complementary tool. Experimentation drives the field forward, and it 
can become a trustworthy tool if professionals in technology and medicine continue to work together.  
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