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Introduction

Artificial Intelligence (AI) has recently come to the fore in news 
reports, daily newspapers, periodical magazines and even scientific 
journals (1, 2). Touching the surface of this topic and ending up with 
humanised views and expectations is the usual mode of operation. This 
is more than understandable. One of the pioneers of AI, Turing (3), said 
that only computers can understand computers. Inputs, embeddings, 
vectors, matrices, weighted scores, probability distributions, and 
outputs are pure mathematics. Emotions and feelings are reserved for 

humans and are the product of a long evolutionary process. Using AI 
and combining it with human wisdom, empathy and affection will 
be the recommendation of this editorial, which will focus on AI in 
senology and its future horizons.

Definition

AI is defined as the simulation of human intelligence by a digital 
computer or robot system. The term is often used for developed 

Artificial Intelligence in Senology - Where Do We Stand 
and What Are the Future Horizons?

Cite this article as: Mundinger A, Mundinger C. Artificial Intelligence in Senology - Where Do We Stand and What Are the Future Horizons?
Eur J Breast Health 2024; 20(2): 73-80

 Alexander Mundinger1,  Carolin Mundinger2

1Breast Imaging and Interventions; Breast Centre Osnabrück; FHH Niels-Stensen-Kliniken; Franziskus-Hospital Harderberg, Georgsmarienhütte, 
Germany
2Department of Behavioural Biology, Institute for Neuro- and Behavioural Biology, University of Muenster, Muenster, Germany

Key Points

• Artificial Intelligence (AI) is defined as the simulation of human intelligence by a digital computer or robotic system and has become a hype in current 
conversations.

• A subcategory of AI is deep learning, which is based on complex artificial neural networks that mimic the principles of human synaptic plasticity and 
layered brain architectures, and uses large-scale data processing.

• AI-based image analysis in breast screening programmes has shown non-inferior sensitivity, reduces workload by up to 70% by pre-selecting normal 
cases, and reduces recall by 25% compared to human double reading.

ABSTRACT

Artificial Intelligence (AI) is defined as the simulation of human intelligence by a digital computer or robotic system and has become a hype in current 
conversations. A subcategory of AI is deep learning, which is based on complex artificial neural networks that mimic the principles of human synaptic 
plasticity and layered brain architectures, and uses large-scale data processing. AI-based image analysis in breast screening programmes has shown non-
inferior sensitivity, reduces workload by up to 70% by pre-selecting normal cases, and reduces recall by 25% compared to human double reading. Natural 
language programs such as ChatGPT (OpenAI) achieve 80% and higher accuracy in advising and decision making compared to the gold standard: human 
judgement. This does not yet meet the necessary requirements for medical products in terms of patient safety. The main advantage of AI is that it can perform 
routine but complex tasks much faster and with fewer errors than humans. The main concerns in healthcare are the stability of AI systems, cybersecurity, 
liability and transparency. More widespread use of AI could affect human jobs in healthcare and increase technological dependency. AI in senology is just 
beginning to evolve towards better forms with improved properties. Responsible training of AI systems with meaningful raw data and scientific studies to 
analyse their performance in the real world are necessary to keep AI on track. To mitigate significant risks, it will be necessary to balance active promotion 
and development of quality-assured AI systems with careful regulation. AI regulation has only recently included in transnational legal frameworks, as the 
European Union’s AI Act was the first comprehensive legal framework to be published, in December 2023. Unacceptable AI systems will be banned if they 
are deemed to pose a clear threat to people’s fundamental rights. Using AI and combining it with human wisdom, empathy and affection will be the method 
of choice for further, fruitful development of tomorrow’s senology.

Keywords: Artificial Intelligence; breast cancer; breast cancer screening; breast disease; breast imaging; MRI; senology; ultrasound

Eur J Breast Health 2024; 20(2): 73-80

DOI: 10.4274/ejbh.galenos.2024.2023-12-13

https://orcid.org/0000-0002-4111-0906
https://orcid.org/0000-0003-3776-4090


74

Eur J Breast Health 2024; 20(2): 73-80

systems that are designed to be equipped with the intellectual process 
characteristic of humans, such as the ability to reason, discover 
meaning or learn from past experiences (4).

However, the science fiction concept of an AI singularity refers to 
a super AI singularity that has evolved to a level of intelligence far 
beyond human performance (5, 6). The implications of such a super 
AI for the continued existence of mankind are being debated, and 
you may be familiar with fictional negative outcomes ending in a 
dictatorship of singularity AI from films, such as the Terminator series 
or the Matrix trilogy.

Today AI is an umbrella term, and several subfields of AI can be used 
- although none of them are the super-AI described in Science Fiction. 
Weak AI can perform certain limited tasks, such as speech recognition. 
Strong AI may be able to perform any intellectual task that a human 
brain can perform, if it is strong enough.

Groundhog Day - Fundamentals of AI Training

Maybe some readers are familiar with the American comedy film 
“Groundhog Day” starring Bill Murray (7). He is playing a raw, 
narcissistic and cynical television weatherman who falls in love with 
his co-star Andie MacDowell on a particular February 2nd. He becomes 
trapped in a time loop and re-lives February 2nd repeatedly. However, 
each day is different, and he is testing multiple new behaviours ranging 
from auto-destruction to philanthropy without aging. Further, he 
acquires new abilities and properties, and gradually changes into 
a positive, altruistic, and caring person who meets the needs of his 
beloved co-star that he has courted every day. Finally, she also falls in 
love with him, and both escape the time loop.

The makers of the film have unknowingly created a simplified and 
humanised model of AI for us. Bill Murray must re-live this specific 
date and with each new repetition, explore different actions and find 
the optimal policy until the desired result (in Bill Murray’s case: break 
out of the time loop with his beloved) is achieved. This corresponds to 
how AI is trained by humans.

Like Murray does with his February 2nd, artificial neuronal networks 
repeat several training cycles until all parameters and connectors, 
like synapses, are finetuned to meet the required output results that 
human developers define (8, 9), although the scale of AI learning is 
very different from the film as AI training cycles can consist of millions 
of repetitions.

Parallel and Sequential Training 

Murray is trained in a sequential time loop, one day after another. 
In comparison, AI training loops can run parallel and sequentially, 
forward and backwards, at high speed. The rapid improvement 
of calculating abilities of computers thus allows training of AI and 
development of solutions with AI in short time frames. Murray took 
years to solve his problem. A modern AI probably would have taken 
not even a day - but the process definitely would have seemed less 
heart-warming and inspiring to us than Murray’s story. 

The question arises, at what phase of the “Groundhog Day” time 
loop would “AI in senology” be located today? Is AI in senology 
still in its beginnings or already advanced along its way, developing 
into a better form with improved properties? Does AI already change 
the live trajectories of breast cancer patients, or their caring health 
professionals? The answers to these questions are complex and full 
of ambivalence. AI supporters have high hopes and ambitions when 

it comes to predicting the possible transformation of all areas of 
society, including medicine and, more specifically, senology, through 
AI (10, 11).

Bionic Design: How the Structure of AI is Inspired by the Human 
Brain

AI systems are not only able to mimic the functions of the human 
brain, but their structure is also heavily influenced by the design of 
the human brain. Artificial neural networks simulate the principles of 
human synaptic plasticity and layered brain architecture.

How the Brain Works

Synaptic plasticity refers to the ability of synapses (connections 
between neurons) to change and adapt in strength and structure over 
time. Thus, our brain constantly changes structurally with use. A 
fundamental principle of synaptic plasticity is that “what fires together, 
wires together”. This means that when neurons repeatedly fire at the 
same time, the synapses between them strengthen, forming a more 
robust connection and thus reinforce the neural circuitry associated 
with that particular firing pattern. Conversely, transmission can be 
weakened by desynchronization of neuronal activity or inhibitory 
neurons (12).

The cerebral multilayer architecture allows processing of input patterns 
that improve economy and speed of cerebral function. For example, 
the visual information of the retina (input) up streams through the 
neurons of the brain and is perceived at different levels as edges, lines, 
colours, (intermediate layers) and finally as a complex object. As a 
result, the brain recognizes the faces or body of, for example, Albert 
Einstein (output) (13).

How AI Works

The transformation of visual input from simple features to 
increasingly complex features and then to object recognition in AI 
is represented by the mathematical approach of convolutional neural 
networks (14). Between the input layer (corresponding to the retina) 
and the output layer (corresponding to the object-recognising cortical 
layer of the brain), intermediate layers, called hidden layers, learn from 
the raw data and error-correction algorithms. However, what precisely 
happens in the hidden layers between the input and the output? Each 
attempt by the network to achieve the output goal is registered and 
corrected by the network itself. Failed attempts lead to the weakening 
of unsuccessful data in intermediate layers, analogous to the process of 
synaptic weighting in the human brain. Due to the high complexity 
of this process, human observers are ultimately unable to understand 
how exactly an output is generated from an input in a self-learning 
network. This is called the “black box” problem, because we humans 
do not know what the black box of an algorithm looks like and how 
it works inside (15).

Types of AI

The umbrella term AI covers various methods, such as machine 
learning (ML), deep learning (DL) or natural language processing 
(NLP). ML is still the preferred technology in medical systems because 
of its stable performance, for example in image analysis, diagnosis 
classification or survival prediction. ML is based on algorithms that 
learn from data and improve their performance over time (16).

A subcategory of ML is DL, which relies on complex neural networks, 
that mimic the workings of the human brain and the processing of 
large amounts of data.
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NLP is an artificial neural system of generative intelligence that 
enables computers to understand, interpret and generate human 
language. Modern NLPs, such as ChatGPT (OpenAI), Bard (Google) 
or Galactica (Meta, formerly Facebook) can summarise and simplify 
documents, answer questions in conversations, translate or autocorrect, 
or recognize the sentiment of text (17, 18). However, the result of 
generative AI can sometimes be wrong; the system “hallucinates” 
and offers information that seems believable but is incorrect (19). 
A notorious case of this is ChatGPT’s generation of confabulated 
references or wrong biographies for real people, which ChatGPT 
embellished with various false information, such as fake university 
degrees or awards.

A similar example of incorrect content creation by AI can be seen 
in text-image generators, which create artificial images. Midjourney, 
Dall-E 2 or Stable Diffusion are the world’s leading AI-based image 
generators. While AI-generated images are becoming more advanced 
and produce impressive results from written prompts, they struggle 
with highly specific content or small details. For example, when 
trying to generate images that include people, the number or position 
of fingers is often incorrect. This is because the models are trained 
on sometimes blurry and small internet images. Further training of 
generative AI systems with better and more focused reference images 
is likely to make such obvious mistakes a thing of the past and 
compensate for the lack of understanding of human anatomy (20).

More problematic are AI biases based on real, human biases regarding 
religion, gender, race, or other factors that are represented in the 
training data. For this reason, the latest version of ChatGPT, as a result 
of rigorous training, suppresses most responses that do not represent 
currently accepted ethical, socio-political or legal standards.

Basic Applications of AI With a Focus on Medicine and Senology 

The main applications of AI worldwide are in the fields of business/
finance and war/defence. In medicine, the following main applications 
have developed (1, 10, 17, 21, 22). 

(a) Medical imaging, aiming at shorter examination times, less contrast 
media, updated AI-assisted detection and diagnosis, and improved 
diagnostic accuracy. 

(b) Drug discovery to predict molecular interactions and potential new 
drugs. 

(c) Genomics to analyse large genomic datasets for new insights into 
genetic diseases. 

(d) Electronic health records to extract insights and trends for decision 
making. 

(e) Precision medicine to tailor individual treatment plans.

ChatGPT in Senology

Current applications of NLP, such as ChatGPT, in medicine and 
senology include text generation (e.g., responses, manuscripts, coding), 
content summarisation (e.g., abstract paraphrasing, meeting notes 
summarisation), translation (e.g., between languages, text-to-code), 
classification (e.g., diagnostic classification, patient sentiment analysis), 
and chatbots (e.g., question and answer, virtual assistants) (18).

Have These Possibilities Already Touched the Field of Breast 
Healthcare?

A recent PubMed search by the authors in December 2023, focusing 
on the query “ChatGPT and Senology”, yielded only a single result. 
An alternative search with the prompts “ChatGPT and breast 
cancer” or “ChatGPT and breast health care” yielded 16 results after 
removing duplicates. The publications were of low scientific quality 
and included feasibility or proof of concept studies, case series and 
expert opinions (LoE 4, 5, GRADE D). Nevertheless, these early 
publications provide interesting insights. For example, ChatGPT’s 
treatment recommendations were 80% or more in line with human 
judgement for several tasks, such as providing radiology screening or 
tumour board recommendations, breast augmentation advice, or top 
breast cancer-related search queries. In addition, ChatGPT performed 
significantly better than most human candidates on board exams in 
radiology, paediatrics and other areas (23-27).

Interestingly, ChatGPT 4 provided 10% to 20% more correct results 
than ChatGPT 3.5 for well-trained topics such as “screening”, but was 
less successful for “breast pain” or complex clinical cases. Chatbots, 
particularly context-aware chatbots, resulted in significant time and 
cost savings compared to radiologists’ imaging recommendations.

One may conclude that the future of medical writing will rely heavily 
on AI and chatbots. However, a major concern was that ChatGPT 
created non-existent references, cited the wrong journal and date, and 
lacked depth. These drawbacks provide a significant caveat to the use 
of ChatGPT and similar large language programs in academia without 
critical review. Obviously, supervision by professionals is mandatory to 
ensure accuracy (25, 28-30).

AI in Breast Cancer Screening

Older approaches to screening using computer-aided detection (CAD) 
systems have been disappointing. While CAD did not improve the 
diagnostic accuracy of mammography, the insurers paid unnecessary 
costs for CAD in ultrasound (US) with no proven benefit for women. 
Today, the application of AI to breast cancer screening seems ready to 
change old strategies (31-36). Current applications of AI in screening 
focus on differentiating between benign and malignant tissue and 
localising of suspicious lesions within breast tissue (37). The newest 
methods used allow for transfer learning and the use of bilateral 
and prior images to detect subtle asymmetries and lesion growth. 
Recently, the authors of the first prospective randomised screening 
study comparing AI-assisted reading of digital mammography screens 
with conventional double reading (MASAI study) concluded that 
AI-assisted reading was safe (38). AI-assisted reading detected more 
invasive cancers (184 vs. 165 invasive cancers) and more in situ cancers 
(60 vs. 38 in situ cancers) than state-of-the-art double reading. AI also 
reduced the screen reading workload by 44.3% (38).

Four different applications of AI are currently being studied (39-45):

(a) AI-assisted reading of digital mammography;

(b) AI as a stand-alone decision support system;

(c) AI pre-selection of normal cases;

(d) AI-assisted prediction of breast cancer risk.

The current results for these applications in digital mammography are 
encouraging. 
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AI will become a useful tool in the near future and, most importantly, 
it will help reduce costs and may compensate the initial shortage of 
specialised radiologists by up to 50% (46). Rule-out and rule-in triage 
workflows can improve and refine the efficiency and effectiveness of 
mammography breast cancer screening (47, 48). Complicated cases 
are sent to two human readers, less suspicious cases to one human 
reader. Normal cases are directed to one human reader or are analysed 
only by the stand-alone AI. Thus, the AI can either exclude low-risk 
cases from double reading, replace the second reader or replace all 
human readers. Scores are used to express the AI-based stratification of 
lesion risk assessment.

In addition, the classification of breast density and matrix heterogeneity 
opens up the possibility of predicting the current and tailored predictive 
overall risk of breast cancer for each individual woman (49). Recent 
publications suggest that this type of prediction outperforms clinical 
risk scores. In addition, the combined assessment of an AI-based 
lesion detection system and breast density measurements enabled the 
identification of a greater proportion of women who would develop 
interval cancer compared than either method alone (50, 51).

AI in Other Breast Imaging Modalities

Digital Breast Tomosynthesis 

The lessons learned from digital mammography can also be applied 
to digital tomosynthesis, as shown by several publications focusing on 
digital breast tomosynthesis (DBT). The sensitivity of stand-alone AI 
systems in DBT shows a non-inferior sensitivity, reduces workload by 
up to 70% due to pre-selection of normal cases, and reduces recall 
by 25% (52, 53). In contrast, another retrospective analysis of stand-
alone AI performance in DBT found a 2% increase in recall rate (54). 
An AI support system could make advanced and more reliable imaging 
techniques more accessible and enable more cost-effective breast 
screening programmes with DBT (55).

Ultrasound

With regard to US, a large multi-vendor, multi-centre study from 
China found that a DL model could help novice readers in particular, 
to improve their US reading in terms of accuracy and interobserver 
agreement for breast cancer diagnosis (56). Adding an AI system to 
breast US was able to reduce unnecessary lesional biopsies (57). AI 
support also helped radiologists reduce false-positive findings in breast 
US interpretation by 37.3%, while maintaining the same level of 
sensitivity (58). A very recent study by Guldogan et al. (59) evaluated 
the performance of a commercial AI system for the retrospective BI-
RADS category assessment in 715 breast masses detected on breast 
US. The accuracy of AI was inferior to that of experienced radiologists. 
However, all lesions categorized as BI-RADS 2 by AI proved 
subsequently to be benign. The authors stated that considering AI-
assigned BI-RADS 2 as safe, this would have avoided 11% (18 out of 
163) of benign lesion biopsies and 46.2% (110 out of 238) of follow-
up examinations (59).

Breast Magnetic Resonance Imaging

Breast magnetic resonance imaging (MRI) can benefit from AI-
assisted k-space sampling, resulting in denoising, improved resolution, 
reduced artefacts, and up to a 10% reduction in gadolinium dose (60, 
61). In addition to clinical indications such as preoperative staging or 
follow-up under neoadjuvant therapy, this is particularly interesting 
for the field of personalized breast cancer screening, as these benefits 
could alleviate concerns about gadolinium uptake, which may deter 

some patients from undergoing regular MRI in high-risk women 
or those with dense breast. The DENSE trial has already shown a 
significant reduction of the interval cancer rate in the supplemental 
MRI screening group compared with the digital mammography-alone 
screening group from 5.0% to 2.5% (62). Further simulation models 
suggested that even an MRI-only screening strategy with a 4-year 
interval would be cost-effective (63). In addition, Comstock et al. (64) 
reported a significant difference (7%) of abbreviated MRI in the cancer 
detection rates between MRI- and DBT-based screening groups.

Contrast-Enhanced Mammography

In terms of contrast-enhanced mammography, DL algorithms for the 
detection of single mass lesions on CEM outperformed radiologists 
in terms of classification efficiency in a recent prospective Chinese 
multicentre study (61).

Nuclear Medicine

AI-assisted positron emission tomography or single photon emission 
computed tomography studies also promise the same big major benefits: 
(a) shorter examination times; (b) less radioactivity; and (c) better 
diagnostic accuracy compared to the old-school approach (65, 66).

Impact of AI on Early Diagnosis and Further Clinical Pathway

At the time of breast cancer diagnosis, the most successful AI systems 
in recent mammography trials have shown non-inferior sensitivity 
to expert double reading and a tendency to reduce recalls, avoiding 
unnecessary anxiety for women and biopsies (39-41, 45, 46, 53).

The average size and stage of breast cancers detected by screening are 
similar, whether or not AI is added. In the future, AI would only be 
of significant benefit to patients if it could detect significantly smaller 
breast cancers at an earlier stage, leading to improved patient survival.

Discussion and Conclusion

In the future, robust studies will be needed to address unresolved issues 
including: the direct comparison of different AI systems; the effect 
of different mammography systems on the accuracy of AI systems; 
the effect of different screening programmes on AI cancer detection 
or on how the AI system might work within specific breast screening 
IT systems; and the effect of providing additional breast density and 
composition information to AI systems for decision making (63). 
In addition, from a global perspective, AI algorithms trained on 
image analysis of Western breast composition need to be adapted to 
the predominantly dense breasts of women in Asia, Africa or Latin 
America (67). The onset of breast cancer in these women occurs earlier 
than in Western Europe, Scandinavian countries and the USA. On the 
positive side, there is evidence that AI systems predicting the presence 
of breast cancer can be generalized across data from Western countries, 
although the data are representative of different screening populations 
and practices (68).

The question remains: can AI in screening bring benefits to breast 
cancer patients further along the clinical pathway? This pathway 
includes diagnostic procedures, such as biopsy, imaging for pre-
operative staging, treatment and follow-up after screening or clinical 
detection of breast cancer. In their recent systematic review of AI 
image analysis, Freeman et al. (69) concluded that there is insufficient 
evidence to support the introduction of AI into the screening pathway 
for clinical impact. This is easy to understand. AI implementation and 
outcomes must meet the gold standard of human expertise. Currently, 
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many AI tools for these later stages of the clinical pathway do not meet 
the quality requirements for medical devices that some applications 
in other fields, such as neuroradiology, cardiology or robotics, do. 
Eighty percent or more correct AI-generated answers in a tumour 
conference on the most appropriate therapy are not sufficient, nor 
are chatbot recommendations on medical procedures in a similar 
range. Nevertheless, AI tools such as ChatGPT or other NLP’s can 
assist professionals and are particularly valuable for beginners and less 
trained professionals (17). However, we must remain realistic. The 
status quo can change quickly. A game changer in senology would be 
the development of new multimodal AI systems that not only detect 
and characterise cancer better and earlier than humans, but also have 
global medical knowledge at their disposal. In addition, it would be 
constantly on the lookout for complex patterns that were previously 
hidden from humans. Humans would relinquish the gold standard of 
their expert judgement to AI, and would likely lose the ability to make 
responsible decisions.

Promises

AI in senology and general AI share an intersection of advantages 
and disadvantages (70). Undoubtedly, as mentioned above, the main 
advantage of AI is that it can perform routine and complex tasks 
much faster and with fewer errors than humans. AI will be able to 
work cost-effectively 365 days a year, 24 hours a day, without a break. 
Therefore, future economic decisions will also favour AI in the long 
term (71). Genomics and research into new breast cancer drugs are 
likely to benefit most from the speed and efficiency of AI algorithms 
in processing large data sets (16).

AI’s ability to identify subtle and complex patterns that human 
readers or clinicians might miss will improve data-driven optimisation 
of diagnosis, patient care, administration, public health and cost-
effectiveness, and thereby provide the opportunity to transform breast 
healthcare. In particular, NLP systems can already provide significant 
support for academic publishing, translation, medical report 
summarisation and administrative billing of patient care (18, 30). AI 
chat bots can help raise awareness and educate women about breast 
cancer symptoms and lifestyle changes. Emotional support for patients 
is no longer the privilege of human doctors and nurses. AI can analyse 
a patient’s basic feelings and emotions and respond appropriately (72).

Most importantly, the range of support provided by AI has the 
potential to evolve into new roles in the future. In just a decade, 
Western countries will have passed the golden age of the baby boomers 
and will face a shortage of well-trained breast specialists. AI promises 
to alleviate such future problems in senology.

Risks

The seven main risks of AI in healthcare have been identified by a 
recent EU study. These comprise: patient harm due to AI errors; 
misuse of medical AI tools; bias in AI and the perpetuation of existing 
inequities; lack of transparency; privacy and security issues; gaps in 
accountability; and barriers to implementation (22). However, among 
future general AI applications, the persistent theme of AI misuse 
could dramatically change our future lives. The sources of misuse are 
either man-made, such as misuse by authoritarian political systems 
or corporations, or arise from a super-intelligent AI singularity itself. 
Elon Musk recently estimated that there is an 80% chance that AI will 
be a blessing and a 20% chance of a hard landing. (73). Earlier, in May 
2023, other prominent leaders from OpenAI, Google DeepMind, 

Anthropic and other AI labs had also warned that future AI systems 
could be as deadly as pandemics and nuclear weapons (74, 75).

But what about the present? Our biggest personal concerns relate to 
the long-term instability of AI models and poor cybersecurity. Most 
modern NLP training involves continuous learning by scraping 
information of all kinds from the internet. However, as online 
information becomes more and more content generated by AIs 
themselves, one consequence will be the “model collapse” of NLPs. 
Within a few generations, an AI model will begin to forget improbable 
events, leading to a degenerated model that no longer reflects the real 
world (76). This could resemble a schizophrenic human worldview. 
In addition, the AI model forgets previous examples when learning 
new information, a “catastrophic forgetting” that resembles human 
amnesia. Furthermore, contaminated websites can infiltrate AI models 
with malicious data that is inserted during training to degrade the 
model’s performance (77). This so-called “data poisoning” calls for 
strong protection by cybersecurity systems.

Implications and Future Impact on Socio-Economic Healthcare 
System

There are several important conclusions regarding the future impact of 
AI on the socio-economic health care system (71, 78, 79). The main 
advantage of AI is probably the potential workflow optimisation by 
eliminating non-suspicious cases from double reading. Therefore, 
radiologists with high workloads will initially love these AI systems, as 
long as they are easy to use. This initial enthusiasm could be reversed 
if radiologists become increasingly exhausted by having to read more 
complicated cases per hour than before.

In terms of cost-effectiveness, the system will save significant time and 
money by reducing the number of cases that need to be double-read. 
It is expected that between 50–70% of cases will not require further 
double reading (54). The transition to AI could also negatively affect 
human jobs in the field of healthcare. Professionals who know how to 
make use of AI will displace those who do not.

Technological dependency will inevitably increase, especially the role 
of the human programmer in controlling the AI to prevent the stable 
system from falling prey to entropy. The examples given of model 
degeneration and data poisoning underline the need for a strict human 
interaction and control of AI.

Human neurons and muscles degenerate when they are no longer used. 
The younger generation in an AI era may become lazy, forget previous 
skills, and run the risk of trusting AI too much. The transition to AI 
will also take a lot of time and money. Some developing societies will 
not be able to afford these costs. As a result, global inequalities are 
likely to increase.

AI intuition, including its generative approaches, is different from 
human creativity and lacks the human touch, and has problems 
thinking outside the box. Combining both human creativity and AI 
will open new horizons.

Ethics demand transparency, accountability and informed consent in 
every medical decision. Legal laws and regulations clarify the medical 
liability. Accordingly, individuals and organisations will be held 
accountable for the future actions of AI systems, especially if medical AI 
systems make mistakes or contribute to incorrect diagnoses or treatments.
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Progress Under Regulation

According to Sam Altmann, CEO of Open AI, the risks of advanced 
AI systems were serious enough to warrant government intervention 
and regulation of AI due to the potential risk of mankind’s 
extinction (75). Released in December 2023, the European Union’s 
AI Act was the first ever, comprehensive legal framework for AI in 
healthcare worldwide that had been agreed on in order to advance the 
European approach to trustworthy AI. AI systems identified as high-
risk must meet strict requirements, including risk-mitigation systems, 
high quality datasets, logging of activities, detailed documentation, 
clear user information, human oversight, and high levels of robustness, 
accuracy and cybersecurity. Examples of such high-risk AI systems 
include certain critical infrastructure, medical devices and biometric 
identification, and categorisation and emotion recognition systems. 
Unacceptable AI systems will be banned when considered a clear threat 
to the fundamental rights of people. Companies not complying with 
the rules will be fined. Fines for breaching the banned AI applications 
will be €35 million or 7% of global annual turnover, whichever is 
higher (80).

Future Horizons, Recommendations

Today, modern AI is still in its infancy. Nevertheless, AI will boost 
digital medicine in all fields, including senology. However, there is still 
a long way to go before the majority of patients will benefit.

The transition to AI will be disruptive. The authors recommend 
that healthcare decision-makers and stakeholders in senology will 
be prepared and open to new AI developments and the necessary 
regulatory framework.

We suggest that physicians should invest in new AI systems mainly 
with optimism, with an added dash of caution, and call for strict 
quality control of the double-edged sword of AI. In the real world, 
this corresponds to a qualified curriculum of AI training, meaningful 
systemic controlled randomised trials, but also individual checks of 
logical plausibility in decision making, for example in AI-assisted 
tumour board recommendations.

We would like to mention that there is no room for false modesty. 
Human intellectual abilities have achieved marvellous results in 
medicine and elsewhere. Most importantly, if mistakes are made in the 
management of AI, humans can correct them, regulate and manage 
the risks involved.

We propose that the use of AI, combined with human wisdom, 
empathy and affection, will be the method of choice for the further 
fruitful development of tomorrow’s senology.

Authorship Contributions

Concept: A.M.; Design: A.M.; Data Collection and/or Processing: A.M.; 
Analysis and/or Interpretation: A.M., C.M.; Literature Search: A.M., C.M.; 
Writing: A.M., C.M.

Conflict of Interest: The authors have no conflicts of interest to declare.

Financial Disclosure: The authors declared that this study has received no 
financial support.

Acknowledgment

The authors thank Christina Mundinger for reading the manuscript and 
helpful comments.

Dedication

Dedicated to the 30th anniversary of the Osnabrueck Breast Centre at 
Franziskus-Hospital Harderberg.

References

1. Shortliffe EH. Artificial Intelligence in medicine: weighing the 
accomplishments, hype, and promise. Yearb Med Inform 2019; 28: 257-
262. (PMID: 31022745) [Crossref ]

2. Matheny MS, Thadaney Israni S, Ahmed M, Whicher D. Artificial 
Intelligence in health care: the hope, the hype, the promise, the peril. 
NAM Special Publication. Washington, DC: National Academy of 
Medicine; 2019. https://nam.edu/wp-content/uploads/2021/07/4.3-AI-
in-Health-Care-title-authors-summary.pdf [Crossref ]

3. Turing AM. Computing machinery and intelligence. Mind 1950; 59: 433-
460. https://redirect.cs.umbc.edu/courses/471/papers/turing.pdf [Crossref ]

4. Copeland B. Artificial Intelligence. In: Britannica Online Encyclopedia 
[Internet]. Encyclopaedia Britannica, Inc.; [cited 2023 Dec 17]. 
Available from: https://www.britannica.com/technology/artificial-
intelligence [Crossref ]

5. Katz Y. Manufacturing an Artificial Intelligence revolution. SSRN 
Electron J [Internet]. 2017 [cited 2023 Dec 17]; Available from: https://
www.ssrn.com/abstract=3078224 [Crossref ]

6. Hillenbrand T. Hologrammatica. 4th ed. Köln: KiWi-Taschenbuch; 
2018. https://www.kiwi-verlag.de/verlag/rights/book/tom-hillenbrand-
hologrammatica-9783462051490 [Crossref ]

7. Groundhog Day (film). In: Wikipedia [Internet]. 2023 [cited 
2023 Dec 22]. Available from: https://en.wikipedia.org/w/index.
php?title=Groundhog_Day_(film)&oldid=1190473837 [Crossref ]

8. Allam Z. Achieving neuroplasticity in artificial neural networks through 
smart cities. Smart Cities 2019; 2: 118-134. [Crossref ]

9. Gheisari M, Ebrahimzadeh F, Rahimi M, Moazzamigodarzi M, Liu Y, 
Dutta Pramanik PK, et al. Deep learning: applications, architectures, 
models, tools, and frameworks: a comprehensive survey. CAAI Trans 
Intell Technol 2023; 8: 581-606. [Crossref ]

10. Briganti G, Le Moine O. Artificial Intelligence in medicine: today and 
tomorrow. Front Med (Lausanne) 2020; 7: 27. (PMID: 32118012) 
[Crossref ]

11. Wilhelm D, Padoy N. Artificial Intelligence in medicine: passing hype 
or the holy grail of solutions? Visc Med 2020; 36: 425-427. (PMID: 
33447597) [Crossref ]

12. Spitzer M. Künstliche Intelligenz. Droemer; 2023. 335 p. https:// 
www.droemer-knaur.de/buch/manfred-spi tzer -kuenst l i che-
intelligenz-9783426448502 [Crossref ]

13. Brownlee J. How do convolutional layers work in deep learning neural 
networks? [Internet]. Available from: https://machinelearningmastery.
com/ convolutional-layers-for-deep-learningneural-networks/ [Crossref ]

14. Serre T, Wolf L, Bileschi S, Riesenhuber M, Poggio T. Robust object 
recognition with cortex-like mechanisms. IEEE Trans Pattern Anal Mach 
Intell 2007; 29: 411-426. (PMID: 17224612) [Crossref ]

15. Gallée L, Kniesel H, Ropinski T, Götz M. Artificial Intelligence in 
radiology - beyond the black box. Rofo 2023; 195: 797-803. (PMID: 
37160147) [Crossref ]

16. Quazi S. Artificial Intelligence and machine learning in precision and 
genomic medicine. Med Oncol 2022; 39: 120. (PMID: 35704152) 
[Crossref ]

17. Dave T, Athaluri SA, Singh S. ChatGPT in medicine: an overview of 
its applications, advantages, limitations, future prospects, and ethical 
considerations. Front Artif Intell 2023; 6: 1169595. (PMID: 37215063) 
[Crossref ]

https://doi.org/10.1055/s-0039-1677891
https://nam.edu/wp-content/uploads/2021/07/4.3-AI-in-Health-Care-title-authors-summary.pdf
https://redirect.cs.umbc.edu/courses/471/papers/turing.pdf
https://www.britannica.com/technology/artificial-intelligence
https://www.ssrn.com/abstract=3078224
https://www.amazon.de/Hologrammatica-Thriller-Tom-Hillenbrand/dp/3462051490
https://en.wikipedia.org/w/index.php?title=Groundhog_Day_(film)&oldid=1190473837
https://doi.org/10.3390/smartcities2020009
https://doi.org/10.1049/cit2.12180
https://doi.org/10.3389/fmed.2020.00027
https://doi.org/10.1159/000511429
https://www.amazon.de/K%C3%BCnstliche-Intelligenz-Neurowissenschaftler-Psychiater-SPIEGEL-Bestsellerautor/dp/3426448505
https://machinelearningmastery.com/ convolutional-layers-for-deep-learningneural-networks
https://doi.org/10.1109/TPAMI.2007.56
https://doi.org/10.1055/a-2076-6736
https://doi.org/10.1007/s12032-022-01711-1
https://doi.org/10.3389/frai.2023.1169595


79

Mundinger and Mundinger. Artificial Intelligence in Senology - Where Do We Stand and What are the Future Horizons?

18. Temsah R, Altamimi I, Alhasan K, Temsah MH, Jamal A. Healthcare‘s 
new horizon with chatgpt‘s voice and vision capabilities: a leap beyond 
text. Cureus 2023; 15: e47469. (PMID: 37873042) [Crossref ]

19. Ji Z, Lee N, Frieske R, Yu T, Su D, Xu Y, et al. Survey of hallucination 
in natural language generation. ACM Comput Surv 2023; 55: 1-38. 
[Crossref ]

20. Dixit P. BuzzFeed News. 2023 [cited 2023 Dec 17]. AI image generators 
keep messing up hands. Here’s why. Available from: https://www.
buzzfeednews.com/article/pranavdixit/ai-generated-art-hands-fingers-
messed-up [Crossref ]

21. Castiglioni I, Rundo L, Codari M, Di Leo G, Salvatore C, Interlenghi 
M, et al. AI applications to medical images: from machine learning to 
deep learning. Phys Med 2021; 83: 9-24. (PMID: 33662856) [Crossref ]

22. European Parliament. Directorate General for Parliamentary Research 
Services. Artificial Intelligence in healthcare: applications, risks, and 
ethical and societal impacts. [Internet]. LU: Publications Office; 
2022 [cited 2023 Dec 17]. Available from: https://data.europa.eu/
doi/10.2861/568473 [Crossref ]

23. Xie Y, Seth I, Rozen WM, Hunter-Smith DJ. Evaluation of the Artificial 
Intelligence chatbot on breast reconstruction and its efficacy in surgical 
research: a case study. Aesthetic Plast Surg 2023; 47: 2360-2369. (PMID: 
37314466) [Crossref ]

24. Gupta R, Herzog I, Najafali D, Firouzbakht P, Weisberger J, Mailey BA. 
Application of GPT-4 in cosmetic plastic surgery: does updated mean 
better? Aesthet Surg J 2023; 43: 666-669. (PMID: 37148287) [Crossref ]

25. Rao A, Kim J, Kamineni M, Pang M, Lie W, Dreyer KJ, et al. Evaluating 
GPT as an adjunct for radiologic decision making: GPT-4 versus GPT-
3.5 in a breast imaging pilot. J Am Coll Radiol 2023; 20: 990-997. 
(PMID: 37356806) [Crossref ]

26. Sorin V, Klang E, Sklair-Levy M, Cohen I, Zippel DB, Balint Lahat N, et 
al. Large language model (ChatGPT) as a support tool for breast tumor 
board. NPJ Breast Cancer 2023; 9: 44. (PMID: 37253791) [Crossref ]

27. Morita PP, Abhari S, Kaur J, Lotto M, Miranda PADSES, Oetomo A. 
Applying ChatGPT in public health: a SWOT and PESTLE analysis. 
Front Public Health 2023; 11: 1225861. (PMID: 37465170) [Crossref ]

28. Golan R, Ripps SJ, Reddy R, Loloi J, Bernstein AP, Connelly ZM, et 
al. ChatGPT’s ability to assess quality and readability of online medical 
information: evidence from a cross-sectional study. Cureus 2023; 15: 
e42214. (PMID: 37484787) [Crossref ]

29. Shen Y, Heacock L, Elias J, Hentel KD, Reig B, Shih G, et al. ChatGPT 
and other large language models are double-edged swords. Radiology 
2023; 307: e230163. (PMID: 36700838) [Crossref ]

30. Bhayana R, Bleakney RR, Krishna S. GPT-4 in radiology: improvements 
in advanced reasoning. Radiology 2023; 307: e230987. (PMID: 
37191491) [Crossref ]

31. Lehman CD, Wellman RD, Buist DS, Kerlikowske K, Tosteson 
AN, Miglioretti DL, et al. Diagnostic accuracy of digital screening 
mammography with and without computer-aided detection. JAMA 
Intern Med 2015; 175: 1828-1837. (PMID: 26414882) [Crossref ]

32. Yoon JH, Strand F, Baltzer PAT, Conant EF, Gilbert FJ, Lehman CD, 
et al. Standalone AI for breast cancer detection at screening digital 
mammography and digital breast tomosynthesis: a systematic review 
and meta-analysis. Radiology 2023; 307: e222639. (PMID: 37219445) 
[Crossref ]

33. Arieno A, Chan A, Destounis SV. A review of the role of augmented 
intelligence in breast imaging: from automated breast density assessment 
to risk stratification. AJR Am J Roentgenol 2019; 212: 259-270. (PMID: 
30422711) [Crossref ]

34. Arıbal E. Future of breast radiology. Eur J Breast Health 2023; 19: 262-
266. (PMID: 37795010) [Crossref ]

35. Mendelson EB. Artificial Intelligence in breast imaging: potentials 
and limitations. AJR Am J Roentgenol 2019; 212: 293-299. (PMID: 
30422715) [Crossref ]

36. Hu Q, Giger ML. Clinical Artificial Intelligence applications: breast 
imaging. Radiol Clin North Am 2021; 59: 1027-1043. (PMID: 
34689871) [Crossref ]

37. Wong DJ, Gandomkar Z, Wu WJ, Zhang G, Gao W, He X, et al. Artificial 
Intelligence and convolution neural networks assessing mammographic 
images: a narrative literature review. J Med Radiat Sci 2020; 67: 134-142. 
(PMID: 32134206) [Crossref ]

38. Lång K, Josefsson V, Larsson AM, Larsson S, Högberg C, Sartor H, et 
al. Artificial Intelligence-supported screen reading versus standard double 
reading in the mammography screening with Artificial Intelligence trial 
(MASAI): a clinical safety analysis of a randomised, controlled, non-
inferiority, single-blinded, screening accuracy study. Lancet Oncol 2023; 
24: 936-944. (PMID: 37541274) [Crossref ]

39. Lauritzen AD, Rodríguez-Ruiz A, von Euler-Chelpin MC, Lynge E, 
Vejborg I, Nielsen M, et al. An Artificial Intelligence-based mammography 
screening protocol for breast cancer: outcome and radiologist workload. 
Radiology 2022; 304: 41-49. (PMID: 35438561) [Crossref ]

40. Larsen M, Aglen CF, Hoff SR, Lund-Hanssen H, Hofvind S. 
Possible strategies for use of Artificial Intelligence in screen-reading of 
mammograms, based on retrospective data from 122,969 screening 
examinations. Eur Radiol 2022; 32: 8238-8246. (PMID: 35704111) 
[Crossref ]

41. Fuchsjäger MH, Adelsmayr G. Artificial Intelligence as an assistant 
in breast cancer screening. Radiology 2022; 302: 543-544. (PMID: 
34904877) [Crossref ]

42. Morgan MB, Mates JL. Applications of Artificial Intelligence in breast 
imaging. Radiol Clin North Am 2021; 59: 139-148. (PMID: 33222996) 
[Crossref ]

43. Ribli D, Horváth A, Unger Z, Pollner P, Csabai I. Detecting and 
classifying lesions in mammograms with Deep Learning. Sci Rep 2018; 8: 
4165. (PMID: 29545529) [Crossref ]

44. Sechopoulos I, Teuwen J, Mann R. Artificial Intelligence for breast cancer 
detection in mammography and digital breast tomosynthesis: State of 
the art. Semin Cancer Biol 2021; 72: 214-225. (PMID: 32531273) 
[Crossref ]

45. Vargas-Palacios A, Sharma N, Sagoo GS. Cost-effectiveness requirements 
for implementing Artificial Intelligence technology in the Women‘s UK 
Breast Cancer Screening service. Nat Commun 2023; 14: 6110. (PMID: 
37777510) [Crossref ]

46. Magni V, Cozzi A, Schiaffino S, Colarieti A, Sardanelli F. Artificial 
Intelligence for digital breast tomosynthesis: impact on diagnostic 
performance, reading times, and workload in the era of personalized 
screening. Eur J Radiol 2023; 158: 110631. (PMID: 36481480) 
[Crossref ]

47. Hickman SE, Payne NR, Black RT, Huang Y, Priest AN, Hudson S, et al. 
Mammography breast cancer screening triage using deep learning: a UK 
retrospective study. Radiology 2023; 309: e231173. (PMID: 37987665) 
[Crossref ]

48. Dahlblom V, Dustler M, Tingberg A, Zackrisson S. Breast cancer 
screening with digital breast tomosynthesis: comparison of different 
reading strategies implementing artificial intelligence. Eur Radiol 2023; 
33: 3754-3765. (PMID: 36502459) [Crossref ]

49. Pawar SD, Sharma KK, Sapate SG, Yadav GY, Alroobaea R, Alzahrani 
SM, et al. Multichannel densenet architecture for classification of 
mammographic breast density for breast cancer detection. Front Public 
Health 2022; 10: 885212. (PMID: 35548086) [Crossref ]

50. Waugh J, Evans J, Miocevic M, Lockie D, Aminzadeh P, Lynch A, et 
al. Performance of artificial intelligence in 7533 consecutive prevalent 

https://doi.org/10.7759/cureus.47469
https://doi.org/10.1145/3571730
https://www.buzzfeednews.com/article/pranavdixit/ai-generated-art-hands-fingers-messed-up
https://doi.org/10.1016/j.ejmp.2021.02.006
https://data.europa.eu/doi/10.2861/568473
https://doi.org/10.1007/s00266-023-03443-7
https://doi.org/10.1093/asj/sjad132
https://doi.org/10.1016/j.jacr.2023.05.003
https://doi.org/10.1038/s41523-023-00557-8
https://doi.org/
https://doi.org/10.7759/cureus.42214
https://doi.org/10.1148/radiol.230163
https://doi.org/10.1148/radiol.230987
https://doi.org/10.1001/jamainternmed.2015.5231
https://doi.org/10.1148/radiol.222639
https://doi.org/10.2214/AJR.18.20391
https://doi.org/10.4274/ejbh.galenos.2023.2023-8-3
https://doi.org/10.2214/AJR.18.20532
https://doi.org/10.1016/j.rcl.2021.07.010
https://doi.org/10.1002/jmrs.385
https://doi.org/10.1016/S1470-2045(23)00298-X
https://doi.org/10.1148/radiol.210948
https://doi.org/10.1007/s00330-022-08909-x
https://doi.org/10.1148/radiol.212675
https://doi.org/10.1016/j.rcl.2020.08.007
https://doi.org/10.1038/s41598-018-22437-z
https://doi.org/10.1016/j.semcancer.2020.06.002
https://doi.org/10.1038/s41467-023-41754-0
https://doi.org/10.1016/j.ejrad.2022.110631
https://doi.org/10.1148/radiol.231173
https://doi.org/10.1007/s00330-022-09316-y
https://doi.org/10.3389/fpubh.2022.885212


80

Eur J Breast Health 2024; 20(2): 73-80

screening mammograms from the breastscreen Australia program. Eur 
Radiol 2023. (PMID: 37955669) [Crossref ]

51. Wanders AJT, Mees W, Bun PAM, Janssen N, Rodríguez-Ruiz A, Dalmış 
MU, et al. Interval cancer detection using a neural network and breast 
density in women with negative screening mammograms. Radiology 
2022; 303: 269-275. (PMID: 35133194) [Crossref ]

52. Shoshan Y, Bakalo R, Gilboa-Solomon F, Ratner V, Barkan E, Ozery-
Flato M, et al. Artificial Intelligence for reducing workload in breast 
cancer screening with digital breast tomosynthesis. Radiology 2022; 303: 
69-77. (PMID: 35040677) [Crossref ]

53. Raya-Povedano JL, Romero-Martín S, Elías-Cabot E, Gubern-
Mérida A, Rodríguez-Ruiz A, Álvarez-Benito M. AI-based strategies to 
reduce workload in breast cancer screening with mammography and 
tomosynthesis: a retrospective evaluation. Radiology 2021; 300: 57-65. 
(PMID: 33944627) [Crossref ]

54. Romero-Martín S, Elías-Cabot E, Raya-Povedano JL, Gubern-Mérida 
A, Rodríguez-Ruiz A, Álvarez-Benito M. Stand-Alone Use of Artificial 
Intelligence for digital mammography and digital breast tomosynthesis 
screening: a retrospective evaluation. Radiology 2022; 302: 535-542. 
(PMID: 34904872) [Crossref ]

55. van Winkel SL, Rodríguez-Ruiz A, Appelman L, Gubern-Mérida 
A, Karssemeijer N, Teuwen J, et al. Impact of Artificial Intelligence 
support on accuracy and reading time in breast tomosynthesis image 
interpretation: a multi-reader multi-case study. Eur Radiol 2021; 31: 
8682-8691. (PMID: 33948701) [Crossref ]

56. Xiang H, Wang X, Xu M, Zhang Y, Zeng S, Li C, et al. Deep Learning-
assisted diagnosis of breast lesions on us images: a multivendor, 
multicenter study. Radiol Artif Intell 2023; 5: e220185. (PMID: 
37795135) [Crossref ]

57. Wang XY, Cui LG, Feng J, Chen W. Artificial Intelligence for breast 
ultrasound: an adjunct tool to reduce excessive lesion biopsy. Eur J Radiol 
2021; 138: 109624. (PMID: 33706046) [Crossref ]

58. Shen Y, Shamout FE, Oliver JR, Witowski J, Kannan K, Park J, et al. 
Artificial Intelligence system reduces false-positive findings in the 
interpretation of breast ultrasound exams. Nat Commun 2021; 12: 5645. 
(PMID: 34561440) [Crossref ]

59. Guldogan N, Taskin F, Icten GE, Yilmaz E, Turk EB, Erdemli S, et al. 
Artificial Intelligence in BI-RADS categorization of breast lesions on 
ultrasound: can we omit excessive follow-ups and biopsies? Acad Radiol 
2023: 1076-6332. (PMID: 38087719) [Crossref ]

60. Zhou H, Hua Z, Gao J, Lin F, Chen Y, Zhang S, et al. Multitask Deep 
Learning-based whole-process system for automatic diagnosis of breast 
lesions and axillary lymph node metastasis discrimination from dynamic 
contrast-enhanced-MRI: a multicenter study. J Magn Reson Imaging 
2023. (PMID: 37497811) [Crossref ]

61. Zheng T, Lin F, Li X, Chu T, Gao J, Zhang S, et al. Deep learning-enabled 
fully automated pipeline system for segmentation and classification of 
single-mass breast lesions using contrast-enhanced mammography: a 
prospective, multicentre study. EclinicalMedicine 2023; 58: 101913. 
(PMID: 36969336) [Crossref ]

62. Veenhuizen SGA, de Lange SV, Bakker MF, Pijnappel RM, Mann RM, 
Monninkhof EM, et al. Supplemental breast MRI for women with 
extremely dense breasts: results of the second screening round of the dense 
trial. Radiology 2021; 299: 278-286. (PMID: 33724062) [Crossref ]

63. Geuzinge HA, Bakker MF, Heijnsdijk EAM, van Ravesteyn NT, Veldhuis 
WB, Pijnappel RM, et al. Cost-effectiveness of magnetic resonance 
imaging screening for women with extremely dense breast tissue. J Natl 
Cancer Inst 2021; 113: 1476-1483. (PMID: 34585249) [Crossref ]

64. Comstock CE, Gatsonis C, Newstead GM, Snyder BS, Gareen IF, 
Bergin JT, et al. Comparison of abbreviated breast MRI vs digital breast 
tomosynthesis for breast cancer detection among women with dense 

breasts undergoing screening. JAMA 2020; 323: 746-756. Erratum In: 
JAMA 2020; 323: 1194. (PMID: 32096852) [Crossref ]

65. Urso L, Manco L, Castello A, Evangelista L, Guidi G, Castellani M, et 
al. Pet-derived radiomics and Artificial Intelligence in breast cancer: A 
systematic review. Int J Mol Sci 2022; 23: 13409. (PMID: 36362190) 
[Crossref ]

66. Li Z, Kitajima K, Hirata K, Togo R, Takenaka J, Miyoshi Y, et al. 
Preliminary study of AI-assisted diagnosis using FDG-PET/CT for 
axillary lymph node metastasis in patients with breast cancer. EJNMMI 
Res 2021; 11: 10. (PMID: 33492478) [Crossref ]

67. Yan H, Ren W, Jia M, Xue P, Li Z, Zhang S, et al. Breast cancer risk 
factors and mammographic density among 12518 average-risk women in 
rural China. BMC Cancer 2023; 23: 952. (PMID: 37814233) [Crossref ]

68. McKinney SM, Sieniek M, Godbole V, Godwin J, Antropova N, 
Ashrafian H, et al. International evaluation of an AI system for breast 
cancer screening. Nature 2020; 577: 89-94. Erratum in: Nature 2020; 
586: 19. (PMID: 31894144) [Crossref ]

69. Freeman K, Geppert J, Stinton C, Todkill D, Johnson S, Clarke A, et al. 
Use of Artificial Intelligence for image analysis in breast cancer screening 
programmes: systematic review of test accuracy. BMJ 2021; 374: n1872. 
(PMID: 34470740) [Crossref ]

70. Goisauf M, Cano Abadía M. Ethics of AI in radiology: a review of ethical 
and societal implications. Front Big Data 2022; 5: 850383. (PMID: 
35910490) [Crossref ]

71. Alowais SA, Alghamdi SS, Alsuhebany N, Alqahtani T, Alshaya AI, 
Almohareb SN, et al. Revolutionizing healthcare: the role of Artificial 
Intelligence in clinical practice. BMC Med Educ 2023; 23: 689. (PMID: 
37740191) [Crossref ]

72. Gao CA, Howard FM, Markov NS, Dyer EC, Ramesh S, Luo Y, et al. 
Comparing scientific abstracts generated by ChatGPT to real abstracts 
with detectors and blinded human reviewers. NPJ Digit Med 2023; 6: 75. 
(PMID: 37100871) [Crossref ]

73. Schubert C, Rom. Partei von Giorgia Meloni: Elon Musk ist Ehrengast 
eines Jugendtreffens. FAZNET [Internet]. 2023 Dec 16 [cited 2023 Dec 
23]; Available from: https://www.faz.net/aktuell/wirtschaft/partei-von-
giorgia-meloni-elon-musk-ist-ehrengast-eines-jugendtreffens-19389802.
html [Crossref ]

74. Statement on AI Risk | CAIS [Internet]. [cited 2023 Dec 23]. Available 
from: https://www.safe.ai/statement-on-ai-risk [Crossref ]

75. Roose K. A.I. poses ‘risk of extinction,’ industry leaders warn. The New 
York Times [Internet]. 2023 May 30 [cited 2023 Dec 23]; Available from: 
https://www.nytimes.com/2023/05/30/technology/ai-threat-warning.
html [Crossref ]

76. Shumailov I, Shumaylov Z, Zhao Y, Gal Y, Papernot N, Anderson R. 
The curse of recursion: training on generated data makes models forget 
[Internet]. arXiv; 2023 [cited 2023 Dec 22]. Available from: http://arxiv.
org/abs/2305.17493 [Crossref ]

77. Shan S, Ding W, Passananti J, Zheng H, Zhao BY. Prompt-specific 
poisoning attacks on text-to-image generative models. [Internet]. arXiv; 
2023 [cited 2023 Dec 23]. Available from: URL: http://arxiv.org/
abs/2310.13828 [Crossref ]

78. What are the advantages and disadvantages of Artificial Intelligence? | 
Tableau [Internet]. [cited 2023 Dec 23]. Available from: URL: https://
www.tableau.com/data-insights/ai/advantages-disadvantages [Crossref ]

79. Sotala K. Advantages of Artificial Intelligences, uploads, and digital 
minds. Int J Mach Conscious 2012; 4: 275-291. [Crossref ]

80. European Commission - European Commission [Internet]. [cited 
2023 Dec 23]. Commission welcomes political agreement on AI Act. 
Available from: https://ec.europa.eu/commission/presscorner/detail/en/
ip_23_6473 [Crossref ]

https://doi.org/10.1007/s00330-023-10396-7
https://doi.org/10.1148/radiol.210832
https://doi.org/10.1148/radiol.211105
https://doi.org/10.1148/radiol.2021203555
https://doi.org/10.1148/radiol.211590
https://doi.org/10.1007/s00330-021-07992-w
https://doi.org/10.1148/ryai.220185
https://doi.org/10.1016/j.ejrad.2021.109624
https://doi.org/10.1038/s41467-021-26023-2
https://doi.org/10.1016/j.acra.2023.11.031
https://doi.org/10.1002/jmri.28913
https://doi.org/10.1016/j.eclinm.2023.101913
https://doi.org/10.1148/radiol.2021203633
https://doi.org/10.1093/jnci/djab119
https://doi.org/10.1001/jama.2020.0572
https://doi.org/10.3390/ijms232113409
https://doi.org/10.1186/s13550-021-00751-4
https://doi.org/10.1186/s12885-023-11444-7
https://doi.org/10.1038/s41586-019-1799-6
https://doi.org/10.1136/bmj.n1872
https://doi.org/10.3389/fdata.2022.850383
https://doi.org/10.1186/s12909-023-04698-z
https://doi.org/10.1038/s41746-023-00819-6
https://www.faz.net/aktuell/wirtschaft/partei-von-giorgia-meloni-elon-musk-ist-ehrengast-eines-jugendtreffens-19389802.html
https://www.safe.ai/statement-on-ai-risk
https://www.nytimes.com/2023/05/30/technology/ai-threat-warning.html
http://arxiv.org/abs/2305.17493
http://arxiv.org/abs/2310.13828
https://www.tableau.com/data-insights/ai/advantages-disadvantages
https://intelligence.org/files/AdvantagesOfAIs.pdf



