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Abstract
Introduction and purpose

Artificial intelligence (AI) is more advanced than ever and finds more and more new
applications. Attempts are being made to use computer data analysis in medicine. The aim of
this study is to summarize the knowledge on the use of AI in the diagnosis of breast, prostate,
skin and colorectal cancer with particular emphasis on the applications and effectiveness of
AI in making diagnoses.
A brief description of the state of knowledge

The most frequently used form of artificial intelligence in diagnostics are algorithms
that analyze databases and recognize patterns. They can capture the features of samples
characteristic of tumors, such as abnormal cells in the biopsy material or the alarming size and
color of the skin lesion. Additionally, AI is capable of analyzing magnetic resonance images,
radiographs, and other standardized test results. In most cases, AI is more effective than
clinicians, sometimes as effective as they are, and almost never less effective. As a rule, the
most accurate and adequate diagnosis can be obtained by joining the forces of AI and medical
specialists. Working with learning algorithms requires the use of very extensive data sets.
Every effort should be made to protect sensitive information from patients' medical history.
Conclusions

The results of research on the effectiveness of AI in cancer diagnostics are very
promising. Further research and development of information technology systems may
positively affect the quality and effectiveness of tumor diagnostics.
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Introduction and purpose
Computers play an increasingly important role not only in our everyday life, but also

in medicine and related fields. Their appearance allowed for a significant improvement in the
functioning of hospitals and the implementation of better methods of diagnosis and treatment.
We are currently on the doorstep of another revolution. Artificial intelligence (AI) is defined
as the ability of a system to correctly interpret data from external sources, learn from them
and use this knowledge to perform specific tasks and achieve goals through flexible
adaptation [1]. This type of action, very similar to how the human mind works, can find a
wide range of applications in diagnostics.

Cancer is a heterogeneous group of diseases with an often aggressive course and a low
cure rate. They affect most parts of the body, especially those with clusters of intensely
dividing cells (glands, skin). The key to effective therapy is early diagnosis of the lesion,
which is often hampered by the presence of non-specific symptoms [2].

The aim of this study is to describe the applications of artificial intelligence in the
diagnosis of cancer, in particular breast, prostate, skin and colorectal cancer. Attention is paid
to the ways of using AI in cancer diagnostics and its effectiveness compared to classical
clinical diagnostics.

Description of the state of knowledge

Methods, effectiveness and moral objections
Progressive technological development has contributed to the creation of more

accurate methods of imaging and laboratory diagnostics. Currently, there are attempts to use
artificial intelligence and machine learning in the diagnosis of various diseases, including
COVID-19 [3-5], Alzheimer's disease [6,7] and cancer [8-10]. For this to be possible, the
algorithms must be properly adapted to the analysis of epidemiological data, the patient's
medical history or the results of ones tests. This enables AI to look for patterns and point to
the most likely diagnosis. An example is the diagnosis of Alzhiemer's disease. Its diagnosis is
based on clinical evaluation, brain radiation imaging, analysis of the patient's medical history
and family history [11]. One of the studies showed that the use of the algorithm of this
language analysis used by patients enables the diagnosis to be made with 74% efficiency,
even several years before the onset of symptoms [12].

Artificial intelligence can also be used to analyze radiographs. To make it possible, the
program must be provided with a certain number of radiological images compiled with the
results of patient examinations. Over time, the algorithm "learns" and begins to notice certain
features of radiographs that are characteristic of people with a given disease. After some time,
it is able to analyze the photos and recognize if there are any disturbing changes that may
suggest a disease [4, 13].

Research on the effectiveness of artificial intelligence shows that when properly used,
it achieves similar or better effects than experienced specialists [14]. Additionally, AI requires
much less time for data analysis than a human [15], which shortens the diagnostic process.

In any discussion about the use of artificial intelligence, ethical questions and doubts
also arise. Even when it is outperformed by clinicians, AI will continue to make mistakes and
misdiagnose. This raises the question of who will be responsible for these mistakes - the
person responsible for creating the algorithm, the person supervising its operation or the one
who approved the AI in the diagnostic process [16]. Attention is drawn to the need to protect
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patients' personal data and their medical history - sensitive data necessary for the proper
functioning of AI - and to respect the patient's privacy and will, including the right to refuse to
diagnose with the help of an algorithm [17].

Breast cancer
Breast cancer is second most frequent cancer and ranks the second as cause of

death among women around the world [18]. The earliest signs of breast cancer are usually
invisible and easily overlooked, so the screening methods like mammography and ultrasound
must be performed regularly. There is no doubt that image-based diagnosis has some
restrictions like the presence of noise in images, inadequate clarity, poor contrast and
radiologist’s competencies like visual perception ability or experience [19] Maybe, the AI
could help in breast cancer diagnosis and make it more accurate and quicker.

Comparing an ability to diagnose lesions by radiologists and AI, it was
observed, that AI system showed better diagnostic results than human readers. In this study,
the lesions of maximum intensity projection (MIP) in dynamic contrast-enhanced (DCE)
breast magnetic resonance imaging (MRI) were evaluated. The AI system calculated the
possibilities of malignancy using RetinaNet, while radiologist’s task was to classified the
lesions as benign or malignant. 13 normal, 20 benign and 52 malignant cases were classified.
The AI achieved the highest scores in terms of sensitivity, specificity, and area under the
receiver operating characteristic curve (AUC) and they were 0.926, 0.828 and 0.925,
respectively. In comparison, human readers without AI – 0.847, 0.841 and 0.884 and human
readers with AI using – 0.889, 0.823 and 0.899 [20].

AI system may be useful not only in MRI evaluation, but also in ultrasound images
classification. In the Quan Xia research, they compared breast lesions classification in the
system recommended by the American Society of Radiology (BI-RADS) for each breast mass
evaluated by doctor and AI. AI had high sensitivity – 95.8%, specificity – 93.8%, and
accuracy – 89.6%, while senior doctors reached lower scores – 79.2%, 81.3% and 60.5%,
respectively (Junior doctor: 75.0%, 68.8%, 43.8%). The highest effectiveness was achieved
due to the help of AI in senior doctor’s work, because sensitivity was 100% and others,
specificity – 93.8% and accuracy – 93.8%. The AI, in this research, diagnosed lesions better
than doctors and improved the quality of breast cancer ultrasound diagnosis by physicians
[21].

Prostate cancer
Prostate cancer (PCa) as one of the most frequent cancers in male population [22]

poses a number of diagnostic difficulties, in managing of which AI may constitute a great
contribution. Even though the 2020 EAU-EANM-ESTRO-ESUR-SIOG Guidelines on
Prostate Cancer [23] recommend the use of multiparametric magnetic resonance imaging
(mpMRI) – guided biopsies, which are superior to previously used transrectal
ultrasonography-guided biopsies in both sensitivity and specificity, especially the specificity
of up to 81% is thought to be possible to further increase [24]. The rise in detectability of
clinically insignificant, indolent lesions is considered crucial to decrease the amount of
unnecessarily performed biopsies. In the use of MRI-based diagnosis, AI is currently utilised
for the lesion detection, localisation and the assessment of its aggressiveness. AI systems are
sustainable to process biopsy images as well, including differentiation between PCa and
benign prostatic hyperplasia (BPH), Gleason grading, local staging, or even the prediction of
recurrence. Important problem possible to solve with the implementation of AI is the lack of
the diagnosis reproducibility, common due to differing level of pathologists’ experience [25].

Syer et al. in their 2021 systematic review included data from 27 studies that met the
following criteria: PCa detection/classification evaluation of AI system, comparison of its
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efficacy with radiologist’s against histopathological diagnosis reference, patients were not
treated for PCa before, and the full text was available. The studies with cohorts of less than 30
patients were not included, as well as the ones with incomplete information given to the
radiologists (eg. only one sequence). A number of studies reported superiority of AI
diagnostic capabilities comparing to radiologist, although majority of them were performed
on the data small, internal patient groups. Evaluation of the studies on larger, external datasets
didn’t show that supremacy. Data synthesis of the review resulted in a report of insufficient
evidence for the AI efficacy in that matter and lack of justification for its clinical deployment
at present [26]. The use of AI for histopathological diagnosis although less tested, have had
far more promising results. First, promising attempts of cancer detection was started by
Litjens et al. in 2016 on small datasets [27], but in 2019 Campanella et al. evaluated the
possible utility of deep learning system in cancer detection of 15178 patients, basing on 44732
slide images of core needle biopsies [28]. As calculated by Perincheri et al. in their validation
study, the algorithm developed by Campanella et al. had sensitivity of 97,7% and specificity
of 99,3% [29]. Further research showed the AI efficacy in distinguishing between benign and
malignant cores, or Gleason grading – the results achieved by the system in Strom et al. study
were comparable to ones assessed by international expert pathologists [30]. The AI-based
algorithm of Pantanowitz et al. was tested in similar conditions, which resulted in it’s high
efficacy and successful validation and clinical deployment [31]. The AI-based analysis of
biopsy slides in case of PCa seem to have far more potential than radio imaging-based
algorithms, although further advances are sought to be made, for example frozen section
analysis, or intraoperative histological examination.

Skin cancer
Developing artificial intelligence based diagnostic methods has become a trend in

diagnostics of melanoma and skin cancer. According to Skin Cancer Foundation data, the
global incidence of skin cancer is increasing annually [32]. There is significant variation in
incidence around the world, with the highest rates in Australia (37 cases per 100,000) and the
lowest in South-Central Asia (0.2 per 100,000) [33]. The gold standard for melanoma and
skin cancer diagnosis is histopathological assessment.

Convolutional neural networks (CNN) are an example of using AI in melanoma and
skin cancer diagnostics. CNN are supervised and trained to analyze visual aspects of skin
lesions, such as diameter, shapes, colors, patterns etc. CNN during their training phase need
guidance with verified diagnosis of every image they learn. Therefore, the main issue of
effectively using them is to create a reliable dataset of images of the highest quality. First
study comparing CNN and dermatologists performance was published by Esteva et al. in 2017
[34]. Dermatologists mean sensitivity was 86.6%. At this sensitivity, doctors specifity (71.3%)
was significantly lower than CNN’ specifity (82.5%). Other comparison studies made by
Haenssle [35], Tschandl [36] and Fujisawa [37] showed that CNN specifity in results is equal
or not inferior to those made by dermatologists. Tschandl proved that CNN are as precise as
dermatologists in classifying both pigmented and unpigemented skin lesions. In lesions of
basal skin carcinoma or Bowen’s disease, the doctors were outperformed by CNN (diagnoses
made by doctors of basal skin carcinoma were accurate in 51% while diagnoses made by
CNN were accurate in 85% of cases) [36].

Population diversity may be the biggest barrier in using CNN on a greater scale.
Sensitivity of CNN drops from 91% to 85.5% when results from one hospital are used to
compare with results from another hospital with different population [38]. Skin lesions in
melanoma may look unalike in different populations, what complicates training process of
CNN. Results with satisfactory sensitivity gathered from images of skin lesions from one
group of patients may not be easily transferable to a different group [39]. Rajpara study
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showed that traditional dermatoscopy and artificial intelligence performed equally well for
diagnosis of melanoma lesions. Sensitivity of artificial intelligence outperformed
dermatoscopy (91% for AI compared to 88% for dermatoscopy) [40]. Unsuprisingly, the best
outcome is achieved when human and artificial intelligence are combined [41]. In Hekler's
study mean accuracy of physicians was 42.94%, mean accuracy of CNN was 81.59% and
mean accuracy of physician-computer fusion was 82.95%.

Colorectal cancer
Colorectal cancer (CRC) is the most common type of cancer that develops in the

digestive system and is the fourth most common cause of cancer death in the world [42]. In
2012, approximately 1.36 million new cases of CRC were detected and approximately
690,000 deaths were recorded as a result of it. Currently, endoscopic examinations, especially
colonoscopy, are considered to be the most frequently used and the most sensitive and
specific methods in the early detection of CRC [43,44]. Nevertheless, the use of this method
entails certain difficulties, among which we can distinguish the lack of cooperation on the part
of the patient, the lack of information about the family history, which is very important when
it comes to the genetic basis of CRC, difficulties in performing the test, its cost and risk of
complications [45]. Hence, much effort is currently spent on developing effective strategies
for early diagnosis, monitoring of disease progression and relapse.

Recent studies indicate the importance of the use of artificial intelligence systems in
the diagnosis and treatment planning of CRC, which not only translates into high efficiency of
screening programs but also significantly affects the five-year survival rate of patients who
received appropriate treatment. The rapid development of AI meant that colonoscopy became
an appropriately sensitive examination, thanks to the implementation of methods of automatic
detection of colon polyps using energy maps (Fernandez-Esparrach et al., 2016) or the
classification of polyps as hyperplastic or adenomatous (Zhang et al., 2017) [46,47].
Additionally, the 2015 Infocus-Breakpoint system can measure the area of neoplasia with
millimeter accuracy in the case of non-polypomatous CRC [48].

Histopathological examination of endoscopic specimens is essential for the diagnosis
and evaluation of colon cancer. The results, however, depend on the experience and
knowledge of the pathologist. Hence, the use of AI can automatically classify and diagnose
biopsy samples, greatly improving the accuracy of diagnosis while reducing time and cost
[49–51].

Blood tests are a non-invasive, sensitive, and relatively cheap diagnostic method.
Hence, the continuous improvement of the sensitivity of this type of test method may
contribute to the improvement of early detection of CRC. Soares et al. developed a
classification method based on blood fluorescence spectroscopy [52]. Artificial intelligence
has also been found to play an important role in genetic testing for CRC. For this reason, Hu
et al. designed an experiment comparing the accuracy of three different neural networks (S-
Kohonen, BP, and SVM) to the classification of cancer-based on gene expression. 15 genetic
markers have been identified as predictors of recurrence risk and prognosis for colon cancer
patients through a series of screening and validation tests [53].

Conclusions
Artificial intelligence plays an increasingly important role in medical diagnostics. Year

by year, the algorithms are improved and the range of AI applications becomes wider. One of
the most important applications of this technology is cancer diagnostics. Algorithms are most
often used to detect cancerous changes on radiographs or other standardized samples. This
process is preceded by an algorithm training, during which, under the supervision of a
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specialist, large amounts of data are presented to AI and alarming patients results are
indicated.

This article analyzed the diagnostic efficacy of artificial intelligence in several of the
most common cancers. The research results are very promising and indicate the high
effectiveness of AI. In the case of breast cancer diagnostics, high accuracy of AI has been
demonstrated in both MRI and ultrasound analysis of lesions, especially when the analysis
was supported by the opinion of clinicians. In prostate cancer diagnosis, AI is used in lesion
detection, localization and the assessment of its aggressiveness. The use of AI to differentiate
PCa from BPH may prove particularly important, which may help to reduce the number of
unnecessary prostate biopsies. Additionally, significant effectiveness (sensitivity: 97.7%;
specificity: 99.3%) of the algorithms analyzing prostate biopsy materials in search of PCa was
demonstrated. AI in prostate cancer can also compensate for the lack of reproducibility of
diagnoses caused by differences in the experience of pathologists. It should also be noted that
the diagnoses made by the same algorithm differ significantly in the case of different patients
diagnosed for skin cancer. Contrary to changes at the cellular level, macroscopic skin lesions
can differ significantly between populations, which significantly limits the possibility of using
one algorithm on different patient groups. Nevertheless, CNN is able to analyze various
aspects of skin lesions (diameter, shape, color, patterns) and does not differ from the accuracy
presented by specialist doctors, and even obtains better results than them. Also in this case,
the greatest effectiveness is obtained when AI and doctors join forces. Successful diagnosis of
colorectal cancer by AI contributed both to an increase in the effectiveness of screening
programs and to a better five-year survival rate of patients who received more adequate
treatment. The studies indicate the high accuracy of AI in the examination of samples for
CRC and the potential of AI in detecting prognostic markers for this cancer.

For medical diagnostics with the use of artificial intelligence to develop, further
research is needed, including the improvement of existing algorithms and the creation of new
ones. It will also be necessary to resolve many ethical issues related to the use of AI in the
diagnosis and treatment of patients, as well as the social standardization of the use of
computer data analysis in therapy. However, this effort has the potential to significantly
improve the diagnosis and therapy of cancer patients.

List of references
1. Kaplan A, Haenlein M. Siri, Siri in my Hand, who’s the Fairest in the Land? On the

Interpretations, Illustrations and Implications of Artificial Intelligence. Business Horizons.
2019;62(1), 15-25.

2. Hausman DM. What Is Cancer. Perspect Biol Med. 2019;62(4):778-784.
3. Mei X, Lee HC, Diao KY, Huang M, Lin B, Liu C, Xie Z, Ma Y, Robson PM, Chung M,

Bernheim A, Mani V, Calcagno C, Li K, Li S, Shan H, Lv J, Zhao T, Xia J, Long Q,
Steinberger S, Jacobi A, Deyer T, Luksza M, Liu F, Little BP, Fayad ZA, Yang Y.
Artificial intelligence-enabled rapid diagnosis of patients with COVID-19. Nat Med.
2020;26(8):1224-1228.

4. Jin C, Chen W, Cao Y, Xu Z, Tan Z, Zhang X, Deng L, Zheng C, Zhou J, Shi H, Feng J.
Development and evaluation of an artificial intelligence system for COVID-19 diagnosis.
Nat Commun. 2020;11(1):5088.

5. Shi F, Wang J, Shi J, Wu Z, Wang Q, Tang Z, He K, Shi Y, Shen D. Review of Artificial
Intelligence Techniques in Imaging Data Acquisition, Segmentation, and Diagnosis for
COVID-19. IEEE Rev Biomed Eng. 2021;144-15.

6. Liu X, Chen K, Wu T, Weidman D, Lure F, Li J. Use of multimodality imaging and
artificial intelligence for diagnosis and prognosis of early stages of Alzheimer’s disease.
Transl Res. 2018;19456-67.



119

7. Verma RK, Pandey M, Chawla P, Choudhury H, Mayuren J, Bhattamisra SK, Gorain B,
Raja MAG, Amjad MW, Obaidur Rahman S. An insight into the role of Artificial
Intelligence in the early diagnosis of Alzheimer’s disease. CNS Neurol Disord Drug
Targets. 2021

8. Huang S, Yang J, Fong S, Zhao Q. Artificial intelligence in cancer diagnosis and
prognosis: Opportunities and challenges. Cancer Lett. 2020;47161-71.

9. Li X, Hu B, Li H, You B. Application of artificial intelligence in the diagnosis of multiple
primary lung cancer. Thorac Cancer. 2019;10(11):2168-2174.

10. Chen PC, Gadepalli K, MacDonald R, Liu Y, Kadowaki S, Nagpal K, Kohlberger T, Dean
J, Corrado GS, Hipp JD, Mermel CH, Stumpe MC. An augmented reality microscope with
real-time artificial intelligence integration for cancer diagnosis. Nat Med.
2019;25(9):1453-1457.

11. Lane CA, Hardy J, Schott JM. Alzheimer’s disease. Eur J Neurol. 2018;25(1):59-70.
12. Eyigoz E, Mathur S, Santamaria M, Cecchi G, Naylor M. Linguistic markers predict onset

of Alzheimer's disease. EClinicalMedicine. 2020;28:100583.
13. Guan Y, Wang P, Wang Q, Li P, Zeng J, Qin P, Meng Y. Separability of Acute Cerebral

Infarction Lesions in CT Based Radiomics: Toward Artificial Intelligence-Assisted
Diagnosis. Biomed Res Int. 2020;8864756.

14. Boreak N. Effectiveness of Artificial Intelligence Applications Designed for Endodontic
Diagnosis, Decision-making, and Prediction of Prognosis: A Systematic Review. J
Contemp Dent Pract. 2020;21(8):926-934.

15. Zhang D, Liu X, Shao M, Sun Y, Lian Q, Zhang H. The value of artificial intelligence and
imaging diagnosis in the fight against COVID-19. Pers Ubiquitous Comput. 2021;1-10.

16. Neri E, Coppola F, Miele V, Bibbolino C, Grassi R. Artificial intelligence: Who is
responsible for the diagnosis? Radiol Med 2020;125(6):517.

17. Jaremko JL, Azar M, Bromwich R, Lum A, Alicia Cheong LH, Gibert M, Laviolette F,
Gray B, Reinhold C, Cicero M, Chong J, Shaw J, Rybicki FJ, Hurrell C, Lee E, Tang A,
Canadian AORCARAIWG. Canadian Association of Radiologists White Paper on Ethical
and Legal Issues Related to Artificial Intelligence in Radiology. Can Assoc Radiol J.
2019;70(2):107-118.

18. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, Parkin DM, Forman
D, Bray F. Cancer incidence and mortality worldwide: sources, methods and major
patterns in GLOBOCAN 2012. Int J Cancer. 2015;136(5):E359-86.

19. Giger ML. Computer-aided diagnosis in radiology. Acad Radiol. 2002;9(1):1-3.
20. Adachi M, Fujioka T, Mori M, Kubota K, Kikuchi Y, Xiaotong W, Oyama J, Kimura K,

Oda G, Nakagawa T, Uetake H, Tateishi U. Detection and Diagnosis of Breast Cancer
Using Artificial Intelligence Based assessment of Maximum Intensity Projection Dynamic
Contrast-Enhanced Magnetic Resonance Images. Diagnostics (Basel). 2020;10(5):E330

21. Differential diagnosis of breast cancer assisted by S-Detect artificial intelligence system
[Internet]. [cited 2021 Sep 1]. Available from:
https://www.aimspress.com/article/10.3934/mbe.2021184

22. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, Bray F. Global
Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for
36 Cancers in 185 Countries. CA Cancer J Clin. 2021;71(3):209-249.

23. Mottet N, van den Bergh RCN, Briers E, Van den Broeck T, Cumberbatch MG, De Santis
M, Fanti S, Fossati N, Gandaglia G, Gillessen S, Grivas N, Grummet J, Henry AM, van
der Kwast TH, Lam TB, Lardas M, Liew M, Mason MD, Moris L, Oprea-Lager DE, van
der Poel HG, Rouvière O, Schoots IG, Tilki D, Wiegel T, Willemse PM, Cornford P.
EAU-EANM-ESTRO-ESUR-SIOG Guidelines on Prostate Cancer-2020 Update. Part 1:



120

Screening, Diagnosis, and Local Treatment with Curative Intent. Eur Urol.
2021;79(2):243-262.

24. Alabousi M, Salameh JP, Gusenbauer K, Samoilov L, Jafri A, Yu H, Alabousi A.
Biparametric vs multiparametric prostate magnetic resonance imaging for the detection of
prostate cancer in treatment-naïve patients: a diagnostic test accuracy systematic review
and meta-analysis. BJU Int. 2019;124(2):209-220.

25. Cuocolo R, Cipullo MB, Stanzione A, Ugga L, Romeo V, Radice L, Brunetti A, Imbriaco
M. Machine learning applications in prostate cancer magnetic resonance imaging. Eur
Radiol Exp. 2019;3(1):35.

26. Syer T, Mehta P, Antonelli M, Mallett S, Atkinson D, Ourselin S, Punwani S. Artificial
Intelligence Compared to Radiologists for the Initial Diagnosis of Prostate Cancer on
Magnetic Resonance Imaging: A Systematic Review and Recommendations for Future
Studies. Cancers (Basel). 2021;13(13):3318

27. Litjens G, Sánchez CI, Timofeeva N, Hermsen M, Nagtegaal I, Kovacs I, Hulsbergen-van
de Kaa C, Bult P, van Ginneken B, van der Laak J. Deep learning as a tool for increased
accuracy and efficiency of histopathological diagnosis. Sci Rep. 2016;626286.

28. Campanella G, Hanna MG, Geneslaw L, Miraflor A, Werneck Krauss Silva V, Busam KJ,
Brogi E, Reuter VE, Klimstra DS, Fuchs TJ. Clinical-grade computational pathology
using weakly supervised deep learning on whole slide images. Nat Med. 2019;25(8):1301-
1309.

29. Perincheri S, Levi AW, Celli R, Gershkovich P, Rimm D, Morrow JS, Rothrock B, Raciti
P, Klimstra D, Sinard J. An independent assessment of an artificial intelligence system for
prostate cancer detection shows strong diagnostic accuracy. Mod Pathol.
2021;34(8):1588-1595.

30. Ström P, Kartasalo K, Olsson H, Solorzano L, Delahunt B, Berney DM, Bostwick DG,
Evans AJ, Grignon DJ, Humphrey PA, Iczkowski KA, Kench JG, Kristiansen G, van der
Kwast TH, Leite KRM, McKenney JK, Oxley J, Pan CC, Samaratunga H, Srigley JR,
Takahashi H, Tsuzuki T, Varma M, Zhou M, Lindberg J, Lindskog C, Ruusuvuori P,
Wählby C, Grönberg H, Rantalainen M, Egevad L, Eklund M. Artificial intelligence for
diagnosis and grading of prostate cancer in biopsies: a population-based, diagnostic study.
Lancet Oncol. 2020;21(2):222-232.

31. Pantanowitz L, Quiroga-Garza GM, Bien L, Heled R, Laifenfeld D, Linhart C, Sandbank J,
Albrecht Shach A, Shalev V, Vecsler M, Michelow P, Hazelhurst S, Dhir R. An artificial
intelligence algorithm for prostate cancer diagnosis in whole slide images of core needle
biopsies: a blinded clinical validation and deployment study. Lancet Digit Health.
2020;2(8):e407-e416.

32. S. C. Foundation, "Skin Cancer Facts and Statistics," Online, Jan. 2017. [Internet]. [cited
2021 Sep 31]. Available from: https://www.skincancer.org/skin-cancer-information/skin-
cancer-facts/

33. Ali Z, Yousaf N, Larkin J. Melanoma epidemiology, biology and prognosis. EJC Suppl.
2013;11(2):81-91.

34. Esteva A, Kuprel B, Novoa RA, Ko J, Swetter SM, Blau HM, Thrun S. Dermatologist-
level classification of skin cancer with deep neural networks. Nature.
2017;542(7639):115-118.

35. Haenssle HA, Fink C, Schneiderbauer R, Toberer F, Buhl T, Blum A, Kalloo A, Hassen
ABH, Thomas L, Enk A, Uhlmann L, Reader SL-IAL-IIG, Alt C, Arenbergerova M,
Bakos R, Baltzer A, Bertlich I, Blum A, Bokor-Billmann T, Bowling J, Braghiroli N,
Braun R, Buder-Bakhaya K, Buhl T, Cabo H, Cabrijan L, Cevic N, Classen A, Deltgen D,
Fink C, Georgieva I, Hakim-Meibodi LE, Hanner S, Hartmann F, Hartmann J, Haus G,
Hoxha E, Karls R, Koga H, Kreusch J, Lallas A, Majenka P, Marghoob A, Massone C,



121

Mekokishvili L, Mestel D, Meyer V, Neuberger A, Nielsen K, Oliviero M, Pampena R,
Paoli J, Pawlik E, Rao B, Rendon A, Russo T, Sadek A, Samhaber K, Schneiderbauer R,
Schweizer A, Toberer F, Trennheuser L, Vlahova L, Wald A, Winkler J, Wölbing P,
Zalaudek I. Man against machine: diagnostic performance of a deep learning
convolutional neural network for dermoscopic melanoma recognition in comparison to 58
dermatologists. Ann Oncol. 2018;29(8):1836-1842.

36. Tschandl P, Rosendahl C, Akay BN, Argenziano G, Blum A, Braun RP, Cabo H,
Gourhant JY, Kreusch J, Lallas A, Lapins J, Marghoob A, Menzies S, Neuber NM, Paoli J,
Rabinovitz HS, Rinner C, Scope A, Soyer HP, Sinz C, Thomas L, Zalaudek I, Kittler H.
Expert-Level Diagnosis of Nonpigmented Skin Cancer by Combined Convolutional
Neural Networks. JAMA Dermatol. 2019;155(1):58-65.

37. Fujisawa Y, Otomo Y, Ogata Y, Nakamura Y, Fujita R, Ishitsuka Y, Watanabe R,
Okiyama N, Ohara K, Fujimoto M. Deep-learning-based, computer-aided classifier
developed with a small dataset of clinical images surpasses board-certified dermatologists
in skin tumour diagnosis. Br J Dermatol. 2019;180(2):373-381.

38. Schadendorf D, van Akkooi ACJ, Berking C, Griewank KG, Gutzmer R, Hauschild A,
Stang A, Roesch A, Ugurel S. Melanoma. Lancet. 2018;392(10151):971-984.

39. Tschandl P. Artificial intelligence for melanoma diagnosis. Ital J Dermatol Venerol. 2021
Jun;156(3):289-299.

40. Rajpara SM, Botello AP, Townend J, Ormerod AD. Systematic review of dermoscopy and
digital dermoscopy/ artificial intelligence for the diagnosis of melanoma. Br J Dermatol.
2009;161(3):591-604

41. Hekler A, Utikal JS, Enk AH, Hauschild A, Weichenthal M, Maron RC, Berking C,
Haferkamp S, Klode J, Schadendorf D, Schilling B, Holland-Letz T, Izar B, von Kalle C,
Fröhling S, Brinker TJ, Collaborators. Superior skin cancer classification by the
combination of human and artificial intelligence. Eur J Cancer. 2019;120114-121.

42. Mármol I, Sánchez-de-Diego C, Pradilla Dieste A, Cerrada E, Rodriguez Yoldi MJ.
Colorectal Carcinoma: A General Overview and Future Perspectives in Colorectal Cancer.
Int J Mol Sci. 2017;18(1):197

43. Doubeni CA, Corley DA, Quinn VP, Jensen CD, Zauber AG, Goodman M, Johnson JR,
Mehta SJ, Becerra TA, Zhao WK, Schottinger J, Doria-Rose VP, Levin TR, Weiss NS,
Fletcher RH. Effectiveness of screening colonoscopy in reducing the risk of death from
right and left colon cancer: a large community-based study. Gut. 2018;67(2):291-298.

44. Nie H, Wang Y, Liao Z, Zhou J, Ou C. The function and mechanism of circular RNAs in
gastrointestinal tumours. Cell Prolif. 2020;53(7):e12815.

45. Ling BS, Schoen RE, Trauth JM, Wahed AS, Eury T, Simak DM, Solano FX, Weissfeld
JL. Physicians encouraging colorectal screening: a randomized controlled trial of
enhanced office and patient management on compliance with colorectal cancer screening.
Arch Intern Med. 2009;169(1):47-55.

46. Zhang R, Zheng Y, Mak TW, Yu R, Wong SH, Lau JY, Poon CC. Automatic Detection
and Classification of Colorectal Polyps by Transferring Low-Level CNN Features From
Nonmedical Domain. IEEE J Biomed Health Inform. 2017;21(1):41-47.

47. Fernández-Esparrach G, Bernal J, López-Cerón M, Córdova H, Sánchez-Montes C,
Rodríguez de Miguel C, Sánchez FJ. Exploring the clinical potential of an automatic
colonic polyp detection method based on the creation of energy maps. Endoscopy.
2016;48(9):837-842.

48. Chadebecq F, Tilmant C, Bartoli A. How big is this neoplasia? live colonoscopic size
measurement using the Infocus-Breakpoint. Med Image Anal. 2015;19(1):58-74.

49. Acs B, Rantalainen M, Hartman J. Artificial intelligence as the next step towards
precision pathology. J Intern Med. 2020;288(1):62-81.



122

50. Sirinukunwattana K, Ahmed Raza SE, Yee-Wah Tsang null, Snead DRJ, Cree IA,
Rajpoot NM. Locality Sensitive Deep Learning for Detection and Classification of Nuclei
in Routine Colon Cancer Histology Images. IEEE Trans Med Imaging. 2016;35(5):1196–
206.

51. Rathore S, Hussain M, Aksam Iftikhar M, Jalil A. Novel structural descriptors for
automated colon cancer detection and grading. Comput Methods Programs Biomed.
2015;121(2):92-108.

52. Soares F, Becker K, Anzanello MJ. A hierarchical classifier based on human blood
plasma fluorescence for non-invasive colorectal cancer screening. Artif Intell Med.
2017;821-10.

53. Hu HP, Niu ZJ, Bai YP, Tan XH. Cancer classification based on gene expression using
neural networks. Genet Mol Res. 2015;14(4):17605-17611.


	Introduction and purpose
	Description of the state of knowledge 
	Methods, effectiveness and moral objections


