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    Artificial intelligence (AI) brought me a breakthrough regarding clinical data and computer models. Nowadays, with the development of AI significantly advances progress, we hope the researcher can utilize this modern technology to improve clinical accuracy such as diagnosis, prognosis, therapeutic, and so on. Clinical work is filled enough with patients and they need AI help to minimize workload and improve the high efficiency of the medical assignment.




    Titled “Current and Prevalent Trends in Clinical Medicine with Artificial Intelligence” this book included AI application in cancer diagnosis and prognosis, AI accelerates the development and transformation of the medical care AI in China’s COVID-19 Pandemic and AI experience of fighting with the COVID-19. All readers welcome to read. In this book, you can learn the AI technology with Clinical knowledge., the latest advance of AI application in the clinic, even now, it can be applied in the COVID-19 pandemic. We are trying to collect the latest issue regarding AI in Clinical Oncology.




    In preparing this book we have had the privilege of collaborating with outstanding contributors from leading comprehensive cancer and computer specialist. We believe that the authors’ expertise, distinguished pieces of knowledge, and multidisciplinary approaches provide a valuable source of information and can guide decision-making for physicians and clinical researchers.




    All physicians active in the field of cancer diagnosis and treatment (oncologists, oncologic surgeons, radiation oncologists, nuclear medicine physicians, and radiologists) and computer specialists on artificial intelligence are the target audience for this book. The book can also be used to train young specialists who are preparing for a multidisciplinary crossover examination.




    We dedicate this book to those who treat people with dignity and respect and to organizations and individuals committed to building a peaceful world.






    

      Shigao Huang


      Faculty of Health Science


      University of Macau


      Macau China
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      Abstract




      Cancer is a disorder with aggressive, low-median survival. Unfortunately, the healing time is long and expensive owing to high recurrence and mortality rates. It is essential to increase patient survival. Over the years, mathematical and computer engineering advancements have inspired numerous scientists to use quantitative methods to evaluate disease prognosis, such as multivariate statistical analysis, and the precision of these studies is considerably higher than that of observational predictions. However, as artificial intelligence (AI) has found widespread applications in clinical cancer research in recent years, especially machine learning and deep learning, cancer prediction output has reached new heights. The literature on the use of AI for cancer diagnosis and prognosis is discussed in this part. We discuss how AI supports the diagnosis of cancer, especially in terms of its unparalleled precision. We also illustrate forms in which these approaches progress the field. Opportunities and problems are addressed in the clinical application of AI.
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      1. INTRODUCTION




      By allowing significant changes in communication, transportation, and media, Artificial Intelligence (AI) and Machine Learning (ML) have an enormous effect on our daily lives. AI has also recently achieved incredible heights in the science of clinical cancer. It is used to help in cancer diagnosis and prognosis, considering its unparalleled degree of sensitivity, far higher than that of a general statistical expert [1].




      The most complex disease condition of all is cancer, which may be malignant. Numbers for 2018 showed around 9.6 million cancer deaths worldwide. Although the incidence of cancer mortality from the US has been estimated to decrease by 27%, this evidence does not reassure the present estimates since the number of cases of cancer reported each year has not decreased [2]. Almost 1.7 million new cases of cancer were reported in 2019, and 0.6 million deaths were recorded. It is necessary to study and practise such clinical techniques that help minimise the likelihood of mortality, considering the current scenario. The technology of AI for healthcare reform flourishes every day. Large data can be learned and understood from this scientific breakthrough [3].




      In the early stages, cancer is impossible to diagnose, and there are chances of recurrence after treatment. In comparison, precise, high-security disease predictions are very difficult. A simple search of the literature shows that the number of research papers on cancer has increased exponentially, especially those involving AI tools and large databases containing historical clinical cases for AI models [4]. In retrospective trials, the common approach is to obtain basic clinical results along through the use of the traditional TNM staging system (based on tumour size (T), the spread of cancer to nearby lymph nodes (N), and the spread of cancer to other parts of the body (M, for metastasis), yet incorrect prognosis seems to be a bottleneck for clinicians [5].




      Given the importance of time for cancer patients, AI has been widely used in clinical cancer studies over the years due to its usefulness and advantages. The present study selected and analysed PubMed, Google Scholar, CNKI, and WANFANG datasets from 1995-2019. Using matching keywords, 3594 papers were identified to be related to AI cancer studies in these databases. One thousand one hundred thirty-six documents, from a total of 2458 papers, were found similar and deleted. These papers were further examined for relevance using their headings/abstracts, and 2365 papers were deemed significant. We included 126 full-text papers on cancer detection and prognosis utilizing AI using a forward citation search [6].




      As vast numbers of cancer-diagnosed patients and those who have endured multiple treatments have accrued through the years, it is possible that early cancer diagnosis will be improved using this archive.


    




    

      2. MAJOR CANCER TYPE




      Men are mostly vulnerable to prostate, colorectal, and lung cancers. Together, they account for 42 percent of all diagnoses in adults, with almost 1 in 5 new cases of prostate cancer alone.




      For women, breast, prostate, and colorectal cancer are the three most prevalent cancers. Together, they account for half of all incidents, with 30% of new cases of breast cancer alone.




      Such malignancies also blame for the largest number of casualties. Lung cancer accounts for almost one-quarter of all cancer deaths recorded worldwide. Data published by ourworldindata.org/cancer shows deaths reported by different cancers as well as internationally as shown in Fig. (1).
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Fig. (1))


      Death caused globally due to cancers reported in 2017 [7].



      

        2.1. Lung Cancer




        Uncontrolled cell proliferation of lung tissues is the cause of lung cancer. From 1990 to 2016, mortality rates attributed to lung cancer decreased by 48 percent among men and 23 percent among women from 2002 to 2016. The number of new cases of lung cancer fell by 3 percent per year in men and 1.5 percent per year in women from 2011 to 2015. The disparities represent past trends in the usage of cigarettes, where several years later, women started smoking in significant numbers than women. Smoking habits do not seem to justify the higher lung cancer incidences recorded in women relative to men born around the 1960s [2] as shown in Fig. (2).




        
[image: ]


Fig. (2))


        Cancerous growth in lungs as diagnosed by AI [8]. An intelligent software system for lung cancer diagnostics has been developed by researchers from Peter the Great St.Petersburg Polytechnic University (SPbPU). The system analyzed anonymized CT images of 60 patients at the Oncological Center, and the focal nodules in lungs of small sizes (2 mm) could be successfully found.

      




      

        



        2.2. Breast Cancer




        Although breast cancer can occur in males and females, it is more potent in females. From 1989 to 2016, breast cancer mortality rates of women plunged 40%. This risk reduction is attributed to developments in early detection. The use of DNN as a breast cancer tool has been recorded with 96% precision [6] as shown in Fig. (3).


      




      

        



        2.3. Prostate Cancer




        It is the most prevalent type of cancer in men but not necessarily fatal. Many patients with prostate cancer die from this malignancy rather than collapse. Death rates for male prostate cancer dropped to 51% from 1993 till 2016. Owing to high over-diagnosis rates, routine screening with PSA blood testing is no longer recommended. Therefore, fewer prostate cancer reports are found [2] as shown in Fig. (4).
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Fig. (3))


        Breast cancer imaging using AI [9]. IEEE fellow Karen Panetta has built an AI technology to distinguish breast cancer cells from non-cancer cells by analyzing biopsy images. If a cancer is present, the AI tool will also determine the grade of cancer.
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Fig. (4))


        AI helping early diagnosis of prostate cancer [10]. Radboud University Medical Center researchers have advanced a “deep learning” system that is more accurate than most pathologists in determining the aggressiveness of prostate cancer. The AI system, based on data from more than 1,200 patients, self-diagnoses itself to identify prostate cancer using tissue samples for diagnosis.

      




      

        



        2.4. Colorectal Cancer




        Colorectal cancer death rates declined by 53% from 1970 to 2016, thanks to increased screening and treatment advancements. Since the mid-1990s, however, new cases of colorectal cancer have increased by around 2 percent per year in people younger than age 55 [11] Fig. (5).
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Fig. (5))


        Colorectal cancer diagnosis using AI [12]. AI has shown promising results in terms of accuracy in diagnosing CRC. However, the size and quality of training and validation datasets from most studies are relatively limited to apply the technology to clinical practice. In addition, external cross-validation is needed, especially for tumor classification.

      




      

        



        2.5. Development in Diagnostic Tools




        The decline in the death rate of cancer patients has been determined over time to be closely linked to early detection and adequate care [13]. The current technique is to use AI to achieve outcomes faster than the classical methods of diagnosis. The invention of the Virtual Reality Microscope (ARM) would continue to increase the functioning of the current procedure since it will be cost-effective, with readily accessible materials without the requirement for the study of whole slide graphical representations of the tissue.




        Chinese researchers used detailed segmentation of brain tumours in AI and machine learning [14, 15]. For the detection of brain tumour and the assessment of surgical alternatives, tumour segmentation is important. Surgeons usually manually conduct personalised tumour segmentation, but their findings are not consistent. The results are correct, accurate, and reliable, preferring the usage of this established method.




        SOPHiA GENETICS provides genomic software specifically developed to precisely classify the diverse mutational environment of large solid tumours such as lung, colorectal, skin, and brain cancers. They have licensed an AI-based cancer test kit that analyses patient DNA samples. It will accurately identify mutations/alterations in 42 genes related to solid cancers.




        Tumours are either benign or malignant; not all tumours are cancerous. Recently, researchers from the University of Southern California's Viterbi School of Engineering have trained a machine-learning algorithm to distinguish between benign and malignant tumors for synthetic samples of breast cancer with an 80% accuracy rate.




        In the study of the mammogram images and for the accurate diagnosis of breast cancer, Yala and his team evaluated and compared the diagnostic abilities of both the TC model and the coevolutionary neural network (new algorithm) and concluded that it dramatically enhanced risk discrimination [16].




        Global developments in medical science in regions such as China, the USA, and Europe have demonstrated that AI requires time for adequate and prompt detection and detailed and reliable prognosis of deadly diseases such as cancer. Cancer prognosis provides estimates of recurrence of diseases and recovery of patients, with the goal of enhancing patient management [17, 18].




        To evaluate the data collected from cancer patients, various mathematical models were used. By maintaining and reproducing the data, AI made the job simpler. Enshaei A et al. [19] contrasted a number of algorithms and classifiers with traditional statistical logistic regression approaches to demonstrate that AI may play a role in providing prognostic and predictive approaches.


      


    




    

      



      3. Artificial Intelligence (AI) in Precision Medicine




      Precision medicine theory operates on a customised patient care treatment approach based on the genomic understanding of the disease. This counselling method is not new, but patients with the same symptoms are usually treated on the same lines, ignoring the fact that each person has different responses due to different genetic compositions. A personalised medicinal approach that lets doctors select the patient's best treatment option is precision medicine or tailored medicine.




      AI makes remarkable advances in drug discovery techniques, designing drugs, effectiveness of drugs’ action, exposing molecular drug pathways, co-relating popular conditions, and analysing the most responsive patient population for a particular treatment. After 2016, various pharmaceutical corporations worldwide (such as Pfizer, IBM Watson, Exscientia) have partnered to develop active immune-modulating agents to give prospective patients new immune-oncology therapies. Exscientia, a UK-based company, leads the world of drug growth, researching various aspects of AI to create innovative medicines. They are the pioneers in drug synthesis process automation. GSK and Sanofi partnered with Exscientia to determine particular cancer goals and set specific medicines against these targets [20].




      

        Table 1 AI applied to various kinds of cancer prognosis.




        

          

            

              	Type of Cancer



              	Methods of Study



              	Number of Patients in Study



              	
Age of Patients


              (Years)




              	
Year/


              Region




              	Results



              	References

            


          



          

            

              	Breast Cancer



              	Multimodal DNN



              	1980



              	61



              	2018/


              China



              	Not clear Conclusion



              	Sun et al. [21]

            




            

              	Semi-supervised Learning Model



              	162500



              	N/A



              	2013/


              USA



              	Not clear Conclusion



              	Park et al. [22]

            




            

              	ANN and DT



              	433272



              	60.61



              	2005/


              USA



              	Accuracy: DT (93.6%), ANN (91.2%)



              	Delen et al. [23]

            




            

              	Dynamic Gradient Boosting



              	82707



              	58.38



              	2019/


              USA



              	Accuracy Improved (28%)



              	Lu et al. [24]

            




            

              	Bladder Cancer



              	Statistical Analysis



              	115



              	N/A



              	2019/


              China



              	NEDD8: Poor Prognosis Found



              	Tian et al. [25]

            




            

              	KNN, RF, etc




              	3503



              	67.8



              	2019/


              USA



              	Sensitivity& Specificity (> 70%)



              	Hasnain et al. [26]

            




            

              	Colorectal Cancer



              	Six Neural Networks



              	334



              	N/A



              	1997/


              UK



              	Accuracy (> 80%), mean Sensitivity (60%),



              	Bottaci et al. [27]

            




            

              	Semi-random Regression Tree



              	1568



              	N/A



              	2019/


              China



              	/



              	Wang et al. [28]

            




            

              	



              	LSTM, Naïve Bayes, SVM



              	641



              	N/A



              	2018/


              Finland



              	Hazard Ratio(2.3); CI(95%,1.79–3.03), AUC(0.69)



              	Bychkov et al. [29]

            




            

              	Gastric Cancer



              	Cox Proportional Hazard, ANN



              	436



              	58.43 ± 13.02



              	2011/


              Iran



              	TP(83.1%),



              	Biglarian et al. [30]

            




            

              	ANN



              	289



              	63.20 ± 10.75



              	2013/


              China



              	TP: ANN(85.3%)



              	Zhu et al. [31]

            




            

              	Glioma



              	Improved SVM



              	456



              	N/A



              	2018/


              Taiwan



              	Accuracy(81.8%), ROC(0.922)



              	Lu et al. [32]

            




            

              	GA and Nelder–Mead ML



              	70



              	48±15



              	2018/


              Austria



              	Sensitivity (86%–98%), Specificity (92%–95%)



              	Papp et al. [33]

            




            

              	Long Bone Metastases



              	Multiple Additive Regression Trees



              	927



              	62±13



              	2015/


              USA



              	-



              	Stein et al. [34]

            




            

              	Lung Cancer



              	GBM, SVM



              	10442



              	N/A



              	2017/


              USA



              	RMSE (32,15.05) for GBM, SVM



              	Lynch et al. [35]

            




            

              	SVM with RFE and RF



              	101



              	N/A



              	2018/


              France



              	Accuracy (71%, 59%)



              	Sepehri et al. [36]

            




            

              	Naive Bayes, SVM with Gaussian,



              	168



              	N/A



              	2016/


              Italy



              	-



              	Yu et al. [37]

            




            

              	Oral Cavity Squamous Cell



              	RF, SVM



              	115



              	61.0 ± 12.



              	2017/


              USA



              	AUC (0.72), Accuracy (70.77), Specificity (73.08), Sensitivity


              (61.54)



              	Lu et al. [38]

            




            

              	-



              	364



              	-



              	2019/


              UK



              	RPV: A Novel Prognostic Signature Discovered



              	Lu et al. [39]

            




            

              	Unsupervised Hierarchical



              	469



              	N/A



              	2018/


              Singapore &


              Malaysia



              	Accuracy (80.60 ± 0.5%), Sensitivity (81.40%), Specificity (76.30%)



              	Acharya et al. [40]

            




            

              	Pancreatic Neuroendocrine



              	Clustering



              	8422



              	23–90



              	2018


              China



              	Accuracy (81.6% ± 1.9%), curve(0.87)



              	Song et al. [41]

            




            

              	Spinal Chordoma



              	Fuzzy Forest



              	265



              	-



              	2018


              USA



              	5-year Survival (67.5%)



              	Karhade et al. [42]

            




            

              	SVM, RF, DL



              	



              	59(48–69)



              	-



              	-



              	-

            




            

              	Boosted DT, SVM, ANN



              	-



              	N/A



              	-



              	-



              	-

            


          

        




      




      

        Table 2 AI applied for cancer prognosis by the different researchers.




        

          

            

              	Methods



              	Number of Patients in the Study



              	Region/Year



              	Study Population



              	Results



              	Authors and Year

            


          



          

            

              	DCNN



              	17627



              	China, 2019



              	Both



              	Sensitivity (93.4%), CI (95%,89.6–96.1)



              	Li et al. [43]

            




            

              	CNN



              	203



              	China, 2019



              	Hospital



              	AUC (over 91%)



              	Zhu et al. [44]

            




            

              	Convolutional Autoencoder, Supervised Encoder FusionNet



              	374



              	Italy, 2019



              	Lymphoma and IDC Datasets



              	F-measure Score Improved (5.06%), Accuracy Improved (5.06%)



              	Nadia et al. [45]

            




            

              	CNN



              	Ensemble



              	India, 2019



              	TCGA



              	Accuracy (92.61%)



              	Tabibu et al. [46]

            




            

              	DCNN



              	2566



              	USA, 2018



              	Both



              	AUC(0.85 ± 0.05)



              	Samala et al. [47]

            




            

              	DCNN(inception v3)



              	137



              	USA, 2018



              	TCGA,NCI Genomic Data



              	AUC(0.733–0.856)



              	Coudray et al. [48]

            




            

              	Bayesian network



              	1034



              	Italy, 2018



              	Hospital



              	No conclusion



              	Wu et al. [49]

            




            

              	Decision Tree J48



              	436



              	Italy, 2018



              	Hospital



              	Accuracy (80%)



              	Yi et al. [50]

            




            

              	Inception v3 CNN



              	2032



              	USA, 2017



              	Both



              	AUC (over 91%)



              	Esteva et al. [51]

            




            

              	ANN



              	928



              	Germany, 2002



              	Hospital



              	Specificity Level (90%)



              	Stephan et al. [52]

            




            

              	Multivariate Cluster Analysis



              	98



              	Italy, 1999



              	Hospital



              	No reported conclusion



              	Lorenzo et al. [53]

            


          

        




      




      Overall, researchers use AI in the area of cancer diagnosis and customised medicine for identifying the best care options for cancer patients as shown in Tables 1 and 2. Although excellent results are coming, thorough research is still needed to further improve outcomes [54-57].


    




    

      



      4. Challenges for AI in Cancer Treatment




      However, precision, accuracy and efficiency of AI and machine learning have been established in the diagnosis and prognosis of various cancers; in certain contexts, this method aids in the early diagnosis of cancer-related lethal diseases and has resulted in reducing the reported mortality rates linked to multiple type of cancers . But there is still a long way to go. To ensure its application in cancer diagnosis and prognosis, AI faces certain hurdles to address [58].




      Since images from medical imaging would not be used directly as input data, to maintain the precision and quality of the operation, it is necessary to retrieve and process features from the pictorial data by applying different mathematical models [59]. With the advancement of several AI-based technologies, medical specialists are in dire need to collaborate with machine experts.




      One fear associated with depending on AI and ML is that the physician's value could decline when their efficiency would be superseded by AI [60, 61]. Privacy and data security assurances [62] are other crucial issues for the future of AI in medicine. In recent years, it has been noted that ML has facilitated medical experts to evaluate the enormous data.




      Physicians, health, and science practitioners require a helping hand to encourage society with population increase and discoveries on various diseases. To set the optimum dose of chemo and radiotherapy for cancer patients and enhance their lifespan, researchers are trying to create ML. Dynamic non-linear associations may be controlled by AI (like chemotherapy and radiotherapy).
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