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Abstract 

Artificial intelligence (AI) is the use of mathematical algorithms to mimic human cognitive abilities and to address 
difficult healthcare challenges including complex biological abnormalities like cancer. The exponential growth of AI 
in the last decade is evidenced to be the potential platform for optimal decision-making by super-intelligence, where 
the human mind is limited to process huge data in a narrow time range. Cancer is a complex and multifaced disor‑
der with thousands of genetic and epigenetic variations. AI-based algorithms hold great promise to pave the way to 
identify these genetic mutations and aberrant protein interactions at a very early stage. Modern biomedical research 
is also focused to bring AI technology to the clinics safely and ethically. AI-based assistance to pathologists and physi‑
cians could be the great leap forward towards prediction for disease risk, diagnosis, prognosis, and treatments. Clinical 
applications of AI and Machine Learning (ML) in cancer diagnosis and treatment are the future of medical guidance 
towards faster mapping of a new treatment for every individual. By using AI base system approach, researchers can 
collaborate in real-time and share knowledge digitally to potentially heal millions. In this review, we focused to pre‑
sent game-changing technology of the future in clinics, by connecting biology with Artificial Intelligence and explain 
how AI-based assistance help oncologist for precise treatment.
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Introduction
Artificial intelligence (AI) and machine learning (ML) 
are gradually strengthening their impact in everyday life 
and are believed to have a dominant influence in digital 
health care for disease diagnosis and treatment in near 
future. Technological advancements in AI and ML have 
paved the path towards autonomous disease diagnosis 

tools by utilizing big data sets to meet the future chal-
lenges for human disease detection at a very early stage 
specially in cancer. ML is the subset of AI, where neu-
ral network base algorithms are developed to allow the 
machine to learn and resolve problems like the human 
brain [1, 2]. In turn, Deep Learning (DL) is the subset of 
ML to mimic the human brain’s ability for data process 
to identify images, objects, to process languages, improve 
drug discovery, upgrade precision medicines, improve 
diagnosis and assist humans to make decisions. It can 
also work and suggest an output without human supervi-
sion [3]. DL can process data including medical images 
by Artificial neural network (ANN) to mimic the human 
neural architecture and is composed of input, output, and 
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various hidden multi-layer networks to enhance machine 
learning processing powers (Fig. 1) [4, 5].

AI is growing by leaps and bounds. Research on clinical 
oncology is now more focused to decode the molecular 
onset of cancer by understanding the complex biological 
architecture of cancer cell proliferation. It also focused 
to process the millions of relevant cases in big data and 
computational biology to tackle the current scenario of 
expanding number of cancer mortalities in the globe [6]. 
Moreover, the use of AI in clinical decision-making is 
believed to increase the chances of early disease predic-
tion and diagnosis by NGS sequencing and high-resolu-
tion imaging techniques. It would also lead to introduce 
novel biomarkers for cancer diagnosis, designing novel 
personalized drugs, and delivery of potential treatment 
strategies by generating significant datasets and using 
specialized bioinformatic tools.

AI is classified into (i) Generalize AI; (ii) Super AI, and 
(iii) Narrow AI. Narrow AI can teach the machine to fig-
ure out the most complicated biological processes that 
humans can’t do. With the rise of AI technology, attempts 
to make machines that can sense biological changes like 
human intelligence have been done by getting real-time 

and comparative data from the population pool for pre-
cise clinical interpretation [7]. Narrow AI is a particu-
lar task-oriented designed learning and is not driven by 
emotions as in humans. Google assistance, Siri by Apple, 
Alexa by Amazon, Cortana by Microsoft, and other lan-
guage processing tools are typical examples of narrow 
AI. Most of these tools process the human input (lan-
guage or any given data), enter into the search engines, 
and respond to us with results. Such computational 
Artificial Narrow Intelligence (ANI) tools work within 
a pre-defined range. Similarly, when we ask Siri “What 
the weather outside is?” we receive an accurate response 
because it is within Siri defined artificial intelligence and 
such tools are designed to operate in a specific way. In 
addition, the most advanced self-driving cars are con-
sidered to operate in the narrow intelligence category (it 
consists of multiple NAI systems) [8–11].

Recently, in November 2020, Nvidia, one of the lead-
ing USA-based multinational technology company 
announced the intention to build an AI supercomputer 
for medical research and drug delivery [12–14]. The 
successful translation of AI-based application requires 
domain-specific i.e., “cancer cell biology” expertise in 

Fig. 1  Applications of AI, ML, and DL in digital health care and oncology to solve healthcare issues and predict optimal treatment outcome
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academia for DL base algorithm to diagnose cancer in 
very early stage. Of course, oncologists need to learn AI 
technology to avoid general pitfalls, to ensure its safe and 
ethical use.

In this review, we particularly focused on the revolu-
tionary combination of biology with AI approaches to 
cope with future challenges in the health care sector. In 
medicine, virtual and physical assistance of technology 
via information management and robotics systems is the 
future. The AI-based approach in medicine is considered 
to resolve complex biology puzzles, determine the com-
plicated protein–protein interactions and identify thera-
peutic targets. Different trained deep-learning design 
models are also discussed in the review to discover new 
drugs and to assist in robotic surgery. AI also offers the 
exceptional progressive potential to the medical imaging 
technology to determine abnormal changes at the cellu-
lar level and would improve diagnostic accuracy. It also 
covers “AI-based precision oncology approaches” to pre-
cisely target the individual cells and its role to overcome 
limitations of NGS by AI-assisted toolsets. AI-based 
applications in digital pathology and ethical concerns are 
also discussed in detail in this review to update the read-
ers about the future of medical technology.

Artificial intelligence in medicine
AI empowers the computer and robots to mimic human 
intelligence behavior, design drug formulations, assist in 
clinical diagnosis and robotic surgery, establish medical 
statistical datasets, and decipher cellular architecture of 
human diseases including cancer. In medicine, AI has a 
virtual and physical impact. The virtual component relies 
on the DL information management tools and can inter-
pret the information dataset for electronic health records 
in addition to guide the physician for precision decision 
making. DL uses a mathematical algorithm to improve 
learning through experience. However, the physical sys-
tem of AI can also help in robotic-assisted surgery and 
nano-robotic applications for targeted drug delivery [15].

The use of logistic data mining and DL in clinical diag-
nostics empowers the ML to think and to facilitate the 
physicians to make decisions for precise treatment. It 
gains huge acceptance among the scientific community 
when AI-based IBM Big-Blue finally defeated the World 
chess champion “Gary Kasparov” on 11 May 1997. Today, 
AI is capable enough to resolve complicated problems 
including complex biological issues, and has been used in 
robotic surgery of cardiac valve repair, gynecological dis-
eases, prostatectomies related practices and is believed to 
play a significant role in the fight for cancer in the future 
[16–18].

ML algorithms are classified into 3 main categories: 
(i) Supervised learning (predicting algorithms based 

on previous information’s; (ii) Unsupervised learning 
(finds hidden patterns without labelled responses); (iii) 
Reinforcement learning (the use of a sequence of either 
rewards or penalties for the action it performs, like video 
game model). Discoveries in molecular medicines and 
genetics by computational biology algorithm and infor-
mation management have broadened the impact of AI in 
medicines. Unsupervised algorithm of protein–protein 
interaction has been reported to achieve a significant 
milestone in the discovery of therapeutic targets [19]. 
Novel DNA variants as early-stage risk factors for cer-
tain human disorders including cancer have been identi-
fied using an evolutionary embedded algorithm [20–22]. 
Physical branch of AI in medicine is the use of sophis-
ticated medical devices including robots to monitor 
patient critical condition in real-time “care bots” specially 
for aged patients and to assist surgeons in surgery [23].

AI in medicine is a potential platform that can revo-
lutionize health care and make it more safe, accurate, 
and faster. Huge datasets have been established and are 
regularly updated to check the clinical impact of AI in 
medical radiography. In Scotland, the AI-based clinical 
assessment service “National health service”-NHS 24 
based on DL NHS 111 algorithm is in the clinical test-
ing phase to serve the community with minor health 
issues at home on telephonic call [24]. Similarly, another 
online healthcare provider “Babylon Health” offers sup-
portive digital services via semantic web technologies 
to improve clinical outcomes. Semantic web is designed 
to make internet data readable for machines. The use of 
AI-based medical services, develop clinical LDG (Linked 
Data Graph) to integrate various bioinformatic based 
biomedical data banks to simplify it in an understandable 
format for the common person [25]. Logic-based reason-
ing approach methodology is believed to give significant 
results in medicines.

An enormous amount of radiology, genetics, and 
microbiology related data can be systematically collected 
and managed for personalized treatment with computa-
tional assistance. The development of AI-based super-
vised and unsupervised tools is still in the teething stage 
and needs more improvements to phase out the expected 
error [26]. Support vector machine algorithm and causal 
probabilistic network tools have been identified to have 
excellent accuracy in determining infection related car-
cinogenesis and recommended for suitable therapeutic 
strategies [27].

Clinical researchers are now focused on large scale ML 
algorithm that is believed to give the computer the abil-
ity to learn from huge pharmaceutical big data at indus-
trial scale, to discover new drugs with less cost and in a 
short time by using super-computers and machine learn-
ing tools, as previously used in self-driving cars. Exascale 
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Compound Activity Prediction Engine (ExCAPE) project 
funded by Horizon 2020, a European funding program, 
is one of the big data analysis chemogenomic projects 
for the chemical compound to target biological protein 
in in silico models. The aim is to compile comprehensive 
datasets of chemogenomics from authentic databases 
(ChEMBL and PubChem) to predict protein interaction 
and gene expression for industrial-scale pharmaceutical 
companies [28]. ExCAPE is a scalable ML model for com-
plex information management and its application at an 
industrial scale, especially in the pharmaceutical industry 
to predict the compound biological activity and its inter-
action at the protein level. Still, various complex cellular 
limitations need to address at scalable level via algorithm 
and it is expected to expand this project further by speed-
ing up ML-based super-computer for rapid drug discov-
ery. Recent advances in medicine for chemical synthesis 
comprise microfluidic and AI-assisted drug-designing 
[29]. It has been widely proved that trained DL-derived 
ML models have outperformed all comparative practice 
strategies when applied to pharmaceutical companies’ 
databases [30].

Artificial intelligence based medical imaging
AI has gained the spotlight of the scientific world, 
because of its DL and problem-solving ability. In the 
nineteenth century, Alan Turing first time gave the idea 
of AI in his paper named “Computing Machinery and 
Intelligence” [31]. Now we are at the start of the Al-based 
technological era, while only 10  years ago, the publica-
tion number on AI-related to medical imaging was very 
limited. This number reached 800 in the years 2016–2017 
and is expected to rise enormously in the coming years 
[32]. AI offers excellent progressive opportunity to the 
medical imaging technology (MIT) and it is based on 
computational models and bioinformatics based algo-
rithms. It can determine any abnormal cellular growth 
and biological changes in the body [33]. AI-assisted MIT 
not only plays a decisive role in radiology but also has 
huge impact on medical resonance imaging and neuro-
radiography. AI has multiple dynamic applications, such 
as image interpretation and classification, subsequent 
arrangement of data, information storage, information 
mining, and numerous others. Due to its wide scope in 
biomedical imaging technology, AI is expected to sig-
nificantly assist the radiologist in improving the diagnosis 
specificity [34].

The Healthcare system would be incomplete without 
radiology, especially in cancer and other cancer related 
complications. Radiologists are expected to have more 
digital knowledge than any other medical professional. 
They are always on the frontline to adopt digital informa-
tion related to medical imaging [35]. AI could identify 

abnormal results at a very first glance, showing a high 
sensitivity rate in comparison to other conventional tech-
nologies [36]. Of course, radiologists should play a key 
role in communication with patients having results inter-
preted by AI. At this time AI would never replace radiol-
ogy, but the need for radiologists is decreasing over time, 
because of the image interpretation efficiency by AI. 
Technology-oriented experienced radiologists are highly 
required to design special algorithms for high-through-
put data analysis with great precision and accuracy. 
After performing a wide range of experimental analysis, 
AI-based algorithms can find out specialized patterns to 
provide information about the abnormal findings. Con-
ventional computer aid detection (CAD) systems can 
indicate the presence or absence of image characters, 
while AI-based systems extract all the visible and nonvis-
ible image features to generate more precise results [37, 
38].

The algorithm-based smartphone application “Skin-
vision” (https://​www.​skinv​ision.​com) is a mobile based 
app that can guide a user to perform regular self-check 
skin cancer using a phone with a photo of skin spot. The 
algorithm can figure out the texture, color, shape of the 
lesions as a doctor do. Users receive instant risk assess-
ment for skin lesions within 30  s and the algorithm has 
been proved to detect 95% of skin cancer at early stage 
[39]. However, physician intervention is still necessary as 
we can’t 100% rely upon the algorithm.

DL is preferable over the traditional ML because of 
its high performance and AI-based cognitive ability. It 
has not only increased the image graphics but also has 
reduced the cost and process length [40].

Artificial intelligence and big‑data in precision 
oncology
Precision oncology is the precise targeting and charac-
terization of individual tumor cells. It is believed to be a 
significant treatment strategy in the fight against cancer 
and is focused on the finding of specific molecular tar-
gets. Precision oncology is linked to personalized can-
cer genomic data, but can also recruit proteomics data 
by getting clinical signatures from the electronic records 
in several computational databases [41, 42]. Recent 
advances in clinical oncology have involved AI-based 
novel molecular strategies. Next-generation sequencing 
(NGS) is the ideal platform to generate high throughput 
data sets. It also requires the input of oncology experts 
with ML background to design algorithm for early-stage 
cancer detection by identification of novel biomarkers 
and target sites, precise diagnosis by NGS sequencing, 
identification of selective target sites, and for high-res-
olution medical imaging technology [6, 43]. Precision 
oncology drugs are designed to target specific cancer 

https://www.skinvision.com
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cells based upon their genetic variability. NGS data can 
guide the algorithm to suggest effective therapy by con-
sidering personalized genetic factors (Fig.  2). Therefore, 
AI is ranked among the top futuristic therapy for precise 
cancer diagnosis, prognosis, and treatment after system-
atic processing of data from pharmaceutical and clinical 
big datasets. Digital healthcare and clinical practices of 
future is believed to transform towards the use of algo-
rithm base AI assistance for radiology image analysis, 
E-health records, and data mining to deliver the more 
precise solution for cancer treatment.

NGS technology and genetic profiling are proved to be 
the leading contributors in the last decade in precision 
oncology. In the 1980s, Sanger introduces 1st generation 
sequencing approach that involves fragmentation of tar-
geted DNA region and cloning by using a plasmid vec-
tor. In this approach labelled fluorescent dNTPs have 
been used for sequencing by adopting chain termina-
tion method, however, it needs time and gives low data 
output.

With the technological impact of biomedical engineer-
ing and bioinformatics, NGS technology offered 2nd 
generation sequencing approach in 2005, processing 

large-scale sequencing data in a limited time and at 
affordable cost. Whole genome, whole exome, whole 
transcriptome, RNA, and short-gun methylation 
sequencing are the fascinating new applications of NGS 
and have widely used in cancer research and diagnos-
tics to recognize mutant genes and aberrant molecular 
pathways for new targeted drug discovery [44, 45]. Large 
scale molecular profiling of RNA has been increasingly 
accepted to be used in a wide range of cancer therapies 
and proved to be the standard care for cancer patients. 
RNA expression signatures have been widely used for 
precision oncology [46]. DNA or RNA library prepara-
tion is the core requirement of 2nd generation sequenc-
ing protocol including Ion Torrent, Ion Torrent Genexus, 
Illumina MiSeq, Illumina HiSeq 2000 sequencing sys-
tems. This method of DNA/RNA library formation is a 
complicated process that can also lead to errors [47].

To overcome the limitations of the 2nd generation 
sequencing method, the 3rd generation NGS method was 
recently introduced, simplifying the genetic sequencing, 
and decoding procedure. Pac Bio-RS and Oxford NanoP-
ore sequencing platform can sequence the long strand of 
DNA/RNA in portable devices with minimum efforts and 

Fig. 2  Workflow for Artificial Intelligence approach for digital pathology



Page 6 of 11Iqbal et al. Cancer Cell Int          (2021) 21:270 

time, without the need to prepare a genetic library [47]. 
NGS platform can interpret complicated genetic data 
patterns by AI-assisted toolsets. Computational biology 
tools can decode genetic information to link it with the 
molecular pathways responsible for the onset of clinical 
disorders including cancer and to implement precision 
oncology medicines [48].

Such huge NGS based datasets can be effectively man-
aged by AI-assisted technology to identify the pattern of 
genotypic variations by considering the regional genetic 
pool data and all other relevant biological aspects. These 
biological parameters could be defined by ML algorithm 
that performs supervised or un-supervised analysis rec-
ognizing any genetic variation and linked it to the early 
cancer prognosis and drug discovery [49].

Artificial intelligence in digital pathology and drug 
discovery
Digital pathology will progressively depend more upon 
AI and ML-based computational tools. It will use deep 
neural network (ANN) systems for precise tumor images 
with high resolution and the development of novel 

biomarkers [50]. Digitalizing the medical pathology 
holds a great affirmation for advanced cancer diagnos-
tics and this digitalization is based on the conversion of 
histopathological slides in the high-resolution images by 
slide scanners. Digital whole slide images (WSI) are now 
subjected to the ML systems for DL analytical process-
ing and can guarantee the understanding of biological 
complications in cellular architect, potentially develop-
ing a new generation of biomarkers for effective cancer 
therapy (Fig. 3) [51].

Biomarkers are the biological signatures that can char-
acterize human body tissues and cells. Today drug devel-
opment has multiple problems including high failure 
rates instead of complex clinical and pre-clinical trials. 
To improve the success rate, there is an immense need 
to identify a new generation of biomarkers with the aid 
of computation tools for significant clinical practice and 
drug discovery.

The first large-scale diagnostic study in digital pathol-
ogy was performed by investigating about 2000 patients 
with more than 16,000 reads (data files in different clini-
cal formats) of different tumor types. This study paved 

Fig. 3  Evolution in digital pathology towards high-resolution graphics and easy storage plus data interpret solutions
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the way towards digital diagnosis by using a digitized 
WSI system. Various developmental projects of novel AI-
based image analysis in oncology are initiated by biomed-
ical engineers and data scientists. Currently, technology 
involvement of AI-based analysis of patient’s radiology, 
morphology pattern, and histopathology data is believed 
to improve diagnostic accuracy by using novel biomark-
ers for precision oncology [52].

The learning process of artificial intelligence and ANN 
work in the layers. Each layer is the container of neu-
rons and grouping between different layers (neurons) is 
required for data processing. All different layers are spe-
cialized just like human differentiated cells to perform 
specific transmissions including dense (fully connected) 
layers, convolutional layers, pooling layers, recurrent 
layers, normalization layers, and many others. Convolu-
tional layers are specialized to process imaging data like 
digital pathology images. Figure  3 represents the work-
flow for an AI approach in digital pathology.

In 2010, a group of researchers presented a supervised 
ML model for the identification of various unique cellular 
characteristics and patterns based upon previously deter-
mined diagnostic records by experienced cancer patholo-
gists to distinguish between benign and malignant breast 
cancer images [53].

AI to decode molecular signaling cascade 
and cancer mechanism
AI without any doubt has taken the whole world by 
storm. It is resonating the globe since the 1960s and con-
tinues to be the game-changer of every industry. Medi-
cine is no exception, indeed precisely oncology is doing 
its best to decipher the complex algorithms at the basis 
of cancer. According to an estimate, 9.6 million people 
died due to cancer in 2018 [54]. Up to 200 various types 
of cancers have been diagnosed and it has been estimated 
that cancer will be the leading cause of death by 2030 
[54].

Different high throughput technologies have been used 
to determine gene expression. Microarray technology 
is commonly used to determine genetic expression, but 
it has few limitations as it is expensive, required expert 
handling, and interprets the genetic information with a 
large pool of data set. So, oncologists realized the need 
for cancer molecular signature to detect the expression 
of aberrant genes. They monitored the patient’s response 
to drugs and then devised methodologies for precision 
disease management. ML is now successfully applied 
to CAD. Medical experts around the globe are sharing 
their diagnostic and treatment data and with the appli-
cations of AI, such information could be automatically 
stored (cloud scaling). This has led to the establishment 
of Tumor Atlas [55].

AI basically uses two approaches, neural network, 
and fuzzy logic to overcome human intelligence. Neu-
ral network is extremely difficult to interpret (black box) 
whereas fuzzy logics are easily interpretable. However, 
both are used by medical experts to diagnose breast can-
cer [56]. There are several types of cancers including pan-
creatic and gastric cancers that are only diagnosed after 
they have reached the advanced stages. Similarly, lung 
cancer screening is a very complicated procedure. Medi-
cal experts used the low dose CT scan method for screen-
ing, an insufficient procedure to monitor this cancer type 
as compared to blood profiling, in which AI-based tools 
analyze the plasma profiles of ctDNA and miRNA [57].

Cancer treatment is about to be revolutionized with 
the help of AI, the most powerful yet smart weapon in 
the fight against cancer. Nonetheless, the lack of com-
putational algorithms and the knowledge of informa-
tion technology by clinicians and physicians prevent the 
implementation of AI in developing countries.

AI in surgery
Novel AI-based application and recent development in 
surgery is a very fascinating area of research. Clinical 
machine interaction has to assist oncologists for dec-
ades. It has been noted that AI assistance contributes 
significantly by reducing 30.6% breast conserving sur-
gery (mastectomy) incidence, whereas, in previous prac-
tices, high-risk patient tissue biopsies were later found 
benign only after surgery [58]. ML models to accurately 
predict high-risk cancer lesions via image guided nee-
dle biopsies and pathological updates are the core need 
for today’s clinical practice: they can limit the unneeded 
surgical excisions. Random forest ML models have been 
developed by different research groups for the prediction 
of cancer survival and long-term cognitive outcome. In 
a clinical study, 335 high-risk cancer patients were ana-
lyzed by random forest ML model and it was observed 
that it could prevent nearly one-third of un-needed sur-
geries [59]. As breast cancer is the leading cancer type 
worldwide among women, several ML supportive studies 
have been recently conducted. In these studies, ML mod-
els were used to detect and get visual cancer signatures 
to determine novel prognostic factors by neural network, 
extreme boost, decision tree, and support vector machine 
models for accurate survival analysis [60–62].

The Collective Surgical Consciousness (CSC) for indi-
vidual and population data analysis has been recently 
noted for surgical procedures in the operation room. The 
computational algorithm has been used in few clinical 
settings where pre-operational comprehensive risk score 
was calculated by artificial neural network (ANN) based 
upon digital image analysis. Similarly, ML assistance dur-
ing surgery is also available, indeed through surveillance 
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cameras and real-time video images, ANN can give sup-
portive clinical decisions and predictions based upon 
whole population data analysis from the specific genetic 
pool data (patient age, gender, and other body biological 
parameters) Fig.  4. Besides, the involvement of AI and 

ML can facilitate oncologists (after surgery) to determine 
and predict morbidity and mortality. Such AI support 
also advises the clinical care and personal care manage-
ment strategies after comprehensive analysis in real-time 
just like Siri does [63, 64].

Fig. 4  Figure representing the Artificial Intelligence based clinical data analysis and its healthcare assistance at individual and population level
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Ethical concern of artificial intelligence 
and machine learning based robotic therapy
ML has a substantial impact on healthcare processes. It 
can affect treatment and diagnosis showing serious ethi-
cal considerations. The ML healthcare applications range 
from fully autonomous AI for cancer diagnosis to non-
autonomous mortality predictions to guide allocations of 
healthcare resources [65]. AI and ML therapeutic innova-
tions range from virtual psychotherapists to social robots 
in dementia and autism disorder. Therapeutic chatbots, 
avatars, and social assistive devices are translated into 
clinical application and their ethical concerns regard 
mainly long-term applications of AI and therapeutic 
robots, which can lead to completely patient dependence 
(socially not acceptable). Moreover, the integrations of 
AI devices in everyday life and medical care are chang-
ing moral judgment and social expectancies as there is a 
far difference between communication between human 
and machine [66]. The most difficult issue in today’s AI 
is transparency. Many AI and ML algorithms, particu-
larly deep image analysis algorithms, are impossible to 
explain or interpret. Even researchers or physicians who 
are familiar with this operation, are unable to explain 
them [3]. Others have argued that continuous use of AI 
and ML in treatment or diagnosis can be harmful as dis-
tributional shifts may occur, thus suggesting that target 
data will do not match with ongoing patient data and will 
lead to inaccurate conclusions. The association between 
data elements is likely to change due to changes in the 
population (gene pool), technology, and process of care 
[67]. Another application of AI is in mental health prac-
tice centers, where it can ease patient autonomy. These 
AI and ML technologies require to instruct patients to 
ensure that patient does not mistake intelligent system 
for a human-driven application. Furthermore, consent of 
applications obtained outside the medical environment 
rises thorny concerns [68]. AI is susceptible to misjudg-
ment and incorrect risks.

Conclusion
There is no doubt that surgery, chemo, and radiotherapy 
will remain the standard cancer therapy for many years 
to come, but at the same time, there is mounting interest 
from the scientific community to further mature the cur-
rent clinical strategies to deal with cancer. The involve-
ment of computational input and assistance will be a 
tangible reality for the future clinical setting and will pro-
duce a significant technological revolution to predict and 
diagnose human health-related issues in real-time.

AI avoids emotional problems, cultural and moral 
beliefs, and fatigue [69]. Optimal decision-making intel-
ligence and continuous up-gradation via artificial neural 

networks and DL would be excellent tools to assist medi-
cal physicians in the diagnosis and in exploring car-
cinogenesis in a quick time. Natural human mind has a 
limited capacity to process a huge amount of data and 
available information [70].

Inspired by huge attraction among the technology-
oriented scientific community, AI-based DL tools have 
plenty of limitations at micro and macro levels for the 
healthcare area. These limitations include unregulated 
training set algorithm, unsupervised learning implemen-
tations, patient data confidentiality, data set size, and 
classification based upon more than 100 different types 
of cancers, that demand significant attention towards 
human computer interface (HCI) and the use of AI [69]. 
Reproducibility of clinical experimentation is one of the 
leading obstacles in molecular drug discovery that takes 
many years to launch effective formulation in the mar-
ket after clinical trials. Reproducible computation drug 
designing has been a promising tool for future drug 
development with increasing specificity and low cost 
[71].

Evaluation of a large set of complicated and diverse 
health care data can be managed by the analysis of big 
data and ML tools to minimize limitation and false-pos-
itive data [72]. Last, AI in clinics does not mean to put 
radiologists and other medical professionals out of the 
business. AI is not fully autonomous and cannot over-
ride human involvement. AI in the medical profession is 
a novel and potential tool to achieve a specific treatment 
performance and to identify the correct diagnosis at the 
highest possible level.
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