ISSN 2644-3228 (online)

Artificial Intelligence in

Artif Intell Cancer 2020 August 28; 1(2): 39-44

% Published by



g Artificial Intelligence in
Cancer

Contents Bimonthly Volume 1 Number 2 August 28, 2020

EVIDENCE REVIEW

39 Applications of artificial intelligence in, early detection of cancer, clinical diagnosis and personalized
medicine

Ullah M, Akbar A, Yannarelli G

uisnidenge  AIC | ttps:/ /www.wijgnet.com I August 28,2020 | Volumel | Issue2



Artificial Intelligence in Cancer

Contents

Bimonthly Volume 1 Number 2 August 28, 2020

ABOUT COVER

Editor-in-Chief of Artificial Intelligence in Cancer, Dr. Mujib Ullah is an expert in the field of regenerative medicine
and a United States trained investigator in artificial intelligence (AI) and in cancer. Dr. Ullah conducts preclinical
and clinical studies to determine how turning off oncogenes (cancer genes) can cause tumor regression. His work is
based upon a learned appreciation of Al techniques and deep learning, and their potential to develop predictive
models for personalized treatments with engineered stem cells, immune cells and regenerative tissue. He is
currently expanding his translational research to include early diagnostics, therapeutic monitoring, and prediction
of response to therapeutics in solid tumors, such as kidney cancer and lung cancer, helping to make personalized
medicine possible. The ultimate goal of this research is to achieve accurate diagnoses of aggressive cancers as well
as to provide new insights about metastatic spread and the development of resistance against therapies. (L-Editor:
Filipodia)

AIMS AND SCOPE

The primary aim of Artificial Intelligence in Cancer (AIC, Artif Intell Cancer) is to provide scholars and readers from
various fields of artificial intelligence in cancer with a platform to publish high-quality basic and clinical research
articles and communicate their research findings online.

AIC mainly publishes articles reporting research results obtained in the field of artificial intelligence in cancer
and covering a wide range of topics, including artificial intelligence in bone oncology, breast cancer,
gastrointestinal cancer, genitourinary cancer, gynecological cancer, head and neck cancer, hematologic malignancy,
lung cancer, lymphoma and myeloma, pediatric oncology, and urologic oncology.

INDEXING/ABSTRACTING

There is currently no indexing.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: [i-Hong Iin; Production Department Director: Xiang 1.i; Editorial Office Director: Jin-I.ei Wang.

INSTRUCTIONS TO AUTHORS

https:/ /www.wjgnet.com/bpg/gerinfo/204

NAME OF JOURNAL
Abrtificial Intelligence in Cancer

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 2644-3228 (onlinc)

https:/ /www.wignet.com/bpg/Getlnfo/287

LAUNCH DATE
June 28, 2020

GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

https:/ /www.wjgnet.com/bpg/gerinfo/240

5/ 8

PUBLICATION ETHICS

https:/ /www.wignet.com/bpg/Gerlnfo/288

FREQUENCY
Bimonthly

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Mujib Ullah, Cedtic Coulouarn, Massoud Mirshahi

EDITORIAL BOARD MEMBERS

https:/ /www.wjgnet.com/2644-3228 /editotialboard. htm

PUBLICATION DATE
August 28, 2020

COPYRIGHT
© 2020 Baishideng Publishing Group Inc

https:/ /www.wijgnet.com/bpg/gerinfo/208

ARTICLE PROCESSING CHARGE

https:/ /www.wjgnet.com/bpg/gerinfo/242
STEPS FOR SUBMITTING MANUSCRIPTS

https:/ /www.wijgnet.com/bpg/Getlnfo/239

ONLINE SUBMISSION

https:/ /www.f6publishing.com

© 2020 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wijgnet.com https://www.wjgnet.com

Guienidenge  AIC | https://www.wignet.com

I

August 28,2020 | Volumel

Issue 2


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/2644-3228/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

4

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.35713 /aic.v1.i2.39

Artificial Intelligence in
Cancer

Artif Intell Cancer 2020 August 28; 1(2): 39-44

ISSN 2644-3228 (online)

EVIDENCE REVIEW

Applications of artificial intelligence in, early detection of cancer,
clinical diagnosis and personalized medicine

Mujib Ullah, Asma Akbar, Gustavo Yannarelli

ORCID number: Mujib Ullah 0000-
0003-0168-8700; Asma Akbar 0000-
0002-4139-112X; Gustavo Yannarelli
0000-0003-1450-5483.

Author contributions: All authors
have made substantial
contributions to conception, study
design, analysis and interpretation
of data; engaged in preparing the
article or revising it analytically for
essential intellectual content; gave
final approval of the version to be
published; and agree to be
accountable for all aspects of the
work.

Conflict-of-interest statement: The
authors declare no conflict of
interest regarding this article.

Open-Access: This article is an
open-access article that was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution
NonCommercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See: htt
p:/ / creativecommons.org/ licenses
/by-nc/4.0/

Manuscript source: Invited

Jaishideng®

AIC | https://www.wjgnet.com 39

Mujib Ullah, Asma Akbar, Institute for Immunity, Transplantation, Stem Cell Biology and
Regenerative Medicine, School of Medicine, Stanford University, Palo Alto, CA 94304, United
States

Mujib Ullah, Asma Akbar, Molecular Medicine, Department of Radiology, School of Medicine,
Stanford University, Palo Alto, CA 94304, United States

Gustavo Yannarelli, Laboratorio de Regulacion Génica y Células Madre, Instituto de Medicina
Traslacional, Trasplante y Bioingenieria, Universidad Favaloro-CONICET, Buenos Aires 1078,
Argentina

Corresponding author: Mujib Ullah, MD, PhD, Assistant Professor, Senior Scientist, Institute
for Immunity, Transplantation, Stem Cell Biology and Regenerative Medicine, School of
Medicine, Stanford University, 3145 Porter Dr, Palo Alto, CA 94304, United States.
ullah@stanford.edu

Abstract

Artificial intelligence (Al) refers to the simulation of human intelligence in
machines programmed to convert raw input data into decision-making actions,
like humans. Al programs are designed to make decisions, often using deep
learning and computer-guided programs that analyze and process raw data into
clinical decision making for effective treatment. New techniques for predicting
cancer at an early stage are needed as conventional methods have poor accuracy
and are not applicable to personalized medicine. Al has the potential to use smart,
intelligent computer systems for image interpretation and early diagnosis of
cancer. Al has been changing almost all the areas of the medical field by
integrating with new emerging technologies. Al has revolutionized the entire
health care system through innovative digital diagnostics with greater precision
and accuracy. Al is capable of detecting cancer at an early stage with accurate
diagnosis and improved survival outcomes. Al is an innovative technology of the
future that can be used for early prediction, diagnosis and treatment of cancer.

Key Words: Artificial intelligence; Cancer; Clinical tumor prediction; Early detection of
cancer; Clinical diagnosis; Personalized medicine
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Core Tip: Early detection of cancer potentially enhances the chances for successful
treatment and patient survival outcome. Artificial intelligence (Al), a field of computer
science, aims to develop algorithms or computer programs with advanced analytical or
predictive capabilities. The development of highly accurate Al algorithms for the early
recognition of the disease is crucial not only for the rapid identification and diagnosis of
cancer patients, but also for the treatment. Many Al platforms are being developed and
approved by the US Food and Drug Administration for use in some areas of cancer, such
as identifying suspicious lesions in cancer and interpretation of magnetic resonance
imaging or computed tomography. Similarly, the Big Data to Knowledge initiative was
launched by National Institute of Health to support the research and development of tools
to integrate big data and data science into biomedical research. Al-guided clinical care has
the potential to play an essential role in the screening, diagnosis and treatment of cancer.

Citation: Ullah M, Akbar A, Yannarelli G. Applications of artificial intelligence in, early
detection of cancer, clinical diagnosis and personalized medicine. Artif Intell Cancer 2020;
1(2): 39-44

URL: https://www.wjgnet.com/2644-3228/full/v1/i2/39.htm

DOI: https://dx.doi.org/10.35713/aic.v1.i2.39

INTRODUCTION

Cancer is a major public health problem and remains the second leading cause of
death in the United States!'”l. Early detection of cancer potentially enhances the
chances for successful treatment and patient survival outcomes!'l. Prediction of early
cancer and treatment response is a crucial issue in personalized treatment for cancer
patients!’. Artificial intelligence (AI), a field of computer science, aims to develop
algorithms or computer programs with advanced analytical or predictive capabilities
(Figure 1)°. Integration of Al technology into early detection of cancer could
improve precision diagnosis, improve the clinical decision-making process, and lead to
revolutionize the future of diagnostics and treatment>“.

Al innovation has the potential to affect several parameters of cancer therapy™.
These include prediction, screening, analysis and interpretation of huge data sets,
decoding tumor-imaging data, drug discovery and drug validation in a clinical
settingl®’l. Screening of tumor targets in both healthy and high-risk populations offers
the opportunity to detect cancer early and with an improved recovery chance for
treatment and cure (Figure 2)V’). Advances in Al with machine learning and deep
learning are rapidly evolving, and will soon change the science of cancer screening
and detection®®'"l. There is a need to train cutting-edge Al technologies to predict early
cancer in patientst. Although Al applications are still limited, the potential role of Al
for early detection of cancer is huge to extract information on diagnosis, prognosis,
and therapy responsiveness™''l,

AlIN EARLY DETECTION OF CANCER

The precision algorithms of Al can be used to improve precision medicine to target the
right patient for the right therapy at the right timel*'>”l. The scoring of proliferation
marker Ki-67 is highly relevant for early-stage breast cancer diagnosis, classification,
prognosis, and treatment”*’l. Automated brain tumor segmentation methods are
computational algorithms that yield tumor delineation and have become an important
diagnostic tool in planning precision medicinel*“l. Accurate identification and
detection of lymph node metastasis are critical for planning treatments for colon
cancer?*"l. Given the complexities and heterogeneity within the cancer data, Al-based
algorithms can be used for digitalized identification of histopathologic tumor
specimens and image analysis (Figure 1)l Gene mutation prediction and validation
using raw input digitized histopathology give promising results for six different
genetic mutations (STK11, EGFR, FAT1, SETBP1, KRAS, and TP53) in lung
cancer?”*”'l. Mutations in KRAS, tumor protein P53 and predictive accuracy of these
markers can be used for early diagnosis of cancer!"*!. Clinicians have utilized Al to
establish an early signature (Programmed death-ligand 1), which could predict the
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Figure 1 Artificial intelligence (vehicle with innovative technology), machine learning (the engine that drives artificial intelligence) deep
learning (the wave comes to healthcare), and raw data (feeding materials of the artificial intelligence engine).
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Figure 2 Applications of artificial intelligence in tumor detection, diagnosis and treatment.
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effectiveness of cancer immunotherapy!".

Data analytics capabilities of Al have made a leap forward in recent years to predict
cancer at its starting point®'*"’l. Screening algorithms for cancer targets and processing
data via Al will allow increased early detection and intervention"*l. Conventional
cancer detection and treatment methods are expensive, time-consuming and often
result in poor treatment outcomes!>"”l. To tackle this issue, the development of
machine learning techniques is central to discovering novel biomarkers for early
diagnostics!'~'”l. Precise and early cancer diagnosis is fundamental for clinical
management of cancer”. Al can accelerate drug discovery, harness biomarkers to
accurately match patients to clinical trials, and truly personalize cancer therapy using
only a patient's own datal>>*!. These advances are indicators that practice-changing
cancer therapy empowered by Al may be on the horizon.

Al'IN CLINICAL DIAGNOSTICS

The development of highly accurate Al algorithms for the early recognition of the
disease is crucial not only for the rapid identification and diagnosis of cancer patients,
but also for the treatment®”'l. Al can be helpful in clinical diagnostics to ensure
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adequate patient carel’. Useful screening tools to precisely diagnose cancer, such as
mammography, radiology and image processing would improve the efficacy of
clinical diagnosticsi*’. The AI algorithms are already developed with large data sets
that show improved diagnostics than clinicians®. Al-aided diagnostics for detecting
cancer at heterogeneous and complex stage, showed effectiveness in various clinical
datasets!”.

Many Al platforms are being developed and approved by the US Food and Drug
Administration for use in some areas of cancer, such as for the identification of
suspicious lesions in cancer and interpretation of magnetic resonance imaging or
computed tomography>*.. There are several Al algorithms for the screening of cancer,
for the identification of flagged areas in tumors, or treatment trends, and for the
evaluation of big data sets”.. For instance, there is an Al algorithm to visualize lung
nodules in lung cancer patients and another AI algorithm to detect breast
abnormalities™ .

Al AND NEW EMERGING TECHNOLOGIES

Cutting-edge technologies such as Al are diffusing throughout the health-care system
and reshaping patient carel>*). The volume of available data has grown exponentially,
which can be used for early diagnosis and clinical decision-making processt'>*1. The
revolution of Al in biomedical science is crucial to develop the concept of precision
medicinel”"”l. Concurrent with the development of the field of precision medicine is an
even larger revolution in understanding the events of early detection of cancer using
digital technology!”l. Al in cancer has focused on risk prediction in the hopes of using
risk information to influence health behaviors and treatment outcomes!’"l.
Understanding the science of early perdition in cancer offers tools and insights to help
how to translate Al information into effective treatment (Figure 2)'. To date, Al has
been used in many examples of clinical medicine!">**.. For example, a smartphone app
called DiagnosUs developed by Al technology for analyzing and annotating medical
images and videos based on tight linkages between cancer prediction and patient
treatment responsel'>**1,

Al could fuel everything from drug development to innovative design to new,
better therapies’””l. Advanced analysis of big data with Al can make predictive
modeling of biological processes transform research into development, and increase
the accuracy to choose the right medication and dosage for complex diseases*. For
example, the Google-backed company DeepMind has built a device that can diagnose
different diseases in real-timel"*1. It can be used for quick scan, diagnosis, and can
detect early conditions such as diabetic retinopathy, age-related degeneration and
cancer!"*. Similarly, the Big Data to Knowledge initiative was launched by National
Institute of Health to support the research and development of tools to integrate big
data and data science into biomedical research*.

Al-guided clinical care has the potential to play an important role in screening,
diagnosis and treatment of cancer®*l. The integration of Al technology into cancer care
could further improve the accuracy and speed of diagnosis for better health
outcomes!”'*’, Scientists trained computer algorithms to analyze patient images of
prostate, breast and brain tumors!'>”*1. It can be used at clinics as a tool to help with
diagnosis, clinical decision-making and for the prediction of patient outcomes!"*1. Al
can predict commonly mutated genes, identify biomarkers, interpret complex images,
and diagnose solutions for challenging types of cancer (Figure 2)Pl.

CONCLUSION
Al has improved diagnosis and treatment outcomes in cancer patients”. Al can
recognize patterns that can easily be missed by clinicians!’""l. Cancer is an aggressive

disease with a low survival rate, and the treatment process is lengthy and very
costly!"”l. Furthermore, the lack of large publicly available data sets, concerns over
interpretation, lack of well-annotated databases, reproducibility and validation-issues
have been significant barriers for Al practice and algorithm development.. There is a
need to establish a central platform for sharing standardized cancer datasets to drive
Al innovation!”. In the near future Al can be integrated into a multitude of innovative
emerging mobile health interfaces, such as digital technologies, smartphone apps and
wearable devices, to develop real-time trackers for digital biomarkers that can explain,
influence, and predict clinical outcomes!!*!>*1,
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