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ABSTRACT
The extraordinary advancement of Machine Learning (ML) and Artificial * Corresponding Author:
Intelligence (AI), specifically the ex - potential success achieved by artificial Jovan Rebolledo — Mendez,
neural network architectures like Deep Learning (DL), algorithms used in fighting Department of Electrical Engineering
cancer have been evolving and present approaches that demonstrate a lot of and Computational Science, Machine
potential from diagnosing, predicting tumors, to enabling drug development and Learning, Kanazawa University,
gene - based personalized medication, making the target for cancer prognosis to Kanazawa, Japan,

get closer to stage zero. This review targets coverage of how Al is used as a
powerful tool to attack cancer, where we propose four different ways in
describing such evolution of Al in Cancer is taking place: sub - reviews by type of How to Cite This Article:
algorithms, by cancer and data type, and by AI's objective.
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INTRODUCTION

There have been several attempts to compile the importance
of artificial intelligence in fighting cancer but because of the
exponential advances and progress of some types of Al in the
last years, there is a need for not just an update but also an
integrated way to apply the current trends of Artificial
Intelligence (AI) and machine learning. Among the fast
developments in AI, different algorithms have been used in
assistance to classify cancer types, create new therapeutics,
enable early cancer detection and predict prognosis, among
other usages that leverage the work of clinicians, doctors and
medical practitioners in cancer to a level equal, and arguably
better, than human expert capabilities.!*°

LITERATURE REVIEW

The quick brown fox jumps over the lazy dog. The quick
brown fox jumps over the lazy dog. The quick brown fox
jumps over the lazy dog.!*® The quick brown fox jumps over
the lazy dog. The quick brown fox jumps over the lazy dog.
The quick brown fox jumps over the lazy dog.

AI Algorithm in Cancer

Artificial intelligence has been evolving pretty close to
exponentially in the last years, and so the usage of its
algorithms for different objectives in cancer research, medical
and clinical. There is an always growing list of algorithms for
applying learning and brain - based capabilities onto different
medical activities in cancer. Table 1 enlists the most relevant
Al algorithms that have been used in cancer research.'”%

K — Means 27,28
Random forest
Hopfield

Dimensionality

Adobos

PCA

ICA

Cosine similarity

Bag of words

Template matching
Markov chain

Fuzzy algorithms
Evolutionary algorithms

Artificial neural net- works

Stochastic gradient descent

Logistic regression MLPNN
Decision trees CNN
Naive bayes RNN
Support vector machines LSTM

K - Nearest neighbors Skip gram

Encoder - decoder
Boltzmann machine
Deep belief net- work
Deconvolutional network
GAN

Extreme learning machine
Deep residual network
Neural turing machine
Capsule network
Attention network

Deep recurrent

Deep LSTM

Quantum machine learning
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From that list we understand that the very advanced

statistical models used during the 1990’s started helping in
pushing linear and logistic regression into diagnosis tools,
molecular markers, image detectors and radiotherapy
targeting tools. Other machine learning tools such as decision
trees Bayes algorithms SVMs, K - nearest, K - means random
forest, dimensionality reduction and Ada Boost have been
demonstrating breast cancer prediction, as well as lung
diagnosis and classification, and gene - based and tissue
classifier for breast and other types of cancers. As most
advanced ML algorithms on the 2000’s, Principal Component
Analysis (PCA) and Independent Component Analysis (ICA)
looked for breast cancer progression, classification of benign
or malignant cancer, and image visualization and cancer type
classification. Other ML techniques such as cosine similarity
and bag of words were used for finding mutational processes
features and in early detection based on records of
anastomosis leakage, as well as in skin cancer detection,
where other ML techniques like template matching Markov
chain and fuzzy algorithms gave tools to fight cancer such as
detection, tumor motion in lung cancer, breast cancer
screening and breast tumor progression, cancer cell
interaction modeling and detection and diagnosis of prostate
and brain cancer. Because of the great algorithm
development, enabled by the exponential improvements in
the computational capabilities, the most significant advance in
classification systems with regards to application and
research for cancer, inside the Machine Learning subset of Al
algorithms, is the Artificial Neural Networks (ANN). Some of
the initial attempts of ANN in cancer were related to
predicting bladder cancer and the pretreatment and
prediction of chemotherapeutic and outcome of brain cancer.
The advent of Deep Learning (DL) towards end of 2000’s
enabled the sophistication of prediction and classification
systems in help towards cancer, from algorithms like
stochastic gradient used to find survival correlations of brain
cancer, breast cancer diagnosis and data - mining of cancer
literature to find new cancer - related knowledge to more
advanced as Blind DE convolution, Multilayer Perceptron
Neural Network (MLPNN), and Convolutional Neural Networks
(CNN), which have been used in plenty of different
application, but being really successful in finding features of
imagery medical data to find features, classify, and predict, in
almost all types of cancers. CNN has been positioning itself as
a very used algorithm across the oncology filed. DL
algorithms teamed with medical images data base have put in
last year AI into a technique that enables quick
understanding of patterns and elevates the power of
prediction to at least human - expert level, giving clinicians
and all medical experts dedicated to cancer a set of new tools
to attack cancer by computational means. Towards the end of
2000, a special case of DL called Recurrent Neural Networks
(RNN), helping in cancer from therapy decision modeling, to
prostate and lung cancer detection, was created and pushed
towards different new types of DL algorithms that have been
vastly used in the last years. More advanced DL algorithms
such as LSTM, skip gram, encoder - decoder, Hopfield
network and Boltzmann machine triggered the advancement
in lung cancer detection and tumor boundary detection,
breast cancer detection from histopathological images,
sentiment analysis and text categorization of cancer medical
records, cancerous mutations representation, cancer
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diagnosis, and, liver, brain and breast tumor, cancer subtypes

characterization, prediction of breast cancer recurrence, and
personalized prediction segmentation, cancer subtypes
characterization, prediction of breast cancer recurrence, and
personalized prediction of cancer cells. Some of the latest
evolutions of deep learning algorithms such as deep belief
network deep convolutional network DE convolutional
network are capable of breast cancer imaging and
classification, early intestinal cancer prediction, prostate
cancer stage characterization, skin lesion and lung nodule
segmentation. While the most recent deep nets iterations like
Generative Adversarial Network (GAN) extreme learning
machine, deep residual network neural turing machine,
capsule network attention network deep recurrent, deep
LSTM have come with extraordinary capabilities such as
prostate, brain, breast, colorectal tumor segmentation,
microarray gene expression cancer diagnosis, pulmonary
nodule and mammograms classification, breast cancer
histology and histopathology images classification, lung
cancer screening, breast cancer - related genes discovery
based on multi - omics data, DNA base modifications
detection, brain tumor detection, and anticancer peptides
prediction.8® In last years, most of the mentioned
techniques have reached more than 99 % correct
classification and detection accuracy. Finally, in a different
kind of computation, applications related with cancer,
quantum machine learning has been able to detect cancer,
capable of classify non - small - cell lung cancer, and learning
from genome - wide human cancer data.

Cancer Types and their AI - Related Literature
Comprehensive: In (Table 2).

Breast Lip, oral cavity
Colorectal

Prostate Brain, central nervous system

Stomach Melanoma of skin

Liver Multiple myeloma
Oesophagus Non - Hodgkin lym — phoma
Cervix uteri Testis

Thyroid Salivary glands

Bladder Anus

Pancreas * Mesothelioma

By far breast and lung cancers literature related with Al are
the largest among all other types of cancers. From breast
cancer classification, prediction diagnosis, finding molecular
markers, classification of medical images, recurrence
prediction and probability relapse, tumor segmentation, to
lung lesion and non - small cell lung cancer detection, lung
cancer radiotherapy, lung cancer early prediction, screening,
tumor motion management for lung cancer.!¥'*° Following
in level of cancer impact in the world Colorectal and Prostate,
are found with research literature that embolic profiles
comparison, readmission from colorectal cancer surgery,
tumor segmentation, early detection, higher prognostic
accuracy, outcome prediction, classification of tissue types in
colorectal, and detection, grading, stage pathology,
segmentation based on CT, optical diagnosis, classes and
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survival rate, precision treatment recommendations, assisted
system, multi parametric imaging, MR image segmentation,

epithelium density estimation,

radiation oncology treatment planning, 3D multi parametric
MRI, biopsy optimization for prostate cancer detection. For
stomach cancer, Al - related research gives early cancer and
microsatellite instability prediction among others, while about
liver cancer. Explains with tumor segmentation, diagnosis,
and histopathology and beniglesions classification. Relevant
ML algorithms used in esophagus found in literature detail
early screening technique, prediction of early recurrence after
surgery, and biomarker dataset creation. While cervix uteri Al
- related literature describes techniques such as image -
based diagnosis, early recurrence prediction, subgrouping
type's characterization, type of cancer classification, risk of
factors analysis. All other types of cancer also have literature
that proposes Al - based algorithms for similar effects.

AI Driven by Cancer Related Data

In order to have a broader understanding of the growing of
air in the usage for solutions of cancer-related problems, it is
worth to see the increment of different data enabled by new
sensor devices: from CT scans to firm to mina, all different
datasets that have been built and put together facilitates one
of the most intrinsic elements of a training data to create
learning models that correctly classify with great accuracy,
underlines patterns, enables data prediction, and other data -
enabled solutions for cancer. Table 3 enlists the different
types of data that was found in literature of the created
database.

B RNA - seq
MR / fMRI Methy - seq
Hyperspectral
Gene - expression miRNA

B Cells

CD4 T Cells
DNA - seq

Medical records

The quantity of digitation of molecules, images, echo, CT,
hyperspectral data is growing exponentially, and there is also
a constant improvement in quality of sensors and even
creation of new sensor devices that enable obtain lots of data
that can be used in AI systems. Among others, CT scans and
DHI produce images that can be input in deep learning
pipelines, with convolutional, encoders, transformers and
other techniques so features are extracted so classification
and prediction can be performed, being deep learning a very
useful tool used in this data. Similarly, MR and fMRI data
permit obtain visual information that can function as input in
deep network configurations so they can be trained to obtain
features for characterization and prediction models.
Furthermore, a device that has been gradually becoming
more affordable in last years is the hyper spectral cameras,
where visual data of different spectra can be obtained to
serve as training for finding features, characterizations, and in
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predictions models. Similarly, reading biological molecules as
digital data as in gene - expression DNA - seq proteomic and
RNA - seq data permit the understanding of such molecules
and how they express on specific circumstances, and also has
been used as input in deep learning methods, mainly for
characterization, classification and prediction models. On
similar ways, other data such as digital reading of proteomic
methylseq, B cells CD 4 T cells data can function as data
input in neural networks models. Finally, by using strong
Natural Language Processing (NLP) methods, medical records
can represent a huge step towards medical individualization,
as personalized treatment.

Ai Usages for Cancer

As a final quick inspection of the importance of Al in cancer,
the understanding of the main usages of Artificial Intelligence
algorithms is performed. A mathematical and statistical
method that were originally created for numerical
manipulation to the aim to simulate certain intelligence or
brain processing characteristics infiltrated to other areas, and
now is of so much great benefit to fields as in cancer. Table 4
shows a short list of the main usages that Al is serving to
cancer prevention, classification, discrimination and
prediction.

Early detection Big data inferences

Predicted prognosis / outcome prediction Simulation

Relapse

Drug discovery

Enabling / building databases

One of the most basic functions of Al algorithms is to classify
data. In cancer, classifying data from sampling molecules,
imagery, to metadata can be done, especially in ANN, some
ML techniques and most of the deep learning algorithms, has
extensively been done in most types of cancer. Early
detection of cancer has been one of the top applications
developed with AI, where DL plays a role of enabling an even
beyond expert level in different aspects related with cancer.
The predicted prognosis and the outcome prediction is also a
very powerful tool to develop with AI / DL, and if counting
with data, it has been proven to be very effective. Relapsing
is another usage of AI / ML techniques, in order to estimate a
probability of this event for rightly estimating the needed
medication or treatment. Training data from relatives in a big
- data approach helps in doing inferences and estimations of
cancer prognosis or even relapse. There are other objectives
such as pretreatment prediction, simulation and drug
discovery that can make more effective the treatments as
well as more personalization for a faster elimination of cancer
in patients.

Visualizations for Correlations and Trends
In order to grasp the current trends in cancer Al - related
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literature Circular layout visualizations of data relationships
are presented. This data corresponds to the 494 entries of
the most relevant research literature of AI in cancer.
Visualizations were made with circus Figure 1 shows the
yearly increment of Al algorithms including as many as
possible (from Linear Regression to K - Nearest, to CNN and
LSTM, among many others). It is easy to distinguish the
increased trend of general ML over the year in cancer
research while the trend of Deep Learning (DL) gets more
used over last recent years.

Figure 2 presents visualizations that illustrate how much AI
was used in relation to cancer types (from Lung, Breast,
Prostate to Skin, Brain and many others.

Figure 3 portraits the different objectives of using AI (like
classifying type of cancer, early detection, prognosis /
outcome, relapse possibility, for clinical trials, etc.) from 2000
to 2020. Figure 4 shows the research done of AI algorithms
ICA, K - means, RNN, etc.) by attacking specific types of
cancer (lung, stomach, liver, etc.).
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Figure 3. Grcular Layout Visualizations of Data Relationships between Year of
Publication and Medical Objective of using AL

Beyond Reviewing Ai for Cancer

Furthermore, in an effort to provide a digital interface to our
database, we launched fightingcancer.ai whose objective is to
have an easy browsing of all the information and for the user
to not just get to the reference of the literature, but also to
provide other basic data and links, with the submission of
inspiring AI enthusiasts, who have demonstrated to come out
with AI solutions to solve big problems in cancer domain,
such as a teenager using DL to create a pancreatic cancer
diagnosis method (Figure 4).

. W B o
D o e
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VNG

Figure 4. Gircular Layout Visualizations of Yearly Data Relationship between Cancer Type
and AI Algorithm in this Review Data Set.

Figure 5 shows a relationship between AI algorithm type
(encoders, quantum ML, Fuzzy algorithms, etc.) and 178 the
medical objective to achieve (prognosis, detection, etc.).
Finally, Figure 6 is shows examples of the different 179
categories in which researches orient their objectives (by type
of algorithm, by type of cancer, by type of data, 180 or by
medical objective to achieve). The final intent of this review
paper is to accelerate the usage and devell81 open of Al
algorithms targeting Cancer research for solving problems in
related in the cancer field by quickly 182 understanding all
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the efforts that have been made, from different angles of
research (from data scientist / com183 putter scientist to
medical researcher in cancer) (Figure 6).

- ——a

Figure 5. Grcular Layout Visualizations of Data Relationships
between Relationship between Type of Ai Algorithm and the
Final Medical Obiective To Conduct Such Research.

) Cancer .
Al algorithm type Data-driven Al Usage
¢ Regrossion, Decision . g o Imaging: Xray, CT, etc. * Cancet typo
Troes, Naive Bayes Broast * Cincal: dassicaton
¢ KNN, K-Means, Random Colorectal * Sensing technique: PPG, ¢ Therapoutics
Fores, SYM.ICAICA  « Prostate sound, accel o Clinial trls
* Bag of words, Stochastc Stomach * Omis: * Prediction and prognosis
Geacsont Descent Uver * DNA-seq ¢ Alassisted lechnologies
*  ANN: Back-propagation, Oesophagus * Proteome . Ex
CNN,RNN, LSTM . B . Ex
¢
Figure 6. The four Different Categoriesin which all Work of AI Used in Cancer could be Indexed, few
Examples, and more Detailed Listings are found in (Tables 1).

RESULTS

The trends illustrated in the figures could illustrate the degree
of importance that those relationships have taken over time.
This not indicate that it should be continue that way, on the
contrary, it should inspire to inspire the finding of new
relationship that either are very weak or non - existence: this
could provide new ways in which either Al algorithms could
be used, or data could be processed or results could be
carried out, or combination of those new ways. The website
eventually could be built up to offer close — to — real - time
newer literature that comes out, also the graphics should be
plotted automatically every certain time, also the website
could serve as the connector to a reader’s interest or need
into the final data. These features of the website will be
added eventually in a research project that will utilize NLP to
agents to fully automate such described tasks.

DISCUSSION

In order to make an orderly review of the fast increasing pace
of Al in cancer, we created a dataset from the top 494 most
relevant entries appeared in Google scholar from September
10™ to October 15" 2020. After careful filtering out literature
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not relevant to Al in cancer, the dataset was indexed by year.
A copy of the database can be found at Specific query and
search was performed in the Title and Abstract fields of such

Review Article

cancer biopsies and colorectal xenografts using high-
resolution magic angle spinning 1 H magnetic resonance
spectroscopy. Mol Cancer 2008;7:33.

dataset. Selection of data over the two search results was 11. Saidi S A. Independent component analysis of microarray

performed in order to obtain the results described here. data in the study of endometrial cancer. Oncogene

Following sections depict the results of such filtering on the 2004;23:6677-6683.

original created dataset. Furthermore, in order to get a 12. Zhang X W, Yap Y L, Wei D, et al. Molecular diagnosis of

comprehensive general macro view of the landscape in what human cancer type by gene expression profiles and

Al has been involved last decades in fighting cancer focusing independent component analysis. Eur J Hum Genet

in DL, we propose four distinctive categories of how the 2005;13:1303-1311.

review of Al in cancer can be done. The first introduced 13. Alexandrov L B, Nik - Zainal S, Wedge D C, et al.

index is by the type of algorithm, where we mention which AI Deciphering  Signatures of Mutational Processes

algorithm has been used mostly for which type of medical Operative in Human Cancer. Cell Reports 2013;3:246—

approach related with cancer, noticing the trends of 259.

algorithms approach giving clear view of Deep Learning as a 14. Powell R T. Identification of Histological Correlates of

common trend in imaging. The second proposed category is Overall Survival in Lower Grade Gliomas Using a Bag-of-

for the sort of cancers that exist, categorizing Al solutions by words Paradigm: A Preliminary Analysis Based on
the potential of impact in society. The next suggested index Hematoxylin & Eosin Stained Slides from the Lower
is by type of data collected, where a more hands - on Grade Glioma Cohort of The Cancer Genome Atlas. ]

approach is given in describing the innovation of Al in fighting Pathol Inform 2017;10:9.

cancer. Finally, the objective the AI algorithms related to 15. Shi X. Evaluation of template matching for tumor motion

combating cancer is mentioned. management with cine - MR images in lung cancer

patients. Med Phys 2014;41:052304.
CONCLUSION 16. Du_ffy S W, Chen H H, Tabar L, et al. _Estlme?tlon of mean
sojourn time in breast cancer screening using a Markov

Finally, we introduce a website of Fighting Cancer with AI, chain model of both entry to and exit from the preclinical

such compiled information was built so as well as researchers detectable phase. Stat Med 1995;14:1531-1543.

in AI / ML and medical field researchers and practitioners as 17. Chen H H, Duffy S W, Tabar L. A Markov Chain Method

well as innovators in Al could consult to see the state — of — to Estimate the Tumour Progression Rate from Preclinical

the - art in how Al is contributing to eradicate. to Clinical Phase, Sensitivity and Positive Predictive Value
for Mammography in Breast Cancer Screening. J R Stat
Soc Ser Stat Soc 1996;45:307-317.
RERERENEES 18. Burini D, Angelis E D, Lachowicz M. A Continuous — Time
— . , Markov Chain Modeling Cancer-Immune System

1. Sarkar M, Leong T Y. Application of K-nearest neighbor’s Interactions. Commun Appl Ind Math 2018;9:106-118.
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Symp 2000;759-63. . Chemotherapeutic Response of Human Glioma Cell
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Y Acad Sci 2004;1020:154-174. _ 21. Catto J W F. Artificial Intelligence in Predicting Bladder

4. Diaz - Uriarte R, Alvarez de Andres S. Gene selection and Cancer Outcome: A Comparison of Neuro-Fuzzy Modeling
classification of microarray data using random forest. and Artificial i\leural Networks. Clin Cancer Res
BMC Bioinformatics 2006;7-3. 2003:9:4172—4177. '

5. Ritchie M_ D. Multifactor - Dimensionality Reduction 22. Wei ’J S. Prediction of Clinical Outcome Using Gene
Ret;/elfals glgh-O_rdeSr Int;:_racE;clons ?:mong Estroge:-Me - Expression Profiling and Artificial Neural Networks for
tabolism Genes in Sporadic Breast Cancer. m J Patients with Neuroblastoma. Cancer Res 2004;64:6883—
Hum Genet 2001;69:138-147. 6891

6. Yu J S. Ovarian cancer identification based on 23 CIark.e M A Fisher J. Executable cancer models:
dimensionality reduction for high - throughput mass " successes and challenges. Nat Rev Cancer 2020:343—
spectrumetry data. Bioinformatics 2005;21:2200~2209. - ges. v St

7. Gui J.‘ A novel survival _multlfactor d|njen5|on_21I|ty 24. Shimizu H, Nakayama K I. Artificial intelligence in
reduction method for detecting gene—gene interactions oncology. Cancer Sci 2020;111:1452-1460
with f’applllcatlon to bladder cancer prognosis. Hum Genet 25. Rebolledo - Mendez J. Artificial intelligence in fighting
2011’129'101_1102 - cancer: A short review and trends. Int J Mol Immuno

8. Tan C, Chen H, Xia C. Early prediction of lung cancer Oncol 2017:2:42
based on the combination of trace element analysis in 26. Kourou K I’Ex.arc'hos T P. Exarchos K P. et al. Machine
urlne.anld an Adaboost algorithm. J Pharm Biomed Anal learning applications in cancer prognosis and prediction.

9 i?OQ,éE.??—?Sé.S G S et al. Analvsis of breast Comput Struct Biotechnol J 2015;13:8-17.

) EX€ &, Daigin & 5, &anesan >, € al. Analysis of breas 27. Mikhitarian K. Innovative Microarray Strategy Identities
cancer progression using principal component analysis Informative Molecular Markers for the Detection of
and clustering. J Biosci 2007;32:1027-1039. Micrometastatic Breast Cancer. Clin Cancer Res

10. Seierstad T. Principal component analysis for the 2005:11:3697—3704
comparison of metabolic profiles from human rectal e '

J Evid Based Med Healthc, pISSN- 2349-2562, eISSN- 2349-2570/ Vol. 9/ Issue 8 / Mar. 11, 2022 Page 6

(MRPFT)


https://d1wqtxts1xzle7.cloudfront.net/73739230/pxc3884635-with-cover-page-v2.pdf?Expires=1650880532&Signature=Np3J7x9nBk-P0saCKWk-ow03DI5Fp1QEBNzqWK6spOiJNBprx6S2~87RQtbjfNgnn-busWeIrfNqy5-JYOTFJZ~X4a8XRnCHck7Od-YA7IhOnN1knuRwD762ciqOz~oInZFY1ZzE7vZrI1mkAjPId16Y14nI5q9thO7X1hd6mqfSGybkhrMcFK~DMCzp4GtFMoQSbZzxKBHUDcw3salm4wCv5Z4dreyareXXFsfZ2VHaXNCpzp~RZYURCfAUPSU5YAVzwQl6EKZmhcofiA0nyaNe7kh6U4CgshVPlv4XOz7w0fnqn3zBZPqlvMs42SxJtrQNjT0~3pkitLitRy3dyg__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/73739230/pxc3884635-with-cover-page-v2.pdf?Expires=1650880532&Signature=Np3J7x9nBk-P0saCKWk-ow03DI5Fp1QEBNzqWK6spOiJNBprx6S2~87RQtbjfNgnn-busWeIrfNqy5-JYOTFJZ~X4a8XRnCHck7Od-YA7IhOnN1knuRwD762ciqOz~oInZFY1ZzE7vZrI1mkAjPId16Y14nI5q9thO7X1hd6mqfSGybkhrMcFK~DMCzp4GtFMoQSbZzxKBHUDcw3salm4wCv5Z4dreyareXXFsfZ2VHaXNCpzp~RZYURCfAUPSU5YAVzwQl6EKZmhcofiA0nyaNe7kh6U4CgshVPlv4XOz7w0fnqn3zBZPqlvMs42SxJtrQNjT0~3pkitLitRy3dyg__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://nyaspubs.onlinelibrary.wiley.com/doi/abs/10.1196/annals.1310.015
https://bmcbioinformatics.biomedcentral.com/articles/10.1186/1471-2105-7-3
https://www.cell.com/ajhg/fulltext/S0002-9297(07)61453-0
https://academic.oup.com/bioinformatics/article/21/10/2200/208355?login=false
https://link.springer.com/article/10.1007/s00439-010-0905-5
https://link.springer.com/article/10.1007/s00439-010-0905-5
https://link.springer.com/article/10.1007/s12038-007-0102-4
https://link.springer.com/article/10.1007/s12038-007-0102-4
https://molecular-cancer.biomedcentral.com/articles/10.1186/1476-4598-7-33
https://www.nature.com/articles/1207562
https://www.nature.com/articles/5201495
https://www.sciencedirect.com/science/article/pii/S2211124712004330?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2153353922004138?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2153353922004138?via%3Dihub
https://aapm.onlinelibrary.wiley.com/doi/abs/10.1118/1.4870978
https://onlinelibrary.wiley.com/doi/10.1002/sim.4780141404
https://onlinelibrary.wiley.com/doi/10.1002/sim.4780141404
https://onlinelibrary.wiley.com/doi/10.1002/sim.4780141404
https://rss.onlinelibrary.wiley.com/doi/abs/10.2307/2988469
https://rss.onlinelibrary.wiley.com/doi/abs/10.2307/2988469
https://aacrjournals.org/cancerres/article/57/19/4196/657341/Pretreatment-Prediction-of-the-Chemotherapeutic
https://aacrjournals.org/cancerres/article/57/19/4196/657341/Pretreatment-Prediction-of-the-Chemotherapeutic
https://aacrjournals.org/mct/article/7/5/1013/235538/Improved-grading-and-survival-prediction-of-human
https://aacrjournals.org/mct/article/7/5/1013/235538/Improved-grading-and-survival-prediction-of-human
https://aacrjournals.org/cancerres/article/64/19/6883/511762/Prediction-of-Clinical-Outcome-Using-Gene
https://www.nature.com/articles/s41568-020-0258-x
https://d1wqtxts1xzle7.cloudfront.net/71766781/12c5443c9886c5662a6459d24e8d876ba292-libre.pdf?1633622016=&response-content-disposition=inline%3B+filename%3DArtificial_intelligence_in_fighting_canc.pdf&Expires=1650544215&Signature=fAtXajHBrz21DC2auZBnngjMAtAERdRuGMP-5wKAORkLll4FruS-RxQTwCi7WMWjdTblJ1735CdMUx3cG~c0D9W7dfk8r7Ec9NasTDJtAc5V~ogF~Eo-kyU55i6OUcUDtggDWTQmclMF~qPaVIg0jRHQDJYWbV98vAWhivc8tR1C8pMQIG875EVB6wJERluoizxP~Pb-DbY0CR2GrREVkB7YITLDAULIwEhV-sOn0WVn6XK9eutUlZKY7vxfrV1nuUHHZI6cWbALvzlUf65OkRfhl3nuQmN~NtQZSMZ7-qW-hLhx-BvlsxwaUktQYTFOy7vvVR4GCTr4s7muGRmsTw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/71766781/12c5443c9886c5662a6459d24e8d876ba292-libre.pdf?1633622016=&response-content-disposition=inline%3B+filename%3DArtificial_intelligence_in_fighting_canc.pdf&Expires=1650544215&Signature=fAtXajHBrz21DC2auZBnngjMAtAERdRuGMP-5wKAORkLll4FruS-RxQTwCi7WMWjdTblJ1735CdMUx3cG~c0D9W7dfk8r7Ec9NasTDJtAc5V~ogF~Eo-kyU55i6OUcUDtggDWTQmclMF~qPaVIg0jRHQDJYWbV98vAWhivc8tR1C8pMQIG875EVB6wJERluoizxP~Pb-DbY0CR2GrREVkB7YITLDAULIwEhV-sOn0WVn6XK9eutUlZKY7vxfrV1nuUHHZI6cWbALvzlUf65OkRfhl3nuQmN~NtQZSMZ7-qW-hLhx-BvlsxwaUktQYTFOy7vvVR4GCTr4s7muGRmsTw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://aacrjournals.org/clincancerres/article/11/10/3697/186139/An-Innovative-Microarray-Strategy-Identities
https://aacrjournals.org/clincancerres/article/11/10/3697/186139/An-Innovative-Microarray-Strategy-Identities

