21SdA1SOVINS
ngrmaasuaztnalulad

UK1DNYI1AISIBANSUUS

Academic Journal of Science and Technology
Dhonburi Rajabhat University

U 2 avun 2
(asan1Au - sud1Al 2567)

ISSN 2985-0681 (online)



9138153 TINEIAEATUAZIALULAE NNNINSBINUAYSUYT

Academic Journal of Science and Technology Dhonburi Rajabhat University

ARIZNITUNTITIAYINNGET

o

1 I3
NUSnENARUANG

HYILAIERNI19158 AT.8IaNYa] LVINY1VA
a a
NUSNWINBIUTITUISNS
HYILAENT1A158 3.5 LB
HYI8ANEnI1158 A3.UTEANS HGHE
4 =3 [ a
919158 A9.L810E Usvgunsedlng
UI5415NI15USUIS
;3’ NEANENII9158 A5.0ARR nBUILN?
ABIUTIUISNIS
6 a a 6§ o 6
ANAMI19158 A5.Uey 1AIUNNT IR
$99ANENIISY AT LANATIA WOUATD
L4 =
$99FAANTIN5E N9.9197556 Yeyylnue
599F1@N519158 A5. WD DuRe
JRIAIANTIATE AT.IIEM AT AN
S99FANANTIATY AT.0USIA 119019
HYIeAanI1a158 a3 Uaunlsda anasing
HYILMans19158 As.atndneg Sundn
HYILAERNI19158 AT gNAA GRECEM
AYILAIENIIA5E AT.UIRTEN NI I
& [ [ & @
919138 73.50UY UNsifigy

9139158 A5.9MA A30an Ty



AMIZNTSUNITANTUU

N8AIANSIANTIIUINT

ey

NOA1ANSIAN50 A9.N55

e

913158 75.39YA"
6 =
9197136577

9191595UINS

a 4

HN829NBUUKAZINNUNTULAY

U
= o '3
UNYANNRIL
Haennsniedannsatindwazussundunus

L3

AANSIANSET TR

d
UNEANTIIE
NaeUszaIUU
U9EIUT I
U9 IUA
F18NSRULAZITUNER
iy

UNE1BETY

Y19EIEIUN

Uszannung
=
QAN

Jleaosual
NaRYINY

RITMENA

gnuas

bbLRN

A3d1919A

YUNDI

AL



UYNUIIUISNS

M3ETIINTINeImansuazinalulad un1ine1dss1vAgsuys adull Wuln

q

atufl 2 Use91AounIngIAN-4RausuInAL NISANUNNELNIUNAINITELAEIVINIT
19nUTEAIRNILINYUNTBIAAINUS NTTUIUNITNWANIUAA KATNITHAUIFREDATITEAN 9
dulaa1nn19fny) AUATIITY naBAIULILUAIY 9 A1udnglransuasinalulad

N19Ussasn1suTadusg19gein uneuddenlameunsluinsaisaduil azneliiia

Usglevtilusuignnis deu uavyuvunely

NBIUTITUISNIS



NINTIVINMIIMEIansuasinalulad wninedesigsuys

Uit 2 athudl 2 (hsnges-Sunan) 2567

GUEITY

UNAINIY g

1.

nswakaUnalatuiuswesines Al
A0INT 11TUL TAINT FITTUTLY wazdaAuT nedina
n1smingaunsdlunguivadaanslenluundelasldauuluiranungs A17

uazusenulnusegs

3597 waneysy Snsied lwesunatanl olgh Deaw uavuia vege

9

nsAneINsiuianulasndsuaznginssuanulasnisluiesufjianis  A33

o [

MYANFAASUNING AV TIVANTUYS

o

U6l uslds wazdased dumes

nsuanenueanasleseveiaaiunads lagdavnayusudiaesdndin A49

s o o

UNUARBIUNNEE AIUAUIIUAT BNBUNNE FendnaynsusInig

) a

Ssewe findeu dasinf lvwsunaiamd olgh Seay Sydl wadayey
WaEs1IANG 5IYIsYY
N159DNLUUNARA Az aNUSEasAvUIALAna S UNBNNINAnEn A61

wany U NNdun nIngy netIuAd wazdanyal 133MSed

UNAIUIBINTG

6.

Integration of Artificial Intelligence and Omics Technologies for B1
Precision Oncology

Sujimon Mungkalarungsi, Arada Subsiripaibool, Winthai Duang-Ngern,

Pitchayes Phonporton, Ittiphat Siriwitpreecha, Chatnatda Ovatnupat,

Kanruthay Ruktaengam and Thanaporn Chawanasunthorn

Advancements in Precision Cancer Medicine: Integrating Artificial B15
Intelligence with Metabolomics for Enhanced Diagnostic and

Prognostic Accuracy

Sujimon Mungkalarungsi, Nattaka Limranangkula, Pichayapa Yuphong,

Mantana Kongtanakusul, Sooknapat Chongsawadvorakul,

Somprat Suratannon, Punchaya Tapaneeyasathid and Phatthicha

Leowattana



NIAFINMTINNMansuazinalulag uininendesivinsuys

Uit 2 atufl 2 (nenges-Sunan) 2567 o8

ASNAIUILDUNALATUS UV WD UL DS

dNINT A1ue! SAs gr3Taudes? uasdeAun wedyana®

UNANELD

[V
v aAaaov

nsAnwiaseildingUsvasdiiie 1) sanuuukasimuieundndudimsuiuug

fa s = a ] v 1 v a =1 a v
wWosiliaes uay 2) AnwAuAnaiuvesyldausdenisidauneundinduil ueundiatu
Wawndulagldunannasy Outsystems walitauasaIntunsiiuing Yuusanisd
AUANY999NA kATAATBRANAINLUNITYINUTULUULAL YR WAESANUAmBTHIReT Ha

a a 3 1 v a v Y o oA N [
ﬂ’]iﬂi%LZJ‘LJ@']']&I?‘W@Lﬁum@ﬂ?ﬂsﬁ\‘i’]uu@ﬂwaLﬂ%u%’]ﬂﬁﬂﬂj%WUQU 30 AY WU?W@JﬂWLQﬁS@QIU

s¥Audnn (X = 4.01 S.D. = 0.81)

AEIAR: MTHAIUY  weUnAlATY  Suneesiiaes

123 puzimalulagfavia 1nInendesnvdgdessne
" JUsEauaunan e-mail: ms_angsana@crru.ac.th

Tunfuunannu 27 duies 2567 Fudunlyunau 20 fquiew 2567 Tuineuiuunau 1 e 2567



Academic Journal of Science and Technology, Dhonburi Rajabhat University

A2
Volume 2, Issue 2, July-December) 2024

Development of an Application for a Furniture Store

Chattaporn Tajina® Thidaporn Suwanwiang? and Angsana Phongnumkul®*
ABSTRACT

The objectives of this research were to 1) design and develop an application
for a furniture store, and 2) study user feedback on the use of the application.
The application was developed using the Outsystems platform to enhance service
efficiency, streamline customer product ordering, and reduce errors associated with

traditional operation methods of the Kiatkarn Furniture store. The feedback on the use

of the application from 30 users was at a high level (X = 4.01, S.0.=0.81).

Keywords: development, application, furniture store
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Elimination of Eukaryotic Microorganisms in wastewater

Using High-frequency and High-voltage Electric Field

Teerawut Savangboon! Arckarakit Chaithanakulwat?” Nuttee Thungsuk?

and Manut Chalood*
ABSTRACT

This paper presents the elimination of eukaryotic microorganisms in wastewater
using high-frequency and high-voltage electric field. The principle and method for
eliminating this group of microorganisms are to apply the principle of generating a high-
voltage and high-frequency electric field to a switching circuit to supply DC voltage
through a flyback transformer. After passing through the flyback transformer, it causes
the voltage to rise between 1-30 kV and the frequency to rise between 1-30 kHz to
supply a set of designed electrode chamber mechanism. This mechanism
is phenomenal in coronal conditions to be used for the elimination of eukaryotic
microorganisms in wastewater. The research has been conducted on several issues,
including the testing of control circuits, the operation of mechanisms, and the
generation of high-frequency PWM signals. It was found that the designed mechanism
could control the input and output voltages when the frequency changed according
to the purpose. After testing the relationship between constant high voltage values
and varied high frequency values, and the relationship between constant high
frequency values and varied high voltage values, it was found that the optimal
frequency was 10 kHz and the optimal voltage was 30 kV, which were sufficient to

eliminate eukaryotic microorganisms in wastewater.

Keywords : corona, flyback transformer, electric field, microorganisms, eukaryotic cell
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The Study of Perception towards Safety and Safety

Behavior in Laboratory, Dhonburi Rajabhat University

Pranee Saejeng!” and Itsaree Kantong?
ABSTRACT

The objectives of this research were 1) to study the perception level of safety
and the safety behavior of undergraduate students in laboratory practice and
2) to study personal factors related to the perception of safety and safety behavior.
The samples of this research were students, consisting of third-year and fourth-year
students who practiced in laboratory, faculty of science and technology. The data were
collected by questionnaires, and the statistical software was applied for data analysis.
The results showed that 1) students have a high level of the perceptions of safety in
laboratory practice, and 2) The four field of perception of safety showed that the
highest average was organizational management (4.32 + 0.66). In terms of safety
behavior across three field, with the highest average was the use of tools and
equipment (3.51 + 0.70). This information is beneficial for developing a safety manual

for science laboratories to enhance students' safety behavior.

Keyword: perception toward safety, safety behavior, laboratory
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Production of Ethanol and Fertilizer from Salab Luang Grass
by the Aquaculture Commmunity Enterprise, Ban Khlong Bang Kasi,
Bang Pla Subdistrict, Bang Phli District, Samut Prakan Province

Teerapong Fakoon® Akharakit Chaithanakulwat? Nuttee Thungsuk?

Teerawut Savangboon®” and Thanthip Tawatwachoom®
ABSTRACT

Salab Luang grass is a plant that commonly found along fishpond margins. Salab Luang
grass exhibits cellulose-rich composition that makes it a promising raw material for ethanol and
fertilizer production. In this research focuses on using Salab Luang grass for ethanol and fertilizer
production through the active participation by the community enterprise group of aquaculture
farmers, Ban Khlong Bang Kasi. The extraction of ethanol from Salab Luang grass involves a process
of lignin removal, hydrolysis, and batch fermentation under static conditions. This process
successfully yields ethanol, a primary raw material for producing solid fuel. The resulting ethanol-
based solid fuel product exhibits a combustion duration of 69 seconds per gram, surpassing the
Thai Industrial Standards Institute (TISI) 950-2547 standard, which specifies a minimum of 45
seconds per gram. This initiative significantly reduces using commmercial ethanol as a raw material
for solid fuel production. Its cost is lower than 34.61% by compared to market prices. Additionally,
the cellulose residue as a byproduct of ethanol production can be further utilized for fertilizer
development. Moreover, this research involved community participation in designing and
enhancing packaging to ensure product stability and prevent evaporation. Overall, the community
demonstrates a high level of participation in the production of solid fuels and fertilizers (X = 3.97,
SD.=0.14).

Keywords: Salab Luang grass, Ban Khlong Bang Kasi Aquaculture Community Enterprise,

solid alcohol fuel
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Product design of a small multi-purpose table

for student dormitories

Kettawan Supma! Korakrit Korbuakaew? and Julalak Jarujutarat®
ABSTRACT

The objectives of this research project were to 1) study the problems in order to design
small multi-purpose table products for student dormitories, 2) study the materials and
production process of the small multi-purpose table products for student dormitories,
and 3) assess satisfaction of using the small multi-purpose table products. This research
study was a mixed methods research. The research team studied the behavior of the
target group using the Moodboard tool to find design ideas and designed 5 types of
small multi-purpose table products using a specific sample group of 30 students, aged
between 18-22 years, living in a limited-sized dormitories. It was found that the product
design 5 had the highest mean value of 4.50. The top aspects with the highest level
of satisfaction were as follows: the convenience in use (X = 4.63), beautiful shape
(X = 4.57), and usability suitable for the shape and modem style (X = 4.53). The
researchers chose the product design 5 and added appropriate functionality that

reached the needs of the target group.

Keyword: small multi-purpose table, dormitories, product design

123 Department of Product Design and Development, Faculty of Engineering and Industrial Technology,
Bansomdejchaopraya Rajabhat University
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ABSTRACT

This comprehensive review examines the integration of artificial intelligence (Al)
and cancer treatment from an omics perspective. As cancer incidence and mortality
rates continue to rise globally, understanding tumor heterogeneity and molecular
subtypes has become essential for effective therapy. The review highlights the role of
Al in analyzing omics data, including genomics, proteomics, transcriptomics,
epigenomics, and metabolomics. Al-driven precision oncology significantly enhances
diagnostics, treatment selection, and prognosis prediction by identifying complex
patterns and correlations within large-scale datasets. By combining Al with various
omics approaches, researchers are uncovering new insights into cancer biology,
enabling more personalized therapeutic interventions. Additionally, the review
explores the future potential of Al in oncology, focusing on the possibilities for

improved patient outcomes and groundbreaking discoveries in cancer research.
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Introduction

Cancer is a disease characterized by the uncontrolled growth of abnormal cells
that extend beyond their normal boundaries, potentially invading nearby tissues and
spreading to distant organs. This progression, known as metastasis, disrupts and
destroys organ function by obstructing the supply of nutrients and oxygen, leading to
the accumulation of waste products. Cancer can affect almost any part of the body,
presenting in various forms, and often spreads through the blood and lymphatic
systems during advanced stages (Siegel et al., 2023). As a significant global health
challenge, cancer is responsible for approximately 10 million deaths worldwide in
2020, with an estimated 1,958,310 new cases and 609,820 deaths projected in the
United States alone in 2023 (Afolayan et al., 2024; Siegel et al., 2023). The incidence
and mortality rates of cancer continue to rise globally, marking it as one of the leading
causes of death (Sung et al., 2021). Additionally, a study predicts a consistent cancer
death rate of approximately 0.24% in any country worldwide over the next century
(Gaidai, Yan, & Xing, 2023).

Tumor heterogeneity, the variation in cell populations within tumors, is
a universal feature of all cancer types. This heterogeneity includes differences between
tumors of the same type among different patients (inter-tumor heterogeneity) and
within individual tumors (intra-tumor heterogeneity) (Li et al., 2023). Recognized as
a critical factor in cancer progression, tumor heterogeneity affects every stage, from
initiation to metastasis and recurrence (Li et al, 2023). The sources of this
heterogeneity include genetic, epigenetic, transcriptomic, proteomic, and metabolomic
alterations (Li et al., 2023). Understanding these variations is essential for developing
individualized therapies, particularly through cancer subtyping based on the molecular
characteristics of primary tumors, which relies heavily on gene expression data (Shen
et al,, 2022). Although gene expression signature-based classification has shown
promise, challenges such as platform differences, batch effects, and difficulties in
classifying individual patient samples have limited its widespread implementation. The
significance of cancer subtyping lies in its ability to guide the selection of specific

therapies and the design of targeted treatments. While traditional cancer classification
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methods rely on histopathological and clinical characteristics, gene expression profiling
faces challenges from technical variations and experimental protocols, which can lead
to non-biological batch effects (Gao et al., 2019). Within a single cancer type, multiple
subtypes may exist, each influencing treatment decisions. For example, breast cancer
is typically classified into subtypes such as LumA, LumB, HER2, Basal, and Normal, each
guiding different treatment approaches (Luo et al., 2023). Similarly, prostate cancers
exhibit diverse subtypes defined by specific gene fusions (e.g., ERG, ETV1/4, FLI1) or
mutations (e.g., SPOP, FOXA1, IDH1), revealing highly varied genomic, epigenomic, and
transcriptomic patterns (The Cancer Genome Atlas Research Network, 2015).

In recent years, artificial intelligence (Al) has emerged as a powerful tool for
integrating and analyzing multi-omics data. The applications of Al in the medical field
have expanded significantly, encompassing clinical practice, translational medicine,
and biomedical research across various diseases, including cancer (Kourou et al., 2021).
In oncology, Al is employed for a range of purposes, including risk assessment,
automated segmentation, lesion detection, characterization, grading, staging, prognosis
prediction, and therapy response evaluation (Cuocolo et al., 2020). Al’s ability to
accelerate the analysis of vast datasets, recognize patterns, and facilitate informed
decision-making has made it instrumental in advancing medical research and practice
(Xu et al., 2019). This review provides a comprehensive examination of the application
of Al in cancer treatment, with a particular focus on its integration with multi-omics
data. Additionally, it discusses the future potential of Al in advancing oncology,

improving patient outcomes, and contributing to new discoveries in cancer research.

Omics and Artificial Intelligence

In the context of oncology treatment, Omics and Artificial Intelligence (Al) are
emerging areas that play critical roles in advancing personalized medicine and
improving cancer treatment outcomes.

Omics in Oncology
Omics refers to different areas of study that focus on various biological

molecules in the body. These areas include: 1) Genomics: This is the study of genes
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and DNA. In cancer treatment, genomics helps doctors understand which gene
mutations cause cancer, so they can create specific treatments to target those
mutations. (Micheel, Nass & Omenn, 2012) 2) Proteomics: This is the study of proteins.
By studying proteins in cancer cells, scientists can learn how these cells work and find
new ways to stop them. (Gillette, Jimenez & Carr, 2024). 3) Transcriptomics: This area
focuses on RNA, which is made from DNA. Understanding RNA in cancer cells helps in
discovering how these cells behave and in finding new treatment methods and 4)
Metabolomics: This is the study of small molecules involved in metabolism. In cancer,
studying these molecules can help identify new ways to diagnose and treat the
disease. (Micheel et al., 2012).
Artificial Intelligence (Al) in Oncology

Artificial Intelligence (Al) is technology that uses computers to analyze large
amounts of data. In cancer treatment, Al can: 1) Help Diagnose Cancer: Al can look at
medical images like X-rays and help doctors detect cancer earlier and more accurately
(National Cancer Institute, 2024). 2) Plan Treatments: Al can use patient data to predict
how well a treatment will work, allowing doctors to choose the best treatment for
each patient. (National Cancer Institute, 2024; National Institutes of Health, 2024).
3) Discover New Drugs: Al can help find new cancer drugs faster by predicting which
ones might work based on the characteristics of the cancer and 4) Monitor Progress: Al
can track how well a patient is responding to treatment and suggest changes if needed
to improve outcomes. (National Cancer Institute, 2024; National Institutes of Health, 2024).

By combining omics with Al, cancer treatment is becoming more personalized.
This means treatments are tailored specifically to each patient’s cancer, which can
make them more effective and reduce side effects.
Omics technologies in oncology

Molecules, such as genes, RNA, proteins, and metabolites, can be used to
reveal the mechanisms underlying physiological processes and changes that occur
during pathological conditions. Current technologies can obtain a huge number of
molecular measurements from a biological sample. Many hundreds or thousands of
molecules can be analyzed by high-throughput technologies termed as omics

technologies. Examples of omics technologies include genomics, transcriptomics,
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proteomics, and metabolomics, which correspond to global analyzes of genes, RNA,
proteins, and metabolites, respectively. Those omics technologies can provide
new insights into oncology.

Epigenetics refers to changes in gene expression that occur without altering
the DNA sequence itself. These changes are influenced by various factors, including
environmental exposures, lifestyle choices, and developmental processes. Epigenetic
modifications can control which genes are turned on or off in different cell types,
playing a critical role in regulating cellular functions and development. In the context
of cancer, epigenetic alterations can lead to abnormal gene expression patterns that
contribute to tumor initiation, growth, and metastasis. These changes may involve DNA
methylation, histone modifications, and non-coding RNAs, among other mechanisms.
Al technology is increasingly used to analyze large-scale genomic and epigenomic data
sets, helping researchers uncover patterns and correlations that provide insights into
the role of epigenetics in cancer. This integration of Al with epigenetics research holds
great promise for improving our understanding of cancer biology and developing
targeted therapies tailored to individual patients.

In cancer genomics, the widespread availability of genetic information
facilitated by next-generation sequencing (NGS) technologies offers valuable insights
into tumor genomic profiles. Additionally, germline mutations in cancer-predisposing
genes like BRCA1/2 are identified to assess cancer susceptibility (Xu et al., 2019).
Cell-free DNA (cfDNA) from dying tumor cells, exosomes, and circulating tumor cells
(CTCs) serve as sources for tumor DNA, aiding in genomic profiling for risk prediction,
disease diagnosis, and targeted therapy development (Xu et al., 2019). The study of
whole genome sequences and DNA sequence variants, known as genome analysis,
has significantly impacted medicine, enabling disease diagnosis, treatment response
assessment, and prognosis prediction (Babu & Snyder, 2023). In colorectal cancer (CRC),
genetic features such as KRAS mutation and microsatellite instability (MSI) status play
pivotal roles in disease characterization (Gao et al., 2023). Although cancer is not
primarily hereditary, the genome represents the entirety of genes within a cell, and

genomics delves into the study of organisms' genetic make-up. Genome-wide
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association studies (GWAS) have successfully pinpointed interacting genetic variants
contributing to cancer risk (Shao et al., 2022).

Transcriptomics involves measuring the complete set of RNA transcripts and
their abundance in cells or cell populations, serving as a read-out of cell state.
The continual advancements in transcriptomics have brought about transformative
changes in modern medicine, offering applications in disease diagnosis and prognosis.
This technology enables the elucidation of how different genes interact within specific
cell types over time (Babu & Snyder, 2023). In recent experiments, the Deep
Convolutional Graph Network (DCGN) outperformed seven other cancer subtype
classification methods when applied to breast and bladder cancer gene expression
datasets. These findings highlight the superior performance of DCGN in classification
tasks (Gao et al., 2019). Consequently, whole transcriptome-based cancer subtyping
has emerged as an effective strategy for dissecting cancer heterogeneity. This approach
integrates genetic, epigenetic, and micro-environmental features, providing insights into
cancer biology and clinical presentation (Gao et al., 2019).

Proteomics involves quantifying the identity and abundance of all proteins
within a sample. Mass spectrometry (MS)-based proteomics has demonstrated
considerable potential by uncovering intricate and predictive biomarker signatures.
These findings have not only enhanced clinical decision-making but have also
facilitated the prediction of 118 patient trajectories through the application of machine
learning techniques (Gillette et al., 2024).

Metabolomics involves studying small molecules in the body, typically those
with a mass less than 1500 Da. Serving as the substrate for interactions between
genetics, environment, microbiota, and exposome, metabolomics studies have driven
advancements in biomedical research. These studies have applications in biomarker

discovery, disease diagnosis, and prognosis (Babu & Snyder, 2023).
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Integration of Al and Omics technologies

Cancer is a multifactorial disease and the development of cancer is
complicated. Even though multi-omics technology can provide lots of information for
better understanding the molecular and clinical features of cancers, the extensive
volume of information is challenging for humans to analyze and gain deep insight.
Through the Al capabilities, Al can process vast quantities of information obtained from
omics technology to unveil in-depth insights into various types of cancer. Hence, Al
can strengthen multi-omics technology to become a powerful tool for cancer research
and medical oncology. In clinical practice, Al can be utilized for diverse purposes, such
as risk prediction, investigation, diagnosis, and therapy response evaluation.

Al assists cancer research through its application in genomics, epigenomics,
transcriptomics, proteomics, and metabolomics. In genomics, Al algorithms analyze
vast genomic datasets to identify cancer genetic variations, aiding in the discovery of
driver mutations and personalized treatment strategies. Epigenomic analysis with
machine learning algorithm uncover patterns within large scale epigenomic datasets
intricate DNA methylation patterns and histone modifications, shedding ligsht on gene
expression regulation in cancer cells and identifying potential therapeutic targets
(Vinciguerra, 2023). Al assisted transcriptomic can analyze tumor heterogeneity (Figure
1), the tumor microenvironment, immune-related adverse event pathogenesis, drug
resistance (Gui et al., 2023).
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Figure 1 The synergistic integration of epigenetics, multi-omics, radiomics and

pathomic data for Al-driven personalized patient management
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Al-driven transcriptomics analysis uncovers dysregulated genes and pathways
crucial for understanding cancer progression and classification. Moreover, Al facilitated
proteomic analysis can predict complex protein biomarkers and interactions pivotal
for elucidating cancer biology and developing targeted therapies. In addition, Al can
identify risk factors, predict the likelihood of developing a disease (Gui et al., 2023). Al
can be used to facilitate the integration of multi-omics information (Gao, Huang, & Xing,
2022). This integrated approach paves the way for the development of precision

oncology, improving diagnosis and treatment outcomes for individual cancer patients.

Current Applications of Omics and Al

Genomic testing, particularly the Oncotype DX test, has greatly improved breast
cancer treatment by analyzing the activity of 21 genes in a tumor. This test is crucial
for patients with early-stage, estrogen receptor-positive (ER+), node-negative breast
cancer. It helps predict the risk of cancer returning and the potential benefit of
chemotherapy. By identifying which patients are likely to benefit from chemotherapy,
the test also helps avoid unnecessary treatments for those at low risk (McVeigh & Kerin,
2017). The effectiveness of the Oncotype DX test is even better when combined with
biomarkers like long non-coding RNA MALAT1, which provides additional information
about cancer prognosis (Huang et al., 2021). The use of Oncotype DX in clinical practice
is a major step forward in personalized medicine, allowing for more accurate treatment
plans that match each patient’s risk level, leading to better outcomes and fewer
unnecessary treatments (McVeigh & Kerin, 2017; Huang et al., 2021).

In lung cancer, the combination of artificial intelligence (Al) and omics data has
advanced screening and diagnosis. Al models using CT scans and radiomics have shown
better accuracy in telling the difference between benign and malignant nodules
compared to traditional methods, though issues like high false positive rates remain.
Adding omics data, such as genomics and proteomics, makes these models more
accurate by providing a deeper understanding of the disease, leading to more

personalized treatments. Future research should work on improving these Al models
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to reduce false positives and ensure they are effective for all patient groups (Cheng,
Li, & Wu., 2024; Gharehbaghi et al., 2023).

In colorectal cancer (CRC), metabolomic profiling has highlighted important
metabolic changes before and after surgery, particularly in pathways like arginine and
proline metabolism. Zhuang et al. (2022) found that gamma-linolenic acid (GLA) levels,
which were lower before surgery, returned to normal afterward, showing potential as
a marker for CRC recurrence and prognosis. Proteomics has also helped in early cancer
detection and personalized treatment by identifying specific protein biomarkers,
allowing for customized therapies and monitoring treatment responses. Combining
these omics approaches with Al enables a more efficient analysis of complex data,
leading to more precise and individualized cancer care.

Al has also transformed the field of computational and digital pathology by
integrating whole-slide imaging (WSI) with deep learning models like convolutional
neural networks (CNNs). These Al-driven tools have greatly improved the accuracy and
efficiency of diagnosing and classifying cancerous tissues, especially in prostate,
colorectal, and breast cancer. Al has also made pathology more precise by reducing
differences between observers and allowing for remote analysis, which was especially
useful during the COVID-19 pandemic (Cui & Zhang, 2021; Bera et al., 2019; Baxi et al,,
2022).

The combination of omics data with Al has also improved the ability to predict
cancer outcomes and tailor treatments to each patient. For example, in colorectal
cancer, Al models that include omics data have performed better than traditional
methods in predicting patient outcomes, providing deeper insights into tumor biology
and leading to more effective treatments (Cui & Zhang, 2021). Additionally, Al has
advanced the discovery of biomarkers and patient stratification, particularly in
immuno-oncology. Al-driven algorithms and multiplex immunohistochemistry (IHC)
provide detailed information on immune cell distribution within tumors, improving
predictions of responses to immune checkpoint inhibitors and supporting personalized
treatment plans (Baxi et al., 2022).

However, the use of omics and Al in cancer care faces several challenges. One

major issue is the variability in data quality and the need for standardization,
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as differences in how samples are prepared and processed can affect the reliability of
results (McVeigh & Kerin, 2017; Huang et al., 2021). The complexity of combining multi-
omics data with Al models also makes the process difficult, requiring advanced
computational tools and expertise (Cheng et al., 2024; Cui & Zhang, 2021). Additionally,
many Al models, especially deep learning algorithms, are seen as "black boxes", making
it hard for doctors to understand and trust their recommendations (Bera et al., 2019).
High false positive rates in cancer screening and the risk of overfitting also present
significant challenges, leading to unnecessary treatments and limiting the general use
of Al models (Gharehbaghi et al., 2023). Ethical concerns about patient privacy and
data security, as well as biases in Al algorithms, further complicate their use in clinical
settings (Baxi et al,, 2022). Additionally, the slow pace of clinical validation and
regulatory approval, along with the high costs associated with these technologies,
limits their availability, especially in areas with fewer resources (Zhuang et al., 2022).
Addressing these challenges is essential to fully realize the potential of omics and Al

in improving cancer care.

Conclusion

The integration of artificial intelligence (Al) into cancer care represents a major
improvement over traditional methods that relied on manual analysis of omics data.
Previously, cancer diagnosis and treatment were often slow and less accurate, with
decisions based on general protocols rather than tailored to individual patients. Al has
changed this by making data analysis faster and more precise, helping doctors to detect
cancer earlier and choose the best treatment for each patient. By combining Al with
omics technologies, it is now possible to create more personalized and effective
treatment plans, which improves patient outcomes. As Al continues to develop, it will
likely lead to even more advances in cancer research and care, offering new ways to
understand and treat the disease at a deeper level. This progress holds the potential
to greatly enhance the effectiveness of cancer treatments and improve the quality of

care for patients worldwide.
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Recommendation

To improve the use of omics and Al in cancer care, it is important to create
clear guidelines for collecting and processing data to ensure that results are consistent
and reliable. Making Al models easier to understand will help doctors trust and use
them in their work. We also need to address ethical issues, such as protecting patient
privacy and avoiding biases in Al. Testing these technologies thoroughly in clinical trials
is necessary to prove they are safe and effective. Additionally, finding ways to lower
costs and increase access, especially in areas with fewer resources, is essential.
Continued research should focus on improving Al models and discovering new uses

for omics to enhance personalized cancer treatment and patient outcomes.
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for Enhanced Diagnostic and Prognostic Accuracy
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ABSTRACT

Cancer is a complex disease that requires continued research and
advancements in prevention and treatment. Understanding the metabolic alterations
that occur in cancer cells is essential for developing precision cancer medicine.
Metabolomics has emerged as a powerful tool for studying cancer metabolism.
By profiling the metabolite composition of a cancer, metabolomics enables
the identification of metabolic signatures associated with specific cancer types
and stages, as well as the discovery of novel biomarkers for diagnosis
and prognosis. By combining artificial intelligence with metabolomics, scientists can

reveal perspectives on cancer biology, leading to tailored therapeutic strategies.
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This article provides a comprehensive review of the integration of artificial intelligence

and metabolomics in precision cancer medicine approaches.

Keywords: Metabolomics, biomarker, cancer, Artificial Intelligence, Precision Medicine

Introduction

Cancer is a complex disease marked by uncontrolled cell growth and the
potential for metastasis, contributing significantly to global health challenges (Clish,
2015). Rising incidence and mortality rates emphasize the urgency for continued
advancements in prevention, early detection, and treatment. Cancer subtyping through
molecular characteristics is essential for individualized therapy and understanding
cancer heterogeneity, yet challenges in classification have limited its broad clinical
application. Effective cancer subtyping enables tailored therapy selection and precision
medicine approaches that significantly enhance patient outcomes (Tsimberidou,
Fountzilas, Nikanjam, & Kurzrock, 2020).

Metabolomics has emerged as a pivotal field for studying cancer metabolism
by enabling comprehensive profiling of metabolites—small molecule signatures that
reflect the molecular phenotype of cancer cells (Ngan, Lam, Li, Zhang, & Cai, 2023).
By examining metabolic alterations in tumors, metabolomics provides valuable insights
for biomarker discovery and disease characterization across cancer types (Liberti &
Locasale, 2016). However, limitations in sample interpretation, particularly when
comparing biofluids (e.g., blood, urine) to tissue samples, affect data consistency and
the interpretation of biomarkers for diagnostic and prognostic applications (German,
Hammock, & Watkins, 2005; Danzi et al., 2023).

Al integration into cancer metabolomics is revolutionizing diagnostic accuracy
and treatment precision. Although still developing, studies show that Al can improve
cancer diagnostics by identifying intricate metabolic patterns in large datasets (Barberis
et al,, 2022). Nevertheless, only a few studies have fully examined the role of Al in
enhancing cancer diagnostics and treatment efficacy. To address this gap, this review

evaluates current research on Al in cancer metabolomics, discusses the relevance of
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specific biomarker samples, and presents a comprehensive table summarizing

biomarkers identified across cancer types. (Table 1)

Table 1: Identified Biomarkers by Cancer Type

No. Cancer Sample | Metabolomic | Diagnostic/Prognostic Key
Biomarker
Type Type Method Significance References
1 Lung Polyamines | Plasma LC-MS Predictive of Klupczynska
Cancer Chemotherapy et al. (2017)
Response
2 Lung Lactate Serum LC-MS Associates with Peng et al.
Cancer Cancer Progression (2018)
3 Renal Amino Urine LC-MS Diagnostic Potential Bifarin et al.
Cell Acids (2021)
Carcinoma
(RCO)
q Ovarian Lipids Serum | UPLC-MS/MS Associated with Gaul et al.
Cancer Cancer-Specific (2015)
Metabolic Shifts
5 Prostate Glucose Tissue LC-MS Biomarker for Cancer | Ren S. et al.
Cancer Derivatives Subtyping (2016)
6 Breast Fatty Acids | Serum GC-MS Provides Hassan et al.
Cancer Comprehensive (2020)

Metabolic Insights

In summary, this article explores the integration of Al and metabolomics in

precision oncology, providing foundational insights into metabolic shifts across cancer

types. By clarifying the roles of sample types, reviewing Al contributions to diagnostic

improvements, and presenting a detailed summary of biomarkers, this work advances

understanding in Al-assisted cancer metabolomics.
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Study Methods

This review assesses the integration of Al and metabolomics in precision cancer
medicine through:

1. Literature Review: Systematic collection of studies on Al applications in
metabolomics, biomarker discovery, and cancer diagnostics to examine advancements
across major cancer types and evaluate biomarker impacts on prognosis and
treatment.

2. Metabolomic Techniques Analysis: Examination of studies using NMR, MS,
and chromatography techniques to assess effectiveness in biomarker detection and
relevance across biofluid and tissue samples.

3. Al Methodologies Evaluation: Analysis of Al algorithms (e.g., machine learning,
deep learning) in data processing and cancer subtype classification, focusing on
predictive modeling and integration with other omics data.

4. Cancer-specific Findings: Review of studies on lung, breast, prostate, RCC, and
ovarian cancer to summarize metabolic and biomarker characteristics and Al-driven
improvements in diagnostics and care.

5. Biomarker Table Compilation: Creation of a table categorizing key biomarkers
by cancer type, diagnostic relevance, and sample type, providing a structured overview
for precision oncology.

This synthesis highlights Al-enhanced metabolomics’ impact on cancer
diagnosis, treatment precision, and prognosis, advancing precision cancer medicine.

(Table 2)
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Table 2: Al-Enhanced Precision Medicine Approaches In Metabolomics

No. | Al Approach | Application Outcome/Benefit Limitations Key Studies
in Cancer
Type

1 Machine Breast Predictive Modeling | Data Integration | Irajizad et al.

Learning Cancer for Treatment Challenges (2022)

Response

2 | Deep Learning Pancreatic Enhanced Biomarker | Ethical and Data | Katta et al.

Cancer Detection and Handling (2023)

Outcome Prediction Limitations
3 AutoML-XA| Renal Cell Distinguishes RCC Limited Clinical Bifarin &

Carcinoma from Other Types Integration Fernandez

(2023)

4 Radiomics Various Improves Diagnostic High Mbodi,
Integration Types Accuracy in Imaging Computational Mathebela,

Requirements & Dlamini

(2023)
5 Predictive Lung Cancer Predicts Statistical and Peng et al.

Modeling Chemotherapy Sample Size (2018)

Efficacy Limitations
METABOLOMICS

study of endogenous small molecules, or metabolites, within biological systems. This
approach aims to quantify metabolic biomarkers associated with cancer detection and
treatment efficacy, with initial discovery typically occurring in preclinical settings using
animal models and human cell cultures. These biomarkers then undergo translational
validation in patient-derived biofluids (e.g., blood, urine) or tumor tissues to assess
clinical relevance. Biofluids and tissue samples offer distinct advantages for

noninvasive and targeted biomarker validation, respectively, depending on the origin

Metabolomics, a branch of systems biology, is dedicated to the comprehensive

and type of cancer (Ngan et al., 2023).
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Metabolomic analyses commonly rely on advanced technologies like nuclear
magnetic resonance (NMR) spectroscopy and mass spectrometry (MS), both of which
enable precise detection and quantification of metabolites. MS-based metabolomics,
in particular, employs separation techniques—such as gas chromatography (GC) and
liquid chromatography (LC)—to handle complex biological mixtures before analysis,
enhancing the specificity and sensitivity of biomarker detection (Petrick & Shomron,
2022). This separation process simplifies complex spectra, improves isobaric
differentiation, and provides additional physicochemical details about metabolites.

While mass spectrometry-based techniques are powerful, they often require
specific sample preparation that can result in metabolite loss. Depending on the
sample introduction and ionization methods used, certain metabolite classes may be
excluded, making it essential to use complementary techniques (e.g., GC-MS and LC-
MS) for a more comprehensive view of the metabolome. Metabolomics, as the closest
“omics” field to phenotype, captures the direct metabolic responses to cellular and
environmental stimuli, offering high-throughput and dynamic profiling of metabolites
(German et al,, 2005). The field continues to grow, with MS-based approaches
expanding rapidly in publications compared to NMR-based studies (Dettmer et al,,

2007), underscoring its impact on cancer research and biomarker discovery.

CANCER METABOLOMICS

Cancer metabolism is fundamentally reprogrammed within tumor cells to meet
the heightened demands for energy, biosynthesis, and survival, often driven by the
Warburg Effect—wherein cells favor glycolysis over oxidative phosphorylation even in
oxygen-rich conditions (Liberti & Locasale, 2016). This metabolic rewiring includes
increased nutrient uptake, alterations in nitrogen metabolism, and shifts in gene
expression, collectively fostering tumor growth and progression (Danzi et al., 2023;
Martinez-Reyes & Chandel, 2021). Metabolomics has become an invaluable tool for
analyzing these small-molecule metabolites, aiding in biomarker discovery and
uncovering the metabolic signatures associated with different stages and types of
cancer (Han, Li, Chen, & Yang, et al,, 2021; Schmidt et al., 2021). By integrating

metabolomics with other omics approaches, researchers are identifying metabolic
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vulnerabilities in cancer cells, which holds promise for advancing personalized
medicine and improving treatment strategies (Huang et al., 2022).
Key Studies in Cancer-specific Metabolomics
1. Lung Cancer
Recent studies highlight specific metabolomic biomarkers in lung cancer.
Klupczynska et al. (2017) identified 12 biomarkers in serum using LC-MS, linking these
markers to physiological processes associated with lung cancer. Peng et al. (2018)
further identified eight biomarkers predictive of chemotherapy response, using plasma
samples and LC-MS analysis. Ruiying et al. (2020) and Xie et al. (2021) corroborated
these findings, each identifying additional metabolic markers linked to lung cancer
progression and treatment response, reinforcing the potential of metabolomics for
tailored lung cancer therapies.
2. Renal Cell Carcinoma (RCC)
In RCC research, Jing et al. (2019) identified 21 tissue biomarkers using LC-
MS, which correlated strongly with RCC pathology. Bifarin et al. (2021) expanded this
understanding by identifying 10 urine biomarkers for RCC, highlighting noninvasive
diagnostic potential. McClain et al. (2022) used serum samples to identify six additional
biomarkers, advancing RCC diagnostic and therapeutic possibilities through
metabolomic profiling.
3. Ovarian Cancer
Gaul et al. (2015) employed UPLC-MS/MS to identify 16 serum biomarkers
associated with ovarian cancer, offering insights into disease-specific metabolic shifts.
Buas et al. (2016) further identified 34 plasma biomarkers, linking 17 of these with
significant correlations to ovarian cancer pathology, which can serve as valuable
diagnostic and prognostic markers for the disease.
4. Prostate Cancer
Ren S. et al. (2016) analyzed tissue samples via LC-MS, uncovering 27
biomarkers specifically associated with prostate cancer’s metabolic landscape. In
parallel, Kumar, Gupta, Mandhani, & Sankhwar (2016) used NMR spectroscopy on serum
samples to identify 52 additional biomarkers, broadening the scope of prostate cancer

diagnostics and paving the way for refined therapeutic options.
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5. Breast Cancer
Kanaan et al. (2014) used GC-MS and LC-MS on tissue samples, identifying
133 biomarkers that provide comprehensive metabolic insights into breast cancer.
Hassan et al. (2020) focused on serum samples, uncovering 96 additional biomarkers
using LC-MS. These studies collectively highlisht metabolomics’ role in diagnosing,
subtyping, and prognosticating breast cancer, supporting precision oncology.
Implications for Personalized Cancer Medicine
Metabolomics offers powerful insights into cancer metabolism, enabling the
detection of cancer-specific biomarkers that reflect tumor metabolism’s dynamic
nature. By studying metabolic pathways unique to each cancer type, metabolomics
facilitates the development of personalized treatment strategies and enhances our
understanding of cancer progression. The field’s integration with Al-driven analysis has
further expanded its potential in identifying subtle patterns within metabolomic data,

bolstering the accuracy and effectiveness of cancer diagnostics and treatments.

AI-ASSISTED CANCER METABOLOMICS
The complexity of metabolomics data, characterized by both nonlinear and
linear correlations among metabolites, presents analytical challenges that require
sophisticated algorithms to derive meaningful biological insights. Challenges in data
analysis, such as missing values, batch effects, data noise, and issues with
reproducibility, make Al an invaluable tool in metabolomics, especially in the context
of cancer research (Barberis et al., 2022). By employing Al, researchers can efficiently
process high-dimensional metabolomics data, identify patterns, and link metabolites
to known biochemical pathways in public databases, allowing for a deeper
understanding of the metabolic landscape in cancer.
Al’s role in metabolomics spans three major levels:
- Primary Data Processing: Standardizing raw data and converting it into
analyzable formats.
- Bioinformatic Analysis: Predictive modeling and classification of cancer

types or subtypes based on metabolomic profiles.
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- Integration with Other Omics: Merging metabolomics with transcriptomics,
proteomics, and microbiome data for a holistic view of cancer biology.

These advancements, along with single-cell analysis technologies, allow
researchers to investigate cancer metabolism at cellular resolution, enabling detailed
quantitative studies of complex and heterogeneous tumor profiles (Danzi et al., 2023).

Al applications in cancer metabolomics are advancing diagnostic and
therapeutic precision in oncology. Irajizad et al. (2022) demonstrated that Al-assisted
analysis of plasma polyamines and related metabolites could predict response to
neoadjuvant chemotherapy (NACT) in breast cancer, where elevated pre-treatment
levels of acetylated polyamines correlated with higher tumor burden post-NACT. This
Al-driven approach identified metabolite panels capable of predicting poor NACT
response, potentially guiding alternative treatment choices for those unlikely to benefit
from standard therapy.

In renal cell carcinoma (RCC) and ovarian cancer diagnostics, Al-optimized
metabolomics analysis has enabled the differentiation of RCC from healthy controls
and the distinction between ovarian and other gynecological cancers (Bifarin
& Fernandez, 2023). Similarly, Katta et al. (2023) explored Al’s use in pancreatic cancer,
noting its ability to enhance biomarker detection, improve diagnostic accuracy, and
predict treatment outcomes. However, challenges such as statistical limitations, data
handling issues, ethical considerations, and integration into clinical settings still require
attention for widespread Al adoption in clinical oncology.

The combined power of Al and metabolomics is particularly evident in precision
oncology, where applications like radiogenomics enhance cancer diagnosis, treatment
planning, and prognosis assessment. As advancements in next-generation sequencing
improve tumor classification through circulating tumor DNA (ctDNA) and copy number
variation analyses, Al further aids by reducing the need for invasive histological
methods. Integrating radiomics and deep learning into diagnostic imaging workflows
also promises greater accuracy in image analysis, ultimately enhancing disease

management and patient care in oncology (Mbodi et al., 2023).
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PRECISION CANCER MEDICINE APPROACHES

Precision medicine in oncology aims to identify specific patient biomarkers that
are critical for selecting the most effective treatments. Biomarkers, which can be single
data points or composite measurements derived from various sources, serve several
roles. They may be prognostic, indicating a patient’s general disease outlook;
predictive, helping to forecast treatment response across therapies; or prescriptive,
guiding specific treatment choices to optimize patient outcomes (Tsimberidou et al,,
2020). Evidence increasingly shows that matched therapies, which align treatments
with patients’ unique biomarker profiles, yield better outcomes than non-matched
therapies across a variety of cancers. For maximum benefit, precision medicine should
be implemented early in a patient’s disease course, ideally following comprehensive
tumor profiling and with access to effective, targeted therapies.

Metabolomics, the latest addition to omics technologies, leverages advanced
analytical and pattern recognition tools to detect metabolic changes that signal
disease status or responses to treatments. Cancer cells rely heavily on altered
metabolic pathways, such as those involving glucose and glutamate, to fuel their
growth and proliferation. These pathways are also essential for synthesizing
biomolecules like carbohydrates, fatty acids, and nucleotides, which are vital for cancer
cell survival. By targeting these altered pathways, precision medicine therapies can
disrupt cancer cell metabolism. For instance, drugs may be developed to:

- Inhibit enzymes that drive unchecked cancer cell growth and survival,
- Block aberrant gene expression characteristic of cancer cells, or
- Halt hyperactive signaling pathways that promote tumor development.

Targeted therapies in precision medicine focus specifically on features unique
to cancer cells, minimizing the risk of harming normal cells compared to conventional
treatments like chemotherapy and radiation. However, barriers remain in making these
treatments widely accessible. Access to the latest precision medicine advancements
can be limited by geography, healthcare infrastructure, and the availability of clinical
trials. Many precision medicine trials are offered only at larger cancer centers, which

restricts participation opportunities for patients in remote or underserved areas.
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Furthermore, outside of clinical trials, precision medicine applications may still be
underutilized due to logistical or financial constraints.

To expand the reach and efficacy of precision cancer medicine, researchers are
actively addressing these limitations through ongoing laboratory studies and clinical
trials. Efforts are underway to make precision oncology more accessible and effective,
with the ultimate goal of integrating personalized approaches seamlessly into standard

Cancer care.

Discussion

Cancer metabolomics offers significant advantages for diagnostics, enabling
detection of cancer-specific metabolic profiles and early biomarkers. Its noninvasive
sampling and sensitivity in detecting metabolic shifts allow for more personalized and
accurate diagnostics. However, limitations persist due to sample variability
(e.g., biofluid vs. tissue) and influences from external factors, which can complicate
biomarker interpretation. Additionally, high costs and technical requirements can limit
widespread clinical adoption.

Al enhances metabolomics by processing complex datasets, detecting patterns,
and integrating metabolomic data with other omics layers, improving diagnostic
precision and biomarker discovery. It also addresses data variability through
standardization. Despite these advantages, Al has limitations, including the need for
laree, high-quality datasets, computational resources, and challenges with model
interpretability, which can hinder clinical trust and adoption.

While Al-assisted metabolomics holds great potential for advancing cancer
diagnostics, addressing challenges in data quality, sample variability, and Al
transparency is essential for its broader clinical integration and impact in precision

oncology.
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Conclusion

Precision medicine, metabolomics, and Al-driven approaches are reshaping
cancer diagnosis, prognosis, and treatment. Metabolomics has proven crucial in
identifying cancer-specific biomarkers, while Al enhances this process by analyzing
complex data patterns to improve diagnostic accuracy. Together, these tools enable
more personalized and effective cancer therapies with fewer side effects.

However, challenges remain, including data management, ethical issues, and
limited access to advanced treatments. Expanding precision medicine’s reach through
continued research and improved accessibility is vital to making cancer care more

personalized, effective, and widely available.
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