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1. Introduction to Personalized Oncology Treatments
Personalized oncology treatments are becoming increasingly critical in patient care. This 
development is  attributed to the heterogeneity of  each patient’s  condition.  Although 
different individuals may have the same cancer type, each case potentially develops due 
to a unique interplay of genetic, environmental, or lifestyle factors. Conventional one-
size-fits-all  strategies,  therefore,  may  not  be  adequate  to  ameliorate  the  survival  or 
prognosis of such cancer patients. As a result, all strategies based on patients’ personal 
characteristics are considered part of the precision field of oncology. Such strategies may 
cover  early  detection,  diagnosis,  prognosis,  treatment,  or  companion  diagnostic 
determination for many cancer types and subtypes.

Personalized treatments have been demonstrated to have a number of benefits. First, 
tailored  therapies  are  designed  to  the  specific  features  of  each  patient’s  cancer. 
Consequently,  they have the potential  to  provide a  more beneficial  and manageable 
result  for  every  patient.  Patients  undergoing  personalized  therapies  would be  more 
satisfied.  However,  personalized treatments  provide significant  advantages  to  health 
care  market  players,  such  as  therapy  service  providers,  drug  manufacturers,  and 
researchers.  These treatment plans are strongly reliant on omics,  health records,  and 
lifestyle  data  that  are  provided  by  patients.  Consequently,  developing  personalized 
therapeutic techniques is inherently complicated, particularly in a period when utilizing 
sophisticated technologies such as big data analytics  and artificial  intelligence in the 
medical field to gain intelligent insights is still advancing.
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1.1. Overview of Traditional Cancer Treatments
Surgery,  chemotherapy,  and  radiotherapy  are  common treatments  for  cancer.  These 
methods, however, do not affect some kinds of cancer. Furthermore, they have a variety 
of adverse effects. Advanced stage cancer can also limit the benefits of these treatment 
modalities if not detected early enough. It's worth noting that in order to survive, these 
methods  necessitate  the  retention  of  a  large  number  of  healthy  cells.  Surgery  is  a  
treatment in which a cancer tumor is removed. This technique is only successful when 
the cancer has been caught early or detected recently, as surgical procedures will remove 
the tumor. Chemotherapy is a treatment that uses medications to limit the growth of 
cancerous cells. The aim is to cure the cancer or keep it from spreading. Chemotherapy 
drugs reach the whole body through the bloodstream. When the cells of a tumor are 
permanently damaged due to radiotherapy, the tumor will no longer be able to grow 
back. Although these traditional cancer treatments are helpful, several patients indicate 
that they receive treatments but show no response.

In oncology, usual treatments provide a response rate of less than 50%. The anesthetic 
indicates the number of people who receive the cure will show a decrease in symptoms 
or else be stabilized. However, it's tricky to tell if a consistent result for care produced an 
effect.  Sometimes,  these  treatment  responses  confirm  that  certain  patients  can  take 
advantage, while no responses mean that a large number of patients with this therapy 
will have to face unwanted effects without any benefit. In any of these cases, discovering 
how an individual will respond to a given treatment regime has been accepted. As a 
result, concluding the right treatments and medication schedules for the individual can 
be extremely challenging. Furthermore, cancer cells have been reported to have diverse 
variations  and can be  attacked by certain  people  and not  by others.  Because  of  the 
heterogeneity of cancer cells, generic approaches to treatment may result in a lack of 
notable resources and inclusion of two patients treated simultaneously. Any possible 
normal tissue damage due to treatment will  likely resolve with the treatment of  the 
condition.  These challenges  were spotlighted.  The routine pharmacological  approach 
will include the development of tailored therapy.

2. The Integration of AI and Machine Learning in Oncology
It  is  evident  that  artificial  intelligence  (AI)  and  machine  learning  (ML)  have 
transformative potential in oncology. ML in various capacities is increasingly deployed 
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to predict diagnostic outcomes, prognosis, and treatment responses in oncology. In the 
diagnostic  and medical  imaging context,  the  integration  of  ML and AI  technologies 
allows for enhanced prediction models, improving diagnostic accuracy, in some cases 
rivalling  the  capacity  of  expert-level  radiological  diagnostics.  Drug  discovery  and 
patient stratification are additional fields where these methods are deployed and where 
they have a direct impact on the clinician's choice of treatment. Through the increasing 
integration of new datasets and large combinatory databases, these methods also enable 
the  creation  of  drugs  and  trials  for  narrow  indications.  The  increasing  demand  for 
personalized treatment regimens strains molecular diagnostics due to their slow pace, 
and AI is believed to simplify this process at least in part and enable more rapid analysis 
of complex data. Research concerning applications of AI and ML in oncology is rapidly 
growing as an evolving field, and the application of AI in clinical practice is still  an 
emerging field with  very few implemented systems.  Some of  the  challenges  for  the 
widespread use of these models include reproducibility, regulatory approval, privacy, 
ethical  aspects,  standardization,  training,  and  implementation,  to  mention  a  few. 
Machine learning predictions rest on the authenticity of the data with which they are fed 
and the quality and integrity of the data that they output and rely on to predict decisions 
in an increasingly iterative process.

2.1. Understanding Machine Learning Algorithms
The increasingly personalized nature of oncology treatments is likely to further intensify 
in the near future, with a sharp increase in the number and type of small, complex, and 
predominantly non-linear data that are introduced into the drug development process. 
An  extensive  taxonomy  of  machine  learning  algorithms  is  used  in  the  oncology 
application area.  These can be divided into those related to supervised learning and 
unsupervised learning.  It  is  clear  that  many processes  involved in  cancer  diagnosis, 
progression,  and  treatment  response  can  be  described  using  variables  with  known 
outcomes;  one  of  the  most  frequently  encountered  groups  of  machine  learning 
algorithms in the oncology literature is, therefore, those linked to supervised learning.

Algorithm selection is likely to depend on the data type and the outcome of interest. 
There is no one-size-fits-all strategy, and sometimes it is necessary to invest resources in 
multiple algorithms or approaches. Recurrent areas of concern include the local nature 
of  solutions  of  decision  trees,  the  various  hyperparameters  present,  and  the 
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heterogeneous  and  complex  nature  of  signals  detected  in  post  hoc  interpretation. 
Continuous  algorithm  optimization  to  integrate  new  biomarkers  may  therefore  be 
beneficial. A number of methodological challenges also permeate personalizing model 
design  and  may  give  rise  to  algorithm  bias,  overfitting,  or  implementation  errors. 
Different  disciplines  must  coalesce  and  evolve  together,  as  we  progress  from  a 
qualitative  and  anecdotal  era  to  one  that  emphasizes  the  significance  of  predictive 
numerical data in clinical management and cancer therapy design.

3. Utilizing Genetic Data for Treatment Tailoring
Our ability to distinguish patient characteristics that help predict treatment outcomes 
can  be  enhanced  by  considering  multi-dimensional  factors  at  the  individual  patient 
level. With the increase of high-dimensional and complex data, modern cancer care faces 
a  series  of  challenges,  including  dissecting  cell  line  models  exhibiting  characteristic 
genomic somatic  events.  Patient-driven mouse models  and primary human cells  are 
used to understand and predict  patient responses.  Cancer treatment is  personalizing 
over  time due to  an increasing depth of  understanding of  cancer  genomics  and the 
growing  availability  of  targeted cancer  therapies  that  are  directed  at  exploiting  and 
killing cancer cells  based on such genetic weaknesses.  What has been in the past an 
individualized approach for a few patients is increasingly becoming part of the standard 
of care for many cancer patients with mutations in diverse genetic tumors.

For example, single-cell RNA sequencing is used to understand the cellular context of 
somatic  driver  events.  DNA-encoded  libraries  expose  patient  cells  to  biotherapeutic 
leads  that  report  the  ability  of  a  biotherapeutic  to  interact  with  patient  cells  before 
administration and can report documented patient drug responses and meta-analyses of 
response  data  across  different  platforms.  The  first  mission  of  specific  AI  and 
computational  systems  is  dedicated  to  understanding  the  functional  significance  of 
tumor  somatic  events,  reporting  their  ability  to  interact  with  certain  environmental 
stimuli. What we intend to discuss is the fact that AI-driven systems hold the promise of 
making  such  an  evolutionary  step  by  delivering  systems  for  a  combination  of  true 
patient information, considering the complexity and the high-dimensional nature of the 
overall information in a pan-cancer setting.
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3.1. Genetic Biomarkers in Cancer
Despite  complex  and  highly  integrated  processes,  cancer  fundamentally  arises  from 
genetic changes. There is strong evidence that activity or mutations in driver genes are 
key to the initiation or indeed the progression of cancer. These driver genes hold the 
promise of being predictive markers for cancer treatment.  Thus,  over the past years, 
there has been considerable interest and investment dedicated to the identification of 
such genes and their encoded products. In clinical practice in oncology, these emerging 
genetic biomarkers are increasingly used for both cancer diagnosis and the prediction of 
systemic anticancer treatment. Since targets that can be used for prediction are mostly of 
molecular  nature,  they can be  directly  or  indirectly  measured with  high-throughput 
methods  and  rather  straightforwardly  with  vastly  improved  technology.  This 
communication presents the current interest in genetic predictive cancer markers with a 
positive slant. Our goal in this discussion is to provide context for the role of AI-driven 
systems  in  personalizing  oncology  treatments.  The  hope  for  successful  drug 
development becomes ever more concrete as the identification of disease biomarkers 
improves.  Some  crucial  predictive  cancer  markers  that  are  implemented  in  clinical 
oncology are discussed. With respect to the current achievements in cancer research, 
however,  it  is  important  to  recognize  that  the  potential  benefit  of  genetically  based 
predictive and prognostic tests has so far been relatively modest.  In order to unlock 
cancer care, the biological sciences have returned to the genetic level, and a change in 
paradigm towards more molecularly guided therapies is on the horizon.

4. Incorporating Clinical Data for Personalization
Personalized medicine in  oncology considers  many different  patient  factors,  such as 
race,  age,  and comorbidity, in tailoring cancer treatments.  The National Cancer Data 
Base  is  one  source  of  patient  demographic  and  clinical  data  that  researchers  and 
clinicians  have  used  to  develop  decision  support  tools  for  tailoring  treatments  in 
oncology. This database contains detailed patient demographic data and history of care 
and treatment.  Other data sources for personalized medicine systems consider other 
types of clinical data. Patient-reported outcomes can be used in personalized medicine 
for  a  number  of  conditions.  For  conditions  where  physiological  parameters  affect 
treatment  response,  clinical  decision  support  tools  use  a  variety  of  different  clinical 
parameters  in  this  personalization  process.  Data  sources,  such  as  electronic  health 
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records,  contain  possibly  every  clinical  parameter  used  for  defining  clinical 
measurements and decision rules.

Electronic health records are potential sources of data for understanding how clinical 
parameters  relate  to  patients'  responses  to  specific  treatments.  Early  symptoms  can 
predict the course of a disease, and selecting a treatment that simultaneously targets 
these early symptoms in combination with reducing tumor burden can provide the most 
effective individual treatment. Data from electronic health records, such as differential 
blood cell counts, could be used for discerning patterns in patient trajectory of response 
to treatments. These patterns can be used to predict the effectiveness of a combination of 
two or more treatments. Electronic health record data can also be integrated with genetic 
analysis  for  predicting  prognosis,  evaluating  response  to  treatment,  and  guiding 
treatment selection. Integration of genetic and clinical data in comprehensive electronic 
health records results in a sentence that is pertinent to our discussion. In addition to 
longitudinal data, the comprehensive records also include genetic profiles of the patient 
in  a  computable  format.  According  to  the  molecular  profiles  of  the  patient,  the 
comprehensive  electronic  health  record will  enable  a  doctor  to  select  and suggest  a 
treatment  with both high efficacy and minimum side effects.  Medical  doctors  prefer 
using a comprehensive electronic health record system that is interoperable with other 
research and clinical systems so that they can offer cutting-edge care to their patients. 
AI-driven  systems,  such  as  predictive  modeling  that  includes  parameters  and  are 
trained via  data,  are  needed before a  prediction can be made on the prospects  of  a 
combined treatment.

4.1. Clinical Parameters in Treatment Decision-Making
1. Clinical Parameters in Treatment Decision Making Patients diagnosed with cancer are 
characterized at varying levels according to clinical parameters, such as age, stage of 
cancer,  comorbidities,  patient  preferences,  and  treatment  options.  These  parameters 
frequently influence the decision for a treatment plan. As such, young patients following 
guideline-recommended  chemotherapy  trials  present  vivid  mechanisms  of  action 
against cancer cells. Adjusting treatment dosing is also a viable option for cancer therapy 
to  improve  outcomes.  The  5-year  consent  rates  showed these  patients  had  a  2-fold 
increase over the historical controls. Despite these prospects for therapy, it is important 
to  recognize  that  factors  such  as  diagnosis,  staging,  age,  exercise  limitations, 
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comorbidities, emotional state, and functional condition have all been known to impact 
the  implementation  of  guideline  recommendations.  On  a  population  level,  no 
association has been found between comorbidities and sex with treatment selections for 
patients with cancer in need of supportive care. In contrast to this, comorbidities were 
found to  drive  the  option  and dose  of  chemotherapy  in  non-small  cell  lung  cancer 
patients. Furthermore, older patients are less likely to see their cancer providers more 
than six  months,  especially in hospital  settings.  In  addition,  older  patients  are  more 
likely to have had comorbidities and preexisting pulmonary issues up to 6 months of 
observation. These factors have led to treatment delays. Additionally, as many as 86% of 
studied supportive patients have not consented to trials. The propensity for intervention 
so far has not been identified in this population.

5. Case Studies and Success Stories
Name a few case studies in which artificial intelligence has been used to develop and 
advance treatment personalization in oncology. What sorts of results were they able to 
achieve, or what practices have they been able to change? 1. Early in the process, the AI-
powered  system  improved  diagnostic  accuracy,  bringing  additional  options  for  the 
treatment of devastating pancreatic cancer. 2. A prostate cancer case study showed that 
a preliminary transcriptomic model could identify patients  with low genetics-related 
risk and select patients to include in a chemotherapy response model. 3. One of the most 
developed  areas  of  AI  application  as  of  late  has  been  immunotherapy  of  immune 
checkpoint  inhibitors  in  various  cancers:  in  bladder,  colorectal,  breast,  lung, 
gastrointestinal; and oncologists have been able to use these new tools as a strong guide 
to  personalize  treatment  selection.  A  number  of  best  practices,  lessons  learned,  and 
helpful  resources  have  been  suggested  based  upon  these  case  studies.  This  review 
covers the use of AI in several different treatment areas within oncology. In addition to 
its  general  use  in  the  field  of  personalized  oncology,  these  cases  represent  varying 
applications  of  technology  and  result  in  success  stories  that  demonstrate  the 
achievements  possible  in  personalized  treatments  with  AI.  The  patient  population 
covered by these papers is diverse, with cases focusing on populations that are urban 
and rural  dwelling,  racially  diverse,  dispersed,  of  low socioeconomic  status,  and  of 
various ages and genders. AI technology cannot take a cancer diagnosis and create an 
entire plan for doctors or patients. Collaboration between clinicians, care teams, and AI 
technology is essential to use AI to its full potential.
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5.1. Real-World Applications of AI in Oncology
As AI transcends an academic curiosity and slowly moves into the medical mainstream, 
prospective  commercial  systems  delve  into  the  promising  area  of  patient  care  with 
sponsored projects initiating the development of AI systems supporting patient care. 
Closer to the ground, pilots of cognitive systems are humming in healthcare facilities 
worldwide to optimize the pathways for delivering patient care or generating real-time 
clinical decisions or insights. In oncology, the applications of AI workflows are being 
explored from the beginning of patient screening to the prognosis of patients nearing the 
end of life. Many ongoing projects are exploring AI systems to model cancerogenesis 
pathways, identify potential therapeutic targets, stratify subgroups of patients based on 
expected  therapeutic  response,  and  develop  real-time  radiotherapy  plan  adaptation 
systems.

A breast cancer AI system has been cleared for treatment decision-making; the system 
provides  a  risk  score  for  a  10-year  recurrence  equivalent  of  chemoendocrine  or 
endocrine therapy without any added value for the treatment response, compared with 
previous  models  before  including  the  gene  expression  profiles.  However,  more 
promising results  are  expected in  the near  future.  In  prostate  cancer,  an AI-assisted 
surgical application may predict which patients would best respond to salvage radiation 
therapy following radical prostatectomy. These AI systems aim to overcome and alter 
traditional  pathways and at  the same time pave the way for novel  pathways in the 
treatment of cancer. The obstacles include not just technological barriers in developing 
solutions that  perform at  the expected level  but  also integrating these tools  into the 
clinical workflow in a safe and efficient way, regardless of the country and hospital. 
Regulatory considerations must ensure that AI is validated and its outputs accepted in 
certified healthcare environments.

To align stakeholders'  opinions,  it  is  necessary to evaluate  AI systems in real-world 
scenarios  using  an  evidence-based  approach  to  validate  AI  and  investigate  features 
extracted from real-world data. With diagnostic AI applications already in deployment, 
research  interest  is  increasing  in  AI  prognostic  and  predictive  algorithms  that  have 
become a substantial part of the oncological care pathway.
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6. Future Direction
AI-driven clinical systems are likely to become more sophisticated in the future as the 
field advances. The biases of earlier models can be accounted for through numerous 
validation procedures to design more personalized treatments, which would improve 
care  and  outcomes  for  patients.  Newly  developed  agent-based  models,  integrating 
detailed tumor biology, continue to be an active area of research. Attention must also 
continue  to  be  paid  to  obtaining  real-world  data.  In  the  future,  WGSES  should  be 
increasingly used for personalized oncology treatment, particularly in the omic-directed 
basket  trial  or  other  types  of  genomic-driven  cohorts.  Future  platforms  will  be 
complemented  with  AI  technologies  and  their  increasing  capacity  to  analyze  and 
integrate complicated types of clinical and preclinical data, such as multimodal images, 
video, or other omics and digital patient-generated data. Technological advancements 
may also be developed in collaboration with big pharma, as these advancements may 
require significant investment and the fusing of more data across disciplines. Our ethical 
frameworks will continue to evolve as AI becomes better integrated into patient care 
procedures.  This  includes  discussions  surrounding  the  possibility  of  a  learning 
healthcare system. Ongoing research, innovation, and the timely integration into clinical 
practices  are  key  elements  to  improve  the  outcomes  of  patients  in  personalized 
oncology.  To  do  this,  regulatory  policies  will  likely  be  established  to  facilitate  the 
integration  of  AI,  and  interdisciplinary  research  collaborations  and  engagement  of 
stakeholders are key to achieving these steps.

7. Conclusion
In  this  concluding section,  the  themes  around the  holistic  approach  to  personalized 
oncology, which connects genetic, clinical, and technological data, have been summed 
up, emphasizing the benefits of personalization and the hurdles in implementing AI-
driven systems. The real-world stories highlighted throughout the essay emphasize the 
acceptance of AI and digital forward technologies by the healthcare industry. They all 
serve  as  proof  that  shows  how  AI  studies  can  correlate  and  deduce  personalized 
treatment  options  to  the  best  of  the  evidence  available.  The  ideal  future  would  be 
reflected in increased collaboration between AI technologists,  clinical physicians, and 
diligent drug manufacturers to not just prove AI efficacy but also to provide the most 
cost-effective drugs for the patient by minimizing the trial and error process in full drug 
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development pathways.  This  moving frontier  integrates  human insights  with the AI 
machinery that will be driving the future of personalized oncology.

Adopting  a  systems approach  in  medical  science  that  synchronizes  gene  expression 
profiles with genetic regulators and the patient's clinical history must now be the way 
forward. Integrating these technologies with the patient's unique molecular data would 
not only be useful in creating a personalized clinical strategy but can also lead to the 
discovery of targets for drug combinations. Even though a significant period of time will 
be required before AI technologies ramp up the curve and enter the healthcare system, 
the digital phenotyping realm and mobile strategies are only the tip of the iceberg. Long-
term  prospective  studies  will  now  be  able  to  compare  CGP  with  either  significant 
molecular data or the overall clinical course of the patient's cancer progression.
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