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Oncology has experienced two of the 
greatest technological evolutions: 
molecular "omics" (genomics, proteomics, 
epigenomics) and "big data"

Å A couple of decades ago, cancer was diagnosed using a 
combination of X -ray imaging and histopathology tests. In 
contrast, molecular tests can now report on changes in hundreds 
of genes and proteins to diagnose and determine the prognosis 
and treatment of cancer in an individual.

Å In fact, these advances are extending survival and improving the 
quality of life of hundreds of thousands of patients, yet healthcare 
professionals face new challenges associated with the 
implementation of precision medicine, 

Å Growth of medical knowledge is exponential

Å Constant specialization is required to provide highly 
individualized cancer care.

Å This debate is not unique to highly developed countries. 
Providing comprehensive, state-of-the-art cancer care to millions 
of patients remains a significant challenge, particularly for 
suburban and rural populations.

Å Biomedical data is heterogeneous and difficult to classify (e.g. 
high dimensionality, time dependence, parity, irregularity) for 
Artificial Intelligence applications. 
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ωBiomarker technique used to detect level of protein 
expression

Immunohistochemistry (IHC)

ωBiomarker technique used to detect alterations in DNA 
(single-gene)

Fluorescence In Situ Hybridization (FISH)

ωHigh-throughput biomarker technique used to detect 
alterations in DNA (multi-gene) and to construct a 
comprehensive genomic profile

Next-Generation Sequencing (NGS)
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Every Cancer Patient Should Be Profiled



Umbrella Basket
Test impact of different drugs on 

different mutations in a single 

type of cancer

ÅBATTLE

ÅI-SPY2

ÅSWOG Squamous Lung Master

Test the effect of a drug(s) on a 

single mutation(s) in a variety of 

cancer types

ÅTAPUR

ÅNCI COMBO MATCH - myeloMATCH

ÅTAPISTRY

GENERATIVE AI TO ASSIST IN TRIAL DESIGNS





Minimally -invasive liquid 
biopsies capture circulating 
tumor ( ctDNA ) from the 
blood and offer quick CGP 

Bettegowda et al., Sci Transl Med. 2014.  
Lanman et al., PLOS One. 2015. 

Early profiling requires 
lifetime tracking



The term artificial intelligence (AI) 
emerged in 1956, and since then, AI 
has progressed tremendously

ÅEarly advances in AI focused on building neural networks, 
modeled after the human brain's ability to make decisions 
from the given data. 

ÅAround the 1980s, these artificial neural networks 
progressed to a point where "machine learning" became 
popular. 

ÅMachine learning refers to a machine's ability to review 
data and find patterns, thus learning from the data and 
then applying it to problems to make informed decisions, 
in a process of continuous optimization. 

Å Then came the trend of deep learning, which is a more 
sophisticated subset of machine learning that requires no 
human intervention for the machine to progress, 
deducing whether they have made good predictions on 
their own and continuing the process of learning from 
these deductions. 

Å Today's AI machines use a mix of machine learning and 
deep learning, and these machines can be applied to a 
wide range of disciplines, including oncology.



The term artificial intelligence (AI) emerged in 1956, 

and since then, AI has progressed tremendously



What is generative 
artificial intelligence 
(GenAI)

Å Generative artificial intelligence (AI) describes algorithms (such as LLMs) that 
can be used to create new content (generate data), including audio, code, 
images, text, simulations, and videos.

Å Generative AI systems fall under the broad category of machine learning.

Å The increasing application of Generative AI in healthcare has the potential to 
revolutionize drug discovery, basic and clinical research, and patient care.



Generative AI models typically pre-trained in an unsupervised 
manner.

The most popular generative AI model for language generation is 
LLMs (Generative Pre-trained Transformer)

State-of-the-art Gen-AI models aka Large Language Models (LLMs) 
share a similar transformer-based architecture

The Transformer only performs a small, constant number of steps 
(chosen empirically). It enabled LLMs and other large models to 
scale to billions of parameters

In each step, it applies a self-attention mechanism which directly 
models relationships between all words in a sentence, regardless 
of their respective position.

https:// doi.org/10.48550/arXiv.1706.03762

https://doi.org/10.48550/arXiv.1706.03762
https://doi.org/10.48550/arXiv.1706.03762


Artificial Neural Network
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https://arxiv.org/abs/2411.03590v1

https://www.nature.com/articles/s41591-024-03148-7



Ambient AI: Medical Scribes



Data Structuring is one of 
the biggest challenges

ÅOptimized approaches to structure and standardize 
disparate patient-specific information (have not yet been 
developed. 
Å Narrative text in patient medical records and clinical notes, 

Å Radiological examinations, 

Å Laboratory data, 

Å Genomic information, 

Å Pharmacogenomics

Å Drug lists

ÅComplicated by various medical ontologies used to 
generalize the data (e.g., SNOMED-CT, UMLS, ICD-9, ICD-
10), introducing conflicts and inconsistencies. 

Å It is necessary to develop educational and case 
management support systems to ensure that the 
comprehensive, evidence-based information generated 
from machine learning technology is truly actionable for 
all patients. 

Å Potential solutions lie in the effective use of 
comprehensive electronic health information systems, 
including real-world data, to guide the clinical decision -
making process. 



Using Optical Character 
Recognition + Natural 
Language Processing + Gen-AI 
to solve data structuring

Å Gen-AI can take unstructured data setsτinformation that has not been organized according 
to a preset model, making it difficult to analyzeτand analyze them, 

Å This is a potential breakthrough for healthcare operations, which are rich in unstructured data 
such as clinical notes, diagnostic images, medical charts, and recordings. 

Å These unstructured data sets can be used independently or combined with large, structured 
data sets, such as insurance claims.

https://ai.nejm.org/doi/full/10.1056/AIdbp2300110



Zhang, A., Xing, L., Zou, J.et al.Shifting machine learning for healthcare from development to 
deployment and from models to data.Nat. Biomed. Eng6, 1330ς1345 (2022). 
https://doi.org/10.1038/s41551-022-00898-y



Convolutional Neural Networks (CNN)
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Malignant

Granuloma

Normal

Image Source: Internet and Adapted by Dr. Nikhil Thaker

Algorithms based on artificial intelligence (AI) represent a promising avenue to simultaneously improve the accuracy of 

diagnostic images, as well as to help radiologists become more, giving them more time to focus on patient care.

Academic Radiology: average radiologist must interpret an image every 3-4 seconds to maintain the daily workflow



Fundamentals of Machine Learning for Healthcare - SOM-XCHE0010 Stanford School of 
Medicine, Stanford Center for Health Education. Study guide (1):27-28



Possibilities: Using Cancer Screening and AI 
Models for AEs



The Lancet Digital Health 2022 4e436-e444DOI: (10.1016/S2589-7500(22)00042-5) 

Cost-effectiveness of artificial intelligence for 

screening colonoscopy: a modelling study

Prof Miguel Areia, MD, Yuichi Mori, MD, Loredana Correale, PhD, Prof 

Alessandro Repici, MD, Prof Michael Bretthauer, MD, Prof Prateek Sharma, 

MD, Filipe Taveira, MD, Marco Spadaccini, MD, Giulio Antonelli, MD, Alanna 

Ebigbo, MD, Prof Shin-ei Kudo, MD, Julia Arribas, MD, Ishita Barua, MD, Prof 

Michal F Kaminski, MD, Prof Helmut Messmann, MD, Prof Douglas K Rex, MD, 

Prof Mário Dinis-Ribeiro, MD, Prof Cesare Hassan, MD

The Lancet Digital Health

Volume 4 Issue 6 Pages e436-e444 (June 2022) 
DOI: 10.1016/S2589-7500(22)00042-5



AI in cancer detection and 
diagnostic optimization: 
Algorithms and Computer Vision

Å Algorithms based on artificial intelligence (AI) represent a 
promising avenue to simultaneously improve the accuracy 
of diagnostic images, as well as to help radiologists become 
more, giving them more time to focus on patient care.

Å Academic Radiology: average radiologist must interpret an 
image every 3-4 seconds to maintain the daily workflow

Å AI components in radiology and image analysis would drive 
greater efficiency in this field, by generating access to a 
greater amount of data than their human counterparts. 

Å Sustained inattentional blindness even in expert observers is 
a documented phenomenon, and AI with computer vision 
can overcome those challenges.

Å In addition, unnecessary diagnostic procedures can also be 
reduced by leveraging these innovative tools.

Å AI technologies able to detect pixel-level changes in tissue 
invisible to the human eye, while humans used forms of 
reasoning not available to AI. The ultimate goal will be to 
find the best way to combine the two to transform the 
future of radiology.  

artificial intelligence; oncology

javascript:void(0)


Sustained inattentional blindness 



S4ND: Single-Shot 
Single-Scale Lung 
Nodule Detection
ÅAs an additional example, a deep learning 

algorithm in Computer Vision, using 1,000 
AI CT scans to teach you how to analyze 
lung tissue for abnormalities, found that AI 
could identify lung cancer with 30% more 
accuracy than humans (state of the art).

Khosravan N., Bagci U. (2018) S4ND: Single-Shot Single-Scale Lung Nodule Detection. In: Frangi A., Schnabel J.,

DavatzikosC., Alberola-LópezC., Fichtinger G. (eds)MedicalImageComputing and Computer AssistedIntervention ӛ

MICCAI 2018. MICCAI 2018. Lecture Notes in Computer Science, vol 11071. Springer, Cham.

https://doi .org/10.1007/978-3-030-00934-2_88
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An AI tool learned to predict which lesions were likely malignant (red heat map) or likely benign(greenheat map), 
with potential to aid radiologists in the diagnosis of breast cancer.

IMAGES COURTESY OF NYU SCHOOL OF MEDICINE



Mammography Screening with Artificial Intelligence trial (MASAI): a clinical safety 
analysis of a randomised, controlled, non-inferiority, single-blinded, screening 
accuracy study

Å80,033 women randomized

Å44.3% reduction in screen-reading radiologist workload

ÅConclusion: AI-supported screening resulted in a similar cancer detection rate 
compared with standard double reading, with a substantially lower screen-
reading workload

R

AI-integrated Mammography

Conventional Mammography

(39,996 women)

(40,024 women)

Detection Rate Recall PPV

6.1/1000

5.1/1000

2.2%

2.0%

28.3%

24.8%

Lang et al. The Lancet Oncology. 2023



Automated Artificial Intelligence Model Trained on a Large Data Set Can Detect Pancreas Cancer on Diagnostic Computed 
Tomography Scans As Well As Visually Occult Preinvasive Cancer on Prediagnostic Computed Tomography Scans

Published: August 30, 2023 DOI:https://doi.org/10.1053/j.gastro.2023.08.034

https://doi.org/10.1053/j.gastro.2023.08.034
https://doi.org/10.1053/j.gastro.2023.08.034


Å RetHemoAI predicts hematological cancer risk up to 10 years 
early.

Å RetHemopredictions show significant associations with 
hematological risk.

Å Retinal features cluster into high-risk groups with different 
disease progressions.

Å RetHemo+individuals show altered serum proteins, hinting at 
inflammation.

Å RetHemooffers non-invasive, cost-effective cancer risk 
stratification via retina.

Å Unique signatures identified for the leukemia, myeloma and 
were not prognostic when applied to different cancers

Å This suggests that retinal changes in myeloma from increased 
abnormal protein are unique and not found in leukemia. 

Å However, leukemia-induced features are found in both, 
possibly due to a common inflammatory pathway.



A transformer-based generative adversarial network for brain tumor segmentation



TumorScansSupportan Understandingof
TreatmentResponse

Radiological 
BaselineScan

Tumor 
Measurement

Radiological 
SurveillanceScan

Tumor 
Measurement

Treatment AssessResponse

CR PR SD PD

RECIST

Traditionallyin clinicaltrials, radiologistsmeasuretumorsat the local sitesand later, the
measurementis confirmedby a blindedindependentcentral review(BICR).

Thereis potential to incorporateAItools that measuretumorsto streamlinethis process.



NewProject:ai.RECIST
QUESTION:CanAI-basedimagingtools improvetumor 
measurement?

Phase2: RefiningRECISTUsing
AI-BasedImagingTools
Å Consideralternativeapproaches 

for measuringtumor burden(e.g., 
kinetics,metabolomics).

Å Establisha standardized 
approachfor integratingAI-based 
imagingtools into clinicaltrials.

ÅPhase1: Evaluatingthe Feasibilityof AI Tools 
for SupportingRECISTMeasurementsin 
ClinicalTrials
Å DetermineAI tool capabilities.
Å Alignon imagecharacteristicsand
Åmetadata.

Å CompareAI tools and human readersusinga
Åcommondatasetto assessvariability.

Thisproject is kickingoff nowς
staytuned for updates!



Radiation Oncology ς
Adaptive Planning

ÅEthosςAI driven rapid re-
planning of radiation treatment 
while the patient is on the 
radiation table

ÅCBCT: 17 seconds

ÅSegmentation: 30 seconds

ÅRe-Plan: 2.5 minutes

ÅQA: 2 minutes



GenAI to optimize 
radiation 
oncology 
treatments

Å Generative Adversarial Network (GAN)
Å An AI tool designed by a team at the University of Toronto has shown promise for 

reducing the time to tailor radiation treatment plans to individual patients. 
Å This particular AI used historical radiation data to recommend treatment strategies 

with comparable success to radiation oncology specialists. 
Å In 20 minutes, the Toronto team's AI was able to replicate the complex treatment 

plans that top specialists arrived at after several days of work, optimizing radiation 
therapy treatment planning. 

Å Autocontouring: LimbusAI- Expert level deep learning autocontouringwithin 1-3 minutes



Machine Learning and the Microbiome
Gut Microbiome Impacts Response to Immunotherapy
Significantly higher alpha diversity (p<0.01) in responding patients

Gopalakrishnan V, et al. Gut microbiome modulates response to anti-PD-1 immunotherapy in melanoma 
patients. Science. 2018 Jan 5;359(6371):97-103. doi: 10.1126/science.aan4236.


