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Focus on Applications of Al for Drug Discovery

In order to find new drug targets and forecast the effectiveness and safety of potential drug candidates, Al-based techniques like Machine Learning,
natural language processing, and computer vision can be used to analyze vast amounts of data from numerous sources, such as scientific literature,
clinical trials, and electronic medical records. Al can also be employed to enhance the efficacy of the drug development process and optimize the
attributes of therapeutic candidates.

Al can also be used to learn more about biology of diseases. To determine the underlying causes of an illness, enormous amounts of data from many
sources, including genomic, proteomic, and metabolomic data, can be analyzed using Al-based methodologies like systems biology and network
biology.

Biomarkers Discovery

Al can be employed to identify new biomarkers that can be used to predict the progression of a disease or the response to a treatment. Biomarkers are
biological molecules that can indicate the presence or progression of a disease and can be used to diagnose or monitor the effectiveness of a
treatment. Al-based techniques, such as Machine Learning and Deep Learning, can be used to analyze large amounts of genomic, proteomic, or

metabolomic data to identify new biomarkers. Al can also be used to analyze data from imaging studies, such as medical images, to identify patterns
that may indicate the presence or progression of a disease.

Al can be used to predict the interactions of drugs with biomolecules and to predict the efficacy of a drug based on the biomarkers profile of the patient,
which is known as personalized medicine.

Drug Discovery

Al can be used to accelerate and optimize the drug development process. Al-based techniques such as virtual screening, lead optimization, and
ADME-Tox (absorption, distribution, metabolism, and excretion) prediction can be used to identify and optimize potential drug candidates. Al can also be
used to predict the interactions of drug candidates with other drugs and to predict their toxicity, helping to identify potential safety issues early in the
drug development process.

Al can be implemented at each step of the drug development process: early drug development — virtual screening, hit identification, lead optimization,
and ADME-Tox prediction, etc.; preclinical trials — predictive modelling and in-silico models; clinical trials — patients stratification, identifying suitable
patients, clinical trials protocol optimization; and post-approval activities: drugs manufacturing, pharmacovigilance, and drug sales forecasting.




Focus on Applications of Al for Oncology Diagnostics and Treatment

Al-Assisted Diagnostics

e Al-assisted cancer diagnostics refers to the use of Al algorithms to aid in the
diagnosis of cancer. This can include analyzing medical images, such as CT
scans or mammograms, to identify potential cancerous lesions, analyzing
blood tests or biopsies to identify biomarkers of cancer, or using natural

language processing to analyze medical records to identify patients at risk of
cancer.

At-Home Cancer Detection With Al-Based Devices

e Al-based devices can be used for at-home cancer detection. This can include
using Al algorithms to analyze images from home-use devices, such as
smartphones or wearables, to identify potential cancerous lesions or changes
in the body.

Clinical Decision Support

e Al can be used to provide clinical decision support to patients with cancer. This
can include using Al algorithms to analyze medical images, patient data, and
treatment history to provide personalized treatment recommendations, identify
patients at risk of complications, or predict the response to a specific
treatment.

Medical Images Analysis

e Al can be used to analyze medical images, such as CT scans or MRI, to identify

and diagnose cancer. This can include image segmentation to identify specific
structures or regions of interest, image registration to align and compare
images from different time points or treatment groups, and image
quantification to measure changes in tissue or lesion size or signal intensity.

Patients Outcome Prediction

Al can be used to predict the outcome of cancer patients. This can include
analyzing medical images, patient data, and treatment history to predict the
likelihood of cancer recurrence or progression, or to predict the response to a
specific treatment.

Personalized Treatment Options Identification

Al can be used to identify personalized treatment options for patients with
cancer. This can include analyzing patient data, medical images, and treatment
history to identify the most appropriate treatment options, such as
personalized chemotherapy regimens or targeted therapies.




Established Drug Discovery-Oriented Entities: Early Drug Development

Target Identification

e Al can be used to analyze large amounts of data from genomics, transcriptomics,
proteomics, and other high-throughput data sources to identify new drug targets and
understand the underlying biology of disease.

Compounds Classification

e Al can be used to classify large numbers of compounds, predict their properties, find best
candidates for further testing and development, predict the pharmacological properties
of compounds, and identify potential adverse effects.

Predictive Drug Modeling

e Al can be used in predictive modeling, which uses Machine Learning algorithms to
identify patterns in data and make predictions about the potential effectiveness of a drug
candidate.

Identifying New Drug Pathways

e Al can be used to analyze genetic and biochemical data to identify new drug pathways
and targets, simulate the effects of drug candidates on biological systems, and analyze
the structure and function of biomolecules to identify new drug discovery opportunities.

Lead Optimization

e Al can be used to optimize the properties of the hit compound to increase its potency,
specificity, and pharmacokinetic properties. Al can also be used to predict the binding
affinity of compounds to their target proteins and identify potential off-target interactions
that could cause adverse effects.

Virtual Screening

e Al can be used in virtual screening, which is the process of using computer models to
identify the most promising drug candidates by filtering through large libraries of
compounds.

Identifying New Drug Candidates

e Al is used to analyze large amounts of chemical and biological data to identify new
compounds that have the potential to be developed into drugs. This can be done through
virtual screening, ML and DL algorithms that analyze data and predict the molecule’s
properties.

Identifying New Drug Structures

e Alis used to generate new drug structures using such techniques as 3D-QSAR, molecular
dynamics and generative models. These methods simulate and predict the properties of
new compounds, helping to identify new drug structures with improved properties and
efficacy.

Hit Identification

e By using techniques such as virtual screening, ML, and DL, Al can be used to rapidly
analyze and filter large libraries of compounds, helping to identify the most promising
candidates for hit identification.

Drug Repurposing

e Al can help with drug repurposing by analyzing large amounts of data from various
sources, such as electronic medical records, clinical trials, and literature, to identify new
indications for existing drugs.




Established Drug Discovery-Oriented Entities: Clinical Drug Development

Patient Stratification

e Al can be used to analyze clinical trial data and electronic health records
(EHRs) to identify specific patient subpopulations that may respond better to a
certain drug.

Identifying Suitable Patients

e Al can be used to identify suitable patients for clinical trials by analyzing large
amounts of clinical data, such as electronic health records, to identify patterns
and characteristics that indicate a patient's suitability for a specific trial.

Real-Time Monitoring

e Al algorithms can be used to monitor patient data in real time, such as vital
signs and symptoms, to identify any adverse events or side effects, which can
help ensure patients’ safety.

Identifying New Metabolic Pathways

e Al can be used to identify new drug metabolic pathways by analyzing genomic,
proteomic, and metabolomic data, data from electronic health records and
high-throughput experiments, and for identifying patterns and trends in
metabolic data.

Predictive Modeling

Al can be used in predictive modeling, which uses Machine Learning algorithms
to identify patterns in data and make predictions about the potential
effectiveness of a drug candidate.

Identifying New Drug Indications

Al can analyze large amounts of clinical data, such as electronic health records,
to identify new indications for existing drugs. It can identify patterns in the data
to suggest a drug's potential effectiveness in new indications. Al can also
analyze preclinical and clinical trial data to repurpose existing drugs.

Imaging Analysis

Al can be used to analyze imaging data, such as X-rays, CT scans, MRI, and
ultrasound images, to improve diagnostic accuracy, increase efficiency, and
reduce the cost of healthcare. Al can be used for image classification,
segmentation, computer-aided diagnosis, and image-guided therapy.

Identifying Drug—Drug Interactions

Al can be used to analyze large amounts of data on drug interactions, such as
pharmacological data, clinical trial data, and electronic health records, to
identify potential drug—drug interactions.




Established Drug Discovery-Oriented Entities: Preclinical Development

ADME/PK Modeling

e Al can be used to predict the absorption, distribution, metabolism, and excretion (ADME)
and pharmacokinetics (PK) of compounds to help inform dosing and administration
decisions.

Drug Safety Improving

e Al can analyze preclinical trials data and identify potential side effects and predict
interactions with other drugs. Additionally, Al can predict such crucial drug properties as
pharmacokinetics, pharmacodynamics, toxicity, etc. All of these improve the potential
drug’s safety.

Experiment Data Analyzing

e Al can be used to analyze data from lab experiments to identify potential efficacy and

safety concerns, patterns, and make predictions. This can help researchers make more
informed decisions about their experiments and can also save time and resources by
automating data analysis tasks.

Preclinical Trials Prediction

e By analyzing potential drug candidate properties (such as structure), genetic variations of
specific cellular line, or mice strains, Al can model the results of preclinical studies.
Machine Learning models can be also trained on historical data from preclinical trials to
identify patterns and make predictions about the outcomes of future trials.

Preclinical Protocol Optimization

e Al can analyze data from previous preclinical trials to identify patterns and make
predictions about the best protocol design for future trials. This can include identifying
the most appropriate animal models, determining the optimal dosing regimens, or
identifying the most appropriate endpoints to measure the efficacy of the drug.

Preclinical Imaging Analysis

e Al can be used for the analysis of microscopy images. Al-based algorithms can be used
to automatically identify cells in images, segment, classify, and track them over time,
which is useful for cell proliferation, migration, and apoptosis studies.

Robotic Hands

e Robotic hands, also known as robotic grippers, can be used in pharma for numerous
tasks, including automating repetitive tasks (like pipetting), handling hazardous materials,
assisting with experiments, sample preparation, etc.

Robotic Laboratories

® Robotic laboratory systems, also known as automated or robotic systems, are laboratory
equipment that have been automated using robotics technology. These systems are
designed to automate repetitive or time-consuming laboratory tasks, such as pipetting,
mixing, and handling of samples, to increase efficiency and reduce human error.

High Throughput Screening

® The goal of HTS is to identify compounds or genetic variations that have the desired
activity or property, such as the ability to bind to a specific protein or inhibit the growth of
a cancer cell. HTS typically involves using automated robotic systems and specialized

software to conduct large numbers of assays in parallel.

Collaborative Robots

e Collaborative robots, or cobots, are robots designed to work alongside humans in a
shared workspace. Unlike traditional industrial robots, which are typically caged and
require significant safety measures to protect workers, cobots are designed to be safe
for humans to work alongside.




Established Drug Discovery-Oriented Entities: End-to-End Drug Development

Automating End-to-End Drug Development Process

e Al can be used to automate the end-to-end drug development process,
from drug discovery to clinical trials and production, increasing
efficiency and reducing costs.

Al can also help in the process of drug formulation. By analyzing data
from formulation studies, researchers can identify patterns or trends
that might not be immediately obvious from the raw data, which can
help them make more informed decisions about how to optimize the
process. This can lead to the development of new drug formulation and
delivery methods that can improve the efficacy of the drug.

Virtual Experiment Processing

Al can be used to perform all experiments of drug development virtually.
This can save time and resources, as well as provide insights that might
not be possible through physical experimentation.

Al can analyze large amounts of data with a high degree of accuracy,
which can reduce the risk of errors and increase the reliability of the
results. This can be particularly useful when conducting complex
experiments that require a high degree of precision.

Predictive Patient Reaction Modeling

e Al can be used in predictive modeling, which uses Machine Learning

algorithms to identify patterns in data and make predictions about the
potential effectiveness of a drug candidate. This can help researchers
and clinicians make more informed decisions about patient care and
treatment plans, ultimately leading to better patient outcomes.

By using Al to analyze this data, researchers can identify patterns or
trends that might not be immediately obvious from the raw data, which
can help them make more informed decisions about patient care.

Automated End-to-End Drug Production

Al can be used to automate various aspects of the end-to-end drug
analysis process, from drug discovery to post-market surveillance. This
can help speed up the process of discovering new therapeutics, bring
new treatments to patients more quickly, and ensure the safety and
efficacy of drugs once they are on the market.




Established Drug Discovery-Oriented Entities: Data Processing

Clinical Trials Data Analyzing

e Al can be used to identify potential side effects of drugs by analyzing
data from clinical trials. This can help researchers make more informed
decisions about patient care and treatment plans, ultimately leading to
better patient outcomes.

e By analyzing large amounts of data from clinical trials, researchers can
identify patterns or trends that might not be immediately obvious from
the raw data, which can help them make more informed decisions about
patient care.

Lab Experiments Data Analyzing

e Al can be used to support drug development by providing insights that
would otherwise be difficult or impossible to obtain through traditional
methods. This can help researchers make more informed decisions
about the properties of a particular compound or the behavior of a
particular system, and ultimately lead to new discoveries and
breakthroughs in drug development.

Imaging Data Analyzing

e Imaging data can be generated from various sources, such as

microscopy, CT scans, MRI, and PET scans, and Al can help to analyze
these data to identify potential drug targets, biomarkers, and drug
candidates.

By training these algorithms on large sets of data, researchers can
develop models that can be used to automatically analyze new images,
reducing the need for manual analysis.

Chemical Data Analyzing

Al can be used to analyze data from chemical experiments and
simulations to identify patterns, make predictions, and extract insights
that might not be immediately obvious from the raw data. This can help
researchers make more informed decisions about the properties of a
particular compound or the behavior of a particular system, and
ultimately lead to new discoveries and breakthroughs in drug
development.




Al Technologies Used for Drug Discovery

Machine Learning

Convolutional Neural
Networks

Transformers

Reinforcement Learning

Decision Trees (Random
Forest)

Gradient Boosting

Deep Learning

Generative Adversarial
Networks

Computer Vision

Evolutionary Algorithms

Autoencoders

Support Vector Machines

Natural Language Processing

Graph Neural Networks

Robotics

CEVESED
Models

Federated Learning (Swarm
Learning)

Multi-Task Learning




Al Technologies Used for Drug Development

Machine Learning

Machine Learning (ML) is a branch of Al and computer science that focuses on the use
of data and algorithms to imitate the way that humans learn, gradually improving its
accuracy. ML can be used in various stages of the drug development process, including
data analysis and interpretation.

Deep Learning

e Deep Learning is a subset of Machine Learning, which is essentially a neural network

with three or more layers. These neural networks attempt to simulate the behavior of the
human brain — albeit far from matching its ability — allowing it to “learn” from large
amounts of data.

Natural Language Processing

Natural language processing (NLP) refers to the branch of computer science that gives
computers the ability to understand text. In drug discovery, NLP is usually used for
literature mining, data integration, data curation, text classification and summarization,
and working with DNA and RNA sequences.

Convolutional Neural Networks

Convolutional Neural Networks (CNNs) refer to a type of neural network architecture that
is specifically designed to analyze visual data such as images. In drug discovery, CNNs
are used for various tasks, such as image analysis, virtual screening, protein structures
prediction, and molecules design.

Generative Adversarial Networks

Generative Adversarial Networks (GANs) consist of two neural networks: a generator and

a discriminator. The generator's produces data samples that are similar to a given
training set while the discriminator's goal is to determine whether a given data sample is
real or generated. GANs are usually used for generation of new structures with specific
properties.

Transformers

Transformers are a type of neural network architecture that are specifically designed to
process sequential data such as text. In drug discovery, transformers can be used for
various tasks, such as literature mining, data integration, data curation, text classification
and summarization, and working with sequences.

Graph Neural Networks

Graph Neural Networks (GNNs) are a class of Machine Learning models that are
specifically designed to handle data represented as a graph. In drug discovery, GNNs can
be used for various tasks, such as molecules structures analysis and prediction of their
binding affinity for a specific drug target.

Computer vision refers to the branch of computer science that gives computers the
ability to understand visual data such as images. In drug discovery, computer vision can
be used for various tasks, such as image analysis, virtual screening, drug design,
predictive toxicology, and in silico modeling.

Robotics refers to the branch of engineering that deals with the design, construction, operation, and use of robots. In drug discovery, robotics can be used for various tasks, such as
automating laboratory procedures, performing high-throughput screening, and handling hazardous materials.




Al Technologies Used for Drug Development

Reinforcement Learning

Reinforcement Learning (RL) is a type of Machine Learning that focuses on training
agents to make decisions in dynamic environments by maximizing a reward signal. In
drug discovery, RL can be used for optimization of the design of new molecules with
specific properties, analysis of long-read sequences, and optimization of the dosing
regimen.

Evolutionary Algorithms

Evolutionary algorithms (EAs) refer to a class of optimization techniques that are inspired
by the process of natural evolution. EAs use techniques such as selection, crossover, and
mutation to generate new solutions to a problem and iteratively improve them. In drug
discovery, EAs can be used for optimization of the parameters of a drug delivery
systems.

Bayesian Models

Bayesian models are a class of statistical models that are based on the Bayesian
probability theory. They provide a framework for representing and updating beliefs about
the state of the world based on new data. They can be used to make predictions or
inferences about drug discovery tasks by incorporating prior knowledge and updating it
with new data, which can be useful when dealing with uncertainty and lack of data.

Decision Trees

Decision trees are a type of supervised learning algorithm that can be used for both
classification and regression tasks. The algorithm builds a model in the form of a tree-like
structure, where each internal node represents a feature or attribute of the data, and each
leaf node represents a class or a prediction. They are simple and interpretable models
that can be used to make predictions or decisions about drug discovery tasks.

Autoencoders

Autoencoders are a type of neural network that are used for unsupervised learning tasks,

specifically for dimensionality reduction and feature learning. Autoencoders consist of
two main components: an encoder, which maps the input data to a lower-dimensional
representation, and a decoder, which maps the lower-dimensional representation back to
the original input data.

Gradient Boosting

Gradient boosting is an ensemble Machine Learning technique that combines multiple
weak models, such as decision trees, to form a strong model. It works by iteratively
adding new models to the ensemble that correct the errors of the previous models. It
combines multiple weak models to form a strong model and can be used to predict
bioactivity, binding affinity, selectivity, pharmacokinetics, and pharmacodynamics.

Federated Learning

Federated learning is a Machine Learning technique that allows multiple devices or
systems to train a shared model while keeping the data local to each device. In this way,
federated learning allows the training of models on decentralized data without the need
to collect and centralize the data, which can be useful in scenarios where data privacy
and security are a concern.

Support Vector Machines

Support Vector Machines (SVMs) are a type of supervised learning algorithm that can be
used for classification and regression tasks. They work by finding the hyperplane that
best separates different classes of data in a high-dimensional feature space.

Multi-Task Learning

Multi-task learning (MTL) is a Machine Learning technique that enables a model to learn multiple related tasks simultaneously with the goal of improving the performance on any individual
task. This is achieved by sharing some of the model's parameters across all tasks, which allows the model to learn more efficiently by exploiting the commonalities and dependencies

between tasks.
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