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Traditional Drug Discovery

• Traditional drug discovery is well known to be time consuming and cost-
intensive encompassing an average of 10 to 15 years until it is ready to
reach the market with an estimated cost of 58.8 billion USD as of 2015.

Of 10,000 screened

chemical compounds,

only 250 (2.5%) or so

will move on to further

clinical testings.
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Traditional Drug Discovery

Out of all the drugs that 
make it to Phase I of clinical 

trials, only 11.8% were 
approved for market. 

During 2006 to 2015, the 
success rate of those drugs 

undergoing clinical trials was 
only 9.6%.
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System Biology Drug Discovery

• In recent years, the expansion of data repositories including those with
chemical and pharmacological data sets, has significantly increased the
availability of large-scale open data for drug discovery.

• Large bioactivity data sets can be used for the identification of
Quantitative Structure–Activity Relationships (QSAR) or classification
models, allowing prediction of compound activities from their
structures.
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• Systems biology aims to describe and to understand the operation of
complex biological systems and ultimately to develop predictive models
of human disease.

System Biology Drug Discovery

Deferiprone (C7H9NO2)

Prediction of Activities 
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Computational Drug Discovery

• Computer simulations (AI) integrating knowledge of organ and system-
level responses help prioritize targets and design clinical trials.

• In silico models can be generated to study a wide array of chemical and
biochemical phenomenon.

• There are two main issues facing the computational scientist or model
generation in drug development: computational processability and
scalability.
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Computational Processability

In a real-life scenario, a typical research project in
computational drug discovery involves the use of several
software, programs and tools that spans from reading input
files, data pre-processing, one or more rounds of
computation and post-analyses.

High performance 

computing (HPC) 

clusters

Cloud

computing and 

virtualization

Virtual machines
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Predictive Models

• To develop an accurate predictive model requires informed knowledge,
optimal computational techniques and a clear understanding of the
outcome required.

• The predictive computational techniques are divided into those using
statistical methods and those using Artificial Intelligence (AI).

• Statistical techniques are mostly based upon regression analyses.

• An alternate method of predictive modeling is using AI and can be used
to identify novel combinations of data that represent the biology of a
system.
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AI in the protein structure drug discovery

• AI can assist in structure-based drug discovery by predicting the 3D
protein structure because the design is in accordance with the chemical
environment of the target protein site, thus helping to predict the
effect of a compound on the target along with safety considerations
before their synthesis or production.
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AI and the prediction of Bioactivity

• The efficacy of drug molecules depends on their affinity for the target
protein or receptor.

• Efficacy: AI-based prediction methods can measure the binding affinity
of a drug by considering either the features or similarities of the drug
and its target.

• Safety: AI-based approaches look for similarities among compounds or
project the toxicity of the compound based on input features. Using an
AI-based approach, it is possible to estimate the toxicity and synthesis
feasibility of small organic molecules and showed accuracy as high as
72%.



XV FTC, 15-16 Dec 2022 - Bari, Italy

The Future of Drug Discovery

• Synthetic Data: is an “artificial” dataset containing computer-
generated data instead of real-word records.

• Artificial Patients (Avatar Cohort): set of data representing the
desired patient characteristics the best possible way that is
based on large amounts of real patient data, without actually
including any backtracable real-patient data.

• Real-Time Analysis: the use of electronic health data/devices
to carry out clinical trials in near real-time with patients not
needed to be present on site.
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Synthetic data to accelerate clinical research

• Synthetic data are artificial data that can be used to support efficient
medical and healthcare research, while minimising the need to access
personal data

• The aim of data synthesis is to create a dataset that resembles the
original individual level data, and retains the same sample size, with
rows for each participant and columns for each variable. Characteristics
of the original data, including missing values and patterns, are replicated

depending on the method chosen to generate the synthetic data.
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Synthetic Data

• Integrated data systems, combined with analytical algorithms and
statistical tools, should be a key part of any plan to accelerate the use of
synthetic data. Such technologies support synthetic control arm design,
protocol design, and investigator site selection.

• The future is synthetic data. To obtain it, we need algorithms that can
collect information from the real patient to create a virtual copy that is
different from the individual who generated that data, but contains all
the clinical, genetic, biological and statistical properties of the original.
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Machine Learning (AI) methods

• Machine Learning (ML) methods for constructing synthetic data from
the original data sources are typically based on generative models.
These models are built to capture and accurately estimate the correct
correlations and distributions between different variables in the original
data source.

• The models draw on inferences from the original data using bayesian
networks via sampling techniques or deep learning via neural networks.

• These techniques attempt to generate synthetic data while dealing with
privacy issues as well as patient data that are imbalanced, biased, or
from a small sample.
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A sort of ‘Avatar’ of the individual, but
with no threat to his privacy: the data is
not copied one by one, as a mirror, but
from a group perspective, considering
the relationship between the data.
These virtual patients no longer have
anything to do with the real patients, it
is as if they have absorbed all their
properties and relationships in a similar
but not equal way’.

Digital Patient

https://www.vph-institute.org/upload/discipulus-digital-patient-

research-roadmap_5270f44c03856.pdf



XV FTC, 15-16 Dec 2022 - Bari, Italy

General Recommendations

• Digital Patient as a Grand Challenge: in silico medicine in general, and
the development of the Digital Patient in particular, must be recognised
as a Grand Challenge, where fundamental research in biomedical
science, mathematical and computational methods, bioengineering, and
computer science must coexist with more applied and translational
research. This cut across the separation between fundamental, applied,
and translational research.
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Patient Confidentiality

• All patient information must be redacted due to its sensitive nature.
Compromising patient confidentiality by failing to remove all identifying
attributes goes directly against healthcare compliance guidelines such
as General Data Protection Regulation (GDPR).

• Synthetic data protects privacy while maintaining data credibility.

• One of the main benefits of synthetic data is the patient privacy that
comes with it. There’s no risk of patients having their health information
exposed or potentially stolen.
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AI software as a Medical Device

• The Food and Drug Administration (FDA)
has put forward an approval pathway for
AI-based software as a medical device (AI-
SaMD).

• FDA: ”Artificial intelligence (AI) and
machine learning (ML) technologies
have the potential to transform health
care by deriving new and important
insights from the vast amount of data
generated during the delivery of
health care every day“.
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Synthetic data in early-stage clinical trials

• One of the best ways to understand the role of synthetic data in early-
stage clinical trials is to learn about the innovators and the solutions
they are trying to create. AI and medical professionals work together to
create central banks where researchers can pull data and simulate their
early-phase tests.

• The use of synthetic structured data provides a close estimate to real
data results and it is thus a powerful tool in shaping research
hypotheses and accessing estimated analyses, without risking patient
privacy.
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Simulacrum: an example of Synthetic Patients Data (SPD)

• The Simulacrum contains data about synthetic patients, such as age and sex, and
data about synthetic tumours, such as staging and pathology information.

• The Simulacrum imitates data about tumours diagnosed in England between 2013
and 2017. The vital status of each synthetic patient up to February 2019 has also
been simulated so researchers can analyse survival using the Simulacrum data.

https://simulacrum.healthdatainsight.org.uk/
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Simulacrum: available data

The Simulacrum contains data on:

• 2,200,626 synthetic patients
2,371,281 synthetic tumours

• 1,402,070 have cancer stages 0-4, includes non-melanoma skin cancers; 

• 1,137,676 have stage values between 1-4

• 366,266 of the synthetic patients have chemotherapy data, covering 730,472 
regimens, 2,442,037 cycles and 6,385,828 drug administrations.

607,619 
non-melanoma skin

cancer

226,406 
breast
cancer

201,785 
prostate 
cancer

169,118
lung

cancer
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Synthetic data vs. real clinical trial data: 
a validation analysis

• Analyses from a published study on the real dataset were replicated on
synthetic data to investigate the relationship between metastatic
colorectal cancer and overall survival.

OUR  FIRST 
EXPERIENCE
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Real clinical trial data

• The cohort consisted of 67 patients. Their median age was 77 years
(range: 75–89). All had a performance status (PS) between 0 and 1, and
the majority of them had a single metastatic site, generally liver (58%).

The estimated median Overall
Survival (OS) time was 19.3 months
(95% CI, 13.8 to 24.7 months).
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Synthetic Cohort Generation

• In our approach we generated synthetic data using three synthetic data
generators that apply classification: regression trees, parametric and
Bayesian network approaches.

• Based on the probabilities that certain data points occur in the real
dataset, we created a robust model to generate realistic synthetic data
points.
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Criteria to assess the synthetic data quality

• The two criteria used to assess the quality of a classification model 
were discrimination and calibration:

• Discrimination is a measure of how well the two classes in the data set 
are separated; 

• Calibration determines how accurate the model probability 
estimate f(x,α) is to the true probability P(y|x).
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Validation Model

• To provide an unbiased estimate of a model’s discrimination and
calibration, these values had to be calculated from a data set not used in
the model building process.

• A portion of our original data set, called validation set, was selected for
this purpose.

• Common measures of discrimination is the area under the ROC curve
(AUC).
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Synthetic Cohort

• Comparison of the OS true population with the OS average of the point
estimates across the 1,000 simulation runs for the synthetic datasets

• True Cohort N = 45
• Synthetic Dataset N = 450
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• Virtually, these cohort of patient-derived tumor models constitute a
valuable, amplified source of material for both analysis of biological
characteristics as well as for predicting new drug response.

• Synthetic data can speed up trials: studies that need to compare two
different populations will just need to enroll one group of patients
instead of two, with obvious benefits also from an ethical point of view.

Synthetic Data Results
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SYSTEM BIOLOGY with PREDICTIVE MODELS approach 

assists in:

➢ predicting drug efficacy

➢ repurposing of existing drugs

➢ identifying new targets

➢ facilitating development of personalized medicine

➢ improving decision making

➢ improving success rate of new drugs in clinical trials

CONCLUSIONS
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giorgioreggiardo@cvbf.net

Thank you for
your attention
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