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Personalized therapies
AI-based drug development is an integral element!

AI can be harnessed towards pharmacostrategies in various steps



Personalized therapies
If a drug has been proposed as a potential treatment approach 
based on empirical clinical observation, AI could and should be 
capitalized to rapidly simulate efficacy and side effects in 
(preferably stratified) population. 



Status quo
The drug discovery process today

Drug discovery is one of the most complex, risky, and 
lengthy areas of human development. This process 
takes decades, billions of dollars, and fails over 90% 
of the time. 

There are very few truly novel drugs on the market. 
In 2020, the FDA approved 53 novel drugs, and that 
was the record year. 

Many of these drugs were small molecules that 
modulated the function of well-known molecular 
targets. Discovering a novel molecule for a novel 
target for a broad disease indication is extremely 
rare.

https://insilico.com/blog/pcc



Status quo
The drug discovery process today

Regulatory bodies 
introduced new programs, 
allowing the review and 
authorization of these 
treatments to be 
fast‑tracked.

accelerate the R&D for 
various targets 



Status quo
The drug discovery process today and yesterday



Drug discovery
The drug discovery process today

•Target-base
•Chemistry / biology engineering for existing targets
•Development of personalized medicine solutions  



Large amounts of data coming from 
robotics experiments or clinical data, or a 
combination used.

Some targets already entered human 
clinical trials (by in-licensing compounds).

But…

Can AI identify

Novel Targets and Novel Molecules?

Drug discovery



2021:
First AI-generated novel molecule for a 
novel target discovered with AI
demonstrated efficacy in a broad 
therapeutic area and reached
preclinical candidate stage.

Drug discovery



January 2017

Drug discovery



Drug discovery



Drug repurposing/repositioning

Definitions 

Trending terms in represent novel drug development strategies. 

definition range from brief and general to extensive and specific



Drug repurposing/repositioning

Various data-driven and experimental approaches 
have been suggested for the identification of 
repurposable drug candidates; however, there are 
also major technological and regulatory challenges.



Drug repurposing/repositioning



Drug repurposing/repositioning

Oncology appropriate for DRR:
a single mechanism or biomarker is frequently linked to a broad range of tumor types. 

Merck’s Keytruda® (pembrolizumab) which was first approved for advanced melanoma, now it is 
approved for 14 cancer types, including lung cancer and lymphoma. The company is constantly 
evaluating Keytruda for more cancers, such as triple-negative breast cancer. 

Due to its similar PD-1-based mechanism of action (MOA), Bristol-Myers Squibb’s (BMS) Opdivo® 
(nivolumab) is currently approved for 10 cancer types and the company is continuing to investigate 
the drug’s efficacy for other indications.

Novartis’ drug Arzerra (ofatumumab), a monoclonal antibody that targets the CD20 protein, was 
initially developed to treat chronic lymphocytic leukemia (CLL). However, clinical studies are currently 
underway to determine its effectiveness as a treatment for adult patients with relapsing forms of 
multiple sclerosis (MS).



Drug repurposing/repositioning



Drug repurposing/repositioning



Drug repurposing/repositioning



Drug repurposing/repositioning



DD/DRR in oncology

Historically, the expected response rate in 
Phase I trials with unselected populations 
of patients has ranged from 4% to 11%. 

However, with recent advances in targeted 
therapies and molecular matching, the 
response rates in Phase I trials have ranged 
from 19% to 77%, and some agents that 
demonstrated high response rates are now 
FDA approved. 

Even in heavily pretreated patients, drug 
repurposing combination regimens have 
yielded response rates ranging 12% to 57%.



Drug repurposing/repositioning

A Phase I clinical trial combining liposomal doxorubicin, bevacizumab, and temsirolimus (DAT) 
for patients with advanced cancers was designed to test the preclinical rationale that resistance to 
anthracyclines is driven through upregulation of hypoxia-inducible factor alpha (HIF-1α), which 
promotes angiogenesis and tumor survival. Thus inhibiting angiogenesis, such as with the VEGF 
inhibitor bevacizumab, may overcome anthracycline resistance. However, resistance to bevacizumab 
is also driven by upregulation of HIF-1α. Addition of temsirolimus, a potent inhibitor of mTOR and 
consequently HIF-1α, can overcome this resistance. 



Drug repurposing/repositioning

During the dose-escalation phase MD Anderson team noticed remarkable activity in several distinct 
tumor types, including metaplastic breast cancer (MpBC).

Despite the aggressive nature of this cancer: 
2 responses (1 complete [CR],1 partial response [PR]) in 5 patients with treatment-refractory MpBC. 

In extended observation, objective responses in 5 of the 12 patients with MpBC (42%, 2 CR and 3 PR) 
and stable disease (SD) > 6 months in another 6 [50%].



Drug repurposing/repositioning

- graph neural network model GraphRepur based on GraphSAGE for drug 
repurposing against breast cancer

- integrated two major classes of computational methods, drug network-based 
and drug signature-based

- differentially expressed genes of disease, drug-exposure gene expression data 
and the drug–drug links information were collected -> extracting the drug 
signatures and topological structure information contained in the drug 
relationships

predict new drugs for breast 
cancer, outperforming 
previous state-of-the-art 
approaches and some classic 
machine learning methods



Drug repurposing/repositioning



Analytical drug discovery tools

Based on deep learned transcriptomics-, proteomics-, blood 
biochemistry-based biomarkers of multiple diseases, predictors of 
alternative therapeutic uses of multiple drugs and analytical tools 
for high-throughput screening.

The measurement of physicochemical properties at an early phase of drug discovery and 
development is crucial to reduce attrition rates due to poor biopharmaceutical properties., 
•lipophilicity 
•solubility
•Ionization
•permeability 
mandatory to predict the pharmacokinetic behavior of NCEs. 

Due to the high number of NCEs, the analytical tools used to measure these properties are 
automated and progressively adapted to high-throughput technologies. 

Henchoz, Y., Bard, B., Guillarme, D. et al. Analytical tools 
for the physicochemical profiling of drug candidates to 
predict absorption/distribution. Anal Bioanal Chem



Analytical drug discovery tools

Henchoz, Y., Bard, B., Guillarme, D. et al. Analytical tools 
for the physicochemical profiling of drug candidates to 
predict absorption/distribution. Anal Bioanal Chem



Clinical trials simulation

In silico + in vitro and in vivo



Clinical trials simulation



Clinical trials simulation

https://www.sciencedirect.com/science/article/pii/S0165614719301300#f0010



Clinical trials simulation

https://www.sciencedirect.com/science/article/pii/S0165614719301300#f0010

Utilizes massive amounts of data about the targets, diseases, clinical trials, and even scientists 
involved with the study at the preclinical and clinical stages. 

Prospective validation is the best way to predict the outcomes of clinical trials.

A reduction in the number of failed clinical development projects, the number of negative 
phase II and III clinical trials, or in just their cost and duration, are among the expected 
benefits of modelling and simulation in clinical drug development.



Clinical trials simulation

https://www.sciencedirect.com/science/article/pii/S0165614719301300#f0010



Clinical trials simulation



Clinical trials simulation

This in silico medicine opens the way to the P4 medicine: predictive, preventive, 
personalized and participatory.

Drug activity modeling coupled with disease modeling, optimal use of medical data and 
increased computing speed should allow leap forward. 

The realization of CTS requires not only bioinformatics tools to allow interconnection 
and global integration of all clinical data but also a universal legal framework to protect 
the privacy of every patient.



Clinical trials simulation

 A paradigm shift is necessary to bring the benefits of 
CTS-based drug development to cancer patients, in which 
biomarkers and prognostic markers of OS are assessed to 
predict treatment outcome and disease progression.



Future?



Future?

https://www.gnshealthcare.com/gemini-in-silico-patient/
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