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Introduction
The response to COVID-19 has brought into sharp focus 
the need for greater efficiencies in drug discovery and 
development. Artificial intelligence (AI) methods hold 
particular promise in helping to realise those efficiencies. 
Interest in the use of AI by pharma has soared over  
the last five years, and investment has increased as  
use cases mature from academic experiments to 
commercial applications.   

Adoption of AI still faces a number of key challenges, however, and pharmaceutical companies 
must significantly change not only how they accrue, store, and share data, but also how they 
frame their corporate cultures to successfully unleash the potential that these new promising 
methods have to offer. 

At Syneos Health, we work with a number of pharmaceutical and emerging companies at the 
convergence of AI and biotechnology, exploring how to fully harness these transformative 
technologies. This article shares our insights into several important developments. More crucially, 
it outlines elements that the pharmaceutical industry needs to consider in moving forward with AI.



The computational capabilities that recent advances in AI methods bring to bear can potentially advance our understanding  
of disease biology and help us bring drugs to the market faster and more efficiently (see “Where AI is showing promise in drug 
discovery and development” on page 10 for further detail).

The space has undergone striking advances, attracting significant investment and, unfortunately, generating some exaggerated 
claims. Hype aside, AI is indeed coming of age in biomedicine. Examples of recent promising applications include: 

• Applications in radiology, computed tomography (CT) and magnetic resonance imaging (MRI), where various AI methods 
used in image processing (segmentation, classification and labelling) have resulted in diagnostic accuracy and 
reproducibility that exceeds human performance

• The use of deep learning, a specific class of machine learning methods, to predict, for example, the impact of genetic 
variants on cellular processes involved in pathogenesis, and to understand which small molecules will modulate the 
activity of therapeutically relevant proteins

• The use of a combination of AI methods to aid new drug target and biomarker discovery and validation

We are seeing an increasing number of applications and use cases of AI from diagnostics through to drug discovery and 
development, as illustrated below.

Figure 1. Applications of AI across diagnostics, drug discovery and development
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AI initiatives are maturing 
AI has enormous applications across diagnostics, drug discovery and 
development, from highlighting gene-disease associations to identifying 
population subgroups relevant for clinical trials. 
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The MELLODDY consortium was set up 
as a collaboration between a number 
of small and large pharmaceutical 
companies to benefit from data 
federation to train machine learning 
models while preserving data privacy.
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As applications in the space are maturing, so is pharma’s 
appetite to invest, as illustrated by partnership deals signed by 
Exscientia, an AI drug discovery company, with GlaxoSmithKline, 
Celgene, Sanofi and Bayer. For the latter deal, announced  
at the end of January 2020, Exscientia is set to receive up to  
$266 million in upfront payments, as well as near-term and 
clinical milestones. 

The majority of reported deals involve established AI 
companies with proven capabilities and well-defined use cases. 
For example, Recursion and Sanofi recently partnered to  
find repurposing opportunities for existing drugs in Sanofi’s 
portfolio, while Iktos and Merck signed a deal to design virtual 
novel molecules that have desired activities across three of 
Merck’s drug discovery projects.

Sanofi also recently announced a partnership that looks to 
utilise Google’s Cloud and DeepMind technologies alongside 
clinical and real-world data generated by Sanofi. 

Roche, through its acquisition of Flatiron Health for $1.9 billion 
and the remaining stake in Foundation Medicine for $2.6 billion, 
now has access to a large oncology dataset of molecular, genetic 
and patient record data that can be leveraged through AI.

Pharmaceutical companies are also beginning to recognise that 
more collaboration will be needed across the industry to realise 
the full potential that AI methods have to offer. To this end, the 
MELLODDY consortium was set up as a collaboration between 
a number of small and large pharmaceutical companies to 
benefit from data federation to train machine learning models 
while preserving data privacy. 

Lastly, besides investment in external partnerships, we are also 
seeing substantial internal investment into AI-driven innovation, 
such as the Novartis and Microsoft collaboration on the  
data42 program. This program is looking to maximise 2 million 
patient-years of data that Novartis holds to accelerate drug 
development and improve patient outcomes. 

Pharma is making big bets  
in the space
Until very recently, pharma was treading carefully as AI applications, and 
associated use cases, were still emerging and being defined. Relatively small 
upfront investments and milestone-based deals typically characterised many 
efforts by pharma to use AI to discover novel molecular entities.
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Figure 2. Recent collaborations of pharma in the AI space



Several large pharma players have begun in-depth evaluations of the main AI providers in different areas and are  
having internal strategic discussions to tackle the challenge of integrating AI within existing infrastructure and systems. 
Below we provide some of the emerging issues facing the industry.

WHAT IS THE VALUE OF AI?

One of the main challenges hindering AI adoption is the lack of standard methods and measures  
for evaluating different AI offerings. The gap extends across a wide spectrum of functionalities, such  
as predictions of absorption, distribution, metabolism, excretion and toxicity (ADMET) properties, 
physicochemical properties and the ability to generate novel chemical designs, which is a field still in its 
infancy. To address this, pharma has to (1) build internal expertise capable of analysing and evaluating 
advanced AI methods and offerings and (2) design benchmarks against which different AI capabilities  
can be compared and evaluated against existing initiatives. 
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Emerging issues confront 
pharma’s use of AI
Pharma clearly recognises the power of AI and its transformative potential  
to reduce time-to-market, costs and risk within the traditionally long and 
expensive process of drug discovery and development. What challenges 
the industry, though, is figuring out how to use AI well. 

IT’S TIME TO RETHINK HOW PHARMA CAN UNLEASH THE POTENTIAL OF AI
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WHO OWNS THE DATA? 

AI evolution will also require more openness to data sharing (which is already happening to some extent but 
is still very limited) and the implementation of methods that allow training and evaluation of models while 
ensuring data privacy. Most of the AI methods developed by start-ups or academics are usually trained 
and tested on publicly available data sources. While pharma datasets provide the ultimate benchmark—
being rich, large, multimodal and vertically connected—open access to these proprietary datasets remains 
a challenge, both to obtain external validation and to forge agreements on how data are represented.

HOW CLEAN IS THE DATA?

While pharma may be sitting on a gold mine of data that supports regulatory approval, the actual value 
and usability of this data for AI tasks cannot be determined until an AI pipeline is put in place. That means 
cleaning, preprocessing and standardising data before it is AI-ready, given that data is usually collected  
in different timelines under different experimental settings and for different goals. Missing records, 
undocumented lab control environment settings and change of experimental protocols are all factors 
that could potentially render data unusable. Federated learning initiatives may be a potential solution, 
but pharma has traditionally been known for its protective attitude towards data sharing. If pharmaceutical 
companies want to use this technology on patients, regulators may require them to “show their working” 
and even verify outcomes using independent datasets for verification.

WHO HAS THE SKILLS?

This requires not only hiring AI experts to elevate internal evaluation teams but also preparing datasets 
and tools that can be shared externally. One of the main challenges is that interdisciplinary teams must 
bring together experts in AI, chemistry and biology to build innovative solutions and support such 
evaluation committees. This can be challenging, as it will require serious change in culture, mindset and 
incentives. It also means opening the silos generally owned by different departments, requiring effective 
engagement, support and management of different stakeholders for effective integration. 

WHERE DOES THE DATA LIVE? 

As most of the machine learning models and platforms currently run on the cloud, new measures need  
to be put in place to allow secure data migration and management—particularly when involving patient 
level data from real world evidence sites, where a high level of information governance will be required. 
Moreover, pharmaceutical companies need to take serious steps to build the necessary infrastructure 
and expertise internally to link, integrate and manage their internal datasets. This requires pharma to 
develop skills in cloud infrastructure, engineering, security and scalability. Without these measures in 
place, applicability of AI will face significant delays and managerial challenges.  

Building the right infrastructure is just the first step towards understanding the applicability of AI on existing data.  
Pharma also needs to invest significantly in changing to a more collaborative culture, bolstering internal talent capabilities and  
hiring AI expertise. There currently exists a big gap between expectations, culture and skill sets. To compete for appropriate talent  
in data analytics, infrastructure, data cleaning and machine learning with other industries also eager to jump on the AI bandwagon, 
pharma will need to offer wages, benefits and working environments attractive to these highly sought-after knowledge workers.
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Invest in data infrastructure  
and in AI infrastructure
Build the right infrastructure to manage, integrate and 
normalise data. Implement standards for data recording  
and preprocessing to ensure data quality and usability.  
Make appropriate hardware/software investments: Most of the 
state-of-the-art AI models require significant processing power 
and direct access to data on the cloud. Investment is required 
in building the back-end AI infrastructure necessary to run 
machine learning pipelines.

Invest in AI talent 
AI talent is currently scarce and expensive. Pharma needs to 
attract and hire the right people to build internal teams, while 
creating a corporate culture in which these talents can thrive.

Invest in multidisciplinary teams
Developing novel solutions to drug development requires 
multidisciplinary experts in AI, chemistry, biology, physics, 
regulatory affairs and law. Hire adaptive people who are  
open to learning the new skills necessary for innovation  
in the pharmaceutical industry, and create incentives for 
collaboration across specialties.

Invest in evaluation benchmarking 
Competition and standardised benchmarks can be an efficient 
way to evaluate different approaches internally and externally. 
They are necessary to speed up the pace of innovation and 
adoption of AI methods.  

Invest in open access data 
Access to large datasets of millions of data points has facilitated 
a leap in machine learning for other applications in images,  
text and video analysis. For this to happen in drug discovery and 
development, pharma needs to open up and share some of its  
proprietary datasets.  

Where pharma should invest  
to effectively harness the 
potential of AI today

AI capabilities enable science today to tackle the 
complexities of human diseases with new, powerful, 
many-dimensional computational models.  
With it, we will advance our understanding of  
biological systems whose interdependencies  
baffle human comprehension. Harnessing the  
potential of AI, however, is far more complex  
than opening a new lab or changing a production line.  
The top players in pharma are taking a disciplined  
and comprehensive look across systems to bring  
the promise of AI to real cures and patients.
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CASE-FINDING, DIAGNOSIS, AND MONITORING ADVANCES

Computational deep learning approaches are being translated (with modifications and 
customisations) from nonmedical fields to medical images in domains such as phenotype 
screening and pathology. This has led to applications such as: 

•   Automated analysis of tissue samples 

•   Discovery of novel biomarkers 

•   Clustering and matchmaking of patients with treatment options   

MAPPING DISEASES ACROSS MULTIPLE DIMENSIONS 
REVEALS UNSEEN PATTERNS

Machine learning methods can see significant patterns in vast data sets that elude  
human eyes and minds. Increasingly, computers not only can crunch enormous numbers  
at lightning speed but also develop novel hypotheses that they then can test and refine. 
Data from multiple sources or even modalities can be fed into the same model to discover 
nonintuitive associations. Applications of these methods include: 

•   Analysis of disease pathways to reveal novel insights 

•   Delineation of biological networks that reveal structure and functions of living cells 

•   Linkage of disparate multi-omics data sources that increases accuracy of disease models 

•   Discovery of novel biomarkers  

•   Discovery of disease types and subtypes

IT’S TIME TO RETHINK HOW PHARMA CAN UNLEASH THE POTENTIAL OF AI

AI PRIMER: WHERE  
AI IS SHOWING PROMISE 
IN DRUG DISCOVERY  
AND DEVELOPMENT
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PROTEIN TARGETING AIDS MEDICAL PRECISION

The marriage of AI with newly available and affordable gene sequencing technology is 
leading to better understanding of diseases, their cause, their phenotypes and the proteins 
that drugs can specifically target to improve treatment. AI is also helping to identify new 
proteins that existing drugs already target, aiding precision medicine and helping to cut 
costs and save lives by: 

•   Integrating data sources (phenotypes, genotypes, drugs and literature knowledge)  
to validate and create hypotheses 

•   Discovering novel target-disease associations 

•   Discovering novel associations among targets for repurposing opportunities    

ADVANCED MODELING SAVES SYNTHESIS AND TESTING 
TIME DURING DRUG DISCOVERY

Via machine learning and simulations, synthetic chemists can now perform accurate  
in silico predictions of chemical properties, predicting potential success and failure 
computationally before it actually happens in the lab. Reduced lab experimentation on 
dead-end molecular paths leads to faster drug design cycles and agile (fail-fast) approaches. 
In these scenarios, deep learning models: 

•   Annotate chemical libraries to predict compounds’ functions  

•   Predict target-drug interaction 

•   Analyse large molecular libraries and prioritise compounds based on activities  
on a specific disease or pathway 

•   Expand existing chemical libraries 

•   Analyse drug-target associations and highlight toxicity and undesirable off-target effects   

•   Reveal potential novel chemical entities 

•   Optimise for multiple chemical properties concurrently  

•   Repurpose existing drugs for new indications 

•   Tailor drug combinations to improve treatment  

•   Automate synthesis of new medications

IT’S TIME TO RETHINK HOW PHARMA CAN UNLEASH THE POTENTIAL OF AI
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AI SPEEDS PROGRESS THROUGH THE PRECLINICAL PHASE

Machine learning has found its way into preclinical data analysis due to its power of prediction, 
scalability and speed. It can be applied to both physiochemical and image data to predict 
preclinical outcomes, and can be used to correlate animal and human results based on gene 
data analysis. Main applications in this area include: 

•   Prediction of drug effect on tissues and animal models 

•   Analysis of human-animal genotype and phenotype associations

•   Scaling analysis of experimental data  

AI HELPS YOU CROSS THE CLINICAL CHASM

The greatest costs and time challenges in drug development typically happen during the 
leap from lab to clinic. From finding and recruiting the right cohort for a clinical trial, to 
digesting massive data sets and real-world data, AI is helping pharma carve days, weeks  
and months out of the typical clinical trial timeline. Particularly for rare diseases and cancer 
population subsets, AI can dive into patient registries, electronic health records (EHRs) and 
large data sets containing phenotypes and genotypes to help investigating teams rapidly 
find, select and recruit the right population to test in. Machine learning has also shown value 
in matching the best available combinational therapies to a specific cancer patient by:

•   Discovering biomarkers for selection of population and precision medicine  

•   Optimising design of clinical studies  

•   Integrating data for analysis of outcome  

•   Automatic analysis and mining of clinical records for trial recruitment and targeted therapies
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The Syneos Health Insights Hub generates future-focused, actionable insights to help biopharmaceutical companies 

better execute and succeed in a constantly evolving environment. Driven by dynamic research, our perspectives are 

informed by our insights-driven product development model and focused on real answers to customer challenges  

to help guide decision making and investment.
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Syneos Health® (Nasdaq:SYNH) is the only fully integrated biopharmaceutical solutions organization. The Company, 

including a Contract Research Organization (CRO) and Contract Commercial Organization (CCO), is purpose-built to 

accelerate customer performance to address modern market realities. Learn more about how we are shortening 
the distance from lab to life® at syneoshealth.com.
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