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Summary

With rising healthcare prices and increasing global population, the life sciences industry is under increasing 
pressure to innovate faster. Better diagnostics and emerging data analytics technologies promise to make this 
possible, with the goal of predicting outcomes in an automated, systematic manner to answer questions with 
pinpoint accuracy. For example:

 •   Would a novel molecule have better biological activity or availability than the current 
lead molecule? 

 •   How would a phenotype change with a modulation within a pathway, or even which node is 
best to target? 

 •   Which patients have the highest likelihood of responding to a drug in a clinical trial? 
 •   Where can a drug have the most impact in improving the overall health of the human population? 

The more data is available, the better the industry can simulate processes in a consistent and logical way, and 
the faster and cheaper a drug can get to the patient. This white paper explores how to make this future state 
a reality. 
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Introduction

The life sciences industry is primarily responsible for driving the drug discovery process from early discovery 
insights through the clinic and into the marketplace. In the last decade, the paradigm has shifted toward bench-to-
bedside and then back again, with clinical and commercial data being woven into the R&D process. This approach is 
set to change again with experimental technology advancements (such as DNA and RNA sequencing, expression and 
proteomics profiling), high content image analysis and wearable devices that gather patient data, and upgraded 
data platforms from life sciences organizations that consume copious amounts of data.

Even in today’s technology-driven environment, the primary challenges continue to be an insufficient understanding 
of diseases, treatment pathways, context and mechanisms of actions for interventions, as well as inconclusive 
clinical trial results due to low patient compliance. In order to address these challenges, companies are once again 
re-evaluating how they design and execute new research projects.  

The goal for every drug discovery company is to get a product to market cheaper, faster and with confidence that 
it will achieve the desired efficacy while being safe for the patient. In order to achieve this, the rate of innovation, 
which has been consistently slow over the last 50 years, needs to be improved. On average, it takes 10 to 15 years 
and $1-3B to develop a drug, and less than 12% of drugs that enter clinical trails actually gain approval.1 Simply put, 
this needs to change. 

One way to improve the rate of innovation is to transition from an insight-driven approach where experimental 
outcomes are interpreted to a foresight-driven approach where the answer can be predicted before performing 
experiment design and execution. The challenge with accomplishing this lies in the lack of sufficiently organized 
data required to build accurate, robust predictive models.

1 https://www.phrma.org /advocacy/research-development
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This white paper will explore the progress that has been made toward improving the pace of R&D innovation 
in each stage of the drug development lifecycle and examine a few of the strategies and technologies that 
promise to speed innovation in the future.  

The industry has been tackling the lack of data from different directions. Many companies, such as Merck, 
AstraZeneca, Novartis, Johnson & Johnson, Eli Lilly, GSK, BMS and Sanofi, just to name a few, have started 
collaborating with other companies, hospitals, and academic and other non-profit institutions who are in a 
better position to provide such data. Some have started to crowdsource their initiatives, while others have 
invested in electronic medical records (EMR) and real-world data (RWD). Some even have expanded their efforts 
to capture data directly from consumers via wearable technologies or through social media channels.  

The good news is that companies are embracing data platforms to support these new data types and sources. 
Specifically, they are investing capital to rebuild legacy systems, starting with data capture and management 
and continuing with integration and analytics. For example, companies are moving from structured base 
models, such as Accenture’s’ Life Sciences cloud on Oracle to big data architecture in Hadoop/data lakes, to 
capture heterogeneous structured, semi-structured and unstructured datasets. Although this advancement is 
positive and has the potential to be game-changing for life sciences organizations, the challenge now is making 
sure the data is well controlled, curated and captures the key business metadata efficiently and correctly so it 
can be applied in the R&D process.  

The first step that organizations need to take on this journey toward a robust dataset is to ensure they have a 
strong data governance program that will ensure the data is well organized, can be accessible for the appropriate 
usage, and is discoverable by the proper user communities. Guidelines are being developed collaboratively 
for the FAIR-ification of data (an initiative to make data Findable, Accessible, Interoperable, Reusable), which 
provide roadmaps for this process. Technology is the enabler, but excellent data processes and a supporting 
governance infrastructure are the primary drivers for success for good data management. Once the data has 
been properly organized, then a foresight mindset can be fully realized, which is where the real value lies for 
life sciences organizations.

Solving the Lack of Data Problem
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One of the primary objectives of the foresight-driven approach is to bring the product to market faster while 
minimizing the cost of R&D and clinical trials. Even if a product receives the necessary approvals and reaches 
the marketplace, the data gathered pre-launch and post-launch can be combined to better target consumers 
and raise product awareness through patient education programs. This section will examine specific use cases 
through the product lifecycle in order to articulate the value and project benefits of adopting this approach.

TARGET ID & VALIDATION

A well-validated target is the primary pillar of a successful drug discovery program. Researchers spend an 
inordinate amount of time identifying variations in gene(s) that are culprits in producing a disease in the human 
body, as well as biomarkers that can be used to recruit patients, understand the response to therapy or predict 
the chances of disease recurrence. It is estimated that more than half of small molecule drugs fail in Phase II 
or Phase III clinical trials due to lack of efficacy, and a quarter of antibodies fail due to lack of specificity.2 In 
some cases, such as Alzheimer’s-related dementia, the failure rate is 99.6%.3  This doesn’t include the number 
of targets that fail prior to entry into the molecule screening process.

Let’s imagine a world where target identification experiments can happen on their own, eliminating several 
years from screening and validation efforts. The use of artificial intelligence (AI) and intelligent automation (IA) 
drive the mining of sequencing, genome-wide association studies (GWAS), perturbagens, humanized tissue 
models, epidemiology and systems biology data. Learning from publications, publicly available datasets (such 
as NCBI) and internal sources, we can ingest these datasets to assemble and further enrich data that can be 
fed into the AI pipeline.

In this scenario, feeding all available data into prediction algorithms (e.g. supervised or unsupervised learning 
methods) will improve quality of leads and hypotheses that can be tested in the lab. The goal is to be able to 
query by disease or genetic variant and obtain a list of possible nodes that can be validated in disease models.

Mapping Solutions across the Drug Development Lifecycle

2 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6092479/

 3 https://www.alzheimersanddementia.com/article/S1552-5260(17)30915-9/fulltext
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4 https://www.future-science.com/doi/full/10.4155/fmc-2018-0161
5 https://www.parexel.com/experience/adaptive-flexible-trials
6 https://www.astrazeneca.com/what-science-can-do/our-technology/real-time-analytics-for-clinical-trials-react.html

LEAD ID & OPTIMIZATION

Even if the selected target is biologically relevant, roughly 10,000 small molecules must be considered 
during the drug discover y and development process to identify one molecule that is approved by the 
FDA. There are three primar y reasons for molecule failure—safety, distribution and clearance. Even with 
today’s technologies, it is possible to generate and screen vast modulator libraries in silico. Integrating 
these approaches in tandem will allow systems to propose molecules most likely to be safe and effective.  

Machine learning (ML), deep learning (DL), recurrent neural networks (RNN) and deep neural networks 
(DNN) have already been used to both generate novel molecules and predict their activity. Even modeling 
synthesis reactions and success is becoming a reality.4

Imagine the whole target ID/validation and lead ID process is condensed into a single computational 
workflow that gathers -omics data from patients and biological disease models, utilizes perpetually 
improved chemo-informatics models, hones in on targets and proposes modulators along with the 
methods needed to make them.

CLINICAL TRIALS

Patients often fail in a clinical trial because the trial selection criteria is incorrect. However, as the trial 
progresses and more biomarker and response data become available, it is possible to adapt the design for 
patients who will be most likely to respond. It’s been shown that the likelihood of launch has increased by 
13% on average (and even higher for some therapeutic areas, such as oncology, which has increased by 
32%) when adaptive trial designs are used.5

AstraZeneca, for example, built a Real-time Analytics for Clinical Trials (REACT) tool to monitor collected 
safety, tolerability and drug exposure data  and allow earlier problem detection and adaptation of strategy 
with a novel hypothesis (AZD4547).6 This tool brings together scientists, physicians and regulator y experts 
by facilitating and encouraging collaboration in go/no-go decision-making using real-time data. 

Using quickly emerging robotic process automation (RPA) and AI technologies together with the simulation 
modeling tools will pave the way for continuous trial design improvement. With the improvements of 
modeling /simulation capabilities in target and modulator selection, it is likely that Phase I and II clinical 
trials will  no longer be necessar y, further reducing time and financial investment into the process.
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PRE-PRODUCT L AUNCH

By virtue of bringing a product to market quicker facilitated by the foresight-driven approach in R&D and 
clinical, life sciences organizations will realize the benefit of having a longer patent exclusivity period. This 
means that a generic cannot enter the marketplace during that time, which can translate into millions or 
billions of dollars in revenue.

From a marketing perspective, identifying target patient populations before product launch is a key function 
for brand teams. Oftentimes, these marketing plans are developed using outdated marketing techniques. 
According to a Pharmaceutical Executive article, one of the common mistakes made by life sciences marketing 
teams is that they employ ‘obsolete launch techniques.’7 Specifically, marketers use an abundance of data 
that is not targeted in nature and attempt to cast a wide net to identify potential patient populations and 
product benefits. 

Imagine a world where marketers can use the organic data that was enriched during trials to understand what 
type of patients responded best to the product. This data should be readily available from the same data 
platforms used to house the outputs from clinical trial data. Now brand teams can employ more intelligence 
and identify target patient populations more effectively. Furthermore, understanding the targets better prior to 
launch can enable brand teams to develop crisper campaigns and messaging.  

Another technique that can be employed to supplement the foresight-driven approach is to use social media 
to crowdsource. For instance, EPAM’s iSwarm offers an innovative social media listening and activation search 
tool that finds and engages patients on a global scale.8  It identifies patients who fit into a predetermined 
persona and, as a result, are ideal targets for a product. 

Another tactic that can be employed is using bots that scan Facebook to look at ‘likes’ and predict who is 
within a disease category or at-risk and may not know it. There have been numerous studies that support 
Facebook ‘likes’ as predictors of characteristics, such as personality traits, hobbies and even medical history.9 
Once brand teams define potential patient populations using these social media research techniques, they can 
compare the results to the output generated from the foresight-driven approach and either amend or revise 
their targets.  

Finally, product manufacturing is a beneficiary in these cases. As soon as the brand can identify where potential 
patient populations exist geographically, they can share this data with manufacturing counterparts to ensure 
the appropriate geographies have sufficient product to meet the potential demand.

7 http://www.pharmexec.com/seven-deadly-sins-product-launches
8 https://www.infongen.com/solutions/online-consumer-engagement
9 https://medium.com/@ermanmisirlisoy/facebook-knows-you-better-than-you-know-yourself-7b49e7605dff
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POST-PRODUCT L AUNCH

After a product hits the marketplace, marketers invest time, resources and platforms to gauge patient 
responses. Today, many patients take to social media to discuss their respective treatment regimens and 
the medicines they take to combat different ailments and diseases. Additionally, as wearable devices 
become more mainstream and the applications on these devices are more robust, life sciences companies 
have a tremendous opportunity to understand how safe and/or effective their product is.  

In addition to using this data to analyze brand sentiment with text analytics tools like InfoNgen,10  

organizations have an opportunity to funnel data back to research and development so future research 
and clinical trials can be designed more effectively. Again, feeding the output of this data to a common 
data environment will make this feasible. This approach can further expedite the identification of new 
indications or even identify side effects that are life-threatening.

10 https://www.infongen.com 
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In this white paper, technology trends that are possible catalysts for the industry-needed change from a 
hindsight-oriented mindset to a foresight-oriented mindset have been presented in the context of the relevant 
drug discovery stage. The impact of this digitalization of drug discovery would be a wholesale shift in the 
way in which projects are currently executed—drastically reducing the time or potentially eliminating stages 
altogether.

For companies to move from approaches driven by hindsight to insight to foresight, they need to evaluate 
themselves and determine if they have the platforms, tools and processes to adopt this approach. Life sciences 
companies that are serious about doing so should take part in a self-assessment plan that takes up to 90 days 
and follows the below agenda:

 •   Define the composition of business units in the new data-informed, patient-centric, outcomes-driven, 
foresight-oriented environment

 •   Assess internal data platforms and ensure you have the necessary big data infrastructure to support the 
various datasets and use cases

 •   Set up a data intelligence capability in line with the company mission and goals

 •   Understand and verify the sources of internal and external data needed to drive that mission

 •   Determine what security and analytics capabilities will be needed to drive intelligence from the data 
that can assist your organization in fulfilling its mission

 •   Begin to create strategic partnerships and acquisitions in areas where gaps exist and data is needed to 
deliver on their promise/purpose

To ensure success in your self-assessment and overall shift to a foresight-driven approach, consider partnering 
with a technology consulting partner like EPAM with experience in developing roadmaps, frameworks and 
digital platforms that support the future of R&D.  After the self-assessment is complete, we can help you deliver 
your vision through implementation and beyond. 

Conclusion
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