
Transforming Drug Discovery with Quantum and Supercomputing Technology

 

Introducing a new drug to the market is a lengthy and complex process. According to McKinsey & Company, it can take up to 12 years for a drug
to navigate through development and regulatory stages before it reaches patients. One of the key contributors to this prolonged timeline is the
enormous amount of data generated during clinical trials, which has grown exponentially due to the increasing complexity of modern science.
Traditionally, researchers have relied on classical computing methods to manage and process this data, but those systems are quickly reaching
their limits. Enter quantum computing and supercomputing, technologies that promise to drastically transform the drug discovery process by
treating massive datasets at unprecedented speeds and complexities. These advancements will significantly impact data handling, analysis, and
decision-making within the drug development lifecycle.
 

Supercomputers and Quantum Computing: Unlocking New Possibilities

Supercomputers have already made significant contributions to drug discovery by processing vast amounts of data in a fraction of the time
previously required. A prime example is Frontier, the world's fastest supercomputer as of 2022, capable of performing 1.1 exaflops, or one
quintillion calculations per second. This computing power enables researchers to run simulations, analyse molecular dynamics, and model
biological processes faster than ever. By solving problems that would otherwise take years using classical computing, supercomputers like
Frontier are believed to accelerate drug discovery timelines.
 

However, even the fastest supercomputer pales in comparison to the potential of quantum computing. Quantum computers can handle
exponentially more complex calculations than supercomputers can process. They have already been used to solve intricate mathematical
problems that were previously unsolvable, and their impact on molecular simulations and quantum chemistry could revolutionise the way drugs
are discovered. IBM's Quantum ‘Eagle’ processor, with its 127 qubits, is an example of this leap in computing power, allowing scientists to model
molecular interactions with unprecedented precision. As advancements in error correction and noise reduction continue, the fusion of quantum
computing and supercomputing could soon tackle drug discovery problems involving trillions of data points, making previously intractable
challenges solvable.
 

Advancements in Data Storage and Transfer

The sheer volume of data generated during clinical trials has skyrocketed in recent years, with phase III trials producing 300% more data points
over the past decade. Managing this deluge of data is an ongoing challenge for life sciences companies, which are increasingly relying on
automated digital data flows to expedite data processing and decision-making. However, classical computing systems' limitations, particularly in
data storage and transfer, have slowed progress.
 

Breakthroughs in data storage and transfer technology are beginning to address these bottlenecks. For instance, researchers at the University of
Rochester have developed hybrid phase-change memristors offering ultra-fast, low-power, and high-density memory solutions. These
innovations allow storing and accessing massive amounts of data quickly and efficiently, opening up new possibilities for handling the complex
data generated in clinical trials.
 

On the data transfer front, researchers at the Technical University of Denmark have achieved a significant milestone by developing a computer
chip that can transfer 1.84 petabits of data per second. This speed would allow for transferring a medium-sized clinical trial’s data, which could
reach petabytes in size within minutes instead of months. Such data storage and transfer advancements will further streamline clinical trials,
enabling researchers to extract insights more quickly and effectively.
 

Data Architecture: A Vital Component in Future Clinical Trials

While advancements in computing power, storage, and transfer are critical, the importance of data architecture cannot be overstated. As clinical
trials generate increasingly complex and diverse datasets, establishing standardised procedures for data capture, storage, and transformation is
essential for extracting actionable insights. Effective data architecture centralises data from various sources and facilitates automated data
analysis, making it easier for researchers to derive meaningful conclusions from their trials.
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In this context, machine learning and artificial intelligence (AI) are becoming indispensable tools for managing and analysing clinical trial data.
AI-driven algorithms can quickly sift through millions of data points, identifying patterns that may not be immediately apparent to human
researchers. When combined with advanced data architecture, these technologies have the potential to significantly reduce the time needed to
discover new drug targets and assess their viability, ultimately speeding up the entire drug development process.
 

The future of drug discovery is closely tied to advancements in quantum computing, supercomputing, data storage, and data transfer
technologies. This will unlock new possibilities for managing the growing complexity and volume of clinical trial data. Combining faster data
processing, more efficient storage solutions, and improved data architecture will enable researchers to tackle previously unsolvable problems
and discover novel therapeutics faster. Ultimately, these technological breakthroughs will reduce the time it takes to bring life-saving treatments
to patients, transforming the landscape of drug discovery and development for years to come.
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