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ABSTRACT

Traditionally, small pharmaceutical or biotech companies tend to rely on FSPs or CROs for statistical programming
and analytics support through the use of commercial software. The emergence and maturation of enterprise-caliber
open-source software and tools present new and transformative opportunities by helping to enhance data
accessibility, streamline analysis workflows, and foster collaborative innovation. However, building these types of
infrastructure within small pharma involves navigating budget constraints, limited IT resources, stakeholder buy-in
and the need for specialized expertise. We delve into the practical aspects and lessons learned from our experience
of building up an open-source Statistical Computing Environment utilizing Posit Ecosystem. By addressing
infrastructure hurdles, the integration of open-source toolsets has significantly improved our data analytics
capabilities accelerating drug development. A similar approach can be adopted by other small and mid-sized
biotech/techbio companies aspiring to become active users of open-source technologies in life sciences.

INTRODUCTION

In the realm of small pharmaceutical or biotech companies, traditional practice has seen heavy reliance on Full
Service Providers (FSPs) or Contract Research Organizations (CROs) for support in statistical programming and
analytics through the deployment of proprietary software. However, recent years have seen a game-changing shift
with the evolution of enterprise-grade, open-source tools and software. This progression presents a wealth of
transformative opportunities, including enhancing data accessibility, streamlining analytical workflows, and cultivating
a platform for collaborative innovation. Despite the seemingly clear advantages, the transition toward open-source
infrastructure can be fraught with challenges. This paper discusses the comprehensive aspects and practical lessons
learned from our firsthand experience in establishing an open-source-based Statistical Computing Environment
(SCE) within a small pharma landscape.

LIMITATIONS OF OUTSOURCED MODELS

The main drawbacks faced by organizations that depend extensively on FSPs or CROs include high costs for trials,
reliance on proprietary software, inflexible processes, lack of expertise in advanced analytics, and slow
data-to-insight transformation as outlined below

HigH CosT

The financial commitment required for a Phase | trial can be considerable. The typical cost of a Phase | trial ranges
from $1.5-6.5 million[1], which can frequently pose a significant barrier for many organizations. This initial investment
often becomes a crucial factor in the decision-making process.

PROPRIETARY SOFTWARE / SOLUTIONS

Dependence on proprietary software and solutions is also problematic. These systems often restrict the freedom of
operation and sometimes lead to compatibility issues. Moreover, the cost of acquiring, maintaining, and updating
these proprietary solutions can add significantly to the overall operational expenses.

LAck oF FLExiBILITY

Oftentimes, the outsourced model lacks flexibility, especially when it comes to constant data monitoring, modifying
outputs, or increasing the frequency of analysis such as SDTM, ADAM, and TLF generation, without delaying
timelines or incurring additional costs.

LAck oF EXPERTISE IN ADVANCED ANALYTICS AND VISUALIZATIONS

Analytical and visualization skills are vital in today's data-driven world. However, a lack of these capabilities can
impede the ability to make data-driven decisions and derive meaningful insights. There is often a steep learning curve
associated with these tools, both for the analytical developers, as well as the stakeholders who view and interpret the
results and visualizations. Without adequate expertise, organizations might not utilize them to their full potential.

LonG Time BETWEEN DATA AND INSIGHTS

In today's fast-paced world, the speed at which data is turned into actionable insights can be a determinant of a
company's success. However, all of the above mentioned issues with outsourcing, in conjunction with process
inefficiencies, lack of expertise, or inadequate tools can cause a lag. This delay can slow down decision-making
processes and potentially lead to missed opportunities.
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OPTIMAL INTERNAL INFRASTRUCTURE

Desired System for In-House Clinical Data Analytics
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An ideal in-house statistical computing environment for clinical data analytics should be built on open-source
technologies, enabling flexibility, cost-efficiency, and continuous innovation. By leveraging robust open-source
ecosystems such as R and/or Python, organizations can integrate state-of-the-art statistical methods while
maintaining transparency and reproducibility. The system must offer intuitive interfaces along with advanced scripting
capabilities to support diverse user groups who might interact with clinical data, including not only statistical
programmers, but also biostatisticians, bioinformaticians, biomarker scientists, pharmacokinetics/pharmacodynamics
(PK/PD) scientists, real-world data (RWD) scientists, etc. It should also facilitate easily shareable analytics, allowing
cross-functional teams to generate, review, and distribute insights through interactive dashboards, automated reports,
and collaborative notebooks, ensuring efficient knowledge transfer across stakeholders.

Furthermore, to support clinical research and regulatory compliance, the platform must be qualified for handling
sensitive clinical data, adhering to validation, security, and audit trail requirements. A shared computing environment
should be established to optimize resource allocation, enabling scalable execution of complex analyses while
ensuring data integrity and controlled access. Additionally, it should easily align with organization’s internal QA and IT
requirements, incorporating version control, traceability, and robust authentication protocols to meet enterprise
security and governance standards.

Given these criteria and aligning with precedents seen in the pharma industry, we chose Posit Team as the
foundation of our clinical data analytics platform. Posit Team provides a robust open-source-based ecosystem that
seamlessly integrates R, Python, and other productivity tools like GitHub, enabling flexible and reproducible statistical
computing. Its shared computing environment, powered by Posit Workbench and Posit Connect, allows users to
develop, deploy, and share analyses through interactive applications, automated reports, and APIs. Additionally, Posit
Package Manager ensures controlled management of packages and their sources, facilitating QA and IT compliance
requirements. Below we demonstrate a hybrid initial data analytics infrastructure/pipeline leveraging Posit Team for
small pharma, for use in the internal and exploratory setting.
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As organizations expand, stakeholders within the company can consider scaling up the infrastructure further, creating
a validated ecosystem and environment utilizing the same open-source methods for external reporting and
regulatory-facing use.

RECOMMENDED STEPS FOR IMPLEMENTATION OF OPEN SOURCE IN SMALL PHARAM

Starting from scratch with open source technologies can feel daunting, especially in a small pharma setting, where
resources and expertise are limited. Committing to that first step is often the hardest, but a phased approach can
make the transition manageable. We recommend beginning with a clear assessment of your current data landscape
and identifying a specific, well-defined project where open-source solutions could offer immediate value. We also
provide some tips and pointers below, to help organizations prioritize objectives and take that first step of the journey
towards open source adoption.

CHANGE MANAGEMENT

In clinical development, especially within Small Pharma, relevant stakeholders such as medical monitors, safety
scientists and clinical scientists are typically used to the outsourced model and availability of dashboards under this
operating model. It is crucial to have a discussion with organizational leaders about the importance of an internal
analytics workflow and how this can be done efficiently through utilization of open source tools. This may often be
achieved through demonstration of value using a proof of concept (POC) product (refer to section below).

We would also recommend sharing relevant material from recent conferences and publications to highlight the
current industry trends and importance of incorporating open source technologies. Building internal expertise through
training and knowledge sharing will also be crucial for long-term success and fostering a culture of open-source
adoption within the organization.

CRoss-FuNcTIONAL COLLABORATION

It is crucial to identify other functional teams outside biometrics that also utilize open source software to gain rapport,
such as computation biology, PK/PD, Biomarker and RWD teams. Gaining insights on their usages and preferences
can better inform the system design. Further, it is crucial to discuss and share experience with colleagues in the IT,
Security, Quality and Engineering team, who will be the main force building the internal infrastructure. In our case, it
was helpful to initially launch an R-shiny application to demonstrate the value using a minimum viable product (MVP)
process (such as using remote desktop) prior to commissioning Posit as the open source platform. Once the platform
was chosen and initial design drafted, the project group also created an agile yet secure workflow and standard
operating procedure documents, highlighting the simple operating model for the initial use cases.

DeriNe POC anD RoADmAP

One of the key steps is defining a clear and achievable (POC) that demonstrates the system’s feasibility, value, and
scalability. The POC should focus on a well-scoped use case, such as automating a key statistical analysis or
streamlining data visualization, to showcase efficiency gains, which in turn validate technical choices. Alongside this,
a scalability roadmap should outline the necessary infrastructure, talent, and governance models required for full
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deployment. This includes assessing budget constraints, computing resources, regulatory compliance, and IT
support—weighing them against the costs and limitations of a fully outsourced model.

For the POC, we leveraged a milestone readout opportunity for an early phase clinical trial by creating an R-shiny
application utilizing teal [2] to support real-time exploratory analysis and data deep-dive activities. The tremendous
value of the POC brought to the clinical study team spoke for itself. Subsequently, support was garnered all-around
and the SCE development roadmap was expeditiously reviewed and approved for further resources and budgets.

LeVERAGING ExisTING OPEN SOURCE COMMUNITY

Open source is not just about the tools and technologies, it's also about the spirit of openly sharing learnings and
experiences. Embrace the open source community by leveraging the vast resources, documentation, guidelines and
knowledge sharing from pilot projects. For the infrastructure set-up, we recommend utilizing already available, known
and tested ecosystem services such as Posit. Partnering with experienced consultants or service providers in the
open source space can also be an effective approach to guide the initial implementations.

UTiLizing OPEN Source TooLs
Similarly, for implementation of data analytics pipeline, we also greatly benefited from open source technologies and
the fruits of the pharmaverse community [3].

The suite of pharma-specific R packages from pharmaverse provides a powerful, flexible, transparent yet highly
streamlined approach to conducting clinical data analysis. Creation of CDISC-compliant ADaM datasets using
admiral [4] helps automate data derivation and standardization, ensuring consistency and traceability in dataset
creation. Subsequently, statistical analyses and visualizations can be conducted using clinical analysis-focused
R-packages such as tern [5], gtsummary [6] or gtreg [7], providing an efficient way to summarize patient
demographics, treatment safety or efficacy.

Furthermore, in conjunction with tools like rmarkdown, we have automated the generation of patient profile reports
on a regularly scheduled basis for all ongoing clinical trials, for data monitoring and cleaning, patient progress
tracking, and ultimately supporting clinical decision-making. Utilizing R-shiny-based interactive data exploration
framework teal and selective analysis modules from associated R packages such as teal.modules.general,
teal.osprey, and teal.goshawk [8], we deployed fit-for-purpose R-shiny applications that enables dynamic
exploration of the trial data, rapid subgroup analysis, and streamlined generation of presentation-ready tabular
summaries and visualizations. Such tools empowered study teams to efficiently and confidently explore clinical trial
data at readout, accelerating the process of insights generation and key findings communication.

Once the analytical ecosystem is built, it is quite straightforward to extend the use case into other areas of clinical
development. For instance, our team developed a fit-for-purpose dashboard for clinical operations intelligence,
utilizing data from clinicaltrials.gov to provide descriptive and predictive analytics for patient enroliment.

CONCLUSION

The use of open-source toolsets in our company has greatly enhanced our data analytics capabilities, accelerating
our drug development process by facilitating quicker data handling and management. This same strategy can be
beneficial for small and mid-sized biotech/techbio companies. Implementing open-source tools can provide these
organizations with cost-effective, flexible technology solutions to improve their processes from research to production.
However, it's important to note that the success of this approach requires ensuring team members have the
necessary technical skills and resources to effectively use these open-source tools.
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