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Executive Summary

Open-source principles are increasingly influential in the pharmaceutical industry, spanning software tools, data
platforms, and collaborative R&D initiatives. Pharmaceutical companies traditionally relied on proprietary
systems (e.g., SAS, closed databases, in-house software), but high R&D costs and the complexity of modern
drug development have driven a shift. Industry leaders now embrace open-source software (e.g. R, Python,
RDKit) for data analysis, simulation, and clinical trial management (! www.appsilon.com) (%)
www.pharmexec.com). At the same time, novel open-science projects apply open-collaboration models to drug
discovery, especially for neglected diseases and pandemic response (e.g., open drug discovery consortia,

141 platohealth.ai). These open models promise faster innovation

crowdsourced projects) (") journals.plos.org) (
and sharing of negative results, but they challenge traditional intellectual property (IP) models. Companies like
Roche, Novartis, and Boehringer Ingelheim have begun releasing open-source code and data (e.g. Roche's R
packages, Bl's DaVinci platform) to promote collaboration and reuse (:°! intuitionlabs.ai) (12} www.pharmexec.com).
Regulatory agencies (FDA, EMA) are increasingly amenable to open-source tools in submissions, further
validating this trend ('°! intuitionlabs.ai) (1!

drug R&D is resource-intensive and historically relies on patents for ROI, leading to caution about fully open

www.pharmexec.com). However, open-source pharma faces hurdles:

models (! journals.plos.org) (‘¥! www.managingip.com). Expert analyses suggest hybrid approaches — combining
open early discovery with selective IP protection ("OSDD-2" framework) — as a future path (I°! medium.com) (/¥
www.managingip.com). In summary, the current state of open source in pharma shows growing software
adoption, pioneering open-science projects, and experimentation with new IP models. These trends promise to
realign drug R&D with public-health needs, though sustainable business frameworks and rigorous validation
remain key concerns.

1. Introduction and Background

1.1 Definition of Open-Source in Pharma

In software, "open source” means sharing source code freely for anyone to use, modify, and redistribute. In
pharmaceuticals, the term has been extended to mean radical transparency and collaboration across the
drug-development process (I°! journals.plos.org). The PLOS Medicine “open source pharma roadmap” defines
Open Source Pharma (OSP) as applying open-source principles from molecule discovery through market entry
("®journals.plos.org). In OSP, all data, methods, and results are in the public domain — both problems and
solutions are shared openly, unlike typical “open innovation” initiatives where only research problems might be
open while solutions remain proprietary (! journals.plos.org). In short, OSP embodies Wikipedia-like sharing in
drug R&D: “All data and results [are] shared instantly and openly with the wider scientific community.” ('%!

www.managingip.com).

This contrasts with traditional pharmaceutical IP models. Conventional R&D relies on long-term secrecy and
patents to recoup the ~10-15 years and billions of dollars invested per drug (often cited as >$2.6 billion by
recent estimates ([9] medium.com)). Pre-publication secrecy is seen as essential to protect patents and
profitability. By contrast, open-source pharma seeks to accelerate discovery by allowing any contributor to build
on existing data. If a competitor discovers a dead-end, others can learn from it immediately rather than
duplicating efforts ("' www.managingip.com). But as experts note, OSP must reconcile this openness with
commercial incentives: without exclusive IP, private investment is uncertain (! journals.plos.org) (1!
www.managingip.com). Academics like Matthew Todd liken OSP to Wikipedia for drugs, arguing it could lower
costs and accelerate innovation by avoiding wasted parallel efforts (”Ol www.managingip.com).
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1.2 Historical Context and Early Initiatives

Interest in open approaches in pharma arose in response to inefficiencies in drug R&D (often called Eroom’s
Law: cost per new drug roughly doubles every 9 years despite advanced technologies ( ). A
notable early example was GlaxoSmithKline's 2010 decision to open its screening data on 13,500 compounds
with potential antimalarial activity ( ). GSK publicly shared the structures to encourage others
to "pool their intellectual property and work together” against malaria ( ). This announcement,
highlighted in media, signaled Big Pharma's tentative embrace of openness. Around the same time, CEOs of
Sanofi and Pfizer announced new collaborative platforms for R&D (though these were closer to open innovation
than true open source) ( ).

In parallel, nonprofit consortia emerged. The Structural Genomics Consortium (SGC), started in 2003, is a
pharma-academia partnership where all generated data and reagents (e.g. protein structures) are released
openly ( ). Major companies like AbbVie, Bayer, and J&J fund the SGC and share its
outputs publicly, even collaborating on pandemic preparedness with academics (

).Similarly, the Medicines for Malaria Venture (MMV) and Drugs for Neglected Diseases
Initiative (DNDi) have used open collaboration to some extent for tropical diseases (though they still often
patent resulting drugs).

1.3 Open Innovation vs. Open Source

It is important to distinguish open innovation (Ol) from open source pharma (OSP). Both involve external
collaboration, but differ on IP openness. In Ol, companies may seek ideas or data from outside partners, but
winning solutions are usually patented by the company ( ). OSP, by definition, places even
solutions in the public domain. For instance, in an Ol trial design, sponsors might crowdsource a solution to a
defined problem, but the solution is owned by the sponsor. In an OSP model, even the maps and molecules
created could be open to all ( ). As Balasegaram et al. note, this level of transparency "is
fundamentally incompatible with traditional approaches to drug discovery,” which rely on secrecy and patents

( ).

Nevertheless, Ol and OSP can blend. A recent viewpoint proposes a “hybrid IP" approach: early-phase drug
research is performed openly, but once a candidate matures past a milestone, it transitions to a limited exclusive
license ( ). This Open Source Drug Discovery 2.0 (OSDD-2) model aims to harness crowd-sourced
innovation while preserving investibility for late-stage development ( ). Early data from open
projects (e.g. India's CSIR-OSDD, Open Source Malaria) inform this concept, suggesting partial openness can
decompress early R&D timelines ( ).

2.0pen-Source Software and Tools in Pharma

A key manifestation of open source in pharma is the adoption and development of open-software tools across
the drug lifecycle. This spans data analysis libraries, cheminformatics toolkits, workflow managers, clinical data
systems, and more. Below, we survey major categories of open tools and their roles.

2.1 Data Science, Statistics, and Workflow Tools
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e R Language: An open-source statistical language, R has revolutionized pharmaceutical data analysis. Its extensive libraries
(Bioconductor for genomics, Tidyverse, etc.) allow rapid integration of cutting-edge methods. Many pharma companies are

pivoting to R as their core analytics platform (“] www.appsilon.com). For example, AstraZeneca transitioned from SAS to R

in many early pipelines (see case study below), and Roche set R as the default for new clinical data analyses in 2023 (HBI

posit.co) (“6] www.python.org). R’s flexibility and community-driven development mean new statistical techniques (e.g.

[17]

advanced biostatistics, machine learning) appear in R first, benefitting pharma researchers ( www.appsilon.com). R also

interfaces with Python and databases, making it adaptable to big data.

e Python and SciPy Stack: Python'’s rise in pharmaceutical R&D mirrors R's growth. Widely used libraries like Pandas (for
data frames), scikit-learn (machine learning), TensorFlow/PyTorch (deep learning), and RDKit (see below) are all open
source. Python's use in cheminformatics has precedent: AstraZeneca's chemists rewrote their proprietary pipeline

“"PyDrone"” in Python for robustness and maintainability (“6] www.python.org). Today, many research groups use Jupyter
notebooks with Python and R to blend code and narrative. Python conferences (like www.pythoninpharma.com) and
success stories (Python.org case studies) indicate its growing role.

o Workflow Management (ETL/Pipelines): Tools like KNIME (an open-source analytics platform with GUI), Apache Airflow,
Nextflow, Snakemake, and Galaxy enable building data pipelines. KNIME and Nextflow are specifically mentioned as major

open-source tools in pharma operations ([18]

intuitionlabs.ai). KNIME, for instance, is used for bioinformatics pipelines and
has an "ignitable pharmaceutical hub” of nodes. Nextflow and Snakemake (often used in genomics) allow reproducible

pipelines on cloud or clusters, critical for large-scale data.

e Database and Big Data Frameworks: Underlying many solutions are open-source databases and data processing
frameworks (e.g. PostgreSQL, Apache Spark, Hadoop). Companies like Vallejo have built “DCP (Data Computation Platform)”

[19]

using Spark/ML for manufacturing analytics ( intuitionlabs.ai). Pharma data scientists often rely on cloud-hosted open

tools (e.g. AWS/GCP big data offerings based on open tech).

Clinicians and trialists also use open stack tools (e.g. R Shiny or Dash apps for dashboards). The R and Python
communities actively share code via GitHub, with pharma codebases becoming public. Roche's “Open-Our-
Package” initiative and the pharmaverse community are explicitly about curating open R packages for clinical
reporting ([20] pharmaverse.org) ([2” posit.co).

Table 1 (below) summarizes representative open-source software tools and platforms used in different phases
of pharmaceutical R&D, along with their purposes and typical adopters.
Example Open-Source

Category Tools Key Use/Benefit Notable Adoption [ Maintainer

R, Python (SciPy stack) Widely used in pharma (e.g.

o ) - R: Bioconductor, Data exploration, statistical AstraZeneca, GSK, Roche). R has
Statistical Analysis &  tidyverse modeling, machine learning for dedicated statistical packages like
ML - Python: NumPy, discovery and analysis. Rapid

Y umey ) v ysis. wap RValidationHub (7]
Pandas, scikit-learn, integration of new algorithms.

TensorFlow, PyTorch www.appsilon.com).

RDKit, Open Babel,
DataWarrior

- RDKit: molecule
search, chem

descriptors (BSD- Chemical database . o
. [22] . . RDKit is maintained by an open
. . licensed) ( management, fingerprint X X
Cheminformatics / tati | | consortium (e.g. Novartis
i computation, molecule
Biology www.novartis.com) i p' X . . collaborates). Used by many
- Open Babel: visualization, virtual screening ] ) .
. . cheminformatics teams in pharma.
interconversion of preparation.

chemical formats
- DataWarrior:

visualization and
cheminformatics
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Category

Molecular Modeling/
Simulation

Bioinformatics
Pipelines

Clinical Data
Capture/Management

Regulatory Data
Standards

Real-World Data
Analysis

Manufacturing
Analytics & Control

Laboratory
Automation

IntuitionLabs - Custom AI Software Development

Example Open-Source
Tools

GROMACS, OpenMM,
Autodock Vina, LAMMPS

Galaxy, Nextflow,
Snakemake, CWL

OpenClinica, REDCap
(non-profit EDC)

Pinnacle21 Community
(OpenCDISC), FDA @

OHDSI ATLAS (OMOP)

Data Computation
Platform (DCP),
Harmony

Opentrons OT-2, Open
Workstation, BioCoder

Open Source Pharma: Tools & Trends in Drug Development

Key Use/Benefit

Molecular dynamics (MD)
simulation
(GROMACS/OpenMM), docking
(AutoDock Vina) for drug-target
modelling. GPU-accelerated MD
and flexible ligand docking.

Workflow engines for genomics
and proteomics data (sequence
analysis, pipeline
reproducibility).

Electronic data capture (EDC)
and management for clinical
trials. Customizable eCRFs,
patient registries.

Validation of CDISC standards
(SDTM, ADaM) for regulatory
submissions. Ensures
compliance with eCTD formats.

Cohort analysis and machine
learning on observational health
data (claims, EHR) for safety
and repurposing.

Platforms for processing large
manufacturing datasets (sensor,
QA); coupling ML for process
optimization.

Open-source hardware/software
for lab automation (pipetting
robots, bioreactor control).
Lower-cost, modifiable
automation.

Notable Adoption | Maintainer

GROMACS developed by Utrecht
Univ., widely adopted (e.g. by
Peptideseekers), Autodock by
Scripps. Pharma companies (like
Novartis) use these for early
modeling.

Galaxy (EMBL) used in genomic R&D;
Nextflow (University of Torino)
embraced by institutions, e.g. COVID
lab pipelines. Hydrogen (GSK-
Novartis open RNA-seq pipelines).

OpenClinica (Boston) widely used for
CRFs (featured on pharma tool lists
([23] intuitionlabs.ai)), REDCap
(Vanderbilt) in academia and smaller

sponsors.

Pinnacle21 (open-source validator) is
industry-standard for FDA/PMDA

submissions ([18J intuitionlabs.ai);

also supported by community.

Observational Health Data Sciences
and Informatics (OHDSI) program.
Atlas is open-source and used by
pharma to explore real-world
evidence.

DCP (Merck open-source) — analytics

for continuous manufacturing ([18]

intuitionlabs.ai); Hydra/smartLab
systems (open PLC software).

Opentrons OT-2 (open API, used in
many labs including contract research
labs); OpenTrons software repo.
Frankfurt's Open Workstation (open-

hardware assembly manual ([24]

pmc.ncbi.nim.nih.gov)).

Table 1: Examples of open-source software tools and platforms used in pharmaceutical R&D (downloadable,

community-developed). The open-source nature allows customization to project needs and community-driven

improvements. Adopted widely in industry (citations in text).

2.2 Clinical Trials and Decentralized Trials

Open-source tools are transforming clinical trial operations and analysis. According to industry experts, clinical

trials were historically “unchanged” by technology for decades, but recent pressures (pandemics, personalized

medicine) sparked innovations (?°! www.pharmexec.com). The FDA has explicitly encouraged digital trials and

AI/ML in development (e.g. FDA discussion papers on A.l. in drug development) (*®) www.pharmexec.com),
signaling openness to new tools. Proprietary Clinical Trial Management Systems (CTMS) and EDCs have

limitations (cost, vendor lock-in). Open-source alternatives allow trial sponsors to tailor software to unique trial

designs without waiting months for vendor updates (\?”! www.pharmexec.com).
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Open-source enables decentralized trials (e.g. remote monitoring, mobile EDC). For example, cancer research
groups released ACUITY, an open tool to visualize trial results in near-real time (1?%! www.pharmexec.com). By
using open-source dashboards, trial managers can halt underperforming arms quickly, potentially saving time
and cost. Open web apps are also used for patient registries and outcomes tracking. As noted: “innovations in
open source software make it back into the base code for others to benefit and build from.” (I”]
www.pharmexec.com), meaning a bugfix or feature in an open tool benefits all future trials.

Large pharma is adopting these tools: AstraZeneca's REACT project uses open-source technologies to
accelerate drug discovery pipelines, repurposing existing molecules under an open framework (/%!
www.pharmexec.com). And with the shift to R for analysis, companies now have open stack pipelines for
statistical reports in clinical trials (see below). Overall, open-source libraries and platforms are increasingly

integral to modern, patient-centric clinical operations ([291 www.pharmexec.com).

2.3 Cheminformatics and Molecular Data

In the early drug discovery phase, cheminformatics tools manage compound structures and screening data.
Historically, pharma used commercial tools (e.g. Pipeline Pilot by Biovia). Today, open-toolkits are in common
use. RDKit (an open cheminformatics software with BSD license) is a de facto standard: it provides chemical
fingerprinting, substructure search, ADMET prediction modules, and seamlessly integrates with Python
notebooks (1??) www.novartis.com). RDKit is maintained by a global community (with contributions by major
pharma) and collects millions of compounds. DataWarrior is another open tool for statistical analysis and

[23]

visualization of chemical libraries ( intuitionlabs.ai).

Open-source molecular drawing tools (e.g. Marvin is free for academia) and databases (ChEMBL, PubChem)
further reduce barriers. In silico screening is often performed with open docking engines like AutoDock Vina or

[23]

Glide (Schrodinger); Vina is widely used and distributed as open code ( intuitionlabs.ai). Molecular dynamics

uses OpenMM and GROMACS (open MD engines) for studying compound-protein interactions.

The net effect is that small pharma or academic groups can now perform sophisticated ligand discovery entirely
with free tools. This democratisation is significant because chemistry-savvy startups and academic teams can
collaborate on computational parts of projects without huge software costs.

2.4 Data Standards and Regulatory Tools

Open-source has also penetrated regulatory compliance. A prominent example is Pinnacle 21 Community
(OpenCDISC), an open-source tool that validates clinical trial data packages against CDISC standards (the
regulatory format for FDA, PMDA, etc.). Pinnacle 21 is freely available and widely used by pharma and CROs to
ensure submission readiness (!'®! intuitionlabs.ai). Open data standards like CDISC, HL7 FHIR, and SPOR are not
software per se, but their open availability helps vendors and users adopt them.

OpenFDA APIs (from the FDA) provide free query access to drug and device adverse event data, which pharma
and researchers use for pharmacovigilance analyses. Safety analytics teams often employ open-source
statistical software to mine this data.

2.5 Manufacturing and Supply Chain

In manufacturing and quality control, open-source initiatives are emerging. For instance, the Data Computation
Platform (DCP) is an open analytics framework for continuous manufacturing data (/'®! intuitionlabs.ai). Although
supply chains in pharma are often proprietary, open-source concepts can improve transparency. (As a tangential
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example, one case study in active pharmaceutical ingredients highlighted supply chain issues once openly
discussed, though this is more open data than collaborative open source 50%.)

In summary, open-source software tools are now ubiquitous in pharma R&D. They cut costs, enable
customization, and foster shared best practices. Leading companies increasingly contribute to or adopt these
tools. Yet, challenges remain in validating open software for regulated environments — a topic we consider in a
later section.

3. Collaborative Open-Source Initiatives in
Pharma R&D

Beyond software tools, “open source” in pharma often refers to collaborative R&D projects. These can involve
open repositories of data, communal problem-solving, or crowdsourcing. We survey several major efforts and
models.

3.1 Community R&D Consortia

e CSIR Open Source Drug Discovery (OSDD): Initiated in India (2008) by CSIR Team India Consortium, OSDD is a large-scale
project targeting tuberculosis drugs through open collaboration ([30] pmc.ncbi.nlm.nih.gov) ([3” pmc.ncbi.nim.nih.gov).
Though in practice it takes a crowdsourcing approach (neglected-disease focus, free idea exchange), the project has a
hybrid IP stance - it asserts ownership on behalf of the community rather than placing outcomes wholly in public domain
(“3] www.managingip.com). OSDD involves students and researchers contributing to a structured workflow, with data
posted on its website. It has achieved several progress milestones in TB compound screening ([321 pmc.ncbi.nim.nih.gov),

though debates continue about its open vs gated nature (LSBJ pmec.ncbi.nlm.nih.gov). Notably, OSDD has secured funding
for labs and resources, a crucial factor.

e The Synaptic Leap - Schistosomiasis (TSLS): A World Wide Web project launched in 2008 focusing on schistosomiasis (a
parasitic disease). TSLS is more purely open-source: all data and planning for the S. mansoni project were shared publicly,
with volunteer medicinal chemists contributing (notably via in-kind donations of compounds and computer modeling) ([34]

pmc.nchi.nlm.nih.gov). Unlike OSDD, TSLS released results into the public domain. It engaged far fewer volunteers than

35]

OSDD but demonstrated global participation ([ pmc.ncbi.nlm.nih.gov). TSLS showcased that disparate enthusiasts can

collaborate on neglected-disease chemistry in an open manner.

e Open Source Malaria (OSM): Initiated around 2011 by scientists (e.g. Matthew Todd's group), OSM is an open laboratory
project for antimalarial discovery. All chemical designs, notebooks, and data are openly posted on blogs and repositories.
The project has synthesized and tested novel compounds collaboratively. Jake Chen's recent review cites OSM as a pre-Al

36]

open project informing new models (‘ medium.com). OSM exemplifies “open notebook science” and has produced a

pipeline of compounds (though none yet a marketed drug).

e Open Targets: A public-private consortium (Europe's EMBL-EBI, U.K. and pharma partners) launched in 2014. It integrates
genetics, genomics, and chemistry data to identify and prioritize drug targets. All data and tools (browser, APIs) are open-

access ([37] pme.nchi.nlm.nih.gov). Open Targets has millions of recorded associations (genotype-phenotype) and has led
to identifying novel target candidates; it's used by pharma researchers to guide projects (and has software on GitHub too).

e Structural Genomics Consortium (SGC): A large non-profit partnership (Oxford, Toronto etc.) funded by pharma and
governments since ~2003. SGC's mandate is to solve protein structures and develop chemical probes for them. All its
outputs (x-ray structures, assays) are released without IP restrictions. For example, SGC developed inhibitors for epigenetic
proteins (proteins in cancer/rare diseases) and shared crystal structures. Its industry backers (e.g. GSK, Bayer, J&J, AbbVie)

then leverage these tools freely ([Wi'?] www.managingip.com). SGC represents a PHARMA consenting to open early-stage
reagent/tool development, trusting that commercial drug work comes later.
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e COVID Moonshot (2020-2021): A recent high-profile example of open science. Beginning in early 2020, an international
collaboration crowdsourced designs for SARS-CoV-2 antiviral compounds (targeting the Mpro protease). Through a Twitter
call, hundreds of chemists and modelers submitted ~18,000 compound designs; volunteers worldwide synthesized and
tested 2,400 of these ([4] platohealth.ai). The project’s lead candidate, a novel protease inhibitor, emerged from this open

pipeline, similar in mechanism to Paxlovid (Pfizer's drug) (M] platohealth.al). More than 200 scientists from 25 countries
participated full-time (no salaries). The results were published in Science, and key participants note the speed was
(4

“remarkably quick compared to most drug discovery” platohealth.ai). Although full development will require a bridge to

IP (likely licensing to pharma for trials), COVID Moonshot proved that open-source crowdsourcing can accelerate hit
identification.

e Open Source Pharma Foundation (OSPF): An initiative (and advocacy group) proposing and facilitating open pharma

collaborations. It coordinates student-led projects (e.g. Al screening for TB drugs ([38] www.ospfound.org)). OSPF does
not itself run lab campaigns yet but organizes community projects and seeks funding for them. The very existence of OSPF

(cited in Jake Chen'’s proposal ([36] medium.com)) signals continued grassroots interest in open drug discovery.

e [nitiatives for Pandemics and Global Health: Beyond projects, governments and NGOs now often require open data. For
example, during COVID-19, viral genome sequences and vaccine trial data were shared globally (platforms like GISAID for
genomes, NIH data-sharing policies). This open-science approach enabled rapid vaccine/drug research. Similarly, an
international Pandemic Preparedness Accelerator (by SGC with UNC Chapel Hill) aims to design antiviral drugs proactively

and keep them ready for trials if needed (“3] www.managingip.com).

Collectively, these projects illustrate that open collaboration can mobilize diverse expertise on shared
problems (especially for diseases lacking commercial incentives). Table 2 (below) summarizes key open science
initiatives in pharma-related R&D.

.. . Scope/Focus
Initiative | Project Started Area Lead Org(s)/Partners Open-Source Elements
. CSIR Team India Consortium, Crowdsourced chemistry; data
. Tuberculosis drug [32] . . .
CSIR OSDD (India) 2008 discovery students ('~ publicly posted (with community IP
pmc.ncbi.nlm.nih.gov) holding)
Synaptic Leap - Open lab notebooks and results,

) L. Schistosomiasis . . R
Schistosomiasis 2008 R&D The Synaptic Leap (non-profit)  global volunteer contributions
(TSLS) (©3*4] pmc.ncbi.nim.nih.gov)

. . . Completely open notebook
Open Source Malaria drug Academic consortium (UCL, X
. ~20M X research; compound designs
Malaria discovery etc.) .
shared online
Pharma (AbbVie, J&J, Bayer,
Structural Genomics Protein structure & . [13] All structural/genomic data and
A 2003 etc.), academia ( . .
Consortium (SGC) drug targets chemical probes released to public
www.managingip.com)
EMBL-EBI, Wellcome Trust,
Open Targets Drug target [37] Open-access target association
2014 ) e pharma co's (
Platform identification data, APIs, portal
pmc.ncbi.nim.nih.gov)
Weizmann Institute, Diamond
SARS-CoV-2 (4] Crowdsourced compound designs;
COVID Moonshot 2020 R X Synchrotron, volunteers ( .
antiviral discovery shared results; open preprints
platohealth.ai)
Open Insulin . . . . .
. Biosynthetic Community biohackers, non- Open lab protocols (in
Foundation ~2015 . . . .
. insulin (biotech) profit development)
(emerging)
OSPF Collaborative 2021- Al screening, TB, Open Source Pharma Open project templates; student
Projects 2025 antiviral Foundation groups; reports
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.. . Scope/Focus
Initiative / Project Started Area Lead Org(s)/Partners Open-Source Elements
Others (e.g. Virtual L X . .
Scientific research . X . Generic science crowdsourcing
Cell, 2000s+ X . University/volunteer consortia L
& protein folding (supports pharma indirectly)

Folding@home)**

Table 2: Selected open-science/pharma R&D initiatives and consortia. All involve sharing data or tools publicly
(some combine open with selective IP models).

3.2 Case Study: R in Pharma — Roche and AstraZeneca

Concrete examples illustrate the open-source shift. In 2023, Roche announced it would make R the core data
science tool for all new clinical studies ( ). The reasons are both strategic and practical: R is widely
taught and used, so it broadens the talent pool; R's integration abilities streamline workflows ( ).
Roche data scientists described developing open R packages from the start (e.g. the OAK system for
automating SDTM mapping) as a major success ( ). Importantly, these tools were built with
collaboration in mind and are shared with the community (Roche’s data science GitHub is public). The “OAK
Garden” initiative under Roche’s programme seeks to foster many small open-source tools for clinical reporting

( ).

Similarly, AstraZeneca shifted from SAS to Python/R. In 2000, AZ created a chemical informatics platform

(H2X/PyDrone) originally in Perl, then re-implemented in Python for better software engineering (
). Decades later, in their clinical talent development, AZ trained thousands of staff in R (via

internal "Data Science Academy") to unify analysis languages. These corporate efforts underscore: open tools
like R/Python are viewed as the future of pharma data science ( ) ( ).

These cases highlight a broader trend: pharma companies are increasingly contributing to and relying on open-
source software, breaking down previous vendor lock-in. The Official blog from Appsilon notes Roche, Novo
Nordisk, GSK, J&J, Novartis, and Pfizer have all provided public insights into their open-source integrations (

).

4.Data, Evidence, and Analysis of Open-Source
Adoption

The rise of open source in pharma can be quantified through evidence and reports. While hard numbers (e.g.
market share of open tools) are scarce, multiple indicators show growing adoption:

e Survey and Industry Reports: Recent blogs and white papers (Appsilon 2025, PharmExec 2024) report that almost all
major pharma companies now use open-source tools extensively in R&D. For example, an Appsilon blog notes that firms

have published open repositories and shared code to showcase their use of R and other tools ( ).
Analogously, trade magazines highlight that big companies "hail open innovation” and publicly engage in open-data

programs ( ) ( ).
e Open-Source Tool Indexes: Community trackers document pharma’s open repos. The GitHub organization openpharma
(not covered above) curates validated R packages for clinical reporting, reflecting volunteer and industry collaboration.

Similarly, openpharma50 (a list of top 50 pharma companies’ OSS) indicates every major firm now has some open-source
contributions (from websites, code libraries, etc.).
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e Software Libraries: The proliferation of life-science packages on public platforms is instructive. HPC and cloud usage (e.g.
on AWS, Google Cloud) now routinely integrate open code. Regulators (FDA) also actively use open software; the FDA's

evaluation tool eCTD validation (Pinnacle21) is open source (“8] intuitionlabs.ai). This means submissions are routinely
checked by open code.

o R&D Efficiency Metrics: While direct causation is hard to establish, some projections exist. The OsDD-2 analysis cites

Eroom’'s Law (R&D costs doubling every ~9 years) ([9] medium.com) as a motivator for openness. Another study (not fully
cited here) noted that open innovation can reduce pre-clinical costs by pooling basic research data (“O]
www.managingip.com). Evidence from open projects (e.g. Moonshot) shows that distributed volunteer effort generated a

[4]

drug candidate in months rather than years (‘"' platohealth.ai), suggesting open approaches can accelerate early-stage

outcomes.

e Publications and Citations: A spike in publications on "open source drug discovery” indicates scholarly interest. For
instance, a PLoS Neglected Tropical Diseases case study (2012) evaluated two open drug discovery projects ([45]

pmc.ncbi.nlm.nih.gov), and the PLOS Med “roadmap” appeared in 2017 ([3] journals.plos.org). Since then, new
commentaries and media pieces (such as the MIT Technology Review 2023 piece on COVID open science) reflect a growing
narrative. This bibliometric signal, while indirect, shows academic and industry attention to open models.

e Open-Data Portals and Licenses: More datasets (e.g. genomic, clinical trial results) are released under open licenses (e.g.
PLOS Neglected Tropical Diseases has open access). The AllTrials campaign has pushed for transparency (though not open
source culture per se). Public databases (e.g. NCBI's GEO, ENA) enable anyone to analyze raw data, analogous to open
software.

In summary, multiple lines of evidence - industry announcements, case studies, usage of OSS tools, and public
campaigns - indicate that open-source practices are on the rise in pharma. Quantitative metrics (e.g.
percentage of R usage) are emerging; a 2023 survey by Posit (formerly RStudio) found most pharma companies

([46]

plan R training at scale posit.co), and similar signals from Python community surveys likely hold. The next

years should bring more statistical studies of open-source uptake in drug R&D.

5. Benefits of Open Source in Pharma

Based on the above, open-source adoption offers several advantages to pharmaceutical development:

e Cost Savings and Agility: By replacing expensive proprietary tools, companies can reduce licensing fees. Open source
encourages reuse of code. As one industry analyst noted, innovations in open source flow back to the base projects,

benefiting all users ([2] www.pharmexec.com). Pharma companies can hire community developers or sponsor projects
instead of buying software, making progress at lower cost.

e Rapid Access to Innovation: Open-source projects often implement new methods quickly. For example, when a new
statistical technique or machine learning algorithm appears, it is typically available in R/Python libraries within months,

versus waiting years for a commercial package (“7] www.appsilon.com). In drug discovery, open data releases (e.g. COVID
viral structures) allowed researchers to begin work immediately rather than after lengthy data use agreements.

e Collaboration and Talent: Open-source encourages cross-company and academia partnership. Platforms like Pharmaverse

connect talent across organizations to co-develop unbranded solutions (LZOJ pharmaverse.org). Pharma data scientists

report that using open tools helps recruit and train new staff (since graduates learn R/Python) ([46] posit.co). The global
contributor model means 24/7 development: an issue discovered in Europe may be fixed overnight by an Asian contributor,

for example.

e Regulatory Engagement: Regulatory bodies are increasingly familiar with open tools. The FDA has invited use of R and
other open tech in statistical submissions (not explicitly stated but inferred by its openFDA and through partnerships). Open
standards like CDISC being validated by community tools (Pinnacle21) streamline submissions. In effect, industry-wide OSS
adoption can lead to de facto industry standards, easing reviewer work.
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e Public Good and Access: Especially for neglected diseases or vital innovations (e.g. antibiotics, pandemic medicines),
open-source models prioritize health impact over profit. Open collaborations like SGC or DNDi aim to produce tools or drugs
that are affordable and widely available. The aspirational benefit is that more candidates reach underserved populations,
since development costs have beared by many, not capital-intensive patents.

These benefits come with quantifiable outcomes. For instance, ACUITY (open tool) reportedly allows drastic trial
adjustments: by visualizing mid-trial data, one study claimed it could save millions by ending futile trials early
(?8) www.pharmexec.com). AstraZeneca's REACT (using open data) has purportedly accelerated repurposing.
Academia reports like Christine Ardal’s 2012 PLoS case study on OSDD emphasized how volunteer contributions
enabled progress at “low cost” (%) pmc.nebi.nlm.nih.gov).

6. Challenges and Drawbacks

Despite promise, open-source pharma faces significant hurdles:

e |IP and Business Model Tension: The biggest concern is commercial viability. Pharma R&D traditionally relies on patent-
driven exclusivity to recoup investment. An executive quoted in Managing IP warns that fully open models mean companies
"will not make millions" on a new drug ([8] www.managingip.com). Thus pure OSP scares off for-profit backers. The Global
Director of Research (unnamed) in that article prefers partial openness: shared pre-competitive work then proprietary
development ([8] www.managingip.com). This challenge is structural: without a clear revenue model, investment in open
projects is limited. The ODD-2 framework explicitly acknowledges this gap and tries to address it via milestones and

([47]

licensing medium.com).

e Regulatory and Validation Concerns: Open-source tools often lack the formal validation and support guaranteed by
commercial software. A pharma CTO noted documentation/support gaps: many OSS packages “lack the extensive support
and comprehensive documentation that commercial tools offer” (‘48‘ www.phasevirials.com). In regulated environments,
companies fear audits: if a bug or inconsistency is discovered in an open package post-submission, liability is a worry.
Regulators expect traceability of analysis; while open code is transparent, consistent results over time must be guaranteed
(see next section on quality).

e Data Quality and Standardization: Open collaborations depend on standard formats and rigorous QC. In drug
development, heterogeneity of data (from different labs, sources) can hamper simple combination. Without centralized
oversight, open projects risk data incompatibilities. For example, early open malaria projects faced issues in standardizing
screening results across labs. Ensuring consistency in an open context is non-trivial.

e Funding and Sustainability: Many open projects rely on grants or volunteers. The PLOS case study of TSLS and OSDD

noted both had external funding for materials and labs (LSOJ pmec.ncbi.nlm.nih.gov). When grants end, maintaining
momentum is hard. Volunteers may lose interest, and without salaries, progress can stall. Sustaining open teams beyond
initial hype is challenging. The COVID Moonshot had strong initial funding (via DHHS and Wellcome) but as it transitions to
candidate development, new funding models must emerge.

e Corporate Culture and Security: Many pharma companies remain secretive. Internal compliance may forbid releasing code
without heavy review. There are also cyber-security considerations: open repositories could theoretically leak proprietary
hints if not carefully managed (e.g. naming conventions exposing pipeline targets). Changing corporate mindset from “not
invented here"” to trust community code requires time and policy shifts.

e Fragmentation and Duplication: With many independent open projects, there is risk of redundant effort. The OSPF notes
dozens of small projects (see [46]) — while collective they cover much ground, they may overlap or pursue niche goals
without a unified strategy. Coordination mechanisms (like a formal foundation or umbrella consortium) are still developing.

In sum, the drawbacks center on economics and quality assurance. Without a clear profit incentive, drug
companies worry that open-source medicine development is too risky ("8 www.managingip.com). Rigorous
standards bodies for software validation are also needed. However, many of these challenges are recognized,
and both industry and funders are experimenting with solutions (e.g. grant funding, public-private partnerships).
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7. Regulatory, Quality, and IP Considerations

Open source in pharma must intersect with strict regulatory regimes. Several points are worth noting:

e Regulatory Use of Open Software: Regulators have actually begun using and approving open-source tools. For instance,
the FDA's Office of Biostatistics includes members proficient in R and Python, and reviewers now sometimes find Python
notebooks attached to submissions. The FDA's pre-certification program for software indicates a willingness to qualify
external codebases. While specific policies for “open-source submissions” are not published, documentations show
regulators acknowledge and sometimes commission open tools.

e Trust and Validation: To address validation, groups like the R Consortium’s Pharma R Validation Hub are emerging
(mentioned in [6]) to curate tested R packages and establish best practices. Having community-vetted, widely-used code
(like pharmaverse packages) helps build confidence. The case of Pinnacle21 shows open code can be certified by regulators
as well-maintained.

e IP Frameworks and Licensing: The classic open-source licenses (GPL, MIT, Apache, etc.) are beginning to be used in
pharma contexts. For example, some companies release data under Creative Commons or software under permissive
licenses. But combining open data with later patenting is tricky: if discoveries are truly in public domain, they cannot be
patented afterward. The hybrid OSDD-2 model sigloically tries to get around that by gating IP release to after certain

milestones ( ). Alternate approaches include "open patent” pools or contributory licensing (like open-
source patent grants in technology sectors).

e Open Data and Transparency: Beyond code, many calls for transparency involve data (e.g. clinical trial registries). Laws like
the EU’s Clinical Trial Regulation mandate sharing of trial results summaries. This has an “open data” ethos. While not
directly about software, open data shifts the landscape toward openness. Companies now anticipate that trial data
(eventually anonymized) will be public.

e Quality Management (GMP/GxP): In manufacturing and lab operations, open CAD or hardware designs (like an open PCR
machine) must still meet GMP/GMP standards. Regulatory compliance thus requires that any open tool (software or
hardware) go through validation steps. Some frameworks (e.g. using version-controlled repos, continuous integration) from
software engineering can help satisfy audits. The industry is still working out standard "open protocols” for GxP
environments.

Overall, regulation does not forbid open source, and in fact increasingly accommodates it. The FDA's
repositories (e.g. GitHub SDKs, drug databases) and policy statements suggest a shift toward embracing
validated open tools. However, all open-source outputs used in critical decisions must be rigorously tested and
documented.

8. Case Studies and Examples

8.1 CSIR India’'s OSDD Project

The Open Source Drug Discovery (OSDD) project by the Council of Scientific & Industrial Research (CSIR) in

India is often cited as a pioneering large-scale experiment ( ) ( ).
Launched in 2008 to find new TB drugs, it amassed hundreds of volunteers (mostly Indian academics/students)

under a structured wiki-based platform. Key aspects:

e Scope: Focused on tuberculosis at all stages: target validation, compound screening, and early ADMET
studies ( ).

e Process: Contributors picked tasks (“tracers”) from an open list, executed computations or lab work, and
posted results. Each contribution was peer-reviewed by mentors (often offline) before publication (

).
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e Funding: Received grant funding for lab experiments and infrastructure, paying for consumables and some
researcher time.

e IP: CSIR retained IP in the name of India. That is, data was posted contemporaneously on the web, but the
flagship compounds found are not fully open; they may be patented under the OSDD initiative’'s umbrella

(mI www.managingip.com).

e Achievements: OSDD contributed novel TB lead compounds and developed a “synthetic biology” database.
It also built a repository of Indian medicinal chemistry knowledge. However, its hybrid IP model and central
management meant it fell short of being truly open-source in spirit (°*' pmc.ncbi.nim.nih.gov).

The PLOS case study concluded that OSDD's “crowdsourced” model achieved noteworthy progress at low cost,
but that clear entry points and funding were critical, and the legal structure (ownership by CSIR) moderated its
“openness” (1°°] pmc.ncbi.nim.nih.gov). This case illustrates a middle ground: volunteer-driven research with
open data sharing, yet with centralized control and IP framework.

8.2 The Synaptic Leap — Schistosomiasis

The Synaptic Leap (TSLS) project took a purer open approach (%! pmc.ncbi.nim.nin.gov). It targeted
Schistosoma parasites, and all participant communications (conference calls, lab results) were posted on its
website in real-time. Key points:

e All contributors (academics worldwide) could see each experiment’s data and decide next steps.

e No IP claims were made; must successful compounds would be released openly.

e Funding came from grants and contributions (some NIH, some charities).

e TSLS yielded novel tool compounds for schistosomiasis and engaged a broad community, though progress

was slower due to limited resources.

Their model emphasized transparency: "All of TSLS' data are publicly-available without a password” (/%4
pmc.nchi.nlm.nih.gov). This extreme openness validated the concept: external experts (anonymized) noted that
TSLS strictly adhered to open-source drug discovery principles (:°*) pmc.ncbi.nim.nih.gov). Eventually, however,
TSLS partnered with CSIR OSDD to apply their combined approach to malaria (2011), suggesting synergy
between models.

8.3 COVID Moonshot

As mentioned, the 2020 Covid Moonshot is a recent example of open source accelerating response to a
pandemic threat (1*! platohealth.ai). It demonstrates several features:
¢ Crowdsourcing Design: Anyone could design molecules (via an online portal or even a tweet).

e Distributed Testing: Over 200 volunteer chemists synthesized and assayed compounds across Canada,
UK, and more.

e Open Data: All designs, assay results, and structures were released openly and continuously. The Science
publication states this explicitly ("*! platohealth.ai).

e Result: Identification of an advanced lead (Mpro inhibitor) within months. Although it requires years of
development and regulatory approval, getting to a lead so fast was exceptional (!*! platohealth.ai) (159

platohealth.ai).

e Funding/Support: Philanthropic and government funding (Wellcome Trust, US HHS, UKRI) supported the
project, indicating public backing for open models in crises.
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¢ Community Impact: It engaged medicinal chemists globally, including some who normally compete.
Notably, DNDi's Discovery Director commented that the speed was “remarkably quick” compared to usual

50]

timelines (\°° platohealth.ai).

Covid Moonshot shows open science can mobilize a “citizen science"” response in pharma: it wasn't corporate-
driven, but the output (potential antiviral compound) closely parallels what a commercial effort (Pfizer's
Paxlovid) achieved in its own pipeline. It hints at a future where volunteers augment traditional pharma efforts,
especially in emergencies.

9. Implications and Future Directions

The current trends point to several future scenarios:

e Mainstream Shift to Open Tools: Most analysts predict that proprietary stats software (like SAS) will gradually lose ground.

Already, companies are planning “R Centers of Excellence"” and training thousands of staff in open languages ([5” posit.co).
We can expect further investments in industry-specific open libraries (e.g. an forthcoming “R pharmaverse for genomics”).

e Hybrid R&D Models: Full open-source pipelines from target to market remain rare in big pharma, but hybrid models may
expand. One proposed model is open target discovery followed by exclusive clinical development (or vice versa). Jake
Chen’s OSDD-2 concept suggests formalizing this: an "IP-gating” switch where early-stage work is open, but promising
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assets get a field-limited patent medium.com). If piloted, such frameworks could attract both public and private

funding.

e Al and Open Data: The growth of Al in drug discovery (AlphaFold, generative models) relies heavily on open datasets for
training. As more structural, omics, and clinical data are made open, Al/ML drug-design tools (which are often open-source
or require open-data) will become more powerful. Pharma companies contributing proprietary data to open-linked problems
(like target deconvolution) can speed Al breakthroughs. Conversely, regulators and ethics boards will demand open
validation of Al models (explainability, retraining) — a space where open-source is advantageous.

e Community Ownership and Crowdsourcing: If crowdsourced projects (like Moonshot) continue to produce viable leads,
we may see platforms to coordinate them. For example, a “management layer” as PLOS suggested - an entity funding and
organizing multiple projects — could emerge. The Open Source Pharma Foundation is a rough step in that direction, but
dedicated international funds (by governments or coalitions) could underwrite open discovery consortia for global health
threats.

e Global Health Impact: In low-income settings, open-source pharma can bypass patent barriers. If new drugs (especially for
diseases of poverty) are developed openly, generic production is easier, potentially lowering prices. However, mass
manufacturing and distribution still require infrastructure. Development of open hardware (low-cost production tech) might
come into play. The open-source model could also support vaccine design (viral blueprint sharing) and nutrient therapies.

e Regulatory Evolution: As open tools prove reliable, we may see guidelines formalizing their use (e.g. FDA may issue
guidelines for validating open-source analysis pipelines). Also, "open notebooks” might become accepted supplements to
submissions (detailed logs of experiments), aiding reproducibility. The success of preprint culture in COVID might push
pharma itself (slowly) to publish data earlier — open lab notebooks in a regulated environment are rare but could grow.

e Business Models: Unsurprisingly, new models are needed. Beyond OSDD-2's gating approach, ideas include
“crowdfunding drug R&D" (citizen funding in exchange for open access to results), or “subscription/prizes” (funders pay
only on success, encouraging open early research). The economics are unsettled, but some specialty drug developers
(especially biotechs) may adopt partial openness to attract grants or partnerships. Tech firms (like IBM, Google) might also
invest, driving an IBM-for-pharma open-source culture.

In all, the implication is that pharma R&D may become more bifurcated: for blockbuster drugs, big pharma might
stick to closed, high-return models; for everything else (rare diseases, broad platform tech), it may go open.

Numerous experts (e.g. Balasegaram et al. (:°?! journals.plos.org)) argue that open sourcing must be tried

-

robustly to see if it can address the “gap between health needs and profit-driven R&D priorities” (/°°!

journals.plos.org) ([52] journals.plos.org).
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10. Conclusion

Open-source approaches in the pharmaceutical industry are transitioning from niche experiments to significant
strategic elements. Over the past decade, open-source software has become a cornerstone of pharma data
science: R and Python ecosystems, open cheminformatics, and shared platforms now underpin much drug
development work ("' www.appsilon.com) () www.pharmexec.com). At the same time, open collaboration
projects — from Indian-led OSDD to global COVID Moonshot — have demonstrated that medicine R&D can
harness community-driven innovation (*°) pmc.ncbi.nlm.nih.gov) (! platohealth.ai). The industry at large is taking
notice: companies are releasing open code, joining consortia, and training staff in open tools (!°' posit.co) (1!

intuitionlabs.ai).

However, the open-source model collides with entrenched patent-based business incentives (\'*
journals.plos.org) (‘%) www.managingip.com). The prevailing view is that fully open drug development (from target
to market) is not yet widely viable. Instead, hybrid and adaptive models are emerging: e.g. open early-stage
discovery followed by privatized development, or shared infrastructure (standards, software) underlying
traditional R&D.

In conclusion, the state of open source in pharma in 2025 is one of dynamic evolution. There is increasing
integration, not replacement: proprietary and open models co-exist, each applied where it best fits. We are
likely seeing the early chapters of a transformation. The hope is that, with careful business models, open-source
methods will improve efficiency, democratize research, and ultimately deliver more and cheaper medicines. Yet,
this requires new policies, funding mechanisms, and a cultural shift in Big Pharma. As Balasegaram et al. warn,
open-source is “largely untested” in pharma ("°% journals.plos.org); comprehensive trials of the model will
determine how far the open frontier can extend in improving global health.
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IntuitionLabs - Industry Leadership & Services

North America's #1 Al Software Development Firm for Pharmaceutical & Biotech: IntuitionLabs leads the US
market in custom Al software development and pharma implementations with proven results across public
biotech and pharmaceutical companies.

Elite Client Portfolio: Trusted by NASDAQ-listed pharmaceutical companies including Scilex Holding Company
(SCLX) and leading CROs across North America.

Regulatory Excellence: Only US Al consultancy with comprehensive FDA, EMA, and 21 CFR Part 11 compliance
expertise for pharmaceutical drug development and commercialization.

Founder Excellence: Led by Adrien Laurent, San Francisco Bay Area-based Al expert with 20+ years in software
development, multiple successful exits, and patent holder. Recognized as one of the top Al experts in the USA.

Custom Al Software Development: Build tailored pharmaceutical Al applications, custom CRMs, chatbots, and
ERP systems with advanced analytics and regulatory compliance capabilities.

Private Al Infrastructure: Secure air-gapped Al deployments, on-premise LLM hosting, and private cloud Al
infrastructure for pharmaceutical companies requiring data isolation and compliance.

Document Processing Systems: Advanced PDF parsing, unstructured to structured data conversion,

automated document analysis, and intelligent data extraction from clinical and regulatory documents.

Custom CRM Development: Build tailored pharmaceutical CRM solutions, Veeva integrations, and custom field

force applications with advanced analytics and reporting capabilities.

Al Chatbot Development: Create intelligent medical information chatbots, GenAl sales assistants, and
automated customer service solutions for pharma companies.

Custom ERP Development: Design and develop pharmaceutical-specific ERP systems, inventory management
solutions, and regulatory compliance platforms.

Big Data & Analytics: Large-scale data processing, predictive modeling, clinical trial analytics, and real-time
pharmaceutical market intelligence systems.

Dashboard & Visualization: Interactive business intelligence dashboards, real-time KPI monitoring, and custom
data visualization solutions for pharmaceutical insights.

Al Consulting & Training: Comprehensive Al strategy development, team training programs, and
implementation guidance for pharmaceutical organizations adopting Al technologies.

Contact founder Adrien Laurent and team at https://intuitionlabs.ai/contact for a consultation.
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DISCLAIMER

The information contained in this document is provided for educational and informational purposes only. We make no
representations or warranties of any kind, express or implied, about the completeness, accuracy, reliability, suitability, or
availability of the information contained herein.

Any reliance you place on such information is strictly at your own risk. In no event will IntuitionLabs.ai or its representatives
be liable for any loss or damage including without limitation, indirect or consequential loss or damage, or any loss or
damage whatsoever arising from the use of information presented in this document.

This document may contain content generated with the assistance of artificial intelligence technologies. Al-generated
content may contain errors, omissions, or inaccuracies. Readers are advised to independently verify any critical information
before acting upon it.

All product names, logos, brands, trademarks, and registered trademarks mentioned in this document are the property of
their respective owners. All company, product, and service names used in this document are for identification purposes
only. Use of these names, logos, trademarks, and brands does not imply endorsement by the respective trademark holders.

IntuitionLabs.ai is North America's leading Al software development firm specializing exclusively in pharmaceutical and
biotech companies. As the premier US-based Al software development company for drug development and
commercialization, we deliver cutting-edge custom Al applications, private LLM infrastructure, document processing
systems, custom CRM/ERP development, and regulatory compliance software. Founded in 2023 by Adrien Laurent, a top Al
expert and multiple-exit founder with 20 years of software development experience and patent holder, based in the San
Francisco Bay Area.

This document does not constitute professional or legal advice. For specific guidance related to your business needs,
please consult with appropriate qualified professionals.
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