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Summary
For decades, the World Health Organization (WHO) has been collecting adverse drug reaction
reports, called Individual Case Safety Reports (ICSRs), from its member countries, populating
more than 40 million reports to date. This pharmacovigilance database is called VigiBase® and
is managed by the Uppsala Monitoring Centre in Sweden. (Uppsala Monitoring Centre, 2026)
These ICSRs describe the course of patients who experienced an adverse event (a medical
condition) after taking a drug. The burning question is whether this adverse event was actually
related to the drug intake, e.g., if it is an adverse drug reaction (ADR). A pharmacovigilance
database analysis aims at uncovering the very first potential signals of association between
drugs and ADRs. (Montastruc et al., 2011)

Disproportionality analysis, a method of safety signal detection, represents an essential
component of pharmacovigilance. Advanced methodologies are essential when conducting
disproportionality analyses, as traditional approaches are susceptible to various biases such as
reporting bias and confounding.

The aim of vigicaen is to provide a toolbox for the VigiBase® Extract Case Level database,
resolving technical challenges related to the large size of the database, and providing easier
and reproducible access to advanced features. The package is built on top of the parquet file
format. Functions related to drug and adverse event identification, and descriptive features
such as time to onset, dechallenge, and rechallenge outcomes are provided. Command-line
side-effect outputs aim at fast resolution of common issues related to drug and adverse event
identification. The package is intended for pharmacovigilance practitioners, clinicians, and
researchers with or without advanced biostatistical skills. A graphical output can be produced
for routine use to support the daily assessment of drug liability.

Statement of need
Disproportionality analysis is a statistical method that produces estimators of how unlikely the
number of observed ICSRs reporting on a specific drug and adverse event is to be attributable
to chance alone. Together with an uncertainty margin, these estimators are used to raise safety
signals on drugs. (Montastruc et al., 2011)

Advanced methodologies are required to address common biases of disproportionality analysis
in pharmacovigilance databases. These analyses necessitate expertise in biostatistical software,
such as R, which may present substantial challenges in terms of acquiring and maintaining
the requisite skills — in addition to a solid understanding of pharmacovigilance principles and
reporting systems.

The Uppsala Monitoring Centre grants access to VigiBase® to researchers, either academic
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or industrial, under a license contract. The most extensive available version is called Extract
Case Level: it contains all the ICSRs, with information such as patient demographics, drug
and adverse events related features. However, this version is provided as large text files
and requires a substantial processing prior to analysis. Those text files would often exceed
the size of the available Random Access Memory, thus requiring advanced knowledge of R
computing techniques. Clinicians and pharmacovigilance practitioners typically lack these skills
and therefore struggle to use VigiBase® data for their research. As a result, they often rely on
partial data with limited statistical modeling options, or might develop homemade biostatistics
scripts that are typically used once, often left undocumented, and highly heterogeneous across
research teams.

The vigicaen package aims at providing a toolbox for the VigiBase® Extract Case Level
database, tackling several technical challenges to run on low-specification computers, and
providing easy and reproducible access to advanced features. (Dolladille & Chrétien, 2025)
This article will explain the technical choices and computing logic of the package. Examples
and use cases are covered in the package vignettes, available on the package website at
https://pharmacologie-caen.github.io/vigicaen/. The Uppsala Monitoring Centre, in charge
of maintaining VigiBase®, was informed of the package development and kindly allowed its
publication, acknowledging the potential benefit of promoting the use of VigiBase®.

State of the field
There are very few packages related to pharmacovigilance in R. Most are focused on interfacing
with the Food and Drug Administration Adverse Event Reporting System (FAERS), and most
attempt to visualize existing data, run basic disproportionality analyses, or perform web scraping.
(Mukhopadhyay & Markatou, 2026) None of them actually allow browsing the entirety of a
worldwide database such as VigiBase®, including all types of drugs and adverse events. Also,
there is no existing package in the open-source community that prepares pharmacovigilance
data in order to build advanced disproportionality metrics, such as machine or deep learning
models. Finally, only a few of these packages are available on mainstream platforms such as
CRAN. (Embry, 2016, 2018)

Research impact and significance
Our team and collaborators have already published several pharmacovigilance studies using
vigicaen. (Alexandre et al., 2021; Chretien et al., 2025; Dolladille et al., 2020; Legallois
et al., 2025; Minoc et al., 2025; Nishida et al., 2025) The French Network of Regional
Pharmacovigilance Centers is on its way to implementing vigicaen as part of routine practice
across the 31 Pharmacovigilance Centers in France. The University of Nagoya has functional
routines relying on vigicaen for disproportionality analyses. Vigicaen does not compete with
existing open-source tools, but rather addresses an unmet need.

Software design
Key choices were made to build vigicaen:

• Open source design, built on top of state-of-the-art practices to deal with large datasets
(e.g., arrow), especially on low-specification computers, using a widespread and consistent
syntax R users are familiar with (e.g., tidyverse). In line with this first point, other
syntaxes like data.table, once at the core of the package, have now been phased out.

• Focus on the most technically challenging issues for beginners in R or biostatistics
software in general.

• Consistency in function naming, expected input formats, and outputs, aligning with the
tidyverse style guide. (Wickham & RStudio, 2023)
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• Provision of help, e.g., messages to users in a command-line interface, to allow external
checking of what is produced by the package.

• Absence of model functions implementation, except for basic disproportionality metrics.
(Norén et al., 2013) Users will build datasets with vigicaen, then run any model of their
choice.

Open-source software practice
The package was developed according to best practices as promoted by R Packages, 2nd
edition. (Wickham & Bryan, 2023) It is accompanied by a comprehensive set of unit tests
(covering 100% of the code), in-depth documentation for each function and object, and several
tutorial vignettes for both newcomers and advanced users. The source code is available on
GitHub.com, which is also used to submit issues and propose pull requests. It is available
under the open-source CeCILL 2.1 license.

Development history
The first iteration of the package was built in 2020 as local software designed for internal use at
Caen University Hospital. Later, it was called pharmacocaen and posted as a private repository
on GitHub in 2022, due to intellectual property concerns with the Uppsala Monitoring Centre.
After resolution of these property concerns, the package became available as a public repository
on GitHub under the name vigicaen in 2024, and was accepted on CRAN in 2025. In the first
versions, the package was mainly focused on performing vectorized data management so as to
identify a large number of drugs and reactions in a compiled way. Handling edge cases was the
main concern for several years. Then, additional features like building datasets from source
files and descriptive statistics were added. Contacts were made with members of the Uppsala
Monitoring Centre regarding their own work on other topics. These exchanges helped define
the exact perimeter of vigicaen, as well as its potential articulation with other open-source
software in the future. Also, vigicaen was discussed with end-users from pharmacovigilance
centers in France, which led to the development of specific functions like vigi_routine.

Processing vigibase® source files.
VigiBase® Extract Case Level files currently exceed 30GB once unpacked, which is too large to
be loaded in-memory by mainstream readers like read.table() on most computers. Vigicaen
relies on parquet files, a recent format based on open standards, supported by Arrow. (Apache
Software Foundation, 2026b, 2026a; Richardson et al., 2026) Datasets remain out of memory.
Various tests of vigicaen on 16GB RAM computers succeeded in processing the source files.

Below, we provide a partial example of the sourcing process, with tb_vigibase(). Users may
refer to the vignettes for more details.

tb_vigibase(path_base, path_sub)

## -- tb_vigibase() ---------------------------------------------------------------

##

## v All expected csv files found in `path_base` and `path_sub`

##

## i Checking for existing tables.

##

## i Creating vigibase tables.

##

## This process must only be done once per database version.

## It can take up to 30minutes.
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The named list for inputting drug and adverse event names
The get_* and add_* functions are built with a named list as their first argument. This
structure may seem a bit complex, especially for newcomers, but it allows for genuine
flexibility when analysis plans increment. As an example, one may create list(drug_group_1

= c("ipilimumab", "nivolumab")) to automatically gather all ICSRs reporting one of these
two drugs through get_drecno() and add_drug().

Descriptive features
Descriptive features often play an important role in pharmacovigilance studies. They can be as
important as producing statistical estimates to assess the liability of a given drug. Vigicaen
provides a series of functions to compute such descriptive features, spanning time to onset to
drug rechallenge outcome.

Routine use
For a routine pharmacovigilance practitioner, key information on a drug-adverse event pair
may be needed out-of-the-box, without further need for manipulating the underlying tables.
To address typical needs (disproportionality estimates, descriptive features), vigi_routine()
creates a graphical output for a given pair. It is intended as a daily practice tool to support
routine assessment of liability. The plot can be exported to an external file.

vigi_routine(

demo_,

drug_,

adr_,

link_,

d_code = ex_$d_drecno[4],

a_code = ex_$a_llt[2],

vigibase_version = "Current"

)
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Drug: nivolumab
Adverse event: a_colitis
Setting: All reports
VigiBase version: Current

VIGIBASE ANALYSIS

Suspected: 43

Concomitant: 0

Interacting: 1

N° of cases: 44

Total
Positive

Rate

19
12

63%

Rechallenge

Informative
rechallenges only

IC025 = 0.03

0 1 3
Cases used: Suspect, concomitant or interacting

Disproportionality Analysis

1d 3d 1w 2w 1m 3m 6m 1y 3y 10y
Time from drug initiation to event onset

N° of cases where drug was suspected: 23

D
is

tr
ib

ut
io

n

50% of patients 80% of patients

Time to onset

d: day, w: week, m: month, y: year
x axis capped at 1 day (min) and 10 years (max)

Created with vigicaen, the R package for VigiBase®

AI usage disclosure
GitHub Copilot and other AI assistants were episodically used during the software development.
The main goals were to draft pull requests from existing issues, to assist with code syntax,
and to improve the English writing in the documentation. It was especially useful for drafting
variants of existing checkers or avoiding typographical errors when transforming larger sections
due to architectural changes. All AI-written code was human-checked by one of the package
authors before being accepted. Generative AI was used to check spelling and improve the
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syntax of this manuscript.

Conclusion
Easier, reproducible research in pharmacovigilance databases is key to appropriate safety signal
detection. Vigicaen proposes a set of tools based on popular open standards to facilitate
pharmacovigilance analysis in R.
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