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Abstract

Background: In the realm of biomedical research, the growing volume, diversity

and quantity of data has escalated the demand for statistical analysis as it is indispen-
sable for synthesizing, interpreting, and publishing data. Hence the need for accessible
analysis tools drastically increased. StatiCAL emerges as a user-friendly solution, ena-
bling researchers to conduct basic analyses without necessitating extensive program-
ming expertise.

Results: StatiCAL includes divers functionalities: data management, visualization

on variables and statistical analysis. Data management functionalities allow the user
to freely add or remove variables, to select sub-population and to visualise selected
data to better perform the analysis. With this tool, users can freely perform statistical
analysis such as descriptive, graphical, univariate, and multivariate analysis. All of this
can be performed without the need to learn R coding as the software is a graphical
user interface where all the action can be performed by clicking a button.

Conclusions: StatiCAL represents a valuable contribution to the field of biomedical
research. By being open-access and by providing an intuitive interface with robust
features, StatiCAL allow researchers to gain autonomy in conducting their projects.

Keywords: Medical statistics, Data analysis, Statistical software, Data management

Introduction

The computerization of patient records [1], the development of data warehouses in
healthcare facilities [2], the availability of large national and international databases such
as the Health Data Hub (https://www.health-data-hub.fr/ [3]) or the Cancer Genome
Atlas Project (TCGA) (https://portal.gdc.cancer.gov/) [4], and new biology techniques
like high-throughput sequencing [5] enable the access to increasingly numerous, volu-
minous, and comprehensive biomedical databases. Systematic recourse to statistical
analyses is indispensable for synthesizing, interpreting, and publishing this data [6], and
many scientific journals specify in their author guidelines the recommendations for sta-
tistical analyses and result presentation [7—11]. For example, the New England Journal of
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Medicine recommends detailed reporting of statistical methods, including the justifica-
tion of sample size, methods for handling missing data, and the use of confidence inter-
vals and exact p values [7].

The implementation of statistical analyses, both descriptive and inferential, is thus a
crucial element in any research project. These analyses can be conducted using vari-
ous tools such as R, which is open-source software (GNU license) [12] and widely uti-
lized within the scientific community [13]. However, while R is powerful and flexible, it
requires a significant time investment to learn, especially for complex data sets, and per-
forming quality analyses often necessitates advanced programming knowledge, thereby
limiting its usage to trained personnel only.

Our objective was to design and provide a user-friendly, interactive tool allowing users
to conduct basic and essential statistical analyses autonomously without any program-
ming knowledge.

Materials and methods

Implementation

StatiCAL was developed using the R programming language, utilizing the “shinydash-
board” package, which extends the functionality of the “shiny” package to a dashboard
format, and “shinyWidgets,” which adds widgets to those already available. Data file
reading is done using the “readx]l” package. The application utilizes basic R functions,
the “ggplot2” package, and the “survival” package for survival analyses. The “prediction”
package, in conjunction with reworked codes from the “DynNom” package [14], ena-
bles nomogram generation. The “gtsummary,” “finalfit,” and “flextable” packages are used
to generate result tables from statistical analyses. The “DT” package allows for dynamic
data display. The “officer” package allows the construction of automatic and aesthetically
pleasing reports for presenting analysis results. StatiCAL is hosted on a shiny server [15]
available on the internal network of the Centre Antoine Lacassagne. Access to the appli-
cation is through a portal, eliminating the need for direct manipulation of R.

Data

The analyzed file must be in Excel® format and have 2 worksheets. The first one con-
tains the data table with the variable names, and the second one provides, for each vari-
able, its label (more descriptive than the name) and its format. A data formatting step is
required before the user can begin the analyses using the tool. An example is available in
the “Tutorial” section.

Operation
The application is organized into distinct blocks, each operating from the initial dataset.
Each block is independent and allows for the completion of a specific task. To facilitate
the use of StatiCAL, the user manipulates the labels of variables, which are more under-
standable than the variable names. The program then matches the label with the variable
name to retrieve the associated data for each label.

A version of the tool is available at the following address: https://debds.shinyapps.io/
StatiCAL/.
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StatiCAL

A Acceuil

B Tutoriel

> Format des données
» Tableau de bord

> Statistiques

> Nomogramme

[ Tableau de bord
© Statistiques
3= Nomogramme

£ Données

Selectionner un fichier (.xlsx)

Browse... ted

Exporter le rapport

Télécharger les données modifiées

Onglet Tableau de bord

Cet onglet permet d"afficher le descriptif de toutes les variables présentes dans |a base de données

importée.

Il contient un tableau de la forme suivante:

Caractéristique 1 N=514 2
AGE 3
Moyenne (ET) 33 62 (10)

Médiane (Etendue) 3 62 (28, 94)

CENTRE_NUM 4

1 43 119/514(23%) 4b
2 42/514(8,2%)

3 102 / 514 (20%)

4 31/514 (6,0%)

5 82/514 (16%)

6 35/514 (6,3%)

7 103 /514 (20%)

Le nom des variables est indiqué dans la premiére colonne (1) et le nombre de patients décrits est indiqué
en haut dela deuxiéme (2). Cette colonne contient la description de chaque variable.

Les variables sont divisées entre les variables continues (3) et catégorielles (4).

Les variables numériques sont associées a leur moyenne et écart-type (3a) ainsi qu'a leur médiane,
minimum et maximum (3b).

Les variables catégorielles sont présentées selon leurs niveaux respectifs (4a) associés a leurs fréquences
respectives (4b).

Fig. 1 Dashboard tab tutorial

Fig. 2 File upload button

Results

The user accesses the functionalities of the tool, categorized into various tabs as

described below.

Tutorial

A user guide for StatiCAL is available in the Tutorial tab (Fig. 1), ensuring complete
autonomy in using the tool even for users who are novices in statistical analysis. This

Selectionner un fichier (.xlsx)

Browse...

tab allows for the description of the functionality of each feature.
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StatiCAL

M Acceuil

B Tutoriel

[ Tableau de bord
@ Statistiques
2= Nomogramme

& Données

Selectionner un fichier (.xlsx)

Browse... données_filtrée:

Upload complete

Exporter le rapport

Télécharger les données modifiées

Fig. 3 Dashboard tab

Patients

182 patients inclus dans la base

Fig. 4 Indication of the number of patients in the dataset and in the analysis

Data loading

The data is loaded via the file explorer of the current operating system, allowing
direct loading of the file in Excel® format (Fig. 2). Data formatting of the file must
be done beforehand according to the detailed recommendations in the “Tutorial”

section.

Dashboard

This section provides an overall description (Fig. 3) of all variables in the file. This
step allows the user to perform a qualitative and quantitative check of the data con-
tained in the dataset. It enables visualizing the number of missing data per variable

[23] caractéristiques des patients -

Caractéristique N =182*
SEXE
Male 182/182
(100%)
Age
Moyenne (ET) 57(9)
Médiane (Etendue) 57(29, 81)
SOUS_LOCALISATION
BOT 77/182
(42%)
Ca buccal mucosa 1/182
(0,5%)
CaA glossopharyngeal sulcus 2/182
(1,1%)
CA hypopharynx 1/182
(0,5%)
CA maxillary sinus 3/182
(1,6%)
Ca4 oral tongue 4/182
(2,2%)

Analyse

160 patients compris dans l'analyse

and identifying potential outliers that need correction.

~
R/
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Patients 262 B Analyse ~

514 patientsinclusdanslabase (D 514 patients compris dans l'analyse

3 caracteristiques des patients = |& Representations graphiques =
Sélectionner les caractéristiques a afficher Quel type de graphe souhaitez-vous 7
SEXE TABAC Univarie (une seule caracteristique;

@ Bivarie (deux caracteristiques)

Comparer deux ou plusieurs groupes de patients 7

Sélectionner la premiére caractéristi a décrire gy
Non
® oui AGE M
sur quelle caractéristique 7 Sélectionner la deuxiéme caractéristique a décrire
AGE g SEXE hd
Definir un seuil Selectionner le type de graphe
7 Boxplot =
Caractéristique  <=75, N = 462" >75, N = 52* p-valeur?
SEXE 0,14 :
1 346/462 (75%)  34/52 (65%)
2 116/462 (25%)  18/52 (35%)
TABAC <0,001
0 236/462 (51%)  40/52 (77%) SEXE
o B
1 226/462 (49%)  12/52 (23%) ? :
*n/N (%)
“test du khi-deux d'indépendance
Q Analyse multivariée - . .

Quelle caractéristique cherchez-vous a prédire 7 —

EVT_DC_SPECIFIQUE_FACTEUR -

Quels sont les facteurs prédictifs a tester 7 & Survie =

SEXE  TABAC Sélectionner la variable d'état

EVT_DC_SPECIFIQUE -
Variable 0 1 o8 on
(univariable) (multivariable)
Sélectionner la variable de délai jusqu'a événement
235 125
e * (618) (382 v DELAI_SUIVI -
0.71(0.47-
75 (0.48- isi i
e R e e omsos Choisissez un type de survie
p=0.118) -14, p=0.184) Univariée
Bivariée
204
TABAC 0 (73.9) 2re) @ Multivariée
i 124 14 ;fg (180- 5550178 Quels sont les facteurs prédictifs a tester 7
52.1 47.9 78, 3.75, p<0.001]
21 e 3 p<0.001) —

Icos%etp- MR 1c95% et p-

. > H
riable  Ni PN B ot
Variable  Niveau univarié value univarié multivarié NEe

al
multivarié

SEXE

[0.58;1.16]p
=0.2681

Fig.5 Statistics tab

Statistics
This tab indicates the number of patients present in the initial database and the number
of patients on which the analysis was conducted (Fig. 4). This number can be modified
through the Data tab by selecting a sub-population.

This statistical section is divided into four different fields (Fig. 5), each presenting spe-
cific functionalities. The first functionality of this page is to display, based on the selected
variables, patient characteristics, and perform bivariate analyses based on mean and/
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or proportion comparisons. A summary table presenting information according to the
selected variable types is generated. Absolute and relative frequencies are presented
for categorical variables, while mean, median, standard deviation, and range are pro-
vided for quantitative variables. In the case of bivariate analysis, the initial frequencies
for each variable are distributed among the different levels of the comparison variable.
If the comparison variable is numeric, the user is asked to choose a threshold to cre-
ate 2 groups for comparison. The frequencies between the groups are then compared to
conclude whether or not there is a statistical difference. The second functionality is to
display univariate or bivariate graphical representations of the user-selected variables.
Different types of graphs are available: boxplot, barplot, and histogram. The third func-
tionality allows for the construction of logistic regression models, explaining a binary
variable, such as response to treatment, based on several prognostic factors. The table
presents the raw and adjusted odds ratios, both univariate and multivariate, of the model
with their associated p-value for selecting the final model. The fourth functionality cor-
responds to survival analyses, both univariate, bivariate, and multivariate. Univariate
and bivariate analyses are represented in the form of Kaplan-Meier curves, associated
with survival median, follow-up median, and a summary table at certain time points
containing the number of patients at risk, the number of events, the number of censored
patients, the percentage of survivors, and its 95% confidence interval. In bivariate analy-
sis, the different identified groups are compared, and the generated tables contain infor-
mation for each group. In multivariate analysis, a single table is generated showing the
Hazard Ratios (HR), both univariate and multivariate, with associated p-values to select
the final model.

Nomogram

The nomogram is a prediction tool. Based on a multivariate model constructed from the
statistical analyses performed, it is possible to predict the risk for a patient to experience
the event explained by the model (Fig. 6).

Data

This is a data manipulation tool. It has 4 functionalities (Fig. 7). The first one is to filter
the imported data to create a subgroup for analysis. The second functionality allows for
creating new variables from those present in the database. Different methods are avail-
able: by grouping levels of a variable, by combinations of variables to identify patients
with common characteristics, by changing the type of a variable, and by calculating a
delay from a date. These variables can be removed from the database, which constitutes
the third functionality of this tab. The fourth functionality allows for visualizing the
database to directly check the data present or created in the data file.

Data export

The analyses conducted in the Statistics tab are exportable in a editable Word® format.
The user can then directly retrieve the obtained results. The filtered and/or modified
data are also exportable in Excel® format to preserve the changes made (Fig. 8).
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95% Confidence Risk for Event

F = 1
1 i
5 » — P &
SEXE Age STADE_T

Male 56 2

Female 32 2
Prediction Lowerbound Upperbound counter count
3.78 2.034 7.04 al 1
17.08 4,650 62.70 2 2

Remise 3 zéro des tables

Fig. 6 Example of a nomogram, risk of death based on sex, age, and T stage

Filtrer les données Processus de création de la nouvelle variable

Sélectionner une ou plusieurs variables O Regroupement

O Combinaison

O Changement de type

O calcul de délai
G visualisation données =
Sélectionner les colonnes a visualiser
- o -
) W Supprimer des variables =
Sélectionner une ou plusieurs variables

Variables a supprimer

Sélectionner les variables & supprimer

Fig. 7 Datatab

Discussion

The StatiCAL tool is a free application developed by the Département de Biostatistique
et des Données de Santé in collaboration with physicians and researchers from the Cen-
tre Antoine Lacassagne. It meets the initial objectives of enabling the conduct of simple
statistical analyses by non-specialist personnel. It allows for various descriptive, graphi-
cal, and inferential statistical analyses regardless of the type of data studied (discrete or
continuous quantitative variables, binary or multimodal qualitative variables, or cen-

sored data).
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Exporter le rapport

élécharger les données modifiées

Fig. 8 Export buttons

StatiCAL is intended for all professionals, whether physicians or researchers, who
are faced with the analysis of biomedical data. While fostering collaboration between
medical teams, research teams, and biostatistics teams is important, access to these
resources is often difficult, leading to significant delays and requiring funding sources.
Thus, StatiCAL represents an interesting tool that allows physicians and researchers
to have some independence in their scientific project management and the resulting
analyses. The tool appears easy to use, and the autonomy it provides is highly appre-
ciated. It allows for a simple exploratory analysis before validating more complex
models with a statistician, conducting simple analyses for a thesis or dissertation, or
performing additional analyses to an initial analysis. As the functionalities used in
StatiCAL are voluntarily limited to some analyses, the packages used do not require
modifying hyperparameters in the dedicated analysis. In fact, even when practiced in
an R environment, biostatisticians would perform a similar approach to realize the
desired analyses. The advantage is that the user, with their own knowledge of bio-
statistics, does not need programming knowledge to control the input of the desired
analyses and to obtain the results. This ensures that users can effectively apply statis-
tical methods without deep R knowledge. The application led to the publication of an
article [17] by being used to conduct a supplementary analysis requested by review-
ers. The tool speeds up the completion of statistical analyses, useful at all stages of
a project. Through the possibility of testing different variable groupings, finding or
not finding initial significant results, the tool also guides towards more in-depth sta-
tistical analyses to be carried out by a biostatistician, thus saving time for all teams.
After exploring their own data, physicians and researchers can arrive with more pre-
cise requests. Finally, this tool has also allowed the exploration of existing databases
to assess the potential recruitment of patients in prospective studies and thus to write
protocols within the framework of project calls.

The R software, open-source, is a reference tool in the field of statistics [13]. How-
ever, it requires programming knowledge to be used. The development of new R
libraries in the field of data communication and web development has opened up
original perspectives in the realization and automation of statistical analyses [18—20].
Knowledge of these libraries allows for the development of web applications in the
form of “graphical user interfaces” (GUIs) and their easy dissemination.

However, there are other software programs with user-friendly interfaces that
allow for quality statistical analyses without programming knowledge [21]. However,
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to name the most commonly used ones such as SPSS (https://www.ibm.com/fr-fr/
spss), Stata (https://www.stata.com), or the French ones EasyMedStat (https://www.
easymedstat.com/fr) and R++ (https://www.rplusplus.com/), all of these solutions
are paid and thus require funding which can be substantial for institutions. The cost
can thus be a major barrier to accessing such a tool. StatiCAL, being developed on
R, is freely and openly accessible, providing an equivalent solution to these paid
software programs and ensuring the same reliability of results [22]. Eazy R (EZR)
[23, 24] and MEPHAS [25] are other comprehensive, free, and non-programming
solutions, but unlike StatiCAL, they require advanced statistical knowledge. StatAid
[26] better meets the needs of analyzing biomedical databases but does not allow for
data manipulation and retrieval of analysis results. Jamovi (https://www.jamovi.org/
download.html) and JASP (https://www.jamovi.org/) represent similar open-access
tools for conducting statistical analyses. However, StatiCAL has the advantage of
requiring no installation and being able to directly load databases in Excel® format.

Shiny is an open-source R package that allows users to build interactive web appli-
cations directly from R, which can be deployed via a dedicated Shiny server or on a
custom server. Several teams have recently used this tool to perform RNA-Seq [27]
or transcriptomic [28] gene expression analyses, or to specifically analyze the per-
formance of a diagnostic test [29]. However, StatiCAL is the first Shiny tool specifi-
cally designed to perform various statistical analyses dedicated to oncology.

This tool was created during the authors’ dedicated research time at the Centre
Antoine Lacassagn. There is no monetization of this tool. It is the establishment’s
intention to disseminate tools to all scientists in order to advance research. Arti-
cle authors can thus cite StatiCAL in the “Statistics” section of their “Materials and
Methods” sections and thus cite the reference of this article.

StatiCAL does not allow for the execution of complex analyses, and the multivari-
ate models built by the software remain relatively basic. It is not possible to create
models with interactions or to test the robustness of the models by checking under-
lying assumptions (regression diagnostics). We do not believe it is necessary to inte-
grate such functions because they require more advanced biostatistics knowledge
than what is typically taught in general medical and scientific studies.

The next step is to conduct a validation study of the tool. The objective will be to
measure its ergonomics and usefulness by physicians and scientists with basic train-
ing in biostatistics but lacking programming knowledge. A comparison will be made
between the results obtained by this group and those of senior biostatisticians using
traditional tools. This study will also evaluate the relevance and reproducibility of
the analyses performed as well as user satisfaction.

Certain features will be added in the next version of StatiCAL. As it can be dif-
ficult to convert data into the format supported by the application, a debugging tool
and the ability to create the second sheet directly in the environment will be added.
To improve the accessibility of StatiCAL, other non-proprietary formats will be sup-
ported for input files and an english version will be available.
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Conclusion

StatiCAL is a user-friendly tool, based on the R language that enables scientists with-
out programming skills to perform statistical analyses. Its free and open-access nature
represents an opportunity for everyone to gain autonomy in conducting research pro-
jects, particularly in the preliminary stages of data analysis, which helps refine requests
to biostatisticians.

Availability and requirements

Project name: StatiCAL.
Project home page: https://debds.shinyapps.io/StatiCAL/
Operating system(s): Platform independent.
Programming language: R.
Other requirements: Internet browser.
License: None.

Any restrictions to use by non-academics: None.
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GUI Graphical user interface
TCGA  The cancer genome atlas project
HR Hazard ratios
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