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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.
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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 “readxl” 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.​shiny​apps.​io/​
Stati​CAL/.

https://debds.shinyapps.io/StatiCAL/
https://debds.shinyapps.io/StatiCAL/
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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 
tab allows for the description of the functionality of each feature.

Fig. 1  Dashboard tab tutorial

Fig. 2  File upload button
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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 
and identifying potential outliers that need correction.

Fig. 3  Dashboard tab

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

Fig. 5  Statistics tab
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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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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).

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

Fig. 7  Data tab
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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, 

Fig. 8  Export buttons
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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.​
easym​edstat.​com/​fr) and R++ (https://​www.​rplus​plus.​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/​
downl​oad.​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.

https://www.ibm.com/fr-fr/spss
https://www.ibm.com/fr-fr/spss
https://www.stata.com
https://www.easymedstat.com/fr
https://www.easymedstat.com/fr
https://www.rplusplus.com/
https://www.jamovi.org/download.html
https://www.jamovi.org/download.html
https://www.jamovi.org/
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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.​shiny​apps.​io/​Stati​CAL/
Operating system(s): Platform independent.
Programming language: R.
Other requirements: Internet browser.
License: None.
Any restrictions to use by non-academics: None.

Abbreviations
GUI	� Graphical user interface
TCGA​	� The cancer genome atlas project
HR	� Hazard ratios

Acknowledgements
Not applicable.

Author contributions
DC and TP-L conceived the projects. TP-L created and designed the application. E.C. gave suggestions on the project. 
DC and TP-L drafted the manuscript that was revised by EC, SC, JG and RS. All authors read and approved the final 
manuscript. All authors take responsibility for the accuracy and integrity of the work. EC and DC contributed equally to 
this work.

Funding
Not applicable.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 7 March 2024   Accepted: 10 June 2024

References
	1.	 Kruse CS, Kristof C, Jones B, Mitchell E, Martinez A. Barriers to electronic health record adoption: a systematic litera‑

ture review. J Med Syst. 2016;40(12):252.
	2.	 Petch J, Kempainnen J, Pettengell C, Aviv S, Butler B, Pond G, et al. Developing a data and analytics platform to 

enable a breast cancer learning health system at a regional cancer center. JCO Clin Cancer Inform. 2023;7:e2200182.
	3.	 de Germay S, Conte C, Micallef J, Bouquet E, Chouchana L, Lafaurie M, et al. Performing pharmacoepidemiological 

studies using the French health insurance data warehouse (SNDS): How to translate guidelines into practice. Thera‑
pie. 2023;78(6):679–89.

	4.	 Weinstein JN, Collisson EA, Mills GB, Shaw KR, Ozenberger BA, Ellrott K, et al. The cancer genome atlas pan-cancer 
analysis project. Nat Genet. 2013;45(10):1113–20.

https://debds.shinyapps.io/StatiCAL/


Page 11 of 11Pace‑Loscos et al. BMC Bioinformatics          (2024) 25:210 	

	5.	 Behjati S, Tarpey PS. What is next generation sequencing? Arch Dis Child Educ Pract Ed. 2013;98(6):236–8.
	6.	 Davidian M, Louis TA. Why statistics? Science. 2012;336(6077):12.
	7.	 Betensky RA, Newberger NG. New guidelines for statistical reporting. N Engl J Med. 2019;381(16):1597–8.
	8.	 Hess JH. A guide to official statistics. Lancet. 1930;216(5585):588.
	9.	 Gamble C, Krishan A, Stocken D, Lewis S, Juszczak E, Doré C, et al. Guidelines for the content of statistical analysis 

plans in clinical trials. JAMA. 2017;318(23):2337–43.
	10.	 Lu Y, Lee JJ. A collection of statistical methods for precision oncology. JCO Precis Oncol. 2019;3:1–3.
	11.	 Livingston EH. Committee AMoS. 977study design and statistics. AMA manual of style: a guide for authors and edi‑

tors. Oxford: Oxford University Press; 2020.
	12.	 Team RC. R: a language and environment for statistical computing. https://​www.R-​proje​ct.​org/: R Foundation for 

Statistical Computing, Vienna, Austria; 2022.
	13.	 Tippmann S. Programming tools: adventures with R. Nature. 2015;517(7532):109–10.
	14.	 Jalali A, Roshan D, Alvarez-Iglesias A, Newell J. DynNom: visualising statistical models using dynamic nomograms 

https://​CRAN.R-​proje​ct.​org/​packa​ge=​DynNo​m2019; 2022.
	15.	 Posit Software P. Get your shiny apps online https://​posit.​co/​produ​cts/​open-​source/​shiny​server/: Posit Software, 

PBC; 2024.
	16.	 Carradore M, Michelini E, Caretta I, Carpi S, Corradini L, Ganapini S, et al. Interprofessional collaboration between 

different health care professions in Emilia Romagna. Acta Bio-med Atenei Parm. 2021;92(S2):e2021033.
	17.	 Culie D, Schiappa R, Pace-Loscos T, Guelfucci B, Vergez S, Garrel R, et al. Enteral nutrition during radiotherapy for 

oropharyngeal cancers: prevalence and prognostic factors based on HPV status (a GETTEC study). J Clin Med. 
2023;12(9):3169.

	18.	 Venables WN, DMSatRCT. An introduction to R https://​cran.r-​proje​ct.​org/​doc/​manua​ls/r-​relea​se/R-​intro.​pdf20​23; 
2022.

	19.	 Ribeiro WCaBB. Shinydashboard: create dashboards with ‘Shiny’ https://​CRAN.R-​proje​ct.​org/​packa​ge=​Rcmdr​2021; 
2022.

	20.	 Gohel D. Officer: manipulation of microsoft word and powerpoint documents. https://​CRAN.R-​proje​ct.​org/​packa​
ge=​offic​er2022; 2022.

	21.	 Masuadi E, Mohamud M, Almutairi M, Alsunaidi A, Alswayed AK, Aldhafeeri OF. Trends in the usage of statisti‑
cal software and their associated study designs in health sciences research: a bibliometric analysis. Cureus. 
2021;13(1):e12639.

	22.	 Russell S, Bennett TD, Ghosh D. Software engineering principles to improve quality and performance of R software. 
PeerJ Comput Sci. 2019;5:e175.

	23.	 John Fox MB-V. Rcmdr: R commander https://​CRAN.R-​proje​ct.​org/​packa​ge=​Rcmdr​2003; 2022.
	24.	 Kanda Y. Investigation of the freely available easy-to-use software ‘EZR’ for medical statistics. Bone Marrow Transpl. 

2013;48(3):452–8.
	25.	 Zhou Y, Leung SW, Mizutani S, Takagi T, Tian YS. MEPHAS: an interactive graphical user interface for medical and 

pharmaceutical statistical analysis with R and Shiny. BMC Bioinform. 2020;21(1):183.
	26.	 Alcazer V. StatAid: an R package with a graphical user interface for data analysis. J Open Source Softw. 

2020;5(54):2630.
	27.	 Wang S, Zhang Y, Hu C, Zhang N, Gribskov M, Yang H. Shiny-DEG: a web application to analyze and visualize dif‑

ferentially expressed genes in RNA-seq. Interdiscip Sci Comput Life Sci. 2020;12(3):349–54.
	28.	 Riquelme-Perez M, Perez-Sanz F, Deleuze JF, Escartin C, Bonnet E, Brohard S. DEVEA: an interactive shiny application 

for differential expression analysis, data visualization and enrichment analysis of transcriptomics data. F1000Re‑
search. 2022;11:711.

	29.	 Mizutani S, Zhou Y, Tian YS, Takagi T, Ohkubo T, Hattori S. DTAmetasa: an R shiny application for meta-analysis of 
diagnostic test accuracy and sensitivity analysis of publication bias. Res Synth Methods. 2023;14(6):916–25.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

https://www.R-project.org/
https://CRAN.R-project.org/package=DynNom2019
https://posit.co/products/open-source/shinyserver/
https://cran.r-project.org/doc/manuals/r-release/R-intro.pdf2023
https://CRAN.R-project.org/package=Rcmdr2021
https://CRAN.R-project.org/package=officer2022
https://CRAN.R-project.org/package=officer2022
https://CRAN.R-project.org/package=Rcmdr2003

	StatiCAL: an interactive tool for statistical analysis of biomedical data and scientific valorization
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Implementation
	Data
	Operation

	Results
	Tutorial
	Data loading
	Dashboard
	Statistics
	Nomogram
	Data
	Data export

	Discussion
	Conclusion
	Availability and requirements
	Acknowledgements
	References


