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A B S T R A C T

Medical image analysis plays a key role in precision medicine. Data curation and pre-processing are critical
steps in quantitative medical image analysis that can have a significant impact on the resulting performance
of machine learning models. In this work, we introduce the Precision-medicine-toolbox, allowing clinical and
junior researchers to perform data curation, image pre-processing, radiomics extraction, and feature exploration
tasks with a customizable Python package. With this open-source tool, we aim to facilitate the crucial data
preparation and exploration steps, bridge the gap between the currently existing packages, and improve the
reproducibility of quantitative medical imaging research.
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1. Introduction

Precision medicine (PM) aims to enhance individual patient care
by identifying subgroups of patients within a disease group using
genotypic and phenotypic data, consequently targeting the disease with
more efficient treatment [1]. Medical image analysis plays a key role
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in PM as it allows the clinicians to non-invasively identify phenotypes
[2].

The number of medical imaging data to analyze is rising rapidly.
Hence, there is a need for medical image analysis tools that can aid
clinicians in meeting the challenges of rising demand and better clinical
performance, while reducing variability and costs. At the heart of
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Fig. 1. Organization of the precision-medicine-toolbox: The DataSet class takes an imaging dataset as in input and is inherited by the ToolBox class; the FeatiresSet class takes a
eatures dataset as an input and is inherited by the AnalysisBox class.

hese tools will be advanced quantitative imaging analysis, such as
andcrafted radiomics and deep learning. Handcrafted radiomics is the
igh-throughput extraction of pre-defined high-dimensional quantita-
ive image features and their correlation with clinical outcomes using
achine learning methods [3]. Deep learning automatically learns

epresentative image features from the high dimensional image data
ithout the need for feature engineering by using non-linear modules

hat constitute a neural network [4]. The field of quantitative image
nalysis is expanding [5–7]. Moreover, it has demonstrated promising
esults in various clinical applications [8–11]. As with many nascent
echnologies, high-throughput quantitative image analysis suffers from
lack of standardization, e.g. in the image domain (different vendors,

cquisition and reconstruction protocols, pre-processing), or different
efinitions of handcrafted features (such as shape, intensity, and texture
eatures). The spread of widely used open-source software such as
yradiomics, allows the extraction of standard handcrafted radiomics
eatures [12].

Data curation and the pre-processing of medical images are time-
onsuming and critical steps in the radiomics workflow that can have
significant impact on the resulting model performance [13–15]. These

teps may be performed manually or using lower level python libraries
uch as Numpy [16], Pandas [17], Pydicom [18], Scikit-image [19],
cikit-learn [20], SimpleITK [21], Nibabel [22], or Scipy [23]. As most
urrent data curation workflows necessitate time-consuming human
nput, this step becomes an error-prone bottleneck and adds to the
urrent reproducibility problem. Moreover, it is important to perform
n exploratory analysis to understand the link between the data used as
nput in a machine learning model with the outcome it has to predict.

hile there are tools available for the implementation of the radiomics
ipeline such as Nipype [24], Pymia [25], and MONAI [26], there is
lso the need for a tool that allows for the systematic and standardized
ata curation, image pre-processing, and feature exploration during the
evelopment phase of the study.

We introduce the open-source Precision-medicine-toolbox that fa-
ilitates data curation, image pre-processing, and feature exploration
sing customizable Python scripts.
Implementation and architecture
As illustrated in Fig. 1, dedicated base classes have been imple-

ented for each dataset type to extract the corresponding data, as well
s the associated metadata. The functionality classes inherit from the
ase classes. This approach allows for the separation of reading and
rocessing tasks and makes it readily available for new data formats or
unctions.

The imaging module allows for pre-processing and exploration of
he imaging datasets. It consists of the base DataSet class and the
nheriting ToolBox class. The DataSet class reads the imaging data
nd the corresponding metadata and initializes a dataset object. The

raw computed tomography (CT) or magnetic resonance (MR) imaging
data. Currently, the following functions are implemented: dataset pa-
rameter exploration by parsing of the DICOM metadata, dataset basic
quality examination by comparing imaging parameters to the user-
defined threshold, conversion of DICOM data into volumetric Nearly
Raw Rusted Data (NRRD), image basic pre-processing, unrolling NRRD
images and region of interest (ROI) masks into Joint Photographic Ex-
perts Group (JPEG) slices for a quick check of co-registration between
imaging data and masks, radiomics feature extraction from NRRD/MHA
data using Pyradiomics [12]. The image and mask co-alignment pre-
view example is illustrated in Fig. 2.

The features module allows for the exploration of the feature
datasets. It consists of the base FeaturesSet class and the inheriting
AnalysisBox class. The FeaturesSet class reads the features data and
the corresponding metadata and initializes a FeaturesSet object. The
AnalysisBox class allows for the primary analysis of the features.
Currently, the following functions are implemented: visualization of
feature value distributions in classes and mutual Spearman correlation
matrix, calculation of corrected p-values for Mann–Whitney U-test for
features mean values in groups, visualization of univariate receiver
operating characteristic (ROC) curves for each feature and calculation
of the area under the curve (AUC), volumetric analysis, calculation
of basic statistics for every feature. Features distribution in classes
visualization is illustrated in Fig. 3.

The binary classification metrics reporting module allows for the
generation of binary classification performance metrics given true la-
bels and predicted probabilities.

Quality control
To ensure that precision-medicine-toolbox meets the requirements,

continuous integration workflow is built in GitHub actions. Tests are
run automatically after every new commit is pushed. Every time,
the project is built and unit tests are performed for the latest Win-
dows system on Python 3.7. Quick start and running software exam-
ples are described in the documentation. Additionally, code quality
is reviewed with CodeFactor (http://codefactor.io). The API specifica-
tions for all the classes and methods are generated automatically from
the source code annotations with Mkdocstrings (https://mkdocstrings.
github.io/). This enables keeping documentation up to date with the
latest developments of the package.

Software impacts
The functionality of the toolbox aims to meet some challenges that

are specific to the radiomics field. One of these challenges is the lack
of data and pipelines standardization. Therefore, reproducibility is one
of the key criterias for the radiomics studies.

The toolbox is mostly dedicated to radiomics analysis, as it allows
for the handling of both raw imaging data and derivative features.
Nevertheless, its modules can be used separately for other medical
oolBox is an inheriting class that enables functions for working with imaging research applications. The imaging module is applicable for

2

http://codefactor.io
https://mkdocstrings.github.io/
https://mkdocstrings.github.io/
https://mkdocstrings.github.io/


E. Lavrova, S. Primakov, Z. Salahuddin et al. Software Impacts 16 (2023) 100508
Fig. 2. Example of the quick check of the segmentation alignment to the original scan by visualizing CT axial slices.

Fig. 3. Feature value distributions in multiple classes: A - for all the presented classes, B - for the selected classes I and IIIb.

deep learning tasks to prepare the imaging data and get information re-
garding the metadata. The features module can be used for any tabular
data analysis, such as health records or histology-derived features.

The toolbox was utilized and tested during the development of
multiple projects including automatic lung tumor segmentation on
the CT [27], repeatability of breast MRI radiomic features [28], and
radiomic-based diagnosis of multiple sclerosis [29].

The development of precision-medicine-toolbox aims for the de-
mocratization of the machine learning and deep learning pipelines for
researchers without strong programming skills. Additionally, it drives
a programming community effort to improve this package and add
its own variables and methods. Therefore, user contributions are very
welcome.

Conclusions and future works
The development of the precision-medicine-toolbox aims to lower

the entry barrier for researchers who are starting to work in med-
ical imaging. Moreover, it provides an open-source solution for the
researchers who already have their inhouse workflow of managing
data to increase the reproducibility of the quantitative medical imaging
research. We would also like to encourage the community to improve
this open-source toolbox by contributing to it.
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