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ABSTRACT

BACKGROUND: Radiomics is the newest and most promising direction in modern radiographic diagnostics. The number of head
and neck cancer studies employing radiomics is increasing annually. A systematic review of recent publications (2021-2023)
on computed tomography (CT) of head and neck malignancies was performed.

AIM: To present systematized data on parameters for radiomic analysis for head and neck malignancies identified by CT data.
MATERIALS AND METHODS: The literature search was carried out in PubMed. The basic characteristics of the selected articles
were extracted, and their quality was assessed using RQS 2.0 and the modified QUADAS-CAD questionnaire. The reproducibility
level of radiomic parameters selected for predictive models in different studies was assessed. Eleven articles were selected for
the review. In most cases, a high risk of systematic error associated with data imbalance in terms of demographic parameters
and level of pathologies was noted.

RESULTS: The range of RQS 2.0 scores for the included articles varied from 19.44% to 50.00% of the maximum possible score.
The decreasing research quality was mainly caused by the lack of external result validation (73% of the analyzed articles) and
data accessibility and transparency (82%). Inter-study reproducibility of radiomic parameters was low owing to the wide variety
of techniques used for image acquisition, image post-processing, extraction, and statistical processing of radiomic parameters.
CONCLUSION: A set of stable radiomic parameters must be successfully introduced into clinical practice. The standardization
of radiomics method and creation of an open radiomics database are necessary for this purpose.
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lpuopuTteTHble NapaMeTpbl paguOMUYECKOrO
aHanusa ANs KOMNbIOTepHOU ToMorpadum npu
3/10Ka4eCTBeHHbIX HOBOO6pa30BaHMAX roJ10BbI U LUEK:
cUcTeMaTU4YecKuin 063op

t0.A. Bacunbes, 0.I. HaHoBa, U.A. bnoxuH, P.B. PewweTHuKoB,
A.B. Bnagaumupckuid, 0.B. OMensHcKas

Haquo-npaKTw-lecxmﬁ KJIMHUYECKMIA LIeHTP ANArHoCTUKK U TeneMe AULIMHCKUX TexHonoruiA, MockBa, Poccus

AHHOTALIMA

O6ocHoBaHMe. PagnoMuka — HoBeliluee W MHOroo0eLLaloLLee HanpaBieH e COBPEMEHHOM fy4eBON AMArHOCTUKMW. Yucno
UCCNefoBaHUiA 3M10Ka4ecTBEHHbIX HOBOOOPa30BaHMIA OMI0BbI U LU C MOMOLLbIO 3TOT0 MeTOfA YBENMYMBAETCA C KaXAbIM
rogoM. Mel npoBenn cucteMaTuieckuii 063op HoBemwmx nybnukaumii (2021-2023) no 3n10Ka4ecTBEHHLIM HOBOODPa30BaHUSAM
rONIOBbI U LLUEW, BbIMOSIHEHHBIM Ha OCHOBE KOMMbBIOTEPHON TOMOrpaduu.

Llenb — cucteMaTu3aums AaHHbIX N0 UCMOJIb3YEMbIM NapaMeTpaM pagMoMUYECKOT0 aHanM3a Npu paKe rosioBbl U LLUEW, Bbl-
ABMEHHBIM N0 AaHHBIM KOMMbOTEPHON TOMOrpaduy.

Matepuanbl u MeTopabl. [Mouck cTatei ocywectensncs B 6ase PubMed. MponsseneHsl U3BnedeHne 6a3oBbix XapaKTePUCTUK
oT06paHHbIX CTaTen M oLeHKa ux kadectea no RAS 2.0 u MoandmumpoBaHHoMy onpochuky QUADAS-CAD. OueHnnm ypoBeHb
BOCNPOM3BOAMMOCTU PaAMOMUYECKUX MapaMeTpoB, 0TOBPaHHBIX /1S MPOrHOCTUYECKUX MOAENEN, B pasHbIX UCCIIeA0BaHUSAX.
[na 063opa oTobpaHo 11 cTaTei. B bonbwKMHCTBE Cy4aeB 0TMeYancs BbICOKWI PUCK CUCTEMATUYECKOI OLUMOKY, CBA3aHHLINA
€ HecbanaHCUpOBaHHOCTLIO BbIDOPKYM Mo AeMorpadnyecKuM napameTpaM 1 YpOoBHIO NaToNorUi.

Pesynbratbl. [lpn oueHKe KayecTBa paAMOMWKM OMana3oH 6annoB Ans UCCNeAOBaHHbIX CTaTel u3MeHsetcs ot 19,44%
00 50,00% MakcuManbHo BO3MOXHOWM CyMMbl. OcHOBHble npobieMbl, BReKyimue 3a coboi CHUXEHME KauecTBa MUccnefo-
BaHWi, 00yCNOBNIEHbI OTCYTCTBUEM BHELUHEN BanuAauuu pesynbtatoB (73% npoaHanusupoBaHHbIX CTaTen), a TaKKe Hepo-
CTYMHOCTBK) MM HEMpO3payHOCTbH) MCCNefoBaTeNbCKUX AaHHbIX (82%). BocnpousBoguMocTb paguoMUYeckux napameTpoB
MEeX [y UCCrie0BaHUAMM HU3Kas M3-3a 6OIbLLOr0 pa3Ho0bpasus UCToMb3yeMbIX METOAMK NONyYeHUs 1 nocTobpaboTku n3o-
DpaKeHWH, a TaKKe M3BJIEYEHUS U CTATUCTUYECKOM 06paboTKU pafMOMMYECKUX NapaMeTpoB.

3aknoueHue. 06cyxaaeTca HeobxoaMMOCTb BbiAeneHus 6a30B0ro 610Ka YCTOMYMBLIX PaAMOMUYECKUX NAapaMeTPOB ANS BHe-
APEHNs METOAA B KIIMHUYECKYIO NPaKTUKY, YTO BO3MOXKHO CLENaTh TONIbKO NP CTaHAApPTU3aLMM METOL0B PafvOMUKHU U CO3-
AaHWs OTKPbITON 6a3bl PAAMOMUYECKUX AaHHBIX.

KnioueBble cnoBa: PaAnOMUKa; 3/10Ka4eCTBEHHbIE 06pa3OBaHI/IFI rofioBbl U Wen; paguoMUYecKue napaMeTpbl.
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BACKGROUND

Radiomics is the latest modern medicine innovation.
This technique aims to improve the diagnostic quality using
radiomic features, i.e., medical image parameters invisible to
the human eye [1]. Radiomics analysis is a rapidly developing
area in radiology [2]. This approach is expected to be widely
used as an additional tool for assessing the prognosis and
determining the treatment strategy.

Several thousand radiomic parameters [3] are currently
classified into three major groups:

» Curve parameters describing image properties

« Texture parameters (gray-scale matrices)

representative of pixel ratios

» Shape parameters

Several subgroups were observed within each group of
radiomics features.

Dozens to thousands of parameters were used in
studies, depending on whether radiomic features are
extracted manually or via machine learning algorithms
[3, 4]. Furthermore, approaches to assigning specific
parameters to major groups vary. In some cases, all groups
of features can be included in varying proportions, whereas
only texture parameters are included in others, excluding
shape parameters. Currently, the number and composition
of radiomic features during manual extraction (handcrafted
features) are primarily determined using the selected analysis
software and per the researcher’s perception.

The set of radiomic features should be standardized for
the potential use of radiomics as an additional diagnostic
tool in clinical practice [5, 6]. Features selected for a wide
practical use should ensure inter-study reproducibility.
However, these studies differ in various ways, including the
structures examined, the type of prognosis, the method of
obtaining and processing images, and the statistical analysis
methods of radiomic features.

STUDY AIM

To organize data on the used radiomic parameters
in head and neck cancer detected based on computed
tomography (CT) findings. Head and neck cancer, including
throat, larynx, nasal cavity, paranasal sinus, and oral cavity
malignancies [7], was selected as one of the most common
cancers [8] requiring multimodal diagnostics, beginning
with CT [9-11].

STUDY OBJECTIVES

The study objectives are as follows:

1. To review the most recent publications (2021-2023)
on radiomics in head and neck cancer using CT findings,
including an assessment of distribution by study objectives,
methods used, and article quality based on modern radiomics
standards.
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2. To assess the intra- and inter-study reproducibility
(robustness) of radiomic features.

3. To compare the most recent publications with previous
studies.

MATERIALS AND METHODS

Search Strategy

The search was performed in PubMed. The search terms
were in English only. The search period—November 15, 2020,
to June 1, 2023—was selected so that the reference lists of our
and other studies would not overlap for the most part [12-14].

The search terms included the following:

“head and neck neoplasms” [MeSH Terms] AND (“artificial
intelligence” [MeSH Terms] OR (“artificial” [All Fields] AND
“intelligence” [All Fields]) OR “artificial intelligence” [All
Fields] OR (“deep learning” [MeSH Terms] OR (“deep” [All
Fields] AND “learning” [All Fields]) OR “deep learning” [All
Fields]) OR (“machine learning” [MeSH Terms] OR (“machine”
[All Fields] AND “learning” [All Fields]) OR “machine learning”
[All Fields]) OR (“neural networks, computer” [MeSH Terms]
OR (“neural” [All Fields] AND “networks” [All Fields] AND
“computer” [All Fields]) OR “computer neural networks” [All
Fields] OR (“neural” [All Fields] AND “network” [All Fields]) OR
“neural network” [All Fields]) OR (“radiomic*” [All Fields]) OR
“radiomic features*” [All Fields]) OR (‘radiomics features*”
[All Fields]) AND (“node*” [All Fields] OR “lymph node*” [All
Fields] OR (“nodal” [All Fields] OR “nodally” [All Fields] OR
“nodals” [All Fields]) OR “metastas*” [All Fields])

Inclusion criteria: Original research articles

Exclusion criteria: Reviews, meta-analyses, and case
reports on radiomics in head and neck cancer

The study design adheres to the Preferred Reporting
Items for Systematic reviews and Meta-Analyses [15].

Two experts independently reviewed the article titles and
abstracts found using the search terms. This review identified
several articles for full-text analysis. The third expert made
the final decision in case of disagreement over including an
article in the analysis. Further review of reference lists of
included articles to identify eligible publications (snowballing)
was not performed.

Data Extraction and Article Quality Assessment

The following information was extracted from the
selected full-text articles:

« Original author and corresponding author

« Article title, year of publication, and DOI

+ Journal and impact factor

+ Country where the study was performed

+ Study objectives

« Study design (prospective/retrospective, single-center/

multicenter)

+ Inclusion/exclusion criteria

+ Number, sex, and age of patients

« Tumor site and type
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« Total number of extracted radiomic features
» Assignment of radiomic features to classes (assessed
or not assessed); if assessed, the following classes
were analyzed:
- Shape parameters (2D and 3D)
— Type 1 parameters
— Type 2 parameters: texture parameters with
several subgroups (Gray Level Co-occurrence
Matrix [GLCM], Gray Level Run Length Matrix
[GLRLMI, Gray Level Size Zone Matrix [GLSZM],
Neighboring Gray Tone Difference Matrix [NGTDM],
and Gray Level Dependence Matrix [GLDM])
+ Radiomic feature analysis method:
— Machine learning (used or not used)
— For handcrafted radiomics, statistical methods
were used for the selection of radiomic features

+ Number of radiomic features selected by the authors

as prognostically valuable and their significance.

Two approaches were used to assess the quality of
selected articles: the Radiomics Quality Score 2.0 (RQS 2.0)
[16], specific to radiomics studies, and Quality Assessment
of Diagnostic Accuracy Studies 2 (QUADAS-2) [17, 18],
commonly used in medical studies and has been modified
for computer aided detection (QUADAS-CAD).

Analysis of Radiomic Features

Radiomic features identified with prognostic value were
extracted from each selected article. Features extracted from

2) 2024 Digital Diagnostics

both original and post-processed images were analyzed.
Various statistical methods, including machine learning,
regression analysis, analysis of variance, resampling, and
assessment by intraclass correlation coefficient, were used
to select features to be considered. If several hypotheses
were evaluated in a study, radiomic features were extracted
separately for each hypothesis. Two studies provided
statistics for the robustness of all extracted radiomic
parameters (the intraclass correlation coefficient [19] and the
P-level for the analysis of variance [20]), without reducing
the number of parameters. In such cases, the most robust
radiomic parameters were independently selected for our
analysis, based on the available data.

Moreover, the inter- and intra-study overlap of significant
radiomic feature sets was assessed for different endpoints.

RESULTS

Literature Search and Selection of Articles

The initial search identified 804 publications. After
reviewing the titles and abstracts, 762 publications
were excluded as irrelevant (other types of cancer were
investigated, radiomics analysis was not used, etc.).
Forty-two publications were included for analysis after
reviewing the titles and abstracts (Fig. 1). Of these, 11 studies
were included in the final analysis, whereas 31 were
excluded (11 studies used magnetic resonance imaging,
2 used ultrasound examination, 7 focused on thyroid cancer,

using sea

Studies identified in PubMed

804

rch terms

A

A

Screened studies

804
Studies excluded
» after title and/or abstract analysis
762
31 articles were excluded from the Studies selected
review due to the following: for full-text analysis

« 11 used MRI 42
« 2 used US

« 7 thyroid tumors

A

« 1 esophageal tumor
« 10 did not focus on radiomic A

A

features

1

Studies included in the review

1

Fig. 1. Flow chart of systematic literature search flow chart
Abbreviations: MRI, magnetic resonance imaging; US, ultrasound.
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1 focused on esophageal cancer, and 10 did not specify the
radiomic parameters used).

Basic Characteristics of Articles

The basic characteristics of articles selected for the
review are summarized in Appendix 1. Of these 11 studies,
five were performed in China [19, 21-24], three in Europe
(of them one in Italy) [25], and one each in Portugal/Austria/
Germany [26], the Netherlands [27], the USA [28], Canada
[20], and Thailand [29]. Articles with the highest ratings
were published in Cancers (impact factor 6.575) [20] and
European Radiology (impact factor 6.020) [21]. All studies
were retrospective. Eight were single-center [20-23, 25,
27-29] and three were multicenter [19, 24, 26] studies.

Radiomic features were used to predict overall survival [25,
26, 29], progression-free survival [25, 29], distant disease-free
survival [28], risk of locoregional recurrence [25, 26, 28], and
risk of distant metastases [26]; to preoperatively predict lymph
node involvement [21, 23, 24]; and to classify enlarged cervical
lymph nodes [22]. One study examined the relationship between
the robustness of radiomics parameters and the quality of
radiomics models [18]. Another investigated the differences in
radiomic features depending on the tumor site [20]. One used
additional data to validate a previously created model [27].

Quality of Included Articles According to RQS 2.0

The quality assessment of articles using the specialized
radiomics analysis scoring system RQS 2.0 is summarized in
Appendix 2. The scores for the reviewed articles range from
7 (19.44%) [20] to 18 (50.00%) [22], with @ maximum score
of 36 (100%) points; the mean and standard deviation are
10 and 4, respectively.

In 7 (64%) of 11 cases, the imaging protocol was
well-documented [21-26, 28]. Five studies (45%) considered the
effects of segmentation (resegmentation by two researchers,
segmentation algorithms, random noise) on the extraction of
radiomic features [22, 23, 25, 29, 30]. Teng et al. [20] assessed
the reliability of radiomic features in multicenter studies and the
effects of various features on the overall reliability of models.
None of the reviewed studies evaluated the robustness of
radiomic features against temporal variations, such as organ
movement or increased/decreased organ size. Ten (91%) studies
examined model retraining and reduced number of radiomic
features to select the most significant ones [19, 21-29]. Eight
(73%) studies reported that models were developed using pooled
sets of radiomic and clinical features and compared mixed,
radiomic, and clinical models [22, 24-30]. All studies (100%)
provided significance and discrimination quality metrics (area
under the curve [AUC] and P-level, including those obtained
during data resampling) [31]. The obtained radiomic models
were rarely validated. Specifically, validation was performed in
as few as three studies (27%) [20, 23, 26], with only one (9%)
using data from another study site [26]. Data transparency was
also limited, with only two studies providing open access to
images [25] and extracted radiomic features [18].

DOl https://doi.org/10.17816/DD623240
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Quality of Included Articles Based on QUADAS-CAD

The risk of hias according to QUADAS-CAD is summarized
in Tables 3 and 4 [17]. The overall risk of hias was high in
6 of 11 reviewed articles (54.5%) [19, 20, 25, 26, 28, 29].
Five (45.5%) of 11 articles had a low risk of bias [21-24,
27]. Seven (64%) studies reported a high risk of bias due to
data imbalance [19, 20, 23, 25, 26, 28, 29], and four (36%)
reported low [21, 22, 24, 27]. In most cases, this risk was
caused by a sample imbalance in terms of demographics
and pathology. Machine learning was used in six studies [19,
20, 22, 24, 26, 28]; thus, some questions in D2 block are
only applicable to them. The risk of bias due to the selected
method for the use and interpretation of index tests was high
in four studies (36%) [19, 20, 26, 291, moderate in one (9.5%)
[28], and low in six (54.5%) [21-25, 27]. The risk of bias from
the reference standard assessment was low in most cases
(64%) [19, 21-24, 27, 291. In some cases, the expertise level
of physicians assessing the reference values was unclear;
therefore, the risk of bias was considered high (27%) [28]
or moderate (9%) [20, 25, 26]. The risk of bias due to data
heterogeneity was high in three studies (27%) [20, 25, 28]
and low in eight (73%) [19, 21-24, 26, 27, 29]. In some cases,
ambiguous assessment results were due to a detailed level
when describing data analysis methods.

Methods Used in the Studies

The number of extracted radiomic features ranges
from 36 [20] to 5,486 [19]. Five articles included detailed
information on the distribution of extracted radiomic features
[22, 23, 25, 26, 28].

Six studies used machine learning for radiomics analysis
[19, 20, 22, 24, 26, 28]. The remaining five studies used
regression analysis [25, 29], analysis of variance (ANOVA)
[23], intraclass correlation coefficient (ICC) [29], data
resampling [28], and one-way tests for pairwise comparison
of features (Student's t-test, Mann-Whitney U test,
chi-squared test, Fisher's exact test) to assess the
significance of radiomic features [21, 23, 27].

The number of selected features in studies ranges from
2 [25, 27] to 19 [26]. Two articles did not select the most
significant features; instead, they reported the corresponding
statistics for each extracted feature (ICC) [19] and the
percentage of repeated features in replicates [28].

Feature Reproducibility Analysis

In 11 studies, 191 radiomic features considered valid for
prognostic models were selected (see Appendix 1), including
47 first-order features. Of these, the same feature is used in
two different studies with five (11%) cases; in the remaining
cases, features do not overlap between studies. Shape
parameters include 25 radiomic features. Of these, the same
feature is used in two different studies with five (20%) cases.
Moreover, the same feature is used in three different studies
in two (8%) cases. In the remaining cases, features do not
overlap between studies. Second-order features include
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Table 4. Risk-of-bias assessment according to Quality Assessment of Diagnostic Accuracy Studies for Computer Aided Detection

Original author, year D1 D2 D3 D4 Total score Weight (%)
: Somewhat . .
Franzese C., 2023 High Low doubtful High High 2
. . Somewhat -
Gongalves M., 2022 High High doubtful Low High 4
Zhao X., 2023 Low Low Low Low Low 10
Teng X., 2022 High High Low Low High 32
Zhang W., 2022 Low Low Low Low Low 6
Yang G., 2022 High Low Low Low Low 4
Intarak S., 2022 High High Low Low High 4
. Somewhat . . .
Morgan H., 2021 High doubtful High High High 1
Li J., 2021 Low Low Low Low Low 15
. . . Somewhat . .
Liu X., 2021 High High doubtful High High 14
Zhai T., 2021 Low Low Low Low Low 6

119 radiomic features. Of these, the same feature is used in
two different studies in one case (0.8%).

In two studies, radiomic features were completely
reproducible between different models [23, 29]. In two more
studies, radiomic features were not reproducible between
different models [25, 28].

DISCUSSION

This review analyzed studies on radiomics analysis in
head and neck malignancies based on CT findings performed
between 2021 and 2023, focusing on a list of frequently used,
reliable radiomic parameters. The reviewed publications used
a wide range of approaches, from image acquisition and
post-processing methods to software used for radiomic
parameter extraction and statistical processing. Furthermore,
creating a predictive radiomics model always requires reducing
the number of radiomic parameters. Parameters are selected
using different methods, from univariate statistical tests to
machine learning; this is entirely up to the authors. The selected
statistical methods for reducing the number of features also
have a significant impact on the selection results of parameters.
The most recent meta-analyses highlighted that the difficulty of
summarizing and implementing individual successful practices
remains a significant barrier in current radiomics [30].

Study Quality

When comparing previous systematic reviews of radiomic
studies in head and neck malignancies [13, 32] and our new
study, several methodological challenges persisting for a
decade were encountered.

DOl https://doi.org/10.17816/DD623240

One of the major challenges in radiomic studies is the
lack of validation of obtained radiomic models using external
data. Only one of the reviewed studies validated data from
another study site [33].

Another major challenge is the lack of data
transparency and insufficient detailed description
of analysis methods, preventing the reproduction of
results of such studies. However, reproducibility of
results is widely considered one of the fundamental
criteria of scientific approach and the basis for practical
implementation of a method [34].

Our conclusions are consistent with the findings of other
systematic reviews. For example, all four identified reviews of
studies evaluating head and neck cancer [12, 13, 32, 35] lacked
result validation using external data. Moreover, Giannitto et
al. [13] reported a lack of transparency of methodologies
used in studies due to an inadequate description of the
study conduct and a lack of assessment of the possible
implementation of results in clinical practice. Guha et al. [12]
revealed substantial heterogeneity of methodologies, making
it difficult to generalize study findings.

The Image Biomarker Standardization Initiative (IBSI) is
currently in progress [36]. Considering the detailed level in
addressing the issues and numbers of community members
involved, this initiative could be a significant step toward
resolving the lack of transparency in radiomic analysis. The
reproducibility and reliability of results can also be improved
by appropriately designed clinical studies of intelligent
technology-based algorithms [37].

Creating an open platform for radiomic studies will
enable reporting negative results, which are not published in
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peer-reviewed journals due to the so-called publication bias
[38]. Minimizing the risk of bias is critically important when
assessing the efficacy of radiomic analysis. Furthermore,
Kocak et al.'s [39] meta-study made it possible to highlight
issues caused by a largely retrospective design (95%,
142/149) and a lack of a reference test in a significant
number of studies (44%, 66/149) [39].

The assessed method is based on radiomic parameters
describing the relationships among voxels, 2D and 3D
characteristics of malignancies, and other properties.
Several thousands of these parameters are currently
known; however, the consensus regarding the diagnostic
value of each parameter and its various combinations is
not yet established. The number of selected features in
reviewed studies dramatically varies, ranging from a few
to several thousands. Less than half of studies provide
detailed descriptions of the groups of features representing
various characteristics of malignancies. Three studies did not
specify the radiomic parameters used in the models. Only
one reviewed article examined the robustness of radiomic
parameters in multicenter studies.

To promote the widespread use of prognostic radiomics
models in clinical practice, priority parameters must be
identified based on their robustness and reproducibility
assessment. Radiomic parameters most used in prognostic
models were selected. Our findings demonstrated that the
reproducibility of radiomic parameters is extremely low due
to the wide range of methodologies used. This is consistent
with earlier studies suggesting that radiomic parameters
might be random and non-reproducible [40]. Recommending
a specific set of radiomic parameters for clinical use is
difficult. Therefore, radiomic methods must be standardized,
and recommended standards must be implemented.
Consequently, a basic set of radiomic parameters can
be created for the use of radiomic analysis in diagnostic
imaging [41]. Standardization of radiomic analysis can also
be achieved through efforts in the field of study protocol
standardization and post-processing control standardization
[42].

Limitations of Our Approach

Our study has several limitations inherent for systematic
reviews. With the aim to provide the most comprehensive
review of currently available studies of head and neck
malignancies, this review includes studies of both primary
and secondary tumors and histologically heterogeneous head
and neck cancers.

The search was limited to PubMed and English
publications, which may have reduced the number of
identified studies.

Data imbalance was observed in all studies. Only
pathological cases were included, while non-pathological
cases were excluded. Moreover, data imbalance was also
observed in demographics.
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These limitations prevented comprehensive meta-
analysis, allowing only qualitative synthesis with descriptive
statistics. However, our study highlighted the major
challenges of modern radiomics and the direction of future
research in this area.

CONCLUSION

Radiomics is a rapidly evolving modern medicine area.
Studies increasingly used radiomics analysis. Our findings
revealed that major challenges in this area preventing the wide
clinical use of this promising method include low transparency
of studies and the absence of open-access databases
and standardized approaches to radiomics studies. The
fundamental objective of radiomics development is to adopt
accepted standards for image acquisition and processing, as
well as modeling strategies. Assessment tools for the risk of
bias should be used during studies, such as QUADAS-2 or its
versions modified for specific tasks, and recommendations
should be considered for reducing these risks. Free access to
radiomics data should be enabled, similarly to genetic studies.
A set of robust radiomic parameters should be developed to
use this method in clinical practice. The IBSI platform is an
effective solution for the standardization of radiomics data and
its open-access publication.
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