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AHHOTALIMA

06ocHoBaHMe. AHanM3 faHHbIX MarHUTHO-PE30HaHCHOM ToMorpadum SBNAETCA OCHOBHLIM METOAOM AN NPeAonepaLoHHO
b depeHUManbHoN AMarHOCTUKM NePBUYHBIX BHEMO3roBbIX onyxoneit. OAHaKo TOYHOE MX pasrpaHuyeHmMe TOSIbKO Ha OCHOBE
BM3YaJIbHOW OLLEHKM 3TUX LaHHBIX MOXET ObITb 3aTPyAHUTENBHO.

PagnoMuKa — 3T0 KONMYECTBEHHBIN MOAXO[, K aHanK3y AaHHbIX MeAULIMHCKUX M306paeHuid, N03BONSIOLLMIA BbISIBUTb B3aU-
MOCBS3b [aHHbIX BU3yanu3auuu ¢ GeHOTUNMYECKUMM U FEHOTUMMYECKUMU 0COBEHHOCTAMM ONYXOen.

PaHee B psage aHanuTU4ecknx nybnmkauuii npoBoaMnoch 0606LeHe pesynbTaToB MCCIeL0BaHWM, NOCBALLEHHBIX andde-
PeHUManbHON AMarHOCTUKE MEPBUYHBIX BHEMO3rOBbIX OMYXOSEM Ha OCHOBE MPUHLMMOB PafMOMMKMW. BbicTpoe HakonneHue
HOBBIX K/IMHUYECKUX MPUMEPOB U yBENMUEHME KONMYeCcTBa UCCef0BaHMA No AaHHoOK npobneme obycnaenmsaloT Heobxoam-
MOCTb MX AaNbHENLLIEero aHanm3a u cucTeMaTm3aumi, YTo 1 NOCIYXUN0 OCHOBAHWEM AfS BbINOHEHUs HacTosLel paboThl.
Llenb — cuctemMaTuanpoBaTh CyLIeCTBYIOLIME JaHHbIE O BO3MOXHOCTAX PagMOMUKK Ans auddepeHUmManbHoM AMarHoCTUKK
MepBUYHBIX BHEMO3rOBbIX OMYXO/EN.

Marepuansl U Metoabl. [lpoBefeHbl NOUCK W aHaNW3 NyBNAMKaLMIA Ha PYCCKOM W aHINIMACKOM A3blKax 3a Noc/efHue NsTb
ner. Mouck ocywectsnsnca B cuctemax PubMed/Medline, Google Scholar u eLibrary. B okoHuaTenbHbIi aHanu3 BKIOYEHO
19 nybnmnkaumi, kacarowmxcs auddepeHUManbHoN AMArHOCTUKM NEPBUYHBIX BHEMO3IOBbIX OMYX0/€e, B KOTOPbIX 6blan npu-
BeeHbl paAvMoMMYecKue NpU3HaKK, UCMOMb30BaHHbIE Ans AuddepeHLManbHoN AMarHoCTUKY HOBOObpa3oBaHMid.
Pe3synbtathl. Bo Bcex uccnegoBaHusx 6bi1o NoKasaHo Hanmume B3aUMOCBA3W MEXAY PafMOMUYECKVUMM napaMeTpamu (Tek-
CTYPHBIMW U TUCTOrPaMMHBIMM) M TUNOM onyxonn. IddeKTUBHOCTb anddepeHLManbHOM AUarHOCTUKM ONyXonen pagmoMuye-
CKUMM MoJensiMu npeBocxoamna 3QQeKTUBHOCTb KiaccubMKaLmm HOBOOOPa30BaHWIA PEHTTEHOMOraMy.

Hanbonee yacTo ncnonb3oBanuchb ClepyroLmMe anropuTMel As CO3aHUA MaTeMaTMYeCHKUX MoAeNnelt KnaccuduKaumm ony-
X0nen Ha 0CHOBE PaMOMMYECKMX MapaMeTpOB: METOZ, OMOPHbIX BEKTOPOB, NOMUCTUYECKAs perpeccus, cnyyaiHblii nec. Meto-
Abl OMOPHbLIX BEKTOPOB M JIOMUCTUYECKON perpeccun NpoLeMOHCTPUPOBanK Niyyiume 1 bonee cTabunbHble pe3ynbTathbl.
3akuitoyeHme. Mcnonb3oBaHue KOHLENUUW PaMOMUKK NOKa3biBaeT MHOroobellaoLime pesynbTaTthl B AuddepeHumanbHom
LMarHoCTUKe MepBUMYHBIX BHEMO3roBbIX Onyxonei. [lanbHeillee pa3BuUTMe 3TOTO HampaBneHus TpebyeT cTaHAapTM3aLuu
KaK MEeTO/10B CEerMeHTaLyu, Tak 1 Habopa npM3HaKoB, a Takke IPHeKTUBHOrO MeTola MaTeEMaTUYECKOr0 MOZLENIMPOBaHMUS.

KnioueBble cnoBa: nepBuMyHble BHEMO3roBble 0MyX0Jn; MarHUTHO-PE30HAHCHAaA TOMOFpaCbVIFI; MEHWHTUOMBbI; PaAUOMUKa;
VIHCI)OpMaLWIOHHbIe TeXHOJI0rnn.
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Magnetic resonance imaging for the differential
diagnosis of primary extra-axial brain tumors:
a review of radiomic studies
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ABSTRACT

BACKGROUND: The analysis of magnetic resonance imaging data is considered the main method for the preoperative differential
diagnosis of primary extra-axial tumors. However, the exact distinction of different primary extra-axial tumors based only on
visual rating can be challenging. Radiomics is a quantitative method of analyzing medical image data, which allows us to
understand and observe the connection between visual data and phenotypic and genotypic features of tumors. Earlier, several
publications presented generalized results of research aimed at the differential diagnosis of primary extra-axial tumors based
on the principles of radiomics. Fast accumulation of new clinical cases and increasing of the amounts of research on these
cases demonstrate the need for their further analysis and systematization, which has led to this review.

AIM: To conduct a systematic analysis of existing data on radiomics potential for the differential diagnosis of primary extra-
axial tumors.

MATERIALS AND METHODS: The search for publications over the past 5 years in Russian and English was conducted in
PubMed/Medline, Google Scholar, and eLibrary databases. The final analysis included 19 papers on the differential diagnosis
of extra-axial tumors. The included publications provided radiomic features used for the differential diagnosis of neoplasms.
RESULTS: All studies demonstrated the existence of a connection between radiomic parameters (textural and histogram) and
tumor type. The effectiveness of tumor differential diagnostics with radiomic models exceeded the neoplasm classification
made by radiologists. The most frequently used algorithms for creating mathematical models of tumor classification based on
radiomic parameters were the reference vector method, logistic regression, and random forest.

CONCLUSION: The use of the radiomic concept shows promising results in the differential diagnosis of primary extra-axial
tumors. Further development in this area demands the standardization of both the segmentation method and the set of features
and an effective method of mathematics modeling.

Keywords: primary extra-axial brain tumors; magnetic resonance imaging; meningiomas; radiomics; information technology.
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BACKGROUND

Preoperative differential diagnosis of primary extra-axial
brain tumors (PEABTS) is based on the analysis of magnetic
resonance imaging (MRI) semiotics, which most commonly
includes a standard set of weighted images (WI), such as
T2-WI, T1-WI, FLAIR, diffusion-weighted imaging (DWI), and
contrast-enhanced T1-WI (T1-CE) [1-3].

PEABTSs include both benign and malignant neoplasms of
the meninges (meningiomas and mesenchymal tumors) and
cranial nerves (neurinomas) [4].

The MRI semiotics of PEABTSs have been studied in detail
and described in established guidelines; however, atypical
MRI patterns can complicate the differential diagnosis of
tumors based on visual assessment alone [5,6]. Incorrect
tumor type determination can result in incorrect treatment
[1,2,7,8]. The most common difficulties are differentiating
meningiomas of various grades, distinguishing solitary
fibrous tumors from meningiomas, and localizing PEABTSs in
cerebellopontine angles [9-12].

Radiomics is a quantitative approach to medical image
analysis and aims to identify the relationship between the
digital characteristics of a diagnostic image and phenotypic
and genotypic characteristics of a tumor [13].

Radiomics involves extracting quantitative features from
images to provide an objective description of an imaging
phenotype and determine the relationship between radiomic
and genetic, molecular, and clinical features of tumors [14]. To
extract quantitative parameters from images, morphometric,
histogram, and texture analysis of segmented areas of
interest is performed. Histogram and texture features reflect
structural features not detectable visually [15]. In radiomics
studies, various mathematical modeling and deep learning
methods are used. The resulting differential diagnostic and

Original
image

Segmentation

Vol. 4 (4) 2023

Image preprocessing
(filtering, normalization)
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prognostic models should be validated using an independent
sample. Radiomics may be a powerful tool in clinical
decision-making [16]. Figure 1 shows the steps of radiomic
analysis.

Some analytical publications have summarized previous
studies on radiomics-based differential diagnosis of PEABTs
[13, 17]. The rapid accumulation of new clinical cases and
increase in the number of studies related to this problem
require further analysis and systematization, and thus, is the
basis of the present study.

MATERIALS AND METHODS

A systematic review for the last 5 years was conducted
according to PRISMA (Preferred Reporting ltems for
Systematic Reviews and Meta-Analyses Protocols, 2009).

PubMed/MEDLINE, Google Scholar, and eLibrary
databases were searched for scientific articles from the last
5 years using the following keywords: MRI, meningioma,
neuroma, schwannoma, solitary fibrous tumor, radiomics,
texture, MPT, MeHMHIMOMa, HEBPUHOMA, LUBAHHOMA, COSU-
TapHas ¢p1bpo3Has onyxosb, PaAMOMMKA, TEKCTYpa.

Articles with abstracts unrelated to the differential
diagnosis of PEABTs were excluded, as well as those without
a description in text of radiomic features in the differential
diagnosis of tumors.

Finally, 19 publications were included in the review.
Figure 2 shows the design of the current study.

Estimated parameters

As part of the systematic review, the following parameters
were assessed in the selection of publications:

« Diagnostic task

+ Number of patients

Model validation

Sensiuty

Morphometry

Fig. 1. Radiomic analysis stages.

Histogram analysis Texture analysis ‘
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Fig. 2. Research design.

+ Method of tumor segmentation

« Wl types

« Significant differential diagnostic features

+ Mathematical models used

» Validating the mathematical models used to classify
tumors

This review included data from original clinical trials.

RESULTS

Several studies have investigated the effectiveness
of radiomic features of MRI images in the differential
diagnosis of PEABTS. In total, 121 studies published in the
last 5 years were found in PubMed/MEDLINE and Google
Scholar for the search query “meningioma or neuroma
or schwannoma or solitary fibrous tumor) + (texture or
radiomic) + MRL." For queries with different combinations
of the words “MRI, meningioma, neuroma, schwannoma,
solitary fibrous tumor, radiomics, and texture,” only one
publication was found in eLibrary. After analyzing the
publications, 19 articles in English and Russian were
included in the review.

Table 1 shows the characteristics of the selected articles
according to research design.

DOl https://doiorg/10.17816/DBD569149
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DISCUSSION
Differential diagnosis

Twelve studies were found to have investigated the
differential diagnosis of benign and malignant meningiomas.
The differential diagnosis of meningiomas and solitary fibrous
tumors was evaluated in four studies, and the differentiation
between meningioma and hemangioma/craniopharyngioma/
neurinoma was examined in one study.

Most studies have discussed a “binary” classification
between two types of PEABTs [18,19,22-32,34,35]. Given
the similar semiotics of all PEABTs, models capable of
performing multiclass rather than binary classification
between two prespecified tumor types have an advantage for
clinical use. However, only four studies have distinguished
between three or more types of PEABTs [20,21,33,36].

Comparison of the effectiveness of tumor
classification by visual assessment and models
based on mri semiotics or radiomic parameters
Two studies have compared the effectiveness of tumor
classification between radiologists and radiomics models
[20,30]. In these studies, the tumor type was determined by
a radiologist based on the MRI image, without mathematical
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modeling based on visual features. The use of radiomics
models was advantageous, with an accuracy of 10%—17%.

Five studies have compared the accuracy of tumor
classification between models based on MRI semiotics and
radiomics features [20,23,32,33,36]. In these studies, the
visual semiotic features were systematized and stratified.
Based on these features, mathematical models may be
developed.

The use of mathematical semiotic models for tumor
classification may be more advantageous over the
radiologist’s opinion because a radiologist’s differential
diagnosis is largely based on experience and subjective.
Moreover, systematizing and integrating the evaluation of
MRI semiotic features increases their information value.

Differentiating tumors using models based on radiomic
parameters was significantly superior to classifying tumors
by radiologists, and their information value was higher than
that of semiotic models.

The most valuable studies are those that compare the
information value of radiomics models with the results of
visual assessment of MRI semiotics. Furthermore, the ability
to automate image analysis for computer decision support
systems remains an advantage of the radiomics approach.

Patient sample size and model validation

Most studies have included relatively small numbers of
patients:

» <100 patients: 6 publications [19,24,27,30,35,36],

+ 100-200 patients: 7 publications [18,20-22,28,31,34],

» 200-300 patients: 4 publications [25,29,32,33],

+ >300 patients: 2 publications [23,26].

Larger samples are typical for differential diagnosis
studies of meningiomas. The small sample size may be
because of the unequal prevalence of the different types of
PEABTs. Most PEABTs (> 80%) are benign meningiomas, and
other tumors are rare [4], making it challenging to select a
large patient population.

Validation was completed in 84.2% of the trials. In most
studies, the validated group comprised approximately one-
third of the total enrolled patients. Note that the clinical
significance of differential diagnostic models is reduced by
the lack of testing of model performance on the validation
set.

Tumor segmentation

Segmenting the tumor is the first and fundamental
step in radiomics analysis [14]. To avoid distortion of
radiomic features and ensure reproducibility of results,
the segmentation technique should accurately distinguish
neoplastic tissue from brain matter and peripheral edema.

Most PEABTSs are characterized by a marked increase in
MRI signal intensity on T1-WI after contrast administration,
whereas the isointense and hypointense MRI signals of
adjacent structures are preserved [9]. This feature is the
basis for the sharp difference in brightness between the
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contrasted tumor and adjacent structures and accuracy of
tumor margin visualization. Most studies included in the
review (63.2%) have performed segmentation specifically on
contrast-enhanced T1-WI [18,21-28,30,33,36].

The segmentation method affects the final simulation
result. The automatic and semiautomatic methods have
a higher reproducibility than the manual methods in the
determination of tumor boundaries [37]. In the presented
studies, less preferred manual segmentation was most
common [18-20,22,23,27-29,31-33]. Only five studies have
used automated or semiautomated methods [18,19,26,27,36].

Significant radiomic features

A feature of radiomics studies is the presence of a
sufficiently large initial set of parameters, and the most
informative parameters are selected to solve the problem.
Histogram and texture parameters of tumors are the most
informative radiomic features for the differential diagnosis
of PEABTs.

The power of radiomics models for the differential
diagnosis of PEABTSs is increased by expanding the set of
radiomic parameters to include different WI types. Seven
studies have compared models based on the radiomic
parameters of one WI type with models that included the
features of different Wl types [19,25,28,29,31-33]. In six of
these studies, the advantage of the latter was demonstrated
based on a comparison of the information values of the tests
[19,25,29,31-33]. One study has revealed the poor results of
weight combination models [28].

In comparing the two combined models, Hu et al. [26]
have shown that a model containing an extended spectrum of
weights (T2-WI, T1-WI, T1-CE, apparent diffusion coefficient
[ADC] map, susceptibility weighted imaging [SWI]) was slightly
superior to a model based on T2-WI, T1-WI, and T1-CE.

The advantage of models using several types of weights
is their ability to reflect different aspects of the tumor. For
example, T2-WI and T1-WI reflect the degree of hydration
(amount of fluid) in the tumor, T1-CE reflects the permeability
of the blood-brain barrier, DWI and ADC reflect the cellularity
of the tumor, and SWI is sensitive to hemorrhage and
fossilization. Therefore, integrating the parameters within
the model allows a more complete representation of the
morphological characteristics and better results.

The shape parameter values were limited. The information
value of these parameters was evaluated in ten studies [21-
23,26-28,31-33,35]. Shape parameters were informative
in studies that have performed modeling based on one WI
type [21-23,27,28,35]. Three studies [31-33] have shown
that shape parameters are uninformative when constructing
models that include multiple WI types. In a study by Hu et al.
[26], shape parameters were informative and were included
in the modeling; however, their proportion was not large
compared with that of histogram and texture parameters (the
model included 17 histogram and texture parameters and 3
morphometric parameters).
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Mathematical modeling methods

In the presented studies, various mathematical modeling
methods were used to create models. The most common
algorithms were as follows:

« Support vector machine

[18,21,22,25,28,30,32,33,35],

+ Logistic regression (LR): 10 studies [19,24,27-29,31-

35],

+ Random forest (RF): é studies [18,23,26,28,33,35].

Three studies [18,28,33] have analyzed the results of
tumor classification using models based on these methods
and showed conflicting results. In a study by Park et al. [18]
(RF and SVM) and in another by Wei et al. [33] (LR, RF, SVM),
the methods showed a comparable level of information
value. However, in a study by Han et al. [28], the results
varied significantly according to the modeling technique (one
of the information value parameters of the test, area under
the curve (AUC), varied from 0.628 to 0.922), whereas the
SVM showed more stable results.

Among all modeling methods, the best information value
parameters were demonstrated by LR [27] and SVM [35],
wherein the AUC was 0.95.

(SVM): 9 studies

CONCLUSION

The use of radiomics approach shows promising results
in the differential diagnosis of PEABTSs. Additionally, clinical
practice implementation requires greater methodological
rigor in the conduct of radiomics studies, including mandatory
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