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Abstract. Objective: To substantiate the role of morphological magnetic resonance
imaging (m-MRI) features in hybrid morpho-radiomic models for the diagnosis of lympho-
vascular invasion (LVI) in malignant breast neoplasms and to develop a prototype of an
explainable clinical decision support system (CDSS) based on naive Bayes nomograms with
integrated SHAP analysis.

Materials and Methods: Data from 191 patients were analyzed: 13 m-MRI features and
12,390 radiomic (r-MRI) features extracted from the entire tumor volume (VOI®***®) and
peritumoral tissues (VOIT2 ™™). The target variable was LVI. Predictor selection was
performed via discretization using the Entropy-MDL method; classification was conducted
using a naive Bayes algorithm with Laplace smoothing (o = 1). The CDSS prototype was
implemented as a standalone single-page HTML application with integrated log-likelihood
ratio and SHAP value calculation.

Results: Two radiomic naive Bayes (NB) models were developed: NB_VOI°»ti®
(AUC=0.837) and NB_ VOI2? ™™ (AUC-ROC=0.887). Multivariate logistic regression
showed that peritumoral edema increased the odds of LVI by 5.66 times (OR 5.66, 95% CI:
2.27-14.94, p<0.001), and the tumor rim sign on DWI increased the odds by 4.05 times (OR
4.05, 95% CI: 1.63-10.47, p=0.003). Incorporating these m-MRI features into hybrid models
significantly improved the AUC-ROC: an absolute increase of 7.6 percentage points (p=0.008)
for the intratumoral model and 5.3 percentage points (p=0.049) for the extratumoral model.

Conclusion: The CDSS prototype implements the concept of explainable personalized
diagnostics by combining naive Bayes nomograms with SHAP analysis. Incorporating m-MRI
features of peritumoral edema and the DWI tumor rim sign into radiomic signatures is not
merely supplementary but serves as a structural, framework-defining element that ensures the
clinical robustness of the diagnostics. (Linked article texts in English and in Russian).

Key words and phrases: clinical decision support system, explainable artificial intelligence,
lymphovascular invasion, invasive malignant breast neoplasm, radiomics, naive Bayes,
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Introduction

Malignant breast neoplasms (MBN) are the most frequently diagnosed
cancer in women, with 300,590 new cases registered in the United States
in 2023 (15.4% of all cancers) [1]. The high mortality rate associated with
MBN is primarily driven by metastatic spread [2-5].

Lymphovascular invasion (LVI)—the presence of tumor cells within
lymphatic or blood vessels in the peritumoral region —is an independent
predictor of reduced survival [6-8] and a critical risk-stratification factor
in patients with invasive breast cancer [9—-11]. Decisions regarding
neoadjuvant chemotherapy in patients with HR+/HER2- tumors are
heavily guided by LVI status [12]. However, preoperative core needle
biopsy does not always provide reliable LVI diagnostics [13—-16], which
underscores the need for non-invasive diagnostic methods.

Radiomics, an advanced field of quantitative digital medical image
analysis, enables the identification of subvisual patterns of tumor hetero-
geneity [17-22]. Hybrid models that combine qualitative m-MRI features
(such as peritumoral edema, the DWI rim sign, and axillary lymph node
status) with quantitative radiomic features have demonstrated higher LVI
diagnostic performance compared to models using radiomics alone [23-28].

A significant challenge in medical informatics is the development
of CDSSs that pair high classification accuracy with explainability — the
ability to provide clinicians with reasoned justifications for decisions.
This is particularly crucial in oncology, where classification outcomes
dictate the radicality of surgical intervention and the strategy of systemic
therapy. Tightening regulatory requirements for explainable Al in high-risk
domains (including the EU AI Act [Regulation (EU) 2024/1689]) makes the
development of explainable software systems a top priority.

The objective of this study is to substantiate the clinical role of morpho-
logical MRI features in hybrid morpho-radiomic models for LVI diagnosis
in MBN and to develop a prototype of an explainable CDSS based on naive
Bayes nomograms with integrated SHAP analysis.

Scientific Novelty:
1. Software implementation of a multiscale, multiparametric MRI data
analysis pipeline unified within a single diagnostic workflow;

2. Application of Entropy-MDL discretization for predictor selection
instead of traditional L2-regularized logistic regression;
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3. Integration of naive Bayes nomograms with SHAP analysis to provide
local explanation of decisions at the level of individual patients.

1. Methodology
1.1. Study design and dataset

An open dataset of 191 patients with histologically verified invasive
MBN was used (https://github.com/Liuhaibo521/LVI-Dataset). The
cohort included 146 patients without LVI (76.4%) and 45 with LVI (23.6%).
Data were collected retrospectively from January 2019 to July 2023 across
two medical centers [29]. Inclusion criteria: preoperative contrast-enhanced
breast MRI; histological confirmation of LVI status; no prior therapy or
surgeries.

Breast MRI was performed on a 1.5 T MAGNETOM Aera scanner
(Siemens AG, Germany) using an 18-channel surface coil. Two radiologists
with 7 and 15 years of experience independently evaluated the images;
discrepancies were resolved by consensus.

1.2. Feature extraction

Morphological MRI features: Thirteen m-MRI features were analyzed:
tumor localization, dynamic contrast enhancement (DCE) curve type,
fibroglandular tissue density, background parenchymal enhancement,
intratumoral high signal intensity, peritumoral edema, subcutaneous edema,
intratumoral necrosis, internal enhancement pattern, adjacent vessel sign,
increased ipsilateral vascularity, axillary lymphadenopathy, and the tumor
rim sign on diffusion-weighted imaging (DWT).

Radiomic features: A total of 12,390 radiomic features were extracted
from 5 MRI sequences (T1-weighted, T2-weighted, DWI, ADC, and DCE)
across 2 region-of-interest segmentation volumes— entire tumor volume
(VOI®tire) and peritumoral tissue (VOIT2 ™™) — using the PyRadiomics
3.1.0 library [30]. Laplacian of Gaussian (LoG, with ¢ = 2-5 mm) and
wavelet transform filters were applied.

The training (n = 134) and test (n = 57) sets were randomly generated,
stratified by the target variable (LVI) at a 7:3 ratio. There were no
statistically significant differences in the distribution of clinical and m-MRI
features between the subsets (p > 0.05).
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1.3. Software processing pipeline

The data processing pipeline comprised the following stages:

Importing DICOM MRI data.

Semi-automatic tumor segmentation using 3D Slicer 4.6.
Extracting radiomic features via PyRadiomics.

Performing Entropy-MDL discretization (converting continuous
variables into ordinal categories with minimal information loss).
Validating predictors using the x? test (p < 0.01).

6. Model training using the naive Bayes algorithm within the Orange
3.37.0 software environment.

7. Model optimization by removing highly correlated (r > 0.7) and
low-information variables.

8. SHAP validation on the test dataset.

9. Performance validation on the test set, calculating: AUC-ROC,
sensitivity (Sens), specificity (Spec), classification accuracy (AC),
positive predictive value (PPV), and negative predictive value (NPV)
[31].

10. Comparing models using the DeLong test for AUC-ROC and the y?
test for Sens, Spec, AC, PPV, and NPV.

Ll

ot

1.4. Naive bayes algorithm with nomograms

The selection of the naive Bayes classifier was driven by its specific
advantages for CDSS engineering:
« High interpretability (the individual contribution of each feature is
represented as a log-likelihood ratio, log-LR);
« Direct capability to generate nomograms;
» Robustness to small sample sizes and class imbalances;
» Exceptional efficiency when working with discretized features.

In a naive Bayes nomogram, each feature is plotted against a log-LR
axis representing its weight on a logarithmic scale. These are compiled into
a final sum scale (3 log-odds) mapped to the corresponding posterior
probability.

1.5. Explainability via Shapley Values (SHAP)

For each patient, the individual contribution of each feature was
computed using the SHAP (SHapley Additive exPlanations) framework.
SHAP measures the absolute magnitude of a feature’s influence on the
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classification decision, independent of its direction (in favor of LVI+ or
LVI-), enabling clinicians to:

+ Identify the baseline (population-average) probability of LVI;

» Observe individual probability deviations for a specific patient;

« Comprehend which specific features drive the diagnostic decision;
« Prioritize features for targeted expert quality control.

1.6. CDSS Architecture

The CDSS prototype was developed as a single-page HTML web
application designed to run locally and offline without requiring a dedicated
server infrastructure. The software architecture consists of the following
modules:

» Data Module: Hosts the dataset of 191 patients (134 training + 57
testing).

« Classification Module: Runs two parallel models— intratumoral
(NB_ VOI®"ire) and extratumoral (NB_ VOI "2 mm),

» Nomogram Module: Visualizes feature contributions using log-LR.

« SHAP Module: Ranks features based on their individual Shapley
values.

« Interface Module: Facilitates interactive patient selection, visualizes
results, and exports diagnostic reports.

1.7. CDSS Interface Parameter Mapping

The combination of parameters presented in the user interface forms
a coherent interpretability framework where each element serves a distinct
clinical purpose (Table 1).

The critical difference between the last two parameters is that log-LR
conveys the direction of the impact (supporting LVI+ or LVI-), whereas
SHAP represents the absolute magnitude of the impact. Using them
in tandem prevents conflicting interpretations and provides comprehensive
explainability.

1.8. Statistical Analysis

Statistical analysis was performed using Jamovi 2.5.7.0. Univariate and
multivariate logistic regressions were run to calculate odds ratios (OR) and
95% confidence intervals (CI). Cross-tabulation was validated with the
x? test, and AUC comparisons were conducted using the DeLong test.
Differences were considered statistically significant at p < 0.05.
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TaABLE 1. CDSS interface metrics and their clinical purpose

Parameter Content Clinical Purpose

AUC, AC, Sens, Quality metrics of the Evaluating overall system trust
Spec, PPV, NPV model on the test cohort at the population level

Logarithm of LVI

background odds (baseline Calibrated starting point

log-prior-odds

(—1.220) prevalence of 23.6%) for clinical reasoning

log-LR Log-likelihood ratio Direction and strength of each

for each feature  (with directional sign) individual feature’s contribution

3 log-LR Sum of all feature Final cumulative «weight

/ 3 log-ods contributions of evidence»

Nomogram Visual representation Step-by-step explanation

(green/red) of feature weights of decision logic

P(LVI4) Posterior probability Final clinical diagnostic output

E(El?l}i)bution Absolute significance Prioritizing the clinician’s attention
of the feature for quality control

(% and score)

2. Results
2.1. Phase 1. Radiomic Models for LVI Diagnosis

The first model, NB_ VOI®®*¢ includes a radiomic signature (RS;)
consisting of 8 intratumoral (VOI®**¢) r-MRI features. Using Entropy-
MDL discretization, thresholds were set to distinguish LVI presence from
absence. In the LVI+ group, elevated values were more frequently observed
for wavelet-HHH _glrlm _RunVariance_ T2 (> —0.579, 87 vs 54%, p < 0.0001),
wavelet-HHL glem Imcl_DCE (> —0.216, 100 vs 83%, p = 0.006), while
decreased values were more common for wavelet-HLH _firstorder Mean T1
(< 1.703, 62 vs 13%, p < 0.0001), wavelet-LLL glszm ZonePercentage T2
(< 0.917, 80 vs 38%, p < 0.0001), log-sigma-5-mm-3D _gldm SmallDependence-
LowGrayLevelEmphasis ADC (< 0.002, 100 vs 79%, p = 0.004), wavelet-HHL -
gldm _SmallDependenceLowGrayLevelEmphasis_ DWI (< 0.004, 100 vs 86%,
p = 0.006), wavelet-HHL glem MCC_DCE (< 0.603, 100 vs 86%, p = 0.005),
log-sigma-5-mm-3D_gldm _SmallDependenceLowGrayLevelEmphasis_ T2 (< 0.002,
100 vs 83%, p = 0.005).

The second model, NB_ VOI*2 ™™ comprises a radiomic signature
(RS2) of 6 extratumoral (VOI"2 ™) r-MRI features. In the LVI+ group,
elevated values were more frequent for wavelet-HLL glcm _JointEntropy T2
(> 11.11, 100 vs 82.2%, p = 0.005), log-sigma-3-mm-3D_gldm Dependence-
Entropy ADC (> 7.51896, 100 vs 82.9%, p < 0.0001), and decreased values
for log-sigma-3-mm-3D_ firstorder Kurtosis_ DCE (< 2.88053, 96 vs 67%,
p < 0.0001), wavelet-LLL glem Autocorrelation T1 (< 57998.3, 71 vs 37%,
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p < 0.0001), original _ngtdm_Coarseness_ ADC (< 0.00791458, 100 vs 81%,
p = 0.003), wavelet-HHH _glszm SmallAreaEmphasis_ ADC (< 3.345¢ — 07, 11
vs 0%, p < 0.0001).

The validity of these radiomic features was verified through double
validation using x? and SHAP values. The discriminatory power of the base
radiomic models (Table 2) showed no statistically significant differences in
pairwise DeLong tests (p > 0.05).

2.2. Phase 2. Morphological MRI Predictors of LVI

Among the 13 m-MRI features evaluated, two showed a strong
univariate association with LVI. In patients with LVI+ status, the following
were observed significantly more often:

« Peritumoral edema: 64.4% vs. 22.6% (p < 0.001);

« DWI rim sign: 53.3% vs. 17.1% (p < 0.001);

« Adjacent vessel sign: 77.8% vs. 58.2% (p = 0.02);

« Axillary lymphadenopathy: 77.8% vs. 58.2% (p = 0.03).

Multivariate logistic regression revealed that only peritumoral edema

(OR 5.66; 95% CI: 2.27-14.94; p < 0.001) and the DWI rim sign (OR 4.05;
95% CI: 1.63-10.47; p = 0.003) remained independent predictors of LVI.

2.3. Phase 3. Hybrid Morpho-Radiomic Models

Integrating these two independent m-MRI features significantly boosted
the diagnostic performance of both classifiers (Table 2):
« Hybrid Model 1 (NB_ VOI®"i*¢) improved by 7.6 p.p.
(AUC 0.913 vs. 0.837, p = 0.008);

« Hybrid Model 2 (NB_ VOI*2 mm) improved by 5.3 p.p.
(AUC 0.940 vs. 0.887, p = 0.049).

TABLE 2. Performance and confusion matrix metrics of the
four naive Bayes LVI diagnostic models

Model AUC AC Sens Spec NPV PPV
NB_ VOIentire 0.837 £0.069 0.807 0.807 0.845 0.786 0.867
NB_VOIe®tire tom MR 0.91340.052 0.789 0.789 0.839 0.762  0.867
NB_VOIT2mm 0.887 +£0.043 0.860 0.860 0.821 0.881 0.800

NB_VOIf2mm o MR 0.940 +0.051 0.895 0.895 0.834 0.929 0.800

The contribution of MR features and indicators to the increase in the
area under the ROC curve by hybrid models is presented (Figure 1):
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TlepnTyMOpaTBHBIH OTEK
wavelet-HHL_glem_Imcl_DCE
wavelet-LLL,_glszm_ZonePercentage_T2
wavelet-HHH_glrlm_RunVariance_T2
wavelet-HHL_glem_MCC_DCE

wavelet-HHL_gldm_SmallDependenceLowGrayL is_ DWI

log-sigma-5-mm-3D_gldm_SmallD d LowGrayL. is_T2

DWI npusnax oGoaxa

log-sigma-5-mm-3D_gldm_SmallD .owGrayLi is ADC

wavelet-HLH_firstorder_Mean_T1

0.01 0.02 0.03 0.04 0.05 0.06
Decrease in AUC

(a) NB_VOI®™e + 2 m-MRI
ITepuTyMOpanbHBIA OTEK
log-sigma-3-mm-3D_firstorder_Kurtosis DCE
wavelet-HLL _glcm_JointEntropy_ T2
original_ngtdm_Coarseness_ ADC
wavelet-LLL_glcm_Autocorrelation_T1
log-sigma-3-mm-3D_gldm_DependenceEntropy_ADC
wavelet-HHH_glszm_SmallAreaEmphasis_ ADC

DWI rim sign

0.01 0.02 0.03 004 005 0.06 0.07
Decrease in AUC

(b) NB_VOI™2™™ | 2 m-MRI

Ficure 1. Contribution of morphological MRI features to the
increase in AUC-ROC for the hybrid models
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In Hybrid Model 1 (NB_ VOI®"ir®) peritumoral edema accounted for a
dominant 26% of the contribution to the AUC increase, while the DWI rim
sign had a minor 6% share (Figure 1). In Hybrid Model 2 (NB_ VOI "2 mm)
peritumoral edema contributed 17% to the AUC expansion.

The Diagnostic Odds Ratio (DOR), calculated via univariate logistic
regression of predicted probabilities against true LVI status, increased from
logDOR 4.44 (base RS;) to 5.64 (hybrid Model 1), and from 6.49 (base
RS2) to 7.48 (hybrid Model 2). This translates to a 3.3-fold and 2.7-fold
increase in actual DOR, respectively (Table 3).

TaBLE 3. Diagnostic Odds Ratio (DOR) calculated via
univariate logistic regression of predicted probabilities for the
four models

‘Weight .

Model (log-OR) SE V4 P Odds Ratio (95% CI)
N]37VOICMirD 4.44 1.25 3.55 <0.001 84.88 (9.30-1421.56)
NB_VOI*™**® {9 m MRI  5.64 145 3.88 <0.001  280.93 (24.07-8811.12)
NB_VOIJrzmm 6.49 1.61 4.02 <0.001 656.26 (27.78-15501.53)
NB_VOIJr2 mm2m-MRI  7.48 1.97 3.79 <0.001 1768.07 (37.06-84335.82)

Thus, incorporating peritumoral edema and the DWI tumor rim sign
into radiomic signatures significantly improved the models’ ability to
classify LVI presence or absence without compromising classification
accuracy or performance metrics.

2.4. Clinical Decision Support System Prototype

The "Morpho-radiomic diagnostics of LVI in MBN" CDSS prototype
was developed as an offline-capable single-page HTML application (Figure 2).
The user interface is structured into two parallel panels:

« Model 1 (Intratumoral — NB_ VOI®tire): AUC=0.913, AC=0.789,
Sens=0.789, Spec=0.839, PPV=0.867;

« Model 2 (Extratumoral —NB_VOI "2 mm): AUC=0.940, AC=0.895,
Sens=0.895, Spec=0.834, PPV=0.800.
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Each diagnostic panel presents:

(1) Performance metrics (AUC, AC, Sens, Spec, NPV, PPV);

(2) Input parameters displaying Entropy-MDL threshold ranges alongside
the active patient’s feature values;

(3) Diagnostic summary — posterior probabilities P(LVI+) and P(LVI-),
log-prior-odds, and cumulative log-odds;

(4) A feature log-likelihood table showing P(x|+), P(x|-), and log-LR
values for every radiomic and morphological parameter;

(5) An interactive naive Bayes nomogram mapping log-odds contributions
(green bars indicating LVI+ evidence, red bars indicating LVI-
evidence);

(6) SHAP feature importance plot showing normalized score distributions.

System controls allow the user to:

 Step through preloaded patient cases sequentially;

+ Pick a random patient from the database (n = 191, divided into 134
training and 57 testing cases);

» Generate and download a PDF medical report;

» Recalculate predictions in real-time when adjusting parameter inputs.

2.5. Clinical Example: CDSS Verification

Case History. Patient ID 201 (from the test cohort) presented with
histologically confirmed invasive MBN. The reference pathological report
confirmed lymphovascular invasion (LVI+ status).

Expert review of preoperative MRI scans identified both critical
m-MRI predictors: peritumoral edema (high T2-weighted signal in the
surrounding breast tissue) and the DWI tumor rim sign.

The CDSS prototype was evaluated in two scenarios:

+ Scenario 1: m-MRI features set to «Detected» (representing the
correct clinical assessment) — Figure 3 and Figure 4;

+ Scenario 2: m-MRI features set to «Not Detected» (simulating a
scenario where a radiologist fails to identify these visual patterns)—
Figure 5 and Figure 6.
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identified (Scenario 1); intratumoral model
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Quantitative Comparison. The diagnostic outputs for both scenarios
are summarized in Table 4.

TABLE 4. Quantitative LVI diagnostic output for Patient ID
201 across both test scenarios

Model Scenario A Scenario B A P(LVI+4)

Intratumoral
(5 log-odds) +2.862 ~0.005 —
Intratumoral 49.9%

94.6% (LVI —44.7 p.p.
(P(LVI+)) 0 (LVI+) (Uncertainty) pp
Extratumoral
(5 log-odds) +1.745 —1.122 —
Extratumoral g5 10 (1n11)  24.6% (False Neg.) — —60.5 p.p
(P(LVI+)) ’ ' ' R

“Detected” in Scenario 1,

Note: m-MRI features are {“Not Detected” in Scenario 2.

In Scenario A, both models correctly and confidently identified the
patient’s LVI4 status. In Scenario B, when the m-MRI features were
marked as absent, the intratumoral model collapsed into complete clinical
uncertainty (P=49.9%, with the cumulative ¥ log-odds dropping nearly to
zero at —0.005). Meanwhile, the extratumoral model inverted its prediction
entirely, producing a false-negative result (P=24.6%).

Notably, this 24.6% probability is nearly identical to the baseline
epidemiological prevalence of LVTI in the cohort (22.4%, calculated from
log-prior-odds = —1.2432). This demonstrates that when these macroscopic
morphological features are missed, the Bayesian engine performs a regression
to the mean, indicating that subvisual radiomic textures alone are insufficient
for a confident diagnosis in this patient.

SHAP Feature Ranking Analysis. The combined SHAP contribution
of the two m-MRI features (peritumoral edema and DWI rim) was
substantially higher in the extratumoral model than in the intratumoral
model: 53.7% vs. 42.4% in Scenario A and 43.0% vs. 32.2% in Scenario B.
This indicates that the extratumoral radiomic signature, extracted from the
peritumoral zone, relies far more heavily on macroscopic morphological
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markers than its intratumoral counterpart. This higher dependence explains
the more pronounced prediction drop observed in the extratumoral model
(—=60.5 p.p. vs. —44.7 p.p.) when these markers were absent.

Explanation of the «Paradoz» of Preserving High SHAP Rank. At first
glance, the preservation of leading positions of m-MRI features in SHAP
ranking when set to «not detected» may seem paradoxical. However,
this reflects a fundamental property of explainable classification: SHAP
measures the absolute strength of a feature’s influence, not its direction.
A binary feature in a Bayesian classifier always has two «poles»: when
present — a large positive log-LR (+0.946 for peritumoral edema and 0.792
for DWI rim), when absent — a large negative log-LR (—0.774 and —0.355
respectively). Both values are large in modulus because the statistical link
of the feature with the target variable is strong itself. If the feature were
weak (distribution almost identical in LVI+ and LVI- groups), its log-LR
would be close to zero in both states, and SHAP would give it a low rank
regardless of the patient’s value.

Consequently, the high SHAP rank of peritumoral edema and DWI rim
in both scenarios confirms that these two features are the «diagnostic
switches» of the model — they shift the decision in any direction with the
greatest force. This pattern is reproduced in both models: peritumoral
edema retains the first place in SHAP ranking both at value «detected»
and at value «not detected» —both in the intratumoral (23.1% — 22.1%)
and in the extratumoral (29.2% — 29.5%) models. This has an important
clinical consequence: features with high SHAP weight require maximum
thoroughness of expert evaluation, since any error in their interpretation
leads to the maximum change in posterior probability.

Necessity of Comprehensive Display of Prototype Indicators. The
clinical example clearly demonstrates why the CDSS prototype displays
exactly this set of indicators and why any reduction leads to interpretation
contradictions:

+ Only AUC and P(LVI+)— the physician sees the result but does not
understand why the model gives such a diagnosis. In Scenario B of
the extratumoral model, the result P = 24.6% would look like a
relatively confident negative diagnosis without indications of the
source of this «confidences and without understanding that the result
is due not to radiomic data, but exclusively to the negative weight (X
log-LR = —1.129) of two key m-MRI features.
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 Only log-LR without SHAP — impossible to prioritize attention. The
physician does not understand which feature to check first.

« Only SHAP without direction— a high rank of peritumoral edema in
Scenario B without the log-LR sign would create a false impression
that the feature confirms LVI+, whereas in reality it votes «against»
(log-LR = —0.774).

« Without log-prior-odds— posterior probabilities would be system-
atically overestimated without accounting for the epidemiological
frequency of LVI. In this example, the proximity of P = 24.6% to the
background prevalence of 22.4% is clinically significant: it shows that
without m-MRI features, the extratumoral model is not capable of
extracting individually significant information from the patient’s
radiomic data.

The combination of AUC, log-prior-odds, log-LR with a nomogram,
SHAP ranking, and final posterior probability eliminates these contradictions
and forms a full-fledged explainability system: AUC justifies trust in the
tool, log-prior-odds sets a calibrated starting point, log-LR and nomogram
reveal the logic of reasoning, SHAP sets attention priorities, and P(LVI+)
gives the final clinical result.

Biological Validity of m-MRI Features. The effect demonstrated by the
clinical example has a biological basis:

« Peritumoral edema reflects lymphostasis and inflammatory remodeling
of the microenvironment, associated with obstruction of peritumoral
lymphatic vessels by tumor emboli and activation of angiogenesis;

« The DWI rim sign indicates diffusion restriction in the zone of
maximum cell density and proliferative activity at the tumor /stroma
boundary, where vascular invasion is most likely.

These features are complementary to sub-visual textural patterns fixed
by radiomic descriptors and do not duplicate their information content,
which ensures the synergistic effect of the hybrid model. The behavior of
the extratumoral model is especially indicative: despite the fact that
radiomic indicators of VOIT2 ™™ are extracted from the peritumoral zone,
directly reflecting the area of potential lymphovascular invasion, their
prognostic value without morphological MRI features turns out to be
insufficient — the posterior probability of LVI drops from 85.1% to 24.6%,
effectively returning to the background level (22.4%). This indicates
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that peritumoral edema and DWI rim encode biological information of a
different scale (macroscopic lymphostasis and zonal diffusion restriction),
which cannot be fully compensated by sub-voxel textural descriptors.

3. Discussion

The ability of radiomics to capture tumor heterogeneity is a cornerstone
of quantitative MBN diagnostics. Current studies extract r-MRI features
from both the entire tumor volume [23-28] and the surrounding peritumoral
tissue. This peritumoral heterogeneity remains detectable up to 4 mm
from the primary tumor boundary [32], enabling the use of VOI2 mm
features to evaluate LVI, axillary lymph node metastasis [33-35], and
Ki-67 expression levels [36].

Two major trends have emerged in LVI diagnostics: constructing
hybrid models that incorporate qualitative m-MRI signs, and leveraging
both intra- and extratumoral radiomic features [27,29].

Our study demonstrates that adding peritumoral edema and the DWI
rim sign to radiomic signatures significantly improves the discriminatory
power of naive Bayes models, yielding absolute AUC gains of 7.6 p.p. and
5.3 p.p., respectively. Discretization using the Entropy-MDL method
proved highly effective compared to traditional L2-regularized logistic
regression: our models reached an AUC of 0.940, outperforming previous
results on the same dataset that utilized K-Nearest Neighbors (AUC=0.688)
[29].

Our clinical case study shows that m-MRI features act as key diagnostic
switches in the classifier. The high SHAP ranks of these features, even
during sign inversions, confirm that the explainability engine is working
correctly. Rather than echoing the final diagnosis, SHAP reflects the
underlying information value of a feature in separating the classes. This
aligns with the mathematical definition of SHAP as a measure of a feature’s
marginal contribution to a classification outcome [37].

This dual explainability approach (combining naive Bayes nomograms
and SHAP) addresses the regulatory requirements for explainable Al,
including those outlined in the EU AI Act. To our knowledge, this is the
first study to combine SHAP analysis with naive Bayes nomograms for LVI
diagnostics.



22 IvAN M. SKOROBOGACH, ANTON V. VLADZIMIRSKIJ, YURI A. VASILIEV ET AL. ENZRY

3.1. Technical Advantages and Architecture

Designing the prototype as an offline, single-page HTML application
offers several benefits:

« Complete independence from server infrastructure and internet
connectivity;

» Alignment with strict medical data security and patient privacy
regulations;

+ Direct deployment within existing radiologist workstations without
integration overhead;

« Cross-platform portability.

Using Laplace smoothing (o = 1) alongside Entropy-MDL discretization
provides robust performance on small, imbalanced medical datasets.

3.2. Limitations

« The study is retrospective and subject to selection bias.

« The sample size is relatively modest (191 patients) and features class
imbalance (23.6% LVI+).

 No prospective validation was performed on an independent external
cohort.

» The dataset was acquired from a single scanner vendor (Siemens
1.5 T); the generalizability of the models to 3 T systems and other
vendors remains to be validated.

3.3. Future Directions

» Prospective multicenter clinical validation.

« Direct integration with PACS /RIS systems via DICOM communication
protocols.

« Automating tumor segmentation using deep learning architectures
(such as U-Net and its variants).

» Expanding the patient cohort and studying the system’s impact on
actual clinical outcomes.

» Regulatory certification of the software as a medical device.
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Conclusions

(1) The morphological MRI features of peritumoral edema and the DWI
tumor rim sign are independent predictors of LVI (OR 5.66 and 4.05,
respectively). Integrating these signs into radiomic naive Bayes
models significantly increases the AUC-ROC by 5.3-7.6 p.p.

(2) The developed CDSS prototype provides explainable, personalized
LVI diagnostics by combining naive Bayes nomograms with SHAP
analysis. The suite of interface parameters (AUC, log-prior-odds,
individual log-LR, nomogram, SHAP, and P(LVI+)) forms a coherent
interpretative framework where each metric serves a distinct purpose
and addresses the limitations of the others.

(3) The clinical example demonstrates that morphological MRI features
serve as structural, framework-defining predictors. Missing these
signs degrades the intratumoral model’s posterior probability from
94.6% to 49.9% (the uncertainty zone) and inverts the extratumoral
prediction from 85.1% to 24.6% (producing a false-negative result in
a histologically confirmed LVI+ patient).

(4) The high SHAP ranks of peritumoral edema and the DWI rim sign,
regardless of their positive or negative status, show that these features
act as the system’s primary diagnostic switches. This underscores the
need for rigorous radiologist oversight of these specific high-weight
parameters.

(5) Implementing the prototype as a standalone single-page HTML
application provides a practical, easy-to-use tool that operates locally
without requiring server infrastructure or specialized machine learning
expertise from the end user.
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AnnoTtauymns. Ilenpb ucciiemoBaHUsA: 060CHOBAHNE POJIM MOPQOIOrHYECKUX MarHUTHO-
peszonancubix (M-MP) npusnakos B ruGpHAHBIX MOPdO-PaJIUOMUIECKUX MOJAEJAX JUATHOCTHKH
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(CIIIIBP) na ocHOBe HOMOrpaMM HauBHOTO Baiieca ¢ nnrerpuposanuabivm SHAP-ananuzom.

Matepuasbl u meroabl. Hamu ananusupoBasuch ganubie 191 nmanuenra: 13 m-MP npusnakos,
12390 pagmomuueckux (p-MP) nokasareseii Bcero o6béma omyxomu (VOISH™) y skcrpary-
MOpPaJIbHBIX TKaHeil (VOI*2 MM, Ilenesoii npusnak — JIBY. O160p npeiMKTOPOB BBIIIOJIHEH
auckperusanueit merogoM Entropy-MDL; knaccudukanus — ajaropurMom HanBHoro Baiieca c ja-
miacosckuM cryazkusanueM (o = 1). IIpororun CIIIIBP peanuszosan Kak aBroHOMHOE single-page
HTML-npuioxkeHne ¢ HHTEIPUPOBAHHBIM PAcY&éTOM Jioraprudma OTHOIIEHHUs IPABOIIO100MsT
(log-LR) u SHAP-BKJIa10B.

Peaynbrarel. [loxyuens: ase paguomuueckue Mojenn HausHoro Baiteca (NB): NB_ VO
(AUC=0,837) u NB_VOI™2 ™ (AUC-ROC=0,887). ITo faHHBIM MHOTOMEPHOMH JIOMHCTHYIECKOT
perpeccun MepuTyMOpaJbHbIH OTEK nosblinaer maHcsl JIBU B 5,66 paz (OR 5,66, 95% IU:
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Bakarouenue. [Ipororun CIIIIBP peanusyer kKoHIENnuuo o6bsICHUMON NEPCOHAJIN3UPOBAHHON
JMAarHOCTUKU IOCPEACTBOM COYeTaHUsi HoMorpaMM HauBHoOro Bailieca n SHAP-ananuza. Brirodenue
M-MP npusnakos nepurymopaJsbaoro oréka u DWI-o6ojka B pajguoMudecKue CUIHATYPbI sSIBJISETCS
HE JOIOJIHUTEJIBHBIM, & CTPYKTYPOOOPa3yIOIIM 3JIEMEHTOM, O0ECIIeYNBAIOIUM KINHUIECKY IO
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Beepenne

3Jt0KavYecTBEHHOE HOBOOOpa3oBaHue MOJIo4IHOM kese3bl (3HM2K) —
HamboJIee JaCTO JUATHOCTUPYEMast OmyXoJb y xkermui: B 2023 rogy B CIITA
zaperucrpuposano 300 590 uosbix ciaygaes (15,4% Bcex 3H) [1]. Boicokuii
YPOBEHb CMEPTHOCTH OOYCJIOBJICH IIPEHMYIIECTBEHHO METaCTaTUIeCKIM
pacnpocTpaHeHueM [2-5].

JInmdosackynsipaast nuasasust (JIBU) — Hasmque OIyXoJeBbIX KJIETOK
B JTUMGATHYECKUAX UM KPOBEHOCHBIX COCYIAX IEPUTYMOPAJIBHON 0bsracTu —
SIBJISIETCS] HE3ABUCUMBIM [IPEJMKTOPOM CHIXKEHHON BbIKHBaeMocTH [6-8| u
BaxKHeHmuM (GHaKTOpoM CTpaTH(UKAINN PUCKA Y HAIIMEHTOK C HHBA3UBHBIM
SHMZK [9-11]. Pemmenune o Heoa /bIOBAHTHON XUMHOTEPAIINH Y MAIMEHTOK
¢ HR+ /HER2-onyxonsimu npununmaercs ¢ yaérom JIBU [12]. Oxnako
IIpeJIoIepAllIOHHas IIyHKIWOHHAA OUOICHA He OOeclednBaeT HaIEKHOM
juarsoctukn JIBU [13-16], uto ofyciaBiuBaeT HeOOXOUMOCTD HEMHBA3UBHBIX
METOZOB IUArHOCTHPOBAHHUS.

PagmoMuka — nanpaBienye KOJIUIECTBEHHOTO aHAIN3A [TU(MPOBLIX MeJIH-
IMHCKUX N300pakKeHuil, TO3BOJISIONIEE BBISIBIATH CYOBU3YAJIbHbIE IATTEPHBI
rereporenHoctu onyxoau [17-22]. Tubpuasie monenu, obbeuasomue M-MP
npu3HaKM (MepuTyMopasbHbIil 0Ték, DWI-060/10K, COCTOsTHIE TTOAMBIIIIEY-
HBIX JUMGOY3JI0B) U PAJIUOMIYECKHUE TTOKA3aTelH, JeMOHCTPUPYIOT GoJiee
BBICOKYIO 3¢ dperTuBHOCTD JauarHocruku JIBU mo cpaBHeHuo ¢ Mojessimu,
UCHONIB3YIONIUMHI TOJBKO PaJuOMUKY [23-28].

CyIecTBEHHBIM BBI30BOM JIJIE MEIUIIMHCKON MHMOPMATHKYU STBJISAETCS
pazpaborka CIIIIBP, koropbie coueTaloT BBICOKYIO TOYHOCTH KJIACCH(DUKAIIUN
¢ 00BSICHIMOCTHIO — BO3MOXKHOCTBIO MTPEJIOCTABUTEH BPAdy apryMEHTHPOBAHHOE
00OCHOBaHUE peIeHnst. ITO 0COOEHHO aKTYaJbHO B OHKOJIOTUH, TJE Pe3yJIbTaT
KiaccuUKAIU BJIUseT Ha PAIUKAJIBHOCTD XUPYPIUIECKOrO JIEIEHUT U
TAKTUKY CHCTEMHOI TepAIu. Y KECTOUEHNE PEryIsiTOPHBIX TPeOOBAHMI
K explainable Al B BBICOKOPUCKOBAHHBIX 00JIACTAX IPUMEHEHUs (BKIIIOYAs
serynusimuit B cuty EU AT Act [Regulation (EU) 2024/1689]) menaer
pa3paboTKy 0OBACHUMBIX TPOTPAMMHBIX CACTEM IPUOPHUTETHON 3a/1adeii.

Ilesip paborer: 0bocHOBaHUE posu Mopdosorndeckux MP-npusnakos
B rUOPHIHBIX MOpPdO-paauoMudeckux Mojesix guarsoctuku JIBU 3HM2K u
paspaborka mpororuia obbacaumoit CIIIIBP na ocHoBe HOMOrpaMM HAMBHOTO
Baiteca ¢ unrerpuposanubim SHAP-anammzom.

Hay4ynas HoBU3HA:
1. TlporpaMMHas peajau3ars MyJIbTUMACITITAOHOTO, MYIbTUIAPAMETPIIE-
ckoro aHajm3a MPT-1aHHBIX B €IMHOM JTUarHOCTUYECKOM KOHBeEiepe;

2. IIpumenenue muckperusaruu Entropy-MDL s orbopa mnpeanKTopon
BMECTO TPAJIMIINOHHOM L2-peryssipusaiiuu JIOTUT perpeccueii;
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3. Nurerpamnus somorpamm HanBHoro baiteca ¢ SHAP-anaauzom ajist
obecrievueHns JOKAJIbHOM 00bsICHIMOCTH PENICHIH HA YPOBHE OT/EIHHOTO
HAIIEeHTA.

1. Metoponorus
1.1. Awusaiit nccnegosaHns n Habop AaHHbIX

Wcmonb3oBan OTKPBITHI HAOOD MaHHBIX 191 mAIlMeHTKA ¢ TUCTOJIOTH-
vyecku BepudunuposanubiM naBasuBHbiM SHMZK (https://github.com/
Liuhaibo521/LVI-Dataset), Brirouatomuii 146 nanmentok 6e3 JIBU (76,4%)
u 45— ¢ JIBU (23,6%). Jaunubie nosrydensl perpociekTuBHO ¢ suBaps 2019 mo
urob 2023 rona B AByX MemuiuHCKEX TeHTpax [29]. Kpurepun srimouenust:
npeponepanuonaas MPT MojiouHOM 2Kejie3bl ¢ KOHTPaCTUPOBAHUEM; TUCTOJIO-
ruaeckoe noaTeepxkaerune JIBU; orcyrcerBre mpemiecTByomeil Tepannu u
ornepanuii.

MPT soimosnena va tomorpadge 1.5 T MAGNETOM Aera (Siemens AG,
Tepmanust) ¢ ucnosb3oBanueM 18-KaHaJILHOIN OBEPXHOCTHOl Karymku. IBa
PEHTIreHOJIOra ¢ OIBITOM 7 U 15 jleT HE3aBUCUMO OIEHUBAJIM U300PaKEHUsI;
PACXOXKIEHNST PA3PEIANCh KOHCEHCYCOM.

1.2. N3BneveHue npusHakos

Mopgonrozuneckue MP npusnaxu. Hamu anammsuposasucs 13 m-MP
IPU3HAKOB (JIOKAJM3AIMs, TUII KPUBOH JUHAMUYIECKOIO KOHTPACTUPOBAHUS
YCUJICHUS, TIIIOTHOCTD (hUOPOTIAHTY/ISIPHON TKAHU, YBEJNICHUE TTaPEHXUMbI
MOJIOYTHOM KeJIe3bl, BHY TPUOILYXOJIeBasl BHICOKAsI HHTEHCUBHOCTDH CUTHAJIA,
[IEPUTYMOPAJIBHBIN OTEK, IMOJKOXKHbBII OTEK, BHY TPHUOILYXOJIEBBII HEKPO3,
[MATTEePH BHYTPEHHErO YCUJIEHWsI, TPU3HAK MPUJIEIKAIIErO COCY/IA, TOBIIEHHA
UICHIATePATbHAS BACKYJISIPHOCTD, MOJMBIIIETHAsT JIUMQPOAIEHOIATHSI, TPU3HAK
060o1Ka omyxosm na DWI uzobpaxkenun).

Paduomumeckue noxasameau (n = 12390) ussnekamucs u3 usatu MPT-mo-
caenosarensrocreit (T1-BU, T2-BU, DWI, ADC, DCE) npu aByx BapuaHTax
cermenTamuu 3086 mHTepeca (VOICHre VOIT2 ™M) ¢ penomszosanmem 6u6mmo-
rekn PyRadiomics 3.1.0 [30]. IIpumenensr dunprper Jlamnacnan Layccosa
crmazkuBanust LoG (0 = 2-5 MM) u BeliBJIeT-IpeoGpa3oBaHusl.

O6yuaronias (n = 134) u recroBas (n = 57) BoIGOPKYU CHOPMUPOBAHDBI
ciydaiiHbIM 00pa3oM co crparudukanueil no nejgesomy upussaky (JIBI)
B cooTHomeHuu 7:3. He BBISIBJIEHO CTATUCTUYECKN 3HAYUMBIX Pa3JIMINI
B pacrpezesieann Kianangdecknx n M-MP npusnakoB mexmy BbiOOpKaMmu
(p > 0,05).


https://github.com/Liuhaibo521/LVI-Dataset
https://github.com/Liuhaibo521/LVI-Dataset

RUmEN; BUIMAHUE MOP®OJIOTUYECKUX MP-NPU3BHAKOB HA JIMATHOCTHUKY 33

1.3. Mporpammusbiii KoHBeliep 0OpaboTku

Komngeitep 06paboTKN JAHHBIX BKJIIOYAET CJIE/LYIOIINEe ITAIIbL:
Nwmvmopt DICOM-pnannsix MPT.

[TonyaBromaTmdeckast cermenTalus omyxosn B 3D Slicer 4.6.
W3Bnedenne pagmomuyeckux npu3HakoB depe3 PyRadiomics.

Ll

Huckperuzaiusa merogom Entropy-MDL (nmpeoGpasosanue HelpepbIBHBIX
noKazaresiell B OPsIKOBbIE ¢ MUHUMAJIBHON oTepeii nudopmaum).

ot

Bamuanus o x? (p < 0,01).
Mamunnoe obydenue ajaropuTMoM HauBHOrO Baiieca B cpejsie Orange

3.37.0.

7. OuruMusarys MOJEIN yIaJeHUeM BbICOKOKOPPEAUOHHbIX (1 = 0,7) u
MaJIONH(MOPMATUBHBIX T€PEMEHHBIX.

&

8. Bamupanus SHAP ua TectoBoii BEIGOPKE.

9. Basmpgarmust Ha TecToBol BbIOOPKE ¢ pacuérom Merpuk: AUC-ROC,
gyBcrBETebHOCTH (Sens), cnenuduunoctu (Spec), KnaccuuKaMOHHOM
npasmwibHocTH (AC), mosoXKuTeNbHAs TPOrHOCTHYeCKast TieHHOCTD (PPV)
U OTpHUIaTeIbHAS IIPOrHOCTAIECKast TieHHoCTh (NPV) [31].

10. Cpasuenue mogmeneii mo kpurepuio e-Jlonra mpigs AUC-ROC u xpurepuio
X2 must Sens, Spec, AC, PPV u NPV.

1.4. Anroputm HaueHoro Baiieca ¢ Homorpammamum

Bribop anropurma 00yCJIOBIIEH CJIEAYIONIUME ITPEUMYIIIECTBAMUA JIJIsT
noctpoenust CIIIIBP:
« MHTEPIIPETUPYEMOCThIO (BKJIaJ] KaxKI0ro npusHaka B Buje log-LR
(Jrorapuddm OTHOIIIEHUS TIPABIOIIOIO0UN) );
¢ BO3BMOXKHOCTBIO HEITOCPEJICTBEHHOTO MTOCTPOEHUsI HOMOTIPAMM;
* PODACTHOCTBIO K MAaJIbIM BBIOODKAM U JUCOAIAHCY KJIACCOB;
* 3 exTuBHOM PabOTO 0COOEHHO C MUCKPETU3MPOBAHHBIMU TPH3HAKAMI.

B momorpamme namsHoro Baiteca /st KaxkI0ro mpu3HaKa 0TOOPaKaeTCst
oTHOCHTEJIbHO ocu 3HaueHuil log LR, mokasbiBatorieil BK1a 1 KayKI0ro IpU3HaKa,
B JIOTapuMMUIECKOM MacIITabe, W MEePECUYUTAHHON B UTOTOBYIO IIKAJY
JIOrUT-(OYHKIMHA CYMMAPHOI AllOCTEPUOPHON BEPOSATHOCTH ..

1.5. O6bschumocTtb no kputeputo LLlenan (SHAP)

JIJ1st KaskI0T0 TAIMeHTa PACCINTHIBAJICH MHANBULYAJbHBIA BKIAJ, KasKI0TO
npusnaka 1o kpurepuio [lemmu (SHAP— SHapley Additive exPlanations).
SHAP usmepsier abCOTIOTHYIO CHITY BJIMSIHUSI TPU3HAKA HA PEIEHIe HE3aBUCUMO
or HanpasieHus (3a win nporus JIBU+), gyro nmossossier:
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BuzieTh 6a30BYI0 (CPEMHIO 10 MOYJISIUU) BepodTHOCTh JIBIL;

HAOJIIOAATH WHIWBYIYAIbHBIE OTKJIOHEHUS BEPOSTHOCTH JJIs KOHKPETHOTO
MaIeHTa;

IIOHUMAaTb, KaKH€ UMEHHO IIPpU3HAKHN OIPEJIC/IAI0T JUAIrHO3;

MIPUOPUTUIUPOBATH MPUSHAKH 110 HEOOXOJIUMOCTU KOHTPOJIST KAIeCTBa
3KCIIEPTHOI OIICHKHU.

1.6. Apxutektypa CMNMNBP

ITpororun CIIIIBP peanusosan kak BeG-npuioxkenue (single-page HTML)
C aBTOHOMHBIM PEKUMOM pabOThI, He TPEOYIOMUM CepBEPHOiT HHMPACTPYKTYPHL.
IIporpaMmHass apXUTEKTypa BKIIOYAET CJIEIYIONTNE MOIYJIIN:

« Monysps manubix: 6asa 191 nanmentkn (o6yuaromiast 134 + recrosas 57).

» Mosysnp kiraccudukanum: aBe napajijie/IbHble MOJIEIH — HHTPATYMOPaJIb-
nag (NB_ VOI®®) i sxcrparymopasbaag (NB_ VOIL T2 M),

* Mostysib HOMOTpaMMbI: BU3yaJIM3aIist BKJ/IaI0B Tpu3HakoB 1o log-LR.

o Momyns SHAP: pamxupoBanue npu3HaAKOB [0 HHIUBHLYAJIbHOMY BKJIAJLY.

* Momynb naTepdeiica: HHTEPpAKTUBHBIN BHIOOD MAIMEHTa, OTOOparKeHme
PEe3YJILTATOB, IKCIOPT 3aKJIIOUCHHUS.

1.7. HasHnaueHnue nokasaTeneii nutepdeiica nporoTuna

CoBOKYITHOCTH 0TOOpaXKaeMbIX Mokasareseil (GopMUpPYeT MEJOCTHYIO
CHCTEMY MHTEPIIPETAINH, B KOTOPOU KaKJbIil KOMIOHEHT PeIIaeT CBOIO 3a/ady
(cm. Tabmuy 1).

Kpurngeckoe paznuaue nByx nocseganx nokasareseii: log-LR Hecér
uHbOpPMAIUIO 0 HAIpaBIeHnU BiusHus (3a uau uporus JIBU+), SHAP —
00 abcosmoTHOM cuite BiansiHusA. VIX COBMECTHOE MCIOJIb30BAHNME UCK/IIOYAET
MIPOTUBOPEYNBBIE HHTEPIIPETAINA U 00ECIIEINBAET MOJTHOIEHHYO 00bACHIMOCTb.

1.8. Cratucrnyeckunii ananuns

CraTncTrvecKnii aHAJIN3 TPOBOJIMJICS C UCTIOJIHL30BAHUEM ITPOTPAMMBI
Jamovi 2.5.7.0. Ias pacuera ornomenus mancos (OR) u 95% noseputesnbHbIx
unTepBaiios (CI) GbUIM BBIIOIHEHBI OJTHOMEPHAS U MHOTOMEPHAsT JIOTHCTUIECKAST
perpeccusi. [lepekpecTHble TabIUIBI OBLIN IIPOBEPEHBI C TOMOIIBI0 KPUTEPUSI
X2, a cpasrenns AUC mpoeoaumuch ¢ ucnoas3osanneM Kpurepus JeJlonra.
Paznuuaus canranmcs craructmdeckn 3aadnMbivMu npu p<<0,05.

2. Pesynbrartsbl
2.1. dran 1. Pagnomuyeckne mogenu aunarvHoctnkn J1IBU

Ha mepsomMm srare uccienoBasnucs gase mojesn: 1lepsas monens NB -
VOTI®™ ¢ ggriogaer paguomudeckyio curnarypy (PCp) us socbmu p-MP
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Tabmma 1. Ilokazarenu unarepdeiica npororuna CIITIBP u ux
KJIMHUYECKOe HA3HAYCHUE

ITokazarennb

Copep>xanue

Kiaunndyeckoe Ha3zHaYeHUE

AUC, AC, Sens,
Spec, PPV u NPV

MeTpuku KadecTBa MOIEIN
Ha TECTOBOI BBIOODKE

Orenka foBepus K HHCTPYMEHTY
Ha MOIYJISIIMOHHOM ypPOBHE

log-prior-odds
(—1,220)

Jlorapudm HOHOBBIX IIAHCOB
JIBU (pacupocTpaHéHHOCTH
23,6%)

KanubpoBanHnast craproBast
TOYKA PACCYKJICHHS

log-LR mo xaxkmomy
NIpU3HAKY

Jlorapudm oTHOIIEHUS
paBonono6us (Co 3HAKOM)

HaHpaBneHHe U CHJIa BKJIaJda
KaxXX/I10ro IIpu3Haka

Y log-LR / X N

CyMMa BCceX BKJIAJIOB VIToroBelit «BeC TOKA3aTEILCTBY
log-odds
Homorpamma ITomaroBoe 06bsiCHEHVE JIOTUKKA

o B . Busyanuzanus BKIa10B
(3es18HbBI# /KpacHBDI) peleHnst
DUHAJIBHBINA KJIMHAYECKHI

P(JIBU+) ArnocrepruopHasi BEpOSITHOCTD

pe3yabTaT

SHAP-sxman (% u
score)

Ab6costoTHasI 3HAYUMOCTD
NIpU3HAKA

IIpuopuTHsarys BHUMAHHA
Bpada

urTparyMopanbHbx (VOICHre) nokazaresneit. /luckpernsaryeii METoO10M
Entropy-MDL ycranosiens! moporossle 3Hadenus jguarsoctuxku JIBU nepsoit
mogzenbio JIBU u eé orcyrcrBus. B rpymme ¢ JIBU Boicokue ypoBHEU Uartme
BBISIBIIAIOTCS y TTOKa3aTesieil wavelet-HHH glrlm  RunVariance T2 (> —0, 579, 87
vs 54%, p < 0,0001), wavelet-HHL glem Imcl DCE (> —0, 216, 100 vs 83%,
p = 0,000) u Hu3KMe ypoBHU Yale y ToKa3areseil wavelet-HLH _firstorder Mean -
T1 (< 1,703, 62 vs 13%, p < 0,0001), wavelet-LLL _glszm _ZonePercentage T2
(< 0,917, 80 vs 38%, p < 0,0001), log-sigma-5-mm-3D_gldm _SmallDependencelow-
GrayLevelEmphasis_ ADC (< 0,002, 100 vs 79%, p = 0,004), wavelet-HHL gldm -
SmallDependenceLowGrayLevelEmphasis DWI (< 0,004, 100 vs 86%, p = 0,006),
wavelet-HHL glem MCC_DCE (< 0,603, 100 vs 86%, p = 0,005), log-sigma-5-
mm-3D_gldm _SmallDependenceLowGrayLevelEmphasis_ T2 (< 0,002, 100 vs 83%,
p = 0,005).

Bropas momeas NB_ VOIT2 MM pxmiouaer paJHOMIYecKyIO CHIHATYDY
(PC5) m3 mectr sxcrparyMopambabx (VOIT2 MM) p-MP nokasareeit. JIuckpe-
tu3arnueir MetomoM Entropy-MDL ycranoBiensr moporosble 3Ha4eHUs THATHO-
cruku JIBU Bropoit monenwsio JIBU u e€ orcyrcrBus. B rpynme ¢ JIBU Beicokne
YPOBHU Hallle BBIABIISIOTCS Y IoKasaTeseil wavelet-HLL glem  JointEntropy T2
(> 11,11, 100 vs 82,2%, p = 0,005), log-sigma-3-mm-3D _gldm Dependence-
Entropy ADC (> 7,51896, 100 vs 82,9%, p < 0,0001), u Hu3KHe ypOBHU Yaile
y nokasareJieii log-sigma-3-mm-3D _firstorder Kurtosis DCE (< 2, 88053, 96 vs
67%, p < 0,0001), wavelet-LLL glem Autocorrelation T1 (< 57998, 3, 71 vs 37%,
p < 0,0001), original _ngtdm _Coarseness ADC (< 0,00791458, 100 vs 81%,
p = 0,003), wavelet-HHH _glszm _SmallAreaEmphasis_ ADC (< 3,345e — 07, 11 vs
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0%, p < 0,0001).

BozMoxkHOCTD UCITIOIB30BAHMS PAIUOMUIIECKUX [TOKA3ATE e TOITBEPXKICHA
IOBOMHON Bajmmpanueil 1o KpUTepuaM X2 u Hlennu. JIuckpuMuHAITMOHHAST
CIIOCODHOCTD PAIMOMUYIECKUX MOJIe/ell pu mornapaoM cpasuennu no le-Jlorry
CTATUCTUIECKH 3HAYUMO He pasimdanach, p > 0,05 (moapobHOCTH onucaHb!
Hizke B Tabsmige 2).

2.2. Jran 2. Mopdonoruyieckne MP-npeguktopsl JIBU

Cpenu 13 onenennbix npusaakoB MPT jBa mmoKa3ajm CUIBHYIO OJHOMEDPHYIO
cesa3b ¢ JIBU. Y nanuenTos ¢ JIBU+ 3HaduTenabHO yalle HAOJIIOLAINCD
CJIeTyIOIIIe TPU3HAKU:

o I[lepurymopanbhbiii orek: 64,4% nporus 22,6

« [Tpusnax obonka Ha JABU: 53,3% mpoTus 17,1

o IIpusnak npmeraromero cocyna: 77,8% mporus 58,2
o [ogmermeunas mumdanenonarns: 77,8% nporus 58,2

Ilo jaHHEBIM MHOIOMEPHOI JIOTUCTUYECKONH PErpeccu HE3aBUCUMbBIMU
[PeJIUKTOPaMI OKAa3aJIUCh TOJIBKO repuryMopaibiblit orék (OR 5,66; 95%
J1 2,27-14,94; p < 0,001) u DWI-060m0k (OR 4,05; 95% I 1,63-10,47;
p = 0,003).

2.3. Jdran 3. T'nbpupgHbie mopdo-paguomuyeckue mogenm

Bxmouenne asyx M-MP npu3nHakoB cTaTHCTHYIECKH 3HAMAMO YITIy UIITHIIO
JUATHOCTHYECKYIO CIIOCOOHOCTD TUOPHIHBIX MOJIEIE]:
 Pubpupnas mogesns 1 (NB_VOI®®?) yuyumena wa 7,6 1.0 (IIPOIEHTHBIX
uyukra) (AUC 0,913 uporus 0,837, p = 0,008);
« Tubpunas mozess 2 (NB_ VOIT2 ™) yyamena wa 5,3 1. (AUC
0,940 nporus 0,887, p = 0, 049)

TABMUIA 2. DddekTuBHOCTL U MATPUIA OMUO0K 4 MojeIei
muarnoctuposanus JIBU anropurmom HamsHOro Baiteca

Mopnenu AUC AC | Sens | Spec | NPV | PPV
NB VOIentire 0,837+ 0,069 | 0,807 | 0,807 | 0,845 | 0,786 | 0,867
NB VOIe"tire L 2y-MP | 0,913 40,052 | 0,789 | 0,789 | 0,839 | 0,762 | 0,867
NB_VOIt2mm 0,887+ 0,043 | 0,860 | 0,860 | 0,821 | 0,881 | 0,800
NB VOIt2™v¥ 1 2,-MP | 0,940 40,051 | 0,895 | 0,895 | 0,834 | 0,929 | 0,800

Bxiiag MP npusnakos u okazareseit B ysesaundenne mrorma i mojg ROC-kpuBoit
rUOPHHBIMA MOJIEJISIME TIPeJICTaBjIeH (Ha pucyHKe 1):



\RUmENE BJ/IMAHUE MOP®OJIOTUYECKUX MP-IMTPU3BHAKOB HA JIMATHOCTHUKY

TeputymopabHblii OTEK

wavelet-HHL_glem_Imcl_DCE

wavelet-LLL_glszm_ZonePercentage_T2

wavelet-HHH_glrlm_RunVariance_T2

wavelet-HHL_glem_MCC_DCE

wavelet-HHL_gldm_SmallD owGrayL is DWI
log-sigma-5-mm-3D_gldm_SmallDx d owGrayLs hasis_T2
DWI npusnax o6oaxa

log-sigma-5-mm-3D_gldm_SmallD: _owGrayLi is ADC

wavelet-HLH_firstorder_Mean_T1

001 002 003 004 005 006
Decrease in AUC

(@) NB_VOI*™*® 1 2 \i- MP

TTeputymopanbHEIH OTEK

log-sigma-3-mm-3D_firstorder_Kurtosis DCE

wavelet-HLL,_glem_JointEntropy T2

original_ngtdm_Coarseness ADC

wavelet-LLL_glem_Autocorrelation_T1

log-sigma-3-mm-3D_gldm_DependenceEntropy ADC

wavelet-HHH_glszm_SmallAreaEmphasis_ ADC

DWI rim sign

0.01 0.02 003 0.04 005 0.06 0.07

Decrease in AUC

(6) NB_VOI™™ 1 2 \-MP

PucvyHok 1. Bxknaxg MP npusnakoB u mokasateseil B yBeJudeHIe
mwiromaau nox ROC-KpuBoit rubpUIHBIMUA MOJIEISMA

37
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Ientire

B nepsoit rubpusnoit mogesn NB_ VO BBIBJIAETCS BEIyIlee 3HATEHTE
nepuTyMopasbHoro otéka (26%) u HesHaunrenbHOe — npusHaka DWI o6omka
(6%) Bo BrUIAse B yBesmuenue 1omaau nog, ROC-kpusoii. Bo Bropyio
ruGpuayio Mozeas NB - VOIT2 MM epuryMopasbHbIi OTEK BHOCHT BasKHBIIT

Bryax (17%) B ysenuuenue mwiromaau nog ROC-kpusoii.

Huarnoctudeckoe ornomenne mancos (DOR), paccunranHoe ¢ mOMOIIBIO
OJHOMEPHOH JIOTMCTUYECKON perpecCuu IIPOTrHO3UPYEMBIX BEPOATHOCTEH
orHOCHTENbHO uctuHHOro craryca LV yeemuausocs ¢ logDOR 4,44 (6a308biit
RS1) o 5,64 (rubpuanas momenn 1) u ¢ 6,49 (6azosbiit RSs) 1m0 7,48 (rubpuanas
Mozesb 2). Dro coorsercrByeT yBeaudenuio dpaxkrudeckoro DOR B 3,3 u 2,7
pasa COOTBETCTBEHHO (Tabauna 3).

TapmuuaA 3. JlnarHoCTUYECKOE OTHOIIEHUE IIIAHCOB 10 JAHHBIM
OJIHOBAPUAHTHOI JIOTUT PErPECCUM IIPE/ICKA3aHHBIX BEPOsITHOCTE
s deThipéx Mogesneit JIBMT 3HM2K

Mopenu (lols-el‘,cR) SE Z p OTHO(I.;.ISG;:)HE[ EI.I)aHCOB
NB_ VOIe"tire 4,44 1,25 | 3,55 | <0,001 84,88 (9,30-1421,56)
NB_ VOI®™*® 2 y-MP 5,64 1,45 | 3,88 | <0,001 | 280,93 (24,07-8811,12)
NB_VOIt2 ™ 6,49 1,61 | 4,02 | <0,001 | 656,26 (27,78-15501,53)
NB_VOI2 ™ {2\ MP 7,48 1,97 | 3,79 | <0,001 | 1768,07 (37,06-84335,82)

Takum o6paszom, BBesieHre M-MP 1pr3HakoB epuTyMOpajibHOIO OTEKA U
DWI ob6oska omyxoau B paJiiOMIIeCKe CUTHATYPBI MOZEJel CTATHCTIHIeCKT
3HAYUMO YJIYUINaJIO CIIOCOOHOCTh pacrno3naBaTh JIBU u eé oTcyTcTBUEe, HE
B/ HA KJIACCUMUKAIMOHHYIO MPABUJIBHOCTD, TPABUIBHOCTD IMATHOCTUKHI
JIBU u e€ orcyTcTBUS.

2.4. MNpoToTnn cucTemMbl NOAAEPXKKN NPUHATUS BPavebHbIX pelueHnii

IIpororun CIITIBP «Mopdo-pagnomudeckas guarnoctuka JIBU mpu
3HMZK>» peanmsosan kax single-page HTML npusoxenne (pucyHok 2).
WMurepdeiic conepkuT JiBe mapaJsjiebHbIE TaHEeH:

« Mogens 1 rubpunas ¢ HETpaTyMopasibHoil currarypoit (NB_ VOIentire):
AUC = 0,913, AC = 0,789, Sens = 0,789, Spec = 0,839, PPV = 0,867;
« Mogtests 2— rubpmiHas ¢ SKCTpaTyMopasIbHOM curaaTypoit (NB_ VOI T2 M)
AUC = 0,940, AC = 0,895, Sens = 0,895, Spec = 0,834, PPV = 0,800.



HoMorpamMa HauBHoro B:

CIMNBP — CucteMa noaaepXKu NpUMHATUS Bpa4yeGHbIX pelueHuii -
Mopbo-paguomMuyeckas MHTPaTyMOpanbHas U SKCTpaTyMopanbHas AUarHocTuka NuMeoBacKynspHoi uHeasuu (NIBU) npu 3HMX Kputepwuit Llennn

® NBU+ npumep ® NBU- npumep ® CnyuaiiHbiii J [ M Basa paHHbIX ‘ & CkauaTb 3aKnioveHue J # PaccuuTath MNauvent: 1D 201 | fBU+ | rect.

Mopenb 1 — UHTpaTymopanbHas rubpuaHas (4) Mopenb 2 — 3kcTpaTymopanbHas (5)
Mop@onoruyeckue MP npusHaky + UHTPaTyMoparbHbie paguomnyeckne MP nokasatenu Mopdonoruseckue MP npusHakm + aKCTpaTymopanbHbie paguomuyeckue MP nokasatenm

M Napawmerpsi I Homorpamma Baiieca Bl Bnan npustakos (lllennu) Napamerpsi M Homorpamma Baiieca Bl Brnan npusakos (Illennn)
Perit.edema Npushak Perit.edema X Autocorr_T1 Mpushax log-LR Perit.edema
CEAEERT) oW rim oW rim
Autocorr_T1
Kurt_DCE

Runvar_T2 Prior Kurt_DCE Prior -1.2432

Mean_T1
Mean_T1 ((<170284 B | | peritedema +0.946 -

ZonePct_T2

RunVar_T2

SmArea_ADC Autocorr_T1 +0.505
Coarse_ADC +0.336 Coarse_ADC
Jointnt_T2 =111093 v JointEnt_T2
DepEnt_ADC  ([EZSIBSNIIIINT) X DepEnt_ADC
Perit.edema (Busmnen () v o SmArea_ADC
DWIrim Boimenen (1) 2 | . «neu-

Zonepet_T2 +0.468
SmDPLGLE_ADC . +0.505 Ime1_DCE
smDpLGLE_OW!  (E0I00443033 NI Ty mee_Dee
Ime1_DCE =-0.216096 v mDpLG!

[ > o177 | | SmORLGLE.
Mcc_DCE SMDPLGLE
SmDpLGLE_T2 . SmDpLGLE_T2

Perit.edema

DWirim 9 | | «nem

DWI rim

oW rim

P(nBY+): log-prior-odds:
P(NBU-): E log-LR:
X log-odd:

£ log-od

PucyHoK 2. [Ipororun cucreMbl NOAIEPXKKY IPUHATHS BpadeOHbIX pemennit « Mopdo-pagunommuaeckast
muaraocrrka JIBU npu SHM2K». CneBa— uaTparyMopaabHas MOJIEb, CIIpaBa— SKCTPATYMOPAJILHASI.
IIporoTun peann3oBaH Kak aBTOHOMHOE BeO-IIPUJIOXKEHMe Ha 0a3e HamBHOrO Baiteca ¢ j1aniacoBCKUM
crnazkuBarueM (o = 1), MDL-Entropy auckperusanueii moporos, pacuérom Shapley score, log-likelihood
ratio npusHakKa.

AMULOOHIVUL VH OMVHEUdL-JN XUMOThUIOLOOJdON HUHBUL L

6¢
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Kaxnas nanesnb orobpakaer:

(1) Merpuku monesmu (AUC, AC, Sens, Spec, NPV, PPV);

(2) Bxommbie mapameTpsl ¢ yKazannem guamna3onos MDL-Entropy n Texymumx
3HAYCHUI OKa3aTeseil ITalieHTa;

(3) Juarnocruka Mozebio — arocrepuopibie Bepositnoctu P(JIBU+) u
P(JIBU-), log-prior-odds, log-LR;

(4) Jlor-orHomenus npasgonoxo6us o npusnakam — rabmuna P(x|+), P(x|-),
log-LR mitst Ka2K/10r0 pasitoMIIecKoro u MopdOoI0rnIecKoro Ipu3HakKa;

(5) Homorpammy mameroro Baiteca ¢ ropu3oHTaIbHBIME CTOJIOAME BKJIAI0B
B log-odds (3eséupiii — Britay B nob3y JIBU -+, kpacHblii — B 0JIb3y
JIBU-);

(6) Bxyiag mpusnakoB 1o kpurepuio [llemnin— HopMaIn30BaHHBIN SCOTe
C MPOIEHTHBIM PACIPEJIEIEHUEM.

praBJ’IHIOHLI/Ie JIEMEHTBI II03BOJIAIOT:

mocJie1oBaTeIbHO mepedbuparh npumepst JIBU+ u JIBU-;

BI)I6I/IpaTI) C.Hy‘{aIU/IHOFO ITareHTas;

paborarb ¢ 6a3oil naimenTos (191 manumenr: obyvatomas 134 + TecroBas
57);

CKa4YMBaTh 3aKJ/IIOYECHHE,

IIePECYUTHIBAThL Pe3y/IbTaT IPU U3MEHEHUN 3HaYeHUH IoKa3aTeJeil.

2.5. Knununyecknii npumep: sepucpmkauus paborsl npororuna CMNBP

Onucanue kaunuveckozo nabaodernus. Ianuentka, id 201 (TecToBas
BBIGOPKA), C TUCTOJIOrMIeCKH BepudunuposaHHbiM nHBasuBHbIM SHMK.
Pedepencnsriit rucrosornuecknit pesyibrar — JIBU-nonoxkutesnbubiit cratyc
(JIBU+).

ITo pesynbratam skcmeptroit onenku MPT BoisBiaensr oba M-MP npeank-
topa JIBU: nepurymMopaJsbHbIN OTEK (rUNIepuHTEeHCHBHBIH curHau Ha T2-BU
B OKpYy2Karolell TkaHn) u npusHak o6ojKa onyxosiu Ha DWT (rim sign).

Ipororun CIITIBP zanymen B aByx pexumax: Crenapuii 1 (pucynku 3
n 4), B kKotopom M-MP npusHaku yCTaHOBJIEHBI B 3HAYEHWE <BBISIBJICH»
(coorBercTByeT ncrunHoi kKaprune MPT) u Cruenapuit 2 (pucynku 5 u 6),
B KoTopoM M-MP npusnakm ycTaHOBJIEHBI B 3HAYUEHHUE «HE BBISIBICH», UTO
UMUTHPYET CIEHAPUii, IIPU KOTOPOM PEHTTEHOJIOT IIPOITYCTHUII IAHHBIE IIATTEPHbI:



Mopenb 1 — UHTpaTyMopanbHas rubpuaHas (4)

Mopdonornyeckue MP Nnpu3Haku + MHTPaTyMOpanbHbie pagMoMuyeckue MP nokasatenu

[ Napametpm Ml Homorpamma Baiieca

<

Perit.edema Mpuanak log-LR

RunVar_T2 Prior -1.2432

Mean_T1 Perit.edema

ZonePet T2 (DRSNS | | runver_T2

smoptoLe_aoe  (EINDRONERSNNED | | ... 1

smopioLe_nwi  (EIONISOSEIN | | oo 12

moioce  (EES || o o

Mce_bee (<o603085 ™)

smopiote T2 (SIS
N Ime1_DCE

MDL-Entropy AWGxhe tnsagmna MCC_DCE

SmOpLGLE_DWI

v
v
v
v
v
v
v
v
v

SmOpLGLE_T:

Bknap, npuaHakos (lennu)

Perit.edema
DWI rim
Mean_T1
ZonePct_T2
RunVar_T2
Imc1_DCE
MCC_DCE
SmDpLGLE_..
SmDPLGLE_-.
SmDpLGLE_T2
« NBU-

+0.946
+0.792
+8.505
+0.484
+08.458
+0.189
+0.189
+0.177
+8.177
+8.177

I Merpuxu mogenu

PucyHok 3. ITanmenu CIIIIBP «Mopdo-pagnomudeckas: auaraoctuka JIBU npu SHM2K», orobpa-
2KAOIINEe TPABUIbHOE JHATHOCTUIECKOE COCTOSTHIE, TPU KOTOpoM oba mpu3naka m-MRI koppekTHO

nnearudunuposanbl (Crenapuii 1); rubpuHass HHTpaTyMOPaIbHAas MOJENb C HeBbisBIeHHbIME MP

IIpU3HaAKaMHU

AMULOOHIVUL VH OMVHEUdL-JN XUMOThUIOLOOJdON HUHBUL L
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Mopens 2 — JKeTpaTyMopanbHas (5)
Mopdonoruyeckne MP npuaHaku + 3KCTpaTyMOpanbHble paguoMudeckue MP nokasaTtenu

. MapameTpbl m Homorpamma Baiieca Bxnap npusHakoe (WWennu) - MeTpuku mogenu

Autocorr_T1 < 57998.3 Npuanak Perit.edema - 40.946 2% e
Kurt_DCE (<2.88053 ) || Prior W rim o7 2 0.940

Autacorr_T1 +8.505

Kurt_DCE
Coarse_ADC
SmArea_ADC 2124 JointEnt_T2

SmArea_ADC = 3.345e-07 Autocorr_T1
Coarse_ADC < 0.00791458 Kurt_DCE

JointEnt_T2 =111003 N
DepEnt_ADC 2751896

+0.336 .4 Sens
+8.213 0.896

+0.166
AC-

0.929

Coarse_ADC +0.213 DepEnt_ADC +8.154

Perit.edema BriseneH (1) JointEnt T2 +0.166 SmArea_ADC -0.124

DWI rim [ Bmssnaen (1) ) « NBU1-
e DepEnt_ADC +0.154
Parit.edema +0.946

DWi rim +0.792

P(NBU+): 856.1%
P(NBU-): 14.9%
log-prior-odds: -1.2432

+2.9883

+1.7451

PucynHok 4. IMTanenu CIIIIBP «Mopdo-paanomudeckas: auaraoctuka JIBU npu SHM2K», orobpa-
2KAOIINEe TPABUIbHOE JHATHOCTUIECKOE COCTOSTHIE, TPU KOTOpoM oba mpusnaka m-MRI koppekTHO
nnenrudunuposans! (Crenapuii 1); rubpuagHas SKCTpaTyMOPaJIbHAS MOJIEID C BbIsBICHHbIMU MP
MIPU3HAKAMEI
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Mopens 1 — UHTpaTyMopanbHas ruépuaHas (4)

Mopdonoruyeckue MP npusHaku + MHTpaTyMopanbHele paguomuydeckue MP nokasatenu

. NapameTtpobl m Homorpamma Baiteca Bxnap npuaxaxkos (Wennu) j MeTpuxku mopnenu

X

Perit.edema Mpuanak log-LR Perit.edema - -0.774 3 AUC

RunVar_T2 Prior -1.2432 Mean_T1 +8.505 ¥ 0.913
ZonePct_T2 +0.484
RunVar_T2 +0.468 4% Sens
DWI rim -8.355 1% 0.789
Mean_T1 +0.585 Imc1_DCE +0.189

Mean_T1 Perit.edema -8.774
ZonePct_T2 RunVar_T2 +8.468
SmDpLGLE_ADC |
SmDpLGLE_DWI

Imc1_DCE
- SmDpLGLE_ADC +0.177

MCC_DCE
S — SmDpLGLE_DWI +0.177
SmDpLGLE_T2 SmDpLGLE_T2
. —— Imc1_DCE +8.189 )
DWI rim € nBn-
MCC_DCE +0.189

AC-

0.762

ZonePct_T2 +0.484 MCC_DCE +0.189
48.177

+0.177

+0.177

v
v
v
v
v
v
v
v
x

SmDpLGLE_T2 +0.177
DWI rim -8.355

P{NBU+): 49.9%
P(NBU-): 50.1%
log-prior-adds: -1.2432
+1.2384
-0.8048

Pucynok 5. Ilaneau CIITIBP «Mopdo-paguomuueckas quarnocruka JIBU npu SHM2K», orobpazkarorue
HPABUJIBHOE [MArHOCTHYECKOe COCTOsIHUE, P KOoTopoM 06a npusHaka m-MR «ue sbisiBiensl» (Crenapuit 2);
rubpuiHas UHTPATYMOPAJIbHAS MOIEIb

AMULOOHIVUL VH OMVHEUdL-JN XUMOThUIOLOOJdON HUHBUL L

ey



Mopenb 2 — SKcTpaTyMopanbHas (5)

Mopdonoruyeckne MP npuaHaku + aKCTpaTyMopansHble paguoMuyeckue MP nokasartenu

H NapameTpw

Autocorr_T1
Kurt_DCE
SmArea_ADC
Coarse_ADC
JointEnt_T2
DepEnt_ADC
Perit.edema
DWI ri

Pucynok 6. Ilanemu CIIIIBP «Mopdo-pagunommaeckas nuaraocruka JIBU mpu SHM2K», orobpazkaroniue
IPaBUJILHOE UAIHOCTHYIECKOE COCTOSIHYE, IIPH KOTOPOM 00a npu3Haka m-MR «ue BoisBiensr» (Cuenapunii 2);

((<57998.3

He suiaenex (0)

[ He BmsBneH (0)

m Homorpamma Baiteca

Mpuanak
Prior
Autocorr_T1
Kurt_DCE
SmArea_ADC
[LEVW L o
JointEnt_T2
CepEnt_ADC
Perit.edema

DWI rim
P{NBU+):
P{NBU-):

log-prior-odds:

rubpUIHAS IKCTPATYMOPATbHAS MOIEH

log-LR
-1.2432
+0.585
+0.336
-08.124
+0.213
+0.166
+8.154
-0.774
-0.355

24.6%

76.4%
-1.2432

Bknap, npu3naxos (Wennu)

Perit.edema -
Autocorr_T1
DWI rim
Kurt_DCE
Coarse_ADC
JointEnt_T2
DepEnt_ADC
SmArea_ADC

« nBu-

-8.774
48.505
-0.355
+0.336
+0.213
+0.166
+08.154
-0.124

MeTpuku mogenu

AuC
0.940

Sens
0.895

6.3%
AC-

0.92

6.9%
4.7%

NBK+ +
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Cpasrumenvrvie peaysvmamo, 08y pescumos. B crienapun 1 0be momen
npasuibHO Kaacendunuposaau JIBU-nonoxurenbubiii crarye (JIBU+)
(Tabmuna 4). B crierapun 2 mHTpaTyMOpaJbHAs MOJIEJb [I€PeNLia B 30Hy
noJsiHo# KimHudeckoit neonpepenéanocru (P = 49,9%, urorosas cymma
sorapudmos 1mancoB X log-odds npakruyecku pasna myimo: —0,005), a
SKCTpaTyMOpaJibHas — JIaJia WHBEPCHUIO JIMATHOCTUKU C (DOPMUPOBAHUEM
JIOKHOOTpUIaTebHOrO pedyibrara (P = 24,6%). Suauenne 24,6% oxasbiBaeTcs
Kpaiite 6Ju3kuM K 6a30B0ii anpuopuoii Beposirnoctu JIBU B nonysisinuu (22,4%,
paccunTanuoil u3 ¢gonosoro log-prior-odds = —1,2432). 910 cBHIETEIBCTBYET
0 TOM, YTO IIPH TTOTEPE MHGMOPMAIUK O KJIIOUEBBIX MOPMOIOTHIECKAX TPU3HAKAX
baitecOBCKasl CUCTEMa 3aKOHOMEPHO OCYIIECTBJIISIET PErPECCUIO K CPETHEMY,
[IpU3HaBasi TEKCTYPHbIE PAIUOMUYECKUE TPU3HAKY HEJIOCTATOIHBIMHU JIJIsI
YBEPEHHOI JUArHOCTUKHU.

Tabmmya 4. Cpasuaenne auarsoctuku JIBU y nanmentkm id 201
B JIBYX PeXXKUMaX pabOThl IPOTOTUIIA

Mogesb Cuenapumii 1 Cuenapuii 2 A P(JIBU+)
(I/;H”lf(}))ga_l(")}zvg)sp))aanaﬂ 12,862 0,005 -
(ﬁ?ﬁﬁﬁf?ﬁaﬂb}mﬂ 94,6% (JIBU+) | 49,9% (3oma meorpe.) —44,7 n.m.
(Slf(ﬁféaéﬁgpanbﬂaa 85,1% (JIBU+) | 24,6% (noxxHOOTpPMIL.) —60,5 1.1

ITpumeuanme: M-MP npusHaky <«BBISIBJIEHBI» B CIHEHapuM 1 U «HE BBISBJIEHBI»
B crieHapuu 2.

SHA P-panorcuposanue 6 oboux cuernapusx. Cymmapubiit SHAP-skia
nByx M-MP npusnakos (nepurymopasibHoro oréka u DWI-o6ozaka) cyte-
CTBEHHO BBIIIE B 3KCTPATYMOPAJBHON MOJIENIN, YeM B HHTPATYMOPAJILHOI:
53,7% vs 42,4% B cuenapuu 1 u 43,0% vs 32,2% B cuenapuu 2. 1o o3HA-
9aeT, YTO FKCTPATYMOpPAJIbHAS PAIMOMAYECKasi CUTHATYPA, U3BJICIEHHAS
13 IePUTYMOPAJIbHON 30HbI, B 3HAYUTEIHLHO OOJIBIIIEN CTEIIEHN 3aBUCUT OT
MaKpocKommieckux Mopdosiornaeckux mapkepos JIBU, wem narparymo-
pasipHas. /aHHas 0cOOEHHOCTh O0bsCHSET U 0OOJiee BHIPAYKEHHYIO MHBEPCHIO
IIPOrHOCTUYECKOrO 3aKJ/IIOUEHHSI [IPU yTPaTe 9TUX MapKEPOB: CHUKEHUE
amoctepuopuoit Bepograoctu JIBU+ ma 60,5 m.11. B 9KCTpaTyMOpaIbHON
MOJIeJTU TI0 CpaBHEHUIO ¢ 44,7 1.1. B UHTPATyMOPAJILHOIA.
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Oboacrenue «napadokcasr corpanerus svicoxozo SHAP-exaada. Ha nepebrit
B3IVISJ MOYKET MOKA3aThCs MapaJoKCAJbHBIM COXPAHEHUE JIUJTUPYIONAX
nosunuii M-MP npusnakos B SHAP-paHKupoBaHUM [IPU UX YCTAHOBKE
B 3HaYeHUE «HE BBIABJICHBbI». OJHAKO 9TO OoTpaxKaeT PyHIaMeHTAJIbHOe
CBOICTBO 00bsicHnMOil Kiaaccudukarum: SHAP uzmepsier abcomoTHyo cuty
BJIMSIHUSI TIPU3HAKA, a He ero HalpajieHue. bunapHblil npusnak y 6aiiecoBcKoro
KJIacCH(UKATOPA BCETJIa UMEET JIBa <«ITOJIF0Cay: IPU HAJTUIUNA — OOJIBIITON
nosoxuresnbHbiii log-LR (40,946 11 mepurymopasbaoro oréka u 0,792 st
DWI-0601Ka), npu orcyrcrsum — 60Jibinoii orpunareabusiii log-LR (—0, 774 u
—0, 355 coorsercrBerHo). Oba 3HAUEHNUS 110 MOJIYIIIO BEJUKH, [IOTOMY 9TO CaMa
CTATUCTUYECKAs CBA3b MPU3HAKA C IIEJIEBOM NepeMeHHO cuiibHas. Eciu Ob
NpHU3HAK ObLI ca0biM (pacrpe/ieileHre TOUYTH OMHAKOBO B rpymmnax JIBU+ u
JIBU-), ero log-LR 6bu1 661 61130K K Hy/110 B 060ux cocrognusx, u SHAP
JaBaJt Obl eMy HU3KWIT PAHT HE3aBUCHMO OT 3HAYEHUS Y HAIHEHTA.

CaeoBaresbro, Boicoknit SHAP-panr nmepurymMopasibHOTO OTEKa U
DWI-06011Ka B 060MX CIEHAPUAX IIOATBEPXKIAET, YTO UMEHHO STHU JIBa
MIPU3HAKA, ABJISIOTCS «TUATHOCTUIECKUMU MEPEKTI0IATEIAMUA»> MOJIEIIN —
OHU ¢ HAMOOJbIEH CUJION CMENMAIOT pelieHne B JII00yio cropony. Jlannas
3aKOHOMEPHOCTH BOCIIPOU3BOJUTCS B 0DEMX MOJEIAX: MEPUTYMOPATHHBIN
OTéK coxpaHnsier niepBoe Mecto B SHAP-pamkupoBanun Kak Ipu 3HAYEHUN
«BBISIBJICH», TaK ¥ [PU 3HAYEHUU «HE BBLISBJIEH» — KaK B HHTPATYMOPAJIHHON
(23,1% — 22,1%), Tax u B sKkcTparymopaabhoit (29,2% — 29,5%) mogensax. o
MMeEET BasKHOE KJIMHUYECKOE CJIejICTBUe: npu3Haku ¢ BeicokuM SHAP-secom
TPEOYIOT MAKCUMAJIBHON TIIATETLHOCTH IKCIIEPTHON OIEHKH, MIOCKOIBKY
Jo6ast OMmubKa UX MHTEPIPETAIUN IPUBOAUT K MAKCUMAIHLHOMY U3MEHEHUIO
AITOCTEPUOPHON BEPOSATHOCTH.

Heobxodumocmsd KoMNAEKCH020 0Mobpascerus nokazamenret npomomuna.
Kimmanyeckuii npumep HarjsyiHO JeMoHcTpupyet, nodemy mnpororur CIITIBP
0TOOpazKaeT UMEHHO TaKOi HADOp ImoKa3aTe el u moueMy JIr000e ero COKpaIieHne
[IPUBOJUT K IIPOTUBOPEYUSIM HHTEPIIPETAINN:

« Tonbko AUC u P(JIBU+)— Bpad BUAUT Pe3y/ibTaT, HO He IIOHUMAET,
IovYeMy MOJIEJb JIaeT TaKyIo JUarHOCTUKY. B crieHapum 2 skcTpaTymo-
pasbHO# Mogenn pesyabrar P = 24,6% BoIrismesn 661 KAK OTHOCHTEILHO
YBEPEHHOI OTPUIATE/IFHON NMATHOCTUKY Oe3 yKa3aHWil Ha MCTOUYHUK
9TOI «yBEepeHHOCTH» U 0Oe3 MOHWMAHUsI, 9YTO PE3YIbTAT OOYCIOBJIEH HE
PAIMOMUIECKAMU JAHHBIMU, & UCKJIIOYUTEFHO OTPUNIATEILHBIM BECOM
(X log-LR = —1,129) aByx kimo4eBbix M-MP npusnakos.

« Tosibko log-LR 6e3 SHAP — HeBO3MOXKHO [IPUOPUTU3UPOBATH BHUMAHUE.
Bpau He TOHMMAaET, KAaKOW MPU3HAK CTOUT MIPOBEPUTH B IIEPBYIO OUEPE/Ib.
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« Tonbko SHAP 6e3 HanpasiieHNsI — BBICOKUIT PAHT [IEPUTYMOPAJIBEHOTO
oTéKa B crieHapuu 2 6e3 3Haka log-LR cosmas Obl JI02KHOE BIleYaT/IeHue,
qT0 Npu3HaK noarBep:kaeT JIBM4-, Torna Kak B JefiCTBUTETLHOCTA OH
rosiocyer «uporus» (log-LR = —0,774).

Be3 log-prior-odds — amoctepruopHbie BEPOATHOCTH ObLIN OBl CHCTEMATHIE-
CKU 3aBBINIEHBI 0e3 yuéra snuaemuoorntdeckoit qactorsl JIBU. B mamnom
npumepe 6m3octs P = 24,6% x donosoit pacupocrpanénnocru 22,4%
KJIMHUYECKN 3HAYMMA: OHA IIOKa3bIBaeT, 4To 60e3 M-MP mpusHakos
SKCTPpaTyMOpaJibHAasi MOJIEJb HE CIIOCOOHA M3BJI€Yb WHIUBUIYAJIHHO
3HAYMMYIO WH(MOPMAIIUIO U3 PAJHOMUYECKUX JAHHBIX TAI[HEHTKH.

Coueranne AUC, log-prior-odds, log-LR ¢ Homorpammoit, SHAP-panxupo-
BaHWsI U UTOIOBOI AIlOCTEPUOPHOI BEPOSTHOCTH YCTPAHSET ITH TPOTUBOPEYUSI
7 opMupyeT TOTHOIEHHY0 cucteMy obbsicHuMmocTrn: AUC 060cHOBBIBaeT
JoBepre K WHCTPYMeHTYy, log-prior-odds 3a7aéT KaJmOpPOBAHHYIO CTAPTOBYIO
TouKy, log-LR 1 HOMOrpamMa pacKpbIBaIOT JIOTUKY paccy:kaenus, SHAP
paccrasiisier npuopurersl BuuManusi, a P(JIBU+) naér urorosblii KianHugecKuit
pe3yJbTar.

Buonozuueckasn obocrnosarnocmv m-MP npusnaros. dddekt, mpomseMoH-
CTPUPOBAHHBIN KJIMHUIECKUM IIPUMEPOM, UMeeT OHOJIOIMIeCcKOe OCHOBAHMUE:

« IIEPUTYMOPAJIBHBINA OTEK OTpazkaeT JUM@OCTa3 U BOCIAJIATETHLHY IO
epecTpoiiky MUKPOOKPYKEHUSsI, aCCOIMUPOBAHHYIO ¢ OOCTPYKITIEH
MEPUTYMOPAJBHBIX JIUM(MATHICCKAX COCYJIOB OIyXOJEBBIMEI IMOOIaAMU 1
aKTUBaIEl aHIMOreHe3a;

« mpusanak DWI-o06o1ka ykasbpBaeT Ha orpanmdenne auddy3nn B 30He
MaKCHMaJIbHOI KJIETOYHON IJIOTHOCTU U IIPOJI(EPATHBHON aKTUBHOCTH
Ha TPAHUIIE OIYXOJIb/CTPOMAa, TJe HAnbOJIee BEPOSITHA COCYIACTAs
UHBA3Us.

OTH IPU3HAKU KOMILIEMEHTAPHBI CyOBU3yaJIbHBIM TEKCTYPHBIM [ATTEPHAM,
(DUKCUPYEMBIM PaJIMOMUYECKUMU JIECKPUIITOPAMU, U He JyOJUPYIOT UX
MH(MOPMAIIMOHHOE COJIepKaHNe, YTO 1 00ECIeINBACT CUHEPIUIeCKuil 3(pdeKT
rubpuaoit Mogeu. OcoOEHHO MOKA3aTeILHO IMOBEIEHUE IKCTPATYMOPAJIh-
HOII MOZeIN: HeCMOTPS Ha, TO UTO PaIHOMHIYecKHe HoKazaremn VOIT2 MM
M3BJIEKAIOTCS U3 TIEPUTYMOPAJIHHON 30HBI, HEIIOCPEICTBEHHO OTPAXKAIOIIEH
00J1aCTh TOTEHIMATHHON JTUMQOBACKYISPHOI NHBA3UH, UX [IPOTHOCTHIECKAS
MEHHOCTH 0e3 Mopdoorndecknx MP-pu3nakoB oKa3bIBaeTCs HETOCTATOTHON —
arrocrepuopHas BeposTHocTh JIBU namaer ¢ 85,1% no 24,6%, dakruye-
CKM BO3BpaIasch K (HpoHOBOMY ypOBHIO (22,4%). DT0 cBHIETEIHCTBYET
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0 TOM, YTO TEPUTYMOPAJbHBIN 0TEK 1 DWI-00010K KOAUPYIOT OMoJiorntde-
ckyto undopmaruio uaoro macmraba (Maxkpockonundeckuit sumdocras u
30HaJIbHOE orpanudenue nuddysun), Koropas He MOXKET ObITH IIOJHOCTHIO
KOMIIEHCUPOBaHa, CYOBOKCEJIbHBIMU TEKCTYPHBIME JIECKPUIITOPAMU.

3. Ob6cyxaeHue

CrocobGHOCTD PAJIMOMUYIECKHX TTOKa3aTesell OTpaXKaTh FeTePOreHHOCTh
omyxoJin JieskuT B ocHoBe jmarnoctukn SHMZK. Cospementbie ucciiemoBaresin
ucrnoss3yor p-MP nokasaresnu, u3sieuéHHbIe Kak 3 Beeil omyxoun [23-28],
TaK ¥ U3 IEPUTYMOPAJIbHBIX TKaHeH. ] eTeporeHHOCTh IepuTyMOPaIbLHOMN
TKAHN COXPAHSETCS HA PACCTOSHUA 0 4 MM OT TePBUYHOM omyxomn [32], aro
[IO3BOJISIET UCIIOJIB30BaTh nokazarenn VOIT2 ™ jsg quarnocruxu JIBU,
MeTacTa3oB B HOMBbIIIeIHble TuMbOoy3isl [33-35] u yposus Ki-67 [36].

B mmarmoctuke JIBU 0b6o3nadninch aBe TEHIEHIMNA: CO3MAHNE THOPUIHBIX
Mojiesieit ¢ BKodenneM M-MP Mpu3HAKOB U MCIOJIH30BAHUE SKCTPATYMOPAJIh-
ubix p-MP nokaszareseil Hapsiy ¢ uHTpaTyMOpaabHbIME [27,29].

B mamem wucciie1oBaHIM YCTAHOBJIEHO, YTO BKJIIOYEHUE TIEPUTYMOPATIHLHOTO
oréka 1 DWI-060/1ka B paJIMOMIYECKUE CUTHATYPBI CTATUCTHICCKH 3HATUMO
YIIydIaeT JUCKPUMUHAIIMOHHYIO CIIOCOOHOCTD Mojieliell HauBHOTO Baiieca
(abcomorubiii npupoct AUC 7,6 it u 5,3 m.11. coorBercTBenHo). IIporpammuast
peasmsanus quckperusaimu Entropy-MDL okazasach 6osee 3¢hdekTrBHOM 110
CPaBHEHUIO C TPAJUINOHHON L2-perymsipusarueil JOruT perpeccueii: cpaBHEHNE
¢ OMyOJIMKOBAHHBIME Pe3yJbraTaMi Ha ToM ke HaGope manHbix (KNN: AUC =
0,688) [29] nokasbiBaer npesocxoiacTBo Hamux Mozeseii (AUC = 0,940).

Kaunndeckuit mpuMep, mpejcTaBJIeHHBI B paboTe, JeMOHCTPUPYET
MPUHIANHAIBHYO0 3HAIUMOCTh M-MP mpn3HakoB Kak JUarHOCTUIECKHUX
nepekirouareseit moaeu. Coxpanenne ux Boicokoro SHAP-panra npu naBepcun
snaka log-LR moarsepkiaer, 9T0 00bACHUMOCTD IIPOTOTHUIIA, PEAIM30BAHA
koppekTHO: SHAP orparkaer He UTOrOBYIO AUATHOCTUKY, & HH(MOPMAITHOHHYIO
[[EHHOCTH MPU3HAKA KAK WHCTPYMEHTA PA3JIUUEHUs KJIACCOB. DTO COTIACYETC
¢ Teoperndeckumu ocHoamu SHAP Kak mMepbl MapruHaJJBLHOTO BKJIAIA
npusHaka B Kiaccudukanuo [37].

JpoitHoit MexaHU3M 0ObsicHUMOCTH (HOMOorpamma Baiteca + SHAP)
peanusyeT peryjiaTopHble TpeboBaHus K explainable Al B Tom ducie neii-
creyromue tpeboBanust EU Al Act. Cucremarudeckoe npumenerne SHAP
B COYETAHWU C HOMOrpamMMmamu HauBHOTO Baiteca mius mmarnocruxu JIBU pamee
HE OIHCHIBAJIOC.
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3.1. MNporpammHas apxuTekTypa U TEXHONOrMHYECKME NPenmmMyLLecTBa

Peasuzarus nmpororuna kak aBroHomHoro single-page HTML-tnpuioxkenus

obecrieuynBaer:

 HE3ABUCHMOCTH OT CEPBEPHOIl HHMDPACTPYKTYPHI U UHTEPHET-COENHEHNST;

« COOTBETCTBHE TPEOOBAHUIM HHMOPMAIMOHHON O€30IIACHOCTH M€ IAIINH-
CKHAX OpPraHU3aINA;

* BO3MOXKHOCTb BCTPAaWBaHUSA B CYIIECTBYIOIIE pabodne MeCTa PEHTTEHOJIO-
roB 0e3 MHTErpPaIMOHHBIX 3aTPAaT;

« KpoccinaTdOPMEHHOCTh U II€PEHOCUMOCTbD.

Kombunanus nannacosckoro criaaxkusanug (o = 1) ¢ MDL-Entropy
JCKperusanueii obecnednsaeT poGaCTHOCTh K MAJIbIM BHIOOPKAM U JucOaIancy

KJIaCCOB — KJIIOYEBYIO XapPaKTEPUCTUKY JJId MEJIUIMHCKUX JTAHHbIX.

3.2. OrpaHuyenus

« PerpocrniekTuBHBIIT XapakTep UCCIEIOBAHUA C IPUCYIIAM CEJIEKITHOHHBIM
CMeIeHueM.

OrnocurensHO HeGOMbIIAs BEIOOPKa (191 maruenT) ¢ nucbamancom

ksaccos (23,6% JIBIT).

OrcyTcTBrE MPOCIIEKTUBHON BAJIMJIAIINN HA HE3ABUCUMON KOTOPTE.

HUcnonb3oBanne JaHHBIX OJHOIO IIPOM3BOAUTEIs 0bopyaoBanus (Siemens
1,5 T) — neobxoauma nposepka nepenocumoctu #a MP-cucremsr 3 T u
JIPYTUX TIPOU3BOJIUTEJIEH.

3.3. HanpaBsneHus pganbHeiiluero pa3sutus

IIPOCHEKTUBHAA MYJILTUIEHTPOBaA KJINHUICCKAA BaJIAIaIIA]

unrerpaiua ¢ PACS/RIS-cucremamu yepes DICOM-unrepdeiic;

aBTOMATHU3AIAS CETMEHTAIINHN OITyXOJI C UCIIOJIB30BAHAEM TITyOOKOTO
o6yuenus (U-Net u ero mopudukarmn);

pacmmpenue 6a3bl MAIMEHTOB W OINEHKA BJIUSHUASA HA KJIUHUIECKHUE
HCXO/IBI;

CepTI/I(bI/IKaHI/IH IporpaMMHOI'O obecreyeHns Kak MEIUIMHCKOI'O U3ICJINAd.
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BbiBogbl

(1) Mopdonoruieckne MP-nipuznaku neputrymopasibhbiit orék 1 DWI-06010K
OILyXOJI SIBJIAIOTC HezaBucuMbiMu npeaukropamu JIBU (OR 5,66 u
4,05 coorBercTBeHHO). VX BKIIOYEHUE B PAIMOMUYECKHE CUIHATYPbI
Mojeneit HauBHOrO Baijieca crarucrnaeckn snaanmo nossimaer AUC-ROC

Ha 5,3-7,6 m.m.

Paspa6orannsiit npororun CIIIIBP obecrieunBaer 06bICHUMYIO TIEPCO-
Haau3upoBanuyio auarsoctuky JIBU 3a cuér coderanuns momorpamMmm
nHausHoro Baiteca u SHAP-anamuza. CoBOKymHOCTH 0TOOparkaeMbIX TOKa~
saresieii (AUC, log-prior-odds, log-LR, nomorpamma, SHAP, P(JIBU+))
dbopMupyeT HEITPOTUBOPEUUBYIO CUCTEMY WHTEPIIPETAIINHN, B KOTOPOit
KazKJIbIil KOMIIOHEHT pelraeT CIenuduIecKyio 3aady U yCTPaHsIeT
OrpaHWYeHUs JIPYIUX [ToKa3aTeei.

(2

~

(3) Knuanaecknit mpumep memorcrpupyer, uro M-MP npusnakun sBistorcs
CTPYKTYPOOOPA3YIOMNMA IPEIUKTOPAMI MOJEIN: UX UCKJIIOUECHUE
NIPUBOJUT K CHUKEHUIO anocTepropHoii Beposataoctn JIBU ¢ 94,6%
110 49,9% (30Ha HEONPeNeNEHHOCTN) WM K WHBEPCUU JIUATHOCTUKA
¢ 85,1% mo 24,6% (7102KHOOTPUIIATENBHBII PE3YJIBTAT y MAIUEHTKA
€ PHCTOJIOrUYecK noarsepxkaéuunoi JIBIH).

(4) Coxpanenne Boicokoro SHAP-panra M-MP npusHakoB He3aBUCHMO
OT UX 3HAYEHUs y MAllMeHTKU OTpaxKaeT (pyHIaMeHTaIbHOE CBOWCTBO
MOJIEJI — JAHHbIE TPU3HAKN SIBJISIIOTCS €€ TJIABHBIMU «IMArHOCTHYIECKIMEI
[ePEKJII0YaTEISIMIA». ITO 0OOCHOBBIBAET HEOOXOINMOCTh IIOBBIIIIEHHOTO
KOHTPOJISI KAYEeCTBa, YKCIEPTHON ONEHKM MMEHHO TeX MPU3HAKOB, KOTOPBIE
nMeroT Beicokuit SHAP-sec.

(5) IIporpammuast peanu3aliust TPOTOTUIIA B BUJIe aBTOHOMHOTO single-page
HTML-npuioxkenus: obecrieanBaeT IPaAKTHIECKYIO IIPIMEHIMOCTE Oe3
cepBepHOIl MHQPPACTPYKTYPHI U HE TPeOyeT OT KOHEYHOI'O I10JIb30BATE/Is
CleNUaIbHbIX HABBIKOB PA0OTHI C PAJHOMUYECKUMH JIAHHBIMU.
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