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Momusayus u yenv. Jlnarnoctuka 6oneznn AnbureiiMepa (BA) mpeacrasuser coboit
MPOJIO/DKUTENBHBIN mporecc [1], BKIIOUAIONIMM B ce0s M3ydeHUE aHaMHE3a, TECTHI,
HampaBJICHHbIE HA OLEHKY ICUXWYECKOro CTaTyca MAlUEeHTA, NHBAa3UBHBIC aHAIIU3BL,
HEOO0XOIUMBIEe 7Sl OLEHKH YPOBHs OeTa-aMmiionJa B CIIMHHOMO3TOBOH KHIKOCTH, U
MeToJbl HeWpoBu3yann3auuu. Ilpu 3TOM paHHAS JIUArHOCTHKA C TNPUMEHEHUEM
KJIACCHUYECKUX METOAOB 3aTpydHEHA MH3-32 HEOAHOPOIHOCTH CHUMITOMOB M HX
HEOJHO3HAYHOI'O PACHpEeAeiCHUsI IO BPEMEHH IMOSIBICHMSA, YTO Hapsigy ¢
HEOOXomUMOCThI0  nuddepeHnrpoBanns BA oOT Apyrux BHAOB JEMEHIMH H
HEBO3MOXXHOCTBIO OJHO3HAYHO TOATBEPAMTH JMArHo3 [0 THCTOJOTHYECKOTO
WCCIICIOBAHUSI MO3ra TOBOPUT O CEPhE3HOM IOTECHLMAJE albTCPHATUBHBIX METOHOB
muarHocTikn BA. K HUM OTHOCSTCS M MOAEIM MAalIMHHOTO OOy4YeHHS, KOTOpEIC
OTKpBIBAIOT BO3MOXKHOCTH KaK JUIsl BHICOKOTOYHOW paHHEM JMarHOCTUKH, TaK W IS
W3y4YeHHsl acHeKTOB maTtoreHe3a. OIHAKO CyLIEeCTBYeT XapakTepHas Uil MHOTHX
MoJieIiel mpoobiieMa «4E€pPHOTO SIIUKa» — HHaue TOBOPSI, OTCYTCTBUS HH()OPMAILIUU O TOM,
KaK MOJEIM MAalIMHHOTO OOy4YeHHs MPUHUMAIOT PElIeHHs, YTO OTPaHHYUBAET WX
NPUMEHEHUE B KIMHUYECKON MpakTuke. st pemeHus 3Toi npo0ieMbl ObUIH CO3/1aHbI
metonsl Explainable Machine Learning (XML, IML [2]) — o6bscHumoro wuin
WHTEPIPETUPYEMOTO MAaIIMHHOTO o0y4eHusi. Metonsl XML TO3BONSIOT MONYy4YHTH
WHPOPMAITUIO O MEXaHW3MaX MPUHATHS PEUICHWH U BKJIaJaxX B MPOTHO3BI OTJEIBHBIX
BXOAHBIX INPU3HAKOB, YTO JOJDKHO IOBBICHTH YPOBEHb JOBEpUS K HOBBIM JUIS
MEJIMIIUHCKOTO COO0IIecTBa CHoco0aM JIMarHOCTUKKM U OOJIETYHUThH  IONTyYeHHE
WHPOPMAITUK O MTOTEHIIMAIBHBIX JpaiiBepax bA.

Memoowt u anreopummsr: JIns oOydeHuss Mopeneil MbI HCHOJIB30BAIN (PpPEHMBOPK
Ludwig [3], opueHTHpOBaHHBI Ha METOABI TIyOOKOro o0ydeHus. Mcrmosp3yeMblid
JaTaceT MpeaCTaBIsAeT coboi momyuernsie ¢ unmna lllumina Human HT-12 v4 nannbie
06 okcmpeccnn PHK B cpemHeil BUCOYHOW W3BWIMHE y TAIMEHTOB C
JIMAarHOCTHPOBAaHHOW BA W KoHTponbHOU rpynmbl [4]. s reHepanuu oOBsICHEHUH
npejicKaszaHuii Mbl ucnonb3oBaiu anroput™m Accumulated Local Effects (ALE) B
cocrae oubmmorexu Alibi [5].

Peszynomamur: Mbl 00yumiin psii Mozenel, IpOrHO3UPYIOIUX Hainuune bA, mydmime
3HAYEHUS] METPUK KOTOPBIX COCTaBJSIOT: cOanaHcupoBaHHas TouHocTh — 0.924,
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cnerupuanocts — 0.886, koaddurment koppensuuu Materoza — 0.85. O0bsICHEeHus,
noJTydeHHbIe ¢ ToMOIbI0 ALE, Mo3BOMMIIM BRIICIUTE ST TPAHCKPUIITOB, SBIISIOIIMXCS
0c000 SIPKUMH BXOIHBIMHU MPHU3HAKaMU TSI 00ydeHHBIX Mozeneil. COOTBETCTBYIONINE
TeHbl, MPECTABIIONINE WHTEPEC, BOBIECUYECHHI B TPOIECCH CBEPTHIBAHHUA KpPOBH,
BO3HUKHOBCHHSI BOCIAIMTEIBHBIX PEaKIuii, OMocuHTe3a AodaMUHA W MOAJEPIKAHUSL
¢ysaxr Makpodaros. B xoze ananmza nutepatypbl ObLTH HAHACHBI TOATBEPKICHIS
CBSI3H OTHX TCHOB ¢ 0OJIE3HBIO AJbIreliMepa.

Buvisoowi:  PesynbraThl  Hamlero WCCICNOBaHUS JEMOHCTPHPYIOT BO3MOXHOCTh
W3BIICYCHUST W3 BBICOKOTOYHBIX MOJEICH MAalIMHHOTO OOydeHUs WH(GOpMAIUU O
MOTEHIMAIBHO 33JIeiCTBOBaHHBIX B MaToreHe3e bA reHax, 4To MOTEHIUATLHO MOXKET
MOBBICUTh YPOBCHb JOBEPHSI K TOJOOHBIM MOJCNSM B KIMHHYECKON NPAKTHKE U
ONTUMHU3UPOBATH NPOLEAYPHI MOATBEPKACHUS AUATHO3a U PAHHEH TUArHOCTUKH.
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Motivation and Aim: Diagnosis of Alzheimer's disease (AD) is a lengthy process [1],
that includes gathering of anamnesis, tests for the patient's mental status, invasive tests
necessary to assess the level of beta-amyloid in the cerebrospinal fluid, and
neuroimaging methods. However, early diagnosis using classical methods is
complicated by the heterogeneity of symptoms in a cohort of patients with Alzheimer's
disease and their ambiguous distribution by time of onset, which, along with the need to
differentiate AD from other types of dementia and the inability to confirm the diagnosis
before histological examination of the brain, indicates the serious potential of alternative
methods of diagnosing AD. Such methods include machine learning models, which offer
opportunities both for high-precision early diagnosis and for studying the aspects of
pathogenesis. However, the majority of models possess a "black box" problem — the lack
of information about how machine learning models make decisions. Such lack of
information limits the applicability of machine learning models in clinical practice.
Explainable Machine Learning (XML, IML [2]) methods — explainable or interpretable
machine learning — have been created to address this problem. xML methods provide
information about decision-making mechanisms and contributions of individual input
features to the predictions, which should increase the level of confidence in new
diagnostic methods for the medical community and facilitate the acquisition of
information about potential drivers of AD.

Methods and Algorithms: To train the models, we use the Ludwig framework [3] focused
on deep learning methods. The dataset we use is RNA expression data for the middle
temporal gyrus of patients with diagnosed AD and controls [4] obtained from the
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[llumina Human HT-12 v4 chip. We use the Accumulated Local Effects (ALE)
algorithm as part of the Alibi library [5] to generate explanations for our predictions.
Results: We have trained a number of models predicting the presence of AD, the best
metrics of which are: Balanced Accuracy — 0.924, Precision — 0.886, Matthews
Correlation Coefficient — 0.85. The explanations obtained with ALE allowed us to
identify several transcripts that are particularly important input features for the trained
models. Relevant genes of interest, found by our ALE test, are involved in blood
coagulation, the occurrence of inflammatory responses, dopamine biosynthesis and
maintenance of macrophage function. We found literature that supports the association
of these genes with Alzheimer's disease.

Conclusion: The results of our study demonstrate the feasibility of extracting
information about genes potentially involved in AD pathogenesis from machine learning
models, potentially increasing the level of confidence in such models in clinical practice
and optimizing diagnosis confirmation and early diagnosis procedures.
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