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PhD Review for Ms. Ainur Yerkos

This report is presented to confirm my strong support of Ms. Ainur Yerkos and
to document her progress and achievements under my international supervision
from 2022 to the present. Throughout this period, Ms. Yerkos has demonstrated
a consistently high level of scientific rigor, independence, and intellectual
curiosity, coupled with outstanding reliability and an exceptional capacity to
work across disciplines (Specialty: 8D06102 - Computer Engineering). Our
collaboration has been characterized by regular scientific exchange and a
productive international research workflow, resulting in multiple peer-reviewed
publications and substantial methodological and applied contributions in
machine learning for biomedical data.

Overview and Objectives of the Doctoral Work

Ms. Yerkos’ doctoral work, entitled “Development of a method and a software
package for big medical data processing” is situated at the interface of machine
learning, bioinformatics, statistics, and medical decision support. Her research
addresses a central challenge in real-world biomedical data science: developing
reliable algorithms that remain robust under conditions that frequently occur in
clinical practice, including heterogeneous data sources, time-dependent risk
patterns, missingness, and severe class imbalance driven by rare events. The
overarching objective of her work is to develop and validate methodological
approaches that improve the reliability and interpretability of predictive models
in clinically relevant settings, with a particular focus on transplantation medicine
as an exemplary high-impact domain.

\

The interdisciplinary nature of this doctoral trajectory is demanding, because it -

requires technical mastery of machine learning methods as well as domain

understanding sufficient to frame problems correctly, interpret results
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responsibly, and communicate implications for clinical processes. Ms. Yerkos
has managed this challenge very successfully. She has continuously
demonstrated the ability to translate clinical questions into technically sound
modeling strategies and, conversely, to communicate methodological constraints
and opportunities back into the medical context in a meaningful and pragmatic
way.

Scientific Contributions and Key Achievements

A major applied contribution of Ms. Yerkos’ work is reflected in the peer-
reviewed article on phase-specific kidney graft failure prediction, which
proposes a time-dynamic approach to post-transplant surveillance. Instead of
treating graft failure prediction as a static, single-timepoint problem, the study
develops models tailored to defined post-transplant intervals (0—3 months, 3-9
months, 915 months, 15-39 months, and 39—72 months). This “phase-specific”
framing is practically important, because it aligns prediction with clinically
meaningful time windows and enables differentiated follow-up strategies along
the patient journey. The reported predictive performance illustrates the value of
this approach, particularly in the mid-term period, where the models achieved the
highest accuracy (for example, ROC AUC approximately 0.92 in the 9—15-
month window, accompanied by strong classification quality reflected by an F1
score around 0.85). These results support the central conclusion that phase-
specific modeling can provide more robust decision support for identifying high-
risk patients and tailoring follow-up protocols, thereby improving post-transplant
care strategies.

A second major contribution is Ms. Yerkos’ work on methodological innovation
for imbalanced medical datasets, formalized in the open-access publication
introducing Noise-Aware Undersampling with Subsampling (NAUS). Severe
class imbalance is a recurring obstacle in clinical machine learning, particularly
when the event of interest is rare but clinically critical. NAUS addresses this by
combining clustering, noise removal, and Tomek-link identification to construct
refined subsamples and systematically remove redundant and noisy observations.
The method was evaluated on multiple disease-related datasets, including
chronic kidney disease, liver disease, and heart disease, and compared against
established oversampling approaches, such as SMOTE, ADASYN, and LoRAS
as well as classical undersampling baselines. By explicitly integrating “noise
- awareness” into the undersampling process and validating the approach across
multiple classifiers (including Random Forest and LightGBM), the work
contributes a practical and reusable strategy to enhance the reliability of
- predictive modeling under real-world imbalance conditions. This line of research-
is directly aligned with the needs of biomedical informatics, where robust
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handling of imbalanced outcomes often determines whether models are clinically
usable.

In addition to original research, Ms. Yerkos has also contributed to
interdisciplinary scholarship at the interface of medical practice, algorithmic
development, and responsible innovation. The joint review article “Ethics and
Algorithms to Navigate Al's Emerging Role in Organ Transplantation”
summarizes and critically contextualizes how machine learning, deep learning,
and generative Al can support transplantation workflows, including outcome
prediction, organ allocation and donor-recipient matching, precision pathology,
and personalization of immunosuppressive regimens. Importantly, the review
also addresses ethical implications, highlighting the need for transparency,
accountability, data privacy and security, and mitigation of bias to ensure fair
and equitable deployment of AI tools in transplantation. Ms. Yerkos’
involvement here demonstrates that her competencies extend beyond algorithmic
implementation to include the broader clinical and societal framing that is
increasingly expected from researchers working in high-stakes medical Al

Observations on Research Skills and Scientific Maturity

Across our supervision period, Ms. Yerkos consistently displayed strong intrinsic
motivation and a proactive research attitude. She regularly contributed original
ideas, independently proposed methodological improvements, and showed
excellent responsiveness to feedback. A particularly positive aspect is her ability
to incorporate comments efficiently and thoughtfully, often improving both
methodological clarity and scientific narrative quality in revised versions of
analyses and manuscripts.

Her international research stay in Dresden provided further direct evidence of her
maturity as an independent researcher. She integrated rapidly into a new
environment, established a productive work routine, contributed meaningfully to
collaborative writing, and, at the same time, advanced independent
methodological work with NAUS. The stay also highlighted her strong
interdisciplinary communication skills, as she actively engaged in discussions
bridging computational methodology and clinical transplantation practice.

Conclusion and Recommendation

In summary, Ms. Ainur Yerkos has demonstrated excellent technical progress
and strong personal development since 2022. Her work is characterized by
methodological depth, applied relevance, and an unusual strength in navigating
interdisciplinary challenges between machine learning and clinical medicine. Her
publications provide tangible evidence of her ability to contribute both novel
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methods for imbalanced clinical data and clinically meaningful predictive
modeling approaches for transplantation outcomes, complemented by thoughtful
engagement with the ethical dimensions of medical AL

Based on her achievements, her scientific maturity, and her proven ability to
work effectively in international collaborations, I strongly support Ms. Yerkos

and recommend her doctoral work for the next steps toward‘cornpletion.

Yours sincerely,

z gt Carl Gustav Carus
Hriversitat Dresden
diziMmische Informatik am IMB
Bresden

International Scientific Supervisor

Group Leader for Data Science

TUD Dresden University of Technology Dresden

Center for Scalable Data Analytics and Artificial Intelligence (ScaDS.AI)
Institute for Medical Informatics and Biometry

University Hospital Carl Gustav Carus Dresden
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OT13b1B Ha PhD pa6oty Epkoc Alinyp

DTOT OTYET MpeACTaBJICH JJI MOATBEPKACHUS MOEH PEIIUTENbHOM MoAnepKKku Epkoc
AWHYp ¥ JIOKYMEHTUpPOBaHHUA €€ Imporpecca M JOCTHKEHUH IO MOUM
MEXIyHapOAHBIM pyKoBOJIcTBOM ¢ 2022 roja no Hacrosuiee Bpems. Ha npotsokenun
sToro mnepuoma Epkoc ANHYp IOEMOHCTPUPOBAJIA HEHU3MEHHO BBICOKHI YPOBEHBb
HAyYHOM CTPOTOCTH, HE3aBHCUMOCTH U HWHTEJUICKTYaJIbHOTO JFOOOMBITCTBA B
COYETaHUM C BBIJAIONIEHCS HAAEKHOCTBIO W  HMCKJIIOUUTEIBHOM CHOCOOHOCTHIO
pabotaTh Ha CTBIKE pa3WYHBIX JUCHUIUIMH  (cnenuanbHOCTh:  8D06102
«KomnplotepHast  uHkeHepus»). Hamie  coTpygHMYECTBO — XapaKTepU30BaioOCh
pEerylsipHBIM ~ HAay4yHbIM  OOMEHOM W  MPOAYKTUBHBIM  MEXAYHAapOIHBIM
UCCJIEI0BATEILCKUM IIPOIIECCOM, PE3YJIbTaTOM KOTOPOrO CTajdld MHOTOYUCIIEHHBIE
pelleH3upyeMble MyONUKAIlMM, a TaKKe CYIIECTBEHHBII METON0JIOTHYECKUl U
MPUKJIATHOM BKJIAJl B 00JIACTH MAIIMHHOTO OOYYEHUS JIsl OMOMETUIIMHCKUX JTAaHHBIX.

O030p ¥ e M JOKTOPCKOI padoThI

JlokTopckass pabora Epkoc A¥HYp moa Ha3BaHueM «Pa3paboTka Meroma u
IIPOrpaMMHOTO IMaKeTa JIsi 00paOOTKKU OONBIIMX MEIUIIMHCKHUX JIAHHBIX» HAXOMUTCS
Ha CTBIKE MAIIMHHOTO OOyYeHUs, OMOMH(POPMATHKH, CTATHCTUKH W MEIUIIMHCKON
NOJUICP)KKM TpHUHATUS peuieHuii. EE ucciienoBaHue HampaBiI€HO HAa peuleHue
IICHTPAJILHON TPOOJIEMBI COBPEMEHHOW OWOMEIUIIMHCKOM HayKd O JaHHBIX:
pa3paboTKy HAJEKHBIX aJTOPUTMOB, COXPAHSIONINX YCTOMYHBOCTD B YCIIOBHSIX, 9aCTO
BCTPCUAIONIUXCS B KIMHUYCCKONW TPAKTHUKE, BKIIOYAsl TETEPOTCHHBIC HCTOUYHUKH
JIAHHBIX, BPEMEHHBIE NATTEPHBI PHUCKOB, TNPOMYCKH B JaHHBIX W BBIPAKCHHBIN
JcOaaHe KJIacCoB, BBI3BAHHBIA PEAKUMHU COOBITUIMHU. OCHOBHAS 11€Jb €€ padOThI —
pa3paboTka U BalUJAIUs METOJOJOTUICCKHUX TOIXOI0B, MOBBIIAIOIINX HAIEKHOCTh
U HHTEPHPETUPYEMOCTh IPOTHOCTHYECCKUX MOJIEICH B KIMHUYCCKH 3HAYMMBIX
YCIIOBUAX, C OCOOBIM AaKIIEHTOM Ha MEAMIIMHY TpaHCIUIAaHTAIMM Kak TpUMep
BBICOKO3HAYMMOM 00IaCTH.

MeXIUCUUIIIIMHAPHBIA  XapakTep ATOW TpaeKTopuu oOydeHusi TpeOyeT OOJIbIINX
YCWIMH, TaK KaK OH IMPEANoJjiaraeT KaK TEXHUYECKOE MacTepCTBO B METOJAX
MAIIMHHOTO OOYYCHHs, TaK M MOHUMAaHUE MPEIMETHON 00JacTH, JOCTAaTOYHOE JIIs
MPAaBWIBHOM TOCTAHOBKHM 3a/1a4, OTBETCTBEHHON HWHTEPHPETALHH pEe3yJIbTaTOB M



aHaliu3a WX BIWAHUSA HA KIMHUYECKHE TIponecchl. Epkoc AWMHYp yCIHENIHO
crmpaBuWiachk ¢ 3Toi 3agayed. OHa MOCTOSHHO JEMOHCTPUPOBAJA CHOCOOHOCTD
NEPEBO/IUTh KJIMHUYECKUE BOIPOCHI B TEXHUYECKH OOOCHOBAHHBIE CTpPATETUU
MOJIEIMPOBAHUS U, B CBOIO OYEPENb, COACPKATEIBHO W MPArMaTUYHO TEPEIaBaTh
HH(OpPMAITMI0O O METOMOJIOTHYECKUX OTrPAHMYCHHMSIX W BO3MOKHOCTSX OOparHO B
MEJIUITMHCKUN KOHTEKCT.

Hayunblii BKJIaJ M KJII0YeBbI€ 10CTHKEHUS

Baxnspiii npuxnanHoi Bkiaja paborsl Epxkoc AWHYp OTpakeH B pElEH3UpPYyeMOit
crathe 0 «phase-specific kidney graft failure prediction», B xoTopoii mpemiaraercs
MOJXOJ C y4eTOM BPEMEHHOW IWHAMUKH JUIsl HAOMIOACHUsS 3a TallMeHTaMH IOCie
TpaHCIUIaHTauu. BmecTto TOro utoObl paccMarpuBaTh IMPOTHO3WPOBAHME OTKa3a
TpaHCIUIAaHTaTa KaK CTaTHYHYIO 3aJady, pelraeMylo B OIWH MOMCHT BPEMCHH, B
UCCIICIOBAaHUM  pa3pabaThIBalOTCS MOJIENH, aJaNTUPOBAHHBIE K OINpPEACIICHHBIM
uHTepBasnaM mocie omnepaiuu (0-3 mecsina, 3-9 wmecsues, 9-15 mecsaues, 15-39
mecaueB u 39-72 wmecsaua). Takas «dazocnenuduynHas» CTPyKTypa BakHa Ha
IPAKTHKE, TaK KaK OHA COTIACYeT MPOTHO3bI C KIMHUYCCKH 3HAYMMBIMUA BPEMEHHBIMH
OKHAMHU M TO3BOJISET MPUMEHATH MU epeHInpoBaHHbIE CTPATETUU MOCIETYIOIIETO
HAOJIOICHNS HA Ty TH MAIUCHTA.

[IpencraBieHHble NOKa3aTelaM MPOrHOCTUYECKOH A(PHEKTUBHOCTU HIUIIOCTPUPYIOT
LIECHHOCTb 3TOr0 IMOAX0/a, OCOOEHHO B CPEIHECPOYHOM IE€PUOLE, TAE MOAEIH
Jocturii HauBbiciedl TouHoctu (Hanpumep, ROC AUC mpubausurensHo 0,92 B
okHe 9-15 MecsueB NpU BBICOKOM KauyecTBE KiacCU(PHUKAIMU, OTPaKEHHOM
nokasareneM F1 okono 0,85). OTu pe3ynprarsl NOATBEPAKAAIOT HEHTPATIbHBIN BHIBOJL O
TOM, 4TO (pasocnennpuyHOe MOACTUPOBAHHE MOXKET oOecrednTh Ooyiee HAISKHYIO
MOJUIEPKKY TPUHATUS PEUIEHUN Ui BBISIBICHMS MAIMEHTOB BBICOKOIO pHUCKA U
aJlanTaly MIPOTOKOJIOB HAOIIONEHUs, TEM CaMbIM YIydllas CTpaTeruH yxoJa Hocie
TpaHCIUIAHTALUH.

BropbiM KpyIniHBIM BKJIa0M siBJsieTcst pabora Epkoc AWHYp HajZl METOI0JIOTMYECKUMU
UHHOBAIIMSIMU NI HecOamaHCHUPOBAHHBIX  MEIUIMHCKUX Ha0OpOB  JaHHBIX,
odopmIIeHHAsT B ITyOJUKAIMK OTKPBITOTO JOCTyNa, mpeacrapisitomend «Noise-Aware
Undersampling with Subsampling (NAUS)». BeipaxkeHHbIii aucOaiaHC KIaccoB
ABJISIETCSl TOBTOPSIOIIMMCSI NPEMATCTBUEM B KIMHMYECKOM MAIIMHHOM OOYy4YeHHH,
OCOOCHHO KOTIJIa HMHTEpECyIoIee COOBITUE PpEIKO, HO KPUTHYECKH BAaXKHO C
KIuHMYeckod Touku 3peHus. NAUS pemaer 3Ty mnpoOnemy myTeM CcoYeTaHUA
KJIacTepu3aliy, yiajeHusl myMa U uaeHTuukanuu cesa3ed Tomeka /i1l MoCTpOeHUs
YTOUHEHHBIX TOABBIOOPOK M  CUCTEMaTHYECKOIO YJIaJeHHs M30BITOUYHBIX U
3alTyMJICHHBIX HaOTIOIeHHIA.

Metoa ObLI HPOTECTUPOBAH Ha HECKOJbKMX Ha0Opax MaHHBIX, CBSA3aHHBIX C
3a00J1€BaHUSAMH, BKJIIOYas XPOHUYECKYHO OOJIe3Hb TOYeK, 3a00JeBaHUS TICYCHH M
Cepllla, W COIMOCTABICH C YCTOSBIIMMUCS IOIXOJaMHU K H30BITOYHOW BBIOOPKE
(oversampling), Takumu kak SMOTE, ADASYN wu LORAS, a Takxe ¢



KJIACCUUECKMMH 0a30BBIMH METOJIaMHU HEAOCTAaTOYHOM BBIOOpKHM (undersampling).
[IyreM sBHOrO HMHTErpUpOBaHUS «noise awareness» (ydera IIymMa) B IIpolecc
HEIOCTaTOYHON BBIOOPKM W BallWJIallMU IIOJXOJa Ha HECKOIBKMX Kiaccuuraropax
(Bximtouas Random Forest u LightGBM), paGota BHOCHUT BKJaj B BUAE MPAKTUYHON U
HOPUTOIHOM Ui TOBTOPHOTO MCIIONIb30BAaHMS CTPATETHH IOBBIILICHUS HAIEKHOCTH
IPOTHOCTHYECKOTO MOZEIMPOBAHUS B YCIOBHIX peaibHOTO JucOanaHca. DTa JIMHUSL
UCCIIEOBAaHUIl ~ HAmpsIMyl0  COOTBETCTBYET  MOTPEOHOCTAM  OMOMETUIIMHCKOM
UH(GOPMATHKH, TJe ycToluMBas 00paboTKa HecOaTaHCUPOBAHHBIX PE3YJbTaTOB YaCTO
orpenensiet, OyayT JId MOAEIU MPUTOIHBI Ui KIMHUYECKOTO UCTIONb30BAHUS.

B nomnonHeHne K OpuruHaNbHBIM HcclieoBaHuIM, Epkoc AltHyp Takke BHECTIa BKIIaA
B MEXIUCIHUIUIMHAPHYIO HAayKy Ha CThIKE MEIUIIMHCKOW TPAKTUKH, DPa3pabOTKu
AJITOPUTMOB M OTBETCTBEHHBIX MHHOBanmii. CoBMecTHast 0030pHas craths «Ethics and
Algorithms to Navigate Al's Emerging Role in Organ Transplantation» oGoOmaeTr u
KPUTUYECKU KOHTEKCTYaJIM3UpPyeT TO, KaK MallMHHOE 00yueHue, ryookoe oOyueHue
u renepatuBHbli MW moryT mojnep)xuBath paboune MpOLECCHl TPaHCIUIAHTAIUH,
BKJIOYasi MPOTHO3MPOBAHKME HCXONOB, paclpeleseHue OPraHoB M MOoAOOp OHOpa U
pEIMIIMEHTa, TOYHYIO TaTOJIOTHIO U MEPCOHAIU3ALNI0 PEKUMOB UMMYHOCYIIPECCHUHU.
BaxxHo oTtMeTuTh, 4TO B 0030pe TaKKe pacCMaTpUBAIOTCH 3TUYECKHE MOCIEACTBUS,
HOAYEPKUBAsi HEOOXOAMMOCTh MPO3PAYHOCTH, MOOTYETHOCTH, KOH(DUICHIIMATBHOCTH
n 0e30MacHOCTH JaHHBIX, a TaKXKE CMITYEHUs MPEAB3ATOCTU s OOeCHEeUEeHUs
CHOpPaBEeJIMBOTO W PABHONPABHOTO  BHenpeHUss  uHCTpymeHtoB WU B
TpaHcIuiaHTonoru. Yyactue Epkoc AltHyp B 9Toii paboTe NEMOHCTPUPYET, 4TO €&
KOMITETEHLIMN BBIXOIAT 3a PAMKHU AJITOPUTMUYECKOM peanu3aly U BKIOYAIOT Oonee
HMIMPOKOE KIIMHUYECKOE U COIMAJIbHOE ITOHUMaHHUE, KOTOPOE BCE Yallle OKUIAeTCS OT
uccieaoBaresueii, paboTarux B 00JIaCTH BEICOKOPUCKOBOTO MeauiuHckoro NN.

Ha6moneHust 3a Mcc/ieIoBaTe;ibCKUMH HABBIKAMH H HAYYHOMH 3PeJI0CThIO

Ha npotsbkennun Bcero mnepuojia Hamero pykoBojacTtBa Epkoc ANWHYpP HEU3MEHHO
JEMOHCTPUpOBaja  CHUJBHYI0  BHYTPEHHIOIO  MOTHBALMIO W MPOAKTUBHBIN
uccienoBarenbCckuil noaxoa. OHa PEryisipHO Ipeuiaraja OpPUTHMHAJIbHBIE WJEH,
HE3aBUCHMMO BBIJIBUTAla METOJIOJIOTUUECKUE YAY4YIIEHUS W MPOSBIsia OTIWYHYIO
peakmuio Ha oOpartHyio CBs3b. OCOOEHHO TO3WTHBHBIM ACTIEKTOM SIBISIETCS €€
CroCOOHOCTh d(P(PEKTUBHO M BIIYMYHBO YUUTBHIBATH 3aMEUYAHHMSI, YTO YACTO TIPUBOIHIIO
K YIY4YIIEHUIO KaK METOIOJIOTMYECKOM SICHOCTH, TaK U KayeCTBa HAyYHOTO U3JI0KEHUS
B IIEPECMOTPEHHBIX BEPCUSAX AHAIM30B U PYKOIIUCEM.

Eé wmexnynaponHass wuccienoBarelbCKas —CTaXUpoBKa B Jlpe3geHe crana
JIOTIOJIHUTENIbHBIM  TIPSIMBIM ~ JTOKA3aTeJIbCTBOM €€ 3PEJIOCTH KaK HE3aBUCHMOIO
uccienosarensi. OHa OBICTPO HMHTErpUpOBajach B HOBYIO Cpeldy, YCTaHOBHWJIA
IPOAYKTUBHBIN pabouuii rpaduk, BHECIA 3HAUUMbIN BKJIa/l B COBMECTHOE HalllCaHUe
paboT U OIMHOBPEMEHHO MPOJBHHYJIA HE3aBUCHMYIO METOAOJOTHUUECKYIO paboTy IO
NAUS. CraxupoBKa TakKe BBICBETHJIA €€ CHUJIbHBIC HABBIKM MEXJIUCIUIUIMHAPHOMN
KOMMYHHMKaIlMU, TaK KaK OHAa aKTUBHO y4acTBOBajJa B JIUCKYCCHSIX, CBSI3bIBAIOIIUX
BBIYUCIIUTENIHLHYIO METOOJIOTHIO U KIMHUYECKYIO MPAKTUKY TPAHCIUIAHTAIUH.



3akJ/r04eHHne M peKOMEHIANN U

ITongoass wurtor, Epkoc AlHYp NOpOAEMOHCTPUPOBATIa OTIMYHBIA TEXHUYECKUN
Iporpecc M CHibHOE TUYHOCTHOE pasButhe ¢ 2022 roma. E€ pabora xapakrepu3syercs
METOJIOJIOTUYECKOW  TIyOWHOHM, TPUKIATHOW 3HAYMMOCTHIO W HEOOBIYAWHOM
CITOCOOHOCTBIO TMPEON0iIeBaTh MEXIUCIUIIHHAPHBIE Oapbepbl MEXIY MaIllMHHBIM
oOydeHHEM M KIMHMYECKOM MeIuIMHOW. E& myOnmukaiuu SIBISIOTCS HaIVISTHBIM
CBUJETENILCTBOM €€ CIIOCOOHOCTM  TMpenjaraTb Kak HOBBIE  METOABI  JUIS
HecOalaHCUPOBAHHBIX KIMHUYECKUX JaHHBIX, TAK U KIIMHUYECKU 3HAYUMBIE TIOJIXO/IbI
K HIPOTHOCTUYECKOMY MOJECIUPOBAHUIO HMCXOJO0B TPAHCIIAHTAIIMU, JOTOJHEHHBIE
BIIYyMUYHMBBIM aHAJIM30M 3THYECKHUX aCMEeKTOB MeauuHckoro MU.

OcHOBBIBasICh Ha €€ JTOCTIDKCHHSX, HAYYHOH 3peIOCTH U MPOBEPEHHON CIIOCOOHOCTH
s dexkTuBHO paboTarh B paMKax MEXKIyHAPOIHOTO COTPYIHUYECTBA, S PEIIMTEIHHO
nojyiepxkuBato Epkoc AitHYp U pekoMeHIyIo €€ TOKTOPCKYIO paboTy Ui Iepexoaa K
CJICAYIOLINM 3TaraM 3aBepIICHHUS.

Hckpenue Bam,
Hp.-unx. Mapkyc Bonbduen

Menunmnckuii pakynsrer umeHu Kapia I'ycraBa Kapyca
TexHuueckoro yuusepcurera Jpesaena

[Tpodeccop meaunuuckoit undopmarvku B IMB
(noonucs) ®etuepirpacce 74, 01307 [pesnen

Ten.: 0351 458 2437
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