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BBenenue

Pak nerxux ABsiercs BeNyIIEH TPHYMHON CMEPTH OT paka Kak y MyAUHUH,
Tak W Y KCHIIMH B Mupe, Ha ero jomo mpuxomutes 19.4%-27% Beex
CMepTeH 0T paka

B mmpokom cMbicie pak IerkuX MOKHO KIaccuMIUpOBATh Ha JBE
rpymmbL: Hemenkoknerourbli pak Jerkux (HMPII), coctapnstomuit 85%,
i Menkoknerounsii pak nerkux (MKPJI), cocrapnstommii octapmmecs
15%, KoTOpHIii MMEET TIOX0l IPOTHO3

[IaTuneTHAS BBIKMBAGMOCTD TPH PAKE JETKUX HIDKE, YeM IPH MHOTHX
JPYTHX BETYIIUX JOKATM3AMAX Paka, TAKMX KaK KOMOPEKTATbHBIA PaK
(64,5%), pax Monouroi enessl (89,6%) u pak mpecTaTebHOM Kenesbl
(98,2%). bonee momoBuHbI Mofiel ¢ PakoM JETKHX YMHPAIOT B TeYEHHE
OZIHOTO TO/1a TIOCIIE MIOCTAHOBKH IArH03a

TouHas ouerka cTa/pu 3a0011eBaHNUS 1 BPEMEHH BBIKUBACMOCTH TPH pake
TIeTKMX MMEET BAKHOE 3HAYCHHME V1A MPUHATUA BPayaMu pemieus 00
ONTHMaITbHOM TITaHE M CPOKAX JIEYeHH

Lung cancer 1s the leading cancer killer in both men
and women in the world, representing 19.4%—-27% of
all deaths from cancer

It can be broadly classified into non-small cell lung
cancer (NSCLC), counting for 85% and small cell
lung cancer (SCLC), counting for the remaining 15%,
which has a poor prognosis

The lung cancer five-year survival rate is lower than
many other leading cancer sites, such as colorectal
(64.5%), breast (89.6%), and prostate (98.2%). More
than half of people with lung cancer die within one
year of being diagnosed

Accurate assessment of the disease stage and survival
time of lung cancer i1s essential in deciding the
optimal plan and timing treatment for the clinicians
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BBenenue (mpogoJrxeHue...)

B Hactosmiee Bpems 3HaYMTENbHAS YacTh MHTEPHPETALMH o
METUIMHCKOM MH(OPMALMY BBITONHACTCS MEIMITMHCKAMK
OKCIIEPTaMH

C ToOuKM 3peHMS  MHTEpHpeTaluH  M300paKeHHil
9KCTIEPTaMU-TOIbMH, B PAINONOTHH BO3HAKAET MHOKECTBO
IAArHOCTHYECKHX OIIHOOK.

Exeronno oxono 20  MWIUIMOHOB — PajiMONOrMYECKUX
OTYETOB COAEPHKAT KIMHUYECKH 3HAUNMbIE OLIHOKHU

JT0  OrpaHMYeHNe B  OCHOBHOM  CBf3aHO  C
CYOBEKTHBHOCTBIO, YCTAIOCTBIO 3KCIEPTA, CIOKHOCTBIO
H300paKEHUS, @ TAKKE C OOJIBIIMMU BAPUALMAMHU Y Pa3HbIX
[IEPEBOUMKOB

bonee Toro, 2/3 HaceleHHA 3eMHOIO IIapa HE HMEIOT
HaJJIeKaIero JOCTyna K CIelualmucTaM B o0JacTH
PAIMOJIOTHH; 3TO COCTABHIIO Obl 4,7 MUILTHAp/A YENOBEK

Nowadays, a large fraction of interpretation of
medical information 1s performed by medical
experts

In terms of image interpretation by human
experts, a lot of diagnostic errors appear in
radiology.

Approximately 20 million radiology reports
contain clinically significant errors each year

This limitation 1s mainly due to the subjectivity,
the fatigue of the expert, the complexity of the
image, as well as the extensive variations across
different interpreters

Moreover, 2/3 of the world population lacks
adequate access to radiology specialists; this
would translate to 4.7 billion people
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BBenenue (mpogoJrxeHue...)

Hckyccrpennblit  unTenekr (M) -  muoroobemaronuii
HHCTPYMEHT, KOTOpBIA JI0Ka3al CBOW 3Q(EKTMBHOCTh B
JIMarHOCTHYECKHX LIEAX

C OBICTPBIM PA3BUTHEM KOMIIBIOTCPHOTO 3pEHHS, OCHOBAHHOTO
Ha TIyookoM obyueHuu (Takoro kak CNN), ero cmocoOHOCTh
pacTo3HaBaTh M300paKEHHS MM IUATHOCTHPOBATh KAPTHHKH
TIaXe TIPEBOCXOIUT BO3MOKHOCTH YeToBeKa

bonee KOHKpETHO, 3TO MO3BONMIO MOJCIAM KOMIBIOTEPHOTO
3pEHHA TIOMOYb BpadyaM 00HAPYKHTh TIOJO3PHTEIbHBIC Y3CTKH
B JIETKUX HJIH ONPEJICITHTh MECTONONOMKEHHE Y3eNKa, ONeHHTh
310KAYECTBEHHOCTh BCETO JIETKOTo M CIPOTHO3HPOBATH PHCK
Pa3BUTHS paka MeTKixX

B HekoTophIX ciydasx Mojiemd JOCTHIIH KOHKYPEHTHBIX C
BpayaMH XapakTEPHCTHK, & TOUYHOCTh Jake MPEBOCXOMHT
BpadCH

* Artificial intelligence (Al) 1s a promising tool

that has shown its efficacy for diagnostic
purposes

With the rapid development in deep learning-
based computer vision (such as CNN), its ability
to recognize 1mages or diagnose pictures even
exceeds human ability

More specifically, it enabled computer vision
models to assist the doctors to detect suspicious
pulmonary nodules or identify the location of the
nodule, evaluate whole Ilung/pulmonary
malignancy, and predict the risk of lung cancer
Even 1 some cases, the models have reached
competitive performance to doctors, and the
accuracy even exceeds the doctors
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BBenenne (mpoaoskeHue...)

OgHako B OOJBIINHCTBE CIy4aeB  IPOCTOIO
PEHTTCHOBCKOTO CHHUMKA, KOMIIBIOTEPHOH TOMOIpaduu
HEJ0CTAaTOYHO [/ JUarHOCTHKM 3a00NeBaHMS, W Bpay
IOIKEH PacCMOTPETh APYTHe BapHaHTBI: HCTOpHUS 00NIe3HH
[TAIMEeHTOB, KIMHWYEeCKHE MaHHBIC, OTYETHI 00 aHalm3ax
KPOBH U JIp.

Bce atM Tumbl HMCTOYHHMKOB MH(OpPMALMKM O TalMEHTaX
Pa3NMYHbI, W, CIEI0BATENbHO, OHA HA3bIBAIOTCS Pa3HbIMH
MOJAJIbHOCTAMU

OObeaMHEHNE STHX METONOB U1 TOYHOM JHArHOCTUKH
3a0oseBanus ¢ nmoMolbio MU sBisiercs clioxHo# 3a1auen
B 3ToM wccnenoBaHMH MBI TOMBITANKMCH pa3paboTaTh
MYJIbTHMOJAIBHBI  KOMOMHHPOBAHHBIA — IOAXOA  JIA
JIMATHOCTHKM paKa JIETKUX, MCIIONb3Yd KaK KIMHUYECKUE
JaHHble, Tak M  H300paxkeHus  3D-KOMIbIOTEPHOI

TOMOrpaduu

However, in most of the cases, a simple X-ray image,
CT scan is not enough to diagnose the disease; and a
doctor has to consider other variants such as medical
history of patients, clinical data, blood test reports
ete.

All these types of information sources about the
patients 1s different and hence, they are called
different modalities

Combining these modalities together to accurately
diagnose the medical disease using Al is a
challenging task

In this study, we attempted to develop a multimodal
fusion approach to diagnose lung cancer using both
clinical data and 3D CT scan images

5/27



Ha0op 1aHHBIX

B sroii pabote Mbl paccmoTpenn 422 nanueHTa ¢
HMPJI (HEMEJIKOKJICTOYHbBIM pPaKoOM JIEIKHX) U3
TCIA (ApxuB u300pakeHHUH paka), YTOOBI
OLICHUTb MpeJijiaraeMblid METO/T

JIJ1st 3TUX MauMeHTOB JAOCTYMHBI MpeiBapUTEIbHAS
KOMIIbIOTEpHAsi ToMorpadusi, pydHOE OIpeacICHUE
paaualiOHHBIM OHKOJIOTOM TPEeXMEpPHOro oObheMa

oOIIel OIyXodd M JaHHbIE O KIMHUYECKHX .

HACXoJ1ax
CoOOTBETCTBYIOIIME KIWNHUYECKUE TaHHBIC TaKKe
JTOCTYITHBI B TOHW K€ KoJuleKumu. [lanmeHTsI, mjis
KOTOPBIX HE OBLIN N3BCECTHEI BpeMs
BBKHUBAEMOCTH M CTaTyC  COOBITHSA, OBLIH
HCKJIFOYCHBI U3 3TOH PalOTHI.

In this work, we considered 422 NSCLC
(Non-small Cell Lung Cancer) patients
from TCIA (The Cancer Imaging
Archive) to assess the proposed method
For these patients pretreatment CT scans,
manual delineation by a radiation
oncologist of the 3D volume of the gross
tumor volume and clinical outcome data
are available

The corresponding clinical data are also
available in the same collection. The
patients who had neither survival time
nor event status were excluded from this
work.

*Data Source: K. Clark, B. Vendt, K. Smith, J. Freymann, J. Kirby, P. Koppel, S. Moore, S. Phillips, D. Maffitt, M.
Pringle, et al., “The cancer imaging archive (tcia): maintaining and operating a public information repository,” Journal
of digital imaging, vol. 26, no. 6, pp. 1045-1057, 2013. 6/27



OcCHOBHbBIE 0003HAYEHUS U NPpECABAPUTC/IIBHBIC SHAHNA

A. Notations

A. O003HaYeHHS
CumBon | CeMaHTHKa
; i-¢ 3D paguonoruyeckoe H300paKeHe
C; -5 KTHHHYCCKas HH(OPMALIHS
Vi DakTryeckoe 3HaUEHHE
Vi [IpenckasanHoe 3HaYCHHE V;
e; i-¢ cobbiTie: | s marueHToB 0e3 neH3ypo, 0

117151 TIAIEHTOB C [ICH3Y POl (HEeToMHas
HH(OpMALIHS)

Symbol Definition
T, i 3D radiology image
C; i clinical information
Vi Actual value
Vi Predicted y;
e; i event, 1 for uncensored, () for censored

patients (Incomplete Information)

Ix)

I,ecmux = True, unaue (

I®)

1 1f x=Trueelse 0
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OcHOBHBIE 0003HAYEHUS U InpeaBapuTeJAbHbIC SHAHUSA
B. Multimodal Deep Learning

B. MyabTumoaanbHoe raydokoe o0yueHme

* MynbTuMonanbHoe TiyOOKoe 00yueHHe — 3T0 HOBas
IaTQopMa, HCMOIb3ylomas LIy0oKoe oOy4eHne [
W3YUeHHsS PAsIMYHBIX  (OpPMAaToB, TAKMX Kak TEKCT,

M300paKEHUA 1 ayIHO

B MeIMUMHCKAX TPUIOKEHUAX K KaKIOMY MALMEHTY
OTHOCATCS ~ PasiMYHble  THIBI  JIAHHBIX,  BKJIIOYas
KIMHMYECKYI0 — MH(OPMALMIO,  PEHTTCHOJOTHYECKHS
CHUMKH, PEKOMEHJALMM Bpaya, JeKapcTBa W MHOTHE
TpyTue

TaknM o0pasoM, Korja JaHHbIE MOCTYMAKT H3 Pa3HBIX
CTOYHMKOB, TOAXOA  MYIBTUMOJANBHOTO  TTYOOKOTO
00yueHHs MOXET MOMOYb TOHATH M K3BMeYb OOJIbIIE
MONe3HOM MH(pOpMalMi, a Takke oOecHeyuTh Oonee
TOYHYIO INATHOCTHKY

Multimodal deep learning is the novel
framework using deep learning to learn from
multiple modalities, such as text, images, and
audio

In medical applications, multiple types of
data are related to each patient, including
clinical information, radiology 1mages,
physician note, medication, to name a few
Thus, when data comes from different
sources, the approach of multimodal deep
learning can help to understand and extract
more useful information, and may provide
more accurate diagnosis
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OcHOBHBbIE 0003HAYECHUS U NPeABaAPUTEIbHbIE 3HAHUA

C. 3-D ResNet
OcrarouHass HelpoHHas ceThb (ResNet)
MOXKET  CIpaBUTbCA  C  IpoliieMaMu

MCUC3HOBEHHS U B3pbIBa TI'pajUcHTa IIpH
Ooinee IITyOOKOM OOyYeHHUH HEHPOHHBIX
CeTew, 0COOEHHO B o0jacTu
KOMITBIOT€PHOTO 3pEHUs

OcunoBHag xoHnemnimsa ResNet 3aknrouaercs
B MOCTpPOECHHUH 0a30BOTo ceTeBOro OjoKa, B
KOTOPOM BBIXOJ{HbIC JIaHHBIE CYMMMPYIOTCS
C BXOAHBIMHU

Y100k o0pabaThIBaTh BBO/I 3D-
M300pakKeHWH, MBI  MOXKEM  IPOCTO
YBEJIMYUTH GOpMY sifipa ¢ 2 U3MepeHuit 110 3
M3MepeHuil (BbICOTA, IJIMHA M IIyOHMHA) B
CTIOSIX CBEPTKH

The residual neural network
(ResNet) can handle gradient
vanishing or exploding problems
i deeper neural networks
training, especially in computer
vision

The core concept of ResNet is to
construct a basic network block in
which the output adds up with
mmput.

To handle 3D image input, we
can simply increase kernel shape
from 2 dimensions to 3
dimensions (height, length, and
depth) in convolution layers
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OcHOBHBIE 0003HAYECHUS U NpPeaBaApPUTEIbHbIE 3HAHUSA

D. Anaau3 BorxkuBaemocTn

AHamu3  BBEDKHMBAEMOCTH —  3TO  IIHPOKO
MCIIONB3YEeMBI METOJl aHa/In3a JaHHBIX OT BPEMEHH
0 COOBITHS  (HampuMep, OTCEB  ydaIluxcs,
BBDKMBAEMOCTh  IIPM  pake, TOCHHUTAIM3AINS,
pETn/IUB 3a00JIEBAHNUS 1 T.1.).

TpamuIMOHHBIE CTaTHCTHYSCKHE METOIbI aHalH3a
BBDKHBAEMOCTH OOBIYHO COJep:KaT TPH BapHaHTa

MOJIETTUPOBAHMS QyHKIMH BBIKHBAEMOCTH:
HelapaMeTPUIECKUE METOIbI 0e3
MPEONPENEICHHOTO  PACNPENCNEHUSI  KPUBOU

BBDKMBAEMOCTH, TOMYTIApAMETPUUECKUE METO/THI,
TaKHe KaK MOJC/Ib IPONOPLHOHAIBHBIX PHCKOB
Kokca (perpeccus Kokca), KoTopas IpHMEHSETCS
HanOoJlee YacTo, W MapaMeTpUYEcKue METOMIBI C
TPEeIONPENEICHHBIM PACIIPEICICHUEM (HAIIPUMED,
IMHEHAs perpeccus, pacmpeenenue Beibymna).

D. Survival Analysis

Survival analysis 1s a widely used technique to
analyze time to-event data (e.g., student
dropout, cancer survival, admission to hospital,
disease recurrence, etc.)

Traditional statistical methods for survival
analysis normally contains three options for
modeling the survival function: non-parametric
methods with no distribution of survival curve
predefined semi-parametric methods such as the
Cox proportional hazards model (Cox
regression) which 1s most commonly applied,
and parametric methods with distribution
predefined (e.g., Linear regression, Weibull
distribution).
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OcHOBHBIE 0003HAYECHUS U NPeaBaAPUTEIbHbIE 3HAHUSA

D. Anaau3 BerkuBaemocTu

N3-3a Hamu4us TMOABEPTHYTHIX IIEH3Ype JaHHBIX O
BBDKMBAEMOCTH (OOBIYHO TIOJBEPTHYTHIX TMPAaBHILHOM
LIEH3Ype) CTaHJapTHbIE OLICHOYHbIE HHICKCHI JIJIS
perpeccuy, Takde KaK CpeJHEKBaJpaTUYHas OIIMOKa
(MSE) u R?, He moaxoasr Juis KOJUYECTBEHHOM
OlCHKHU 3(p(PEeKTUBHOCTH aHaIN3a BEDKHUBACMOCTH.

Hanbosiee BaKHBIM OIIEHOUHBIM HHACKCOM siBisieTcs C-
index”, KOTOpBI MOXET OIICHHMBATh 3K3eMILIAPHI O3

ICH3YpPhl M IIOABCPTHYTHIC IICH3YPE 3K3CMILISIPEI
BMCCTC
" Hupexc coorBerctBus (C-MHIEKC) — 9TO INMPOKO HCIOIb3yeMbIH

IIOKa3arciib B AaHAJHU3C BbBLDKHBACMOCTH JIA OICHKH JOCTOBCPHOCTH
MOICIH IIPOTHO3HUPOBAHUA

_Zi,jl(ﬁ <y le=1y <y

Cin oy =
e Yiilvi—-vyile=1)

D. Survival Analysis

Due to the existence of censored survival data
(usually right censored), the standard
evaluation indexes for regression, such as
mean square error (MSE) and R? , do not fit
for quantifying the performance of survival
analysis. The most important evaluation index
is C-index”, which can evaluate uncensored
instances and censored instances together

*The Concordance Index (C-index) is a commonly used metric in
Survival Analysis to evaluate the goodness of a prediction model

C-index refers to the proportion of pairs whose
predicted results are consistent with actual results
among all patient pairs. For instance, the C-index is
increased by 1% mmplies that if a survival analysis 1s
made for a population of one million people, the correct
prediction will increase the number of people by four
thousand
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OcHOBHBIE 0003HAYECHHUS U NPeaBaAPUTEIbHbIE 3HAHUA

D. Anaauns BoiokuBaeMoCTH

Kpome Toro, B KauecTBe 3ajJadd
perpeccud Mbl TakKe HCIOJIb3yeM
cpe/iHIo abcooTHY omuoky (MAE)
no D3K3eMIUIsipaM 0e3 I[eH3Yphbl s
OLICHKH HAIlIMX SKCIICPUMCHTOB

D. Survival Analysis

Besides, as a regression problem, we
also use the mean absolute error (MAE)
over uncensored instances to evaluate
our experiments

1 N
MAE = E v, — 5.
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IpenokeHHBIN GPEHMBOPK

Clinical Embedding
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(1) Bo-nepBbix, oH ucnonb3yer 3D-ResNet B coueTannu ¢ 0OBIYHBIMU CETAMH JIJIST MYJIBTUMOAQIBHOTO M3BJICUCHUS TIPU3HAKOB,
(2) 3arem OH HCITOJIB3YET METOJ] IPOCTOTO CivsiHKs npu3HakoB (early fusion) mis MyaIETHMOIATBHOTO CITHSIHHUS,

(3) Hakower, Ha 3Tare NPUHATHS PEIICHUS MPOCTasi HCUPOHHAS CETh MPEIHA3HAUYCHA JUIS IPOTHO3UPOBAHUS BEKHBAEMOCTH.
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MyJII)TI/IMOI[aJII)HOe U3BJICUYCHHUC IIPU3HAKOB

1a) H3Baeqenne oobextoB KT-n3o0pakenns ¢ momomplo 3D-ResNet: 1a) CT Image Feature Extraction with 3D-ResNet:

* Mul npepnoxunn 3D-pecetn B KayecTBe HallleH CETeBOH CTPYKTYphI » We proposed 3D-ResNets as our network structure for the
I HH3KOYPOBHEBOTO H3Y4eHHs 0COOCHHOCTel H300pakeHH il low-level image feature leaming

* 1okl ycTpaHHTh TPoOIEMbI THIIA MCYCAOMIMX H B3PHIBAIOLIIXCA * To eliminate the vanishing and exploding gradients types of
IPAJMCHTOB B OYCHb INTyOOKOH HCHPOHHOM CETH, Mbl J00aBIieM problems in the very deep neural network, we add extra

JOIMOJHUTEIIbHBIC KOPOTKHE COCAMHCHUA B HAIY MOJICIIb. HOCKOJH)Ky
Halll Ha60p JaHHBIX OTHOCHTEIbHO HEBCIHUK 110 CPABHCHHIO C IPYTHMHU
06HII/IMI/I Ha60paMI/I JaHHBIX JUIA PacCIlO3HaBAHHA H306pa>1<eHm”1, MBI
UCII0JIb3YEM MCTObI ayTMCHTALIMH TaHHBIX TICPCIT UMIIOPTOM TaHHBIX
B MOJICJIb

shortcut connections in our model

* Since our dataset 1s relatively small compared to other
general datasets for 1mage recognition, we use data
augmentation techniques before importing the data into the
model

1b) U3Bneuenne npu3HAKoB U3 HCTOPHH 0/1E3HH:

* CKpBITHIE COCTOSHUA KIMHHYSCKHX JAHHBIX BBOJAT KIHHHYCCKHE
TIAHHEIE B CETh OTIETBHO, UTO HalpaBleHO Ha cO0p MH(OPMAIHH 0
BBIKHBACMOCTH, HMEIOMIEHCS B KIIMHHYECKHX JIAHHBIX

o Jlns W3BNEUEHHS TIPH3HAKOB W3 KJIMHWYECKHX JaHHBIX OblNa
MpeIyIoKeHa HeHPOHHAs CeTh C IBYMS CKPBITBIMH CITOSMH

1b) Clinical Record Feature Extraction:

* The clinical embedding layers itroduce clinical data to the
network separately, aims to capture the survival information
indicated within clinical data

* For clinical data, a neural network with two hidden layers
was proposed to extract features
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MyJII)TI/IMOI[aJII)HOe U3BJICUYCHHUC IIPU3HAKOB

* Ha »srame oObenuHeHMs MpuU3HAKOB MyIbTEMOJaibHBle ¢ During the feature fusion stage, multimodal features from CT

npu3Haky ¢ KT-u300pakeHnil ¥ KTMHAYECKUX 3aIHCeH TPYIHO images and clinical records are difficult to be directly fused
HEIOCPEICTBEHHO O0BEAMHUTL ITO CBA3aHO € TEM, 4YTO together
(yYHKIMM 13 pasHbIX MojaibHocTel uMeroT pasHble Macmralsl ¢ This 1s due to the features from different modalities have
WIH CTAaTHCTHYECKHE CBOMCTRA different scales or statistical properties
* Taxum 00pa3oM, 4ToObI PeIIUTh ATy MPOOIEMY, MBI IpIMEHUIH ~ © Thus, to solve this problem, we applied the Batch
MeTol TakeTHoM Hopmammsamuu (BN) 114 KoppeKTHpoBKH Normalization (BN) technique to adjust the mean and
CP/THETO 3HAYCHNS 1 JIICTICPCHI H3BICUCHHBIX MPH3HAKOB B variance of extracted features in each modality before the
KaXkIOM peKEME Tepe]T IPONeypoit CITHSHIS fu.s10n procedure |
o 1 3ONQHEBIX TDUSHAKOB  Zy,Zy,..,Z, IakeTa, 2; Given the features z;, 25, ..., Z,, over a batch, Z; 1s calculated
BBIYUCIIICTCS CICAYIOUMM 00pasoM: as-
Z; — U;
A L L
Zi =i + B
of + €
where y;, f; are the parameters to be learned, y; 1s the mean
Iie ¥, B — MapaMeTphl 0byHeHNs, U; — CPEIHee SHACHHE Z; B value of z; over the batch, g; is the standard deviation of z; over
[IAKETE, 0; — CTAHIAPTHOE OTKIOHEHHE Z; B MAKETE, € — IapaMeTp- the batch, € is set to a very small number such as 108

OeCKOHEUHO Maroe, Hampimep, 107
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AHAJIU3 BBIDKHBAECMOCTH

* B otom wmozmyme s ymoBneTBopeHHs TpeOOBaHHH, o In this module, to meet the requirements for a

[PeIBSBISCMBIX K KOHKPETHOH 3ajade, MOXET ObITb specific problem, any survival analysis model can
MCIOJIb30BaHa JIt00as MoJIe/b aHAIIN3a BBKUBACMOCTH be used

* B oroit pabore MBI ompelenseM BpeMs BRDKHBaHHMS B o [n this work, we define the survival time as the
KaiecTBE MCTKH M HCIONb3yeM HEHPOHHYIO CeTb C label, and use the one hidden layer neural network
OJHUM CKPBITBIM CJIOEM H OJHOMEPHBIM BBIXOJHBIM with one dimension output layer for the
CII0eM JUISl HAaCTPOHKHM perpeccHu  odiero ynobcrsa regression setting and overall optimization
ONTUMH3ALNH convenience

* UToOBI TOCTHYE OJMHAKOBOIO MaciuTaba Mex 1y 0a3oBoii  « To achieve the same scale between ground truth
HCTHHHOCTBIO ¥ BBIXOJHBIMH JaHHBIMH B HallleH and the output in our model, the Sigmoid function
MOJENH, CHTMOBHIHAA (YHKIMS HCIOJIL3YETCS B 1s used as a normalization technique to process
KauecTBE MeTojla HOpMaliM3alud Jias  oOpaboTku the output

BBIXOJIHBIX JTdHHBIX

1
Vi = L o
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AHAJN3 BBIIKHBAEMOCTH

* B kaiectBe  memeBoil  (yHKIMK * MSE loss function and L2
HCMOTE3YCTCA. pyHKIAA ToTeph, MSE i regularization penalty term as the

mTpagHOM TCpMUH peryispuzanuu L2, biect; funct; . d which i
KOTOPHIi OMpe/IeNsIeTes Kak: objective Iunction 1S used, which 18
defined as:

N
o1 a2 2
minimize L = N Vi—y) +4) w;
i=1

I/ W; — NapamMeTp MOJICIH, A — ITPapHON where w; is the model parameter, 4 is the

K03 HIHEHT penalty coefficient
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JKCNIEPUMEHTHI M PE3YJIbTAThI

* Mzl mpoBem obmmpHbIe dKcnepuMenTsl Ha nanuenTax ¢ HMPJT u3 nabopa
TCIA, wtobb mogTBepauTh 3G EKTHBHOCTS MPETOKEHHOTO MeTofa ¢
TIOMOIIIBI0 HECKONBKHX CAMBIX COBPEMEHHBIX METOTOB C TOYKH 3PEHIS
TOYHOCTH  TIPOTHO3MPOBAHMA  TIPOAOJIKMTEIBHOCTH  KM3HH  KaiKJIOro
NIaLEHTa

Kpome Toro, Mbl Takke OLEHHIH Pe3yibTar MPOrHo3|poBanus mo C-
uujekcy. [ocne 5TOro Mbl NMPOBOJAMM HECKONBKO 3KCIIEPHMEHTOB 10
YIAICHAI0 Pa3MHYHBIX CTPYKTYD CCTH, YTOOBI OMPCACTUTh HAMTYYIIYH)

CTPYKTYpY
Data Preprocessing (CT Images)

o Jlng KT-u300pakeHnd Mbl M3MEHHIM pa3Mep HeoOPabOTaHHBIX JaHHBIX,
IPEICTABIAIONIIX cO00H TPEXMEPHBIH 00BeM IepBHYHOM 00IICH OIMyXOIH, Ha

96*96*8. ITocxe y1oro Mbl mpeobpasyeM MIHeHHOCTH Aana3ona B [0,1]

* JareM, 4T00BI IPEIOTBPATHTH TIepeo0ydeHHe, Mbl BHIIOHAEM ayTMEHTALHI0
JIAHHBIX, KOTOPas BKIIIOYAET B ce0s TPU MeTO/Ia: MIOBOPOT, 3aMeHy MECTAMH 1
[IEPEBOPOT, TOIJIA Mbl moMydrm 422*8 = 3376 oOpasros, cpe KOTOPHIX

ObL10 3738 = 2984 0bpasua be3 ner3ypsl 1 498 = 392 obpasna ¢ neH3ypoit

» We conducted extensive experiments based on NSCLC
patients from TCIA to validate the performance of the
proposed method with several state-of-the-art methods in
terms of the prediction accuracy for the survival time for each
patient

» Besides, we also evaluated the prediction result by C-index.

Afterward, we perform several ablation experiments regarding
different network structures to determine the best structure

Data Preprocessing (CT Images)

» For CT mmages, we resized the raw data which 1s the 3D
volume of the primary gross tumor volume into 96 * 96 x 8.
After that, we transform the range linearity into [0,1]

* Then, to prevent overfitting, we perform data augmentation
which includes three methods: rotate, swap, and flip, then we
got 422 x 8 = 3376 samples, among which there were 373 * 8 =
2984 uncensored samples and 49 x 8 = 392 censored samples.
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JKCIIEPUMEHTHI M Pe3yJbTaThI

IIpenoOpadoTka (KIMHHYECKHE TAHHDIE)

KiinHn4eckre JaHHbIe CONEpKAT KaK KareropuajibHble, TaK M
HEKaTeropHalibHbie JJAHHbIE. BO-TEepBBIX, HEOCTAOIIEE 3HAYCHHE
SBISCTCA  PACNPOCTPAHCHHOM MpoONeMOM B MCIMIMHCKHX
JAHHBIX M MOKET CO3[aBalb TPYAHOCTH [UIS aHAIM3a M
MOJICITUPOBAHHUS TAHHBIX

B Habope naHHBIX KaTeropus "Bo3pact” copepikala HECKOIBKO
NpOIYIIEHHbIX 3HaueHHH. [Tocie HaOroeHNs 3a JaHHBIMH ObLIO
0OHapyXeHO, YTO BO3pacT MaIlMeHTOB B Habope JaHHBIX OTH30K
Tpyr K apyry. TakuM 00pa3oM, BEIMHCIAETCS CPEIHEE 3HAYCHIE U
3AII0JIHACT HEJOCTAROLIME 3HAYECHHS

[locme 3Toro, WcHONMB3yeTCs  ONHOKPATHBIM ~ KOAEp  JUIA
KOIMPOBAHMA KAaTETOPUAJIbHBIX JAHHBIX B YHCIA, YTO MO3BOJIAET
cllelaTh IIPEICTABICHME KATErOpHAIbHBIX JIaHHBIX — Ooslee
BBIPA3UTEILHBIM

3aTeM MbI HCTIOIb3YEM METOJ MUHUMAKCHYIO M Z-HOPMaJM3ALHI0
I BBIIIOMHEHHS HOPMaJIM3ALMK JaHHBIX [PU3HAKOB, TAKUX KaK
BO3PAcCT U BPeMs BBIKHBAHHA

Data Preprocessing (Clinical Data)

Clinical data contains both categorical data and non-
categorical data. Firstly, missing value 1s a common
problem in medical data and may pose difficulties for
data analyzing and modeling

In the dataset, the ‘“‘age” category contained a few
missing values. After observing the data, It was found
that the age of patients in the dataset 1s close to each
other. Thus, the mean value is imputed and filled into the
missing values

Afterward, to fit into the model, one-hot encoder to
encode categorical data into numbers 1s used, which
allows the representation of categorical data to be more
expressive

Then, we use the min-max feature scaling method and
standard z-score method to perform data normalization,
such as age and survival time
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[IpenodpadoTka (KIHHHYECKHE NaHHDIE) Data Preprocessing (Clinical Data)

I[JI}I BXOJIHOI'0 JaHHOTO X PC3YJIbTaT HOPMAIU3aIHH C

For mput x, the min-max feature scaling method’s output 1s:
[OMOII[BI0 MEHHMAKCHOTO MacIITaOMpOBaHHS PaBeH

1 X~ Xmin

' = X = Xmin X =

- . Xmax~Xmin
Xmax~%Xmin

y .
PE3YIbTAT Z-HOPMAJIM3AMN BBIYUCEACTCA KdK: Alld the Standard SCOTC methOd S OUtp uts:
x —mean(x) , X —mean(x)

!

std(x) std(x)

rae std - cranzapTHoe OTKIOHeHue. [[nd omHoro mammenta ¢ where std 1s the standard deviation. For a single patient with
MHOKECTBEHHBIMM OIyXOIAMM Mbl BbOpanM IepBHYHBI  multiple tumors, we selected the primary gross tumor
obmmit o0beM omyxomi ("GTV-1") mis obpaborkn B Hamedi  volume ("GTV-1") to be processed in our work, while other

pabore, B To BpeMs KaK JIpyTHE OMyXOJIH, Takie KaKk BTOPHIHIE  tymors such as secondary tumor volumes denoted as *GTV-

n nmn n . . .
oOBeMBI omyxorm, obosHadenHbie Kak "GTV-2", "GTV-3", u 2, "GTV-3’ to name just a few, which were occasionally
OT0 b HEKOTOpble M3 HHX, KOTOpHle  HHODIA  recent were not considered

[IPUCYTCTBOBAJIM, HC PACCMAaTPHUBAJINCh
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[lapamerpnl JxcniepamMenToB Experimental Setup

* Mol 00yunin 1 OLCHIIH MCTO]| Ha HA0OPE MAHHBIX o We trained and evaluated the method on the

NSCLC-Radiomic mocie 5-KparHoit nepekpecTHoM NSCLC-Radiomic dataset following 5-fold cross-
BaTU/IalliK € Pa3ACICHUCM Ha yPOBHHU IALNCHTOB validation with the patient-level split

* Mbl paspemnnd Habop JaHHBIX Ha 00ydarouue, « We divided the dataset into traming, validation,
BANUJIAMOHHBIE M TECTOBBIE  JIAHHBIC B and testing data mnto 6:2:2 respectively
COOTHOIIEHNH 6:2:2 COOTBETCTBEHHO * For hyper parameters tuning such as the penalty

o Jlnd HacTpoWKM THIEpIIAPAMETPOB, TAKUX Kak coefficient, we use the validation dataset to fine-
mrpadHoi KO3(GUIMEHT, Mbl HCIIONb3yeM HA0OOp tune and get the optimized hyper parameters
JIAHHBIX IIPOBEPKM 19 TOYHOM HACTPOHKH M * In the training process, we used 200 epochs n
MOJTYYEHHS ONTUMU3UPOBAHHBIX TUIIEPIIAPAMETPOB total with Adam as the optimizer.

* B nponiecce 00yueHrs Mbl HCII0b30BaIK B 00MIEH
ciokoct 200 smox ¢ AgamMoM B KauecTBe
ONTHMH3ATOPA.
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[TapameTpbl 3KCIEPHMEHTOB

* [lapamerp pasmepa makera ObL1 YCTaHOBJICH
paBHbIM 64, HavyanmpHas ckopocTh  00ydeHHS
ycranaBnuBaetcs paBHod 0,001, a 3aTem ckopocTh
00yueHus cHuxkaercs Ha 0,5 xaxpie 40 3mox

* [lockonbKy B KayecTBE METKH Mbl HCIIONb3yEM
BpeMs BBUKHMBaHHS, a HE COBOKYIHBIM pHCK, B
fpolecce 00y4YeHHs ¥ BaTIMJALME Mbl UCIIOIb3YEM
TOJBKO JIaHHBIC O€3 IICH3YphI IS TOYHOTO pacyera
BPEMEHH BBIKMBAHHUS ¥ [IENIEBON (DYHKIUHK

* Jlanee, B mporecce TECTUPOBAHKMSA MbI HCIIONb3yeM
BCe JaHHbIC 1A oleHKM C-MHJCKca U JJaHHbIe 03
LeH3YphI 714 otieHKH MAE

Experimental Setup

* The batch size parameter was set as 64. The

initial learning rate 1s set as 0.001, and then the
learning rate 1s decayed by 0.5 m every 40
epochs

Since we use survival time as the label, not
cumulative hazard; In the training and
validation process, we only use the uncensored
data for precise survival time and objective
function calculation

Further, in the testing process, we use all data
for C-index evaluation and uncensored data for
MAE evaluation
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Uccaenosanue AOnsiuun

Yrobbl HaliTi ONTHMANbHYIO CETh JUIS Halllel 3aaun,
Mbl PAacCMOTPHM TPOBEIEHHE SKCIEPUMEHTOB 10
YIAJEHHI0, OCHOBAHHBIX HAa CIEIYIOUMX YETIPEX
aClEKTax CETeBOU APXUTEKTYPHI:

» Kak ~ rmyomsa  ResNet  Bmger  mHa
[[POU3BOIUTENBHOCTD

» Kaxas 3D-cTpykTypa sBnsercs Tyymen’

* [lpeocxomaT 1M MyJBTUMOJANbHBIE METOIBI IO
3(QEKTHBHOCTH METOJIBI C OTHOH MOJANBHOCTBIO?

* KakoBo Haumyuyiee COOTHOLIEHHE MEKTY JTAHHBIMU
M300paXEHNS U KIMHAYECKUMH JaHHBIMH Ha 3Tare
CITUAHNS?

o Cnemyer i f00aBIATh CKpBITBIE CIOM HA 3Talle
AHAITH3a BHIKUBAEMOCTH

Ablation Study

To find an optimal network for our problem, we
consider performing ablation experiments based
on the following four aspects of network
architecture:
 How the depth of ResNet affect the
performance? Which 3D structure 1s the
best?
* Whether multiple modalities outperform
single modality?
» What 1s the best ratio set between image data
and clinical data in the fusion stage?

* Whether hidden layers should be added in
the survival analysis stage?
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Uccaenosamnue adnsuun Ablation Study

+ Bo-TlepBbix, MPOBOTHTCS OIlGHKA pA3TdHON DIyOMHe Resnet u toro, spisores mi  ° Firstly, the evaluation of different depths of Resnet and whether multiple

HECKOTHKO METOTI0B TyHIIE, HeM OJI modalities are better than a single modality are conducted

o Mcmoms3ys OIMH CKPBITELT CIOH B CETH aHalM3a BEKUBAEMOCTH M YCTAHOBHB By using one hidden layer m the survival analysis network and fixing the
COOTHOIIEHHE NPU3HAKOB MHOKECTBEHHBIX MOJAIbHOCTEH HA CTAJHH CIMHHS PABHBIM ratio of multiples modalities features in the fusion stage to 512:27, four
512:27, ObL1TH IIPOTECTHPOBAHBI YETBIPE PA3THYHbIE CTPYKTYPbI different structures were tested.

o Tafmima moKasbiBaer, 4ro Hama Mojenb crpykrypsl ResNe3d ¢ meckomsimym ¢ Table shows that our model of ResNet34 structure with multiple modalities
MOTATBHOCTAMH 10CTITTA HAITYYIICH MOH3BOTITEIBHOCTI achieved the best performance. All experimental results support our

» Boe OKcTEpHMEHTATBHBIE pe3yIBTaTEl MONTBEPKNAOT HANe IPENNOTOKEHHE H assumption and show the effectiveness of using multiple modalities n
MOKA3HBAIOT  HQCKTHBHOCT  HCHOMB30BAHMA ~ HECKONBKEX — METOJOB  aHATH3a survival analysis

BBIKHBAEMOCTH
ResNet Multi-modality
Crpyktypa KT-m3o0paenns Structure IS C-Index Loss C-Index

ResNet

Q-uunworepy  Clndex  O-mustmoreps  C-lndex ResNet18 0.1023 0.5782 0.0847 0.6287
ResNet]8 0.1023 0.5782 0.0847 0.6287 ResNet34 0.0975 0.5942 0.0757 0.6490
il s LT L L1 il ResNet50 0.1023 0.5804 0.0760 0.6375
SRR D Vol SR VRIS ResNet101 0.1071 0.5660 0.0795 0.6142
ResNet101 0.1071 0.5660 0.0795 0.6142
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Hecaenosanue a0nsin Ablation Study

+ Bonee Toro, nenomsya Ramtyammyio crpykrypy ResNetd, wol fenaew eme omm mar * Moreover, using the best structure ResNet3d, we step further to
BrIepe, 100! HabmioZaTh eT! H3MeHeHI CoOTHOWeRHA Nex1y Mofutshoctavi co observe the effects of changing the ratio between modalities with and

CKPBITBIM CTOCM 1 0¢3 Hero without the hidden layer
* D0 MOKHO GIEah, H3MEHIB KOTIYECTBO NEPCEITpOROB A ofbekrop molpakera It can be done by changing the number of perceptrons for image and
00BEKTOB, He CRA3AHHBIX ¢ H300paKeHTIEM non-image features

o CINCOK pPe3yISIAT0B CpaBHeHHt B Ta0mile mokaseaer, wro amnyumas * The comparison results list in Table shows that setting the ratio
TIDOH3BOTATETSHOCTS J0CTHTACTCs MpH YCTAHOBKE COOTHOIIGHI Mex1y molpakemummn  between images and non-image modalities as 25:27 achieves the best

peKIMaMH 063 I300paKerHii papabiv 25:27 performance
+ Kpowe Toro, fo0aseriie CKDBITBIX ¢06B B MOTYTb aHamna Beixusachocti Moker eme  * Besides, adding hidden layers in the survival analysis module can
007Tb1IE TIOBBICHTS TIDOH3BOTHTEIBHOCTS further improve the performance

O-musmoreps ~ C-Index  @-umsimorep  C-Index Image Split Loss  C-Index Loss  C-Index

Pas6uenne Image: Non Hidden Layer No Hidden Layer
Image:Non Image

512:27 0.00757 0.6490 0.0760 0.6376 512:27 0.00757  0.6490  0.0760  0.6376
100:27 0.0743 0.6312 0.0755 0.6421 100:27 00745  0.6512  0.0755  0.6421
50 0.0739 0.6380 0.0761 0.6430 25:27 0.0739  0.6580  0.0761  0.6450
527 0.0763 0.6403 0.0793 0.6215 §:27 00765  0.6403 00793  0.6215
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JlanbHelnee 00CyKIeHHE

Loss values

Ilociie  3KCHEpUMEHTOB 10  YIAJICHHUIO
HaWJIy4dllash apXUTEKTypa C HCIOJIb30BAHUEM
cTpykTypel ResNet34, ycraHaBimBaromias
COOTHOIIICHHE MEKTY HECKOJIbKUMU
MOIQJIBHOCTAMU KaK 25:27 ¢ OIIHUM CKPBITHIM

cJI0eM, IIPEBOCXOAUT APYTUE CTPYKTYPHl B
3TOH padoTe

Loss
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Further Discussion

After Ablation experiments, the best architecture of
using ResNet34 structure, setting the ratio between
multiple modalities as 25:27 with one hidden layer
outperform the other structures in this work

PQB}’JIBTHTBI B Cp.cC JIHHHEH oTcdeTa

Cox-time 0.183 0.6152
Cox regression 0.204 0.6009
CoxCC 0.183 0.6120
PC-Hazard 0.191 0.6094
DeepHit 0.183 0.6133

I Ipe nmoxxenHas 0.162 0.6580
MO/ICITb
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JlajibHeHIne IKCIEPUMEHTHI

HecMoTps Ha 370, HpesiokeHHas MOJielb CHOCOOHA
MPEB30UTH JIPYTHE CYIIECTBYIOIIUE CTATHCTHYECKHE
MOJIEIIH U MOJIEJIM MAIIMHHOTO 00y4EeHHUS.

MOXHO ~OXKHAATh HEKOTOPBIX — YAYYIICHAH IIpH

BHEJIPEHUH CJIEIYIONIUX OIXO0/IOB:

* [IpomexyTouHoe W TO3[HEE MYJIBTUMOJAIBHOE
CIMSAHME MOXET OBbITh BHEAPEHO JUIS OLCHKH
3 EKTHBHOCTH " YCOBEPIICHCTBOBAHHS
CYLIECTBYIOIIETO MO/IX0/1a

* Moaynb aHanW3a BBDKMBAEMOCTH MOXET OBITh
3aMEHEH  CYIIECTBYIONIEH MOJEIbI0  aHAIN3a
BBIKMBAEMOCTH, Takod Kak Cox-time, mIybokoe
oOciieoBaHye, 4ToObl YIy4mUTh 3(PHEKTUBHOCT
MpeJIaraeMoro Mmojxozia

* MoxHo coOpaTh OOIbIIE JaHHBIX IS OIEHKH
3 (HEKTHBHOCTH CYLIECTBYIONIETO TMOX0/a

Further Planned Experiments

Although, the proposed model 1s able to
outperformed other existing statistical/ML
models. Some improvements can be expected by
introducing the following approaches:

The Intermediate and Late multimodal fusion
can be mtroduced to evaluate the effectiveness
and improvement in the existing approach

The survival analysis module can be replaced
with existing survival analysis model such as
Cox-time, deepsurv to 1mprove the
performance of proposed approach

More data can be collected to evaluate the
performance of existing approach
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Thank You!!
Questions & Suggestions are \Welcome!



