2
24 » trrwrsowe Carterwrre

@ Infoemation Technology,

Compater and Telecommescation JEESENEISES ST

24% latersational Confes on lof Tech and Ted atien

At e s Shme (L TR

(S Cwdd [0 Lohas Ghed g udle 6 pSob

(5oLl 45,5 caizmo) Jol oy 33 (Folgils ol g o
lgdins axlg o1 olZzsls 1581 o 5 waige disy w0
(gl 3Ugen) 293 0o i (S lgils ol g oL
eelyg O3 olails (o3 (5325 aolipy w)) (b2 )5 o5 (Slojl (Sl
0 pgw ol gi (Slgil> o g o
croolyg ST oSS 1531 o5 sl IS sl

oS

ol 00l adgi (Jblage b Cudlpo e ol pw 5O (St b Cudl o i (ol (LS Wig) Al O 10 Sl
Sl i pglu—o dx—wgi Bud . g Vo Ve Jlu 0 ool udgi uas 0010 CublESTYYIF @ s 00ld a5 09l (20 08 (ot
39uxn 3K A IS ginndi 0Ll (43| SusS sl 00 (59T go U 0810 31 ! Yool 415 g yigs JY ol &1, Seis g
W23 oo 4yl ) Al (45T oy 45 K5 0Tyl 4 1y (T 0195 (o0 Cmirod (5305 Azl pantiild Ayl (gl (s e
@ 99590 Wl (o0 (Sl o BIL 53 1) 095 (Wigh SwS b i (] bawgi algi (o0 45 (SICL S AT L0l (b S
il 5ol 553 5 205 0 & 7 g0 51 3145 ol g £ A ckkiaed 5] 98 T oS 53 a3 s
ML) ) gmislo (65053 5Al) ) (o= gimian (H90 5I pll i &31,1 Wlie cpf Bod s ol Jlilos g by (b9 Sy 5
axwgi G o 3590 50 sl ygliio ol (gl aLdS Jlw Wiz Jgb 50 Cuwl aio aBMe (D3 &1 (gl 453 50 ((Sb iy Al
) @Bod s (Sl 1 el po (S ot S (50 x5 J3 ML g (L giuan 90 potpio 31 soliim! 090 40 S
olasl g 3o (s5algilen wiile (60 )5 (i b il 438 ) 5158 GilojT (B %0 40 pilo Jlo 30 1 (5)3Ld (il 45 S (g0 Cann

Loy Jobw 9 (Johw (ol Comnj (S oy 59992005 (53919551 B9 ye 9 b

o= (bl OleMbl (g ,gld — £ohuan Sigh 1 guals (519



2
24 » trrwrsowe Carterwrre

@ Infoemation Technology,

Compater and Telecommescation JEESENEISES ST

24% tersational Conference on Infarmation Techaodogy,

Pl e gt e

Campuner and Telecommunicaticn
VT a1

Slazd E950 b e Caml 00,5 A1)l (old b iy duxie s a5 (bl b Cudlpo o jo Wledbl (559U (8 y2o
Cadl yo pooianimnnr (g (Jlazs d dzis 30 Sl (6 95 pumonai &yl Gl W(EHR) (51 g S g Sl oDl 3 jlows (gl 0018 (40,5

ol 003 0591 1 YN Jlw 40 oo wudgs ol s 0old (igy s Jwl jw yo (Sblags oo

LEA] Yo¥e Jlw 5o oo adgi 036 (gla 0315 bl abl axisls YYIF 4 5gu (o0 08 (yuodti 9 bl VAN 5 18« S bl351100
By Wl S0 0,5 gl g (o0 1) was IS g sade Gledbl 4 (5ysb 4 Fgo yab 4 b ool cpl ey (Jl> (nl L
28 5l 0010 Jaloxi (5l pitummuns 05 g0 Joxi |y (2 UlgT o o (6591 o sl 001 13938159 ke vz 50 .ilo g0 (B
9 (g0 ousali "DleMblools (£l g (0 5L (s ez Hab A ¢ s Silagy o Codlje Sl i Az o
b ailisaiod . ouS Judo puilgss a5 4zl 31 (g yidions (5L 0015 i (5391 o> Jl> 30 Lo oxs (DRIP)”. DRIP Giuxd gy
(00 515 4 pdy (Bl Caled 0 Gy (nf Al (6 S ol (S i 9 W 0310 ol g s 3 50 ey (9 s
6258 slawy i Jol gl chlizio Zaku )0 0,8 Juldxd g 4 i Cilizko oI5l b o)lgF (o0 1y o (5591 a2 (S sl o0l
b 0dgume 3l Zl5 polie 4T ol uilS oS o] il A Wil oo (Jgare Hlaid SLptumw 45 o bosls Cowl
4 Nigdh 50 (6391 o o sl 001 gyl (p90 Tl H3 ECG).) (31,5955, 159 iUl (5l ygiuilo uuiS a9 e wiilo ciamd
ol p3 &S a3 (65500 E95 4 (5999 055 odliiw] SO lgie A (g (oo Al I AT 0gd (o0 310 9 DS gl WeS
b wiile )0 il abub SO @ &S 5> b ouleB 5l 6l acgomme olwl p (65 a9 (Aald w0 (o0 Al ) golediley
ol oal 05lg wdle I Joud bl sy OO A oy 50 a5 KoS Wiilel (o0 W i (] coals &1y gla sols I soliiwl
S35 i GG WS o0 0l e I 1 i (el )l Aigli o0 0ol €0 5 G 9 2 (S L
& ogh (o0 Eapd «azy b oS SYIgw 4 (01 Fwly 4 OB el b e (nf Sl Glaasie gl (oUlg WSS i

20 by |y Ll s iy S cylo o yob & g «aigSan

9 £ 1) LT gy ol 515 00,5 pleol Iy Wz oyl Ll 45 ol cpl B ins (901 (63900 S (F9 51 S0 (S Slowouss
S s i adsl digei b UleT 05 (0 LT (605 ol Sgute sl 093 agi 4 (l e IS WIS ge gl
ST ol g9 a5 oS Azl g i A1yl 50 A5 Cawl 0018 Jsowd Wil 48 S wlw! g B w3 - i . MYCIN® ™

xd palae Cd iy 1 Bud () Kb 4 dsS olT) 85— Gl leMbl- 030" sulh ol (295 A1 Joo LS o0 oS 3510
S o 45 Sl o3l Bud ol oo 9T @os sl 6015 31wl 415 soliiuwl g yige JYosiw! 451yl Cowl dnligh LB piwaw
1 it 5] 30 45 (555 BT 0,559y NS ) 980 g0 Ayl 1y Ayl (ST ey oS 555 00T (glp2t 4y 3L 1y (5505 ol
&l 0ol gl Sy (Jlo cnl b sl o0l didis (295 43 (B (S0 y9liuwd (0l (Wi (o0 &) Iy (50 A g (anBel Laid
ol Gl el (5950 S (o0 ol 0gilly gumy Gla oolisuwl g (559l cnl (HBly Camdy Wi () S0 JLis 4 a5 SISD
S 50 Sz aly Al) ) (Lguan b il eolitwl 3yg0 )0 (Sl D1 b (o0 &l Lo caid gl (o (2! 5 ¢jgliiee
® Wbl S50 BB b (o dlio (pl (Loman gd Slp (Shiy 02 plod I ol (o) p ST 4 (gl JLo 4 &8

N



24 n e Corberre

@ Information Technology,

Compater and Tel

0 g5 39 )] D590 30 0w jlu Gty S Ay o Wilgi 0 AT 10 e ST yidiew |y S giuan LhgR WYL Wilgh oo 45 wB
il sl Cudlpo (Sl i )O (£ g0 iR adlin g (piile (5 ;S OL 3 eoliiwl ;5 WS Fad gl drwgl (IS baks ;90
o5 yohilen 0o Jlasl (o b Wl aid 5 )18 JhaloT 5590 Sl b (555L3 (21 45 (1l @S (o0 o |y Wigoi 3 Wb iz (s

Gl 00y A ) Jgus o
bl Gyl

WS Colod 0590 oo w1 b Wilgi (o0 g 50 0olw (590 W &S 0 Joi | 25 2 &S Conl SMhol alos 31 Jog
8o J ol b (5l aale (oldly s il lid ams y inls) ol gl 55,9 b o5 bl o o8 (i la5
Jo all b 5 sl UIgF e S (5591, 1y Sl 55 gzge dia )i 31 (5 ylomm 355 wablys o Lo yid cul b5
Yol o338 Bk (GBI 5 655 Ao} K g iyl il P iy Sy 0 & Y o sl b SNSe Cansl (33,5
Gl 5l was A1 S 39 (o0 ooliiwl polie il I (il glisswl g gilw pimamw o i (G5lw pordo (£33 (S8
0315 (i 3l 6Ok () b 0010 e puwdi (llgE )10 0 LAl i 4 (S ghan 9B US Ggw I eud aS Ll
0ols oyLad a5 jehailan .y Bllasil (g, 5l 31 oolisewl b (ols ciylly 5 Blunl & il (gl yt b disgol T 31 ooliius! g o oslo
&l By gunolS 31 a5 Cawl Sloj cpumiilo S0l Y IS 50 CawlMIL) ) (Sriilo (6 5F0b ( Loman ogp Lol adlio cCawl ouis

Sgd o0 ooliiw! Jlac!

Data

Fig. 1. Representing the classical pyramid of (date-information-knowledge-
wisdom).
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T. Alsuliman et al. / Current Research in Transdational Medicine o (2019) o020t 3
Table 1
Summary of some important examples of the artificial intelligence technigues applications in precise medicine.
Author Journal, Year Domain Technigue Technology Togic
Wuetal Breast Cancer Res Treat, 2019 Radivlogy Ultrasound Logistac Breast cancer
regression
Moradi et al, Medical Imaging, Compuater-Aided Diagnosis Radiclogy X ray ML Chest
SPEE 2019
Utholf et al Med Phys 2019 Radiology c ML Lungs
Yang et al. Medical imaging, Computer-Aided Diagnosis SPIE  Radiology MR ML Brain
2019
Diamorxd et al.  Int | Bioened Comput 94 hematalogy Flow cytometry Al Leukemia
Diamond et al.  Cytomelry 94 hematology Flow cytometry Al Leukermia
Nguyen et al. ] Clin Pathol 97 hematology Flow cytometry Al Leukemia
Cuntaretal.  Sci Rep 2018 Hematology Laboratory ML Binlogical hematology
Arai et al Blood Adv 2019 Hematology HSCT ML aCVHD
d'Onofrio et al. Oxford: Butterworth Hemnemann; 1998 Hematology Hemoglobin NN Laser cytometry and integrated
disarder sovolumetric
Zini et al, Hematology 2005 Hematology Hemaglobin NN Laser cytometry and integrated
disorder isovolumetric
d'Onofrio et al. Hematologica 1998 Hematology AML Al cytometry
Kantardzic Comput Ind Eng 2002 Hematology 12" DM Laboratory findings
et al
Shauval et al. | Clin Oncol 2015 Hematology HSCT ML ALL post-HSCT
Shouval et al.  Plos One 2016 Hematology HSCT ML ALL post-HSCT
Subasi et al. Neural Comput Appl. 2019 Neurology Epilepsy ML Seizure detection
Avcu et al. 1EEE, ICASSP 2019 Neurology Epilepsy NN Seszure detection
Ahmadi Npj Park Dis. 2018 Neuralogy Parkinson's ML Progression prediction
Rastegar disease
Thompson Radiother Oncol. 2018 Oncology radiotherapy Al Radiotherapy
etal
Londhe et al Drug Discov Today 2019 Oncology radiotherapy Al Radiotherapy
Aradpo et al PLOS ONE. 2017 Oncology Histology NN Classification
de Ridder et al.  Brief Biotnform. 2013 Cell biclogy Laboratory ML Detection by {luorescence
Oei et al. PLOS ONE 2019 Cell biclogy Laboratory NN Miroscope images
Sugi et al.  Cytotherapy. 2019 Cell therapy Laboratory ML CART
Lee et al Immunology, 2019 Cell biclogy Immunclogy DL Tracking of immunological synapses
Yaseen et al, Appl Sci, 2018 Cardiology Heart Sound Signal Al Cassification
Alfaras et al. Front Phys 2019 Cardiology ECC ML Arrhythmia
Sayres et al. Ophthalmology. 2019 Ophthalmology Diabetic DL Crading
Retinopathy
Lietal 1EEE Trans Med Imagmng Ophthalmology Clavcoma NN Detection

Abbreviations: Al: artificial mtellsgence; ALL: acute lymphoblastic leukemia; AML: acute myeloblastic leukemia; CAR-T: chimenc antigen receptor T- cells; DL: deep learning:
DM: Data mining; ECG: electrocardiogram; HSCT: hematopoietic stem cell transplant; ML: machine leaming: NN: neural networks; PV: polycythemia Vera,
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Fig. 2. Representing the inclusive relations between artificial intelligence, machine
learning and deep learning.

s3Pplen
3190 ot 69 3l S Fokw alelid 131 Lo plgie 4 c8)8 Sl 5 ol o0 1) S3glailen )3 (Sghao Gigh o 3 )8
) é)|5.o ‘5|)g od el Jab ‘51.9 [t Sl c~>)5T )Q LY |) ).o| dw odos f' Aw (o) 0.3] JER W™ &,y d""l*"' Sl

e 9 Jelod (aase (385 g oladiwl jro 3T cubgidaiges! (5 yogimwald

Pl 0ol gl ol 0 S92 g0 (AL Lo3T g s b azy )b wigh (oo bgryo (S 41 g Wiyl Jolai 50050 b poivms duw (33
2090 A 0 i by I b g (2l el b 090 AF jo wasw )y 33195 Ay ot A (3] (395 by Hlows Voo 5]

Y



24 » rrwevs Cortewrre
Information Technology,
Compater and Telecommescation JEESENEISES ST

T 24 Mterzatonal Conference on Irfarmation Techacdogy, Camauner and Telecommunscaticn
2 AT ale ! 1

3K Jloel 3,505 99 (aldulol lo Al 4 aiens o5 (o5 SYNST pandeidd (sl sl ooablo 650k s,
Bpan Job 10 Jgoxo yob 4 WS 0 00l yiday Sguzxe acgozxe S I ks 6,550 g 39390 95 Limle;l 5,5 eolaiwl aen
Golow gy Comed (38,5 a0 0 plKIB w0 )0 AF 3 0oy AN (Sl B0 Abgrye (3591 Cowd &1 09 (o0 (5 S 03Il Lo
YPPAD (Sl 09SO .ol Son g &lT ML 31 solisew! b . g ylows Oy Jodome Lad (58,5 Jai 50 o 7.0V 9 0% 9 Josxo
Cobske poual’ &30 15981 @GVHD)) (ylijme Jilio 15 Wigmy Sl g)lom yhad Sy sl olilow 955 Sl 1) (5,4
ad bl gl Jowe JaSis gl ol coliu! Jole VO g Gw)g.o‘i 09,5 3l eolaiwl b L Jow axwei 5lp o9 (ADTree) ML
Wty 95! caoSs job HSCT. 51 s oIS (slis 9 GVHD yhas yus bL3 51 505 AGVHD s iy 1o 45 b g0 (3L allie
9 437 g Caodd 50 (omas slb 4l eolistwl K03 059> s gl (Sl S 515 (598 9 (ke Sy Guvalnb Ol yoi
ol gan JWS| ausidd 4 bgr o 0590 radgl 0 S )18 4zgi 0590 « ol azgi BB 3 Ss; 90 o 50 45 (o (95 Sl

ansl 3435 HDE HBE 5lg0 plos 0 Loy a5 cotmcnnw 42,150 (o025 w8 (5355 52 b (6550 (6 yiogim 250 31 ol

a5 Conl L gan Sgd Joo S 090 Joo . oY la- b b po IDA b ool o b bai o IDA b (cous¥U o b bai yo
39 ! A JIE g STy JUI 0 celled STy 9 sk s JoulS ox 598 3] sl (3T 4 Ay (6 yioginms polos!
olejT S5aleily (59) ¢ 45 ol D> SKiwMligheo sowgd (5l Aiged (s FAB (gl Al 4 azgi b led (sl JUIS 93b
oS ol (5905 0018 Juo cadiouj5l o 1 5 51 S0 (S L iy o yd AY pausiid 003l A e (] (B digad )0 3g (o0
9 S 0gMle &1 PV (PVSG) anlllas 0,5 (sl slxo (sl yiol )y wds (oo (381 1) s (ool 1PV) ) 19 (gostmms (y ol
ey alinb oL il suline Joo ol 33 (610 (Shxe gl g ol 4id ) 5158 Gl lo3T 990 mitwaw (rIHEE). ) o S gilan lado
F 5l eoliiuwl b laild & 5 ol (L 1y CBd (ylod poiwmns (o2 2 0gMe (0030 AAN) PVSG  puansild (sl yluxo Jolio y0 (puaniild
) Gals 05 anllne SUEBMT wigy 330 5 (195 (2! 09,5 i) cymod 30 WBC). g (Jloxbs ceSBly olasi oy Soilas) yitol sy
L pisio 51 (5 (S 9 2L @l wb Gl 0 bl g (Joo 5 ol 50 sleay YATYS ol eloxil 01,81 51 (0295 (9,
5 ddlie EBMT Lol 51 ool )5 jeliio ol (sl o <ol Joo ofallo-HSCT. 1 g 59 Vev 58 so g S yo oo ooliviul

P <.001) 5+ $F5 Julio 55 o) o puF 3 Shos gl Fhg Lo

w25y Aoz 31 pkite Wiz s 45 Wil 0018 LS cowgd ol ylows ol o ol lo 31 Bg,S b EBMT lawgi a5 (5,508 anlllao
&gl 4 Yloaol o) (0l 50 (2 4 59y 2 aSul g Bloyd & b2 yo jo 9 S 30 (339 Jol> (5)low alo o g oSl £ g8 s g0d
P (ol ol el (g Al (5l o diol S (35 Jlgy Sy o0 S A aled 5o 0,400 b (gt s (5999
Sl 03,5 SaS (> g Wz (olid ol Glo W Sl 49 95K, DNA wi)T3, b (eghman hgp gl Juo 0,5 i
oud ealisiwl (WIS AlS 50 W LA (g (550l )l g W) (e oSOl 3l eoliiwl b (golis sl Jokw Juloxi g s 3
ol 009y @yl Cox (670l L kS 3 (359551 (b (2lmile 3l eoliiwl Liog,S 5 0 4 boghae Jumdgo (gusy allb wiibo ol
39 oo Jlos! jgliio & Yool suny gy 095 by 3> Suswdlglen 3590 Wilo 39 (oo o3likuwl WS (St iy (512

- 5w aled addgl S 3l ooliswl b (pls bl 4 (golis slo Jolw pled 42 S



2
24 » trrwrsowe Carterwrre

@ Infoemation Technology,

Compater and Telecommescation JEESENEISES ST

24% tersational Conference on Infarmation Techaodogy,

Pl e gt e

Campuner and Telecommunicaticn
VT a1

Sl (S 2SI Gl 9590 53 slows! a5 CunlEEG) ) (1,5 Ilanily pisIl sdl B (559d9,99 5o e (pansidd gbaylinl 5 (S
2% o e S Ayl g b JUSew cnl Julo g 4 385 512 03l oo (3L 0Ly ML slo ST 51 (65l o Cdlad oS (o0
G50l ST 90 3l eslaiul b 8,5 sliuiy EEG 5 ¢ po (slb guuld (pnsildd gl (o0 )o8l )0 g (owliga YIV JLo
301y doyd AAYA Cds aF (Seuss sl v ,9NIGAS ( gSupport Vector Machines) ) wis oo buus SVM ol & Suiile
Pl & (SasT 0 )8 ailyl 6,550 ML .50 g AVCU « s | jLicil G 50 (Jlo ol b 0,8 Coli oolisiw! 580 EEG 00ls ac gosxo
Gy B s w0y AYLY G b JUK g0 5l oolaiwl b Lad 1y zoid wilgi o0 & (JLuliglgils cmas o aUCNN (
& A5 50 ) Ggmias )b 9590 Jlo (lgie 4 b colact g jho (ylanasiio wil 03 5 SoS ML (sla SisST 45 (5,500 o ol )
QilgF (50 45 0,5 )l ML gt S5 08 9 Ll Jawwgi' 31 U5 Sy PD gl 45T i 31 £954PD). ) (5)kows o2 505
by 0ol Cawd 3l g (5>t sl (S 3l (oS SiRe @il p ogdle Ghgy nl SAFFe CES L PD Sy S <o &
S ML (g lom (pasidd 51y 955 L S0LIS S35 pionaly 9 (5510 90 HICSF) ) (slaodls g Lagg o jluil wS' (g ooliciul
prw S (S i 31l Ked g j 0w Lawgi oud &l i gl ooliitwl (g)lom S oy (S e Sl Wl (0 e

Jlw 99 sl azii (S G Sl (Jlo S g e () B2) (Gloj adai 8,5 eolaiwl (S

BARY

Olygd Cowl ol aid)S Hlai j0 Sldr 3,Sug) S plgie & Lawe 0yl lbyw boojyle j0 ML g (egiuac 9o 5l ooliiul
0o (o0 ooliitwl o 50 pol> Jbo 50 b SUST (0l b (gl igm o (cwiiie 9 (Floyd (1] Sz 9S Jego b ouiiS Lo
o luiliwl (S ojlwil 4 ML g (cegian (iga a5 ol 10 Gilwaiate 15 920l) 199 9 el G medl 53 o 1 59095
Slygil drwgi . b CaxBgn w151 ol Swd G50 4ol 31 ol IS 45 Cawl oud ol g Lo laibuw! wilos S 05,97 1) Jgoxo
o (1 1igds (oo ooliiwl 325 9,90 42 (S slp 1 ©bygil G5eleSal )0 (e ghan (ga Coml (K50 o3 2,15 5 (glaigos
CJE ST ol LiS Lol 3950 50 0gueS Wb yaogi (4010 I8 Bud (Y 00,5 Jxo 50 Sloyo Jolge Bua LIl pac g 3485 o5
095 (S 9 (39,5 (6955 53 45 Cuwl 03,5 Culi ML (ol ST S0 i o (o0 41,8 (00958 yiwlS o i a5 Sl slows 5l
0315 o390l Google Research DL  owlicis cum| nis o501 S5 . ol 9 it Uy (S s 8990 38 Samnd ) g3 (iciond (G i
o sltel w081 (nf L sglid sb 0 )5 (Bolues A A by (o S (alwlls gl cpglal 51 ooliwl b cunl oud
o (5 yuSol JSb o mly B CNN. o s 5oloily (sl o yo VY < oline Jiliio )0 0551 Cows 41 1y oo AR g5k
G 99 30 (G (5l yg0g8 5 gl (B )T 1B sy 290 (S3Re SLRygesT (b3 9 (5T 03Il Hd 3 )l Ll s @yl
RECIST 5 (siiiwo 5295 dan (slobg; b dmulio 1o B alojT 51 (g)lm )0 <80 Cowl a2y Ll b (som 4w gl wiilo



2
24 » trrwrsowe Carterwrre

@ Infoemation Technology,

Compater and Telecommescation JEESENEISES ST

24% tersational Conference on Infarmation Techaodogy,

Pl e gt e

Campuner and Telecommunicaticn
VT a1

Sy Jobw g (Jokw owld caunn)

29 npal Joloi g a i g 6L ,E b SIS g gl 0,08 g9 Jokw (gL Slaw «Jiloyd Johw 9 (Jokw (owlid Cons o
a5 59k & Johw g9 OlaS )i | Juloni g 4 jond SGST 092 (55900 p9a 65U (i (2 wlied 5l ML 51 oslisiw] s
Wl ouds aidlu (oo 3,10 g9 dome (nl 33 ol b oy ((nlpls wgd JB 2l Jokw bohd (pw miled (oo Lo
el g g 1) 9590 Vevser 3l oy wlg o0 cilonls (gl pol> L jo a5 ML 5095 (slacssSws S 31 (B 3 (Jlho g1
whilo cpgai Julod 9w i o by plxnil Fgo jeb 4 Wilg (oo (S GOl 9L 9y 50 (Jekw pglal ails
Lyl (ows paliid gl 4 (Fublo (7SOl . S ph0gdy90 Sl Sy x5 il g (S o g 4 pad (Lol anslid
by ploul plT® 13 pawye BI04 Comd ol 5 (598 .S (o0 oolistwl apyed 51 Ll g L Jobw (oLl (gl
75 IS S LT &5 Conl (! ol (Joho (ool S ) 50 ML 0 aisg . gum Wiz glo 0010 Judoni' 9 43 3205 ouzmny
LS il ypld 535 32 T ML b9y (- (s ypld b (anciid) (ol ok i gid Il & yomio (oSt oMol Shia)
Ol yw b3 90 5 Gl gt Gludl S byl (Jobw 005 S 51 (o 95uwg Ko yglai b, 1,8 (b5l 590 (ST b ol
2 Jobw oy ailb adabig 5)90 )0 AT (o0 Joo iy SEST (] 45 0ls LS adlllae (6 KBS 5 Al ot b L] diw
oS J 505 g algi sl (g o9 eoliiwl wyuar Ll g Slwl (gl Conl (S (659l (i (Sl pruastio SO b ams Lo
S (S oo yeb 4 g Sl oud Jlosl 5,10 a5 (68,509, T (CAR-T) slo Joko G ol (35 (5T o S wiilo (Siloyo Jolw

(S Slaseio b (Foguw y3 g cus g anlgl Alidlo oSS Camidg JUio ylgie 1) Sudl Jlad CAR-T ol o1 o)L 1y o

Cugh 30 YU o a5 Cawl sud Giulel ‘P‘ a5 (60,509 g oolasiwl solcy s Jokw loyd (glp Wilgi o (yuizron ML
PGP S0 50 ST (pl gl bl (U Seoliad 58 Ol pdi bwgi (ab jsb 4y Wilg (0 45 wBd (o0 (LS T (Jolu
b bz g golgs (Jolw bghs xox obgr 946059 (Jobw ol Cang j ool

SN gedd

&ows A8 9 ECG (J31,5925,l5°9 sl s (S iUl (glo JUSoow 5 0l jlee b plaasio gloys 53 (ol (pansels’ glaanls
Gl prastio WSS (o0 S gom lp B 9 J9l lp ep Al o b g Julod g i g el g s 4 ML a1
0197 50 (e PCG p1)59:0,55ig8 ¢ Jliazmyd Sy (gF sl (S zy (oS 31 o0litnl b upd (so ploxil |y culd gows pgas
Jho 33 . ommb i gblio aniad gl ML b S 51 oolicousl b (5310 51 Wiy Wilgh oo 5T 3 45 3,5 bansd [ s (3]
CBL ) (B sl (5ylow 9 wpd (oo B WS (o0 iy Alb A5 WS (o0 WMLy (S i SO oy Ked g Gl TIA
0 &g 50 wiilgs 0 ALl g9y cdd laasuin oS apd o0 (LG ECG (5gd 55lg0 (40,5 adlsl (gl .add o0 (ansid duwoy0 AY
G903 Ol 4 Wiy (o0 plai ol ple) e o 50 b ael swid Gl wd b ALl oyly T @ige 4 oly
ahen g ooy WT (solr Jlo Jilgl 50 .31 gy din (w9 o0 Sl 39 00liun!l WS 3BT Wilgi (o0 45" (5L Luwl oty ;oS!
obaasio a5 by wdd auiiid 1y oyl ) K 3l eoliswl b g w8 gusy aids 1) ECG wilgi (0 45 3,5 &1y ML Jow

0



2
24 » trrwrsowe Carterwrre

@ Infoemation Technology,

Compater and Telecommescation JEESENEISES ST

24% tersational Conference on Infarmation Techaodogy,

Pl e gt e

Campuner and Telecommunicaticn
VT a1

LS G3sl g w3 ATV (5155 S Juro o2l -oilasis JolS yb 4y 15 ECG 395, wiilasus 1 g5 pus 1Y 4 goe il Ygono <8
Pl oo YO cdno gLs] o3yl g sweyd 95.7 Cand g Il G w3l colisiwl b Sda sl b (gl duoy0 AR Cudo

< oy jl solaisl

03,5 €l 30 ML 31 crmilio o (S, ey ol i) 3,185 (o0 13l iy 2 45 (g 5lou S0 b bl (ol (5 Ll olgs
solaw! b s s kel .\.nT)lS 9 & @Lwl.».w Y < oliws pole Jb 0 ulfuia).: PO 16935 b aoli o el
Slgiy Tows b piey ol Cobd 31 2 (2)lse & bgrye SLICE wab (oo K00 Gl lowt 51 Cotmo (g AS
S8 ylanasio 4 Qilgi 0 Guos (5Ol o ol SOl eolaiwl Ak a5 sls (yLid wiyls ol e ¢ (DR). Sayers ubs
2,509y 3l colawl b as” il 00,5 &l ) CNN Juow &S 1js! .o )00 g (J oo 2 ogdle . pidiy <o b g yizs o DR 4 50 w5
i U L abl by o)Ll ol 0 S (oo Sy A3 piay Sl Shg) 3 WBO (oo LA 1) pSelS Az gl 1 (Sine
oaolo 3 ol Jbs o ul&w): o (6031515 g a0l Cawl 00,8 Célyo | ML w&n PUSWIE W YRR/ W] PWE 3 L v
W 5ylow dawy (0 550 A Cagi By ol )5 g St pw 4 (2lew S (5 lmal WS oo solinl Sy pp olubd Glp e
1 o3linsl 09255 f,(Sam g DR. Sayers ubo ilshs; Baos iy (53; a8 Cubs caml 5T 2132 9590 53 @0l 3 LIS
& 0 e jlasS Sb iyl 5 3B 9y pw ) DR G wis SoS ylavasio 4y wiled (o0 po oS0 wiold Ui 1) Guos g 5oL
Axgi g oo 9,59 3 eoliiwl UBS uski 1) paS olS Wilgi 0 AT b PlS mas ASls Jo Wil 08,5 Al 1y Al (sl ST o

A iy 6 (g9 3l yiey (o09y A

odlol Lo LT a5 ol 3] Jlgmw o sl 5o Cadlpo 43 Al g MIL 550 48 WidS (o0 oy p |y (28 Al o a5 SISCD s oy 3
sgb 4 0,10 0929 (05 b Cudguo jeud S Cewl [l Fwly T8, wsS oolistwl Lo yo (559US () S I JolS' yob 4 Tl
9 90 b Cazylr 9 b Joddlygiws @ 5l Jold Lol .l onilns (olilagy b cudl o 0js> )0 1) L piuucw ol JolS
I b3y SBT3 dioso il 5 1y el dionoy Wilgi (o0 45 (b Wiz (390l 03105 (o0 (lp%s O)lg0 & 4T Cunsl IV

ARW-X

plesl ailje) Sl Jos 30 diljguds 3 coly JUs b 1y o Wb 4igSar 45 3,00 0929 Jlgws cnl mws 9 ol (5390 (S35 o5T
ol g9d90 SO ojlil plod 4 (o 5b onl 4 50,5 ABLSN (sl sl i 2510 2929 Ll Iyl sl (Sl ) 4z 9 S
W g ploj 58 (29 Ay y0 L 4 (2 e (o ot JLIS 4 09l 485 Ll jo (gjluil oy alo o yo JElus
W s (2] A5 1 digod 31 0L ) Hluw Slaei 0ol 0318 .0 )5 wBlgSs oS (6 S pwouad MT}S P OEh i g S o0 SWS
395 gl ady> Sy Job 50 Cawl 009y bl Sleid 4 Sy yb a5 Cawl S o 5 5158 LT lublice wil sasd bjgel LsT b

ol B lp e Jooly S vy (0 5 A MLL eS8l jo b (2 & (Sgman gn . Wbl aLbld 3L ) dgw wilgi (0 g

AR



2
24 » trrwrsowe Carterwrre

@ Infoemation Technology,

Compater and Telecommescation JEESENEISES ST

24% Matersational Confer on Ink Tech gy.Campuner and Telecommurscaticn
L wor 1

Pt e s SN

Jod g0 (Sl diamo) 5o wiile (gl ST ouuzmm (Jloyd 9 (pansid (gl p JolSS oy &y Sl g (il (Kb p CadaS
Slp = Sl rad wlwl 90 o Wb cawl (Sly Cwas jo Jlumws Jexi b il 4 Sus G398 b loyd g Szo5 b
b Codguzme pands jolio 41T Gudo olesdly g — syl PGS Tuo (pmond

&bs

[1] Buntin MB, Burke MF, Hoaglin MC. Blumenthal D. The benefits of health information technology: a review of the
recent literature shows predominantly positive results. Health Aff (Millwood). 2011;30(March (3)):464-71.

[2] Hayrinen K, Saranto K, Nykanen P. Definition, structure, content, use and impacts of electronic health records: a
review of the research literature. Int J Media Inf Lit 2008;77(May (5)):291-304.

[3] Musen MA, Middleton B. Greenes RA. Clinical decision-support systems. In: Shortliffe EH, Cimino JJ, editors.
Biomedical informatics [internet]. London: Springer London; 2014. p. 643—74. . [cited 2019 Dec 7]. Available from:
http:// link.springer.com/10.1007/978-1-4471-4474-8_22.

[4] StanfordMedicineHealthTrendsWhitePaper2017.pdf [Internet].[cited 2019 Oct 12]. Available from:
https://med.stanford.edu/content/dam/sm/sm-news/ documents/StanfordMedicineHealthTrendsWhitePaper2017.pdf.

[5] Kumar MA, Vimala R, Britto KRA. A cognitive technology based healthcare monitoring system and medical data
transmission. Measurement 2019;146 (November):322-32.

[6] Goodwin S. Data rich, information poor (DRIP) syndrome: is there a treatment? Radiol Manage 1996;18(June
(3)):45-9.

[7] Computer-Based Medical Consultations: Mycin [Internet]. Elsevier; 1976 [cited 2019 Dec 7]. Available from:
https://linkinghub.elsevier.com/retrieve/ pii/B9780444001795X5001X.

[8] Ronquillo C, Currie LM, Rodney P. The evolution of data-informationKnowledge-Wisdom in nursing informatics.
ANS Adv Nurs Sci 2016;39 (March (1)):E1-E18.

[9] Esteva A, Robicquet A, Ramsundar B, Kuleshov V, DePristo M, Chou K, et al. A guide to deep learning in
healthcare. Nat Med 2019;25(January (1)):24-9.

[10] Benedek M, Jauk E, Sommer M, Arendasy M, Neubauer AC. Intelligence, creativity, and cognitive control: the
common and differential involvement of executive functions in intelligence and creativity. Intelligence 2014;46
(September):73-83.

[11] Patanella D, Ebanks C, Kosorok Mellor J, Kilanowski-Press L, Reicherzer S, Nadal KL, et al. Gardner’s theory of

multiple intelligences. In: Goldstein S, Naglieri JA, editors. Encyclopedia of child behavior and development [internet].

Boston, MA: Springer US; 2011. p. 681-2. . [cited 2019 Dec 2] Available from: http://link.springer.com/10.1007/978-0-
387-79061-9 1870.

[12] Jackson S. Human, Machine Thinking P. N. Johnson-Laird, 1993 Hillsdale, NJ: Lawrence Erlbaum Associates ISBN
0-8058-0921, £19.95. Connect Sci. 6 (1994) January(1):107-9.

[13] HaenleinM,KaplanA.Abriefhistoryof artificial intelligence:on the past,present, and future of artificial intelligence.
Calif Manage Rev 2019;61(August (4)):5-14.

'Y


http://link.springer.com/10.1007/978-0-387-79061-9_1870
http://link.springer.com/10.1007/978-0-387-79061-9_1870

2
24 » trrwrsowe Carterwrre

@ Infoemation Technology,

Compater and Telecommescation JEESENEISES ST
[14] Panch T, Szolovits P, Atun R. Artificial intelligence, machine learning and health systems. J Glob Health [Internet]
2018;8(December (2)). . [cited 2019 Dec 2];. Available from: http://jogh.org/documents/issue201802/jogh-08-020303.pdf

24% Matersational Confer on Ink Tech gy.Campuner and Telecommurscaticn
L wor 1

Pt e s SN

[15] Doya K. Reinforcement learning: computational theory and biological mechanisms. HFSP J 2007;1(1):30.

[16] Fogassi L, Ferrari PF Gesierich B, Rozzi S, Chersi F, Rizzolatti G. Parietal lobe: from action organization to
intention understanding. Science 2005;308(April (5722)):662-7.

[17] Chen D, Liu S, Kingsbury P, Sohn S, Storlie CB, Habermann EB, et al. Deep learning and alternative learning
strategies for retrospective real-world clinical data. Npj Digit Med [Internet] 2019;2(December (1)). . [cited 2019 Dec 2]
Available from: http://www.nature.com/articles/s41746-019-0122-0.

[18] De Fauw J, Ledsam JR, Romera-Paredes B, Nikolov S, Tomasev N, Blackwell S, et al. Clinically applicable deep
learning for diagnosis and referral in retinal disease. Nat Med 2018;24(September (9)):1342-50.

[19] Yang X, Jeong JJ, Lei Y, Liu T, Curran WJ, Mao H, et al. Machine-learning-based classification of glioblastoma
using MRI-based radiomic features. In: Hahn HK, Mori K, editors. Medical imaging 2019: computer-aided diagnosis
[internet]. San Diego, United States: SPIE; 2019. p. 152. . [cited 2019 Oct 13]. Available from:
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/ 10950/2513110/Machine-learning-based-
classification-of-Glioblastomausing-MRI-based-radiomic/10.1117/12.2513110.full.

[20] Xiao C, Choi E, Sun J. Opportunities and challenges in developing deep learning models using electronic health
records data: a systematic review. J Am Med Inform Assoc 2018;25(October (10)):1419-28.

[21] Shameer K, Johnson KW, Glicksberg BS, Dudley JT, Sengupta PP. Machine learning in cardiovascular medicine:
are we there yet? Heart 2018;104(July (14)):1156-64.

[22] Wiens J, Shenoy ES. Machine learning for healthcare: on the verge of a major shift in healthcare epidemiology. Clin
Infect Dis 2018;66(Januart (1)):149-53.

[23] Miotto R, Wang F, Wang S, Jiang X, Dudley JT. Deep learning for healthcare: review, opportunities and challenges.
Brief Bioinform. 2018;19(November (6)):1236-46.

[24] Miotto R, Li L, Kidd BA, Dudley JT. Deep patient: an unsupervised representation topredictthe futureofpatients
fromthe electronichealthrecords. SciRep 2016;6 (May (1)):26094.

[25] Subramani K, Mehta M. Nanodiagnostics in microbiology and dentistry. Emerging nanotechnologies in dentistry
[Internet]. Elsevier; 2018. p. 391-419. . [cited 2019 Dec 7] Available from: https://linkinghub.elsevier.com/retrieve/
pii/B9780128122914000194.

[26] Baird HW, Garfunkel JM. Electronic data processing of medical records. N Engl J Med 1965;272(June (23)):1211—
5.

[27] Savova GK, Masanz JJ, Ogren PV, Zheng J, Sohn S, Kipper-Schuler KC, et al. Mayo clinical text Analysis and
Knowledge Extraction System (cTAKES): architecture, component evaluation and applications. J Am Med Inform Assoc
2010;17(September (5)):507-13.

[28] Ashfaq A, Sant’Anna A, Lingman M, Nowaczyk S. Readmission prediction using deep learning on electronic health
records. J Biomed Inform 2019;97 (September)103256. [29] Lee J-G, Jun S, Cho Y-W, Lee H, Kim GB, Seo JB, et al.
Deep learning in medical imaging: general overview. Korean J Radiol 2017;18(August (4)):570-84.

[30] Wu T, Sultan LR, Tian J, Cary TW, Sehgal CM. Machine learning for diagnostic ultrasound of triple-negative breast
cancer. Breast Cancer Res Treat 2019;173 (January (2)):365-73.

'Y


http://jogh.org/documents/issue201802/jogh-08-020303.pdf
http://www.nature.com/articles/s41746-019-0122-0

2
24 » trrwrsowe Carterwrre

@ Infoemation Technology,

Compater and Telecommescation JEESENEISES ST
[31] Moradi M, Wong KCL, Syeda-Mahmood T, Wu JT. Identifying disease-free chest x-ray images with deep transfer
learning. In: Hahn HK, Mori K, editors. Medical imaging 2019: computer-aided diagnosis [internet]. San Diego, United
States: SPIE; 2019. p. 24. . [cited 2019 Oct 13] Available from: https://www. spiedigitallibrary.org/conference-
proceedings-of-spie/10950/2513164/ ldentifying-disease-free-chest-x-ray-images-with-deep-transfer/10.1117/
12.2513164.full.

24% latersational Confes on lof Tech and Ted atien

At e s Shme (L TR

[32] Uthoff J, Stephens MJ, Newell JD, Hoffman EA, Larson J, Koehn N, et al. Machine learning approach for
distinguishing malignant and benign lung nodules utilizing standardized perinodular parenchymal features from CT. Med
Phys 2019(June) mp.13592.

[33] Diamond LW, Mishka VG, Seal AH, Nguyen DT. Multiparameter interpretative reporting in diagnostic laboratory
hematology. Int J Biomed Comput 1994;37 (November (3)):211-24.

[34] Diamond LW, Nguyen DT, Andreeff M, Maiese RL, Braylan RC. A knowlewldgebased system for the interpretation
of flow cytometry data in leukemias and lymphomas. Cytometry 1994;17(November (3)):266-73.

[35] Nguyen DT, Diamond LW, Cavenagh JD, Parameswaran R, Amess JA. Haematological validation of a computer-
based bone marrow reporting system. J Clin Pathol 1997;50(May (5)):375-8.

[36] Guncar 9 G, Kukar M, Notar M, Brvar M, Cernelc9 P, Notar M, et al. An application of machine learning to
haematological diagnosis. Sci Rep [Internet] 2018;8 (January). . [cited 2019 Oct 13] Available from:
https://www.ncbi.nIm.nih.gov/ pmc/articles/PMC5765139/.

[37] Arai Y, Kondo T, Fuse K, Shibasaki Y, Masuko M, Sugita J, et al. Using a machine learning algorithm to predict
acute graft-versus-host disease following allogeneic transplantation. Blood Adv 2019;3(November (22)):3626-34.

[38] d’Onofrio G, Zini G. Morphology of the blood. Oxford: Butterworth Heinemann; 1998.
[39] Zini G. Artificial intelligence in Hematology. Hematology 2005;10(October (5)):393-400.

[40] d’Onofrio G, Zini G. Diagnostic value of peroxidase and size parameters from a new hematological analyzer. . p.
238-9. [41] Kantardzic M, Djulbegovic B, Hamdan H. A data-mining approach to improving PolycythemiaVera
diagnosis.Comput IndEng. 2002;43(September (4)):765-73.

V¢



