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o] 71A] ¢te] Tk v = B3toHol Xz o] &%t (Wellstein,

2018). FHststels we @ASddA FAE2 A 2Astn

kst SAoR okstAY e AZekAl EEEo, AxmeE A9
Zoloj7 AR (Lau et al., 2004). gelslsrey] H 280 3 x}o

sol A 9 ARl $HAA 4TS E

2] T s B ooty 3Hx}e
g S HAANIIAY THA1ZD 5 At (Molassiotis et al., 2008;
Wellstein, 2018). dretzlstaow s W= gxlso] Rzb8S %70

wsn wE weE o] e gL P4 5T Bast
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Fasteed FAge v B3] e, Fgssene v
Be] 60-86%7F & A ol FAES AL AOR deld A
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(Chopra et al.,, 2016; Pearce et al., 2017). &<3lstow] Hz-8 9]
Tre oA W R, 29 9 HZA Fel, =, A4FaA 538,
ST, ANk, AGA FAE SOz vi$ vekstth(Bano et al.,
2013; Chopra et al., 2016; Dranitsaris et al., 2009; Heo et al., 2004;
Lee et al.,, 2009; McQuade et al.,, 2016; Pearce et al., 2017; Petrella
etal, 2009). T%2 F¢ststeny] #2485, T2 B d50] &9
Ae FAEEol Wd A9 29k BEE eQls 3= dEo] WA
o]Foj[iY. &3] WA= 28 °2F MD Anderson cancer center

g, vz, o4 2 R, AR Fud, 29 92 Hds
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TGSl dE oSl stEd Igsstenes we vl
FAECA AEE 7 s Aol

Festetow  FEEo WA YA FF R 8%
Fastetan] Atolz e, AAY FAsteanyl g TAoH,

fz}
EbdE, A%, dol, f44 74 53 BEe] 2lv(Bano et al,
2013; Chopra et al.,2016; Dranitsaris et al., 2017; Fernandez—
Rozadilla et al.,, 2013; Heo et al.,, 2004; Pearce et al., 2017).
gerastan e #Mo Folz Euhs Zlo] oheh ofel AbolZe] A

(Dranitsaris et al., 2007; Dranitsaris et al., 2017; Petrella et al., 2009;
Kacimi et al., 2013). Alo]E 7|02 Fdslstay HF=g9 dAS
2|

A5t AlolZmit "ebd 4 Gt BUQES wse] g

(Dranitsaris et al., 2007; Dranitsaris et al., 2017)7} tj}-¥o]3lt}.
ozl 7je] FAEo] HALHES T A5 dF AFAM= E
F2hgo] ofd goska Aol 9%
B85 153 sl o =33t (Extermann et al., 2012; Kacimi et al.,
2013). A FolA sy o]t EtsisteH RAES AIste

dxpe] FAE A5l &Esh] SsiME, &8 LAsE oE 79
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Mete=d 28dE o, AW A AE, Y 59 d=el=
olm] o] &% 1 th(Goldstein et al., 2017). HAALF7]|= ©o]E=
a7t wde] WEPRS w ozl Hesvtu AZEE FEo
e At 7155 7] dZel, A7A7E gk 54 59 HolHE E4
FE AT 28y AR oSl AALFISE dHolHE o]l &=
Thro Aoz RE o] Al kst o] dlolHE A&
0] 7hsettke o= ZHA AL Qlo], s A RE A5k d
£-o] Hv}(Goldstein et al.,, 2017). weba] delslsra =89
A= d=Fske d AALYFVIE HolHE ol&dud, FAEd

A=l gk dolgE FHsh= dele ARty =89S
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un 5]

TAE 5 o] dAelM e &R Thsdol o

AR F-715 dlolHE 7|dtez A AdEds, o, A
), AN, AMEES cSsked ZAE
(Goldstein et al, 2017). 71Asks 2are
g5sty HES goldls W oE, olg &gstd wWdst oo Histh
tolHE A8ty ve M5 Aesh= o] 7tk (Obermeyer
& Emanuel, 2016). 7|A8ts daugsFs 83 SELS =1
deetn]  AEstE . AREA SEI SFe] hedtthes olFol
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AgRE BARER e 2AAE H7 21EE (Park, 2013)%
ARGk Ao QAAYN 2A~E B SueF ohE
WHoE SEe Adss 44 Ed S5Ue A¥sdt 44 =9

st dxd oz AME G U (Decision tree) 8 Y X YHAE

(Random forest) &agsFe] Utk G AHEZUYF= HF FxR=E
dolHE &8sty A¥dE E7F e oSt WHerE 35 44
sider 5 A, Y FUAES JAEAUT oY s E8AA 1
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3. 8019 B9

) Fgsistey] 748

OFE-Falluk-S- (ADR, adverse drug reaction)< ©¢FE9] dnkzA el

DFA A Fol WA A5 R vAAEA G2 kB AHE

7 S8 gt WA kg vl awsted
e A dvian. WFY A3 WEE o3

2 %
BH B A9, A5 g A4 ghe ox el met Felstol

n7te Eolx A w AUT AUROC, AUPRC 52 A ZEE o] &35}
37}t

2 AT eE AeE7HAE F AUROC, AUPRC, Ag:E

(1) AUROC(Area of wunder the receiver operating
characteristic curve)+ 994 & (False positive rate,
A4 T ez 59 A9 v&)H AdE (Recall,

=
Aok T Ao R oFd A9 vE, "% (Sensitivity)

H
rlr
N,
0,
o
o

T (True positive rate)°]eal )2 1729
dojm, ASREe] 55 F seAE FUehe
AFoltk. AUROCZF 1e 7MHe5E o5& & st
mdolgls= ouoln, AUROCZF 0.9~1.09 w excellent,

0.8~0.99 W good, 0.7~0.84 W normal, 0.6~0.74 uj
6 J’AE k'_. 1_'_“



(2)

(3)

poor, 0.5~0.6Y4 W faildt Edlo|g}a #etst 4= Q).
AUPRC(Area of under the precision—recall curve)+

AHY & (Precision, Yo% d=d 7 F 2FH 9 v&) 9}

A& (Recall, G T FHe=E oA=" A9 HE,
WS (Sensitivity) H+ A S (True positive rate)

ojgfir el el wHolw, FAde] mlEo] dAT]
W2 s UolEAA ASRE] FdE & 58k AE

F7kshe A®olth AUPRCE 49 MW &S 71Fow

d& % (Accuracy) = A <5 dolE T AAl w3t A5
gtol A3t dioly A ulEolth
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Fopststan FAEe ol B AW, FUAY FF U §F,
Fateray A5 W AtelF, RAg wAeld, A E W BudH,

°

aorststa HAgS AYst @A=L Hol7t 2 a(Chopra et
al.,2016; Pearce et al., 2017) A<l A%7F wWdtH(Chopra et
al.,2016). 3#| % Cisplatin(Chopra et al.,2016) = X 3sf+= <23}
ok5 3 S fALE A (o —Fluorouracil, gemcitabine) (Poddar et al.,
2009)= Foire #Arb HAEs wWol BYsh= JowE dEAth
e oA FAGo] @Wol WAl o (Poddar et al., 2009;
Chopra et al.,2016), & F3° WS =Fo]7F QAP A (Pearce et al.,
2017 % SAATh

aerstst o FAE f424 Wole #AE XA Fernandez—
Rozadilla et al.(2013)9] <A7elx= 7709 SNPs(rs16857540,
rs2465403, rs10876844, rs10784749, rsl17626122, rs7325568,
rs4243761)7F S5—fluorouracilell °Jgt g3} HAR FOLFOXel| °f3t
dFS PAE Ao YR
gersistafio] ot oAy FES QI FA¥HE 49719
& S Mosa et al.(2020)¢] AFelA= Hol7t og i
o dFE AFH] A o4y FE dgolgo] 9la o 7]

e FEe =] = AdF, 24d¥ TR Y] v

ek
12
1%
Y
4z
.
ofo
2

o

.

Fotstst ool ost #wINk3 L—asparaginase, taxenes(o|—
Paclitaxel), Platinum compounds (¢ —Cisplatin, oxaliplatin),
Epipodophyllotoxins (¢ —Etoposide) = Fow= A-¢ HA$ ]
Fra deld dth(Gobel, 2005). Paclitaxels Fojwhd  Waet
gt Al @A s ARINEES A% Sendo et al.(2005) 2] Aol &

o] gerststel Al Au|gt IFEAISS Ao sTFH
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BMI>25¢] H|wtolm  GAdA Al #HAoIdd By, HHInkES
g Qldo] Eohal uERSTE Oxaliplating  Foute 43x5o07
st keS8 Kim et al.(2009) 8] AF-elx= o7t
ojg]al ool o] 9t3ter QW 24+ (Line of chemotherapy) ol =
Folgh A, Avigkgo] B9 el =rka UE

golslet o Holl o3t MHAF=  irrinotecan®  5—Fluorouracil®]

¥3ty = 3erslsl QW (o —-XELIRI, IFL, FOLFIRD & Fojuwt:= A9
WA Q) do] vk a4 th(Stein et al., 2010). 5—Fluorouracil&
Tojuro ol gkzpe] drerzlel ool ok AAbe] AJTAS njx=

Aap wgoleo] glom olBe] wWelsislewe we A9 ALY

Oxaliplatin®] &3t 54 %W v AAH SO fd el Ietslr]
93] FOLFOXE HFojwr= gt 419 dolgE #43F Alejandro
et al.(2013)% AFolr+= BSA(Body surface area)>2.00]3 ©]%

FAstet e AfolEel w4 ATl e AAFT] BF =4

dorststa el ot ETIa W EEwstel dia] I
Miller2}  McLellan(2014) %]  A7-°lA=  doxorubicin, 5-FU,
capecitabine 9 FHAE FoAY:s ABF ELTFLO] T,
A A g=Fo] Wom ool okE tiitel P VA= A

10 e K



Dranitsaris et al.(2007) stQM o7 <ldlt grade 3/49
% AARE dSete =E et AT dHolHE vt FAlE
3#elA FOLFOX % FOLFIRIE fFolwre A et 4o
o7 =o] o] gt P elole AZst FRkAst of R g}l
AA&E=(ECOG PS, Eastern cooperative oncology group
performance status), WFR F7}, WA FF] AA| AR,
gorstsloy]  FH(FOLFOX %+ FOLFIRD, U85 A2
AR (AE), dA & AP E2FEJY. A5 Ee ZAAE
3|72 = o] &ete] Fdststa AlolE VIEo R F5 A wAE
APS A= A, 1 452 AUROC 0.80° 2 YERRLTE

Dranitsaris et al.(2017)& &HA|l Fo & 3 5 F<Fe] grade 2
ol 24 TEE A5sh= S5 et AT HolHE
dorstst el ost A FE d5e s FdE AR HE
5708 AelA ArE 71dA A BRa W AEERANE FI RE
2t57F o] §H AT AP eleE X2 yo], A8 A4 FE
o, FRAIZE, A e FE EAold, FEA ARE o
A Fi, Foststed] AtolE U EFHIAHY A5 =
ankstEl AW A (GEE, Generalized estimating equations) 2

£33t Fgdslstey] AlolE J|Fow AY FEVE AT 43S
T2 AR, I /5= AUROC 0.69% HERSL
Mazzocco®} Hussain(2011)+= F¢sistawy] Al &3] dAgsh=

rlo
o
oL
oty
gLf

—
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2
e

BB Wz, o4 TUY, LUEETH AR dESe mag
sttt A+ dHolgHzE g3 aes W Y, gy 9
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Hok SR A7 7194 44 T EUEYE A AHe B8 Y
Add S HlolEl Y]FHo] o] &HATE. Sl el Ftstst a9
Abol 2 &b Fol Ak, a8 A '
shape effect)©] 3t} oS ZAAE AR S o] 831
Ferstetey dapdr ZF HAgo] g fdes Jd5sidla, 1
ds& AUROC 0.64~0.712.% ERR

Extermann et al.(2012)> %=%19] &<tststare] st oAty
2 wlg ey 5A4S oASehs B HAEE s AT tlolE R
gersistal S W= 70M o) wRloEFE O AEE Fd e
A5 7F ol & E T APl ® #xo ojehy] Het, T4 JdAAE
T35 9 (IADL, Instrumental activities of daily living), 24+
=434 (LDH, Lactate dehydrogenase), &otgstee HA4
(Chemotox), A4l &F=(ECOG PS), 7ol 214l AHMMSE, Mini
mental state exam) A7t EFHUAT. FrE HEE EAAH
3| EAs olgste] Fstete ¥H 7 HAgo] WA fds
ez A, 1 A5 AUROC 0.76, 0.66%2 YFEFR

Kacimi et al.(2013) FOLFOX #&¢tglsteds whe oot
SAE tde® ANt HAg, AAReH FAg, A 2
Art ARE yeids A8 9 25 ofgE o Sstke 2d
Mdakdlet. dlolE A48 TR AA A &k, fPeclew
o], Ad, s Ag, Fol ofE, FAsT M Abo]E F FO
X3Ee. e K-F#H o] (K—nearest neighbor) ¥}
QAA G U (Decision tree) & ©]&3dto] &etststaw] Atolg ¥H 7
HFzrgo] A dS oAF3ly, 1 s> AUROC 0.64~0.99,
0.58~0.88% FEFRL
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ZN1ASkE dagE HlolHE vt o R Shgstal RS gohle
WHjow, AA AREgEFH vAEsEFo R T-EstH(Sidey —Gibbons &
Sidey—Gibbons, 2019). A %=3%<5 (Supervised learning)< & kol
st g Ay gle] xFHE HolH AHEE shgste RS
wdA7I= o R, AER olEo] ot A3t s i Ee 3
Moz o5g F UAn dE 5o, Tl Y =
ASsAY, i Zdl 1, Tdststay e §8& &% s
ol§d F Utk ARG Fol= ALY 37, AU, Al

A 2E #E WAl (Support vector machines) 59 &ig]Fo] EgHTH

H] A = 8F% (unsupervised learning) < A =85y 2] <
ghol ZEEA g2 HolHE stgote] AKX HHE 2 A

(Clustering)st= WH o=, A1 9 w74 #F4 Fo &85 4 Qlth

X E8t5of = K—7F, 7} £3 F 2 (Gaussian mixture model)
o] L}
s I8

FAst= W o|th(Park, 2013). EAAE 37 LdugEe

352
SYASe FHUS ke A8 BAE e, FEs] golstn
FEasel Be SYuse Foid s g AFskel Hajel Pk

S0l v ZAAY 7= FHstete FEES o5she o
Ao A &85tk (Mazzocco & Hussain, 2011; Extermann et al.,
2012)

AR dugEe AMEAY He U TEE
ANzZA o w Fyste] AE Eietu oS8k WRelt(Song & Lu,

13 f-! -ff, - |



2015). gAHEAUTA = Fox dHelEE M Add V|Eow
st ASWETE AdeEe], dolErE Fdd Hwo] #H wrbA
HpERow  Rasit dolHE ZEst: JElZ AY A5 (Gini
index), 7}l Al BAF, AE=ZY (Entropy) ol F=2 o]gHTh
P e R S R A=)

westetar, oldata #AMEky] AeH, REIPEel fle HESH
Aol 7hsstths Aol Ak (Song & Lu, 2015). JAMAE v+
duEFe Fgstetey AL (Kacimi et al, 2013), AAAg
tal, 2011)& oS53st= ATFolA &8 AUt

o

ikl w7 AnE Aeshe AL

=< dHPelHE w@¥gorH EHist IAAE
(Shouman

A 8L zt+= Zdo|t}(Agatonovic—Kustrin &
Beresford, 2000). A-FAAdE2 3 eqlo] Fs= o8 S (nput
layer), &Y % (Hidden layer), A3} ko] E&% = &% Z (Output

layer) 02 ¥, =¥ Aol 4 Ay} ghel Apolrt glod
v

1Ao7y Haskd Wb hA7E 2 E M Aol W ETH(Tu,
1996). AxAAGE Hes o 5343 vy A REY 2

W AN Alzlo] ety HHFHY] Aok Hol dHoR A
9tH(Tu, 1996). AFNAF FueFe HPRAH, T, WY 5

o5k AT &85 At (Wahyunggoro et al., 2013).
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1. 949

Do

e s

2 AFE A FFE Al 2015 1€l 2016 6€ B
FOLFOX (5—fluorouracil + oxaliplatin + leucovorin), FOLFIRI(5—
fluorouracil + irinotecan + leucovorin), paclitaxel, GP (gemcitabine +
cisplatin) & 8t o]/ FA3psta S w2 184 o] A 49
A7 5s did ez sielvh 1o vl 7hx 9 &etstet e St
el w58 AssteE Fo eWo® ATy ddlr 20159 o
3l &t AlBE A FAspeta el A9l 35%°l sidE] Al

§F wlo] Fdstete Y Aol E S st At ©eE FFskgi o,

ofe FUsen AlFE we A A A% FLAT

aerstst o BAE AqSEdEs st dyrdAlE KDD
(Knowledge discovery in databases) X~ ZA| X (Fayyadetal., 1996) &
7|22 T8t KDD ZEAAE HolgedA {83 H'HE
AEshs ZRAAR, Ad¥Ae B 7IASE LoklM d AREH L

th KDD ZEZMAE HolHAA 83 dEs 3= FoAe dolH
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mfo]d 3 v =ekA R, "oy wmpo]d iRt ofvjel doly FH|, dlo]H
A, doly A & Edrstal Sl

2 AT AF=AE Figure 13 Zoh 3A, A diidel
E3EE S AAYFUIE HolHERE g 3 9
g8= dolgs AAst. A" FE U g el
delgzy 71=d A2 9 &5 ks moteta, @AWl ot
doleE F=sth. =4, =9 dolge 715 3
W S8 s, SR el AR £ QIEF  dHolH

2

gl 5 AT dolE dAdds MAEE e dHE V5"

o] 3] Qo] O
i Y —

[-‘O

e ould ge BANYIIL, AAEE JuEd 7128 gEe o
e AP R Fol AT AA, AA B dolHE BAo
S AR ole] RAFE Aole] FHHAF 2ASL, B4 o)
Fo FAEEL BFAT WA, dolE rlolde AP 2HE
wy fEe BAsa 2AaE g9, dAEY Ee W AFARY
A EL o gato] FAEE NSk A, dol viold A%E
A4stan Frhenh RA4g AZnae Y5e B, A5 2950
FAg ol Sel v TS AT

Interpretation
Evaluation

= o e

| Risk of chemotherapy
——— 1 induced ADRs

- ? a ; ADRgrouping Patterns of ADRs
Preprocessed data using correlation Logistic regression model
! Decision tree model

1
I ADR data | | Artificial neural network model
EHR data of Featuredata | I . |
Patients received 1 I | "
1 I |
1 I

chemotherapy

Figure 1 Process for prediction of chemotherapy—induced adverse
drug reactions
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DEREE, 2VIEVEAC fdeddel ddt HolErt 7]EHo

g2 MY Fael web V159 Al ARt
gt Fstete HAAES BYYJEAVIEA = CTCAE
(Common terminology criteria for adverse events)E ©]&%3t
I~49AZ 71550 e W, ARV SA e 24 FAE9
g o Bk 715 Eo] Qllth. CTCAE w@Alel digh JH glo] A

g 715 AA FEE 7159 44%-l
= Z&st7] fldE, dAR

gerststen] Ao AL Fgsteted] Ale]lE st Al
M (FdEtstey] AAAME, dFBRVIEH, DIJEHAVIFA) T
Aol shupell M Zbzhe] R-AE TR0l gl Ao At
e A Ml FEE TR gHEE ol Ees o)F
FAstet W AbolFeld FAE WATIEo] glowA, e xEiel
2 el dig VIFe]l AW kEARTISAM  FEEE
A7z oFmol FoE 7|Fo] Q= AFelx FAEo] 2R
Aow Aofsiitt. 28 B Vel g HA dowAM fo Al
MA oA B FAE B V)50 Qe A gl A ok
Aoz Aosigivh. o4 A g FE oAAAZ Table 1]
AT 4] e FAsetay AAAES Nausea T
gtol  1~4o1AY, AR EVIEA S FAA FAE FES Fhol
ealolAY, IIEAVI =X e FEE #ol 1~49 Ae=
skl A9 Al Aol 4 VIEo] fidEE, d Ee ¥
AtelEell e4do] AR oA T ETed 7Y e vd ﬁ%v‘f‘_—
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< Aok 3 A Z1FHAY, AR Fdsistaw g
premedication®] E3¥ A k= 77FA 9] k& F Aol st A
71Z0] A= A 240l WAsk Zlo®w A sttt
Table 1 Definition of chemotherapy—induced nausea
Data source Data item Value
getslelaH] YAAE Nausea 1~4
A HZ7] 5 A oA F-2E 24
W7 EH A7 FA] LA 1~4
Precondition Data source Statement
A Ees 5 A3 04 9o
s vh e
PRI
o4 & TE A&
o4 S
24l o e AREF A
<4 AsA
qrEes 5 F=AL7IE Ativan 0.5mg tab (Lorazepam)
Abo] =9
02 Ativan 1mg tab (Lorazepam)
Ativan 2mg inj (Lorazepam)
Emend 125mg cap (Aprepitant)
Emend 80mg cap (Aprepitant)
Emend IV 150mg inj (Fosaprepitant)
Meckool 10mg/2ml inj (Metoclopramide)
aotstet o FAE T AR FAES Aol vlstAY
HAste], g5 1he AHAde gelsta I Adel wel e
Jasteiivr. Al EAde SlEl FoolxIRle o] AudAE
ZA4sk= Phi Al 28 XrF 4 o B8 XeF Y7 9
WAyt &S SAste Atz AFEEE E&skith
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REoA AFEE 98 QUL inputl®E, RE BZ8S qutputl®

e dSEdE2 299 34 (Overfitting) & HA[8H7] ¢4,

3% 1wz A (3-fold cross—validation)S AFE3}e] YHERAHO =
Atk 3% wAk AP dolEE 3719 k9 JFor EEato],

2712 sk9 AFTES Agste] RdE whEAo® FHsta YA 5k
e Agste] BEle] e gelstth. 33 wkEg T3 37 A7
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Iv. a+23%

1 AT e Qa5

AT U o R 93572 A 6812719 ISt Apo] o]
gEodek. 6812719  AllE F 570842 e Fd
gretslel Qo] Al E oM 110471 Y-S F& AlyEHAY. o] F
365574 FOLFOX, 2118714 FOLFIRI, 545%1°lA] paclitaxel,
49474 GP7} Fol¥ gt}

AT el B FetslEtanls W s Rk 54
Table 29} o A5 Ht vole 60.941%2H, 55.6%7F
dAoldtr. 3 Wol dxE HyE 7499 Fggsietey Alo|F&
Hhoxth. #2ke] 56.1%7F tigdow 7Hg we oF f3olloH, %
Fte] 1 HE ol Fddstey] FRHEE FOLFOX7F 45.7% %
7H @ vlE&S xA S 3l FOLFIRI, paclitaxel, GP <=°] 31t}
A2 57.2% = LA st S Wk

B

i
Flo

r“~

24 e K



Table 2 Patient characteristics

Study subjects (n=935)

Characteristic N (%) M=*SD
(range)

Age (year) 6(022:_r ég)l
Sex

Male 520 (565.6%)

Female 415 (44.4%)
Number of cycles 7(.14:_r3%.)9
Type of main cancer

Colorectal cancer 525 (56.1%)

Gastric cancer 171 (18.3%)

Breast cancer 79 (8.4%)

Hepatobiliary pancreatic cancer 70 (7.5%)

Lung cancer 66 (7.1%)

Urinary tract cancer 11 (1.2%)

Colorectal and Gastric cancer 10 (1.1%)

Carecal nd Homabiary 5 035

Gastric and Breast cancer 1 (0.1%)
Types of chemotherapy*

FOLFOX 473 (45.7%)

FOLFIRI 247 (23.9%)

Paclitaxel 191 (18.5%)

GP 128 (12.4%)
Line of treatmentx

First—line chemotherapy 592 (57.2%)

Second—line chemotherapy 301 (29.1%)

Third—line chemotherapy 107 (10.3%)

Fourth—line chemotherapy 29 (2.8%)

Fifth—line chemotherapy 9 (0.9%)

Sixth—line chemotherapy 1 (0.1%)
FOLFOX: b5—fluorouracil + oxaliplatin + leucovorin, FOLFIRI: 5—

fluorouracil + irinotecan + leucovorin, GP: gemcitabine + cisplatin.
* Not mutually exclusive: one patient could be counted more than once.
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2. A FAEo] 2 R

& 681279 FAststed AkelE T, 6857 #xke] 1503719
Apo] oA skt o] e dstet e F2hg-o] st

grorglsl o] RzeE 7ol Phi At AR AFEE
(Confidence) A= 1838to] (Table 3%} Table 4), Aol &

it

RAg 04 W FE, M2 U H8¥AL st RAE 1FO
7

Table 3 Phi coefficient between ADRs

FT AN DI PN VO HS ST HFS CO
NA | 0.2 04 02 0.2 0.5 0 0.2 0.1 0.2
FT 06 02 04 0.2 0 03 0.2 0.3
AN 0.2 04 0.2 0 04 03 04
DI 03 02 02 02 02 0.2
PN 0.1 0 04 03 0.3
VO 0 0.2 0.1 0.2
HS 0 0 0
ST 0.3 0.3
HES 0.3

NA: nausea, FT: fatigue, AN: anorexia, DI: diarrhea, PN: peripheral
neuropathy, VO: vomiting, HS: hypersensitivity, ST: stomatitis, HFS: hand—
foot syndrome, CO: constipation.

Table 4 Association rules of ADRs

Rules Support Confidence Lift Count
Vomiting = Nausea 0.16 0.97 1.66 238
Anorexia = Fatigue 0.17 0.85 2.23 249

‘“Vomiting and nausea’ and ‘anorexia and fatigue’ had a high rate of
confidence satisfying the minimum support (0.1) and confidence (0.8)
constraints.
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getststey] FAEES WA HE 9 AFow FAgo] WS
A7 (Fdste Q¥ AlolE 4 & Table 59 #oh 24 W FEE
gerstst oy AtolE9] 13.0%, A 47.9%°lA IAste], &
FALERTE e WA HES Bdrh =3 o4 9 FEV HJFo®
Uehtbs A7l e 1.69 Fdsisten] AlolgR o FAEE
Wk o]& Wb, NI Hit 5.4 A2 R vE BAEENT =&

Table 5 The prevalence rates and first occurrence cycle by ADR

category

Prevalence Prevalence Mean cycle of

ADR categories "R RN ence

(n=6812) (n=935) (m*sd)

Nausea—vomiting 13.0% 47.9% 16 £ 1.9

Fatigue —anorexia 9.1% 47.2% 3.1 = 3.4

Diarrhea 4.1% 18.3% 3.3 £ 3.8

Peripheral neuropathy 3.8% 21.7% 4.1 = 4.0

Hypersensitivity 2.2% 9.1% 54 * 4.0

Stomatitis 1.5% 9.7% 3.4 * 3.5

Hand—foot syndrome 1.1% 7.6% 3.6 = 3.9

Constipation 1.1% 7.6% 3.0 £ 3.8

golslst Qo] R W Bxg WAl WSS Figure 23 72t}
=]

FOLFOXE o] Hte ilo|Fo+= 24 W FEZ 1392 7P wo]

7)
AlolE R =9kt Paclitaxels Fo] 2 Alo]Zox= =z U
A

ALRA, BRAFWE, Funks, PG, ERFFoe A vfo
217y 18%, 9%, 6%, 3%, 2%= The ddststan Egton GPE
Fo] ke Afo]ZeAE FE W A &%He]l 16%E 7 Bol
Ay 3kl Tk
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18%

16%

m NV

e - S mFA
DI
o PN
; ° R = HS
- © u ST
Bl ‘ &R = CO

FOLFOX

1

()0 °

Paclitaxel
(n=3655) (n=2118) (n=545) (n=494)

Figure 2 The prevalence rates of ADR categories by chemotherapy
ADRs: adverse drug reactions, FOLFOX: 5—fluorouracil + oxaliplatin +
leucovorin, FOLFIRI: 5—fluorouracil + irinotecan + leucovorin, GP:
gemcitabine + cisplatin, NV: nausea—vomiting, FA: fatigue—anorexia, DI:
diarrhea, PN: peripheral neuropathy, HS: hypersensitivity, ST: stomatitis,
HFS: hand—foot syndrome, CO: constipation.

ofgiu, A BAE o4 W TR,
4

FOLFIRIZ %o ®ol=t, FOLFIRIZ Fof e 3xS5o] XA
HIuk-2-S FOLFOXE Fo whe sixExT} ¢ Wo] AYsls 7oz

e TH(Table 7).
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Table 6 The prevalence rates of ADR categories in hepatobiliary—
pancreatic patients and lung cancer patients who received GP

Hepatobiliary — Lung cancer
pancreatic cancer patients who P
patients who received received GP value
GP (n=308) (n=166)
Nausea—vomiting 7.1% 19.9% <0.01
Fatigue—anorexia 13.6% 19.3% 0.12
Diarrhea 2.6% 5.4% 0.16
Peripheral neuropathy 1.3% 7.8% <0.01
Hypersensitivity 0.6% 0.0% 0.16
Stomatitis 0.3% 4.8% 0.01
Hand—foot syndrome 0.3% 3.0% 0.05
Constipation 0.6% 6.0% 0.01

GP: gemcitabine + cisplatin.

Table 7 The prevalence rates of ADR categories in colorectal cancer
patients who received FOLFIRI and FOLFOX

Colorectal cancer Colorectal cancer

patients who patients who P

received FOLFIRI  received FOLFOX  value
(n=1876) (n=3159)

Nausea—vomiting 11.8% 11.1% 0.46
Fatigue—anorexia 7.1% 7.6% 0.58
Diarrhea 5.4% 3.4% <0.01
Peripheral neuropathy 1.8% 4.0% <0.01
Hypersensitivity 2.7% 1.7% 0.02
Stomatitis 1.6% 1.1% 0.13
Hand—foot syndrome 0.9% 1.0% 0.49
Constipation 0.9% 0.7% 0.55

FOLFIRI: 5—fluorouracil + irinotecan + leucovorin, FOLFOX: 5—fluorouracil
+ oxaliplatin + leucovorin.
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Table 8 List of Features

Category

Feature

Demographics

Antineoplastic therapy
related features

Types of
chemotherapy

Types of cancer

Previous history of
ADRs

Comorbidity

Age, Sex

Number of cycles, Line of treatment,
Chemotherapy dose reduction,
Combined targeted therapy,
Combined radiotherapy

FOLFOX, FOLFIRI, Paclitaxel, GP

Breast cancer, Colorectal cancer,

Lung cancer, Gastric cancer,
Hepatobiliary —pancreatic cancer,
Secondary cancer, Urinary tract cancer,
Unspecified sites cancer

Previous history of nausea—vomiting,

Previous history
Previous history
Previous history
neuropathy,
Previous history
Previous history
Previous history
syndrome,
Previous history

of fatigue—anorexia,
of diarrhea,
of peripheral

of hypersensitivity,
of stomatitis,

of hand—foot

of constipation

Bone marrow depression, Diabetes,
Lung disease, Malnutrition, Infection,
Heart disease, Liver failure, Kidney
failure
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Table 9 Odds ratios of logistic regression models

ADR category

Feature NV FA DI PN HS ST HFS CO
Demographics Age 1.0" 1.0" 1.0"
Sex (Female=1) 1.3" 2.2
Antineoplastic Number of cycles 0.8 0.9 1.0* 1.1 0.9 0.9 0.9
therapy related Line of treatment 1.2" 1.2° 1.4*
features
Chemotherapy dose reduction 0.6™
Combined targeted therapy 0.4
Combined radiotherapy 2.1"
Types of FOLFOX 0.7
chemotherapy FOLFIRI 16
Paclitaxel 2.8
Types of cancer Breast cancer 1.4° 0.3" 2.0 2.1°
Colorectal cancer 1.9 0.7 0.6™
Lung cancer 2.9 4.5
Gastric cancer 3.1
Hepatobiliary —pancreatic cancer 0.2
Secondary cancer 1.4"
(Continued)
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Table 9 Continued

ADR category s FA DI PN HS ST HFS CO

Feature

Previous history Previous history of NV 2.6™ 0.7

of ADRs Previous history of FA 0.4™* 0.4 1.8% 0.5° 0.4 0.5
Previous history of DI 2.4™
Previous history of PN 0.4
Previous history of HS 7 9F
Previous history of ST 0.4
Previous history of HFS

Comorbidity Bone marrow depression 0.6 0.7 0.6 0.6™
Diabetes 2.9 1.7 9 5"
Lung disease 3.0 1.9° 5 e
Malnutrition 2.6 1.6
Infection 1.8
Heart disease 1.9°
Liver failure 90"
Kidney failure 3.3

NV: nausea—vomiting, FA: fatigue—anorexia, DI: diarrhea, PN: peripheral neuropathy, HS: hypersensitivity, ST: stomatitis, HFS:
hand—foot syndrome, CO: constipation, FOLFOX: 5—fluorouracil + oxaliplatin + leucovorin, FOLFIRI: 5—fluorouracil + irinotecan

¢

+ leucovorin, ‘x**’ @ p value<0.001, ‘== :0.001<p value<0.01, ‘" :0.01=<p value<0.05, and ‘*° :0.05<p value< 0.1.
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1]
Number.of.cycle
p <0.001

1

Age Lung.disease
p<0.001 p<0.001

<89 59
Malnutrition Previous. history.of. NV Previous.history.of NV
P <0.001 p<0.001 p=0.007
20 -0 <

0

<
Lung.cancer
p<0.001
20 =0
Infection
p=0.001
=0

Colorectal.cancer
p=0022

0 =0

20 =0
<0 =0
Number.of.cycle,” Bone.marrow.dep
p<0.004 p<0.004
=1 =1
Bone.marrow.depression
p=0.008
20 >0 =6
Indaoﬁ n —Fﬂﬁeo'/ n _WMﬁanE n 1%11259 n —Nﬂ&;ﬂ n ﬁlﬁiagﬁ an:Rﬂa Lﬂ n —qlddlbgi n —WEM%ZZ nl?uﬂggi n 1\95112524 n 1\1563525 n P?lﬁih&? n ﬁlﬁﬁagi n ﬂlﬁﬂegzi n 1011213535 n?lddaaﬂ n P#lﬂih;ﬂ n #*lmﬂb;l? —WNSH%M n?migiei n #aﬂs;ﬂ n 10‘[515;13 n ?JB&EQSH n f\lﬁﬂeaﬁ n ?JEGEQEQ n ?Jsﬂeaiei n ?Jﬂaaaiﬁ n 3 75)
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Figure 3 Decision tree model for nausea—vomiting
NV: nausea—vomiting, FA: fatigue—anorexia.
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Figure 4 Decision tree model for fatigue—anorexia
PN: peripheral neuropathy, ST: stomatitis.
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Figure 5 Decision tree model for diarrhea
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Figure 6 Decision tree model for peripheral neuropathy
FA: fatigue—anorexia.

37 A = 2T



{1]
Previous_history_of HS
p < 0.001

<0

2]
Paclitaxel
p < 0.001
<6

>0

Lung_disease
p < 0.001

|

(12}
Previous_history_of _FA
p = 0.001

0

|

<6 > < >0
[7]
Sex_female_1
p < 0.001
=0 >0
(8]
Number_of_cycle
p < 0.001 <9 ]
=9 >9 \
N
= = = = = = = = = 2 = = = = =
Nudgeﬁ (n SG%Qchde 9(n SQF)Nudge 10 (n 5]]'2wudge 11(n 8?2040%5 14 (n 1?6)Nugde 15 (n 'q) NUéje 16 (n 118Nudge 18 (n 1?1}40%& 19 (n 11|1Nudge 20 (n E?Q)Nugde 23 (n ?ﬁ4)Nu§e 25 (n 4,P)Nu§e 26 (n BT-()NUéjE 27 (n 118)
— 08 — 08 — 08 08 08 08 08 — 08 08 — 08 08 08 08 08
— 06 — 06 — 06 — 06 — 06 06 0.6 — 06 06 — 086 06 06 — 06 06
— 04 — 04 — 0.4 - 0.4 - 0.4 0.4 0.4 — 04 0.4 — 0.4 0.4 0.4 - 0.4 0.4
@ 02 o 02 o 02 o F02 o F02 o 02 w 02 w 02 o 02 o 02 o 02 w 02 w F02 w 0.2
@ @© @© @© @« @« @« @« @© @© @© @ @« @«
= 0o > o > o > o o > o > 0o = o > o > o > 0o > o > 0o > 1]

Figure 7 Decision tree model for hypersensitivity
HS: hypersensitivity, FA: fatigue—anorexia.
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Figure 8 Decision tree model for stomatitis
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Figure 9 Decision tree model for hand—foot syndrome
FA: fatigue—anorexia.
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Figure 10 Decision tree model for constipation
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Figure 11 Structure of artificial neural network model

NV: nausea—vomiting, FA: fatigue—anorexia, DI: diarrhea, PN: peripheral
neuropathy, HS: hypersensitivity, ST: stomatitis, HFS: hand—foot syndrome,
CO: constipation.
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Table 10 Performance of prediction models

Measures Model NV FA DI PN HS ST HFS CO

LR 0.83 0.62 0.67 0.69 079 072 071 0.72
AUROC DT 0.83 0.69 0.61 0.66 0.77 0.67 0.67 0.78
NN 0.83 0.66 0.65 0.62 0.66 0.68 0.63 0.70

LR 0.45 0.18 0.09 0.08 0.10 0.06 0.04 0.04
AUPRC DT 0.44 0.23 0.06 0.07 0.13 0.04 0.03 0.06
NN 0.48 0.22 0.09 0.10 0.11 0.05 0.04 0.06

LR 0.75 059 071 0.64 076 0.65 0.74 0.84
Accuracy DT 0.81 0.72 0.55 0.67 0.71 0.83 0.64 0.88
NN 0.76 0.61 0.63 0.57 0.62 0.61 0.60 0.88

AUROC: area of under the receiver operating characteristic curve, AUPRC:
area of under the precision—recall curve, LR: logistic regression, DT:
decision tree, NN: artificial neural network, NV: nausea—vomiting, FA:
fatigue—anorexia, DI: diarrhea, PN: peripheral neuropathy, HS:
hypersensitivity, ST: stomatitis, HFS: hand—foot syndrome, CO:
constipation.
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ROC curve of logistic regression model ROC curve of decision tree model ROC curve of artificial neural network model
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Figure 12 ROC curve of prediction models

NA: nausea—vomiting, FA: fatigue—anorexia, DI: diarrhea, PN: peripheral neuropathy, HS: hypersensitivity, ST: stomatitis, HFS:
hand—foot syndrome, CO: constipation.
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Figure 13 PR curve of prediction models

LR: logistic regression, DT: decision tree, NN: artificial neural network
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wdo] ArEAE U, A3ARY Rdn o] we Aow A
At} (Issitt et al.,, 2022; Yang & Xia, 2022). 121} ¥ U AEE
(Faisal et al., 2020) 3 AU (Allam et al., 2019) & 58= 24
e ATreA, 2 AT Adst vsA mAAY 39 2Pl
Aol AT, AFAFE T REET 9t ZAAE 3]
2do] 5ol =aH olf HAY Qclo] JAMAAGUR, AFAF

mdox Aol Fobd W AshA %9k WEd 4 Utk (Faisal et

al., 2020).

gekslstow] F2g H o Sndo Aes M 22 AeE 1l
ZA2E 39 B AUROC FwWolA wlwst A3, o4 W FE
o SxHel AUROCZF 0.830=% t& BALERHT =9tow 1 H=E

=

IS (AUROC 0.79), ®HH] (AUROC 0.72), 742 (AUROC 0.72)
wollth. 2 dATtelMe] el 3l R REe AUROCE: 0.69
(Dranitsaris et al., 2017) 4 0.71 (Mazzocco & Hussain, 2011) 7}4]
melel we Bush ofd dErRY F8th ol & A9
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AUPRC ZHeld #4& 3 5mde 45 wud 2,
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4u), Ty SRS (EAE 7 39, V2 8 455,
AAh, BRAAET(ERES] B 2¥) E=olglth. AUPRC=
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o Ak 73.3%7F
7 %0 Fester o] Ato]F oA WA J o et
A4g T o 9 FEZF B wol wAsgler, O HE vg ¥
SHA, A 2RAAEFTY] ol olEst A= #A
58.6% (Chopra et al., 2016)°|A 86.0% (Pearce et al., 2017)7}
FAE= ddstH, 7HE &3] vetde F#8o] 24 4 5% (Chopra
et al, 2016) ¢} ¥ & (Pearce et al., 2017)8t= o]ld A2 Ax}e}

wedo] dth(Gobel, 2005). A 24 Bl RS Ao o4 Ul
TEO A fFost FFE T AoE Uetgon, ole oA
Fetstet o] Ate]lE9 o4 9 FE FEol o4 9 FE A A
& dgeeldt= oo A+ A3 (Dranitsaris et al, 2017) %
LA AT ol o4 B FE g9 1Ay T2 AU 24 E
TES #do]l Sth(Kamen et al, 2014). ¥ AL whAjo]g
Arte] el fod JFE T AoxE yewon, ol o
Arte] Aol At Ade TURAIHE ol e A+ A3 (Cascinu
et al., 1997) 9 AAsA}. ol FHAZ AT A §1r7ﬂ-4 Hﬂ@rgr
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&4 54 (Stein et al., 2010) # gFekA|e] A ol A 9] -7 4] Q1
3} (Cascinu et al., 1997) &} #do] Qlok. meps o4 9 FE, HA
Higkg-o] gojHo] Q= Ae, v FASE N Ao EelA
olgl gt FAg-& ety Qg FAE Alwske Aol st
2 9ol dia AuEd, #AFdE> Aunkga o4l
2 FEL WA Fo8 JFe T, AFHAS FUAe] A
T Aoz Yyergoh 18y o]#3 A%E Hlw
gk o] A= FHe F e ERe 24 H TE, YA
e fo)8t JFgFS F= oz Uyt o YnE X
SRS 7 St AN e B T E o] ZFA (Dranitsaris et
al., 2009)stal, Wx7F FuUde Aol dFS mAA et
(Wuketich et al, 2012) o|d¢ AT ABES D). dotasray
283 A S =0 #AE FARE O B2 A7 desith
o FEel wE FFEe dal AR, Hek A= e
YAERGY WHE o @ol sk Ao® yEEt #He dx=
o TFT= AT Adsw, T ES QS ofEA WEA| A
HB] S Fe o (Simmons et al., 2012; Imai et al, 2021). 1%+
FAES UE dEAEEY 24 2 FEE ¢ @eol Adshe Jow
UEbs T FerEetaior Qe fd o4 W FE ek, 9
I Az 4 2 FEE ETS RR dAd45ds +EE T
AT (Dietrich et al., 2015). ¥ A= & dASHY A H
ENTITE ¢ gol A AR Yeiged, ole U A7t
ENTITE 9 AF APsta (Hsu et al., 2019), U] FAL ]
%t (de Lima et al., 2018) o]l e A+ A¥el Ak
gerstetem el Fiol wE JFel dis AHEW, paclitaxel
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Agetdltts oldel AF A} (Keefe et al, 2014)$F AT
webA  paclitaxel® FOLFIRIE o ¥re $xloA  #uigks 4l
ArLe] T BEYE "= FoE 7]so]of $h

ATEAHA QQle wE dFdel el Aurd, A4S A EG
o4 B TR, ARiNkgol o] FoetA v H2 Aow e
ol oAo] HART o4 B TE WALl Fi(Mosa et al,
2020), g5 9 A A @bz (Parel et al, 2014) o]l A
Aol fFAFe Y. JFEHAE FRAR TR JFo] AHE
Atk 7Hd o] Itk (Kim et al., 2009).
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Chemotherapy regimen

Descriptions

FOLFOX FOLFOX4

Day 1:
Oxaliplatin 85mg/m? IV over 2hr
Leucovorin 200mg/m? IV over 2hr
Fluorouracil 400mg/m? IV bolus
Fluorouracil 600mg/m? IV over 22hr
Day 2:
Leucovorin 200mg/m? IV over 2hr
Fluorouracil 400mg/m? IV bolus
Fluorouracil 600mg/m? IV over 22hr
q 2weeks

FOLFOX6

Day 1:
Oxaliplatin 100mg/m? IV over 2hr
Leucovorin 2~400mg/m? IV over 2hr
Fluorouracil 400mg/m? IV bolus
Fluorouracil 2400~3000mg/m? IV over 46hr
q 2weeks

FOLFIRI

Day 1:
Irrinotecan 180mg/m?® IV over 1.5hr
Leucovorin 2~400mg/m? IV over 2hr
Fluorouracil 4~500mg/m? IV bolus
Fluorouracil 2400~3000mg/m? IV over 46hr
q 2weeks

Paclitaxel = Weakly
paclitaxel

Day 1: Paclitaxel 6~80mg/m? IV over lhr
Day 8: Paclitaxel 6~80mg/m? IV over lhr
Day 15: Paclitaxel 6~80mg/m? IV over 1hr
q 3weaks

GP

Day 1:
Gemcitabine 1000~1250mg/m?® IV over 30min
Cisplatin (CDDP) 60~80mg/m? Iv over 2hr
Day &:
Gemcitabine 1250mg/m? IV over 30min
q 3weeks
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Abstract

Development and evaluation of
prediction models for
chemotherapy—induced adverse
drug reactions based on electronic
health records

Jeongah On
College of Nursing
The Graduate School

Seoul National University

Chemotherapy—induced adverse drug reactions (ADRs) are
common and diverse, and not only affect changes or interruptions to
treatment schedules, but also negatively affect the patient’s quality
of life. This study aimed to develop and evaluate prediction models
for eight common chemotherapy—induced ADRs by cycle based on
electronic health records (EHR) data using machine—learning
algorithms.

We used EHR data of 6812 chemotherapy cycles for 935 adult
patients receiving four different chemotherapy regimens (FOLFOX,
5—fluorouracil + oxaliplatin + leucovorin; FOLFIRI, 5—fluorouracil +
irinotecan + leucovorin; paclitaxel; and GP, gemcitabine + cisplatin)
at a tertiary teaching hospital between January 2015 and June 2016.

The predicted ADRs included nausea—vomiting, fatigue—anorexia,
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diarrhea, peripheral neuropathy, hypersensitivity, stomatitis, hand—
foot syndrome, and constipation. Risk factors were selected by
reviewing articles related to chemotherapy—induced ADRs and drug
approval documents, and included sex, age, chemotherapy—related
information (e.g, type of chemotherapy, number of cycles), type of
cancer, comorbidity (e.g., diabetes, heart disease, malnutrition status,
bone marrow depression). Risk factors satisfying the significance
level of p<0.05 in the univariate analysis for each ADR were used to
develop the prediction model. Three machine learning algorithms
were used to developed prediction models: logistic regression,
decision tree, and artificial neural network. We compared the
performance of the models with AUROC (area of under the receiver
operating characteristic curve), AUPRC (area of under the
precision—recall curve), and accuracy.

The AUROCSs of the logistic regression, decision tree, and artificial
neural network models were 0.62-0.83, 0.61-0.83, and 0.62-0.83,
respectively, the AUPRCs were 0.04~0.45, 0.03~0.44, 0.04~0.48,
respectively, and the accuracies were 0.59-0.84, 0.55-0.88, and
0.57-0.88, respectively. Among the algorithms, the logistic
regression models performed best and had the highest AUROC for
six ADRs (range 0.67-0.83). Among the ADRs, the nausea—vomiting
prediction models performed best with an AUROC of 0.83 for the
three algorithms.

The prediction models developed in this study predicted the risk
of eight ADRs based on the chemotherapy cycle, so it reflects risk
factors that can change with each cycle. In addition, the models used
EHR data, so it can be implemented in healthcare systems to be used
in clinical setting. The risk of ADRs predicted by the models can help

the early detection and rapid management of ADRs by allowing
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nurses to carefully observe ADRs according to the patient's risk of
ADRs. In addition, if the prediction models and the symptom
management guidelines for ADRs are combined, it will be possible to
provide nurses with nursing intervention recommendations to
manage the ADRs that have occurred.

Future research is needed to validate the prediction model
developed in this study with new data and to identify the clinical
effectiveness of the prediction models. We propose a study to
develop a clinical decision support system that provides
recommendations for early detection and management of ADRs based

on ADRs risk from the prediction models.

Keywords : Medical oncology, Antineoplastic agents, Drug—related
side effects and adverse reactions, Machine learning,
Electronic health records
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