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[Abstract]

In this study, we propose a part of the CDSS(Clinical Decision Support System) study, a system that
can classify chemotherapy, one of the treatment methods for colorectal cancer patients. In the treatment of
colorectal cancer, the selection of chemotherapy according to the patient's condition is very important
because it is directly related to the patient's survival period. Therefore, in this study, chemotherapy was
classified using a machine learning algorithm by creating a baseline model, a pathological model, and a
combined model using both characteristics of the patient using the individual and pathological
characteristics of colorectal cancer patients. As a result of comparing the prediction accuracy with Top-n
Accuracy, ROC curve, and AUC, it was found that the combined model showed the best prediction
accuracy, and that the LGBM algorithm had the best performance. In this study, a chemotherapy
classification model suitable for the patient's condition was constructed by classifying the model by patient
characteristics using a machine learning algorithm. Based on the results of this study in future studies, it

will be helpful for CDSS research by creating a better performing chemotherapy classification model.
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I. Introduction

1. Introduction

eelute) o ke 20184 71E AAl ¢ WA &
8.6%0]1L tifeto] Az et &A= 15.3%0]H A
A PAE 5 290l sigeti{l]. cigee] dlez:= 50
A| o]Ale] ol2, =2 x|ufut LSHK|Hfo] THe. Sl A
3, AR 55, b 5, RAA QQlo] 9lony, of

}“HD} o}qa} }\]74]790 xo}oD}%

%’4% i}xl‘}‘ﬂUr[Z]

g RaoA 7P 7120] B A&

240]7[3], HAA x| 29t BEA 0}0}9‘}6}
2 AYES £0]7] Holl AR Qlti{4]. A& BHe O
T T4 Al s, Y28 (Lymph node) Fo]o]2e}
LA%719] Ho| o 7 Fof wet 2= 5], g2
717V w25 AYEo] o0 AEEo] Hoptlhle]. o
B Ule Y 7Hs/do] Rot 2R A e & FuE
WSt YRt HE AASH] o= BVt tiR-2ol
o 271 AR e S AY AIJRPT EAE o]
Al FAststaso] AAJET7]. 371 2AA 4

S} il

__?‘_

SE £ Mol Alsb] Slsh geslatas Al
o], AAISHA] 91 79 AqLEol 50-60% A LER
o %tﬂs 13]. 101 24 Stslo} WEag ¢

AFE EOoF

SHRL] ’BEH L “:‘7101] fﬂra} Ure7ﬂ A== et
Qe 5-FUKFluorouracil) o|S 7]&=2 3F ¥t @
o] wo] AREQIL. 1 o]%, Oxaliplatino] 7H&eE| o]
5-FU AAlee] 58ta®el FOLFOX 50| Al=E]Qlct
[15-16]. 1980 o] FOLFOX & o]Aq],
leucovorin(LV)o] TQIE]o 5-FU9] modulatorz X]
A pe & HAoEaRoN £2 & Juts d=d 7]
oSt 17]. At] AJEiol] wep Felststary A=io]
2= QojFth. A=) 2ol gojilof| what, SR AJEf
of Sh= At FAstetey AMRE Fa%t TR diF
E]ich Fdefet a2 eRpe] AEZ|THE Al AR = Al
o]7]of] AEsHA| AESh= Aol FastH{18].

Tt 2 Ao ddeetar 255 fol tal
g due|ES ol gsiitt. &xe] S/dof wet et
‘31’831% drelES Al A5
J_ﬂro} }o:] 01—01-2}61-_9_34

‘_lxliEg}(Chmcal Decision

cE _J9,L‘

0

ol B9 0 AR A

Supporting System: CDSS) ¢3o] 7|ZAt82 A|A|5}

nat g
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II. Related Works

1. Colorectal Chemotherapy
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2. CDSS(Clinical Decision Support System)
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3. Machine Learning Model

3.1 kNN(k-Nearest Neighbors)
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Fig. 1. Structure of LGBM

III. Method

1. Research Environment

B AP FUIFAY BF 2W 152 Us) P
= J_H(Google Colaboratory)° AlR5}9ict I3
=M Alsshs 2L AY oz < ke
A Pythong ””0 A A 4 9lon ARH AY &
2ol wAglo]l Ad¥o] rhssitt. & AtoflA ARESE
ColabQ] A9k “Python 3.7.10, Ubuntu 18.04.5 LTS,
Intel® Xeon® CPU @ 2.00GHz, MemTotal:13305368

kB"o|ct. Ho]e] MA2] & HAto] Numpy, Pandas Z

= = (o] = = - = oy .
£H29-30] - = “ A3 5 ARG o wHl sh&ofl= Scikit-learn 24o]
| uejele ALgateT
Baseline model
Dataset » Data Preprocessing » Pathological model »  Model Training »  Model Evaluation
Bl M - kNN - Top-n Accuracy
#-gtelag - SVM - ROC Curve
gt - Decision Tree -AUC
' - RandomForest
Combined model - Light Gradient Boosting Machine

\

4

Fig. 2. Pipeline of Research



12 Journal of The Korea Society of Computer and Information

2. Research Method

& A19] mo]mefQle- Fig 20|t}. HA| Datasetg U
A2l R S0 MEelE W A, f-gt 1A,
Rster 22 dlofe] AAz] e ARt HAel 1
E <] _T_ Ho])ﬂ E}\-]O A}_Q_o}— El:-ﬂj_} \:ﬂa]oT-H E/\']
AR =1=1]

&I 120 &3 REE2
2]&0]| shEA|ZTE ARRSE 41252 kNN, SVM, DT,
RF, LGBM 57}XJo|t}. & & Top-n Accuracy, ¥
Z9% ROC 24, AUCE &35l 2E9] o5 Nz s &
ohur M2 MAystel 2o Ang wEsHck

rulo

7}7(] Exo E—',:— /\}_Q_o} 2 01- Emlg

102

P o588 27 Ay g

2.1 Dataset

£ ApolMe pcieln 2
2018 Afolo] T} 442 e 3
o] lojelg ALgsigion 25KoR
Al A2] S AA 3,086 tisl FUetetan &
2Rl P

geolM 200437H
,321%9] $Hx} EMR

A
W A U 25

2.2 Data Preprocessing

A&7 Mgk ARE W 5 25AS 1 g AP
she WAl Setglnh Eel AR} 30%E At
Hae AR oA A8
WAy wht 29 M8a7] gsl -3

A LIS
e-hot Encoding)#Hs A-8sto] H&j2]stqict. ¢

[
=]
r;L I

gh A39E n7le] £ 7W o] tisliA] nAtde] 5
AHIE] FE|Z Hlo[H & Hgkshs Wdolth Haled g
252 YO FAIE S K] 7] flzo ZAE S =
Atgo] wig & Q1A= A-3F 10| B Asit}{34].

ALY ¥ At Y-S ARgsto HeE 0 1
Alo| 2 275G éﬁ‘s’}% Hapo] oS FASHL &
d 150 AR 4 =T diRe Aol 2 Aol
A= Standard Scaler— AESl S 0, BEEHAE 1
2 gl 2E WHaso] 22 ¥E 2 sioh
Standard Scaler(1)= ¥zl ¥4oA HH2)S W S

EFHRKR)Z Lol AT, o ARt ZTH35].

2.3 Feature Selection

A W =, olAL]y}
2 g HAE

Feature= 7f9l
2> 9131 Table 1&
oM 7HUA
model)at H2]HA
(Pathological model),

>~1

e ARRSH 7|1A  @H(Baseline
EMS  Ar2SH "alstd ol

2 _JllTl Jm 42 ru
2 O_>‘|..
g
u
rE
>
i :
)
-
<k
=1
e
o
re
re o

5 Ve oY €11 Rl
T2 A 2 OE‘—TLOWL E"”&% 7Vt A
YR 02 ARGE| = FUeietay 53 FYeieatE A
B3] %2 SurveillanceE %02 #4112 KIsg53lTt.
grokslstey &£2o= 5-FU/LV, Capecitabine,
FOLFOX, XELOX, FOLFIRIS A0 A}8-5t9ict.

2.4 Chemotherapy classification model building
H ololA= kNN, SVM, DT, RF, LGBM ¥123]&<
AHgatol gixte] e 7)x nela Welsld nd, £
S4e AYT AY 2 TEUC 1A ne A
ol S24ekg TRl of| chaer Feleieiay
£ ot Walaly Rae o)
y2]shd EMuto 2 tAret gror
_]

o v

% 71 10w [}
ststade ol&shs EEE‘OIUr. Ag nEe sjold, el
al.

= Aol AAE

¥ ool 57o] oilaty
2o] o Ferre} ROC TAS B Lsigich

2.5 Performance Evaluation

2 doMe darelEe] o Heke FUR|ER
7k 2= ndlo] Aste(Accuracy)?t ROC 24 (Receiver
Operating Characteristic Curve), AUC(Area Under
Curve)g AME-SIGITY.

HEtes oY ¥ 2uei5o] tlojels Joht Pt
A BRGNS Lo,

ol e Je

¥248 $8 HEe} 5o}

oojeitt. 2 A70oIM= Top-n
Accuracy(Top-2 Accuracy)g AhEste] o A S
H| w3ttt Top-n Accuracys true 2efA7F 2&of 9
3 o5 7P 710l w2 Zaha 7] 5 sifet Axist
L Aste £ ARESH= "hHoltH36]. Top-n AccuracyS
Agsio] AE AEsh WHE AWAFIIMA ¢
S50l £ BFe) 452 AET 1) Y] AT



Classification models for chemotherapy recommendation using LGBM for the patients with colorectal cancer 13

Table 1. Information of features by personal and pathological characteristics
Variable
Age Age of patiets
Sex man, women
ASA ASA Grade (1~5)
Individual Independent BMI Body Mass Index
Characteristics Variable DM_history Diabetic History
Pulmonary_disease Pulmonary disease history
Smoking_history History of smoking
Prior_Dx_cancer History of other cancers except colorectal cancer
pT Stage according to tumor size
pN Stage according to lymph node metastasis
pM Stage according to distant metastasis
pTNM Stage according to cancer progression
LVI Lymphatic vessel, Vascular vessel,
Independent Lymphatic/Vascular infiltration
Pathological Variable PNI Infiltration around nerves
Characteristics Harvested_LN Number of lymph nodes
Positive_LN Number of metastatic lymph nodes
K-ras not assessed, wild type, mutated
N-ras not assessed, wild type, mutated
BRAF not assessed, wild type, mutated
Dependent Chemotherapy Surveillance, 5FU/LV, capecitabine, FOLFOX,
Variable Regimen XELOX, FOLFIRI
Table 2. Parameters of kNN, SVM, DT, RF, LGBM
kNN SVM DT RF LGBM
penalty : 12
loss:
squared_hinge objective:
dual : True multiclass
tol @ 1e-4 n_estimators :10 boosting_type:goss
n_neighbors:5 Cc:10 Lo Lo criterion : gini learning_rate:0.014
weights: multi_class : ovr crlt.erlon.- g min_samples_split:2 max_depth : 100
. L . splitter : best . .
Parameters unlf.orm fit_intercept: min_samples_split:2 mln_sarrlwples_ Iampda_l? -.5
p:2 True . . leaf:1 num_iteration:200
metric: intercept_ mln_samples_le.aH max_features:auto | early_stopping_rou
minkowski scaling:1 random_state : 0 bootstrap : True nds:100
class_weight: verbose : 0 min_data_in_leaf:2
None eval_metric:
verbose : 0 multi_logloss
random_state:None
max_iter : 1000
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2.6 Chemotherapy classification model parameters
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IV. Results

1. Accuracy of chemotherapy classification
model for colorectal cancer patients
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Table 3. Top-2 Accuracy(%) of kNN, SVM, LGBM, DT, RF

Baseline Pathological Combined
model model model
kNN 65.87 76.57 77.21
SVM 73.54 81.75 81.20
DT 39.52 55.08 56.59
RF 68.25 77.43 80.89
LGBM 75.05 83.90 85.42

Table 4. AUC of kNN, SVM, LGBM, DT, RF

kNN SVM DT RF LGBM
AUC 0.7275 0.7381 | 0.6259 | 0.7819 | 0.8586
Models Roc Curve
— kNN
—— SVM
—— DecisionTree
~— RandomForest
9] —— LightGBM
-]
2,
2
2,
S
=

o 3
False Positive Rate

Fig. 3. ROC Curve of combined model

2. Feature importance of chemotherapy
classification model for colorectal cancer
patients
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Fig. 4. Feature Importance of Colorectal Cancer in LGBM

V. Discussion
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