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Abstract

Background: Medical scoring systems are linear classification models widely using
for clinical decision-making. Linear programming is a method to achieve the best
outcome in a linearly mathematical model. We demonstrate a new model using
integer linear programming (ILP) to create optimal data-driven scoring systems.
The clinical efficacy of paclitaxel-coated balloon (PCB) have been well proven in
the treatment of instent restenosis (ISR), but the failure prediction models of PCB
are not developed. The aim of this study was to use ILP to create a new target
lesion revascularization (TLR) prediction models of PCB.

Methods: We used ILP in medical scoring systems and the AUC of ROC curve was
utilized for evaluating optimal solution.

Results: The variables such as DES-ISR and statin using are superior to other
variables and D2-S score was formed by assigning 2 points for the presence of
DES-ISR and by assigning -1 points for statin using had the optimal predicting
performance. The area under the receiver operating characteristic curve of new
model (D2-S score) is 0.75.

Conclusion:

We developed new scoring systems for predicting TLR of PCB which we refer to as
D2-S Score, and on top of that, ILP is a new method for creating optimal data-
driven medical scoring systems and it can be utilized with data that is routinely

available in electronic medical records.

Keywords: Medical Scoring System, Integer Linear Programming, Paclitaxel-

Coated Balloon, AUC of ROC
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Risk Factor Score
Congestive heart failure/LV dysfunction 1
Hypertension 1
Age=T5y 2
Dmhetf:s mellitus 1
Stroke/TIA/TE 2
Vascular disease (prior myocardial infarction, peripheral artery 1
disease, or aortic plaque)
Age 65-T4 y |
Sex category (ie female gender) 1

] 1 CHA2DS2-VASc 3+ 4 4 % [B]

TIA © %"rﬂi‘iﬁ_@%}:‘ BTE @ o 2% & Ml <37 & PAD ﬁl%f"m\ﬁfﬁi

T kiR ¢ (Lip etal., 2010)

TE Rate During 1y, Adjusted for

CHA,DS,-VASe Score No. Number of TE Events TE Rate During 1y (95% CI) Aspirin Prescription.» %
0 103 0 0% (0-0) 0

1 162 1 0.6% (0.0-3.4) 0.7
2 184 3 1.6% (0.3-4.7) 1.9
3 203 8 3.9% (1.7-7.6) 4.7
4 208 4 1.9% (0.5-4.9) 2.3
5 95 3 3.2%.(0.7-9.0) 3.9
6 57 2 3.6% (0.4-12.3) 4.5
7 25 2 8.0% (1.0-26.0) 10.1
8 9 1 11.1% (0.3-48.3) 14.2
9 1 1 100% (2.5-100) 100
Total 1,084 25 P Value for trend 0.003
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True Class

P N
p True False
Positives Positives
Predicted
Class
N False True
Negatives Negatives

352 % /B

T KR - (Stehman, 1997)

F]W TP rate% FP rateid £ @ * ffrd 4 #f B oft it 4p ik o TP rate™ £ 45
e P MR A A BT FESOHR AP Y T FP rateR]dp 2L R A S TS P R
Atk AP oL 5 o — dim 0 R TP ratefL i & AR (sensitivity)
@ (1-FP rate) ~ f£ 5 # B {2 (specificity) o @ ROCY A4c@B47 £ - i35 iF
PRAREEMEESL TR Lo BR B (cut-offvalues ) » i&m A4 3F 5 7
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0.0
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= & AUC
F AT 0L % ROCH AT hd f# (AUC) | 874 #F B ehik 4 o d Bamberdi
%9 4 B = AUC=P(X1>X2) @ AUCTE i 4 *+0.55]12_ ¥ (Bamber, 1975) @ AUC
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AUCH 42 » 478 2 iF 4o o
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106, %)) { 0 otherwise : (2.2)
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% 3= kAR EL AUC &S

LR AUC 43

c1 (5+7+8+9+10)—(5%6)/2 24 20%
5x%5 25

c2 (1+6+7+8+9)—(5%6)/2 16 20%
5%5 25

c3 (4+5+8+9+10)—(5%6)/2 21 40%
5 %5 25
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index = sensitivity+ specificity-1 & (Youden, 1950) > )Tf L E_ R TRl BV R R
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pS £
S fedefe RNEBEMHRL PN )EE > PR EREEN N

BRI o B e R R T e R e F

3 RO AR MM ARLIR A AR Hd (0GB, Dantzig & 1947 & 7 fE -

ARZEAFAL 54 R R P A R AT S E R R

‘a\ﬂ

)
w

&
%

2
1=

F
i

sfcE K22 3¢ (Sierksma, 2001) o ¢ £ R RFITH S ERY &
& A 47 B 8 > L. V. Kantorovich 4= T. C. Koopmans i% i 4% 4 23] &
b A IR { FOEE 1975 E LSRR o Flpt ML T oA
fRid i PRI AL s A Fe TR LR AL~ 1 ARG 2 (T E R AT

AR RBI PR A o RMEARFIER Y PRy AR FHE 2 d AR
Sial = A S I I s LS A

BRI BRI R T 2 B A I LR

FIR O L - R 2R P e e el T S e
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AATR) P R didic ) 3 AR AR TR AU R R R U R TR S
R Ripe o 5 AP E e FHA PP RSk s Rl 9RFERS
MEE AT B BT R S AR AIHCA] o B ARG T E S
R HE P RSB B R UG N 2 B e R B 2 o T 2 0 AR

PP e T F - REE > B2 ABEEBHOARFES E3 P ESHcnk|
BB B o F% BTy ST E - TP MR i N ﬁ_%g@ggﬁg

Tohk S8, S A MBSl o FIUL AT T R AR ARE] S A A
L ROCW #iFE o8 » 2 > I p L B X it AUC a4 5% -

ERE R 57 % o K 7k & (PCB)

hid ens L EP > B E L A LR R B BTSRRI
- AR T o BA7 R AL 1977 & Andreas Grintzig 2 # ¢ £ B B < ¥ ¢
/i ~ = A5 5#F (Percutaneous transluminal coronary angioplasty ; PTCA)(Grintzig,
Senning, & Siegenthaler, 1979) - 1990 & 4 > 4p %+ % IR ¥ 5% (Plain Old Balloon
Angioplasty ; POBA) » Tk f5 #% L 28 i B R B £ e % < % B0 0 i F A3
SHL 4w fﬂu; i]&L? FEIRFEE - {ﬂ.? ZREFAFARINHETE R
JRo> B P €& s BAEILZER o 2fod 2R E % F (In-stent restenosis,
ISR) - @ £74% £ £ 2 (Bare metal stent, BMS)4p " % % & 2 (Drug-eluting Stent,
DES)erx P &g erzz L ISR e 4 & (Holmes et al.,, 2006; Moses et al., 2003;
Stoneetal, 2006) » F|p* 2 7 R A ZE A E & ﬁi*‘z B ;R a*r“%ﬁfé N 4f Y
BN BAT 0 WAL & 3R (PCB) ALK A kR B R ROF PR AL o

PCB f ISR e75% > 5 #p & PACCOCATH ISR I {-Il#= 7 32%8 7+ 43t BMS-

ISR DEB jp ' if>" @ 58 POBA jr > i &L H {5 & 6 # i g % PCB IS8T
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B F 43 ) 5 7 % (Scheller et al., 2012; Scheller et al., 2006) - @ 4p ¥+ 37— &
DES » PCB 7. BMS-ISR e/ ¥ & ¥ 1Y LF‘ | PCB e/ B 3t % 2 TLR e/ 5 K 0%
2% - % DES 7 — 3R 4F 5% »c % (Alfonso et al., 2014; Fischer et al.,, 2012) °
# PCB i# * % DES-ISR #7 PEPCAD-DES study } » —F% TIE B BT 3 5 POBA e
K »x(Rittger et al.,, 2012) - @ RIB V study ~ %257 PCB }¥ % - % DES 7 DES &
DES-ISR 3/ 5 2 % §_— 3% % 4% (Alfonso et al., 2015) o F]t 2014 a5k 2 51 o
DEB * *»*> BMS-ISR ¥ DES-ISR m/p)%“"ﬁn\class IA if J& 7 (members et al., 2014) -

G ¥ pAFREF A PCB B FRR e R ISR AW R G smelin oo e L
S PCB gt en ISR P 2 A F €84 TR éh & ¥+ & v;gk PRt AR
Heno @ ¥ AIER P (& TLR v 4 ;‘;&%‘fgm} gL AR o FY Ay

1‘&

M€ BRI E A AH B L ROCH MFH O30 22 M pHRL A<

v AUC &M 2318558 o pL A0z B g2k ISR % PCB ok chE 2 Tokk £ o

9

i B

et R F TIR e 2 F B A R A B B R RBRF L o 2

b

EF AKX PCB 5K is e ISR koo MR T Fedv¥tss PCB ok 18 e 4

—n \

B 14 e TLR 3R R35 4 & 5L o
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$- & FLER

R EHER 8 AT Y L BE PR T R F R Ak SLE B 1
iﬁﬁ%ﬁﬁ§§?ﬁﬁﬁﬁ%%ﬁ’ﬁ%E@¢%ﬁ€$$ﬁmxﬁ@ﬁ,
- FRENA B DN F K1 L o (TR MR RBEFT L L L
BB TR F RS P RS BP0 LB AUC TF R
&?Wﬂmﬂﬁﬁﬁoﬁﬂéﬁﬁﬁﬁ’%gﬁ”?“ﬁ% UL
S A A sraE 2 FEA L R B BRI

¥ TR AR

CRE R RS 0 R EEE A HSEBR RTRR TR ARG
TG OB A EE B A s AR K ﬁf’ri%*im’%mﬁ *
P s iE B (Su, Liao, & Te Wang, 2016) » = F] 5 P & f2fk + I & 30 Tk o
L?@‘kﬁtwﬁ?hﬂﬁiwﬁﬁm@ﬁka}ﬁi’éipiggéﬁ‘
BRI TR TR AT B ER L AUC SR RN J 0 ek 3
SERE RE T3S LS T % SEY St R
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R 2 B o R BT RS R 2 SRR Sl R E o B
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BB 5 AT RGES T BT R TR

SR E2:3 SENERE N SERIEE S RN
(=)~ # 5P

i A

Q Tek Ablde t & 5 B R RN E L)

Xoi B 1P A 60 q TRk Al (B4 0 ¥ - o 4 SIS T o)

P Em A AR (Bl C 1A TR A PR BR YR LR o)

hoq TRh FABCE N P L Tl

B 3= R frete BEIE

PRUFIESGEZFIL 4

NASEIEZ & 2 EEp AR

YRy R F IRy AP S R

(=)~ w3l
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FAPEI EE AP S RS QRERIRAPENSAT 3
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B0 R Xy, X, Xei BN R R R T B A0 q TR FHCE 0 ay,ay, .., g 5 4
E BIRR FACEA PR ES 07 FHE Gk FETAEAS 2B R
feip B IEL SRR BEE S A iR R I BB A hE R AN E 0 A
TPl AT/ A DERREFE L IR -1 AT R A LT g
e o Flot v @ F o ] Sfche ™

~ { 1ifaix; +agxy; . tagxy; = 41
diS” T TR | Ry (4.1)
ROC # 4 £ = 4 »c@u| A dF B enlhic 3 Men1 & » @ AUC &h4 | B 7 1% 4 2%

Fw| A RRY o FIR AP EIIEA Y AUC § TR RS Bco B P BN A

DR g ﬂﬁwﬁwwﬁ ERS N B P R Y

[ N ZR Flpt T AE A AL A S Bicde T
Rp —P(P+1)/2
Maximize AUC=Z P PI(V+ )/ (4.2)

dONE S NS S BB e XA TR R AR R
B Fpt bt 0 FEARIPUFIEL B~ | § TUFE &0 &2 ipHH
B end @RI F R A G A OTTRA T o B T R e

subject to ay, ay,..., g, B € Integer (4.3)
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AR E RN 0 B L R PCB IS 0 ISR B K RTRA R ok
BiERr A T KB PR A ?FEE,?&LZOIZ £ 3 2014 & > & X PCB /pf e
117 %,ﬁ'ﬁ-“— 131 i# ISR %”*;I%fh"‘\}%’i ° ""L'r”ﬁ %}P&f’”‘{?)ﬁ F % % SeQuent
Please % 1/ % % & <z & (B. Braun Melsungen AG > Vascular Systems > Berlin >
Germany) Kigf > X Y AT B R AIGRS 6 BT PRS0 it o D
jxp;;;#u;rt@ = PCB ip B (S AR B =Y ~ T4k B9 RSB £ inal B o/
R L RBERE T AR RN L iR R 0 R AR 9 Y A

ﬁ%ﬁﬂ%tiﬁérﬁ’i%ﬂﬁ FEAFIRAMERFLLR G P
Ao BFRATLW 0 LS R LR ) 2 A RR@

Patient Cohort

Start Population:

Data Source: g Exclusions:
- = . N = Patien .
Mackay Memorial Hospital 118 Patients Recurrent lesions
Time Frame: after PCB
2012 to 2014 angioplasty for ISR:7

All Commercial ISR patients ' Lesions located in
treated with SeQuent Please bypass vessel

paclitaxel-coated balloon OHCA,Neaplasm,
Cases: hematological
Using FDA Approved Final Population: disorders:2
Technologies N = 102 Patients incomplete lipid
At least 1 month DAPT ) follow-up data:7
N =131 Lesions P

m 9 "](—v— /n'~
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(=)~ Fp e B fras

gl FRILFFEY R FRER > ¢ 7 AR (od & BHTN] S 3 A
BIOMD) > 3 3% o Tk bR S S o B o AL F 4K DEB iy <3
o Py ipd® (TC[RPEHM] > B B AL MR A % 3 "2 [HDL-C] » LDL-C
foz paH i fa[TG]) fervphp™ (Cr) » 5 is 6 B P o L K fkSks RHciE
BETRRELFF oo i RF ai ripf w3 FEfid [ Finh o 2
PCB {62 > 1 W% Z®kiE* BEfin pFiph o *T5 F R IZAEE L
Fdp il o TEFFIRERE FIEANFEFRBLAJELER - F 04
¥ oehi % B PCB Bﬁﬂi'l‘ﬁf& DIRFE T M BLPERY o 3 B ¥ B O Al g o
Tehopt e R EEE (TIR) #47) BFLEFTRPARS FrpriLs
% 2015 & 12 % 31 p o

(Z)~ TR %

FEgEieW 100 £ 117 g F (T35E 8 7059 42 69.7%; 70.1%
BX b imisg) 0 131 p] (k& B A E L F (BMS-ISR) ; 90 vk
HH L% E 7 (DESISR) ; 41 Bopwd) Jieii A45 - 64 6+ F DM
(54.7%) +89 b3 HIN (76.19) fr 26 % BT (22.2%) - Tia-
FddE s 11 % PCBs a0 T39@ * PCB £ & 5 27.1#9.3 mm > L3538 jT

2.9+0.3mm °
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Lesion characteristics

80O
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50

40

30

20

17.6%

10

Age Male DM HTN Dialysis Stain DES-ISR TLR
ke e B | o o (| . d

] 10 Jp 4% 4
23 &) TLR (17.6%6) # 2 Lfesk "L o #15 B PR X R

TIORER S 786 % o drdk A B AL FERFE ~ RTE statin Ef s &l

Frekicd 4 25 RF P adahl o @ Cox bk B w iFHCA Y 3T S R EA
17 TR A F ik F b 50 FH L ¥ E % (A HR [AHR] :
3.43,95%Cl : 1.3-9.04 » P <0.01) fr statin #¥4% (AHR: 0.33,95%Cl : 0.11-
0.96 * P=0.04) &_TLR ehflp = 550 F]+ o
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# ATIR 4 &8 F chip ' F]+ 45 4

TLR P

No N=108 Yes N=23
Male 72(66.7%) 17(73.9%) 0.5
Age 71.54+10.21 68.09+12.74 0.16
Size 2.99+0.34 2.98+0.37 0.90
DES-ISR 27(25.0%) 14(60.9%) <0.001
ISR Length 16.27+7.89 18.87+13.80 0.39
Stent Length 31.22+13.67 29.91+13.78 1 0.68
DM ~ 59(54.6%) = 15(65.2%) 035
HTN 83(79.6%) 17(73.9%) 0.76
Cur Smok 14(13.0%) 2(8.7%) 0.57
Choleserol 154.14+42.19 169.65+49.02 0.12
G ' 148.44+116.39 242.30+254.85 0.1
IDL  90.19+30.51  83.83+3492  0.38
B4 in 18 LDL  83.24%28.78 | 85.78+2886 | 0.7
HD 1 21(19.4%) 9(39.1%) 0.04
Statin 80(74.1%) 11(47.8%) 0.01
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# 5TIR# 4 1% % & Cox vt

b B e w b

TLR

hazard ratio (95% Cl) P
Age (years) 0.97(0.92-1.02) 0.29
gender( men vs women) 0.83(0.29-2.39) 0.73
DES vs BMS 3.43(1.30-9.04) 0.01
Smok (yes vs no) ol | 1.18(0.72;i.§4) i 0.52
ACS (yes vs no) 0.32(0.08-1.24) 0.10
DM (yes vs no) 1.19(0.46-3.11) 10.72
HTN (yesvsno) 0.79(0.28-2.21) 1 0.66
HD (yes vs no) 1.41(0.47-4.25) 0.55
LDL 1.00(0.98-1.02) 0.87
BfnR 1 LDL 1.00(0.98-1.02) 0.69
Statin (yes Vs no) 0.33(0.11-0.96) 0.04
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i {7 Kaplan-Meier 24 54 54 712 ¥ & statin 4 0% = 2l 7%
R (2 vs.F ) foid % (4oB 11) - % statin E4 0% ,é.\dﬁﬁﬂTLR AR
A FEFMAITAR Y statin B0k m%—‘ﬁ (4 %] 5 8494 529; log rank :

p:0.016) o
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ALY RS BRG] L R A E P MBI AL FL AL
%&%»éiﬁﬁﬂﬁﬁﬁ%ﬁ{ﬁ%@? b MER Rl Sl
PHEN FR A RAS 2wy TR R R B L]
B F o~ AT E statin Ffp R Y= B 'ﬂ—”ﬁéﬁf#%‘?%ﬂ‘—/’a\ ek 2,0 Rt
B i Y A30-1553 15 2 B i S8k [l * o
TRk S Wke FES LR R AT statin Ff G a5z B

F|F 5 0L P (s TIR 4 A A E (FA M XU A B Hc® 415 12 15 2
i 7 I

S E AT % RS T 5 2EA KW 2 R H 4 AUC L 0.751006 0 i ¢ 4o
6% 14w BT B k3o A Y 1B L2 E F (DES-ISR)EF 2 B ~

TS 0k vstatin B i NS - 1BEL BB H LT EES < AUCE -

F]P #43 DEB Sk S en TLR FER & 3> 23 7 BN H ¥ £ 5 5 iE 3R
M5 &9 D2-S score o #7H-A] (D2-S score ) X 3E K H (e fed AT oA

0.751006 © 4% 7 ¥ % » #4345 Youden index ¥ +r TPR-FPR # =~ & % 0.43 %

|

& B E>+-0.50 F]p D2-S score B i+ BL 5 -0.5 o ”ﬁ,%fﬁa A Score & =0 A& PF >

Bt s & TLR b "6 F L8 3 %7 Rk i B
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2 6 MM FHEALNI 2 S ciE L B %

e

ow EHRAEIRFE AT statin EP R AUC

1 2 0 -1 0.751006

2 3 0 -2 0.751006

3 3 0 -1 0.751006

4 4 ol -2 0.751006

5 4 0 -3 0.751006

6 4 0 -2 0.751006

7 4 0 -1 0.751006

8 4 1 -2 0.751006

9 S -1 -3 ~ 0.751006

0 5 -1 ) ~ 0.751006

11 5 0 -4 0.751006

12 5 0 -3 0.751006

13 v \Uhah © 2 - 0.751006

14 Sh v NGO -1 . 0.751006

AR NN )
T RE TPR FPR TPR-FPR
-2.0 1 1 0
-0.5 0.87 0.44 0.43
0.5 0.61 0.25 0.36
1.5 0.26 0.07 0.19
3.0 0 0 0
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" D2-SiEL S A A F s statin 40 @ * ie S B F]F % ROC curve
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