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Abstract

According to the major factors affecting the treatment expenses, this passage constructs a predic-
tion model of treatment expenses of nasopharyngeal carcinoma(NPC) based on decision tree, and
obtains its Diagnosis Related Groups, thus providing scientific basis for the allocation of resources
and supervision of the health care insurance fund. Data were extracted from a tumor hospital in
Guangdong Province, amounted to 2064 cases of nasopharyngeal carcinoma. We divide this analy-
sis into 3 steps. Firstly, we choose the main factors of hospitalization expenses (HE), such as age,
gender, TNM and duration of hospitalization. And then, we construct proper dependent variables
that are approximately subject to normal distribution, by using Box-Cox Transformation. Addi-
tionally, we build up regression model using Classification and Regression Tree (CART) algorithm
and get its modified DRGs. The grouping results, also as DRGs, of NPC cases based on CART and
other Boosting algorithm are more reasonable and easier than those before.
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DRGs (Prospective Payment System Based On Diagnosis Related Groups) B2 KA 7325, & 44t 5
ARSI S A TT R — o 1% RHIERIE TR E, ©URGIHE NEARKYE, %& 7 BENAME
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1) SN R B W] DL RN T SREEATIRYT . TARUUABUAGYT , (B2 T 8 e vh 8 3 3 A
WIT L, MRS AN BRI T ARIGTT RIS, BABT SE R T 45

2) W TAESERRE AL, BB 7 32 Bl 5 bR B B i E WA e, AR SRR I O, A
ARSI T F B A ARG B -

3) MIBR 12 ICD 4uhd 5 B & TG S5 6 & 12 fR B ICD C11(Malignant neoplasm of nasopharynx).
C30(Malignant neoplasm of nasal cavity and middle ear). C31(Malignant neoplasm of accessory sinuses).

4) fREAKRZ ICD 4mhdH L Z08(Follow-up examination after treatment for malignant neoplasms)-.
Z51(Other medical care) 3k f) 97 51 o

5) ZEREUKT =AEhRiEZE R B (L 1),

Table 1. Remove data greater than three standard deviations

* 1. BEAT=EREENRE

bRifkzE FHIME
Il 168,842.4 244,894.1
kR = 121,342 226,751

6) TNM 4 #AbR#E(L

TNM 73 BARAEAL A2 X TNM 23 B AT KA S Tl A 21, o SR 12 W15 B 3% I TNM 23 bR k(2017
)BT IR AL, 1ZIU AR IR T HARTE 5 AL PE(NLP)YEWS o TRz v R A R 2 7 455 oR AR AL B e, 232
ST T SRS g PR B SRR AR S K AT AR AR, LRI A Python 1 F S

{§i i} Python %5 =75 % xIrd. xIwt. Levenshtein, ¥ TNM JFIGEHREILA 1318 CRAEIE 406 1),
Horb 852 M GE RFRAE, A 52 DEIES BAE, BIAHRR AT 6% (BRERIEE, 41K 5.702%:;
KF A s, R R 3.945%), SAARSCREEAE9].

7) SRS

FIFIENRIENR RIZAE . SO i PE 25 2000 R 5% EIT 3 H LT 0 R84 B2 H
IEN BRI S 7B, MBR S AR 208 N . PRl R oz A AUE S IiE 5 24, f e fd
FHSESCH I S48 BE B B A S5 I S 2138 S 2 T A e B, 19 30 8 4 U AR B 4% .

2.2. fERMEGTt

2.2.1. EEXER
o B R 975 ) B HEAT S it b, BARGEHE N2 2 B

Table 2. Basic statistics

= 2. EARIFRG

T H FaEs N/ON) 4194 I (O0) 5 (%)
e <30 212 153,781 10.27
31~40 480 160,551 23.25
41~50 740 170,860 35.85
51~60 492 156,222 23.83
>61 140 158,057 6.78
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Continued
51 5 1605 162,233 71.76
S 460 162,761 22.28
TNM 4331 — W 660 169,298 31.97
—H 120 175,484 5.81
= 528 169,177 25.58
] 752 149,461 36.43
ESl| 4 144,164 0.19
YRITIT K 0~1 4F 1149 106,585 55.66
1~2 4 410 195,115 19.86
2~3 4 227 243,938 10.99
34 4F 138 277,088 6.69
44 F 140 278,693 6.78

2.2.2. HEFHIBESHEI

1E 2064 151 S W58 2 E 0, B3R 1605 1], (IR BILEETT 77.76%, 2 460 41, S A
22.24%., BRI EEHUSEE 1), TILERZ 04T X 40 2 50 5 X R, SRR 10

JITCE 20 73 70 H S MR et £ P BRI

fEbE 9l /7T

Figure 1. Density scatter plot of hospital expenses varying with age
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2) BELN 40 £ 60 BT EEN;
3) BERNGIT WAL 20 i/, Horh TR S S E AL R
4) Bz B T2y B R (= A ) B .

3. AT ERNESHRE
3.1. BRERA@ay)WESHERIE
Io3 NAT Bt A 9l FH M3 2 B il 26 0 Q-Q (] 2)tn F Al 7w :

Density
2e-06 3e-06 4e-06

0e+00 1e-06

density.default(x = rearrange$pay)

T
500000

T
1000000

N =2064 Bandwidth = 1.937e+04

1500000

Sample Quantiles

400000 800000 1200000

0

Normal Q-Q Plot

&

T
-

T
0

T
1

Theoretical Quantiles

w

Figure 2. Probability density curve and Q-Q diagram of total expenses
B 2. BEAMBERZEZMN Q-Q
fIEZSTE W ks 5 (Shapiro-Wilk IEZSPEATES), 135 W = 0.77822, p-value < 2.2¢—16, Bl P(x <) <« 0.05,
B RAE A R, B AN A B 2 A IR AN IEZS 23+
i B-P IEA A K (Epps-Pulley IEA AL, 33 Tpp = 66.44982, 1.241784>0.590, TE 2K
o= 0.01 I S ARTE NFE AR RN i S 2 H 2 A 2 AR IEAS 1 .
3.2. ﬁ&:ﬁsﬁﬁﬁ(ln(pay))mEﬁ'ﬁ*ﬁgﬁ

MR 2 P 22 A0 Q-Q (A 3) R o

density.default(x = log(rearrange$pay)) Normal Q-Q Plot
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Figure 3. The probability density curve and Q-Q diagram of logarithmic total expenses
B 3. WS BERANMEREEHLZ Q-Q

5% W =0.97672, p-value <2.2e—16, {55RB BI04 G
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fif E-P IEAS LRG3 (Epps-Pulley IEA ML), 38 Tep=10.99791, 1.241784 > 0.590, 7 #EH MK
o= 0.01 7 NFE 38 RIS i 2 F 20 A 2 JE IS 1.

3.3. £33 Box-Cox TR EFAMESHRIE
X 3% F i Box-Cox A8 #, A 3 i IEAS MR E .

A
y =1
— 1, A=z0,
=172
Iny, A=0.

L EAA R A KR KA 21 =023,

Lo (2)=(22¢62) 2

A
21 ssE(2,0")
0, =— .V ’
n
dy?
_ n i _ n -1
|J| - Hi:l ? - Hi:l Vi
i
AR (R 2 FH R % 2% 2 it A0 Q-Q I )i R B
density.default(x = pay_bc) Normal Q-Q Plot
- o mo o
o 3 4
8 =
o
u 3 2
5 g 2+
o Q-
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Figure 4. The probability density curve and Q-Q diagram of logarithmic total expenses after Box-Cox transform
4. TiRENE L ERRREREZM Q-Q
HOIEASYE W KR, W =0.99518, p-value = 3.166e—06, 1398 AEF% 32 TR AR 15 B[R 38 & (1) 0 A1 & 1IE &
i
i B-P IEA AL I (Epps-Pulley IEASTEATL), 33 Tep=1.241784, 1.241784>0.590, 723 /K
o= 0.01 SR NSRS RN S 2 ] A2 FE IR, (HE K g AR HE IES i 1.
b, MERE L2 B W GETHE A Tpp et B HIARAL AT AL, KSR 1) 0 A 15 LB P T IEZS[10].

4. BT CART B XpKHRIEX54H(DRGs)
4.1. CART M F R MIGIRANIEE

CART B3k 43 2R U SRM 5 o 1 FH 1) S P R b A2 Gini REL[11] [12], WFEA S8 T 28 k 25
3L 6 VIR N pro WIREZ 234 B Gini RE0E AN
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UERFEASR A D ARIEHFAE 4 R BHEE— T RENIME o #2509 D, A1 D, BEE s, BRI

D, ={(x,y)eD|A(x)=a,D2 =D—D1}

TRATERFE A IAIE T, BEASES D 10 Gini REUE LN
21

Gini(D,A) = mGini(Dl )+%Gini(Dz)

DA ZEHE, RIE Gini REUEBFRMEFAE . B _EY) A, HFREBR X 02ER.
4.2. CART [E/3H4% R EH %
CART [H VAR (A B e T i/ 3y . FE IR BdE B2 AT FE s N 25 (A vh, 33 T St A X 4k bl

SYRUPTT KT e A T OO I, # — XRSERE. BIANASEBORAE D, itk TR )
) S35 SR D RIS R 5 SYI5 s AR

min=min ¥ (y-¢) +min > (y-¢)

Js a X €Ry(J,5) ° 5i<ko(7:5)
SRR vy, N AU AR ARV s, R L SRIA B M I T NG, 9)
2) b PR I8 0N G, ) R X B s A SIA it £

R (j,s):{x|x(f) SS}’ R, (jsS)={x|x(j) >s}

Hrr R, &AM ZJ0H FEOM (V)4 A8 8 S U F s 1) 7€ St B — 20 a] DU AS L 45 mORTH 1Y 5
(1% DRI AL 8 1) Pt L ([ VA 400 A L 485 R RS AR 2501
1
¢, =— Vi, X€R , m=172
Nm xieg(j,é‘)

3) =D AT XIS RO E G RTHD, BRI L5 AR IR EE L &5 s /e
RIRESHBES).

4) DU e RS Ax),

Mz

f(x)=>¢,I(xeR,)

1

SOOI RN A m AR R (i =1,2,-,m) » B m AN 2 m 28) [3][11][13] [14]
4.3. CART: UERERAAAZE

KH 2 5 BAM (CART) SV, DL 3% F AR B S IR A8 800 e 9 FH 3T 73 21, IR 22 2 40(CP = 0.01)
oy 5 H[15]. AHBRINE 5 s, EEE R 3.

4.4. CART: I Box-Cox TFERIEFHAETE

KRS EHR(CART)SIE, L Box-Cox A2 #iJm /5 2 O R St i 2l R AT 704, R R
ZH(CP=0.0)tt7 8 H. AR IE 6 o, dHER I 4.
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Figure 5. Grouping of total expenses which is based on CART with total expenses as dependent variable

E 5. &EF CART URBERARTENSERNAE

Table 3. Descriptive statistics for groups based on CART
% 3. £F CART SHEAEIR ST

IRHERNFRERARE o i e wAMERRE wKEERE

A aa BREE g sommsmie TR s E s
1 fEBEREUNT 84 R 28% 71,952 62,238 11,970 163,018
2 fERE KRBT 84 KE 398 K 30% 142,087 125,882 29,888 305,498
3 FERRBUN T 398 RE 796 20% 197,564 171,916 70,995 384,433

K. CT #H/INTF 5275 7t

ERERHOKCT 796 K. CT # N
> 48,278 202,088 81,375 534,795
4 HNF 5275 o 19% 248, X ,

5 FERRHANT 398 %ﬁ CT % 4% 375,758 323,562 160,242 795,682

KT 5275 78
61
100%

days <175 (no]

53 66
42% 58%

cost_CT <875 days < 561

48 57 63 69
21 % 2% 26% 32%

days < 59 days <62 cost_CT <875cost_CT <4925

45 52 53 59 59 65 68 77
1 0% 1 0% 8% 13% 11 % 15%) \28%/) \4%

Figure 6. Grouping of total expenses which is based on CART and Box-Cox transform
B 6. EF CART F Box-Cox TR ER A 740
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Table 4. Descriptive statistics for groups based on CART and Box-Cox transform
# 4. ZF CART # Box-Cox e 4 4RRITEIR M Gt

& WA AESH (B Bk T

wMEFRE BOKEERE LR

I 5 4 - N8/ T . —
A Al 1 N SRR T RTE T s %)/t
R LCT#
1 W’ﬁgjﬁé 2357;5 CT 5 10% 47,378 37,180 8156 103,829
N
2 {;ﬁﬁéf{%gi}ﬂfi 17%5 10% 81,581 65,520 15,345 254,182
N Ccr®
3 {f&ﬁgii gg 5?.: CT 3t 8% 89,415 83,275 26,513 158,007
e
4 FERERE T 62 K2 175 13% 130,571 115,990 33,405 268,022

K. CT#HHAKT 875 7t

{EBERBANT 175 KZE 561
5 2 1% 138,809 124,779 33,871 241,814
F. CT #H/INT 875 7T ’ ’ ’ ’ ;

{EBE RN T 175 KZE 561
6 > 15% 192,835 172,879 63,405 402,848
K. CT HKT 875 7C ’ ’ d ; ;

{EBEREKT 561 Ky CT
7 N 289 234,987 197,029 82,094 478,134
WH/NT 4925 76 & ’ ’ ’ ’

{EBERBKT 561 K. CT

0,
T 4925 It 4% 375,548 325,399 160,242 795,682

5. M oEERBITEM
5.1. £F RIV 5 CcV HiEH

5.1.1. 3ETF CART L2 EAAETERRRHEIEMN
Fi R FHHT CART LU 3R FONRAS R S p, TS o dlas Rl 7 pios:

N

71952 142087 197564 248278 375758
BRIRAESR AL RRiEs D /8

Figure 7. Decision tree based on CART with total expenses as dependent variable

7. EF CART LR EAAMETERRERR

1400000
I

M/
1000000
| |

1
600000
I

0 200000

T4 %% 20 035 (8 RIARAE 2% A i P RS AR AR BT 7R, 230008 71,952 76 142,087 G+ 197,564 JG. 248,278
JGHN 375,758 JG. WIEIFTR, BE&E SAIMEMZEE R, SRR R YA BRI
ERTCAE W, B2 B 43 A 1 L5 R 1) B FH 0 A 1 YA TR R

1) AL
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2) IEmZS;
FHM AR S SR, BEEHEAN TR, AHENMERETEE. NZBHKCRORE,

W4 I3 A 8 — [k 2H 1) 57 L PE 285 2 1 S A At , 10 Reduction in Variance (RIV)F Coefficient of Variance
(CV)ELECH R, HMukiiz[16].

1) RIV: a5 624 1) RIV {E8 0.286, MIEE#E(2007)FIWTF T T 0, A IR R 4 S 4,
ARIR 3 S 1) 2E 8] 7 o3 14 A6 R FH P 2 T DA 2 [ 165

2) CV: JylE it A SZ AR, 72 % 20 A i KR/ MK 5% 1) 2 F G g 1F 5 73 & 91 4
HGHNESE R RECV Wk 5 s,

Table 5. DRGs which is based on CART with total expenses as dependent variable
5. £T CART LURZ A AEZEHR DRGs 48

415 B CV H(BRERK SR 5%/F) RIV
1 71,952 0537
2 142,087 0.482
3 197,565 0398 0.286
4 248,279 0.441
5 375,758 0.402

AR FE ARG, 2017) AT 5N, %40 5 A B0 W] LAESZ 1]

5.1.2. X}ET CART L Box-Cox Tk /512 28 Al AR T EAFMN
R HEET CART Lh Box-Cox Az #Jm 1 9% HI ORI AR &, AT LA B4 4] 8 Fros iy 8 Dy 2Has R

1000000 1400000
1 |

600000
|

Box-Cox & f [¥1.44.9% F / 7t

0 200000

T T T T T T T T
44 51 52 59 59 65 68 77
PRI (bRt 3 D /8

Figure 8. Decision tree based on CART and Box-Cox transform with total expenses as dependent variable

& 8. &F CART L Box-Cox T [GHY5 22 N ET 2R KRR

P33 4S5 (A RIbR e 9% F G R R R, Al 8 o, B &5 4L I B8 o, &2 A 5k
R BRI, BREE 1. 3 A ISR E I A AR A CGE | AR, AR AR
P EAT Z A3 2 1 B BRI IE R ASHE . [FIRE, BREE 1 41528 3 410h, ANERRE(CV)IIET 045, 8
A 4 401 CV HIT 0.4, Zr 220 45 BB 2 /T N EH[17].

8 U IA) (1 77 25/ BRIV BT e v, BIZEE) S R M 1 5, 20 4 5 R N BB (L6 6)
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Table 6. DRGs based on CART and Box-Cox transform
= 6. BT CART L Box-Cox THEH R A NELTEH DRGs 740

Hil

1

2

a

47,378
81,581
89,415
130,571
138,809
192,835
234,987

375,548

CV {H BRI K 55/ 5%J5)

0.592

0.387

0.619

0.370

0.440

0.389

0.424

0.393

RIV

0.303

5.2. EF Kruskal-Wallis #3 B940(837F 4

T IESMEE G AT, ZRAET CART LL Box-Cox 54 5 (5 9% F NN AR B4y 4, Al AR
SHR IO I 75 U 22 1 2 AR 1 S R AR A7 7E 35 XA 18] AESEUG IR M T Z P 20, WnfF5 5k
A 56 (Wilcoxon A5 56;) « Friedman £8:5;  Kruskal-Wallis #6356 o B2 8 A\ 2 (B 52 357 [, # Kruskal-Wallis

Rl o A

Kruskal-Wallis rank sum test

data: rearrange$pay by rearrange$prePay bc
Kruskal-Wallis chi-squared = 1000, df = 7, p-value <2e—16

Table 7. Improved table based on Kruskal-Wallis test
# 7. £F Kruskal-Wallis 138 350# FRIFR

— RS EIHE[] [10]. XA R 8 NSRRI 2 MFEAET K-W RS 21 LU T 45

Frife ol F (R 23 = -
J— /. N 7N
1] H WRWH  BASENG R ﬁjﬁﬁf Bffﬁ(ﬁf
5% 5 (I TG ’ ’
1 ERRRAVNT 59 R CTRIANT 10% 47,378 37180 8156 103,829
875 7¢
EBEREANT 59 K& 175 R\ CT )
2 BRI 875 10% 81,581 65,520 15,345 254,182
3 ERRRAUNT 62 R CT RART 8% 89,415 83,275 26,513 158,007
875 7t
fEBEREANT 62 KE 175 K. CT 3
4 FAKT 875 J6; BAEREREUNT 175 24% 130,571 121,903 33,405 259,040
RE 561 K. CT HH/NT 875 ¢
R REAT 175 RE 561 K. CT .
6 BFLT 875 15% 192,835 172,879 63,405 402,848
7 HEBRECRT s61 K. CT ST 28% 234,987 197,029 82,004 478,134
4925 7C
g FERRRICRT :962159; CT AT 4% 375,548 325,399 160,242 795,682
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BN p < 2e-16 << 0.001, HAEEZ AT 0.001 FaLLAN: X )\ EfA(rearrangeSprePay bc)

B2 FHIX MR R (rearrange$Spay) SR 1t A2 25 A [E] )

PR 8 SRR, FTLIS R 28 DER(W (H S PAH), HEURATRL, BRES 4 41555 5 AAREIN

Nt EAF RSN, oAt 27 NHE Z R HR B E AR .

HORTE K-W RS 8, UK SR 4 555 5 HE)F, mE[RBMHELINE 7.

E&WE

RIEKZZR EEROGHNZGIE , 28 MR ORI £ 4:(2018A03031)

SE

(1]
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