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Abstract

This article will use the patient data of the American cancer database SEER to analyze the clinico-
pathological data of patients with intrahepatic cholangiocarcinoma (ICC) based on three predic-
tion models to complete the prediction of survival time and survival status. First, variables such as
age, gender, race, T stage, N stage, and M stage were selected to describe the survival curve. The
variables and coefficients of the Cox hazards regression model were determined through univa-
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riate analysis and multivariate analysis, and the Cox prediction model was constructed. Then, the
modeling of the machine learning algorithm is completed. The first is the model established by the
gradient boosting method. A total of 12 variables are selected and the 5 most important indepen-
dent variables are selected to complete the prediction. Then there is the application of BP neural
network model, which excludes unimportant categorical variables such as race, and adds va-
riables that have a more obvious impact on the prognosis of ICC into the model. Corresponding
conclusions are drawn by comparing the fitting effects of the three models. Finally, reasonable
suggestions are put forward based on the above research results.
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1. 5|8

TEABRVE I, i DA — B LE 2R 5 R W T i, ARt 57 T A= 2 2 [ B g RE F ST LA
(IARC) K AT 2020 4= BRI A0 185 0 73 A o Hh it s 00 A 26 AE A 3R B /N, T BB T 2 U i
B RETEREHBRENS KR, AR ZZAGE/ NI AR . H 057 0 51 1)
KA FRNEER 100,000 4 B4 9.5 Fl. FET-FHRANRFESR 100,000 42 B % 6.6 Ao

JHHse 2 A Bk T I 2 S M () o e e o bl TR SR A A M . PR 4E AR (R PR AN S5, BTLA
FOS e o] DAAE 73 9 0F LR 1] B PIM . —Fo@ RIE T A R4 e, 5 %) 80%LA b 5—4
Al A SRR T FE S 0 1) P P E A 2 P e (TR R A R i PHIE ), (5 31 10%~15%. 3 30 4EAF N IR )
(ICC)M AR ZeAE At TG ) 200 & Bt . N IEE R R IE , W2 R B4 s . 48im
ML, RAMEBLEMFINEAER, KEom AR IET AT, =G 808)7 k. SFEas
FIRF IR ER A, FFUIBRIATY O3S 2 5. AR, BMEITHIAMEDIRRA, FFWIEE A G 558
W B RAEERE, ARG 5 FERIREGF RN 25%~40%, TG IT 2 T 40 2]

T SRUL, 2 W AR Y Bt R AR N AR B, B TIRIT TR, IR AR I KA IR
MsZmd . —okUt, S E R B TG I SRR g R B, Tt S e ML (A RN — M B . Wite
O HUE G R IIAFRRAL, WHZBY B DX sl A . IR B R R B, — /N ATERR 2 T
H S F RGNS UK . ST AT IEE S, 43.9% L 33 o HR iz Wit k. 1 m BR AL AT P B &9 1
SEMIXTAEIERN 36.1%. X A E A Bl AR R T o

B B E AR ML, A MG i H B A 7. HETIF ISR G775k R a8 FAR
BIT M. WRkEYT . HUHRIT . EITVE SRR GaEST VR3], AR N IR IR BN [
BITINERR BN 38 T B I B R RE, P LG ] 3 38 5 408 ATV AR U R R

MAFETT B P AL RERERY B I R DA K (S RIS A AT R A O B
BT FIRNEY, ASCIEELT 2538 5>k E T SEER 4 & Hh i i 9 I B3 5 BT AR it AL, 3@
To 3 S PSS 2R e T AR AN [ R 15 S5 A JE R RS AR A I TR R AR AR A AT T
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2. HBBS
2.1. #IEKIE

ARSI B HE & ok B T SEER B 38 [H [F S50 hE BF 70 5T MR DU, R AT R 2E R B & 4 R R
(https://seer.cancer.gov), XEHEE R EALE T NG THEEE . BN NRIRGE S MM BT r
UL EAPIRE S . ATl SEER*Stat FPFRIREUAH G BT R 4B 518, 76 R RAE I (Case Listing
Session) #2005 44 2014 RN W I BTA A E R, it 2538 BEEEE . H, E5gl
NEFERIARHEM R : 1) BEFSEMLE 2005 4EE 2014 4E 2 8] 2) ARHE FE BRI 4 2898 24 L4 A8 = i
(ICD-0-3) i K ALIE R AR 3) Bt FUESE 5 R YEIF IR E ;s 4) AICC B T 43 A T1 2] TX; 5)
KT 20 B0 AR CHIEPIN AR EATE: WA, Bk, Fik . EEEERASZ 02 (AJCC) T, N,
M 3L ORI X A A . VIRR IR 45 5 5 RS E . B R AE . IR A
AEAERF A, AR
2.2. BIEHEASMALE

ASC—HREC T 14 MR g, HA AR AR ARRES VRN AR ORI 5, 5340 12 MEEEN
HA R, R ERFARETHHANGERRESE. BT FROERBIEERM N 5 F—ANHEL &t
WG EE i, Ko B 4ERAE 50 B LA L, 70 B UL BRI EE B S 2, FREER N 3 A
Bt: 2049 %, 50~69 %, 70 Z UL b BAAREGIWE 1 PR,

Table 1. Variable description and assignment representation

# 1. TERPRBERT

e A W A e I T TR AE
EA 20~49 years; 50~69 years;
Xl i Age 70+ years
X2 4 ) Sex Male; Female
N White; Black;
X3 T Race Other
TO; T1; T2;
X4 T 5-#A AJCC.T T3; T4; T5;
X
N NO; NI;
X5 N 43 AJCC.N NX
MO; M1;
e ; ;
X6 M 41 AJCC.M MX
X7 X 3ol bk B2 5 4 Regional nodes positive PAgic
X8 I8 1A b B 45 B Regional nodes examined HH.
X9 e E CS lymph nodes A
X10 BAREREEH CS mets at dx i
X11 e s K Total number of patient #E
X12 Ui NN CS tumor size il

FEREPRACYE W R A AR — e B B, B IR R AR AL 2 1A &, UL At K - 42 B
FOBIHN, W T EREERAD KR, WEZEMEREIZHE AR ER. 95h, W TEFLS R,
RIETT =2, AE =1. N TIRBAUEE, KEIEE 70%R1 7 g4, 30% M4,
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2.3. HRBIESE

Cox BALAFR LA RS [V AL, DAA A7 25 Jm R A A7 I T R AR &, 8w [ 23 A 2 AN DR R AR A7
I TR RIS, 0 BT A 8 28 235 B SRR IO TR AN ZR BRI 0 A 8 o B BRATTPRE HEAT 5268 T P9 A
TETUR I Z IR T, FTELZ ek ] Cox B — AR IE#E .

HL b, HATALE Cox B B2 2 MM T A, REGAHNRCER, HEEETHEIADE
REIIT HORI AR, HLEs I OAm LB KR . 5 BT822, AMRBEER . 65
WA, JFAE 2 Ahilm RIS B EORE S . (R T 2 AL a8 24 3] SOE 0 P iR 45 M IF AN BT
FE ] AR 7 T I8 72 TR 48 A [l AR RV LR B 0 Cox BERY,  PRIHL &2 21 TR I A 5 T 1l AR =
Mg G2, BEAMWMMH T . BERTIIGBM) L > b i - RIS, 1250305 R E i )
RFMEETIRR, BRI RRE. Bk, ASCRAEMEH] Cox BEMIKIEA L, 5ot B FEAR T LR
R, B X LU RIROR, D9 DUAL T A REVE i TR VR AL 3R BT B s SR T

RIS, FATER N d T HLE 2 S AR TR REVE 32 255k, i AR SCEE I H T AR 1k vt (A 6 BE SR T
HURI I A2 7 N7 55— AR AN R AOBL &% 2 ST R BAXS L, BRIV B-P A 28 R 28 A50R

3. IRBTUMGERSGIES Hr

A B B R N B AT A AE i, AR Cox LA XIS [m] Y- A58 7R A o0 1 B ity
AL AR 5 2] DTV R SRR B AR TH L LR A 22 I 2 A AR i N 8 A A B 8] A A A7 DR S AT T
[ IS 4387 77 AN ) B 30 HL A A7 R R 5

3.1. Cox EEBIX R [B] Y458

3.1.1. K-M % 5hhk

1) ANE ) B A= AR AR

AR 6 e AR AR B 2 2RI (p < 0.05), T 1. A LLE H b e AR AE R Ak
FRETHEMER, XN UEATE AR . TEAAFR DT 5 AN H S AR AR — R RO )
ZERAHER, RSN 120 MARENBAREZR T . BYERAER R AECh 5 4
H, WAL R A 50 6 N H, IX B 55 1~ 35 AR A7 i () 240 T otk

Strata Sex=Female ~+° Sex=Male

Survival probability

B T sttt g

0 40 80 120 160
Time

Number at risk

Strata

Sex=Male{ 1274 133 48 14 3

0 40 80 120 160

Time

Figure 1. K-M survival curves of different genders
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2) [AIFIR A A A RS AR

5 T 3 FE 43 9 R R RN DL AR R . BB 2 IAEAR IR T U H A F A A A7 R 2
B T R AR AR A R, IR AEAEAFIN (A 7E 0 28 60 AN H XA A i o (B[R]t S VR B 5y — 4%
Semtie, BARER R R, (2 B NHOZ T & T B A AR A AR, AT, AR
RORHOR AR AR 4 £, XBEREAMMRILGIAETRR. 550 AN S KR 2k

E L LN A RN 51 S U RN

Strata Race=Black -#- Race=Other =4~ Race=White
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Figure 2. K-M survival curves of different races
E 2. TEMER K-M £ 7%
3) [FIAERE I A AR AE
X FA RIS B ) 8, anlE] 3, AR SORE A B /N R

3B 20~49 %, 50~69 %5,

70 S UL E. QR BRI, WA 3 DMFERBI A BEREORA, B RaERNNBIR, AR
IR AR RIICRE N, HRAEAFIN W A 807 T, 24 N A RIS RT3, 08 3 A
HEA, ERTFERANBUERI. HEZFENNEFBRE 60 NHFHEAN 0.
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0754
2
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o
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& 050 e
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5 S
@ Py

0.25 I ]

ip & 0001 ...
C T T e SR A
0.001 0 I il i b o g o — e S DR
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Time
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E]
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A Age=70+years{ 1180 79 b 5 °
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Figure 3. K-M survival curves of different ages
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4) [A T 70 B A AR

TNM 7M1 & G2 H i br Esoni@ R e o R S, o i R F A7 Bk e 7 I AR T i
K 4 il T TO 7R B E Bl DA THIE, HRAFREEIZ T 2R EE, K02 T2 2. T3
S T4 A R s RIS, X5 H R o M S B R . T3 51, TX 23 1 =5 R 15 DR A1
HAAFFGR AR, BRI BE Ul WL R R B A ™ B DL RT3 T At T 08

T=T0 == T=T2 ‘4 T=T4
Strata
~: T=T1 ~+- T=T3 T=TX

1.00 1

0.75 4

Survival probability

‘I\_
T, o b e
% S L ST TR IRl 1x - - 3, 3~ SRt U
W e ke PR S o e e s sk s s g e -
-------- T LT NG Ty P T T T L D i e s e

g AN
0.00 = =+ -+
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Time
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>
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Figure 4. K-M survival curves of different T stages

4. TG T 7 EAH K-M £ 77ihzk

5) [Al N 7 AR AE AR

AU B B R N AR AR A 3 R, nfE] 5, Hor NO R DXtk T 45 4 7% 11 5 3%
BT LB BB B AT NO 2r B B AR AR R eI, T N 3 I B8 A A7 28 55 NO 23 T B KR
B, 1E 40 N H AR IEAS 0o NX RN KR E S R ARG, B T 230 —F, AR T
TN BIRAS o U0 B AR AR OL T Bk L A R R RS R B ZE 1 .

6) [Fl M 43 B A AFRHAE

M RN R T A R IS L, 14 6 MO A AR R RIm b5 78, R g W, HAEFHEERE RS
TAETHAR AR B, M1 RGN A T L R, AW T, 56T MX 4
JUTRP A Sz v e R I UL R R AR AR B R, 7 40 AN AR HAE TS R B R AL 100%.

3.1.2. BERSZERSH

AT AR AT R RN B R R, R E S A &R BAAR, b IX B RN
DRARRIAT T, HOFAR XIS SR VIBRAGIR 45 S B HUE AT N Cox XSS i #ay s
o A A PRI AR B U AR A IS TRL AN AR AR
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Figure 5. K-M survival curves of different N stages

& 5. A[E N 77Hi89 K-M £ 57k
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Figure 6. K-M survival curves of different M stages

& 6. I[E M 57EAR K-M £ 7k

MR 2 T DUE H, AR ML . N 2 M 2 DL R g el 6 AN s id g
TREWRLR, AT oMt pra 2 S il RE R (p > 0.05). HAMSFERZRE, 15 HERE
K, OB R, Jf AR RRE K, KT 70 212 ASE TR L 20~49 & 45 N
T A IE(HR = 2.099). Y5177 1 5 ARl 92 G4 PEFE T KUR K, 2 22 S AR5 5 ) S o % T o ok 3 »
EURR N SRR T XU B 2 /N F- B AN DA FLAb Rl e, X BB R N TG RS AF (. T 3 3T o fi
RN HET AR Z [N A BRI R, XS5 AT IR E R IR R A O, EEARSTR AL, N 4
HAAN M 23 B A ST IR R 1045 5., oAb F N1 2 A BB A0 T KUK & NO 43 B 5 1 1.37 f%(HR =
1.37), AT NX 23 B2 NO 51 1.95 f5(HR = 1.95). X M i =, 4F M1 MX 233
) g3 B BE T RS e MO BB 35 1T 5 38 ik 2 5 AE A
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fFEZRER IR, SRERM AR REPEAR L BT T 2MAEd B2 s, K
A | R R . BMORE, SERSEORIET XS, F BN RIS BT KU B
St XFLEER R, SET XS ST o 1 R, ot 2 AR B A JET XU A8 DR 3 AT AN IR L 1) T B

Table 2. Univariate and multivariate analysis tables

F2. BERSZERESNER

BRI EAS i
HR p {8 HR pfE
Ga
20~49 2% Z%
50~69 1.409 <0.01 1.4925 <0.01
>70 2.099 <0.01 2.3832 <0.01
sl
Ltk 5% Bk
Ttk 1.089 0.0376 1.1066 0.0139
e
LU Sk Bk
BFA 0.8295 0.0285 0.6991 <0.01
Fopth 0.8284 0.0455 0.7347 <0.01
T 73
TO Sk Z%
Tl 0.7373 0.498 0.9330 0.88
T2 0.7986 0.619 1.0884 0.85
T3 1.1086 0.819 1.3309 0.53
T4 1.1779 0.717 1.3244 0.53
X 1.6258 0.279 1.5082 0.36
N 73 #
NO % =
N1 1.3785 <0.01 1.1806 <0.01
NX 1.9537 <0.01 1.2614 <0.01
M 733
MO 2% 2%
Ml 1.9695 <0.01 1.6413 <0.01
MX 2.1809 <0.01 1.4156 <0.01
Ji e 5 0.8413 <0.01 0.8071 <0.01

3.1.3. TR A4

R 2 R 22 0 M AT LASE oxt Cox FRINASR AL ARl K A 3 300 28 PEAGL 36 (K AR BB T 0 A2 B A8 e
(p > 0.05), ARy Al 6. F. N2 M 3 DR SRR sl vk o S . W A

LU
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~0.21X, —0.07X,, +0.08X,, +0.28X,; +0.28X,, +0.41.X
h(t|X) = hy ()exp{+0.16.X,, +0.23X, +0.49X,, +0.34X,, —0.30.X, —0.35X,,
+0.40.X,, +0.86.X, +0.10X,

Horh X, FOREURBEEME R S8 X, F0R T 2 T BG X Rox N 2 I B X, Rov M

AR BL, X R, X B, X, Rt i S k.

Table 3. Significance test table

T RRBEA, 0 AT B AR, B AR IR A R TR 3. W DR B = AR 367 U p
EHARIZAR T 0.05, KU HIHALEN 78 EK, mHERBANERA, RoRIX 6 MERREWHN &
TR T PR A e R A A I 1) A AR 2 5 BT

F 3. BEMEER

K77

Likelihood ratio test

Wald test

Score (logrank) test

RIiME

587.5
575.1
594.6

p i
p<2e-16
p<2e-16
p<2e-16

IR E 6 N H, 70%LA LRI NAEFER A E 18 N, 90%HI NAEFZER B 2 36 1~ H .

PRI T LR IRAT AT ASE AN 2 B 2l ol T R AR AF I TR PR, JRATT A R T R e AT
T RIEAN I ] R 2 5 BB, TR AR SCSE R T B S WA 6 ML 18 N AM 36 A MIAAFRER
FROTEIN o T LA A7 AR AR N TR 2 3 T AR R SC R Bl A A7 I R A R FE Y, e A 50% DA B N AEAF

Points

totaltumors

Race

Age

Total Points

Linear Predictor

6 months survival

18 months survival

36 months survival

30
L

90 100
f '
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Other
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60

r
30
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T T
60 80

T 1
220 240

1
15

0.9 0.85

0.7 0.65 0.6 0.550.50.450.40.350.30.250.20.15 0.1  0.05

Figure 7. Patient survival prediction nomogram
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7 ST BE A FEFES B RN A AR A7) [ A AR, BN B AR B
LR —AT I BB, B — AN T AR B A X RL 73 3, SR W A 0 A & 1 4 B N, AR 53
HOrT LA BN A [F AR AE B R . 280 . — A 60 BB, R EF A, AT N1 43
M1 3, —3h 5 AW, A aE0N: 30+0+0+ 10 + 30 + 55 =125 4, B4R LLEEIL 6 4
HIAEFAER 0.65, 18 NMHIMAEMEHZEN 0.4, 36 N HMAEMFEMEA 0.25.

3.1.4. TRMARE B8 IE

1) ROC #h£k

Pl 8 A 2 A 19 TR 43 i) vk T A R 56 TN SREE RN TN AE ) ROC 2R P . YIZR4ERT ROC iy 28 & %
N6 N H 18 NMH L 36 N AUC N 0.447. 0.458. 0.458, Tl N 6 M. 18 MH . 36 MH
AUC M 0.363. 0.274. 0.274, FERTRIGCR 2 TINS5 . P ARG, I ZR8E 5 R g 28 ] B 1
DR, BT e 2 .

Time dependent ROC Time dependent ROC
2 =
2 y =
7 7
/
. /
2 . “ |
/ ©

© Vi 2 |
2 ° o &
£ z
4 < A < i /T

O‘ =]

o .
L - ’ - < AUC of 6-months os = 0363
o = AU o ot os = Baas o /= AUCAF 15-months o5 = 0.274
s o = AUC of 36-months os = 0.458 S e ~ AUC of 36-months os = 0.274
7 g ’
" - J— it — — o y -
2 o =
T ‘ ‘ T ‘ T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

1-Specificity 1-Specificity

Figure 8. Cox training set and test set patient ROC curve

[# 8. Cox W& 5K 8% ROC HhZE

2) Rk 2k

K 9~11 Zp ik i) 2 B AR A TR 030008 6 S H L 18 AN 36 AN H IR HE 48] LEA] R i 2
B 6 A RIRHE 2 FIBORFEE WSS T XML, TIMABCRAEE, BARTIN &5 s Ak, (H2H
AR BRIRIRRZ o XT3 18 DA IIRHEZmT LI 2, T A AF ME SR A I &, (E TN 1A
LA IR o AR B 36 S RORCHE 2R IR], AR TR 2 i e

£ LRI UAE Y AN VR A A T A 2 A A N ROR A A 2 K, RO KRIIINACR B LR IEd R %,
B A LE R — Bt 25 RE BIA AR IE BRI A K, IF BABIRIEBOR, Ja AR OO 38 2547 36 A
S TRLEAT KT TN

3.2. BRERFHER

3.2.1. GBM ##&#51E 5184F
AT TR B (R 2 AR R 5 R AT AR T, 3% 12 MR R R EEAFIEGN N GBM 7
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M. IR IS AR, GBM R 5 AN E BRI ke FAECEME MRS .« HRER
N XA R DIRRM At B (5 12).
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Figure 9. 6-month calibration curve graph for the patient

E 9. BFE o MAMBIERLE

o ||||||||||||||'|| T T T T T
% _]
(=}
8 «© //{
Y
s /
B < | -
K S { -
o I EII
3 | B
1314
o i
2
T T T T T T
0.0 0.2 04 0.6 0.8 1.0
1=2537 d=2400 p=15, 200 subjects per group 2% EI TR K118 OS X - resampling optimism added, B=500
Gray: ideal Based on observed-predicted

Figure 10. 18-month calibration curve graph for the patient

10. B3 18 MARIRIERLE

BT AR A AR AL T R W] A B SR IR AR, 1A 13 AT LR IS AR5 839 Uk, A
RIUAFAH PRI, RS REN 839.

3.2.2. GBM 1&&EM

14 Fe 45 B o3 2 os JE B AEAT 36 N H I8 DA SRR AL Tl ROC 2R 1 o I 204 s 7Y
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Figure 11. 36-month calibration curve graph for the patient
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Figure 13. Iteration number error plot
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Figure 14. GBM training set and test set patient ROC curve
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Figure 15. A neural network model for predicting patient survival at 36 months
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Figure 16. Neural network training set and test set patient ROC curve
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