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Abstract

This article mainly analyzes the cecum cancer data from the US cancer database SEER. Firstly, the
independent prognostic factors of cecum cancer were preliminarily screened by the Random sur-
vival forest, and the variables screened out were: AJCC Stage, Tumor Size, Age, Marital status,
Grade, Chemotherapy status, Race, and Radiotherapy status. Then, the multi-factor Cox propor-
tional risk regression model and the multi-factor competitive risk model were established by the
filtered variables. The results showed that in the Cox proportional risk regression model, chemo-
therapy treatment, marriage, and tumor diameter size of more than 1 cm were the protective fac-
tors for survival and prognosis of patients with cecum cancer, and patients with age greater than
65 years old, radiotherapy treatment, AJCC stage was greater than I, Grade was higher than grade I,
and marital status was other factors as risk factors. In the competitive risk model, chemotherapy
therapy and tumor diameter size of more than 1 cm were the protective factors for survival prog-
nosis in patients with cecum cancer, and patients older than 65 years old, AJCC stage greater than I,
Grade higher than grade I, and radiotherapy therapy were all risk factors. In the comparison of
models, the competitive risk model is superior, and in the survival analysis of the existence of
competitive events, the selection of a prediction model based on competitive risk is not only more
accurate, but also more reasonable.
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A SCHEER T SEER B8 PE (1) 5240 1B e 5 Bl HEAT LA A0 TR IC 2 IB BN 382 ST K
BB AT B BT840 B BIGE T2 R b, B e B B 28 L JL 4 E, A 2631 T BEHLAE A7 AR AR
17 (Random survival forests) % 5 I B [ A= 77 U [ 2 AT W20 3k [ 5], HLUHE TR 158 I 10 R 26 43 1 £
FH Cox L1 XS B2 [ 610155 46 X\ A 281 7368 5 e B35 11 A7 U AT O 5
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AN AHIOA RN 0 A, BRI RIS | fix. FERAEER ARG R, R
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Table 1. Variable descriptions and assignment representations

# 1. TERPRRERT

AR P A EIR{E
ke Age <64-0 >65-1
P51 Sex Male-0 Female-1
.. Race Black-1 White-2
Asian or Pacific Islander-3 Others-4

II. TIA. IIB. IIC. IIE. IIEA.

Iy IE. TEA. IEB-1 IEB. IIES. IIESA. IIESB. IISB-2

INH
AJCC 13 AICCStage 1) B, ImIC. WIE. TIEA. V. VA, VB4
IIIEB. IIIESA-3 X X
BUTIRAS Radiotherapy None-0 Yes-1
WITIRES Chemotherapy None-0 Yes-1
Grade 1-1 Grade 1I-2
HL 2o Grade
Grade III-3 Grade IV-4
Unmarried-1 Married-2
LSRRI Marital status
Others-3
WANERA <lem-1 lem< & AKEA <3 cm-2
i NN Tumor Size
3em< HKEMA <5cm-3 HAKHEME >5cm4
) Alive-0 dead due to Cecum cancer-1
SRR F status

dead of other cause-2

3. {REFMSIES

AR EEH SR BE AL AE AT AR TR, Jf FHALES 2% > H 1) VIMP (variable importance)iZ: T /N BEVE
G550 R e AEAT PR RV R AT WP L, SRJ5 40 R Cox EE A XU A2 R 55 5 IR IS A5 R o] 2 e

==

B W 1 U ) R 2 AT 20 B E
3.1. PEHLEFRNEER

PR ZIN M 9 AN AR B BELAEAF AR MY, 36 2 R HZ A R AR U R ATl 4 2R
SRRV R 500 > ZTu EAF, T B RN AEAF R 15 A2 5 o, BURAE DI ZRAE B RIER N 27.1%,
T AE TS L AR 0N 27.8%, MERAIIZREM Z AR, ROREUSS -

Table 2. Random forest model training set and test set comparison

5% 2. BENLZRMARR) 2R & RN ExT L

s AR
Sample size (FEAR ) 1275 1276
Number of deaths (/%) 659 696
Number of trees (B [ %) 500 500
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Continued
Forest terminal node size (7 5. K/1N) 15 15
Average no. of terminal nodes (£ % 7 £ 53.548 54.062
No. of variables tried at each split (mtry) 3 3
Total no. of variables (3 &£ %{) 9 9
Resampling used to grow trees (EEJHIFE 777%) swor swor
Resample size used to grow trees (ALK E) 806 806
Analysis RSF RSF
Family surv surv
Splitting rule logrank*random* logrank*random*
Number of random split points (FEHL7> % & %0 10 10
(OOB) CRPS 0.16697752 0.16599417
(OOB) Requested performance error (T4 % %) 0.27111016 0.2782446

B 1T R BENLAEAT AR AR AR a0 A A7 A0 R SO S AR R U R R NS R I, B AR AP EE
RIsEn, JLFIAE DR PR AP RIS — e e e, PNAE R it ke T A2(27.1%) - kA
PRI A AT AR R (R R A0

BEHLA: A7 AR M TRY TT DU AR ) T B R EAT HEAS DRI A 2R Xt 5 0 5 i e A A7 T TR R AT
VP, 2 Fom VIMP R NAREM S & s . Horr, 6K VIMP BKT 0, 4t
AR VIMP E/hTF 0: EXFALLL LSRR VIMP HE4 B m, XA DR 1 s s e/ NR VR HE
Y. IR EHEY, R B RAR R, WD T T R e A A7 BUA R AJCC 73 1.
R R N ARG ISTRIRDL . A TR, Rl TBOTIRDBL .

0.279-

0.276-

OOB Error Rate

0.273-

0.270-

0 100 200 300 400 500
Number of Trees
Figure 1. Models with different numbers of survival trees predict error rates
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Figure 2. The VIMP method and the minimum depth method combined variable selection
B 2. VIMP JEFIR /R EG S R EIFiE

3.2. Cox LL M PEAREY

3.2.1. K-M % 5hk

AN R T HLAS 2 2] O R IR SR AR R Cox LU AR ABEZY o [4] 3~6 43 T3l AN [ AR 1% |
Pl AJCC 431 AIPIRGL. BOTIRBGLH K-M A7k, JEA TSR, mTimmmms, soh R
HET 4 NMEREAEG L. BT MR RS BT ERRR, He 7 AR EERET TSRS .
Wi 3, FRKT 65 & M B B MR LR THER/NT 65 ZHEH; K5 H, AICC 7N IV
M AE AR B L e AR P RAR N 2, EAEAERT A 15 AR, MRS E] 50%; EAEREM
SelE 6 EBEBOTIRYT R E EIGE R UT IR IT B FH AR RIR 2, FUNEUT IR R E IR,
R E Wi 1 B0 ™ 5 ) R 3 2 BT TR YT, BRI AR R AR T AN 0T 1R T I B

3.2.2. &F Cox LLBIRBEEB MNP RS ZER T

T B o TR B W B AR AR TS e R . K 3 A Cox HUBI XS AL AR R 5 2 3=
SR, BRRMZHESITE REA . ERER SRS, WA RS R p HKT 0.05,
XU B X AR B X TAE A TG I & ARSI TG 3R . ke AJCC 20, U7 IRGL. (iR, 4
SUE G IR R/ . WS IRAR IR S B AR B0 T R AL, IR LeH R E Wi AR A TS ST R T
JERE . Hrp, SHFAEROREL, HR BN 1.72, FoRBEAMEEANTHEL T, FRAKT 65 %
IO B R FR /N T 65 % B 1.72 .

ELEEMNTET, M R p BT 0.05, X% BN TS 5 A LML 0TS
. ARG MR/ GS ARG IX S B RS HEd | B A s . o, X TRk, HR
faRitt oy 2.02, FoRAEHAM AL EALKIEL T, FiKT 65 & BHEIT KT NTER/NT 65 & E#H
) 2.04 5.
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Figure

3. K-M survival curves for different Age

E 3. TRIFE#E K-M £ 7%k
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Survival probability

0.25

0.00

Race=1
£ Race=2

r:/:) Race=3

Strata ~+~ Race=1 =+

Race=2 =+ Race=3 + Race=4

p=0.11
0 30 60 90 120
Time
Number at risk
308 189 117 44 0
2069 1387 903 411 0
155 106 69 35 0
19 15 10 7 0
0 30 60 90 120
Time

Figure 4. K-M survival curves for different Race
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Strata =+~ AJCC.Stage=1 ~+ AJCC.Stage=2 =+ AJCC.Stage=3 =~ AJCC.Stage=4
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Time
Number at risk
AJCC Stage—1 571 485 337 152 0
£ AJCCStage-2 699 549 385 178 0
A 231 818 551 343 153 0
AJCCSuge41 463 112 34 14 0
0 30 60 90 120
Time

Figure 5. K-M survival curves for different AJCC stage
5. RN[E AJCC 53R K-M & frihzk

Strata =+~ Radiotherapy.status=0 =& Radiotherapy.status—1
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Figure 6. K-M survival curves for different Radiotherapy conditions
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Table 3. Single-factor and multivariate analysis table for Cox proportional risk models

= 3. Cox EEIRER B B A RS SRR NTER

LS/ ZHEEST
HR (95% CI) pfa HR (95% CT) pfa
G
<64 5% Bk
>65 1.72 (1.44~2.05) <0.001 2.02 (1.67~2.45) <0.001
LR
YN 5% 5%
SFEUN 1.07 (0.84~1.37) 0.596 1.00 (0.78~1.28) 0.992
RIMIERZ N N ST 0.86 (0.58~1.29) 0.469 0.80 (0.53~1.21) 0.293
HoAh 0.97 (0.42~2.24) 0.947 1.21 (0.52~2.79) 0.659
AJCC 43
I % 5%
I 1.39 (1.07~1.8) 0.013 1.27 (0.97~1.65) 0.083
11 1.91 (1.49~2.46) <0.001 2.62 (2.00~3.44) <0.001
v 7.14 (5.54~9.2) <0.001 10.77 (8.00~14.49) <0.001
LRI INITA
None e =3 Sk
Yes 1.21 (1.03~1.41) 0.019 0.50 (0.41~0.61) <0.001
T IR
None e =3 Sk
Yes 1.97 (1.21~3.18) 0.006 2.03 (1.23~3.33) 0.005
WL
I 5% Z%
I 1.45 (1.06~1.98) 0.021 1.52 (1.11~2.10) 0.01
11 2.46 (1.76~3.44) <0.001 2.33 (1.64~3.29) <0.001
v 2.01 (1.32~3.05) 0.001 1.35 (0.87~2.09) 0.174
U HRIR
EN Z% Z%
CLas 0.78 (0.65~0.94) 0.007 0.76 (0.63~0.91) 0.003
HAth 1.24 (1.01~1.54) 0.044 1.14 (0.91~1.42) 0.243
IR NAN
wRKER <1cm e =3 Sk
lem< B KERE <3cm 0.26 (0.2~0.33) <0.001 0.46 (0.35~0.62) <0.001
3em< AHMA <S5cm 0.31 (0.08~1.26) 0.101 0.25 (0.06~1.04) 0.057
KEAE >5cm 0.57 (0.29~1.11) 0.098 0.84 (0.42~1.65) 0.607

3.2.3. MR RAOHE

1) B A RS AR A 56
FEAS P Cox EU A RS [ VA FRY IS, AR R A7 8 — A RT3 B ise BV v 1) 5 Bl A2 B 2 TRV ANAF A2 28 HAE I (PH
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fRE) [8] e AT 32 R I 1] A8 58 1Y) Cox MR R R IR PR AT HEAT KL 06 o KO0 25 2R 20K 4 Pows,
AHEF H, FrA RSN p (EHEE T BZH KT, XU R A2 T R R B A E) 5 B
A MAFERBAR M, 2 TR AT .

Table 4. PH test results
F 4. PH IGLER

A HE RI71E H B pfH
U 3.4786 1 0.062
HRZ R 5.4346 3 0.143
i3 2K /N 4.5565 2 0.207
AJCC 41 6.6713 3 0.083
IR 4.1636 1 0.091
TR 2.4859 1 0.115
TS URR L 0.0598 2 0.971
GLOBAL 32.2471 13 0.071

2) Cox L 45 JRURS: [ VA5 fry 2 37

TR IZAEN o PR Hh R A A8 B b RAEF IR S R AT L 5.

Table 5. Table of Cox proportional risk regression covariate coefficients

= 5. Cox LEBIXRE BT E R =

AE A z G & pfa
FERE > 65 (Xp0) 0.70741 7.19 <0.01
AJCCII (X,,) 0.23703 1.75 0.08012
AJCC 1II (X,3) 0.96264 6.975 <0.01
AJCC 1V (Xa4) 2.37689 15.702 <0.01
WIT (Xs2) -0.6895 —6.864 <0.01
T (X42) 0.70771 2.796 <0.01
LTI Fi(Xsy) 0.41204 2.532 <0.01
Y422 11T 44(Xs3) 0.82859 4.688 <0.01
P2 IV F(Xsy) 0.29918 1.346 0.1784
B8 (Xe) -0.28185 -3.032 <0.01
TSR DL HAh (X 63) 0.13101 1.16 0.24599
lem< W ER <3cm(X5,) —0.76409 —5.219 <0.01
MR EZ > 5 cm (Xo3) -0.22531 —0.652 0.51453

M 5 AT LUE MR AN R i LU0, MR/ AJCC 43 WS URIR L
BUTARGL IR B 2T 58 PR A
h(t] X)) =hy (¢)exp{0.71X,, +0.96 X, +2.37X,, —0.69.X;, +0.70X,,
+0.41X, +0.82X,, —0.28X,, —0.76.X,}
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Hr, REPOVIERRIZAFNGER R E; REOVRRRRSRIR. 122 R S AR, e
JTIRIT U MUBEARRNE 1 em UERCVE B & LA TUR RIEIER, FRKT 65 8 5%,
BUTIRIT« AICC 7R T I HA2ER & T — R ISRV ER R R AV R . RyE &,
B IR BT IRYT R E B Y, AR R ™ L R TR )T, HACRAME

3) REVERL

ST T IAT BE R, BRREREUIRTT R 6. = E TS p (Hizz/h T 0.05,
K], Bk Cox ZNFREIAMALEN B Z R, HALLDARMCRAMEIF L AA &R, RN 74
AR BRI 1) 220 1 2B A7 R U AR L

Table 6. Significance test table
o BEMWER

K677 RE H p1a
Likelihood ratio test 496.1 13 p<2e-16

Wald test 549.6 13 p<2e-16
Score (logrank) test 646.7 13 p<2e-16

3.3. EENEER

3.3.1. Nelson-Aalen R+ R 2k

5 Cox B RABBAUA R )2, 25 58 1) 3 30 USSR TF A 1 R AE AR S g Bl HOX BAE
FlIE I T EARRAN G R RFUR AR R R A(CIF) 2 RFRAE A7 M 26, JF(EH Fine-Gray’s K56 5K H A A AR &
(2L I 2 T P RV BR B TR AFE L 22 R . SO T BEALAE A7 AR MRS 2B 0 12t 1 8 /AR B 2 1) R A
AL, mTRIERY, ASCHEAT 4 MR RBAEGZMZ, K 7~10 25K FES. k.
AICC 7. IR B SR TR R A B b AN R 28 51 B e B SR T R AR 26, T R 2R 3R oR )
AT - FA R AR fln: K 7 EFRRE Y, FRKT 65 ZMEXEMNILT B R KERE
T T e TR AR, F/NT 65 B MEBEIET B Wi K AR MIT TS f F TR A%,

SRR AR S, il (p < 0.01) FlE(p = 0.2)  HZZE 5 Zi(p < 0.01) IR K /IMp < 0.01).
AJCC 73 3H(p < 0.01) ZEUWHARIL(p < 0.01) AITARBL(p < 0.01) BT IRIL(p <0.01), Hrfx 7 Mgk A dE
R A, HRTREAET T REMARR, R AR AR BB R AR .

332 ETRFARRENBERESEARIH

N S AE T RE T e R A A T S R 3R DK B AT Cox A XS RS20 1 52 FR) 5 e 6 3 A 77
TGS 2R, AN B HI ST R N E Wi 10 58 5 KU AR R AT AR 0 A BRI S 2 R B
R

R T ONEET G N R R 52 IR TR ERBEERTRT, Mk, SRR p
EXIRT 0.05, XUtHIIR LA RN TAFTUA T 5 ARMILK TSR Fik. AICC 2], BUT IR
WIPRGL S HEE % iR R /NIRRT T BT, Herh, X T EERSRL, HR fEkitey
1.17, Fon W HA W AR IELL T, KT 65 & BE LT IR FNFR /N T 65 & BEHM 1.17 .

TEZ R, M. GSIRRGEN R p (IR T 0.05, XMz & TAFHUGE S Ak
MAZHTUE R ke AJICC 2] BUTIRGL. AITIRBL . A0 %, Mo RN KBOEE T 821k
K. Horb, X THEERY, HR G 1.34, FORUIEHAM R EAZHRER T, FRAT 65 % &
BRI F N ERN T 65 5 &1 1.34 i
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Figure 7. CIF cumulative survival curves at different Age
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Figure 8. CIF cumulative survival curves at different Race
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Figure 9. CIF cumulative survival curves at different AJCC stage

9. I[E AICC 77 HARY CIF EFRNEF Lk
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Figurel0. CIF cumulative survival curves at different Chemotherapy conditions
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Table 7. Competitive risk model univariate and multivariate analysis table

*7. RERRRESRRSZERRN R

BRI EAS i
HR (95% CI) p & HR (95% CT) pfa
ke
<64 5% S
>65 1.17 (1.01~1.34) 0.043 1.34 (1.06~1.70) 0.016
Tl
YN Bk Bk
SFEPN 0.76 (0.57~1.01) 0.061 0.83 (0.62~1.13) 0.239
M PHECER AP 5 IR 0.64 (0.4~1.03) 0.069 0.65 (0.40~1.06) 0.084
FHoAth 0.36 (0.05~2.57) 0.306 0.45 (0.06~3.29) 0.431
AJCC 4
I 5% Sk
i 1.25 (0.72~2.15) 0.425 1.22 (0.71~2.12) 0.468
I 5.88 (3.76~9.2) <0.001 7.03 (4.40~11.24) <0.001
v 25.54 (16.35~39.89) <0.001 33.41 (20.61~54.16) <0.001
LRI INITA
None e =3 e =3
Yes 2.23 (1.82~2.73) <0.001 0.59 (0.47~0.76) <0.001
TR
None e =3 e =3
Yes 2.9 (1.5~5.61) 0.002 3.67 (1.78~7.59) <0.001
HLPZHH
I % Z%
I 1.34 (0.84~2.15) 0.222 1.56 (0.96~2.55) 0.073
11 2.75 (1.7~4.46) <0.001 2.39 (1.44~3.96) 0.001
v 2.55 (1.41~4.61) 0.002 2.94 (1.58~5.45) 0.001
U AR 1L
EN Z% Z%
CLas 0.86 (0.68~1.09) 0.203 0.97 (0.76~1.24) 0.808
HAth 1.01 (0.76~1.35) 0.926 0.97 (0.71~1.33) 0.862
iR pNAN
®KER <lcm e =3 5%
lem< HAKHAE <3com 0.21 (0.15~0.27) <0.001 0.42 (0.31~0.58) <0.001
3em< HAHA <5cm 0.46 (0.06~3.35) 0.446 0.20 (0.03~1.47) 0.114
R KHA >5cm 0.61 (0.28~0.98) 0.033 0.17 (0.07~0.39) <0.001

333, EERRTNEE 0N
I R 2 S E AR, WIUER . ATCC A1, ORI, IR, A4 2

iR RN AN AR By B AR, T PR AR B U AR A I TR M A A7 25 R (DSS), X3 T T T 9 Cox EEAS KUK
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Table 8. Multi-factor competitive risk model coefficient table

%8 ZEERTFREEBAHR

65 X4 z Giit & pfE
g > 65 (X)) 0.2793 2.39 0.0172
LT Z4(Xa0) 0.4193 1.7 0.0388
LA T 2(Xy3) 0.825 3.27 0.0011
A IV (Xas) 1.0507 3.35 0.0008
lem< i KHEAE <3 em (Xa) -0.818 -5.06 <0.0001
3om< HAEMS <5cm (Xs3) -1.598 -1.57 0.1158
RRKEAE >5cm (Xyy) -1.755 —4.13 <0.0001
AJCC I (X4) 0.2017 0.72 0.0468
AJCC III (X43) 1.9514 8.2 <0.0001
AJCC IV (X44) 3.5391 14.46 <0.0001
IT (Xs2) -0.527 -4.49 <0.0001
T (Xe2) 1.2538 3.42 0.0006

FTZL IH VAL 2 AIC S/ NHEN, R 7 5E g KSR, MG 8 shal AR e B 1R R
AR AN, KRR TR ERLE, SN TGRS S 28 E MR . B 5E4
RS

h, (] X) = hy, (t)exp{0.28.X, +0.42.X,, +0.42.X,, +1.05X,, - 0.82.X;, —1.76.X,
+0.2X,, +1.95X, +3.54X,, —0.53X,, +1.25X,}

Hrp, RHOVIERRZBRNER KR REOVNRRRSBER. FIZZREEF SRS, 176
J7+ R ELRR/ME 1 em VLA RONE I & EF UG KRR, FiRT 65 4 #F . AICC 73
KT I ALEEL ST 19 BUTIRITFENERIA R g REARS Cox LIRS .
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4.1. £FEMMFNZE

P11 AN 12 AR Cox HE B USSR RSN 55 4 XU IE R A P OO R 2 — 4 = 4F . AR ZEAF R
FE . ARIEFIZLEI[RTAT LW NIIAE—4F. =4, TER AR BII7E Cox Lo KA R
1T b 3EE ke B ERR T 65 2 MAERTF /808 305 ALV FS0N L2, 15504 35 73[R
KAANT Tem, #5907940 75 AJCC I8 L, 59008 40 705 A BUTIRTT, 13708070, IS
310 g WAWITIRIT, 150709 30, WE 0N 185 3, XM — AR 045, =FAELMR
MO0 BERAFBREEARTY 0. MAETES KSR 12 PEEFRAT 65 B NHERSGCHN 8 H
ZUAPRHON T 4%, 439574 25 45 MR/ /T 1 em, 4349378 50 735 AICC 23105 1L, 195324 55 43
BHBYTIRIT, 329 0 70 BAWITIRIT, 32815, WESN 153 75, X RE—SEEA8F N 0.7
A, AR 0.2, TUAEREABEROY 0.1, PIRBEALAE AR AF MR 0 L R B [ B2 R O 5 4
RS 25 18 (R SR T R DR B 8 e < AN LB TR, i A4 USRS R B AR AR AF R 2L EE Cox L
11 SR A A 7 B o
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Figure 11. Cox proportional hazards model survival nomogram
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Figure 12. Competing risk model survival nomogram
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Figurel3. Cox proportional hazards model training set ROC curve
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Figurel4. Competitive risk model training set ROC curve
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Figure 15. Cox proportional hazards model test set ROC curve
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Figure 16. Competitive risk model test set ROC curve
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