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Abstract; [Purpose | To develop a colorectal cancer (CRC) screening risk score prediction model
and to validate its prediction effectiveness in CRC screening. [Methods | Subjects eligible for the
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study were selected as the derivation cohort from the residents aged 50~69 years old who partici-
pated in the questionnaire survey of Cancer Screening Program in Urban China (CanSPUC) in
Xuzhou from 2014 to 2015. The continuous passive follow-up was conducted for 6.5 years using
the Xuzhou Cancer Management System. Based on CRC as a predictive index and referring to the
construction method of the Asia-Pacific Colorectal Screening score (APCS) model, a localized
model was constructed. y? test was used for univariate analysis of the derivation cohort. Risk fac-
tors with P value <0.2 or present in previous models were incorporated into the multivariate Logis-
tic model for multivariate analysis. The odds ratio (OR) values of risk factors were rounded as risk
factor assignment to build a risk score model for CRC screening. Each individual ’s risk score was
the sum of their risk factor scores. The score range of the model was 0~8 points, subjects with
scores of 0~3 were defined as average risk, and those with scores of 4 or above were defined as
high risk. The data of Xuzhou residents aged 50 to 69 who completed CRC screening from 2015 to
2022 were used for external validation cohort of the local model, and the prediction effectiveness
was compared with the APCS model. [Results] A total of 36 270 eligible subjects were included
in the derivation cohort. After 6.5 years of follow-up, the cumulative incidence of CRC was 0.43%
(157/36 270). The results of multivariate analysis showed that gender and age were the risk factors
for CRC. The incidence of CRC in male was 1.54 times higher than that in female (95%CI:1.06~
2.25, P=0.025); and the incidence of CRC in people aged 60~64 and 65~69 years old was 2.31
times and 1.92 times higher than that in people aged 50~54 years old (95%Cl:1.48~3.62, P<
0.001 and 95%Cl1:1.15~3.21, P=0.013), respectively. The CRC risk scoring model was construct-
ed using gender, age, smoking, body mass index(BMI), family history of CRC in first-degree rel-
atives, and red meat intake. A total of 3 053 eligible subjects were included in the validation co-
hort, and the detection rate of advanced neoplasm was 4.00% (122/3 053). The constructed risk
scoring model and APCS model were used to score the risk of the validation cohort, and the
high risk rates were 55.19%(1 685/3 053) and 49.92%(1 524/3 053), respectively. The detection
rates of advanced neoplasm were 5.52%(93/1 865) and 5.45%(83/1 524), the risk ratio (RR) was
2.60 (95%Cl1:1.73~3.93, P<0.001) and 2.14 (95%CI:1.47~3.10, P<0.001), and the area under
curve(AUC) was 0.61(95%Cl1:0.57~0.65) and 0.59(95%Cl1:0.55~0.64), the sensitivity was 76.23%
(95% C1:67.68% ~83.47%) and 68.03% (95% C1:58.98% ~76.18%), the specificity was 46.67%
(95%Cl1:44.85%~48.50%) and 52.17%(95%Cl1:50.34%~53.99%), respectively. The constructed
local model had higher RR, AUC and sensitivity than APCS model, but lower specificity than
APCS model. The colonoscopy resource load of both models was 18, much lower than that without
using the risk score (25). [Conclusion] The CRC screening risk prediction model constructed in
the study can help determine the risk of CRC in asymptomatic population, and its diagnostic ef-
fect is slightly better than that of the APCS model. Compared with non-use of risk score as primary
screening, it can reduce the load of colonoscopy resources. It can be used as a localized tool to
conduct CRC screening in large populations.
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Table 1 Characteristics of study population[n(%)]

Group
Factor Derivation Validation ¥ p
cohort cohort
(n=36270) (n=3053)
Gender
Male 16144(44.51) 1468 (48.08)

14.54 <0.001

Female 20126(55.49) 1585(51.92) <
Age(years old)

50~54 10395(28.66) 828(27.12)

55~59 9986(27.53) 824(26.99)

33.16 <0.001
60~64 9934(27.39) 778(25.48) <
65~69 5955(16.42) 623(20.41)

Smoking
Present or past 9154(25.24) 1308 (42.84)
Never 27116(74.76) 1745(57.16) 44694 <0.001
Drinking
Present or past 8287(22.85) 1155(37.83)
346.49 <0.001
Never 27983(77.15) 1898(62.17) <
BMI (kg/m?*)
<23 10615(29.27) 1137(37.24)
4 .001
=23 25655(70.73) 1916(62.76) 83.48 <0.00
Family history of CRC in first degree relatives
Yes 671(1.85) 566(18.54)
0.01 <0.001
No 35599(98.15) 2487(81.46) <
Diabetes mellitus
Yes 2833(7.81) 251(8.22)
0.66 0418
No 33437(92.19) 2802(91.78)
Red meat intake
Often 13521(37.28) 1115(36.52)
! 4
Never or seldom 22749(62.72) 1938(63.48) 0.69 0406
Physical exercise
Regular 15988 (44.08) 1128(36.95) 5829 <0.001

Never or seldom

20282(55.92)

1925(63.05)

Notes : BMI:body mass index; CRC: colorectal cancer
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Table 2 Univariate and multivariate analysis of risk factors for
colorectal cancer cumulative incidence in the derivation cohort

Cumulative  Univariate .. .
o . Multivariate analysis
Factor incidence analysis
[n(%)] % P OR(95%CI) P
Gender
Male 89(0.55 1.54(1.06~2.25 0.025
e (0550 947 0002 1% )
Female 68(0.34) 1
Age(years old)
50~54 28(0.27) 1
55~59 36(0.36) 1.34(0.82~2.20) 0.248
17.15 0.001
60~64 62(0.62) 2.31(1.48~3.62) <0.001
65~69 31(0.52) 1.92(1.15~3.21) 0.013
Smoking
Present or past 50(0.55) 1.05(0.68~1.64) 0.812
3.65 0.056
Never 107(0.39) 1
Drinking
Present or past 43(0.52) 0.95(0.61~1.47) 0.813
1.84 0.174
Never 114(0.41) 1
BMI (kg/m?)
2 L
<23 39(0.57) 1.49 0.222 !
=23 118(0.46) 1.18(0.82~1.70) 0.368
Family history of CRC in first degree relatives
Yes 6(0.89) ) . 2.14(0.94~4.88) 0.070
2.59° 0.107
No 151(0.42) 1
Diabetes mellitus
Y 9(0.32 - -
es (032) 95 0331
No 148(0.44) _ _
Red meat intake
Oft 70(0.52 1.30(0.94~1.78 0.109
o (052) 53 60 0.08 ( )
Never or seldom 87(0.38) 1
Physical exercise
Regular 69(0.43) - -
<0.01 0.973
Never or seldom 88(0.43) - -

Notes : BMI:body mass index; CRC:colorectal cancer;* :the correction chi-square cal-

culation was used ; OR ;odds ratio; CI; confidence interval

Table 3 The cumulative incidence of colorectal cancer in different

scoring groups in the derivation cohort

Score N(%) Colorectal _ Cymulative .R.isk ‘
cancer incidence (%) stratification
0 2622(7.26) 6 0.23 Average risk
1 5877(16.27) 13 0.22 Average risk
2 4968(13.76) 17 0.34 Average risk
3 7705(21.34) 31 0.40 Average risk
4 6266(17.35) 29 0.46 High risk
5 4368(12.10) 21 0.48 High risk
6 2990(8.28) 27 0.89 High risk
=7 1317(3.64) 13 0.99 High risk
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(95%C1.50.34%~53.99%)(Table 5), #i#5: A7 RR .
AUC R J5 H 5 T APCS B! 7e4% 3 FKT
APCS HLRI . B (1 685/93) 11 APCS 5 8 (1 524/
83) 4 M 5% 9 U 571 2R 2 O 18(95%C1:17~19), I K T
RAF XU BE4 (3 053/122) Ay 4% i 45 9 IR 1 48 25
(95%ClI :24~26).,

3o i

AT B ARG M AL R T RE CRC
B sh Bt 5 Bt CRC & s 5% i LR B A7 40 Hr (R F 9
[F] A i S APCS A5 A 75 4 M 17 R4 7 A b Ak i B A o
W, AN & S AER R M T CRC &R
MIFERS R 2, TR AF R A BMI, — 2GR E
CRC Z s B FHEL AR Y CRC i A JRURS: 15000 A5
RUT] LIS Bl o o JoRE IR CHE R CRC UK, Hoi2
Wi R L T APCS AEAY A L A (o FH XU T 43 5
RIRR W/ 25 1 B R IR 1 48, AT AR A O e KA A
CRC i £ iy A Hb Ak T-H.

ABIE T S A AT AE B% 2 CRC & 1Y e [ [
2, FYEE CRC MR N LR 1.54 1% (95%CI .
1.06~2.25,P=0.025),60~64 % Fll 65~69 % A #f &
CRC WMLy 50~54 % NHEW 2.31 £ (95%CI:
1.48~3.62, P<0.001) 1 1.92 £i%5(95%Cl:1.15~3.21, P=
0.013), X 5FKEM CRC &1 oA —2 >, HE
PERI AEIR AL AT ISR IR R T 5 CRC Kk
AHOC A 22 oAt f 5 PR 3% W 8200 BMIT2 24—
JE CRC Z s 7280 & LT =27 B PR 2425200
KRR B0 Wt s I R e & 5
CRC & LB fa B P 2 A S sh 125 JUHE R
FH BT w) DT 345T 5 A £ 25 425057 ] g 1A Ry ] LA
FEAIC CRC Y A& AR o PRI R AR 5 RILASE | i 1 I ] 452
RS, AT AL —LERHENES
CRC &9 1 8 M 0GB, 53 40 il F 3R i7 98 i 12 7
HIHE [ AR AL S B M A BT R VEAR RS
LTSGR B RWE AR REXT LA L R A TR IE

fift A 58 87 € 5 9 A N T CRC i 2 XURS: 3T
A3 TR AR X A RE AT RUBS: 20 S22, A 36 0E A HE v A

Table 4 Risk assessment results and advanced neoplasm detection rate in the validation cohort

Scoring model Risk stratification N(%) Advanced neoplasm  Detection rate (%) RR (95%CI) P
New Average risk 1368(44.81) 29 2.12 1

High risk 1685(55.19) 93 5.52 2.60(1.73~3.93) <0.001
APCS Average risk 1529(50.08) 39 2.55 1

High risk 1524(49.92) 83 5.45 2.14(1.47~3.10) <0.001

Notes : APCS : Asia-Pacific Colorectal Screening score; RR :risk ratio; CI:confidence interval

Table 5 Performance of scoring model in the validation cohort(95 % CI)

Positive predictive ~ Negative predictive

Scoring model AUC Sensitivity (%) Specificity (%) value(%) value(%)
New 0.61(0.57~0.65)  76.23(67.68~83.47) 46.67(44.85~48.50) 5.52(4.48~6.72)  97.88(96.97~98.58)
APCS 0.59(0.55~0.64)  68.03(58.98~76.18) 52.17(50.34~53.99) 5.45(4.36~6.71)  97.45(96.53~98.18)

Notes : APCS : Asia-Pacific Colorectal Screening score; AUC :area under curve
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T —BEN T WD IREE R ELRE RPEER
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CRC i £ B B35 T Bir A7 1l DX N4 DAL ot o 452 784
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by DX 38 Ao 4 e 6 PR 3R O R AE A 7 % APCS
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BT 25 H TR A iy, G B85 B i e e %
PR B TS AT R R S A R A, X R B IEA
BE = R o Rt R 2 80K BE 35 21 38 17 9
iE 12 IR T H 25 15 9 i fa AR i AT RE R B
VB 2 8 B /D e T AR R 5% v R e 1 e O
AU VF 43 15 80 K2 APCS EU 1) e s [ 3R, 4nfifi FH
G ABETRLGT MR A NHE AT XU 43 2 R A S0k 1 43 i
T XUBS AL, ) PR G R SR Al 1T BE A T 50
TE T B0 1 — B XU BRG] B 3K
BT AR M T 2 M 9 0 A KURS PE A A R S APCS A
T () 00 Ak S AE AR B 5 R A1 S 56 E o KA
TARGET-C™'JF 5 1 v 0 i 45 5l AT SR X — 4518
TE TARGET-C T H % XU 1 1 i A 28 vh {2 B
W APCS ¥ 43 % N BE 34T KUK 40 )2, & e A JE
(18.9%)4% 32 25 1l B Ko A, — e RURS: N HH (80.7%) 4% 32
FAH B i 5 (fecal immunochemical test, FIT) £
A, R B A5 R TR R R 5.30%
(78/1 472), — ML KU AHE R 0.81%(51/6 279), {H IS UE
MBI BT I A 5 PSR IR S LU AL 2518

AWFFE IR AUC 4 0.58, WEBEIE AUC
0.56, 4N UG IE AUC 4 0.61 , B 80 &5 Sk Fa o {8 151
BORA Red e Ch E 2 i a 5 2 Y a8 M
(2020, b 50) ) HFE 1, B CRC Kotk e B4 B b
JeA 11 R0 R AT, Bl A P e 5 DRl R A CRC i 25
JRURS: - 43455 U A A3 X LA AR A5 55 4 ) 0 A5 21 1o, Sy
Tt R RO R, — SRS R AT
o RS S A A A AR S A FIT J2 B AT
CRC i £ N fe )z W 2 A I 7 i, B J7 (il
PRBE 2T LA R 5 XS PF o RS 5 1 ik
LHGEFEPR . W1 Chen %5 O 1o Fifl L% 8 52 56 % 1L
it FF RS, Pk A 8 55 FIT AH 45 & A 0 5 506 g ml LA
IE RIS 53, HA L soph il F FIT °f L3RS T
= AN iZ2Wi% | Sekiguchi 552 8 43 XU PE 43 A5
RS FIT BEA MR, & B0k 30 45 1 vk e 12 e
() R B2l FIT 12 WA T4 & . Park 45900 ff
JHZEAE 1l 2128 R B2 007 5 AR AR A PP 20 R 40 1 R B2
KR $8 b, BEARLES I AUC N 0.75 (95%C1:0.73~
0.78). IV K6 b th 2 507 70 R GE 25 A IR AT i
£, s E 1) SCS(Samsung Colorectal Screening) Y-
G RE FE B B AN AR T 2 R R A A IR
B EE 1 i MR IR A5 S 00 = R A 45 2R U PP o> R 4
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