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[ Abstract |

Colorectal cancer (CRC) screening could effectively reduce the incidence and mortality, achieve early diag-

nosis and treatment, and improve the prognosis of patients. Currently, many countries mainly apply a sequential screening

strategy represented by fecal occult blood test in combination with colonoscopy. However, these two methods have inherent

limitations in clinical application. With the development of data mining technology in the field of cancer screening, several

new CRC risk prediction models, screening techniques and potential biomarkers have emerged in recent years, which would

further improve the accuracy of CRC screening and reduce cost. This article reviews the research progress and application re-

lated to CRC screening in recent years.
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Table 1. Current Screening Methods for CRC

Screening method

Advantage

Disadvantage

Efficacy!®

High risk factor assessment

questionnaire (el

FOBT( gFBOT and FIT)

Endoscopy

Colonoscopy!”’

Flexible sigmoidoscopy'®]

Capsule endoscopy'®

CT colonography'®!

Fecal DNA test ( FIT-
DNA) [10]

Circulating  DNA  test
(SEPTING) [

Simple and easy accessibility ; Wide cover-
age

Easy to conduct;
Suitable for countries with insufficient
colonoscopy equipment and low accept-
ance of endoscopy

Gold standard which can be used to di-
rectly observe the whole process of colon
and rectum and remove polyps for patho-
logical examinations

Easier to conduct, shorter time, lower risk
and higher acceptance;
Can be used as a substitute to some extent

when performing the whole course of

colonoscopy is impossible

Fewer complications ( such as intestinal
perforation) than colonoscopy and flexible
sigmoidoscopy

Suitable for people who cannot tolerate en-
doscopy

Higher sensitivity than FIT

Easy to conduct;
Only blood samples are needed

The positive predictive value is low; It is
not recommended to use it alone.

Easily affected by diet and other factors,
leading to false negative/ positive results

Bowel prep is needed;
Risk of intestinal perforation ;
Low acceptance

Can only be used for detecting the distal
part of spleen flexure ;

Lesions in the proximal colon are easily
missed ;

Lower efficacy than colonoscopy

Short working time of battery ;

Can only reach the ileocecum;

Higher cost and lower sensitivity than
colonoscopy

Lesions cannot be resected;

Radioactive exposure;

Risk of extra colon lesions, causing addi-
tional medical expenses

Lower specificity than FIT

Lower sensitivity than FOBT, FIT and
colonoscopy

Not reported

32% lower modality of CRC

68% lower modality of CRC

26% —31% lower modality
of CRC

Not reported

Similar to endoscopy for pol-
yps=10 mm;

Inferior to endoscopy for pol-
yps <10 mm

Not reported

Not reported

CRC: Colorectal cancer; FOBT: Fecal occult blood test; gFOBT: Guaiac fecal occult blood test; FIT: Fecal immunochemical test.

2 GEHBERERE

i BT R — o R A 2 Wil R, A
FhE ARG A AR A T A A A AR AT . BR
Iiti AR RS, A I A A JLAS I T B S Y B
PRSI AS I AR ] o
2.1 HEXMR

DL [ 1Y 45 B 98 0 A5 5 7 (US preventive
services task force recommendation statement, USP-
STF) 3%, B ATk B bR H i i A XF 52 24k T
— RS T 8 TCHE AR 5 % 45 L 9 538
45 B 9 JE s XU 1) 384499 ( LA Lynch 85 AR BY
KIRMEZ R A5 IR ZG S, UL A RAETEM R |

PR RE IS PR 5 L i S R s A v A A U5 2
IR A
2.2 THEFR

Xof T FR U AR T 5, 465 60 A P 10 26 R
ZREFARE B T 50 ~ 74 % 8% 75 %A ki 45 4F
W o SRR I A R IR AR IR PR T & 45 &, AT I g —
T NRRAFE A 4F (life-years gained , LYG ; i &2 i 5
Wess i TS FR ), HLRERE 45 1 B 10 i 4 (8] b A 10
EIERC 2 1S A, NIRRT B — T NI & S 45
5% R A YR B (lifetime number of colonoscopies, No.
CSY ; fiiy 12t i £ 5 FHA0 % 45 45 ) , i LYG 1 No.
CSY RZITT 47 (1 7 o AH 3K Fp 58 0E PIr 38 n iy LYG
HSIFEAT, Bas g mAS AN AR 25 i DL
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(1) — o E , AR A N PE AT 2 40 2 BRI AR
W 10 4ELIRT " oSG R AHE 2 i 1 e 1 AR
7E 80 % SR Al HE MR A R gicas
2.3 HEERE

USPSTF 45, LT 4 FlAS [v] [ B 114 5 25 5 s 1
B LYG Jy T Jo i #2500 . (1) B4F 1 Ik FIT; (2)
FHAE 1 R FIT B4 10 4E 1 3k FS(E AR W FS
ety FIT 73/ 6T 2 05 A T8 FSU™) 5 (3)
2 ENIETEFNEE -

Table 2. Common Predictive Models at Home and Abroad

10 45 1 R4k ; (4)5 48 1k CT fade o W T
B B FIT-DNA BR5 3%, fer HfEE 1 1] Fa o 3
A 1R E A ORI AE UL, i R AR AR L
i 4 RS 2 A AT

3 HEFERKRENRE

WATI=ATTE C AR 24545 B R A A AT G
OIS N RS RA YN IS E /e o1 3 4 g S ES
(45 ELM R B AR S0 118 5 S el R s 3k R A2
AR ) RIS PR (R > 5 B Rl i 55 )
KU AR b E NN S T 2R
EANRIE TN R A MBS PR T 3% 2 312 7 F%
F1% e RIS TS R, 5 203 R R e, 6 XU T
AR f i 2 SR H R AT AR AE R 5 B BE , Z2 BB T
ARAE N PRAS 2 4530

Predictive value

Model Countries/regions Factors included (AUC/C statistics)
Mal6] Japan Age, BMI, physical activity, smoking, alcohol C statistics: 0. 64
APCS!7] Asian-Pacific  coun-  Age, gender, family history of CRC, smoking Not reported

tries and regions

Adelstein!'®) Australia Age, symptom ( bloody stool, mucus stool and fatigue ) AUC: 0.83 (CRC);
0.70 (advanced adenoma) ;
0.67 (non advanced adenoma)
Wang!'?) China 16 single nucleotide polymorphism sites AUC: 0.72
Tao! 2! Germany Age, gender, smoking, history of CRC in first-degree relatives, al-  AUC: 0. 68
cohol, history of polyps, red meat consumption, history of NSAIDs
or colonoscopy
Shin!2!] Korea Male: age, height, BMI, fasting blood glucose, serum total choles-  C statistics;
terol, family history of cancer, alcohol consumption, meat con- male 0.78;
sumption ; female 0.73
Female: age, height, family history of cancer, fasting blood glu-
cose, meat consumption
Lit%!] China Age, gender, smoking, alcohol, 7 single nucleotide polymorphism AUC: 0.59

sites

AUC: Area under the curve; BMI: Body mass index; APCS: Asia-Pacific Colorectal Screening; CRC: Colorectal cancer; NSAIDs: Nonsteroidal antiin-

flammatory drugs.

WEFE A SO0 75 1 0 A A5 TR 45 B I 1)
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S B A fE Y H H AT E A IR T I R 4
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B BT R, B 000 (e s 1 416 S 2 i 5
BEESK( >10% ) , e BB A -SG5
T (6. 9% ), LA K fE BE %K 5k iR B OF R
(7.4% ) ) {HIXBEREIR I A Y8 ABUA i T4
R MO, AN R A B — R T

AR T RE T
4 PEIREY

AR SR T — R R A k. H
il BFE A DRI S8 RSP A T kI T 2
Tl B TR O A O (B0 25 BV s b a5 ) o
4.1 MBEFEED
4.1.1 DNA DNA & br s nl DLk —25 53y
AN (1) 4 i 25 DNA (cell free DNA, fD-
NA) , B T 67T 55 Bt B4 hoRs il 21 1
IfiL ) DNA 38 % A 357G 30 88 DNA ( circulating
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tumor DNA, ctDNA ), Gallardo-Gémez 252 f B 14
MEBIHOR LA 2 B i JR A S5 A B HERY ofDNA
J& , R R B A AE 3 22 53¢ 5 Molparia
ST 49 M DB 5 ((copy number variants
CNV) AT, &P fDNA 1 > 100mb F) CNV [a]#EfE
TINS5 B A AR 5 (2) S kAL DNA, Horpi
HACERAE R 2 H L AL septin9 (SEPT9) ££ X, H Hif
O L ki T2 (40 Epi” s proColon®  ColoVanta-
ee® ) BAMGRRI . Bk SEPTO 41, Jofty IEAE B 5%
H B 4L DNA S8 runt 8% SEAR G 7--3 30
JIR-1 ARG 2 1 [R) PR 4 AAR IR 55, (H {5 B
TR B 5 (3) ctDNA, ¢tDNA 5 ofDNA — [ 4
PUE AT A H AR AR, 2 HT AT 5 1Y T2 24
f3% KRAS . APC H1 TPS3 Z 3L 2018 4Efiy) —
TWFER , Al APC2 A B v [ 45 H i
ABERERRED . B «tDNA FE I JR N FH oo A7 T
e 5 Al BH/ R 23 0 | ol = AR o S5 [, L T4 B
o 88 i 2 O BOR BARAAT , 347 T BEIR A IR ST
=3 HMEHINEEMESEERINEYAEE—R

Table 3. New Protein Marker Combinations of CRC

4.1.2 dez# RNA  Z5Hpiwmdiu b e 7e G 25
IR AN M A= W 2447 i I HE 4 15 RNA (non-coding
RNA,ncRNA) . 24 A1k, BEWAME KB T i 50
FRREVE N T A AR RPN ncRNA B4 & 5 SR1T, FEAE K
FEA (A F=100) Ayialge R A 6 T FIT [0
PR (URE =79% , 357 % =94% ) 1) ncRNA X
A miR-139-3p —F" | BRI Mai 257 ER T, —
FhY5 Piwi 25 F A B A/E R pi-RNA54365 1E45 B 1
A ZUh R SRRk . XA AT RBAE 1 g A0 i A
[/NoF RNA AN REAE B 3 AR AR, 53
KK 5 BE UG 2 G

4.1.3 TTEiEa FAEHEEAMORERES T
AREEAPUE (CA199 RS R AERKE T4 G HEN
2.C JZ % % 19 . Dickkopf3 , PKM2 F1 B 3£ {k FOXEI
%, BT HEDERCA KRB 25 B & JE vl i
P A ThR &Y, BOB Ao B s 2 Fh i A
JEhR VA FH IR 1 i 2, ki = AR T 45 284
BYHE (K3,

Biomarker combination Sensitivity

Specificity AUC

GDF15, amphiregulin, FasL, FI3L, TP5333

CRC: 56.4% ;

Advanced adenoma: 22.0%

CRC: 0.82;

Advanced adenoma: 0. 60

90%

BAG4, 116ST, VWF, EGFR, CD44[3*] 62.3% -73.3% 90% 0.79 -0.87

Combination of nucleosomes! 3 Clinical stage 1: 72% ; 90% 0.97
Clinical stage 1I; 86%

Antitumor antibodies; anti-TP53, anti-IMPDH2, 26% 90% Not reported

anti-MDM2, anti-MAGEA41%¢]

CEA, GDF15, anti-p531%") 54% 98% Not reported

CRC: Colorectal cancer; AUC: Area under the curve; VWF: von Willebrand factor; EGFR: Epidermal growth factor receptor; CEA; Carcinoembryonic

antigen.
4.2 EEREY

55 EL R SR AR A0 v ARG 3 M KL 7 7Y
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Table 4. Marker Combinations of Colorectal Cancer Based on Data Mining

Biomarker combination Data mining method Specificity  Sensitivity Positive predictive rate/accuracy
CEA, CA199, CA242, CY21-1, CA7241% Neural networks 95% 83% Positive predictive rate: 95%
CEA, AFP, CA50, CAI2-5, CA19-9, CA24-2, Neural networks 96.4% 91.4% Accuracy: 93.9%

CA72414]

CEA, CA724, 4 chosen protein hiomarkers * Neural networks 96.7% 92.3% Not reported

CEA, CA19-9, CA724, CY21-11% Neural networks 87.01% 80.03% Accuracy; 81.77%

CEA, CA724, CA24-2, CA15-3, HSP60!] Machine learning No data No data Accuracy: 62.5% -91.3%

CEA: Carcinoembryonic antigen; AFP: Alpha-fetoprotein.
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