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Abstract

Objective: To evaluate the diagnostic value of the combined detection of serum tumor markers car-
cinoembryonic antigen (CEA), carbohydrate antigen 199 (CA199), and carbohydrate antigen 724
(CA724) in colorectal cancer (CRC). Methods: A total of 50 patients with initially diagnosed CRC at
the Affiliated Hospital of Beihua University from January 2023 to December 2024 were enrolled as
the observation group, along with 50 patients with benign colorectal lesions during the same period
as the control group. Serum levels of CEA, CA199, and CA724 were measured and compared between
the two groups. As the data were skewed, they were described using the median (interquartile range),
and the Mann-Whitney U test was used for group comparisons. The diagnostic efficacy of individual
and combined detection for CRC was analyzed. Results: The median levels of serum CEA, CA199, and
CA724 in the observation group were significantly higher than those in the control group. Multivar-
iate Logistic regression analysis identified elevated serum CEA, CA199, and CA724 as independent
risk factors for CRC (all P < 0.05), with CA724 demonstrating the strongest predictive capability (OR
=1.24,95% CI: 1.10~1.40). The combined detection showed significantly higher sensitivity (91.11%)
and a larger area under the curve (AUC = 0.941) than any single marker alone. Conclusion: Serum
CEA, CA199, and CA724 can serve as auxiliary biological indicators for diagnosing CRC. Their com-
bined detection significantly improves diagnostic sensitivity and holds potential value for screening
high-risk populations.
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S5 B H AT 2R =R W AE, AR AEAH SRAE TSR — KRR [1], H S Bt 8™ &,
CL RN A BRE R At T AR 7 . 2020 47 H [F 45 B e b A0 RO 2 AR AL JE T2 3 733 0y 23.9/10 75 F112.0/10
T35 G VBLE BT A B R R AR SRR T A A AN FLAL[2], SIS W s IR S T R A
Ko ML R bR YR i 0 B A A B2 TR, fElmR iz ], BRI, 2atk
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JENEHUE (CEA). CA199. CAT24 J& il iR bR S WA I b (1 RS 84, AT B AEIR VT EIR AR &
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2.1. HIRMR

AN 2023 £F 3 [§~2024 4 3 A TAbHE RS2 g B2 e AT T ARG T2 AR Ja i BLAA 12 9 5 B e ) = 50
B, fENERA, H Bk 27 41, Lotk 23§, i 50~80 &, VAR ARG BiAT 45 i ok & AR B0 /o
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0.05), EARHM. IAMRHE: © WRATTE (hEZEWEI2IT (2023 [R)) kB S Witn ik
[4]; @ BEURTLOMIREIRIT L. HEbRbndE: © fA AR . MRS © HbRtEA
B, T8, MasThiesg i, @ LpBMd4dhimiE+ CEA. CA125. CA199. S 5
B A ORISR A A F

2.2. WMFFE

PREL B3 T A2 11 8 /NI RA b, 28 — HIE RS I R AN A B KL 5 ml 25 33 {47 T EDTA ikt
o, BT RS T RN &K, 410 min B0 A EE B, B T80 CARIRUKAR N RAE AR . 1ML
TEHE MR (CEA). CA199. CAT724 ¥R KGR NE AT . FWitEnZ%{H: CEA0.00~5.00 ng/ml
CA199 0.00~35.00 U/ml CA724 0.00~6.90 U/ml.
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Table 1. Comparison of tumor marker levels between benign and malignant groups
e 1. RMELASTEME MERRSIK LR

4% B CEA [FAIE(P25, P75), ng/ml]CAL99 [FALF(P25, P75), U/mI]CAT724 [F 4L (P25, P75), U/ml]

T4 45 8.90 (3.21, 35.45) 28.50 (12.10, 75.20) 6.10 (2.55, 15.80)
RPE4H 50 1.85 (1.30, 2.60) 7.35 (4.10, 13.20) 1.20 (0.70, 2.15)
Z1H -4.325 -4.901 -5.214
P1{H <0.001 <0.001 <0.001
E* Z@iﬁﬁﬁiﬁﬁéértmiﬁ%%ﬁﬁﬁﬁ, WA A (R DY A, Do ) ik, 2H A ELBCR A Mann-Whitney
U ek,

(2) 0375 iR o 520 R ORI B BB 5 A (17 12 T AR PR IURG N . CEA 4571 e 11 (94%), H BIURR
FEEAR(64.44%); CAT24 UK B 1K (44.44%), (HFRF 55 B m(96%) . BRARCI:  — T0UBEA A I AlUE B
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15(91.11%), {AFFSFEFFKZ 80%. CEA + CA199 B & 7E 1 BUB iE (82.22%) FINRE 7 B2 (84%) 77 [HI AR 4L
Ifo W 2,

(3) 4w sena K2 1 2 K&K Logistic [543 4r: LAIfL{E CA125. CEA. CA724 /K-y HALE, LA
R RES e N, AT Z &K Logistic [F1H 4, HH CA125. CEA. CAT24 ¥ 45 EHIha i
ST 7. CEA (OR = 1.12): #4800 1 ng/ml, %ML 12%. CA199 (OR = 1.05): AN 1
Uiml, B LRI 5%. CA724 (OR = 1.24): H3EH0 1 Uiml, &L NN 24%. A A6 I AU B ik
91.11%, E&FIATA AUC =0.926, BEMRT HIbrEY. VRS ILE 3 K 2.
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Figure 1. Heatmap of individual and combined detection of tumor markers

1. PMEIRES R R S M B A E

Table 2. Diagnostic efficacy of individual and combined detection of tumor markers

2. PRSI BIR K B A 1M B IS Wi A RE

K75 R BURE (%) Kr B (%) e (%) FH =TI E (%0) BH P TRIAE (%6)
CEA Bt il 64.44 (29/45)  94.00 (47/50)  80.00 (76/95) 90.63 (29/32) 74.60 (47/63)
CA199 Bkl 57.78 (26/45)  88.00 (44/50)  73.68 (70/95) 81.25 (26/32) 69.84 (44/63)
CAT724 Bkl 44.44 (20/45)  96.00 (48/50)  71.58 (68/95) 90.91 (20/22) 65.75 (48/73)
CEA+ CA199 BX&  82.22(37/45)  84.00 (42/50)  83.16 (79/95) 82.22 (37/45) 84.00 (42/50)
CEA + CAT24 BX&  77.78(35/45)  90.00 (45/50)  84.21 (80/95) 87.50 (35/40) 81.82 (45/55)
CA199 + CAT24 BE4 7556 (34/45)  88.00 (44/50)  82.11 (78/95) 85.00 (34/40) 80.00 (44/55)
ZIRERA R 91.11 (41/45)  80.00 (40/50)  85.26 (81/95) 83.67 (41/49) 88.89 (40/45)
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Multivariate Logistic Regression: OR with 95% CI
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Figure 2. Logistic regression plot of tumor markers
& 2. FE#REY) Logic EIVAE

Table 3. Logistic regression table of tumor markers
%z 3. BEARE4D Logic EYAFE

ZE OR & 95% Cl P 1

CEA 1.12 [1.03,1.22] 0.008
CA199 1.05 [1.01,1.09] 0.012
CAT24 1.24 [1.10, 1.40] <0.001

(4) &M brEP A BEA R E) ROC HiZk45 5 : CEA 1) AUC 5 i(0.842), B nHaBiEsdE
i AR (P X 5 B J Bt . CAT24 F5 5715 B 51(96%) , (HARURS S (1% (44.4%), & A 1E N BIHIA TR bR . BXE
Kl ir) AUC 22 = T B0 Il (DeLong K656, P <0.001), S nHAZWisRe B . SUREHRTFE 91.1%,
R S P [ 28 80.0%. RIS 7% 4 2[4 3.

Table 4. ROC curve results of individual and combined detection of tumor markers

4. BEMEREYREMRILEHRNE ROC thikst R
fabn AUC RAEBNIE BURE (%) (%)
CEA 0.842 >5.2 ng/ml 64.4 94.0
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CA199 0.785 >32 U/ml 57.8 88.0
CAT724 0.803 >4.8 U/ml 44.4 96.0
=TECA 0.941 - 91.1 80.0
ROC
1.00

0.75

0.50

CEA (AUC = 0.842)

REE (Sensitivity) , BIEPHMEZR (True Positive Rate)

0.25 ; — CA199 (AUC = 0.785)
+ = CA724 (AUC = 0.803)
— ... (AUC =0.941)
4
4
0.00
0.00 0.25 0.50 0.75 1.00

1-%57E (1- Specificity) , EIfgPH#EZE (False Positive Rate)
Figure 3. ROC curves of individual and combined detection of tumor markers
3. HMERRSY BRI RIXERINAY ROC BhZk(E
4. g
e o 5 P R A R R A i S A AR ) SR B A BT B AR S R B, L AT A AR TR
R AN, R &R ORI TR . AR, BEAE MR R B SRR, R IR —
b A AE LA A T S B b8 ) A0 2 e o (RIS SR bR RS A R A AN AS TS R BOR PR L TG 61 T8 PR AR AUk
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i FAREIF B, AH 52 PR T Fie o B Ak S oA S i 2 [R)— BB AN R ok L 22 1R — 3 ek (A [R) [X 4,
WSV RIBI AL 25 72 5 o (RN D8 () 2 2 M e LI A 4%, H A TG SR — A B W e R 3s 2 v
BURR S 5 =k 5 B IR R 75 oK, 22 U A i i LR T B 35 3R 2 W ke

JE PR (CEA) & — MR 1, KHILUORZ 2 W IME & bR B W[5, AR E
Wreh i e I BUREE N 20%~60% [6], BEEHASEIBANME AN [F]R e i BUBUSRE 72 e AROK, S IR AN B
WA R G R T A P b . FLRIE 2 Wnt/g-catenin {5 5B 1%, E4ERE TAM b mEIE, XM
SPE SRR A DS A a5 CEA FHIMERIN 38%, /45 vl ik 65%. ALERE[7]BEAH
WIWFFTIESE, CEA 5 GP73 (fi/REARE A 73)AA/E W [FIfE FH——GP73 {2k CEA BRI, HY5m H 244
M ZEMT D BE . CEA 4> Tilid 454 E-E A ICAM-1, AIUA SR g R4, B REIT PISK/AKL i %
it b - (B AL(EMT), X251 ctENLHI[8]. A W 7 R B PR 7 7 HA 36 I SR AR e 1,
AR T g A L ) SR AR AN BT, AT (R 1 25 P AP PR B AL . RIE AN [9], DR e IRt S A B 42 1 K
Ji& VPl TG I B LI AR b

CA199 (BEKPUE 199)2—F Lewis I AHTJEAHCHIMERFRILIENE 2, B Koprowski %[10]T
1979 4EIE IS 45 i A0 i R R FE PR 1116-NS-19-9 R4S . HH MUCL JiE [R 4w fith I 3 28 1 5 i A AT
Ak, IEFEAET, CA199 fEliaJLiHALIE b g rh Rk, BN i ok FEIm H KT 37 U/mL [11].
VE IR FOE A S 2 B (1 2 AR B9, CAL99 I 4 KA IF 5 5 45 B W7 (CRC) I 6 F S T i 5 25 AH 5%
[12]. HrEWFF B, Lewis P BHHEMA(H AR 5%~10%) ik =4 CA199, SEUBIAMIRE . HAEN
MUC1L %M B, TERER MRS B thiliid TLR4A/CD14 JBIKES 1IL-6 0, GG R EBMIAEE[13].
2024 4 Liu FRIWF i — 7R, CAL9-9 /KFTHm SIEA M4l (CTC) A E R IEAHS(r = 0.72, P <
0.001), FIYE NS I MR bR o

CAT724 (BEZEPUE 724) 2 —MH TAG-72 BN gwtd ¥ = o> T 2R E AR, &WIH Colcher 55 11
T 1981 i AR A R P e EBUA B72.3 g . HAr 14508 sialyl-Tn Hu)si(sTn), B TREEAX
RO, TERRJLE W bR RIE, W B MIER BT 6.9 UmL [14]. 1ERBEiZEi &
FrEY), CAT24 IR 5T s Ho 5 45 B Wi (CRC) (R ibk IR 45 e # I I AR 50 35 AH 5G [15] . CAT24 A4
IR K 2 M LHI[16], sTn Pilimit 454 Siglec SZARMHIH SORGH ML (DC) 24, HI 55 IR Fa i
Ni%s WG mTOR JEER (22 BB 4 AR R AR [17], IR RE R AL B 1 Integrin p1 FRIA ISR IR 20
HfL 5 A i 71 L (ECM) R B BE D [18]. [RINFIF SRR B, HEZ) T IX ML S 8RB &%, 5 CpG
H AL R AY(CIMP)AE OG[19] . HARIE LI EFE: © @ik Siglec-7/9 SZ R4 H AR R (NK) 41 M vd M, ik
BRI @ WS mTORCL-HIFle i, KA B YmfE N Warburg RO, A FLEE &390 3.5 £%[20];
@ E Integrin B1-FAK 155, 3588 20 e B IEE S (e i RR ), X RE T H 5 IR 1 miAl
FKE(OR = 4.2, 95% Cl 2.1~8.3).

ZE LATR, CEA B A ks 7 5 (94%)i&E A HEbR R EHAE, (HEURIEA L (64.44%), Siwis R,
CAT724: %553/ £ 15(96%), (HEURIE (K (44.44%), &AL, CAL9-9: BUKE S5 5, {H
AUC 5:1%(0.785), b S FIMEA BR . = I0BE SR Ml 2 42 THBURR 2 (91.11%) . AUC 1% 0.941, & T
R NBEIR A . (HIEAD BAT RRPE, HARR A 80%, UL 7545 & 45 s ol B A DR RH 1, (H
Xof B 10 25 b2 Wi A HAT K . Bt A8 & Logistic [B1VA/3 BT el %0, CEA: WKERFEHE, Sk X1
i 12% (HR = 1.12, 95% Cl 1.03~1.22). CA19-9: ¥KERFAGHY, SHIEXFIEIN 5% (HR = 1.05, 95% CI
1.01~1.09), 7EFFEME CRC 55 OS ST AHC(HR = 1.11). CA724: WRFERHEHE, Bk XU N 24% (HR
= 1.24, 95% CI 1.10~1.40), TIGE /T Acite —FibR &40 53 0 AR A B S e i ke 1% .- CEA AR IR T
YR, CAL9-9 $RURFERE AT E Y, CAT24 NI DCIF G 106 6 5 AR 578 o AT 50 U S I A A ) ]
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BUREERR T2 91.11%, T AR A L5 A IR SO M B8 PR 5 P S8 3 (FAP),  MRET LR AR R L 2 2 2k A
KA, MRAEERIUN MSI-H, XM CAT24 KA B ETHE. 1 FAP B4 A fE S AT
f, CEA fEMUREM BCalrl fe T m[21] . X Ut AR S 51X 2K i fas NHER IR AL AEAE AR 0Tk e
TE TR SR G AR B TG IR 11 S5 P (FAP) i fis NBERI R0 . IESR 5 B 20 & TFAREE IR 1~2 Ik
e, 1T Bi R, (RN Jels T, FhE, b 50% L BRI SR E . A0 CAT24
(1) OR HIAH 1.24, VERTVEIR R T 0AM——IRKEELW XA SV TSRS AFEE, UGk
DS S P B4 28 80% M, RBH I 5 B T SOREME 7 (1BD) /& [22], 4R ME 7% (1BD) s 2 HH BRI A &
PR BA PR L T UK IE T — OHLH]: SRE - AL Sl B B0 . CEA b iB E 7E, s
X A b il A CEA-IL-6/STATS3 Jl R IIE — CEA Bt LB 1fitthos, CAT2-4: sTn PrRBiE: KIE
WIRFRZE — PR E M sTn UM AL, CAL19-9: FYIAIEEME . EWR4HHE TLR4 G —~MUCL R
B, 2 1 I 22 05 (L PS) B i 88 A e i 45 K [23] o 1BD AR S 1k A9 AR S5 A2 12 1k A RE ARSI 1 W98 11 20 T4 40E
T BB AL ZRL . RS AL R A B B ELAR SR [24]. AETIUS WM 7T, BhAS WS CAT2-4 4K T]
PERT 3~6 N H I AE K XAFE(HR = 3.85, P < 0.01), UL 5. KR FY KA R IR S AR A 47
Ik, MEZHERCEEE, DU Pits R ek,

AR S

CEA l CA19-9 ' CA7T2-4

Wnt/ B —catenini® % TLR4/CD143M %% SiglecH ki
Jefv IR 2 B A RO S AR Y mTORAR 1 g i

A
( B R LA LA )

Figure 5. Sensitivity and AUC values of individual mechanisms and combined detection of various tumor markers
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