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Abstract

Objective: To systematically evaluate the methodological performance of a domestically independently
developed detection system for carcinoembryonic antigen (CEA) and progastrin-releasing peptide
(ProGRP), as well as its efficacy in the early diagnosis of gastrointestinal tumors, and to conduct a par-
allel comparison with international brands (Abbott and Roche), so as to clarify the real-world applica-
tion value of this detection system. Methods: In accordance with CLSI EP9-A2 and EP12-A2 guidelines,
parallel detection of CEA and ProGRP was performed using the independently developed detection sys-
tem (Ningbo Health Test Intelligent Manufacturing), the Roche Cobas e 411 chemiluminescent immu-
noassay system, and the Abbott i1000 chemiluminescent immunoassay system. Precision (intra-assay
and total coefficient of variation, CV) of the detection system was determined; quantitative correlation
analysis (regression equation y = ax + b and correlation coefficient r) was performed between quanti-
tative results of the in-house system and those of the commercially available Abbott and Roche systems,
along with qualitative consistency after positive/negative classification. Bland-Altman (BA) analysis
was used to assess the agreement of results among the three detection systems. Finally, receiver oper-
ating characteristic (ROC) curves were applied to analyze the individual and combined diagnostic effi-
cacy of the in-house system and imported systems for gastrointestinal tumors, and the consistency of
clinical diagnostic performance among the three systems was evaluated. Results: The CV values of all
analytes on the three fully automated immunoassay analyzers were < 5%. For CEA: Health Test vs.
Roche, y = 0.746x + 0.7329, r = 0.818; Health Test vs. Abbott, y = 0.5139x + 1.7938, r = 0.3175; Abbott
vs.Roche, y =0.6075x + 1.4211, r = 0.4512. For ProGRP: Health Test vs. Roche, y = 1.0046x + 4.5166, r =
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0.6965; Health Test vs. Abbott, y = 2.2329x + 8.5638, r = 0.7326; Abbott vs. Roche, y = 0.3897x + 0.2043,
r = 0.7132. ROC curve analysis showed the following: Health Test CEA: sensitivity 32.4%, specificity
93.5%, positive predictive value (PPV) 92.3%, negative predictive value (NPV) 36.9%, cutoff value 3.05,
AUC 0.600, 95% CI 0.537~0.659, P = 0.0041; Roche CEA: sensitivity 75.68%, specificity 66.23%, PPV
84.3%, NPV 53.6%, cutoff value 1.42, AUC 0.756, 95% C1 0.700~0.807, P < 0.0001; Abbott CEA: sensitivity
52.43%, specificity 87.01%, PPV 90.6%, NPV 43.6%, cutoff value 2.21, AUC 0.723, 95% CI 0.665~0.777,
P < 0.0001; Health Test ProGRP: sensitivity 68.38%, specificity 58.44%, PPV 79.7%, NPV 44.2%, cutoff
value 31.32, AUC 0.663, 95% CI 0.591~0.729, P < 0.0001; Roche ProGRP: sensitivity 83.76%, specificity
70.13%, PPV 87.1%, NPV 64.7%, cutoff value 27.06, AUC 0.839, 95% CI 0.780~0.888, P < 0.0001; Abbott
ProGRP: sensitivity 77.78%, specificity 58.44%, PPV 81.7%, NPV 52.9%, cutoff value 9.01, AUC 0.725,
95% CI 0.657~0.787, P < 0.0001. Bland-Altman analysis for inter-instrument agreement: For CEA, the
percentage of points within the 95% limits of agreement was 97.7% (Health Test vs. Roche), 98.5%
(Health Test vs. Abbott), and 98.1% (Abbott vs. Roche). For ProGRP, the percentage of points within the
95% limits of agreement was 94.7% (Health Test vs. Roche), 96.9% (Health Test vs. Abbott), and 98.1%
(Abbott vs. Roche). Conclusion: The independently developed Health Test CEA and ProGRP detection
system exhibits precision and clinical diagnostic performance comparable to mainstream interna-
tional counterparts, and possesses basic performance for replacing imported products. It can gradually
achieve domestic breakthroughs in bottleneck technologies in the future, providing a cost-effective and
reliable tumor marker detection solution for clinical practice.
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Table 1. Precision results of the three instruments

=1L ZalENEEESER

IR it L 11000 Z'IK ed11
TS B
X+s CV% Xts CV% Xts CV%
CEA 38+82 4.62% 40+89 2.56% 40+96 3.05%
ProGRP 38.1+287 3.12% 13.2+9.0 4.89% 33.4+9.0 4.02%
3.2. ExMSHh

ZEERENE SRR O R B R LA 2. £ 3AE 1. H 2, 455 EIR CEA Al ProGRP il H 45
I r ¥ <0.95, R = G IUARAI B E BAH IS — M. JCH ProGRP T H Hf, /R i -5 8% [ )3 5 FE R R
ik 2.2329, B FEARME 1.0, RN RS AAAE W LU R G ve 2, kil A e be ), e B R AT
BHEERMA, FEATRIEE A EIA.

Table 2. Regression equation and correlation coefficient results of CEA

2. CEA VA EMB X RELER

iR NE EVEpy i PSSR
MR vs. P y =0.746x + 0.7329 0.818
ORI vs. RS y = 0.5139x + 1.7938 0.3175
s vs. TR y = 0.6075x + 1.4211 0.4512

Table 3. Regression equation and correlation coefficient results of ProGRP
= 3. ProGRP HIEI) 35 I2FE X R BEER

R EIEpy NP
HEoRE vs. PR y = 1.0046x + 4.5166 0.6965
R vs. FiEES y = 2.2329x + 8.5638 0.7326

ek vs. TIK y =0.3897x + 0.2043 0.7132
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Figure 1. CEA correlation diagram
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LGN 262 filkrA . CEA TIH: #/Ri vs. PG, ZEMIE d 5-0.32 ng/mL, 95%[—EE A A
(—0.8326 ng/mL, 0.2019 ng/mL), 95%¥#)—EtE FPRIK 2 97.7%, /R vs. HERE, ZEEAI(H d v—0.3886
ng/mL, 95%H =i F IR ~(—1.5894 ng/mL, 0.8122 ng/mL), 95%F)—&itk BRI 54 98.5%, HER: vs. &
K, ZEERIIIME d 4 0.07324 ng/mL, 95%/[K)— it FHR 4(~1.1033 ng/mL, 1.2498 ng/mL), 95%H]— i FHFR
[ 54 98.1%. ProGRP Il H : /Kt vs. Z'IK, ZEHMIME d 24 4.6695 pg/mL, 95%I1)— F 4 FiHFiR >4(2.8200
pg/mL, 6.5190 pg/mL), 95%F1)—F kA PR I £ 94.7%, /R vs. FEE:, ZEIIE d v 24.8991 pg/mL,
95% 1) — 3k AL PR (225473 pg/mL, 27.2509 pg/mL), 95%[H)—Ft: AR 1) 250 96.9%, FERE vs. TR, Z{E
(FI¥ME d “h—20.2296 ng/mL, 95%H]—F it FLFR (—22.0662 pg/mL, —18.3931 pg/mL), 95%fH)—Fr i FLBR 1 4
4 98.1%. LIRS SR =2 R ARl ZE AR MR P HES2 J 1, BEpA — U RAF (LI 3. ] 4).
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Figure 3. Bland-Altman plots of three CEA systems
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Figure 4. Bland-Altman plots of three ProGRP systems
4, =F#ZE % ProGRP &Y Bland-Altman

3.4. ROC BHZ%iSHT3BE

ROC £ 3P4 45 B 5l i, i R it 23 5 % [ Cobas e 411, FfE£% 1000 (1) CEA 2t 5 iz is il 8 1) AUC
4314 0.600. 0.756 1 0.723, e E#kWi{E 4> %14 3.05 ng/mL. 1.42 ng/mL A1 2.21 ng/mL. ProGRP £ Wi
B A IE e if AUC 43930 0.663. 0.839 1 0.725, e H:#bi{E 4 7~ 31.32 pg/mL. 27.06 pg/mL F1 9.01

DOI: 10.12677/acm.2026.1652106 2934 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1652106

pg/mL (4] 5).
a  FRE{NEECEAIZETB IBEMERIROCHZ b ARE{YEEProGRPIZE B IFEMIERIROCEZ
100 100
80 80
60 60
i _ff/ iy
B i B
&8 &8
40+ 40+
BECEA (AUC=0.756) BE (AUC=0.839)
20+ — JREECEA (AUC=0.723) 20+ — g (AUC=0.725)
— E/RIECEA (AUC=0.600) — J8/RiE (AUC=0.663)
0 T T T T 1 0 T T T T 1
0 20 40 60 80 100 0 20 40 60 80 100
1-$8E 1- BRE

Figure 5. ROC curve diagnostic performance
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BRI . PUARRE 5 KA R, IR REAPTE RGUmZE o« (REE 2P RIS R — B 57T Lo i,
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Bland-Altman (BA) 73 H7 2 I RS 36 A8 T PPAG AN [FI ARG I 2 G 1] 46 SR — Bk 00w FH Geit (9], 1%
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ERARAEIE B, X—IRIR AR S EPURPUR TN 5 5 BORBUR HERE A EA R 2 5,
1A Bland-Altman — SN AS 2 DL e S nl bk, SR = 70 45 R B A A0 oA IE A 3R

ErP= /R iR 5 0 KA MIZEkReZE R, TARF &R BARFE =R © PiikEm:
HORGZ KM GRS SERAR R B s YU, R RPN e T aE: [ = R HURLE
RALERENE S SRR BECARE EAVERTE R, SBRBEmRIK. @ R#ERR: PR, MEERMEN &5
I BRI (0 WHO IRMM #rifE), WUEHERG . FETTRN /DN B 7= KRG e il s A e, 59
ANZGhZE. @ HAVEG: #0F6RHERE RIS m8UE SO, k-5 g R R
S, ARIREE X AE R L AR [ 7 RETEARIKREE X A5 5 P2 05 e s 4k B AR &5 Ak

AW T 285 B B [ LR R B R F RS I R4 4E CEA AT ProGRP A&l i & JIL M B 47 FRURS 55 FEE (CV <
5%) FI 7 — 8, A5 EBREZE SEE—E 257 1) —8Ea4r: Bland-Altman %578 =F R4
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