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A B S T R A C T   

Objective: This study aimed to assess the current status of carcinoembryonic antigen (CEA) 
detection. We evaluated the correlation, consistency, and comparability of CEA results among six 
automated immunoassays, and combined with the results of CEA trueness verification of the 
Beijing Center for Clinical Laboratories (BCCL) for further analysis. 
Methods: Abbott Architect i2000, Beckman DxI800, Roche Cobas E601, Diasorin Liaison XL, 
Maccura IS1200, and Autolumo A2000 were used to detect 40 individual serum CEA samples. 
Taking the optimal analytical quality specifications calculated from data on biological variation 
as the evaluation criterion. Passing-Bablok regression and Bland-Altman analysis were performed 
between each assay and all-assays median values to evaluate the correlation and relative dif
ference. The concordance correlation coefficient (CCC) was used for consistency analysis. Addi
tionally, the trueness verification program used samples at three concentration levels to assess the 
bias, coefficient of variation (CV), and total error (TE) between the average measured values and 
the target value. 
Results: The Spearman’s rank correlation coefficient (rs) was ≥0.996 and the CCC ranged between 
0.9448 and 0.9990 for each assay vs. all-assays median. Considering the all-assays median value 
of each sample as a reference, there were proportional and systematic differences according to the 
Passing-bablok regression analysis. The relative difference of the four assays (Abbott Architect 
i2000, Autolumo A2000, Diasorin Liaison XL, and Maccura IS1200) met the optimal analytical 
quality specifications. On the other hand, Beckman DxI800 (13.2 %) and Roche Cobas E601 
(− 9.0 %) were only able to fulfill the desirable analytical quality specifications. The average pass 
rates for bias, CV, and TE of the trueness verification program were 80 %, 98 %, and 96 %, 
respectively. 
Conclusions: The six automated immunoassays vs. all-assays median have a good correlation in 
CEA detection. However, there is a lack of comparability of CEA results. Further improvements 
are needed in harmonization among CEA detections.   
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1. Introduction 

Carcinoembryonic antigen (CEA) is an acidic glycoprotein with a molecular weight of approximately 200 kDa, produced in 
colorectal cancer tissue. It displays characteristics with the human embryonic antigen and is closely related to cell adhesion. As an 
antigen, CEA can induce an immune response in patients and is commonly used as a marker for the early diagnosis of colon and rectal 
cancer. Serum levels of CEA are also elevated in patients with lung cancer, gastric cancer and other malignant tumors [1]. Mild el
evations of CEA is associated with benign diseases, such as colitis, pancreatitis, liver cirrhosis, hepatitis, renal insufficiency, and heavy 
smokers. Therefore, CEA functions as a broad-spectrum tumor marker. Although being unsuitable as a specific marker for diagnosing 
certain malignant tumors, it still plays an important role in the differential diagnosis of malignant tumors, disease monitoring, and 
evaluation of therapeutic efficacy, and therefore has clinical significance [2]. However, the CEA request suffers from the general 
concept that "CEA is a broad-spectrum tumor marker". Thus, overuse and misuse of the marker determination generally occur [3]. 

At present, the detection of CEA mainly includes enzyme-linked immunosorbent assay (ELISA), radioimmunoassay (RIA), and 
chemiluminescence immunoassay (CLIA) [4–6]. RIA and ELISA have been largely replaced by fully automated CLIA assays. In 
addition, there are burgeoning technologies for CEA detection in recent decades, such as a signal-on/split-type photoelectrochemical 
sensing approach, an enhanced pressure-based immunoassay and a novel homogeneous visual fluorescence sensing system [7–10]. The 
reason to compare assays is to assure that patients with a disease will be equally classified by all clinically validated assays and that 
monitoring may be recommended performed using the same assays, or independently from the assays if results are interchangeable. 
However, in practice, CEA assay results vary from laboratory to laboratory due to the differences in assay principles, detection in
struments and reagents, epitopes, and antibody specificities, which directly affect clinical diagnosis and treatment. We assessed the 
comparability of the results from six different automated immunoassays using 40 individual samples. The trueness verification pro
gram was performed in 45 laboratories to assess the consistency of the CEA assays and to compare their performance with analytical 
quality specifications. This study can provide the current status of CEA detection for manufacturers and clinical laboratories to pro
mote the harmonization of CEA immunoassays and the improvement of clinical guidelines. 

2. Materials and methods 

2.1. Materials 

2.1.1. Reagents and instruments 
The six immunoassays and reagents used in this study were as follows: Abbott Architect i2000 (Abbott Diagnostics); Beckman 

DxI800 (Beckman Coulter Inc.); Roche Cobas E601 (Roche Diagnostics GmbH); Diasorin Liaison XL (DiaSorin S.p.A); Maccura IS1200 
(Maccura Biology Co., Ltd.); and Autolumo A2000 (Autobio Diagnostics). Performance characteristics of the six automated CEA 
immunoassay analyzers based on information provided by the manufacturers are summarized in Supplemental Table 1. 

2.1.2. Individual serum samples 
A total of 40 individual serum samples containing different levels of CEA (low, medium, and high) were collected from the lab

oratory department of Beijing Chaoyang Hospital in 2019, and the CEA concentrations ranged from 2.41 to 888.57 ng/mL (as 
measured by the Roche Cobas E601). Each sample (at least 2.5 mL) was aliquoted into six tubes and stored at − 80 ◦C until analysis. The 
use of leftover patient samples was approved by the Ethics Committee of the Beijing Center for Clinical Laboratories, and the study 
procedure adhered to the tenets of the Declaration of Helsinki. Detailed patient information was not needed and the data were 
analyzed anonymously; therefore, participants did not provide written informed consent. 

2.1.3. Samples of the trueness verification program 
According to the EQA program of the BCCL, CEA samples of high (designated 01), medium (02), and low (03) concentrations were 

delivered to 45 laboratories for low-temperature transportation, with 3 sets of 9 samples in one laboratory. 

2.2. Methods 

2.2.1. Imprecision 
The six assays were evaluated for imprecision using low-, medium-, and high-level quality controls. The Standard Deviation (SD) 

and Coefficient of Variation (CV) were calculated for each level of quality controls. 

2.2.2. Comparability analysis 
The Passing-Bablok regression and the Bland-Altman analysis were performed on the 40 individual serum samples. The slope, 

intercept, and Spearman’s rank correlation coefficient (rs) were calculated to evaluate the correlation and to identify proportional and 
systematic bias. The relative difference plots between the six assays and all-assays median were performed [11]. The consistency 
between the six assays measured values and all-assays median value was evaluated using the concordance correlation coefficient 
(CCC): CCC >0.99, almost perfect; 0.99–0.95, substantial; 0.95–0.90, moderate; <0.90, poor consistency [12]. 

2.2.3. EQA program 
The CEA samples of three concentration levels were distributed to 45 laboratories. Each laboratory was requested to measure one 
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aliquot of each concentration level on three consecutive days, and each aliquot was tested for repeatability thrice time. Therefore, a 
total of 9 results were obtained for each concentration level, and the average of these 9 results was considered as the laboratory tested 
value. The target values were assigned as 806.49 ng/mL, 87.57 ng/mL and 15.38 ng/mL [13]. The bias, CV, and total error (TE) 
between the average measured value and the target value were used to evaluate measurement performance, and the pass rates of bias, 
CV, and TE were calculated with the minimal analytical quality specifications calculated from data on biological variation as the 
evaluation criterion separately. 

2.3. Statistical analysis 

Considering the median value of each sample for all assays as a reference, Passing-Bablok regression analysis and relative difference 
plots were performed. Average absolute bias (the difference between the measured value of the assay and all-assays median value) and 
average relative bias (ratio of average absolute bias to all-assays median value) were calculated. Bias, CV, and TE evaluation criterion 
were calculated from data on biological variation (https://www.westgard.com/biodatabase1.htm) to evaluate the results of the 
trueness verification program. Intralaboratory CV was calculated from the 9 repeated results, and TE was calculated as the bias + 2CV. 
Accordingly, the optimal analytical quality specifications of the measurements were 7.13 %, 3.18 % and 12.37 % for CEA, respectively; 
the desirable analytical quality specifications of the measurements were 14.26 %, 6.35 % and 24.74 % for CEA, respectively; the 
minimal analytical quality specifications of the measurements were 21.39 %, 9.53 %, and 37.10 % for CEA, respectively. Excel and 
MedCalc were used for statistical data analysis. 

3. Results 

3.1. Imprecision 

The CVs of the six assays ranged between 1.23 % and 3.15 % at low concentration, which met the requirement of imprecision in 
optimal analytical quality specifications (3.18 %). 2 %–6.03 % for medium concentration, and 0.6 %–3.58 % for high concentration of 
CEA. The CVs of the six assays met the requirement of imprecision in desirable analytical quality specifications (6.35 %) for medium 
and high concentrations (Supplemental Table 2). Among them, only the CV of Roche Cobas E601 and Abbott Architect i2000 met the 
optimal analytical quality specifications at three concentration levels. 

3.2. Assay comparison of six CEA immunoassays 

The measured values of each assay were compared to the all-assays median value, and the regression parameters, average bias 
estimates, and consistency parameters are shown in Table 1. For the individual serum CEA samples, each assay vs. all-assays median 
exhibited strong correlations, with all Spearman’s rank correlation coefficient (rs) ≥ 0.96 (p < 0.0001). The CCC, ranging from 0.9448 
to 0.9990, indicated a substantial concordance for each assay vs. all-assays median. The Cusum test showed no significant deviation 
from linearity for each assay vs. all-assays median (p > 0.05). Additionally, the regression slope ranged from 0.8617 to 1.1462 with the 
95 % confidence interval of the slope excluding 1, except for Abbott Architect i2000/Maccura IS1200 vs. all-assays median. The 95 % 
confidence interval of the intercept excluded 0 for Autolumo A2000/Roche Cobas E601 vs. all-assays median. Thus, there are pro
portional and systematic differences between the assays and all-assays median [14]. 

Fig. 1 A-F depicts the Passing-Bablok regression graphs, and relative difference plots of six assays vs. all-assays median are shown in 
Fig. 2 A-F. The average bias between four assays (Abbott Architect i2000, Autolumo A2000, Diasorin Liaison XL and Maccura IS1200) 

Table 1 
Comparison data of six assays vs. all-assays median values of CEA results for 40 individual serum samples.  

Measuring 
system 

Regression parameters  

Slope (95 % CI) Intercept (95 %CI） Cusum 
test 

rs (95 %CI） Average bias, 
mg/L (95 % CI) 

Average bias, 
% (95 % CI)a 

CCC (95 %CI） 

Abbott 
Architect 
i2000 

1.0201 
(1.000–1.0422) 

0.0913 (− 0.1325 - 
0.4250) 

P = 0.53 0.996 
(0.993–0.998) 

2.97 (− 0.29 - 
6.23) 

1.67 (− 1.78 - 
5.12) 

0.9990 
(0.9982–0.9994) 

Autolumo 
A2000 

0.9184 
(0.8954–0.9363) 

2.3815 
(1.8409–3.2455) 

P = 0.15 0.998 
(0.997–0.999) 

− 19.30 (− 39.74 - 
1.15) 

6.16 
(0.46–11.86) 

0.9448 
(0.9293–0.9570) 

Beckman 
DxI800 

1.1462 
(1.0845–1.2054) 

− 0.4720 (− 1.2793 - 
0.3001) 

P = 0.97 0.998 
(0.997–0.999) 

18.97 
(2.10–35.84) 

13.18 
(8.47–17.89) 

0.9737 
(0.9556–0.9844) 

Diasorin 
Liaison XL 

1.0508 
(1.0209–1.0984) 

− 08629 (− 1.3395 to 
− 0.4254) 

P = 0.15 0.997 
(0.995–0.999) 

7.26 
(0.80–13.73) 

1.50 (− 1.79 - 
4.78) 

0.9958 
(0.9925–0.9976) 

Maccura 
IS1200 

0.9804 
(0.9504–1.0189) 

− 0.3010 (− 0.7041 - 
0.0813) 

P = 0.15 0.997 
(0.994–0.998) 

− 1.72 (− 12.64 - 
9.21) 

− 4.17 (− 7.34 to 
− 1.00) 

0.9891 
(0.9797–0.9942) 

Roche 
Cobas 
E601 

0.8617 
(0.8208–0.8883) 

0.7981 
(0.4616–1.2332) 

P = 0.53 0.999 
(0.997–0.999) 

− 19.72 (− 36.83 
to − 2.61) 

¡9.00 (− 11.86 
to − 6.13) 

0.9614 
(0.9489–0.9709)  

a Assays not fulfilling optimal bias analytical quality specifications are in bold. CCC, concordance correlation coefficient. 
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and all-assays median met optimal analytical quality specifications, while Beckman DxI800 and Roche Cobas E601 were only able to 
fulfill desirable analytical quality specifications (Table1). 

3.3. Analysis of the trueness verification program results 

The pass rates of laboratories that met the bias, CV, and TE limits was calculated from minimal analytical quality specifications, as 
shown in Table 2. The total pass rates of bias varied from 69 % to 87 %. The intralaboratory CV pass rates were 98 % at three con
centrations with only one laboratory failing to meet the requirement. The pass rates for TE, ranging from 93 % to 98 %, were 
approximately equal to the CV. Among them, the Roche system achieved the highest pass rates (100 %) for bias, CV and TE. The pass 
rates of bias, CV and TE for all other systems except for the Roche system differed greatly. 

Fig. 1. Comparison of the six immunoassays for CEA detection by Passing-Bablok regression analysis. MEDIAN indicates all-assays median. Results 
are in ng/mL. The blue solid lines indicate the Passing-Bablok regression analysis results, while the red dashed lines around the regression lines 
describe 95 % confidence interval areas. The red solid lines indicate x = y. 
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As shown in Fig. 3, the ranges of bias were highly dispersed. The bias at the low concentration was higher than those at the high 
concentration for the Abbot system and Beckman system. Beckman DxI800 and Abbott system showed positive bias was predominant 
for three concentrations, and Beckman DxI800 have the biggest positive mean bias. Meanwhile, the Siemens system exhibited the 
largest negative bias, and the bias at low concentration was higher than high concentration. The biases of these systems were large and 
only the Roche system met bias limits at three concentrations. For most systems, the ratio of interlaboratory/intralaboratory CVs was 
>2.0 except for two minority systems (Bioscience Peteck 96-I and Snibe Maglumi 2000plus) (Fig. 4). 

4. Discussion 

Automated systems are able to process numerous test samples with smaller amounts of reagents, resulting in cost savings and 

Fig. 2. Comparison of six CEA immunoassays by Bland-Altman plots in 40 serum samples. MEDIAN indicates all-assays median. The blue solid line 
indicates the percent difference from the average of the two assays. The red dashed lines indicate the upper and lower 95 % confidence limits of the 
percent difference between the two assays. The green solid lines are the accepted bias limits of 7.13 % optimal analytical quality specifications. 
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improved efficiency. However, the results obtained by different automated assays have not always been satisfactory [15]. Our results 
indicated a variation in the CEA levels determined by different assays, which is consistent with previous studies. A study by Joonhong 
Park et al. [6] evaluated the agreement among automated immunoassays for CEA in four different medical laboratories, including 
ADVIA Centaur XP, ARCHITECT i2000sr, Elecsys E170, and Unicel DxI800, and the results showed considerable variability and sig
nificant differences. Another study by Kuo Zhang et al. [16], individual serum CEA samples were measured using four different assays: 
Abbott Architect i2000SR, Beckman Access DXI800, Roche Cobas E601, and Siemens ADVIA Centaur XP. They discovered that there 
was no perfect correlation between any two assays, and the results of four assays varied. 

The results of Passing-Bablok regression analysis indicated that there were proportional and systematic differences between the 
assays and all-assays median. It was presumed that the variation of results obtained from six different assays could be attributed to the 
current CEA detection primarily relying on the immunoassays, whichuse the principle of specific binding between antigens and an
tibodies. Difference may be attributed to the use of different monoclonal antibodies in the assays and the specificity of the specificity of 
the antigen-antibody binding site. Besides, interference such as non-specific cross-reactions, heterophilic antibodies, and paraproteins 
may be inevitable [17]. A previous study found that 83 % of monoclonal antibodies targeting CEA could be categorized into five 
epitope groups denoted as GOLD 1–5. These groups are non-interacting and these antibodies have been categorized into 7 groups 
(groups A-G) based on the domain structure of the CEA molecule [18,19]. According to the manufacturer’s instructions, the Roche 
system’s detection kit monoclonal antibodies reacted with the 2 and 5 antigenic determinants. In contrast, the Diasorin system employs 
three different highly specific monoclonal antibodies, for the coating and tracer of solid phase (magnetic particles), respectively. The 
tracer recognizes the peptide epitopes specific to CEA belong to category 5. The lack of standardized methods for the production and 
purification monoclonal antibodies may lead to differences in the detection of the same group of epitopes [16]. Additionally, dif
ferences in the structure of the carbohydrate chains present in the CEA molecule may result in varying specificity of anti-CEA anti
bodies. Therefore, selecting monoclonal antibodies that remain unaffected by variations in carbohydrate chains and forgo 
cross-reactivity with CEA-related antigens is pivotal in improving the accuracy of CEA assays [20]. 

In the Bland-Altman analysis, the average bias of Maccura IS1200, Diasorin Liaison XL, Autolumo A2000, and Abbott Architect 
i2000 vs. all-assays median met the requirement for optimal analytical quality specifications, while those of Roche Cobas E601 and 
Beckman DxI800 vs. all-assays median were only able to fulfill the desirable analytical quality specifications. This difference could be 
related to the traceability of calibration products. Among the six assays, only the calibrations of Roche Cobas E601, Maccura IS1200, 
and Diasorin Liaison XL could be calibrated to WHO 73/601. The use of a common standard may decrease the variation among 
different CEA immunoassays. 

To achieve a comprehensive understanding of the current state of CEA detection, a trueness verification program was conducted 
with the following aims: to assess individual laboratories and systems for various factors such as bias and reproducibility, stability, 
calibration traceability, and consistency across different laboratories and systems. The pass rates of imprecision (CV), trueness (bias), 
and inaccuracy (TE) of each system’s CEA detection were evaluated using minimal analytical quality specifications. The results showed 
that the Roche system achieved the highest pass rates. Furthermore, an average of 98 % of laboratories met the requirement for 
intralaboratory CV, whereas the pass rates for bias were lower compared to CV and TE. These findings indicated that bias was the 

Table 2 
Results of the trueness verification program.   

01 02 03 

Bias CV TE Bias CV TE Bias CV TE 

Total 87 % (39/ 
45) 

98 % (44/ 
45) 

98 % (44/ 
45) 

69 % (31/ 
45) 

98 % (44/ 
45) 

93 % (42/ 
45) 

84 % (38/ 
45) 

98 % (44/ 
45) 

98 % (44/ 
45) 

Abbott Architect 
i2000 

100 % (6/ 
6) 

100 % (6/ 
6) 

100 % (6/ 
6) 

17 % (1/6) 100 % (6/ 
6) 

100 % (6/ 
6) 

83 % (5/6) 100 % (6/ 
6) 

100 % (6/ 
6) 

Abbott AxSym 100 % (3/ 
3) 

100 % (3/ 
3) 

100 % (3/ 
3) 

33 % (1/3) 100 % (3/ 
3) 

100 % (3/ 
3) 

67 % (2/3) 100 % (3/ 
3) 

100 % (3/ 
3) 

Beckman Access 67 % (2/ 
3） 

100 % (3/ 
3) 

100 % (3/ 
3) 

33 % (1/3) 100 % (3/ 
3) 

100 % (3/ 
3) 

33 % (1/3) 100 % (3/ 
3) 

100 % (3/ 
3) 

Beckman DxI800 50 % (3/6) 100 % (6/ 
6) 

100 % (6/ 
6) 

50 % (3/6) 100 % (6/ 
6) 

67 % (4/6) 50 % (3/6) 100 % (6/ 
6) 

100 % (6/ 
6) 

Roche Cobas E601 100 % (13/ 
13) 

100 % (13/ 
13) 

100 % (13/ 
13) 

100 % (13/ 
13) 

100 % (13/ 
13) 

100 % (13/ 
13) 

100 % (13/ 
13) 

100 % (13/ 
13) 

100 % (13/ 
13) 

Roche Elecsys E411 100 % (6/ 
6) 

100 % (6/ 
6) 

100 % (6/ 
6) 

100 % (6/ 
6) 

100 % (6/ 
6) 

100 % (6/ 
6) 

100 % (6/ 
6) 

100 % (6/ 
6) 

100 % (6/ 
6) 

Roche ES 300 100 % (2/ 
2) 

100 % (2/ 
2) 

100 % (2/ 
2) 

100 % (2/ 
2) 

100 % (2/ 
2) 

100 % (2/ 
2) 

100 % (2/ 
2) 

100 % (2/ 
2) 

100 % (2/ 
2) 

Siemens ADVIA 
Centaur XP 

50 % (2/4) 100 % (4/ 
4) 

100 % (4/ 
4) 

50 % (2/4) 100 % (4/ 
4) 

100 % (4/ 
4) 

100 % (4/ 
4) 

100 % (4/ 
4) 

100 % (4/ 
4) 

Bioscience Peteck 96-I 100 % (1/ 
1) 

100 % (1/ 
1) 

100 % (1/ 
1) 

100 % (1/ 
1) 

100 % (1/ 
1) 

100 % (1/ 
1) 

100 % (1/ 
1) 

100 % (1/ 
1) 

100 % (1/ 
1) 

Snibe Maglumi 
2000plus 

100 % (1/ 
1) 

0 % (0/1) 0 % (0/1) 100 % (1/ 
1) 

0 % (0/1) 0 % (0/1) 100 % (1/ 
1) 

0 % (0/1) 0 % (0/1) 

The percentage represents the laboratories meeting the minimal bias, CV, and TE analytical quality specifications, and the fraction in bracket was the 
number of labs meeting criterion/total number of labs of this type. CV, coefficient of avriation; TE, total error. 
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primary factor limiting the accuracy and comparability of CEA results. 
The intralaboratory CVs serve as an indicator of how reproducible and stable the assay is. Factors such as instrument imprecision, 

consistency of reagents and calibrators, and the stability of the reagents all contributed significantly to the stability of assays [21,22]. 
The pass rates of laboratories meeting the bias were approximately equal to the TE. The bias of the systems, except for the Roche 
system, was large, indicating obvious system bias in these systems. The ability of the participating laboratory is assessed by comparing 
the bias of each system and the acceptable criterion. The poor results with a large dispersion and a large deviation from the target 
value, indicate a significant issue of the trueness. This may be due to differences in the principle of detection methods, incorrect 

Fig. 3. Percent difference in different assays against bias limits for CEA at three concentrations. The X-axis represents the sample codes of the three 
concentrations of CEA, the Y-axis represents the relative bias for peer groups. The red dashed line represents the minimal bias limits for CEA derived 
from the biological variability. 

Fig. 4. Potential to improve equivalence with standardization. The X-axis displays the interlaboratory CVs of different systems, and the Y-axis 
displays the mean intralaboratory CVs of each system. The red and blue solid lines display interlaboratory/intralaboratory CVs ratios of 2.0 and 1.5, 
respectively. 
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calibration, inappropriate use of standards and quality control products, lack of operator skills or other reasons caused by systematic 
errors. The interlaboratory CVs of results using the same system were used to illustrate the degree of bias and imprecision, and are also 
one of the indicators used to measure the overall detection quality of these laboratories. The greater the difference between inter
laboratory and intralaboratory CVs, the higher the contribution of bias to the dispersion between laboratory results and the greater the 
effect of standardization on the improvement of equivalence. In our study, interlaboratory CVs were much larger than intralaboratory 
CVs (for most systems, the ratio of interlaboratory/intralaboratory CVs was over 2.0), indicating significant differences and unsat
isfactory comparability among laboratories. Efforts need to be made to achieve better equivalence through standardization or 
harmonization of CEA [21]. The trueness verification program also had some limitations, as only a few specific concentrations of 
samples were available, making it difficult to achieve assay comparisons across the entire range of assays [23]. 

In brief, the clinical measurement of CEA is based on immunological techniques, however, the absence of internationally accepted 
reference methods and high levels of accuracy is the primary impediments to the standardisation and consistency of measurement. 
Therefore, each laboratory needs to establish its reference range to accurately reflect the situation of a specific population. The lab
oratory’s report to the clinician should detail the characteristics of the reagent used. If the test reagent used changes during patient 
monitoring with the same assay is required until comparability of CEA detection values is achieved. The results of CEA should be 
evaulated comprehensively in conjunction with the patient’s medical history, clinical examination, and other clinical information. It is 
also necessary to select the most suitable antigen-antibody combination to improve the accuracy of the detection assay. Moreover, in 
the absence of internationally recognized reference methods, good laboratory internal quality control is an important guarantee to 
ensure the quality of testing [8]. 

5. Conclusions 

Our study showed that there were quite difference in CEA results of the six common chemiluminescence automated immunoassays, 
and the harmonization of CEA needs to be further improved. However, this study also had certain limitations, such as only six assays 
were included, and only 40 individual serum samples were tested at the same time. The sample size was relatively small, and the 
number of laboratories participating in the EQA program was small. Further studies should consider additional assays and a large 
number of patient serum samples. 
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