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Abstract

BACKGROUND

Colorectal cancer (CRC) is a prevalent malignant tumor involving adenomas that
develop into malignant lesions. Carcinoembryonic antigen (CEA) is a non-specific
serum biomarker upregulated in CRC. The concentration of CEA is modulated by
tumor stage and grade, tumor site in the colon, ploidy status, and patient smoking
status. This study aimed to evaluate current evidence regarding the diagnostic
power of CEA levels in the early detection of CRC recurrence in adults.

AIM
To evaluate current evidence regarding the diagnostic power of CEA levels in the
early detection of CRC recurrence in adults.

METHODS

A systematic search was performed using four databases: MEDLINE, Cochrane
Trials, EMBASE, and the Web of Science. The inclusion criteria were as follows:
Adult patients aged > 18 years who had completed CRC curative treatment and
were followed up postoperatively; reporting the number of CRC recurrences as an
outcome; and randomized, clinical, cohort, and case-control study designs.
Studies that were not published in English and animal studies were excluded. The
following data were extracted by three independent reviewers: Study design,
index tests, follow-up, patient characteristics, and primary outcomes. All
statistical analyses were performed using the RevMan 5.4.1.

RESULTS
A total of 3232 studies were identified, with 73 remaining following the
elimination of duplicates. After screening on predetermined criteria, 12 studies
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were included in the final analysis. At a reference standard of 5 mg/L, CEA detected only approximately half of
recurrent CRCs, with a pooled sensitivity of 59% (range, 33%-83%) and sensitivity of 89% (range, 58%-97%).

CONCLUSION
CEA is a significant marker for CRC diagnosis. However, it has insufficient sensitivity and specificity to be used as
a single biomarker of early CRC recurrence, with an essential proportion of false negatives.

Key Words: Carcinoembryonic antigen; Colorectal cancer; Reference standard; Sensitivity and specificity; Curative
carcinoembryonic antigen treatment
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Core Tip: Colorectal cancer (CRC) is a prevalent malignant tumor involving adenomas that develop into malignant lesions.
Carcinoembryonic antigen (CEA) is a non-specific serum biomarker upregulated in CRC. The concentration of CEA is
modulated by tumor stage and grade, tumor site in the colon, ploidy status, and patient smoking status. Overall, CEA
remains an important diagnostic tool for CRC detection and management. When used in combination with other diagnostic
tests, such as colonoscopy and imaging examinations, CEA can provide valuable information regarding the presence and
progression of CRC and treatment effectiveness.

Citation: Wang R, Wang Q, Li P. Significance of carcinoembryonic antigen detection in the early diagnosis of colorectal cancer: A
systematic review and meta-analysis. World J Gastrointest Surg 2023; 15(12): 2907-2918

URL: https://www.wjgnet.com/1948-9366/full/v15/i12/2907.htm

DOI: https://dx.doi.org/10.4240/wjgs.v15.112.2907

INTRODUCTION

Colorectal cancer (CRC) is a prevalent malignant tumor involving adenomas that develop into malignant lesions. CRC
can be detected through early screening and treated with surgery or colonoscopy, increasing the survival rate by 90%[1].
Carcinoembryonic antigen (CEA), commonly found in epithelial cells in the colon, stomach, prostate, or cervix, is a non-
specific serum biomarker upregulated in CRC[2].

CEA is a glycoprotein with a molecular weight of 200 kDa. CEA is generally eliminated from the serum after birth,
with small amounts retained in colonic tissues that are associated with chromosome 19q13.2[2]. CEA is a member of the
CEACaM immunoglobulin family and is involved in cell adhesion, migration, and proliferation[3]. In normal cells, CEA
is primarily located in the endoluminal section of the cell membrane, where it inhibits cell apoptosis and tumor
pathogenesis[3].

Controversy surrounds CEA use in practice owing to variability in the measurement of CEA levels. Foremost, enzyme-
linked immunosorbent assays, which are often used to test for the presence of CEA, can vary depending on the testing
procedures, yielding inconsistent CEA levels. For example, using monoclonal antibodies against reactive isotopes of CEA
produces significant errors in patients receiving secondary doses of monoclonal antibodies[2,4]. Moreover, in patients
with CRC, the concentration of CEA is modulated by tumor stage and grade, tumor site, ploidy status, and patient
smoking status. Because CEA is mainly metabolized in hepatic cells, dysfunction in biliary and hepatic function was
associated with false positive detection due to increased levels of CEA[5]. Tumor differentiation also affects CEA levels,
with higher levels implying appropriately differentiated tumors and vice versa. Lastly, Duffy[5] suggested that the
isolation of CEA from liver metastases leaves a glycoprotein with 60% carbohydrate content and a relatively high
molecular mass; therefore, CEA is heterogeneous because of significant variations in its carbohydrate side chains,
consisting of mannose, galactose, and sialic acid.

CEA levels increase with CRC disease progression, with significantly differentiated CRCs being associated with higher
levels of CEA per gram of protein than poorly differentiated CRCs[4,5]. Therefore, CEA testing has been suggested for
CRC diagnosis, particularly for detecting disease recurrence and monitoring the response to therapy. However, the use of
CEA in the screening of CRC in asymptomatic individuals remains controversial and, therefore, is not recommended in
routine practice[6].

According to Lakemeyer et al[7] CEA testing can help detect early CRC recurrence in patients who have already been
diagnosed with CRC. Increasing blood levels of CEA provides a biomarker of CRC recurrence, even before it appears in
imaging tests[8]. Early detection of CRC recurrence can allow for early treatment of recurrent disease, improving patient
outcomes. In addition to early detection, CEA testing can be used to determine treatment effectiveness and, therefore, the
risk for CRC recurrence. Specifically, in patients with high pretreatment CEA levels, a decrease in CEA levels can indicate
treatment effectiveness[9]. Conversely, a continued rise in CEA levels after treatment would suggest cancer recurrence.
However, considering the inconsistencies in using CEA for CRC detection, this study aimed to evaluate current evidence
regarding the diagnostic power of CEA levels in the early detection of CRC recurrence in adults.
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MATERIALS AND METHODS

Information sources and search strategy

A systematic search was performed using three databases: MEDLINE, Cochrane Trials, EMBASE, and the Web of Science.
The databases were searched from 1990 to 2022 using keywords such as "recurrence," "carcinoembryonic antigen,"
"colorectal cancer," "follow-up," and "curative." This study was performed according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines[10,11] and the Cochrane Handbook for Systematic Reviews
[12,13]. The evidence from the findings of this study was evaluated using the Grading of Recommendations Assessment,
Development, and Evaluation procedure[14].

Eligibility criteria

This study adopted the Participants, Intervention, Comparison, and Outcomes model to determine the inclusion and
exclusion criteria. The inclusion criteria were as follows: Adult patients, > 18 years of age, who had undergone curative
CRC treatment with postoperative follow-up; reporting of the number of CRC recurrences as an outcome; inclusion of
sufficient information to calculate contingency tables for CEA, index tests, physical examinations, and echography; and
randomized, clinical, and cohort and case-control study designs. Studies published in languages other than English,
involving animal models, and not reporting CEA levels in CRC were excluded.

Study selection

Our study team included three reviewers who independently reviewed studies identified by our search. The titles and
abstracts were screened using our predetermined inclusion and exclusion criteria. The reference list of selected public-
ations was reviewed to identify other eligible studies. A full-text review was performed to confirm eligibility. Differences
in opinions between independent reviewers were resolved through discussion and consensus before voting.

Data extraction

The data collection forms outlined by the standard Cochrane Library were used to extract data from eligible studies. The
following data were extracted: Study design, index tests, follow-up, patient characteristics, CRC recurrent, and primary
outcomes measured in each study.

Quality assessment

The Cochrane risk of bias (ROB) tool was used to assess the quality of the selected studies. The risk of blinding evaluators
was discarded as a bias criterion as it is impossible to blind medical professionals to the measurement of CEA levels used
in the diagnostic process. Therefore, ROB was evaluated based on patient selection, index tests, reference standards, flow,
and timing.

Statistical techniques

Our meta-analysis assessed outcomes based on pooled odds ratios and their 95% confidence intervals using forest plots.
All statistical analyses were performed using Review Manager 5.4.1 (RevMan, Copenhagen, The Cochrane Collaboration,
2014). The heterogeneity of studies was analyzed using statistic, with P values < 0.05 considered statistically significant.
The effects of heterogeneity on CEA levels were assessed using the 12 statistic, with scores between 0% and 40% regarded
as insignificant inconsistencies in the measurement of CEA levels. The Mantel-Haenszel random effects model was used
to evaluate the association between CEA levels and CRC recurrence as its assumptions were met. Clinical heterogeneity
was examined to determine random effects on the association between CEA levels and CRC recurrence. Heterogeneity
was explained based on sample size, sex, methodological quality, and study design. Moreover, differences in CRC
subtypes, percentage of recurrences, testing frequency, tumor site, and follow-up parameters were examined. Sensitivity
analyses were performed in various domains, including a validated CEA measurement.

RESULTS

In total, 3232 studies were identified, with 73 retained after eliminating duplicate records. After review, based on
eligibility criteria, 12 studies were included in the final analysis[15-26] (Figure 1).

Characteristics of included studies

The 12 studies included in the final analysis reported on 3223 patients; 60% were men aged 25-95 years (Table 1). Of
these, 569 patients were from secondary care facilities. Most patients were diagnosed with stage II or III CRC. Two
studies included patients with stage IV CRC (Bhatti et al[16] and Shinkins et al[26])with curative treatment, including
resectioning liver metastases. The reported duration of follow-up ranged from 17 to 99 months, with a CRC recurrence
rate of 20%.

Standards and index tests

Our study compared the diagnostic values of follow-up procedures used in detecting recurrence rates of CRC. Nine
studies reported CEA as follow-up tests with 2 studies reporting ultrasound and 1 study involving a physical
examination. In studies that reported CEA, a cut-off value of 5 micrograms per litre was used in all patients as the
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Table 1 Characteristics of included studies

Ref. Year. of . Study design S.ample Age (yr) Location of  Stage of the Treatment therapy
publication size cancer tumour
Augestad 2014 Randomized 110 65.4+8.1; Colon (110 1(24), 11 (55), I Surgical treatment for all patients
et al[15] controlled trial males =59.1%, patients) (32)
females =
40.9%
Bhattietal 2015 Prospective 569 70; males = Colon (336 0(31),1(33),1I Surgical treatment (569 patients),
[16] cohort study 51%, females = patients) and (78), 111 (288), IV neoadjuvant chemotherapy (106
49% rectum (233 (137) patients) and adjuvant chemotherapy
Ppatients) (204 patients)
Changetal 2017 Prospective 357 63.8 £11.5; Colon (259 1(97),11(125), I Surgical treatment (357 patients),
[17] cohort study males =57.7%, patients) and (135) neoadjuvant radiotherapy and
females = rectum (98 chemotherapy (81 patients)
42.3% patients)
Gilardoni 2015 Retrospective 196 70; males = Colon (196 1(65), III (131) Surgical treatment (196 patients)
et al[18] cohort study 59.7%, females  patients)
=40.3%
Guo et al 2018 Retrospective 178 59.7 £10.6; Colon (79 0(2),1(11),11(60), Surgical treatment (178 patients) and
[19] cohort study males = 66.3%; patients) and III (105) chemotherapy (66 patients)
females = rectum (42
32.7% patients)
Haraetal 2011 Prospective 127 63.4 £9.4; males Colon (85 III (127) Surgical treatment (127 patients),
[20] cohort study =55.1%, patients) and adjuvant chemotherapy (110 patients),
females = rectum (42 adjuvant radiotherapy (1 patient)
44.9% patients)
Jonesetal 2015 Retrospective 118 N/A; males=  Colon (66 1(26), 11 (47), 11T Surgical treatment (118 patients),
[21] cohort study 61.9%, females  patients) and (45) adjuvant chemotherapy (73 patients)
=38.1% rectum (52
patients)
Kim and 2013 Retrospective 336 60.4+11.1; Colon (224 II (189 patients) Surgical treatment for all patients
Lee[22] cohort study males = 60.7%, patients) and and IIT (147
females = rectum (112 patients)
39.3% patients)
Moloney et 2019 Retrospective 138 67; males = Colon (90 I (58 patients), I~ Surgical treatment for all patients
al[23] cohort study 54.3%, females  patients) and (69 patients), III
=45.7% rectum (48 (11 patients)
patients)
Nicolini et 2010 Prospective 108 60 Colon (69 I (29 patients), I~ Surgical treatment for all patients
al[24] cohort study patients) and (41 patients), and
rectum (39 III (38 patients)
patients)
Rodrigues 2017 Prospective 404 64.6; males = Colon (199 II (177 patients) Surgical treatment (404 patients),
et al[25] cohort study 59.7%, females  patients) and  and III (227 neoadjuvant chemotherapy in the
=40.3% rectum (205 patients) rectum (175), adjuvant chemotherapy
patients) (196 patients) and adjuvant
chemotherapy in the colon (86 patients)
Shinkins et 2017 Randomized 582 65; males= N/A I (110 patients), I~ Surgical treatment for all patients
al[26] controlled trial 61.3%, females (282 patients), IIT
=38.7% (166 patients) and
U (24 patients)

standard threshold. The reference standard varied in various studies with histopathological and radiological examin-
ations being widely used (see Table 2)

ROB assessment
The ROB allowed us to assess the methodological quality of selected studies. We found four studies with a relatively high
ROB regarding patient selection, while six studies had a higher ROB regarding reference standards.

ROB was assessed for patient selection, index tests used, reference standards for CEA levels, timing of CEA testing,
and flow of patients through the study (Figure 2). As shown in Figure 3, most studies had an unclear and low ROB across
the four domains of patient selection, index test, reference standard, and flow and timing, with a high ROB observed in
only four studies on various domains. The ROB for patient selection was unclear-to-low due to a lack of randomization,
with patients selected based on specific features that could influence measured outcomes. Bias in index tests used in
diagnostic studies can lead to under- or over-estimation of the diagnostic accuracy of a test and, thus, the selection and
interpretation of a gold standard was low. The reference standard is often associated with a misclassification bias when it
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Table 2 Diagnostic values of follow up duration and reference standards

Duration
Percent
Year of Sample o Frequency Standard of  True False  False True
Ref. L . recurrence Index test o o . .
publication size (%) follow- (mo) reference positive positive negative negative
' up (mo)
Augestad 2014 110 127 17 CEA 6 Colonoscopy, 3 6 4 97
et al[15] reference contrast-
threshold enhanced
of 5g/L ultrasound,
computed
tomography
scans, PET
scans
Bhatti et al 2015 569 26.2 6-50 CEA 6 CT and PET 123 23 26 397
[16] reference scans with or
threshold without
of 5g/L biopsies
Changet 2017 357 18.8 3-64 CEA 6 CT scan 44 59 23 231
al[17] reference
threshold
of 5g/L
Haraetal 2011 127 36.2 N/A CEA 6 Radiological 31 3l 15 50
[20] reference examination
threshold
of 5g/L
Guoetal 2018 178 51.7 N/A CEA 6 Radiological 66 36 26 50
[19] reference examination
threshold involving X-
of 5g/L rays, CT scans
Kimand 2013 336 235 36-134 CEA 6 Biopsies and 34 23 45 234
Lee[22] reference radiological
threshold examination
of 5g/L
Moloney 2019 138 43 25 N/A 6 CT scans, 2 5 4 127
et al[23] colonoscopy
and ultrasound
Rodrigues 2017 404 129 3-79 CEA 6 Radiological 23 36 29 316
et al[25] reference examinations
threshold
of 5ug/L
for
smokers
anda3
g/L for
non-
smokers
Shinkins 2017 582 17.9 N/A CEA 6 CT scans, 51 12 53 466
et al[26] reference colonoscopy
threshold
of 5g/L

CEA: Carcinoembryonic antigen; CT: Computed tomography; PET: Positron-emission tomography; N/ A: Not applicable.

is not sensitive or sufficient to diagnose the desired medical condition. Bias in the timing of the index test and subsequent
flow of patients through the study can further contribute to variability in the evaluation of diagnostic accuracy.

Diagnostic accuracy of CEA

Forest plots were created to compare the diagnostic accuracy of the different follow-up tests (Figures 4 and 5). The

sensitivity for detecting CRC recurrence overall ranged between 33% and 83%, with a specificity range from 58% to 97%.
As shown in Figure 6, the sensitivity and specificity of CEA in detecting CRC recurrence in high-quality studies ranged

from 43% to 72%, with a specificity range from 58% to 94%.
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Records identified through database Additional records identified
searching (n = 3232) through other sources (7 = 0)

Identification

Records after duplicates removed (7 = 2500)

Records screened (7 = 200) > Records excluded (7 = 2300)

Full-text articles excluded, with
reasons (7 = 137)

Related to animal studies (7 = 50)
Non-English publications (7 = 50)
Non-RCTs, incomplete data, lack
of index tests and reference
standards (7 = 37)

Full-text articles assessed
for eligibility (7 = 73)

2
3
)
z

Studies included in qualitative
synthesis (7 = 12)

Studies included in
quantitative synthesis
(meta-analysis) (7 = 12)

DOI: 10.4240/wjgs.v15.i12.2907 Copyright ©The Author(s) 2023.

Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow chart. RCT: Randomized controlled trial.
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Figure 2 Risk of bias and applicability concerns of all studies.

DISCUSSION

Our findings revealed that using CEA at a reference level of 5 mg/L detected only approximately half of CRC recurrence,
with CEA having neither the sensitivity nor specificity required to be used as a single test clinically. Although CEA can be
useful for early identification of CRC recurrence, it must be combined with other tests, such as ultrasound or physical
examination.

The recommended reference standard for CEA testing is 5 mg/L, with levels > 5 mg/L considered abnormal.
However, it is essential to note that not all patients with CRC have elevated CEA levels and that some patients with other
conditions may also have elevated CEA levels. The significance of CEA detection in the early diagnosis of CRC lies in its
ability to detect cancer in its early stages before symptoms appear. CEA testing is often used with other diagnostic tests,
such as colonoscopy or biopsy, for early CRC diagnosis. This is important as early diagnosis can optimize treatment and,
thus, patient outcomes and survival.

Our findings are similar to Hung et al[27], who identified elevated serum CEA levels > 5 mg/L in 63.6% of patients
with recurrent CRC. For patients with low serum CEA levels (2 mg/L), suspected CRC recurrence was assessed based on
symptomology and radiological examination. Repeated measurement of postoperative CEA levels is recommended to
improve the detection of CRC recurrence for early treatment, with monitoring at 3 and 6 mo recommended for five years
after initial diagnosis. In addition, annual computed tomography (CT) imaging is recommended to enhance CRC
recurrence detection. Before curative treatment, patients with high CEA levels are expected to exhibit decreased or
normal levels postoperatively. Persistently high or increased levels during routine postoperative monitoring suggest CRC
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Figure 3 Risk of bias assessment of every study.
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Figure 4 Forest plot of sensitivity of carcinoembryonic antigen. TP: True positive; FP: False positive; FN: False negative; TN: True negative; 95%Cl:

95% confidence interval.
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Figure 5 Forest plot of sensitivity and specificity of carcinoembryonic antigen. TP: True positive; FP: False positive; FN: False negative; TN: True
negative; 95%Cl: 95% confidence interval.
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Figure 6 Forest plot of the sensitivity and specificity of carcinoembryonic antigen in high-quality trials. TP: True positive; FP: False positive; FN:
False negative; TN: True negative; 95%Cl: 95% confidence interval.

recurrence and are an indication for follow-up imaging examination, including radiography, CT, and positron-emission
tomography (PET)[27]. Therefore, the monitoring of CEA levels should be considered as one component of a compre-
hensive postoperative follow-up for early diagnosis of CRC recurrence.

Despite advancements in surgical procedures, care, and adjuvant and neoadjuvant chemotherapy[28], postoperative
follow-up is recommended for CRC recurrence for early treatment to improve patient outcomes and survival. Our
analysis included studies with a postoperative follow-up duration of at least six months for CRC recurrence detection.
Our findings indicate the possibility of missed diagnosis of CRC recurrence, including false negatives, when using only
CEA levels due to its lower-than-needed diagnostic sensitivity and specificity. Therefore, CEA levels should not be used
as a single technique for CRC follow-up.

The incorporation of imaging examinations in CRC follow-up has been inconsistent and lacks predefined standards.
Locker et al[29] suggested that shorter follow-up intervals and precise radiological examination improved the detection of
CRC recurrence, increasing patient survival by allowing for early intervention. In contrast, Primrose ef al[30] suggested
that shorter follow-up intervals and detailed procedures after curative CRC treatment did not yield a survival advantage.
Moreover, they reported a higher risk of recurrence in patients who underwent CT and CEA measurements than in those
who were followed-up only using CEA or CT imaging, but with no statistical difference in overall survival between the
two groups. Based on these results, the combination of CEA and CT imaging may be significant only during the early
stages of follow-up and not the later stages. Our findings indicated that follow-up should be more intensive during the
first three years after curative CRC treatment, with the inclusion of imaging and physical examination recommended
considering the 30% CRC recurrence rate within the first three years postoperatively and that > 70% of recurrent CRCs
were not detected by CEA levels. In addition, we propose that adoption of PET imaging over other imaging modalities
could be significant for detecting metastasis. We recognize that although PET imaging provides high sensitivity and
specificity for CRC recurrence compared to CEA, it is relatively expensive, and its availability is limited in some regions
of the world[28]. As a rule, medical professionals should incorporate PET or CT as secondary diagnostic tools when an
elevation in CEA is detected.

Our findings indicated a higher rate of CRC recurrence among patients with higher preoperative CEA levels. However,
frequent radiological examination was associated with a good prognosis and delayed detection of CRC recurrent among
patients with low preoperative CEA levels. In their study of 106 patients with CRC recurrence after surgical treatment,
Saito et al[31] reported that 56% of patients had normal CEA levels at the time of diagnosis and serum CEA concen-
trations > 5 mg/L at the time of CRC recurrence. Using a cutoff CEA level of 5 mg/L lowers the sensitivity of detecting
recurrent CRC, with 80% of patients with CEA levels > 5 mg/L reporting abnormal symptoms at the time of diagnosis of
CRC recurrence. In comparison, among patients with CEA levels <5 mg/L, 42% of the patients reported abnormal
symptoms at the time of diagnosis of recurrent CRC. Therefore, surveillance of recurrent CRC using CEA levels alone is
insufficient and risky due to its low diagnostic accuracy for CRC recurrence.

Incorporating other tumor markers, such as carbohydrate antigen 19 and cancer antigen 125, is essential in determining
CRC recurrence rates, particularly in patients who do not exhibit elevated levels of CEA before surgery or during follow-
up. We propose that adoption of other tumor markers could increase the specificity and precision of early detection of
CRC. Several studies have proposed that a CEA cutoff value of 5 mg/L should be adopted for CRC recurrence detection
in follow-up studies. However, we propose that this cutoff value should be slightly lowered for patients with low CEA
levels to permit the early detection of recurrent CRC, such as 10 pg/dL.

In our analysis, we included studies that adopted colonoscopy[32] as a reference standard for CRC recurrence
detection in addition to CEA levels. Colonoscopy refers to medical tests performed inside the bowel to detect
abnormalities. It involves a long, flexible tube with a tiny camera placed at the tip of the rectum to visualize any changes.
According to the American Cancer Society, individuals with a high risk of CRC should begin screening at the age of 45
years, and individuals with a family history of CRC or predisposition should undergo regular screening. A colonoscopy
permits doctors or cancer professionals to analyze the rectum and colon for abnormalities, such as polyps or growth,
which can be biopsied for further examination. Colonoscopy is considered the gold standard for CRC detection;
combined with CEA testing, it is highly effective for detecting early-stage CRC. In addition to its effectiveness in detecting
CRC, polyps and other growths can be removed during the procedure to prevent CRC development[32]. Although
colonoscopy is generally a safe and effective procedure, it does carry some risks, such as bleeding or perforation of the
colon. However, these risks are rare, and the benefits of early detection and prevention of CRC far outweigh the risks
associated with the procedure.

Our analysis included studies that adopted contrast-enhanced ultrasound (CEUS) and CEA for CRC detection. CEUS is
an imaging technique that uses contrast agents, such as microbubbles, to improve the clarity and visualization of images
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in the rectum and colon. It permits the visualization of functional and structural systems of the rectum and colon to offer
a complete image of abnormalities or growths[33,34]. Contrast agents represent areas of higher blood flow, indicating the
presence of tumors. CEUS is more robust than CT or magnetic resonance imaging (MRI) as it does not involve ionizing
radiation and is highly safe for patients who require frequent medical examinations. The high effectiveness of CEUS for
early-stage CRC detection has been reported, with a sensitivity of 92% and specificity of 89%[35]. Therefore, CEUS may
be a valuable tool for the early detection of treatable CRC. However, CEUS has not been widely adopted in clinical
practice, and further research is required to comprehend its effectiveness and limitations compared with other imaging
techniques.

CT imaging for CRC detection and staging involves numerous radiographs to create clear and detailed images of the
colon and rectum to reveal tumors or enlarged lymph nodes. CT imaging is highly effective for early CRC detection,
which improves treatment outcomes and overall survival rates[36,37]. Moreover, CT imaging can be used to monitor
disease progression, assess treatment effectiveness, measure tumor size, and monitor change over time. Combining CT
images and CEA measurement increases the sensitivity and specificity of detecting early CRC by identifying abnormal
growth or lesions within the colon and rectum and determining the cancer stage. CT can also detect the presence of
cancerous cells in other parts of the body, such as the liver, indicating whether the cancer has metastasized. However, CT
imaging is associated with high exposure to ionizing radiation, which increases cancer risk, particularly in young
patients. However, the benefits of early detection and treatment of CRC generally outweigh the risks associated with CT
imaging.

Our findings indicate that combined radiological examinations, including CT, MRI, and CEAU, are adequate for early
CRC detection. Radiographs can detect abnormalities in the colon and rectum, such as growth or blockage[28,38].
However, radiography alone is insufficient for CRC detection as it does not provide a detailed image of the colon and
rectum. In this regard, CT or MRI is recommended over plain radiography. Moreover, because MRI provides detailed
images of the colon and rectum, similar to CT, but without radiation exposure, it should be considered over CT.

The diagnostic accuracy of CEA for detecting CRC recurrence is influenced by various factors, such as cancer stage of
cancer, CEA test sensitivity and specificity, and other factors that can affect CEA levels, such as smoking and other
medical conditions. For example, smoking may have elevated CEA levels even without CRC. Furthermore, inflammatory
bowel disease or liver disease can yield an elevation in CEA levels owing to inflammation in the body. Our findings
indicate a sensitivity of 40%-70% CEA and a specificity of 80%-90%, suggesting that CEA can correctly identify the
presence of CRC in 40%-70% of cases and the absence of CRC in 80-90% of cases.

The limitations of our systematic review and meta-analysis must be acknowledged in applying the findings for
practice. First, few studies were identified in which CEA was solely used as the follow-up test, without including imaging
examination or colonoscopy. Therefore, further studies should be performed on a larger prospective and randomized
basis to examine CEA's diagnostic accuracy in terms of patient outcomes, quality of life, and the cost of care or treatment.
Second, we excluded studies not published in English, which may have limited the findings. The presence of patient
selection bias and applicability concerns have significant implications for the validity and generalizability of the study
findings. For example, studies that only included patients at a particular stage of CRC or those who had undergone a
specific type of treatment may not represent the broader population of patients with CRC. This may have led to incorrect
conclusions regarding diagnostic accuracy or the effectiveness of specific tests and treatments.

The strengths of our study also need to be specified. First, we adhered to the methodology of the Cochrane Handbook
for Systematic Reviews and PRISMA guidelines. Second, we adopted a robust and broad search strategy that retrieved
articles from all databases up to 2022. Most of the included studies reported a CEA level of 5 mg/L as the index test
alongside other reference standards, such as imaging techniques.

Overall, CEA remains an essential diagnostic tool for CRC detection and management. CEA can provide valuable
information regarding the presence and progression of CRC and treatment effectiveness when combined with other
diagnostic tests, such as colonoscopy and imaging examinations.

CONCLUSION

CEA is a significant marker for CRC diagnosis. However, it has insufficient sensitivity and specificity to be used as a
single biomarker of early CRC recurrence, with an essential proportion of false negatives.

ARTICLE HIGHLIGHTS

Research background

Colorectal cancer (CRC) is a prevalent malignant tumor involving adenomas that develop into malignant lesions. CRC
can be detected through early screening and treated with surgery or colonoscopy, increasing the survival rate by 90%.
Therefore, carcinoembryonic antigen (CEA) testing has been suggested for CRC diagnosis, particularly for detecting
disease recurrence and monitoring the response to therapy. However, the use of CEA in the screening of CRC in
asymptomatic individuals remains controversial and, therefore, is not recommended in routine practice. Controversy
surrounds CEA use in practice owing to variability in the measurement of CEA levels.
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Research motivation

Controversy surrounds CEA use in practice owing to variability in the measurement of CEA levels. Foremost, enzyme-
linked immunosorbent assays, which are often used to test for the presence of CEA, can vary depending on the testing
procedures, yielding inconsistent CEA levels.

Research objectives
However, considering the inconsistencies in using CEA for CRC detection, this study aimed to evaluate current evidence
regarding the diagnostic power of CEA levels in the early detection of CRC recurrence in adults.

Research methods

Our research methods were a systematic review and meta-analysis significance of CEA detection in the early diagnosis of
CRC.

Research results

CEA testing is often used with other diagnostic tests, such as colonoscopy or biopsy, for early CRC diagnosis. This is
important as early diagnosis can optimize treatment and, thus, patient outcomes and survival. Therefore, the monitoring
of CEA levels should be considered as one component of a comprehensive postoperative follow-up for early diagnosis of
CRC recurrence.

Research conclusions
We concluded that the CEA detection was significant in the early diagnosis of CRC.

Research perspectives

Our research perspectives involved investigating the sensitivity and specificity of CEA as a diagnostic marker for CRC.
Also, we sought to examine the possibility of early detection of CRC and how it improves the possibility of early
treatment.
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