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Abstract

This study aimed to conduct a head-to-head comparison of the diagnostic value of serum

carcinoembryonic antigen (sCEA) and fecal CEA (fCEA) for colorectal cancer (CRC) detec-

tion. Fecal and serum samples from 80 CRC cases at various tumor stages and 100 con-

trols free of colorectal neoplasms at screening colonoscopy were randomly selected from

two ongoing large prospective CRC detection studies (IDA and BLITZ) for CEA measure-

ments. Fecal samples were processed using two methods: with and without mechanical

homogenization. Diagnostic performance (area under the curve value [AUC], sensitivity) of

fCEA and sCEA was compared individually and in combination with fecal immunochemical

test (FIT). The fCEA concentrations obtained using both sample processing methods were

highly correlated in both CRC cases and controls, but neither correlated with sCEA. The

sCEA concentrations demonstrated significantly greater differences between the CRC and

control group compared to fCEA concentrations. The diagnostic performance of fCEA

obtained with both fecal sample processing methods was significantly lower than that of

sCEA (AUC: 0.62 and 0.57 vs. 0.83, both p < .001; sensitivity at 85% specificity: 36.2%

and 26.2% vs. 52.5%, p = .067 and .002). Algorithms combining sCEA with fCEA did not

significantly improve the diagnostic performance compared to sCEA alone. Combining FIT

with sCEA improved diagnostic performance over FIT alone. However, combining FIT with

fCEA showed no improvement. In conclusion, fCEA is inferior to sCEA as a non-invasive

biomarker for CRC detection. Combination of FIT with sCEA demonstrates greater poten-

tial for CRC screening than combination of FIT with fCEA.

Abbreviations: AUC, area under the curve; BLITZ, Begleitende Evaluierung innovativer Testverfahren zur Darmkrebsfrüherkennung (German name); BMI, body mass index; CI, confidence

interval; CRC, colorectal cancer; DKFZ, German Cancer Research Center; fCEA, fecal carcinoembryonic antigen; FIT, fecal immunochemical test; FOBT, fecal occult blood testing; IDA, Durch

innovative Testverfahren Darmkrebs früher erkennen (German name); IQR, interquartile range; ROC, receiver operating characteristic; sCEA, serum carcinoembryonic antigen; SD, standard

deviation; SOPs, standard operating procedures.
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What's New?

The diagnostic value of fecal versus serum carcinoembryonic antigen (CEA) for colorectal cancer

detection remains unclear. This study provides a head-to-head comparison of serum and fecal

CEA using matched samples from two large colorectal cancer screening studies and two fecal

sample processing methods. The results suggest that fecal CEA is markedly inferior to serum

CEA in diagnostic performance. Combining serum CEA assessment with fecal immunochemical

testing (FIT) improved diagnostic performance over FIT alone. These findings highlight the lim-

ited utility of fecal CEA and support prioritizing serum CEA, particularly in combination with FIT,

for colorectal cancer detection.

1 | INTRODUCTION

Colorectal cancer (CRC) is one of the leading causes of cancer-related

deaths worldwide, with an estimated 1.9 million new cases and over

0.9 million deaths in 2022 alone.1 The high mortality rate is primarily

due to late-stage diagnosis, highlighting the urgent need for effective

early diagnosis and detection methods.

Currently, several methods are used for CRC detection or screen-

ing, including colonoscopy, flexible sigmoidoscopy, fecal occult blood

testing (FOBT) performed mostly by fecal immunochemical test (FIT).2,3

Colonoscopy is widely regarded as the gold standard for detecting CRC

and precancerous lesions.4,5 Despite its clinical effectiveness, its wide-

spread adoption for CRC screening is limited due to invasiveness, the

need for bowel preparation, and high cost.6,7 Flexible sigmoidoscopy is

less invasive and costly than colonoscopy and does not require com-

plete bowel preparation or sedation. However, it misses most neo-

plasms located in the proximal colon.8,9 FIT is a more convenient and

inexpensive option compared to colonoscopy; however, it has limited

sensitivity for early-stage CRC and its precursors.10–12 Therefore, there

is a critical need for cost-effective, non-invasive, and easily applicable

CRC detection tests with enhanced sensitivity and specificity.

Serum carcinoembryonic antigen (sCEA) has been one of the most

extensively used non-invasive blood biomarkers for CRC detection or

monitoring for many years.13–16 Although its expression is often ele-

vated, particularly in advanced stages of the disease, its low sensitivity

for detecting early-stage tumors limits its utility in CRC screening.13

To improve diagnostic performance, several studies have evaluated

sCEA in combination with other blood biomarkers. For example, Kil-

dusiene et al.17 reported that combining sCEA with serum CA72-4

and CA19-9 obviously increased sensitivity for CRC detection com-

pared to sCEA alone. Similarly, Wild et al.18 demonstrated that com-

bining sCEA with CYFRA 21-1, ferritin, osteopontin, anti-p53, and

seprase also significantly enhanced sensitivity than sCEA alone.

In parallel, CEA can be detected not only in serum but also in

feces.19 Feces is a rich source of cells derived from the gastrointestinal

tract that can be used to measure tumor-related proteins such as CEA.

Furthermore, the concentration of fecal CEA (fCEA) is higher than that

of sCEA, especially in the early-stage of CRC,20 which prompted

researchers to advocate the use of fCEA for CRC detection. Several

studies have suggested that fCEA might be a potential non-invasive bio-

marker and more sensitive than sCEA for CRC detection.19–21

We recently conducted a systematic review to summarize the

potential of fCEA for CRC detection.22 All seven included studies

showed that fCEA concentrations were significantly higher in CRC

cases than in controls. However, the diagnostic performance of fCEA

in a non-Asian population was evaluated in only one small study in

the United Kingdom conducted in 1986, which did not include a com-

parison with the diagnostic performance of sCEA.23 Therefore, in this

study, we performed a head-to-head comparison of the diagnostic

value of fecal and serum CEA for CRC in study participants selected

from two ongoing large CRC detection studies in Germany, aiming to

determine whether fCEA yields superior diagnostic performance to

sCEA for CRC detection and whether combining either marker with

FIT improves performance.

2 | MATERIALS AND METHODS

2.1 | Study population

Patients with newly diagnosed CRC and controls free of colorectal neo-

plasm at screening colonoscopy were randomly selected from the IDA

study and BLITZ study, respectively. In the IDA study (German name:

Durch innovative Testverfahren Darmkrebs früher erkennen), which

is conducted in collaboration with a network of clinics in southern

Germany, pre-treatment blood and fecal samples are collected from

patients with newly diagnosed CRC with the primary aim of evaluating

the diagnostic performance of novel non-invasive tests for CRC detec-

tion at various stages. In the BLITZ study (German name: Begleitende

Evaluierung innovativer Testverfahren zur Darmkrebsfrüherkennung),

which is carried out in collaboration with a network of gastroenterology

practices in southern Germany, pre-colonoscopy blood and fecal samples

are collected from participants of screening colonoscopy offered as a pri-

mary screening examination in Germany since 2002. Details of the study

designs of the IDA and BLITZ study have been reported elsewhere.11,24

Participants for this analysis were recruited between 2008 and 2020

for the BLITZ study, and between 2013 and 2016 for the IDA study. Par-

ticipants were excluded if any of the following criteria were met: (1) no
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serum or fecal samples were available; (2) serum and fecal samples were

collected after colonoscopy or the blood collection date was unknown;

(3) a history of CRC or inflammatory bowel disease; (4) colonoscopy

within the past 5 years; and (5) inadequate bowel preparation or incom-

plete colonoscopy. Eligible participants were randomly selected from

the study cohort using a computer-generated random sequence in R

(version 4.2.3), with a fixed random seed to ensure reproducibility. No

additional matching on age, sex, or other factors was performed.

2.2 | Sample processing

In both the IDA and the BLITZ studies, whole blood samples were col-

lected and transported to the German Cancer Research Center

(DKFZ) biobank under cold chain conditions after being drawn. The

whole blood samples were first clotted at room temperature for

30 min and then centrifuged at 2000–2500 � g for 10 min at 4�C. The

resulting supernatant (serum) was carefully collected and stored at

�80�C until further processing. Fecal samples were collected in Sysmex

‘FOB Gold Tube Screen’ collecting tubes. Following the manufacturer's

instructions, fecal collection sticks containing 10 mg of feces were

inserted into 1.7 mL of preservation buffer. The fecal collecting tubes

were vortexed evenly, and the contents were pipetted into six aliquots.

Given that there is no established protocol for sample processing for

fCEA measurements, we applied and compared two different methods

to process the fecal samples. With the first sample processing method,

one of the six aliquots was centrifuged at 20,000 g for 15 min, and the

supernatant was diluted in a 1:10 ratio with the preservation buffer for

fCEA analyses. With the second sample processing method, another ali-

quot was transferred into a new tube with ceramic beads (diame-

ter = 1.4 mm, n = 20), and then ground using a Precellys24

Homogenizer at 5200 g for 45 s at 4�C, followed by centrifugation at

18,000 g for 15 min at 4�C. Finally, the supernatant was extracted and

diluted 1:100 with the preservation buffer. The first sample processing

method (without homogenization) was chosen to represent a commonly

used, minimally processed approach in stool-based biomarker analysis.

The rationale for the second sample processing method (with homoge-

nization) was that fCEA may be present mainly in cells, so that adequate

mechanical homogenization of the fecal sample is required to break the

cells in the feces and release the intracellular CEA. Comparing both

approaches allowed us to assess whether the additional homogeniza-

tion step provides meaningful analytical or diagnostic advantages before

considering its implementation in future practice.

2.3 | Sample measurements

The fCEA and sCEA concentrations were measured from samples col-

lected during the same period and processed in parallel. For all study

participants, 400 μL of diluted fecal supernatant and 400 μL of

serum—both obtained from the same individuals—were used for the

respective assays. Both fCEA and sCEA assays were performed simul-

taneously under identical technical conditions in the central lab of

the University Hospital Heidelberg using an ‘ADVIA Centaur XPT

Immunoassay-System (Siemens Healthineers) according to standard

operating procedures (SOPs), including routine internal calibration and

quality controls. While specific inter-assay coefficients of variation

were not calculated for this study, the laboratory follows strict SOPs

to ensure reliable and reproducible results. Laboratory personnel per-

forming the assays were blinded to case–control status to minimize

bias. In addition, all participants underwent FIT value testing using the

FIT test from Sentinel Diagnostics. FIT analyses were performed at

the Limbach Laboratory (Heidelberg, Germany) on the Abbott Archi-

tect c8000. Participants were categorized as FIT positive or negative

according to the manufacturer's recommended cutoff value (100 ng

hemoglobin per mL buffer/17 μg hemoglobin per gram feces).

2.4 | Statistical analyses

All data were analyzed using R version 4.2.3 and MedCalc Statistical

Software version 22.019. Categorical variables were reported as num-

bers (percentages), and continuous variables were presented as medians

[interquartile ranges, IQR]. Correlations between fCEA concentrations

and sCEA concentrations were assessed by Spearman rank correlation

coefficients. Categorical variables were compared between the CRC

group and the control group using the χ2 test. Continuous variables

were compared using the Mann–Whitney U test. Differences among

three groups were evaluated using one-way ANOVA, with Dunn's mul-

tiple comparisons test applied following a significant Kruskal–Wallis

test. The diagnostic performance of fCEA and sCEA levels for detecting

CRC was evaluated by calculating the area under the receiver operating

characteristic curve (AUC) with 95% confidence interval (CI) and sensi-

tivities with 95% CI at cut-off values yielding a predefined and fixed

specificity of 85%. For the AUC analysis, continuous variables such as

sCEA and fCEA were analyzed without predefined cut-off values, while

FIT values were dichotomized based on the manufacturer's recom-

mended cutoff. Comparisons between AUCs were performed using

DeLong's test. Sensitivities were compared using McNemar's test. We

furthermore carried out forest plots and receiver operating characteris-

tic curve (ROC) analyses to evaluate if and to what extent the diagnostic

performance of FIT could be improved by the combination of FIT

results with fCEA or sCEA results. As FIT is widely used as a dichoto-

mous test with a fixed cutoff and is approved only as a dichotomous

test by the Food and Drug Administration in the United States, our ana-

lyses were carried out using either the dichotomous FIT result (using

the cutoff recommended by the manufacturer) or the quantitative FIT

result. Statistical significance was defined by two-sided p-value <.05.

3 | RESULTS

3.1 | Characteristics of the study participants

Figure 1 provides a study flow diagram illustrating the selection of

study participants from the BLITZ study (n = 9245) and the IDA study

518 LI ET AL.

 10970215, 2026, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ijc.70435 by D

agm
ar Sitek - D

eutsches K
rebsforschungszentrum

 (D
K

FZ
) , W

iley O
nline L

ibrary on [05/06/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



(n = 660). A total of 80 CRC cases from the IDA study and 100 controls

free of colorectal neoplasms from the BLITZ study were randomly

selected from the eligible participants. Demographical and clinical char-

acteristics of participants in the CRC group and in the control group are

shown in Table 1. The mean age was 62.6 ± 7.7 years in the CRC group

and 59.7 ± 7.1 years in the control group, with median ages of 62 years

(IQR: 56–70) and 58 years (IQR: 55–64), respectively. Females

accounted for 45.0% of CRC cases and 60.0% of controls. No partici-

pants in either group were underweight. In the CRC group, 31.2% were

overweight and 32.5% were obese, compared with 42.0% and 22.0% in

the control group. The CRC group consisted of patients with colon can-

cer (56.3%) and rectal cancer (43.7%). Among them, 50% were diag-

nosed with early-stage CRC (stages 0, I, and II).

3.2 | Correlation between fCEA and sCEA
concentrations, and comparison of them between the
CRC group and the control group

The fCEA concentration was not significantly correlated with sCEA

concentration, regardless of the fecal sample processing method or

participant group. However, fCEA concentrations obtained by the two

sample processing methods were almost perfectly correlated in both

the CRC group (r = 0.96, p < .001) and the control group (r = 0.95,

p < .001) (Table S1). The median sCEA concentration was significantly

higher in the CRC group than in the control group (3.2 [1.7–8.4]

vs. 0.5 [0.2–2.4] μg/L, p < .001). In contrast, fCEA did not show consis-

tent differences between CRC cases and controls across the two fecal

processing methods; a significant difference was observed only with

the first processing method (176.8 [83.1–279.7] vs. 126.1 [67.1–184.4]

ng/mg, p = .006), but not with the second method (177.1 [81.2–257.8]

vs. 143.8 [72.1–203.1] ng/mg, p = .125) (Table 2).

3.3 | Subgroup analysis stratified by the clinical
characteristics of the CRC group

In subgroup analyses of CRC cases, fCEA concentrations were exam-

ined according to clinical characteristics including age, sex, tumor site,

and tumor stage. The fCEA concentrations varied significantly by tumor

site and tumor stage across both fecal sample processing methods. Both

median fCEA concentrations were significantly higher in colon can-

cer patients (n = 45) than in rectal cancer patients (n = 35): 228.9

(101.3–318.1) vs. 146.2 (65.7–202.3), p = .010; 206.4 vs. 133.6 ng/mg,

p = .009. Similarly, both of the median fCEA concentrations were sig-

nificantly higher in late-stage CRC (stage III and IV, n = 40) compared to

early-stage CRC (stage 0, I, and II, n = 40): 230.9 (97.9–341.5) vs. 134.6

(64.9–228.5) ng/mg, p = .021; 199.4 (98.6–283.5) vs. 142.5 (68.0–

217.7) ng/mg, p = .047. The sCEA concentrations showed a significant

difference only by tumor stage, with late-stage CRC exhibiting

F IGURE 1 Study flow diagram of participants. BLITZ, Begleitende Evaluierung innovativer Testverfahren zur Darmkrebsfrüherkennung
(German) study; CRC, colorectal cancer; IDA, Durch innovative Testverfahren Darmkrebs früher erkennen (German) study.
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significantly higher median concentrations than early-stage CRC (4.8

[2.0–43.3] vs. 2.3 [1.6–5.5] ng/mg, p = .013) (Table 3).

3.4 | Diagnostic performance of fCEA and sCEA
for CRC detection

As shown in Figure 2A and Figure S1, using the first fecal sample pro-

cessing method, fCEA alone showed limited discriminatory ability for

the detection of total CRC, with an AUC (95% CI) of 0.62 (0.53–0.70),

whereas sCEA demonstrated substantially higher diagnostic perfor-

mance, with an AUC of 0.83 (0.77–0.89). Combining fCEA with sCEA

resulted in an AUC of 0.84 (0.78–0.90), which was not significantly dif-

ferent from that of sCEA alone (p = .513). At a predefined specificity of

85%, fCEA exhibited low sensitivity for total CRC detection (36.2%),

whereas sCEA achieved a sensitivity exceeding 50%, and the combined

model did not materially improve sensitivity compared with sCEA alone

(61.3% vs. 52.5%, p = .096). For early-stage CRC (stages 0–II), fCEA

showed poor diagnostic performance, with an AUC of 0.54 (0.42–0.64).

In contrast, both sCEA and the combined model achieved moderate dis-

crimination, each with an AUC of 0.80 (0.72–0.87). The addition of fCEA

to sCEA did not result in a significant improvement in AUC (p = .962) or

sensitivity (p = .683), indicating no incremental value of fCEA for early-

stage CRC detection. In contrast, for late-stage CRC (stages III–IV), sCEA

alone demonstrated high diagnostic accuracy, with an AUC of 0.86

(0.79–0.93). The combined model yielded a higher AUC of 0.89 (0.82–

0.95); however, this increase was not statistically significant compared

with sCEA alone (p = .200). Although the combined model showed the

highest sensitivity (80.0% vs. 65.0%), the difference in sensitivity relative

to sCEA alone was not statistically significant (p = .114).

Consistent patterns were observed using the second fecal sample

processing method (Figure 2B). Across total CRC, early-stage CRC,

and late-stage CRC, fCEA alone consistently showed lower AUCs

(0.57, 0.50, and 0.64, respectively) and lower sensitivities at 85%

specificity (26.2%, 15.0%, and 37.5%, respectively), whereas sCEA

maintained superior diagnostic performance, with AUCs of 0.83, 0.80,

and 0.86 and corresponding sensitivities of 52.5%, 40.0%, and 65.0%.

The combined model did not significantly outperform sCEA alone in

terms of either AUC or sensitivity in any CRC subgroup. These find-

ings indicate that sCEA is the primary contributor to diagnostic perfor-

mance in both fecal sample processing methods, and that combining

fCEA with sCEA does not materially increase diagnostic performance,

particularly for the detection of early-stage CRC.

3.5 | Diagnostic performance of FIT alone, FIT
combined with fCEA, and FIT combined with sCEA for
CRC detection

As shown in Figure 3A and Figure S2, when FIT was treated as a

dichotomous variable using the manufacturer-recommended cutoff,

TABLE 1 Characteristics of the study participants.

Characteristic

CRC cases

n = 80

Controls

n = 100

Age, year

Mean (SD) 62.6 (7.7) 59.7 (7.1)

Median [IQR] 62 [56–70] 58 [55–64]

Sex, n (%)

Male 44 (55.0) 40 (40.0)

Female 36 (45.0) 60 (60.0)

BMI, kg/m2, n (%)

Underweight (<18.5) 0 (0) 0 (0)

Normal (18.5–24.9) 29 (36.3) 36 (36.0)

Overweight (25–29.9) 25 (31.2) 42 (42.0)

Obese (≥30) 26 (32.5) 22 (22.0)

Tumor site, n (%)

Colon 45 (56.3) —

Rectum 35 (43.7) —

Tumor stage, n (%)

0 3 (3.8)

I 25 (31.2) —

II 12 (15.0) —

III 25 (31.2) —

IV 15 (18.8) —

Note: Categorical variables are reported as numbers (%), and age

distributions are presented as medians [interquartile ranges, IQR]. Tumor

stages were determined by the Union for International Cancer Control

(UICC) classification (8th edition).

Abbreviations: BMI, body mass index; CRC, colorectal cancer; IQR,

interquartile range; n, number; SD, standard deviation.

TABLE 2 Concentrations of fCEA
and sCEA among CRC cases and controls.

Groups (n)

First sample processing

method

Second sample processing

method

fCEA (ng/mg) p fCEA (ng/mg) p sCEA (μg/L) p

CRC (80) 176.8 [83.1–279.7] .006* 177.1 [81.2–257.8] .125 3.2 [1.7–8.4] <.001*

Control

(100)

126.1 [67.1–184.4] ref 143.8 [72.1–203.1] ref 0.5 [0.2–2.4] ref

Note: Continuous variables are presented as medians [interquartile ranges].

Abbreviations: CRC, colorectal cancer; fCEA, fecal carcinoembryonic antigen; n, number; ref., reference;

sCEA, serum carcinoembryonic antigen.

*p < .05.
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FIT alone demonstrated good discriminatory ability for colorectal

cancer detection, with an AUC (95% CI) of 0.82 (0.77–0.87). The addi-

tion of fCEA (from either fecal sample processing method) to FIT

did not significantly improve AUCs of 0.83 (0.76–0.89) and 0.82

(9 0.74–0.88), respectively (p = .702 and p = .752 vs. FIT). In con-

trast, combining FIT with sCEA resulted in a significantly higher AUC

of 0.91 (0.87–0.95) compared with FIT alone (p < .001). At a fixed

specificity of 85%, FIT alone achieved a sensitivity of 87.2% (77.9–

93.5). The addition of fCEA to FIT was associated with substantially

lower sensitivities (p < .001).

When FIT was analyzed as a continuous variable, overall diag-

nostic performance further improved. FIT alone achieved an AUC of

0.94 (0.90–0.98). The addition of fCEA to FIT did not increase dis-

crimination [AUCs of 0.92 (0.88–0.96) for both fecal sample proces-

sing methods; p = .175 and p = .101, respectively]. Combining FIT

with sCEA yielded the highest AUC of 0.96 (95% CI, 0.93–0.98).

Sensitivity at 85% specificity remained high across all continuous

FIT–based models, exceeding 89%, with no significant differences

observed following the addition of either fCEA or sCEA (all p ≥ .480)

(Figure 3B).

4 | DISCUSSION

Although sCEA has long been widely used as one of the biomarkers

for the diagnosis of CRC in clinical practice and screening cohorts,25,26

evidence identifying the role of fCEA in CRC detection has been very

limited. Fecal samples are easily accessible, and fCEA testing is appeal-

ing from a practical standpoint; however, our results suggest that

fCEA concentrations in the CRC group showed a less distinct differ-

ence from the control group compared to sCEA concentrations.

Accordingly, the diagnostic performance (AUC value and sensitivity)

of fCEA was much lower than that of sCEA, which suggests that fCEA

may not be a more promising biomarker for CRC diagnosis compared

with sCEA.

Given that a single laboratory test biomarker is difficult to serve

as a definitive diagnostic or screening tool for CRC,25,27 we also

explored the potential to enhance diagnostic performance by combin-

ing fCEA and sCEA with FIT, the most widely-used non-invasive test

for CRC screening.28,29 We found that the diagnostic performance of

FIT combined with fCEA was lower than that of FIT combined with

sCEA, indicating that FIT combined with fCEA provides less potential

for CRC detection compared with FIT combined with sCEA. There-

fore, replacing sCEA with fCEA is not supported. Rather, our findings

suggest that sCEA should be prioritised, particularly when combined

with FIT, for non-invasive CRC detection.

Notably, fCEA concentrations were significantly higher in colon

cancer patients than in rectal cancer patients for both sample proces-

sing methods. This could be attributed to the following two reasons:

First, the environmental conditions within the colon might favor

the accumulation of CEA more than those within the rectum. For

example, the transit time of fecal matter through the colon is longer,30

TABLE 3 Subgroup analysis based on clinical characteristics in the CRC group.

Characteristic (n)

First sample processing method Second sample processing method

fCEA (ng/mg) p fCEA (ng/mg) p sCEA (μg/L) p

Age .368 .226 .077

<65 (45) 177.8 [94.9–308.0] 180.9 [93.9–273.7] 2.4 [1.5–6.5]

≥65 (35) 175.8 [66.6–248.4] 163.2 [68.0–220.0] 4.8 [2.0–9.6]

Sex .382 .592 .089

Male (44) 181.7 [105.1–268.3] 178.5 [82.5–252.9] 2.4 [1.4–8.0]

Female (36) 165.9 [60.7–283.2] 172.4 [77.9–257.8] 4.8 [1.9–8.7]

BMI .153 .160 .524

Normal (29) 134.6 [66.2–243.2] ref 151.3 [70.2–220.3] ref ref

Overweight (25) 198.4 [95.4–250.6] .104 182.1 [89.7–219.7] .103 .963

Obese (26) 187.7 [89.59–376.4] .388 173.7 [83.8–302.3] .595 .448

Tumor site .010* .009* .438

Colon (45) 228.9 [101.3–318.1] 206.4 [102.9–289.9] 3.6 [1.7–9.2]

Rectum (35) 146.2 [65.7–202.3] 133.6 [66.3–200.3] 2.4 [1.8–6.0]

Tumor stage .021* .047* .013*

Early-stage (0 + I + II, 40) 134.6 [64.9–228.5] 142.5 [68.0–217.7] 2.3 [1.6–5.5]

Late-stage (III + IV, 40) 230.9 [97.9–341.5] 199.4 [98.6–283.5] 4.8 [2.0–43.3]

Note: Continuous variables are presented as medians [interquartile ranges].

Abbreviations: BMI, body mass index; CRC, colorectal cancer; fCEA, fecal carcinoembryonic antigen; n, number; ref., reference; sCEA, serum

carcinoembryonic antigen.

*p < .05.
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which might allow more CEA to be secreted and retained, resulting

in higher detectable fCEA concentrations in colon cancer patients.

Second, colon cancers are often diagnosed at a later stage than

rectal cancers,31 potentially leading to larger tumor sizes and more

CEA production and secretion to feces. Additionally, we found that

fCEA and sCEA levels were significantly lower in early-stage CRC

AUC pAUC (95% CI)
First fecal sample processing method(A)

Second fecal sample processing method
AUC (95% CI)

(B)

Total CRC

Early-stage CRC

Late-stage CRC

fCEA

sCEA

fCEA+sCEA

fCEA

sCEA

fCEA+sCEA

fCEA

sCEA

fCEA+sCEA

0.62 (0.53-0.70)

0.83 (0.77-0.89)

0.84 (0.78-0.90)

0.54 (0.42-0.64)

0.80 (0.72-0.87)

0.80 (0.72-0.87)

0.70 (0.60-0.81)

0.86 (0.79-0.93)

0.89 (0.82-0.95)

0.4 0.6 0.8 1.0
AUC

36.2 (21.3-54.0)

52.5 (36.5-64.6)

61.3 (43.5-74.4)

22.5 (8.7-43.2)

40.0 (21.0-56.7)

45.0 (28.1-64.1)

50.0 (26.8-71.4)

65.0 (46.1-79.5)

80.0 (57.1-91.7)

0% 25% 50% 75% 100%
Sensitivity

p<0.001*

ref

p=0.513

p<0.001*

ref

p=0.962

p=0.011*

ref

p=0.200

p=0.067

ref

p=0.096

p=0.169

ref

p=0.683

p=0.307

ref

p=0.114

Sensitivity p

AUC p Sensitivity p

Total CRC

Early-stage CRC

Late-stage CRC

fCEA

sCEA

fCEA+sCEA

fCEA

sCEA

fCEA+sCEA

fCEA

sCEA

fCEA+sCEA

0.57 (0.48-0.65)

0.83 (0.77-0.89)

0.83 (0.78-0.89)

0.50 (0.39-0.61)

0.80 (0.72-0.87)

0.80 (0.72-0.87)

0.64 (0.53-0.75)

0.86 (0.79-0.93)

0.87 (0.81-0.94)

0.4 0.6 0.8 1.0
AUC

26.2 (11.2-41.1)

52.5 (37.2-64.6)

55.0 (40.8-71.1)

15.0 (4.4-33.3)

40.0 (21.0-56.7)

45.0 (23.1-62.2)

37.5 (13.6-54.2)

65.0 (46.1-79.5)

67.5 (48.9-84.1)

0% 25% 50% 75% 100%
Sensitivity

p<0.001*

ref

p=0.740

p<0.001*

ref

p=0.957

p<0.001*

ref

p=0.439

p=0.002*

ref

p=0.724

p<0.001*

ref

p=0.617

p=0.046*

ref

p=1.000

Sensitivity (95% CI)

Sensitivity (95% CI)

F IGURE 2 Diagnostic performance of fCEA, sCEA, and their combination. Forest plots show the AUC with 95% CIs (red panels) and
sensitivity with 95% CIs at a fixed specificity of 85% (blue panels) for fCEA, sCEA, and their combination (fCEA + sCEA) in the detection of total
CRC, early-stage CRC (stages 0, I, and II), and late-stage CRC (stages III and IV). (A): First fecal sample processing method. (B): Second fecal sample
processing method. AUC, area under the curve; CI, confidence interval; CRC, colorectal cancer; fCEA, fecal carcinoembryonic antigen; ref.,
reference; sCEA, serum carcinoembryonic antigen. *p < .05.
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compared to late-stage CRC. Tomaševi�c et al.32 also reported that

sCEA levels in early-stage CRC were significantly lower than those

in late-stage CRC. However, to our knowledge, no other studies

have reported significantly different fCEA levels in early- and late-

stage CRC.

Until now, few studies have directly compared the diagnostic

value of fCEA and sCEA for CRC detection, making our study a valu-

able contribution to the literature. However, our results are inconsis-

tent with two recent studies from China with overlapping study

populations, which reported significantly higher fCEA concentrations

in CRC cases than in non-gastrointestinal cancer cases and healthy

controls, and a higher AUC value for fCEA than for sCEA concentra-

tions (0.802 vs. 0.757) in distinguishing CRC cases from controls.20,21

Another study from South Korea by Kim, et al.19 reported a higher

sensitivity (85.70% vs. 39.29%), but a lower specificity (92.96%

vs. 96.66%) of fCEA than of sCEA for CRC detection. One possible

reason for the discrepancy could be differences in ethnic and popula-

tion characteristics. Our study predominantly included white partici-

pants from Germany, whereas the other studies mentioned above

were conducted in East Asian countries. Another reason could be vari-

ations in fecal sample processing methods and diagnostic criteria. The

methodologies used to process fecal samples and measure fCEA and

sCEA concentrations can differ significantly between studies. Differ-

ences in assay sensitivity, specificity, and cut-off values for defining

positive results could lead to varying diagnostic accuracy. It is crucial

to standardize these methodologies to ensure comparability across

                Sensitivity p

AUC (95% CI)
FIT value as dichotomous variable(A)

FIT value as continuous variable
AUC (95% CI) AUC p

(B)

Sensitivity % (95% CI)                 Sensitivity pAUC pGroups

Sensitivity % (95% CI)Groups

FIT

FIT+fCEA1

FIT+fCEA2

FIT+sCEA

0.82 (0.77-0.87)

0.83 (0.76-0.89)

0.82 (0.74-0.88)

0.91 (0.87-0.95)

0.6 0.7 0.8 0.9 1.0
AUC

87.2 (77.9-93.5)

59.0 (47.3-70.0)

55.1 (43.4-66.4)

84.6 (74.7-91.8)

50% 60% 70% 80% 90% 100%
Sensitivity

ref

p=0.702

p=0.752

p<0.001*

ref

<0.001*

<0.001*

0.091

FIT

FIT+fCEA1

FIT+fCEA2

FIT+sCEA

0.94 (0.90-0.98)

0.92 (0.88-0.96)

0.92 (0.88-0.96)

0.96 (0.93-0.98)

0.6 0.7 0.8 0.9 1.0
AUC

92.3 (89.9-97.6)

89.7 (80.8-95.5)

91.0 (82.4-96.3)

92.3 (84.0-97.1)

50% 60% 70% 80% 90% 100%
Sensitivity

ref

p=0.175

p=0.101

p=0.070

ref

0.480

1.000

1.000

F IGURE 3 Diagnostic performance of FIT alone, FIT combined with fCEA, and FIT combined with sCEA. Forest plots illustrate the AUC with
95% CIs (red panels) and sensitivity with 95% CIs at a fixed specificity of 85% (blue panels) for FIT alone and in combination with fCEA1 (first
fecal sample processing method) or fCEA2 (second fecal sample processing method) or sCEA, evaluated using FIT values as a dichotomous
variable according to the manufacturer's recommended cutoff value (A) and as a continuous variable (B). AUC, area under the curve; CI,
confidence interval; FIT, fecal immunochemical test; fCEA, fecal carcinoembryonic antigen; ref., reference; sCEA, serum carcinoembryonic
antigen. *p < .05.
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studies. In addition, another reason for the apparent discrepancy

between the South Korean study and our study could be publication

bias. It appears plausible that the seemingly quite promising results

reported in the South Korean study published in 2003 would have

been taken up and replicated by other researchers. The absence of

reported replication of such promising results over 20 years suggests

that unsuccessful attempts at such replication may have gone unpub-

lished due to lack of significant findings.

In the interpretation of our study, several limitations require care-

ful consideration. Firstly, while our study provides initial insights con-

trasting diagnostic values of fCEA and sCEA for CRC, the small sample

size is a limitation. Further research with larger study populations is

essential to confirm our findings. However, in contrast to fCEA, sCEA

showed statistically highly significant differences with more than

6-fold higher mean concentrations in the CRC group than in the con-

trol group. Furthermore, differences between the diagnostic perfor-

mance of fCEA and sCEA were statistically significant despite the

limited sample size. Secondly, there is currently no standardized

method for processing fecal samples for fCEA detection. Even though

we employed two fecal sample processing methods that showed

near-perfect correlation, we acknowledge that fCEA measurements

may still be more susceptible to technical variability than sCEA due to

the complex stool matrix and potential differences in sample handling.

Moreover, unknown differences may exist compared with previously

published studies, and the reproducibility of these methods across dif-

ferent laboratories remains unclear. Future research should focus on

harmonizing study protocols, including standardized sample collection,

processing, measurement, and analysis methods. Finally, participants

were drawn from two ongoing CRC detection studies conducted in

different time periods (IDA, 2013–2016; BLITZ, 2008–2020), which

may introduce potential selection bias, as differences in eligibility cri-

teria, participant characteristics, clinical practices, or sample handling

between the two study periods could affect the comparability of the

groups. Collaborative efforts across multiple centers and countries,

including larger numbers of participants from true screening settings,

may provide more robust data and help clarify the detection value of

fCEA and sCEA for CRC.

5 | CONCLUSIONS

Our head-to-head comparison does not support suggestions that

fCEA may be a more promising non-invasive biomarker than sCEA for

CRC detection. The combination of FIT with sCEA demonstrates

greater potential for CRC detection than the combination of FIT with

fCEA. Our findings offer investigators a new perspective of evidence

on the role of fCEA in CRC detection and call for well-designed, large-

scale prospective studies that would clarify existing controversies.

AUTHOR CONTRIBUTIONS

Xianzhe Li: Conceptualization; methodology; software; investigation;

formal analysis; data curation; visualization; writing – original draft;

writing – review and editing. Zitong Zhao: Methodology; software;

formal analysis; investigation; writing – review and editing. Lara Stas-

sen: Methodology; validation; writing – review and editing. Anjana

Pradeep Maya: Methodology; validation; writing – review and editing.

Megha Bhardwaj: Writing – review and editing. Teresa Seum: Writ-

ing – review and editing. Janhavi R. Raut: Writing – review and edit-

ing. Tafirenyika Gwenzi: Writing – review and editing. Michael

Hoffmeister: Resources; writing – review and editing. Petra Schrotz-

King: Methodology; resources; data curation; writing – review

and editing; project administration; supervision. Hermann Brenner:

Conceptualization; methodology; resources; writing – review and edit-

ing; supervision; funding acquisition; project administration.

ACKNOWLEDGMENTS

The authors thank the study participants and their general practi-

tioners, as well as the laboratory and administrative staff of the

BLITZ and IDA studies team. The authors gratefully acknowledge

the contributions of colleagues in the central laboratory of Heidel-

berg University Hospital for their technical support, as well as Qim-

ing Yin (German Cancer Research Center, DKFZ) for providing

valuable statistical support. During the writing of this manuscript,

the author used ChatGPT (developed by OpenAI) to improve the

English language and writing clarity. After using this tool, the author

reviewed and edited the content as needed and takes full responsi-

bility for the content of the publication. No content or data were

generated by AI. Open Access funding enabled and organized by

Projekt DEAL.

FUNDING INFORMATION

This work was supported in part by grants from the Federal Ministry

of Education and Research (BAMF, grant no.: 01KD2104A).

CONFLICT OF INTEREST STATEMENT

The authors declare no conflicts of interest.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the

article; further inquiries can be directed to the corresponding author.

Data may be made available upon reasonable request within the limi-

tations imposed by the informed consent and legal requirements.

ETHICS STATEMENT

The study was conducted in accordance with the Declaration of Helsinki.

The use of samples from the IDA study was approved by the ethics com-

mittees of the Medical Faculty Heidelberg (S-489/2012). The use of sam-

ples from the BLITZ study was approved by the ethics committees of the

Medical Faculty Heidelberg (S-178/2005), and of the responsible state

physicians' chambers (Baden-Württemberg, M118-05-f; Rhineland-

Palatinate, 837.047.06[5145]; Saarland, 217/13; Hesse, MC 254/2007).

Informed consent was obtained from all subjects involved in the study.

ORCID

Xianzhe Li https://orcid.org/0000-0002-7991-6884

Teresa Seum https://orcid.org/0009-0003-4475-0583

524 LI ET AL.

 10970215, 2026, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ijc.70435 by D

agm
ar Sitek - D

eutsches K
rebsforschungszentrum

 (D
K

FZ
) , W

iley O
nline L

ibrary on [05/06/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-7991-6884
https://orcid.org/0000-0002-7991-6884
https://orcid.org/0009-0003-4475-0583
https://orcid.org/0009-0003-4475-0583


Janhavi R. Raut https://orcid.org/0000-0001-6537-8598

Michael Hoffmeister https://orcid.org/0000-0002-8307-3197

REFERENCES

1. Bray F, Laversanne M, Sung H, et al. Global cancer statistics 2022:

GLOBOCAN estimates of incidence and mortality worldwide for

36 cancers in 185 countries. CA Cancer J Clin. 2024;74:229-263.

2. Doubeni CA, Corley DA, Jensen CD, et al. Fecal immunochemical test

screening and risk of colorectal cancer death. JAMA Netw Open.

2024;7:e2423671.

3. Ola I, Cardoso R, Hoffmeister M, Brenner H. Utilization of colorectal

cancer screening tests: a systematic review and time trend analysis of

nationally representative data. EClinicalMedicine. 2024;75:102783.

4. Dekker E, Rex DK. Advances in CRC prevention: screening and sur-

veillance. Gastroenterology. 2018;154:1970-1984.

5. Jain S, Maque J, Galoosian A, Osuna-Garcia A, May FP. Optimal strat-

egies for colorectal cancer screening. Curr Treat Options Oncol. 2022;

23:474-493.

6. García-Albéniz X, Hsu J, Bretthauer M, Hernán MA. Effectiveness of

screening colonoscopy to prevent colorectal cancer among Medicare

beneficiaries aged 70 to 79 years: a prospective observational study.

Ann Intern Med. 2017;166:18-26.

7. Laanani M, Coste J, Blotière P-O, Carbonnel F, Weill A. Patient, pro-

cedure, and Endoscopist risk factors for perforation, bleeding, and

splenic injury after colonoscopies. Clin Gastroenterol Hepatol. 2019;

17(4):719-727.

8. Helsingen LM, Vandvik PO, Jodal HC, et al. Colorectal cancer screen-

ing with faecal immunochemical testing, sigmoidoscopy or colonos-

copy: a clinical practice guideline. BMJ (Clinical Research Ed). 2019;

367:l5515.

9. Grobbee EJ, van der Vlugt M, van Vuuren AJ, et al. Diagnostic yield

of one-time colonoscopy vs one-time flexible sigmoidoscopy vs

multiple rounds of mailed fecal Immunohistochemical tests in colo-

rectal cancer screening. Clin Gastroenterol Hepatol. 2020;18(3):

667-675.

10. Imperiale TF, Gruber RN, Stump TE, Emmett TW, Monahan PO. Per-

formance characteristics of fecal immunochemical tests for colorectal

cancer and advanced adenomatous polyps: a systematic review and

meta-analysis. Ann Intern Med. 2019;170:319-329.

11. Niedermaier T, Tikk K, Gies A, Bieck S, Brenner H. Sensitivity of fecal

immunochemical test for colorectal cancer detection differs according

to stage and location. Clin Gastroenterol Hepatol. 2020;18(13):2920-

2928.

12. Niedermaier T, Balavarca Y, Brenner H. Stage-specific sensitivity of

fecal immunochemical tests for detecting colorectal cancer: system-

atic review and meta-analysis. Am J Gastroenterol. 2020;115:56-69.

13. Su B-B, Shi H, Wan J. Role of serum carcinoembryonic antigen in the

detection of colorectal cancer before and after surgical resection.

World J Gastroenterol. 2012;18:2121-2126.

14. Sørensen CG, Karlsson WK, Pommergaard H-C, Burcharth J,

Rosenberg J. The diagnostic accuracy of carcinoembryonic antigen to

detect colorectal cancer recurrence - a systematic review. Int J Surg.

2016;25:134-144.

15. Li X, Xiong Z, Xie M, et al. Prognostic value of the ratio of carcinoem-

bryonic antigen concentration to maximum tumor diameter in

patients with stage II colorectal cancer. J Gastrointest Oncol. 2021;12:

1470-1481.

16. Li C, Zhang D, Pang X, et al. Trajectories of perioperative serum

tumor markers and colorectal cancer outcomes: a retrospective, mul-

ticenter longitudinal cohort study. EBioMedicine. 2021;74:103706.

17. Kildusiene I, Dulskas A, Smailyte G. Value of combined serum CEA,

CA72-4, and CA19-9 marker detection in diagnosis of colorectal can-

cer. Tech Coloproctol. 2024;28:33.

18. Wild N, Andres H, Rollinger W, et al. A combination of serum markers

for the early detection of colorectal cancer. Clin Cancer Res. 2010;16:

6111-6121.

19. Kim Y, Lee S, Park S, et al. Gastrointestinal tract cancer screening using

fecal carcinoembryonic antigen. Ann Clin Lab Sci. 2003;33:32-38.

20. Li L, Gu W, Wu X, et al. Superiority of fecal carcinoembryonic anti-

gen as diagnosis marker for adenomatous polyposis coli and asymp-

tomatic colorectal cancer. Therap Adv Gastroenterol. 2021;14:

17562848211062792.

21. Li L, Xing S, Wu M, et al. Fecal CEA has an advantage in the diagno-

sis of colorectal cancer at early stage. Cancer Control. 2021;28:

10732748211048292.

22. Li X, Stassen L, Schrotz-King P, et al. Potential of fecal carcinoem-

bryonic antigen for noninvasive detection of colorectal cancer: a sys-

tematic review. Cancers (Basel). 2023;15(23):5656.

23. Stubbs RS, Nadkarni DM, Monsey HA. Faecal carcinoembryonic anti-

gen in colorectal cancer patients. Gut. 1986;27:901-905.

24. Gies A, Cuk K, Schrotz-King P, Brenner H. Direct comparison of diag-

nostic performance of 9 quantitative fecal immunochemical tests for

colorectal cancer screening. Gastroenterology. 2018;154(1):93-104.

25. Chan C-C, Fan C-W, Kuo Y-B, et al. Multiple serological biomarkers

for colorectal cancer detection. Int J Cancer. 2010;126:1683-1690.

26. Konishi T, Shimada Y, Hsu M, et al. Association of Preoperative and

Postoperative Serum Carcinoembryonic Antigen and colon cancer

outcome. JAMA Oncol. 2018;4:309-315.

27. Harlid S, Gunter MJ, Van Guelpen B. Risk-predictive and diagnostic

biomarkers for colorectal cancer; a systematic review of studies using

pre-diagnostic blood samples collected in prospective cohorts and

screening settings. Cancers. 2021;13(17):4406.

28. Shaukat A, Levin TR. Current and future colorectal cancer screening

strategies. Nat Rev Gastroenterol Hepatol. 2022;19:521-531.

29. Niedermaier T, Seum T, Hoffmeister M, Brenner H. Lowering fecal

immunochemical test positivity threshold vs multitarget stool RNA

testing for colorectal cancer screening. JAMA. 2024;332:251-252.

30. Cho KO, Jo YJ, Song BK, Oh JW, Kim YS. Colon transit time according

to physical activity and characteristics in south Korean adults. World J

Gastroenterol. 2013;19:550-555.

31. Feller A, Schmidlin K, Bordoni A, et al. Socioeconomic and demo-

graphic inequalities in stage at diagnosis and survival among colorec-

tal cancer patients: evidence from a Swiss population-based study.

Cancer Med. 2018;7:1498-1510.
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