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We explored the relationships between tissue carcinoembryonic antigen (t-CEA) and serum CEA
(s-CEA) and further pursued their association with long-term survival among postoperative
colorectal cancer (CRC) patients. All patients underwent determination of s-CEA levels and t-CEA
expression. Pearson correlation analysis was performed to quantify the interactions between two
variables. Kaplan-Meier survival analysis and time-dependent receiver operating characteristic
(ROC) analyses were performed. Prognostic factors were subjected to analysis using multivariable
Cox regression to form prognostic nomograms.

The results showed the positive rate of t-CEA overexpression recorded at 90.96%. No significant
correlation was shown between the two variables. CRC patients with high t-CEA expression
revealed a significantly poorer overall survival (OS) and progression-free survival (PFS). In
unadjusted Kaplan-Meier survival analyses, eclevated s-CEA levels were associated with
significantly poorer PFS (p = 0.033) but not OS (p = 0.077). Crucially, multivariable Cox
proportional hazards regression confirmed that high t-CEA expression, rather than s-CEA, served as
a robust independent prognostic factor for both OS (HR = 2.887, p = 0.017) and PFS (HR = 2.500,
p = 0.002). Nomograms comprising t-CEA were constructed with superior utility in predicting the

survival probability of CRC patients.
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To conclude, our study demonstrates the superior prognostic value of t-CEA as an independent
prognostic factor for CRC compared to s-CEA.

Key words: colorectal cancer; carcinoembryonic antigen; prognosis; nomogram

Colorectal cancer (CRC), being among the most prevalent malignancies, holds the third position in
terms of cancer incidence and the second position in cancer-related mortality [1]. Along with the
proliferation of cancer screening initiatives, the advancements in surgical techniques, and the
emergence of innovative therapeutic options, the prognosis for survival in CRC patients has
undeniably improved [2]. However, the specter of disease recurrence persists, leading to ongoing
challenges in sustaining patient survival rates [3]. The prevailing TNM staging system, endorsed by
the American Joint Committee on Cancer (AJCC) and the International Union Against Cancer
(UICC), stands as the predominant approach employed for evaluating prognosis and overall
survival (OS) in CRC [4]. Given the intricate etiology and considerable heterogeneity of CRC, the
reliance on gross anatomy-based TNM staging frequently does not facilitate tailored treatment
strategies and precise prognostic evaluations [5]. For instance, patients with CRC who exhibit a
lower frequency of KRAS mutations are more prone to derive therapeutic benefits from epidermal
growth factor receptor (EGFR) antibody therapy [6]. Conversely, patients characterized by
microsatellite instability- high (MSI-H) molecular profiles do not experience a significant advantage
upon administration of immune checkpoint blockade [7]. Hence, augmenting the incorporation of
additional molecular events alongside clinical factors can facilitate the development of more
individualized therapeutic approaches and enhance the precision of prognostic assessments.

Originating from the CEACAMS gene, carcinoembryonic antigen (CEA) is an important member
belonging to the immunoglobulin superfamily of cell adhesion molecules (IgCAMs) [8]. CEA is
anchored to the membrane of tumor cell through a glycosylphosphatidylinositol linkage and can be
released from cancer «cells into the blood circulation after treatment with
phosphatidylinositol-specific phospholipase C [9]. In CRC, the disruption of normal tissue and the
loss of polarization in tumor cells lead to the secretion of CEA into the circulation, manifesting as
serum carcinoembryonic antigen (s-CEA). This transformation has positioned s-CEA as an
important monitoring index in clinical practice for discerning the occurrence, progression, or
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recurrence of CRC, primarily due to its ease of detection [10]. Since its discovery, CEA has gained
recognition as a prominent tumor-associated antigen in human CRC [11]. Elevated s-CEA was
observed in 76% of patients initially diagnosed with CRC and was believed to correlate with an
augmented risk of recurrence and an unfavorable prognosis [12]. Likewise, tissue carcinoembryonic
antigen (t-CEA), which serves as the histological origin of s-CEA, was considered to be associated
with higher rates of metastasis, recurrence, and lower survival in CRC [13]. Despite their apparent
causality, the association between s-CEA levels and t-CEA expression remains a subject of
considerable controversy [13].

Until now, only a limited number of studies have examined the correlation between the intensity of
t-CEA expression and long-term survival outcomes in CRC patients. Within the scope of this study,
we investigated the prevalence of t-CEA and s-CEA in CRC patients and explored the relationships
between t-CEA expression and s-CEA level. Moreover, we further pursued the potential association

of t-CEA and s-CEA with long-term survival among postoperative CRC patients.

Materials and Methods

Study design and data collection. A total of 166 CRC patients admitted to the Fifth Affiliated
Hospital of Sun Yat-sen University from January 2015 to December 2020 were retrospectively
reviewed. All patients underwent radical surgical tumor resection and were pathologically
confirmed with CRC. Patients lacking essential clinical information and follow-up data were
excluded from the study. OS was defined as the duration starting from the date of surgical
intervention to the date of death from any cause or the conclusion of the study. The follow-up
endpoint of progression-free survival (PFS) was defined as unfavorable tumor progression
(recurrence or metastasis) or death from any cause after surgery.

Ethical approval. Approval for this retrospective cohort study was obtained from the Ethics
Committee of the Fifth Affiliated Hospital of Sun Yat-Sen University (Approval number: K170-1)
with an informed consent waiver. All methods were performed in accordance with the relevant
guidelines and regulations of the Ethics Committee of the Fifth Affiliated Hospital of Sun Yat-Sen
University

Evaluation of CEA. All enrolled hospitalized patients underwent determination of s-CEA levels in
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venous blood samples at initial surgery. A total of 3 mL of peripheral venous blood was collected,
followed by centrifugation to separate the serum. The samples were preserved at -20 °C and the
s-CEA level was measured by an electrochemiluminescence immunoassay analyzer (F.
Hoffmann-La Roche Ltd., Basel, Switzerland) using chemiluminescence method. An elevation was
deemed to be present when an s-CEA level exceeded 5 ng/ml.

Immunohistochemistry was employed to evaluate the distribution and expression of t-CEA within
CRC tissues. Briefly, the formalin-fixed and paraffin-embedded blocks were cut into 3-pm slices
and dewaxed in a 65 °C oven for half an hour. Subsequently, the slices were subjected to
deparaffinization using dimethylbenzene and underwent dehydration. After antigen retrieval, the
sections were subjected to an overnight incubation in a moist chamber at 4 °C with an
anti-CEAC AMS antibody (#ab91213, Abcam, Cambridge, UK) at a dilution of 1:2200. Subsequently,
the slices were incubated with horseradish peroxidase (HRP)-conjugated rabbit anti-mouse antibody
(MaxVision, Fuzhou, China) for 30 min at room temperature. The chromogenic reaction was
mitiated using the DAB Kit (MaxVision, Fuzhou, China), followed by counterstaining with
hematoxylin. All images were captured by a slide scanner system (3D HISTECH, Budapest,
Hungary) and quantified by 3D Histech QuantCenter software (3D HISTECH, Budapest, Hungary),
with an immunohistochemistry score (H-score) ranging from 0 to 300 according to previous criteria
[14]. The H-score was automatically calculated by selecting the three 40x fields of view with the
strongest staining intensity in the entire section. In the absence of an established standard, we
deemed an H-score exceeding 50 as indicative of overexpression, in alignment with previous
literature findings [15].

Statistical analysis. All continuous variables were expressed as meantstandard deviation (SD) for
normally distributed data or as median (interquartile range, IQR) for data with a non-normal
distribution. Statistical analyses were carried out using R (4.1.1., http://www.R-project.org) in
conjunction with relevant packages, SPSS (19.0, IBM, Armonk, USA) and Prism (version 7.0,
Graphpad Software, San Diego, USA). For information that conforms to a normal distribution and
variance homogeneity, significance testing for differences between two groups was performed using
the two-sided Student’s t-test, whereas differences in the means among three or more groups were
assessed using a one-way analysis of variance (ANOVA). In cases where data do not conform to a
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normal distribution, statistical differences were assessed using nonparametric tests (Mann-Whitney
U test or Kruskal-Walli’s test). Pearson correlation analysis was performed and a correlation
coefficient was obtained to assess the linear association between the two variables. Survival
analysis was performed utilizing the Kaplan-Meier method and further assessed with the log-rank
test for statistical differences. Receiver operating characteristic (ROC) analyses of prognostic
factors and combinations were drawn and area under the curve (AUC) values were obtained for
assessing their predictive performance. Prognostic factors were subjected to analysis using
multivariable Cox proportional hazards regression analysis to identify independent prognostic
factors for overall survival (OS) and progression- free survival (PFS). Univariable Cox proportional
hazards regression analyses were first performed to evaluate the associations between
clinicopathological variables and survival outcomes. Variables with p < 0.05 in the univariable
analyses were subsequently included in multivariable Cox proportional hazards regression models
to identify independent prognostic factors for OS and PFS. Hazard ratios and 95% confidence
intervals were calculated. Nomograms were constructed using significant independent predictors
and the predictive accuracy of the nomograms were evaluated using calibration curves and
concordance indexes (C-indexes), employing 1000 bootstrapping iterations. Decision curve analysis
(DCA) was performed to assess the clinical utility of the nomograms. Statistical significance was

defined as P-values less than 0.05 (*p < 0.05; **p <0.01; ***p < 0.001).

Results

General characteristics of the patients. As shown in the flow chart, a total of 166 CRC patients
with complete follow-up data were enrolled in the study (Supplementary Figure S1). The baseline
characteristics of all patients are shown in Supplementary Table S1. Among the 166 included
patients, 99 (59.64%) were male and 67 (40.36%) were female, with a mean age of 65.5 (range,
27-90) years. 79.52% (132/166) were diagnosed with rectal cancer while 20.48% (34/166) with
colon cancer. All included patients underwent surgical intervention, and 37 patients (22.29%)
received preoperative neoadjuvant chemotherapy. Postoperative pathological examination revealed
lymph node metastasis in 42 patients (25.30%). Among these patients, 55.42% (92/166) of patients
showed preoperative s-CEA elevation (> 5 ng/ml). Higher s-CEA levels were observed in lymph
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node-positive CRC patients (7.68 (IQR 24.29) vs. 5.14 (IQR 10.28), p=0.030, Supplementary Table
S1). Apart from this, the s-CEA levels did not exhibit a significant correlation with other
clinicopathologic parameters, including age, sex, tumor location, American Joint Committee on
Cancer (AJCC) stage, differentiation levels and neoadjuvant chemotherapy (p > 0.05,
Supplementary Table S1).

T-CEA expression in CRC samples. Representative images of human primary CRC tissue, stained
with a CEA antibody, illustrated notable overexpression of t-CEA in CRC specimens (Figure 1A),
in comparison to adjacent tissues (H-score, 144.4+57.43 vs. 24.68+12.33, p < 0.0001, Figure 1B).
The positive rate of t-CEA overexpression was recorded at 90.96% (110/166, Figure 1A), which
was significantly higher than the proportion of patients with elevated s-CEA levels (90.96% vs.
55.42%). As indicated in Supplementary Table S1, t-CEA overexpression did not demonstrate any
significant correlation with various clinicopathologic parameters, including age, sex, tumor location,
AJCC stage, differentiation levels and neoadjuvant chemotherapy (p > 0.05). Specifically, there was
no statistically significant difference in t-CEA levels between colon cancer and rectal cancer
patients (p=0.580). It is noteworthy that higher t-CEA expression was observed in lymph
node-positive CRC patients (H-score, 159.68+44.16 vs. 139.23+60.56, p=0.046), implying that
t-CEA may play an important role in the prognosis of CRC.

Relationship between s-CEA and t-CEA. The release of t-CEA into the bloodstream, leading to
the production of s-CEA, occurs in response to the disruption of normal tissue structure and the loss
of polarization in tumor cells [10]. To delve deeper into the connection between tissue t-CEA
expression and s-CEA levels, a linear regression analysis was conducted to assess their relationship.
Our findings revealed significantly higher t-CEA expression in s-CEA-positive patients than in
s-CEA-negative patients (p=0.019, Figure 2A). Additionally, we also compared the s-CEA levels
between colon cancer and rectal cancer and found no significant difference (Supplementary Table
S1, p=0.957). Nevertheless, linear correlation analysis showed no significant correlation between
the two variables (p=0.73, Pearson’s r=-0.027, Figure 2B).

Prognostic significance of s-CEA and t-CEA in CRC. In the entire patient cohort, the OS was
observed to be 81.0 + 3.8 months, while the PFS was calculated to be 67.1+£3.7 months. Subgroup
analyses were conducted by categorizing CRC patients based on both s-CEA concentrations and
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t-CEA expression. As Kaplan-Meier survival curves illustrated in Figure 3A and Figure 3B, CRC
patients with high t-CEA expression revealed a significantly poorer OS (72.1£5.8 vs. 87.6+4.4
months, p=0.032) and PFS (57.2+5.2 vs. 76.3+4.9 months, p=0.0086) compared to those with lower
t-CEA expression. Regarding the effect of s-CEA on the prognosis of CRC, the subset of patients
with elevated s-CEA levels exhibited significantly poorer PFS (61.9£4.9 vs. 72.7+£5.3 months,
p=0.033), while no statistically significant difference was observed in terms of OS (75.7£5.4 vs.
86.9+4.4 months, p=0.077) when compared to the group with lower s-CEA levels (Figures 3C, 3D).
Intriguingly, among the 37 patients who received neoadjuvant chemotherapy preoperatively,
patients with high t-CEA expression had significantly worse OS (Supplementary Figure S2).

In order to assess the accuracy and reliability of CEA in predicting recurrence or progression of
CRC, a receiver operating characteristic (ROC) curve analysis was performed. As depicted in
Figure 4, t-CEA demonstrated generally demonstrated higher predictive performance than s-CEA
for both OS and PFS, particularly at the 1- and 3-year follow-up time points. For OS, the AUCs of
t-CEA were 0.68, 0.66, and 0.45 at 1, 3, and 5 years, respectively, compared with 0.61, 0.59, and
0.44 for s-CEA. Similarly, for PFS, the AUCs of t-CEA were 0.70, 0.61, and 0.50, whereas those of
s-CEA were 0.58, 0.54, and 0.42 at the corresponding time points. Dynamic AUC analysis
demonstrated that t-CEA maintained superior predictive performance over most of the follow-up
period compared with s-CEA, although greater fluctuations were observed at later follow-up
because of the limited number of patients remaining at risk (Supplementary Figure S3). Overall,
t-CEA exhibited better discriminative performance than s-CEA, particularly for short- and
intermediate-term prognosis. At the 5-year follow-up, the predictive performance of both
biomarkers declined, likely reflecting the limited number of patients remaining at risk during
long-term follow-up.

Multivariable Cox regression analysis of prognostic factors for OS and PFS. To identify
independent prognostic factors in postoperative CRC, candidate clinicopathological variables were
first evaluated by univariable Cox proportional hazards regression (Supplementary Table S2,
Supplementary Figure S4). Variables with p < 0.05 in univariable analysis were subsequently
incorporated into the multivariable Cox regression models. As illustrated in Supplementary Table
S2 and Figure 5, high expression of t-CEA remained a robust independent risk factor for both poor
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OS (HR=2.887, p=0.017) and poor PFS (HR=2.500, p=0.002). Apart from that, positive lymph
nodes and advanced disease status (stage III or II) were also poor prognostic factors for
postoperative CRC, with HRs 0f2.659 (p=0.014) and 4.022 (p=0.002) for OS, 2.089 (p=0.010) and
2.297 (p=0.003) for PFS being obtained, respectively. In contrast, s-CEA lost its statistical
significance in the multivariable models for both OS (HR=1.855, p=0.142) and PFS (HR=1.274,
p=0.390).

Nomogram construction and assessment. The significant independent predictors for OS and PFS
were subjected to form predicting nomograms to predict the 1-, 3-, and 5-year survival probability
of OS (Figure 6 A) and PFS (Figure 6B) for CRC patients. As demonstrated in the calibration curves,
the nomograms exhibited reliable accuracy in estimating the 1-, 3-, and 5-year survival probabilities
for both OS (Figure 6C) and PFS (Figure 6D) in CRC patients, yielding C-indexes of 0.796 and
0.637, respectively. Furthermore, the DCA was performed to evaluate the clinical utility of the
nomograms by comparing them with the traditional TNM staging system. Within the clinically
relevant threshold probabilities, the newly constructed nomograms for both 3-year OS (Figure 6E)
and PFS (Figure 6F) demonstrated a higher net benefit compared to the traditional TNM staging
system alone, indicating superior clinical utility. Similar incremental clinical net benefits of the
nomograms were also observed in the long-term 5-year DCA evaluations (Supplementary Figure

S3).

Discussion

Since its discovery, CEA has been regarded as a compelling tumor marker for CRC , as it is highly

expressed almost exclusively in colorectal tumors in the form of high antigenic density, with limited
expression in normal tissues [16]. Our findings indicated differential elevation of CEA in CRC
patients at both histological and serum levels. Although t-CEA expression and s-CEA levels showed
no significant linear correlation, the positivity rate of t-CEA was substantially higher than the
proportion of patients with elevated s-CEA. Our results further substantiated that t-CEA expression
serves as a significant independent prognostic factor for OS and PFS among CRC patients who
have undergone radical resection. While elevated s-CEA showed a univariable association with

poorer PFS in unadjusted Kaplan-Meier survival curves, multivariable Cox proportional hazards
8
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regression demonstrated that only high expression of t-CEA, rather than s-CEA, served as a robust,
mdependent prognostic predictor for both OS and PFS i postoperative CRC patients.

Numerous previous studies have demonstrated the asymmetry of s-CEA concentration to t-CEA
expression [13, 17, 18], which corroborated the results of our study. Despite the absence of a
significant linear correlation between s-CEA and t-CEA based on linear correlation analysis,
noteworthy findings emerged: patients with s-CEA-positive tumors exhibited considerably higher
t-CEA expression in comparison to patients with s-CEA-negative tumors. This discrepancy may be
attributed, at least in part, to methodological variations in the quantification of t-CEA and s-CEA.
Nevertheless, it is widely acknowledged that the expression and distribution of t-CEA within tumor
cells, along with its potential to be released into the bloodstream, serve as pivotal factors
influencing s-CEA levels [17]. One study confirmed that the localization of t-CEA on the
basolateral membrane or stromal tissue exerts a more pronounced impact to a greater elevation in
s-CEA levels, compared to t-CEA localized on the luminal surface [19]. Elevated s-CEA levels are
frequently observed in patients with CRC who exhibit lymphatic or vascular invasion in the primary
tumor tissue [20]. Further comprehensive mechanistic studies are warranted to elucidate the
intricate ways in which t-CEA mfluences s-CEA levels.

Another salient aspect worth highlighting pertains to the correlation between CEA and various
clinicopathological factors. Our findings indicated a close association between the levels or
expressions of both s-CEA and t-CEA with the extent of lymph node metastasis in CRC
(Supplementary Table S1). This observation, to some degree, offers an explanation for the impact of
CEA on CRC prognosis. Our analysis showed no significant differences in t-CEA or s-CEA levels
between colon cancer and rectal cancer patients. These findings indicate that the prognostic value of
t-CEA and s-CEA may be consistent across different anatomical sites within the colorectal cancer
spectrum. This result suggested that the biological behavior of tumors in the colon and rectum,
while distinct in some respects, may not significantly influence these specific biomarkers. In terms
of functionality, CEA serves as a cell adhesion molecule mediating recognition and adhesion
between tumor cells [21]. Mechanistically, CEA might adopt a pro-invasive phenotype by activating
metastatic signaling pathways through interactions with the death receptor 5 (DRS5) or the type I
transforming growth factor-f receptor 1 (TGF-BR1) [22]. Prior in Vvitro and in vivo results have also

9



279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307

indicated that CEA could potentially induce malignant cellular transformations by impeding cell
differentiation and suppressing cell anoikis, a distinct form of apoptosis instigated by the absence of
cellular contact with the extracellular matrix [23]. The potential mechanisms remain a subject of
controversy but do not diminish its practical utility. This is a favorable finding as it equips clinicians
with the ability to make more precise evaluations of the lymph node status of CRC, which in turn
have a direct impact on the selection of subsequent treatment strategies and overall prognosis.
Several previous studies have presented conflicting results when it comes to the correlation between
t-CEA expression and the differentiation of CRC [13, 17]. Although no correlation between the two
was revealed in our results, further research with larger samples is required to confirm and validate
these findings.

While we have consistently underscored the strengths of t-CEA in prognostic evaluation, it is
imperative to acknowledge that s-CEA remains advantageous because it is a cost-effective and
readily accessible clinical biomarker [24]. The considerable promise of t-CEA in the realm of
tumor-targeted diagnosis and therapy renders the marginal cost of t-CEA detection negligible. CEA
holds significant promise as a target for achieving effective tumor imaging and drug delivery, as
evidenced by its exploration in various studies [25, 26]. SGM-101, a near-infrared fluorescent tracer
targeting t-CEA, has demonstrated its clinical efficacy by enhancing the intraoperative
identification of both primary tumors and distant metastatic lesions in CRC, thereby increasing the
chances of complete tumor resection [26]. Furthermore, CEA is recognized as a well-established
target for the design of chimeric antigen receptor (CAR) T cells, which hold potential for
immunotherapy of CRC [25]. These fulfillments can primarily be attributed to the remarkable
specificity of CEA, which exhibits elevated expression in CRC tumor tissues while maintaining low
expression levels in normal tissues.

Despite the valuable insights, it is imperative to acknowledge the limitations in our research that
cannot be ignored. The choice of postoperative s-CEA levels as an indicator for analysis may be
questionable, which could compromise the effectiveness of s-CEA in prognostic evaluation. Since a
large proportion of patients with initially normal s-CEA concentrations still show elevated s-CEA
concentrations at the time of recurrence, implying that continuous monitoring of s-CEA may be
more rewarding [27]. Although our study focused on t-CEA levels measured in postoperative
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surgical specimens, we acknowledge the potential value of assessing t-CEA in preoperative
diagnostic biopsies. This approach could allow for the evaluation of t-CEA expression prior to any
neoadjuvant therapy and facilitate comparisons of t-CEA levels before and after treatment. While
our study highlights the prognostic significance of t-CEA levels, particularly in relation to overall
survival, we acknowledge the limitation of not being able to assess the response to adjuvant
therapies in detail Among the 37 patients who received neoadjuvant chemotherapy, high t-CEA
levels were associated with poorer overall survival, consistent with previous studies [28, 29].
Several additional prognostic factors, including chemotherapy regimen ‘and molecular
characteristics (e.g, BRAF mutation and MSI status), were not incorporated into the present
analysis because these data were unavailable or incomplete in this retrospective cohort. Future
multicenter prospective studies with more comprehensive molecular and treatment-related data are
warranted to further validate and extend these findings. Another limitation of the present study is
the relatively modest sample size derived from a single-center retrospective cohort. Although the
nomogram demonstrated satisfactory discrimination and calibration after internal validation using
1000 bootstrap resamples, external validation in larger multicenter cohorts is still required before
routine clinical application.

In conclusion, elevated t-CEA expression is associated with a poorer prognosis in CRC. There was
no direct correlation between t-CEA expression and s-CEA levels. T-CEA demonstrates superior

prognostic value as an independent prognostic factor for CRC compared to s-CEA.
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Figure Legends

Figure 1. A) Representative images of t-CEA expression in tumor tissues derived from CRC
patients. The staining intensity is denoted by symbols: +++: strong positive, ++: medium positive, +:
weak positive, -: negative. Scale bar: below, 50 pm; above, 200 um. The bars below represent the
proportion of patients with different expression levels. Colors range from light to strong
representing different staining intensities. B) Quantification of immunohistochemical results of

tumor tissues and paracancerous tissues.

Figure 2. A) T-CEA expression in s-CEA-positive or negative group. B) Linear correlation analysis

of t-CEA expression and s-CEA levels. 1, correlation coefficient.

Figure 3. A, B) Kaplan-Meier survival analyses comparing overall survival (OS) and
progression-free survival (PFS), between CRC patients with low t-CEA expression or high t-CEA
expression. C, D) Kaplan-Meier survival analyses comparing OS and PFS between CRC patients

with low s-CEA level or high s-CEA level

Figure 4. A) Time-dependent ROC curves for predicting OS at 1, 3, and 5 years. B)
Time-dependent ROC curves for predicting PFS at 1, 3, and 5 years. The AUC for each biomarker

is shown within each panel

Figure 5. Forest plots of multivariable Cox regression analysis for OS (A) and PFS (B) in CRC.
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456  LNM, lymph node metastasis; NAC, neoadjuvant chemotherapy.
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