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Summary
Background: This study aimed to assess the clinical utility 
of serum tumour markers -  carcinoembryonic antigen 
(CEA), carbohydrate antigen (CA) 50, CA19-9, CA72-4, 
and the cytokeratin 19 fragment (CYFRA21-1) -  for early 
detection and prognostic evaluation in colon cancer. 
Methods: A total of 50 patients diagnosed with colon can­
cer and 50 healthy individuals were enrolled. Serum levels 
of CEA, CA50, CA19-9, CA72-4, and CYFRA21-1 were 
quantified and compared between groups. Correlations 
with tumour staging, recurrence, and metastasis were also 
analysed.
Results: All five serum markers were significantly elevated 
in colon cancer patients compared to controls (P< 0 .05). 
Marker levels were notably higher in advanced-stage cases 
(stages III-IV ) than in early-stage disease (stages I-II) 
(P< 0 .05 ). Following surgery, marker levels declined signif­
icantly (P< 0 .05 ), except in patients with recurrence or 
metastasis, who showed elevated preoperative values 
(P< 0 .05 ). Combined detection yielded significantly higher 
positive detection rates, sensitivity, and specificity than indi­
vidual marker assessments (P< 0 .05).
Conclusions: CEA, CA50, CA19-9, CA72-4, and CYFRA21- 
1 are clinically relevant markers for the detection, staging,

Kratak sadržaj
Uvod: Cilj ove studije bio je da se proceni klinička korisnost 
serumskih tumourskih markera -  karcinoembrionalnog 
antigena (CEA), karbohidratnog antigena (CA) 50, CA19- 
9, CA72-4 i fragmenta citokeratina 19 (CYFRA21-1) -  za 
ranu detekciju i prognostičku procenu kod karcinoma de- 
be I og creva.
Metode: U studiju je bilo uključeno ukupno 50 pacijenata 
sa dijagnozom karcinoma debelog creva i 50 zdravih ispi- 
tanika. Kvantifikovani su nivoi CEA, CA50, CA19-9, CA72- 
4 i CYFRA21-1 u serumu i upoređeni između grupa. 
Takođe su analizirane korelacije sa stadijumom tumoura, 
recidivom i metastazama.
Rezultati: Kod pacijenata sa karcinomom debelog creva svi 
markeri su bili značajno poviseni u odnosu na kontrolnu 
grupu (P< 0 ,05 ). Nivoi markera su bili znatno visi u uzna- 
predovalim stadijumima bolesti (stadijumi III-IV) u pore- 
đenju sa ranim stadijumima (stadijumi I-II) (P< 0 ,05). 
Nakon operacije, zabeležen je značajan pad nivoa markera 
(P< 0 ,05 ), osim kod pacijenata sa recidivom ili metastaza­
ma, kod kojih su preoperativne vrednosti bile povisene 
(P< 0 ,05 ). Kombinovano određivanje markera pokazalo je 
znatno visu stopu pozitivne detekcije, senzitivnost i specifič- 
nost u poređenju sa pojedinačnim testiranjima (P< 0 ,05).
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and prognostic prediction of colon cancer. Combined 
serum marker analysis substantially improves diagnostic 
precision and supports early screening and outcome 
assessment.
Keywords: serum tumour markers, colon cancer, CEA, 
CA19-9, CYFRA21-1, early screening, prognosis, recur­
rence and metastasis

Introduction
Colon cancer has emerged as a major public 

health concern, ranking just behind gastric and 
oesophagal cancers in prevalence in China (1-3). In 
recent years, shifts in lifestyle and dietary patterns 
have contributed to a continuous rise in its incidence, 
significantly impairing the quality of life for affected 
individuals. Due to its insidious onset and lack of 
symptoms in early stages, colon cancer is frequently 
diagnosed late, resulting in missed opportunities for 
optimal treatment and, subsequently, reduced thera­
peutic efficacy (4-7). While radical surgery remains 
among the most effective curative approaches, the 
rate of postoperative local recurrence and distant 
metastasis is approximately 65%, making it a principal 
contributor to the high mortality rate associated with 
the disease (8-10). Therefore, the development of 
reliable diagnostic strategies and markers for early 
detection is essential to improve disease manage­
ment and patient survival outcomes.

Traditionally, diagnostic evaluation of colon can­
cer has relied on imaging techniques such as ultra­
sound and computed tomography (CT). However, 
these modalities are limited by their complexity, 
equipment demands, and high associated costs, 
which impose a substantial financial burden on 
healthcare systems and patients (11-13). Further­
more, imaging modalities are often less sensitive in 
detecting early-stage tumours or minimal residual dis­
ease, contributing to diagnostic delays. As such, there 
is a pressing need for diagnostic tools that are simple, 
cost-effective, and accurate.

In this context, serum tumour markers -  bio­
chemical substances produced or released during 
tumourigenesis -  have gained attention as promis­
ing tools for the detection and monitoring of malig­
nancies. These markers can be measured noninva- 
sively and repeatedly, making them suitable for both 
initial screening and longitudinal follow-up (14-16). 
Among the markers investigated in gastrointestinal 
oncology, carcinoembryonic antigen (CEA), glyco­
protein antigen CA50, CA19-9, CA72-4, and the 
soluble fragment of cytokeratin 19 (CYFRA21-1) 
are of particular interest for colon cancer diagnosis 
(17-19). Individually, these markers have demon­
strated varying degrees of sensitivity and specificity, 
yet their clinical utility remains limited when used in 
isolation. While CEA is widely applied in gastroin-

Zaključak: CEA, CA50, CA19-9, CA72-4 i CYFRA21-1 su 
klinički značajni markeri za detekciju, određivanje stadiju- 
ma i prognostičku procenu karcinoma debelog creva. 
Kombinovana analiza serumskih markera značajno pobolj- 
šava dijagnostičku preciznost i potpomaže ranu detekciju i 
procenu ishoda.
Kljucne reci: serumski tumour markeri, karcinom debe­
log creva, CEA, CA19-9, CYFRA21-1, rano skrining testi- 
ranje, prognoza, recidiv i metastaze

testinal malignancies, especially colorectal cancer, 
its prognostic and predictive value in recurrence and 
metastasis is still debated due to inconsistent find­
ings across studies.

To address these limitations, recent research has 
explored the value of combined detection strategies, 
where multiple markers are assessed simultaneously 
to improve diagnostic accuracy. However, data on the 
comparative performance of such combined panels 
in the context of colon cancer, particularly in relation 
to staging, recurrence, and postoperative monitoring, 
remain insufficient. This study was designed to evalu­
ate the clinical utility of five serum tumour markers -  
CEA, CA50, CA19-9, CA72-4, and CYFRA21-1 -  in 
the early detection, staging, and prognostic assess­
ment of colon cancer, with the aim of identifying a 
cost-effective and clinically applicable diagnostic 
approach.

Materials and Methods
Study design and participants
This study included 50 patients diagnosed with 

colon cancer who were treated at The Seventh 
Affiliated Hospital, Sun Yat-sen University, Shenzhen 
518107, Guangdong Province, China, between 
August 2023 and August 2024. The case group con­
sisted of 27 males and 23 females, with a mean age 
of 63.27±11.34 years. All participants in the case 
group were diagnosed based on both clinical and 
pathological criteria. Tumour staging, according to 
the tumour-node-metastasis (TNM) classification, 
revealed 13 cases at stage I, 9 at stage II, 12 at stage 
III, and 16 at stage IV

A control group of 50 healthy individuals under­
going routine physical examinations was also en­
rolled, comprising 28 males and 22 females with a 
mean age of 64.28±12.73 years. There were no sta­
tistically significant differences in age or gender 
between the two groups (P>0.05), indicating base­
line comparability.

The study protocol was approved by the Medical 
Ethics Committee of The Seventh Affiliated Hospital, 
Sun Yat-sen University, Shenzhen 518107, Guang­
dong Province, China. Informed consent was ob­
tained from all patients and their families after provid­
ing detailed information about the study.
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Inclusion criteria
A. Age >18 years
B. Histologically and clinically confirmed diag­

nosis of colon cancer
C. No history of major organ dysfunction (diges­

tive, cardiac, hepatic, renal)
D. Pathological TNM stages I to III, based on 

the National Comprehensive Cancer Net­
work (NCCN) 2013 guidelines

Exclusion criteria
A. Presence of malignancies at sites other than 

the colon
B. Inability to comply with treatment, follow-up, 

or re-evaluation protocols

Sample collection and tumour marker analysis
Fasting venous blood samples (5 mL) were col­

lected from control subjects during their routine phys­
ical examinations and from patients in the case group 
at multiple time points: upon admission, preopera­
tively, postoperatively, and one year after surgery. The 
samples were centrifuged to isolate serum, which was 
stored at -20 °C until analysis.

Serum levels of CEA, CA50, CA19-9, CA72-4, 
and CYFRA21-1 were measured using the ES-300 
enzyme immunoassay analyser (Boehringer, Ger­
many). Commercial enzyme immunoassay kits for all 
five markers were obtained from Invitrogen (USA).

Reference ranges for tumour markers
The upper limits of normal values for each 

tumour marker were defined as follows:
CEA: <5 ng/mL
CA50: <25 IU/mL
CA19-9: <37 IU/mL
CA72-4: <6.9 IU/mL
CYFRA21-1: <3.3 ng/mL
Any value exceeding these thresholds was clas­

sified as positive. For the purpose of combined detec­
tion, a result was considered positive if any one of the 
five markers exceeded its reference range. Sensitivity, 
specificity, and positive detection rates were calculat­
ed for both individual and combined marker assess­
ments.

Statistical analysis
All statistical analyses were conducted using 

SPSS version 20.0. Continuous variables that con­
formed to normal distribution were expressed as

mean ± standard deviation (x ± s) and compared 
between groups using the independent samples t- 
test. Categorical data were presented as percentages 
and analysed using the chi-square (c2) test. All exper­
iments were repeated three times for reliability. A sig­
nificance level of =0.05 was used, with P<0.05 con­
sidered statistically significant.

Results
Patient demographics
The study population was comprised of 100 

individuals, divided equally into two groups: 50 
patients diagnosed with colon cancer (case group) 
and 50 healthy participants (control group). The case 
group included 27 males and 23 females with a 
mean age of 63.27±11.34 years. The control group 
consisted of 28 males and 22 females, with a mean 
age of 64.28±12.73 years. No statistically significant 
differences were observed in gender or age distribu­
tion between the groups (P>0.05), confirming their 
baseline comparability.

Within the case group, TNM staging revealed 
13 patients at stage I, 9 at stage II, 12 at stage III, 
and 16 at stage IV. Based on this, 28 patients were 
categorised as having early-stage disease (stages I-II), 
and 22 were considered late-stage (stages III-IV).

Comparison of tumour marker levels between
groups
Serum levels of CEA, CA50, CA19-9, CA72-4, 

and CYFRA21-1 were significantly elevated in the 
colon cancer group compared to the control group 
(P<0.05), as illustrated in Figure 1.

Tumour marker expression by cancer stage
Among patients with colon cancer, those in the 

late-stage group (stages III-IV) demonstrated signifi­
cantly higher serum levels of all five tumour markers 
compared to those in the early-stage group (stages I­
II) (P<0.05), as depicted in Figure 2.

Tumour marker changes in recurrent and
metastatic disease
All 50 patients in the case group underwent sur­

gical treatment. Postoperative levels of CEA, CA50, 
CA19-9, CA72-4, and CYFRA21-1 were significantly 
decreased compared to preoperative levels (P<0.05). 
Among 23 patients who experienced postoperative 
recurrence or metastasis, preoperative marker levels 
were significantly higher than their postoperative val­
ues (P<0.05). However, no statistically significant dif­
ferences were found between pre- and postoperative 
levels in the recurrence/metastasis subgroup 
(P>0.05), as shown in Figure 3.
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F ig u re  1 Tumour marker expression in the case and control groups. 
A. CEA and CYFRA21-1; B. CA50, CA19-9, and CA72-4.
*Note: Differences between groups were statistically significant (P<0.05).

F ig u re  2 Tumour marker expression in early vs. late-stage colon cancer. 
A. CEA and CYFRA21-1; B. CA50, CA19-9, and CA72-4.
*Note: Intergroup differences were statistically significant (P<0.05).

F ig u re  3 Tumour marker levels before and after recurrence/metastasis.
A. CEA and CYFRA21-1; B. CA50, CA19-9, and CA72-4.
*Note: Differences before and after recurrence/metastasis were significant (P<0.05, #P<0.05).
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Tab le  I Diagnostic comparison of single vs. combined 
marker detection in colon cancer.

Detection
methods

Positive rate 
[n (%)]

Sensitivity
(%)

Specificity
(%)

CEA 21 (42.00 76.9 70.2

CA50 22 (44.0) 73.3 66.6

CA19-9 16 (32.0) 75.0 71.7

CA72-4 18 (36.0) 85.7 83.3

CYFRA21-1 19 (38.0) 88.8 73.1

The combined 
detection 43 (86.0) * 95.1 55.5

*Note: Combined detection showed a statistically significant 
improvement in diagnostic performance (P<0.05).

T ab le  II Diagnostic comparison of single vs. combined 
tumour marker detection in recurrent/metastatic colon 
cancer.

Detection
methods

Positive rate 
[n (%)]

Sensitivity
(%)

Specificity
(%)

CEA 10 (43.4) 72.7 83.3

CA50 9 (39.1) 54.5 75.0

CA19-9 8 (34.7) 44 .4 71.4

CA72-4 11 (47.8) 63.6 66.6

CYFRA21-1 13 (56.5) 72.7 58.3

The combined 
detection 21 (91.3) * 95.0 33.3

*Note: Combined detection showed statistically significant 
advantages over single-marker methods (P< 0 .05).

Diagnostic performance: single vs. combined 
marker detection
Among the individual markers, CEA yielded the 

highest positive detection rate at 42.0%. Combined 
detection of the five markers produced a significantly 
higher positive rate (86.0%) compared to any single 
marker (P<0.05). However, the difference between 
combined detection and individual marker results was 
not statistically significant for certain markers 
(P>0.05). Data are summarised in Table I.

Detection of recurrence and metastasis: single 
vs. combined detection
For diagnosing recurrence and metastasis, com­

bined detection again outperformed individual mark­
ers, showing higher positive rates and sensitivity.

These improvements were statistically significant 
compared to single-marker tests (P<0.05 for positive 
rate; P>0.05 for some sensitivity comparisons). 
Results are presented in Table II.

Discussion
The global incidence of colon cancer continues 

to rise, with an estimated annual increase of approxi­
mately 2.3%. In developed nations, it is currently the 
second leading cause of cancer-related mortality, while 
in China, it ranks fifth among malignant tumours (20­
22). Currently, the cornerstone of colon cancer treat­
ment is surgical resection in combination with 
chemoradiotherapy. Reported five-year survival rates 
following surgery are approximately 50%, underscor­
ing the critical importance of early detection, diagno­
sis, and intervention to improve patient outcomes 
(23-25). In recent years, advances in molecular biolo­
gy have facilitated the application of tumour markers 
for both preoperative screening and prognostic assess­
ment. Compared to imaging or invasive diagnostic 
procedures, these serological methods offer advan­
tages in terms of patient compliance and diagnostic 
efficiency (26-29). Commonly investigated markers 
include carcinoembryonic antigen (CEA), CA50, 
CA19-9, CA72-4, and CYFRA21-1.

CEA is a monomeric glycoprotein classified as 
an embryonic oncogenic antigen, primarily present in 
embryonic serum and gastrointestinal tissues. It 
exhibits minimal expression in normal adult tissues 
but is significantly upregulated in malignancies such 
as pancreatic, oesophagal, and gastrointestinal can­
cers (30). Its diagnostic sensitivity in gastrointestinal 
malignancies is approximately 60%, and it demon­
strates moderate to high sensitivity in colon cancer 
specifically (31). Consistent with previous findings, 
our study revealed significantly elevated CEA levels in 
colon cancer patients compared to healthy controls 
(P<0.05), with a corresponding positive rate of 
42.0%, sensitivity of 76.9%, and specificity of 70.2%.

CA50, a sialoglycoprotein with limited expres­
sion in normal tissues, is frequently elevated in liver, 
lung, gastric, colon, and biliary tract cancers. 
Literature suggests that up to 75% of colon cancer 
patients exhibit increased CA50 levels (32), which 
aligns with our findings. In the present study, CA50 
demonstrated a positive rate of 44.0%, a sensitivity of 
73.3%, and a specificity of 66.6%.

CA19-9, an oligosaccharide antigen secreted by 
adenocarcinoma cells, serves as a useful biomarker for 
various gastrointestinal tumours, including gastric, pan­
creatic, and colon cancers (33). Our data showed sig­
nificantly higher CA19-9 levels in the case group than 
in the control group (P<0.05), with a positive rate of 
32.0%, sensitivity of 75.0%, and specificity of 71.7%.

CA72-4, a mucin-like glycoprotein, is predomi­
nantly expressed in gastrointestinal and pancreatic
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cancers and is widely used for malignancy screening. 
Our results confirmed that CA72-4 levels were signif­
icantly elevated in patients with colon cancer com­
pared to healthy individuals, with a positive rate of 
36.0%, sensitivity of 85.7%, and specificity of 83.3%. 
These findings are consistent with those of Wang et 
al. (34), who reported that CA72-4 demonstrated 
superior sensitivity compared to both CEA and CA19- 
9 in diagnosing colon and gastric cancers.

CYFRA21-1, a soluble fragment of cytokeratin 
19, was also significantly elevated in the case group. 
It achieved a positive rate of 38.0%, sensitivity of 
88.8%, and specificity of 73.1%, reinforcing its diag­
nostic utility.

Furthermore, the combined detection of all five 
markers yielded a significantly higher positive detection 
rate than any individual marker (P<0.05). Although dif­
ferences between specific single-marker and combined 
detection results did not reach statistical significance 
(P>0.05), the overall enhancement in diagnostic sensi­
tivity and reliability supports the use of multiplex detec­
tion strategies. This emphasises the clinical relevance of 
CEA, CA50, CA19-9, CA72-4, and CYFRA21-1 for 
early diagnosis and malignancy assessment in colon 
cancer. While individual markers demonstrated limited 
sensitivity when used in isolation, their combined appli­
cation markedly improved detection rates.

Prognostic evaluation in colon cancer traditional­
ly relies on pathological staging, which remains a gold 
standard. However, inaccurate staging can negatively 
impact treatment planning and prognosis. Accumu­
lating clinical evidence supports the use of tumour 
markers in monitoring therapeutic efficacy and assess­
ing disease progression (35). Our results demonstrat­
ed that the expression levels of all five markers were 
significantly higher in late-stage disease compared to 
early-stage (P<0.05), indicating a correlation between 
marker elevation and tumour progression.

In addition to diagnostic value, tumour markers 
also serve as valuable tools for evaluating surgical 
outcomes and recurrence risk. In this study, patients 
were followed for one year postoperatively, and their 
marker levels were assessed preoperatively, postoper­
atively, and upon recurrence or metastasis. Post-treat­
ment, levels of all markers showed significant reduc­
tions, while patients who developed recurrence or 
metastasis exhibited elevated marker levels. These 
findings underscore the potential value of integrating 
multi-marker serum detection into routine diagnostic 
protocols for colon cancer. The use of CEA, CA50, 
CA19-9, CA72-4, and CYFRA21-1 as a combined 
panel may enhance early-stage detection, especially 
in asymptomatic individuals or those at elevated risk. 
Additionally, monitoring these markers during follow­
up could facilitate the earlier identification of recur­
rence or metastasis, thereby informing more timely 
therapeutic interventions. Incorporating this biomark­
er strategy into existing clinical workflows may con­

tribute to improved diagnostic accuracy and better 
long-term patient management.

However, several limitations of this study should 
be acknowledged. First, it was conducted at a single 
centre, which may restrict the generalizability of the 
results to other populations or healthcare settings. 
Second, the follow-up period was limited to one year, 
preventing a comprehensive evaluation of the long­
term prognostic value of these markers. Third, this 
study did not incorporate direct comparisons with 
other diagnostic modalities such as colonoscopy, fae­
cal occult blood tests, or circulating tumour DNA 
(ctDNA), which are increasingly used in clinical prac­
tice. Future multi-centre investigations with extended 
follow-up and comparative diagnostic assessments 
are necessary to validate these findings and explore 
their integration into routine care pathways.

Conclusions
The findings of this study underscore the diag­

nostic and prognostic significance of serum tumour 
markers -  CEA, CA50, CA19-9, CA72-4, and 
CYFRA21-1 -  in colon cancer. These markers 
demonstrated clear associations with tumour positivi­
ty, disease staging, and the presence of recurrence or 
metastasis. Notably, the combined detection of all five 
markers significantly enhanced diagnostic accuracy 
compared to single-marker approaches, thereby 
offering greater utility for early screening and prog­
nostic evaluation.

Despite these promising results, the study is lim­
ited by its relatively small sample size, which may 
affect the generalizability of the findings. Future 
research with larger cohorts is warranted to validate 
and extend these observations.

In summary, the combined detection of CEA, 
CA50, CA19-9, CA72-4, and CYFRA21-1 presents a 
valuable tool for the clinical diagnosis and manage­
ment of colon cancer and merits broader implemen­
tation in clinical practice.

Acknowledgements. The authors extend their 
sincere appreciation to the staff of The Seventh 
Affiliated Hospital, Sun Yat-sen University, Shenzhen 
518107, Guangdong Province, China, for their 
invaluable assistance throughout the study. We are 
also deeply grateful to the patients and their families 
for their participation and cooperation, without which 
this research would not have been possible.

Funding
This research did not receive any specific grant 

from funding agencies in the public, commercial, or 
not-for-profit sectors.



1916 Song et al.: Clinical values of serum tumour markers

Data availability
The datasets generated and analysed during the 

current study are available from the corresponding 
author upon reasonable request.

Authors' contribution
Ze Song conceptualised the study, collected 

clinical data, and contributed to manuscript prepara­
tion. Ze Song, Jun Tang, Min Wu and Zhi Li conduct­
ed data analysis and assisted in interpreting the

References
1. Lu W, Jin X L , Yang C, Du P Jiang FQ, Ma JR Yang J, Xie 

P Zhang Z. Comparison of efficacy between TACE com­
bined with apatinib and TACE alone in the treatment of 
intermediate and advanced hepatocellular carcinoma: a 
single-center randomised controlled trial. Cancer Biol 
Ther 2017; 18(6): 433-8.

2. Majdop S, Skornick Y, Avital S, Berkovich L. Phospho­
lipase D activation mediates growth and migration of 
colon cancer cells interacting with cancer-associated 
fibroblasts. Cell Mol Biol (Noisy-le-grand) 2018; 64(14): 
84-8.

3. Wu Z , Lu Z , Li L, Ma M, Long F Wu R, Huang L, Chou 
J, Yang K, Zhang Y, Li X , Hu G, Zhang Y, Lin C. 
Identification and validation of ferroptosis-related 
LncRNA signatures as a novel prognostic model for 
colon cancer. Front Immunol 2022; 12: 783362.

4. Guo JN, Chen D, Deng SH, Huang JR, Song JX , Li XY, 
Cui BB, Liu YL . Identification and quantification of 
immune infiltration landscape on therapy and prognosis 
in left- and right-sided colon cancer. Cancer Immunol 
Immunother 2022; 71(6): 1313-30.

5. Zhang HC, Deng SH, Pi YN , Guo JN, X i H, Shi X , Yang 
X F  Zhang BM, Xue WN, Cui BB, Liu YL . Identification 
and validation in a novel quantification system of ferrop- 
tosis patterns for the prediction of prognosis and 
immunotherapy response in left- and right-sided colon 
cancer. Front Immunol 2022; 13: 855849.

6. Yoshino T, Argilés G, Oki E, Martinelli E, Taniguchi H, 
Arnold D, Mishima S, Li Y, Smruti BK, Ahn JB, Faud I, 
Chee CE, Yeh KH, Lin PC, Chua C, Hasbullah HH, Lee 
MA, Sharma A, Sun Y, Curigliano G, Bando H, Lordick 
F, Yamanaka T, Tabernero J, Baba E, Cervantes A, 
Ohtsu A , Peters S, Ishioka C, Pentheroudakis G. Pan­
Asian adapted ESMO clinical practice guidelines for the 
diagnosis treatment and follow-up of patients with 
localised colon cancer. Ann Oncol 2021; 32(12): 
1496-510 .

7. Vogel JD, Felder SI, Bhama AR, Hawkins AT, Langenfeld 
SJ, Shaffer VO, Thorsen AJ, Weiser MR, Chang GJ, 
Lightner AL, Feingold DL, Paquette IM. The American 
society of colon and rectal surgeons clinical practice 
guidelines for the management of colon cancer. Dis 
Colon Rectum 2022; 65(2): 148-77.

results. Yingqiang Zhang provided study supervision 
and performed critical revisions for intellectual con­
tent.

All authors reviewed and approved the final 
version of the manuscript.

Conflict of interest statement
All the authors declare that they have no conflict 

of interest in this work.

8. Shi W, Men L, Pi X , Jiang T, Peng D, Huo S, Luo P, Wang 
M, Guo J, Jiang Y, Peng L, Lin L, Li S, Lv J. Shikonin sup­
presses colon cancer cell growth and exerts synergistic 
effects by regulating ADAM17 and the IL 6/ s TaT 3 sig­
naling pathway. Int J Oncol 2021; 59(6): 99.

9. Khan H, Alam W, Alsharif KF, Aschner M, Pervez S, Saso
L. Alkaloids and colon cancer: molecular mechanisms 
and therapeutic implications for cell cycle arrest. Mole­
cules 2022; 27(3): 920.

10. Mukherjee AG, Wanjari UR, Bradu P Murali R, Kannam- 
puzha S, Loganathan T, C GPD, Prakash BPA, Renu K, 
Dey A, Vellingiri B, Valsala Gopalakrishnan A. The 
crosstalk of the human microbiome in breast and colon 
cancer: a metabolomics analysis. Crit Rev Oncol 
Hematol 2022; 176: 103757.

11. Lwin TM, Turner MA, Amirfakhri S, Nishino H, Debie P, 
Cosman BC, Hoffman RM, Hernot S, Bouvet M. Rapid 
tumour-labeling kinetics with a site-specific near-infrared 
anti-CEA nanobody in a patient-derived orthotopic 
xenograft mouse model of colon cancer. J Surg Oncol 
2021; 124(7): 1121-7.

12. Chen T  Wang Y  Nan Z , Wu J, Li A, Zhang T, Qu X , Li 
C. Interaction between macrophage extracellular traps 
and colon cancer cells promotes colon cancer invasion 
and correlates with unfavorable prognosis. Front 
Immunol 2021; 12: 779325.

13. Morimoto Y  Takahashi H, Arita A, Itakura H, Fujii M, 
Sekido Y, Hata T, Fujino S, Ogino T, Miyoshi N, Uemura
M, Matsuda C, Yamamoto H, Mizushima T, Doki Y  
Eguchi H. High postoperative carcinoembryonic antigen 
as an indicator of high-risk stage II colon cancer. Oncol 
Lett 2022; 23(5): 167.

14. Pang X , Xu B, Lian J, Wang R, Wang X , Shao J, Tang S, 
Lu H. Real-world survival of colon cancer after radical 
surgery: a single-institutional retrospective analysis. Front 
Oncol 2022; 12: 914076.

15. Yu K, Qiang G, Peng S, Kuang R. Potential diagnostic 
value of the hematological parameters lymphocyte- 
monocyte ratio and hemoglobin-platelet ratio for 
detecting colon cancer. J Int Med Res 2022; 50(9): 
3000605221122742.



J Med Biochem 2025; 44 (9) 1917

16. Zhou H, Wang S, Cai Z , Qiu E, Chen Q, Rao X , Han S, 
Li Z . Adjuvant chemotherapy benefits on patients with 
elevated carcinoembryonic antigen in stage IIA colon 
cancer: a SEER-based analysis. Int J Colorectal Dis 2022; 
37(12): 2481-9.

17. Hao Z , Parasramka S, Chen Q, Jacob A, Huang B, 
Mullett T  Benson AB. Neoadjuvant versus adjuvant 
chemotherapy for resectable metastatic colon cancer in 
non-academic and academic programs. Oncologist 
2023; 28(1): 48-58.

18. Liu Y  Zhang H, Zheng M, Wang C, Hu Z , Wang Y  Xiong 
H, Fan B, Wang Y, Hu H, Tang Q, Wang G. Nomogram 
to predict the occurrence and prognosis of distant metas­
tasis in T1N0 colon cancer: a SEER data-based study. Int 
J Gen Med 2021; 1 4 :9 1 3 1 -4 3 .

19. Minnix M, Kujawski M, Poku E, Yazaki PJ, Wong JYC, 
Shively JE. Improved tumour responses with sequential 
targeted alpha followed by IL2 immunocytokine thera­
pies in treatment of CEA positive breast and colon 
tumours in CEA transgenic mice. J Nucl Med 2022; 
63(12): 1859-64.

20. AbdelMageed M, Ismail HTH, Olsson L, Lindmark G, 
Hammarstrôm ML, Hammarstrôm S, Sitohy B. Clinical 
significance of stem cell biomarkers EpCAM, LGR5 and 
LGR4 mRNA levels in lymph nodes of colon cancer 
patients. Int J Mol Sci 2021; 23(1): 403.

21. Kasahara K, Enomoto M, Udo R, Tago T, Mazaki J, 
Ishizaki T, Yamada T, Nagakawa Y, Katsumata K, 
Tsuchida A. Prognostic value of preoperative high-sensi­
tivity modified Glasgow prognostic score in advanced 
colon cancer: a retrospective observational study. BMC 
Cancer 2022; 22(1): 20.

22. Meng G, Yang S, Chen F Survival for patients with meta­
static colon cancer underwent cytoreductive colectomy in 
the era of rapid development of anticancer drugs: a real- 
world analysis based on updated population dataset of 
2004-2018. Front Pharmacol 2022; 13: 983092.

23. Sawayama H, Miyamoto Y, Ogawa K, Ohuchi M, Toku- 
naga R, Yoshida N, Kobayashi H, Sugihara K, Baba H. 
Index of estimated benefit from lymph node dissection 
for stage I-III transverse colon cancer: an analysis of the 
JSCCR database. Langenbecks Arch Surg 2022; 407(5): 
2011-9.

24. Ishii K, Watanabe J, Goto K, Suwa Y, Nakagawa K, Suwa 
H, Ozawa M, Ishibe A, Kunisaki C, Endo I. The prognos­
tic significance of apical lymph node metastasis in 
patients with high-risk stage III colon cancer. Sci Rep 
2022; 12(1): 2059.

25. Weinberg BA, Winslow ER, Bayasi M, Krainock MR, 
Olshan PM, Billings PR, Aleshin A. Early detection of cir­
culating tumour DNA postoperatively enables discovery 
of resectable metastatic disease in a patient with colon 
cancer. Case Rep Oncol 2021; 14(3): 1748-53.

26. Wang Y  Zhou Y  Lin H, Chen H, Wang S. Paeoniflorin 
inhibits the proliferation and metastasis of ulcerative coli­
tis-associated colon cancer by targeting EGFL7. J Oncol 
2022; 2022: 7498771.

27. Murray NP Villalon R, Hartmann D, Rodriguez PM, Aedo 
S. Improvement in the neutrophil-lymphocyte ratio after 
combined fluorouracil, leucovorina and oxaliplatino 
based (FOLFOX) chemotherapy for stage III colon cancer 
is associated with improved minimal residual disease and 
outcome. Asian Pac J Cancer Prev 2022; 23(2): 591-9.

28. Pedrazzani C, Turri G, Marrelli D, Kim HJ, Park EJ, 
Spolverato G, Foppa C, Spinelli A, Pucciarelli S, Baik SH, 
Choi GS. Prediction of metachronous peritoneal metas- 
tases after radical surgery for colon cancer: a scoring sys­
tem obtained from an international multicenter cohort. 
Ann Surg Oncol 2022; 29(12): 7896-906.

29. Riffet M, Eid Y  Faisant M, Fohlen A, Menahem B, Alves 
A, Dubois F Levallet G, Bazille C. Deciphering promoter 
hypermethylation of genes encoding for RASSF/hippo 
pathway reveals the poor prognostic factor of RASSF2 
gene silencing in colon cancers. Cancers (Basel) 2021; 
13(23): 5957.

30. Teijeira A, Migueliz I, Garasa S, Karanikas V, Luri C, 
Cirella A, Olivera I, Canamero M, Alvarez M, Ochoa MC, 
Rouzaut A, Rodriguez-Ruiz ME, Sanmamed MF Klein C, 
Umana P Ponz M, Bacac M, Melero I. Three-dimensional 
colon cancer organoids model the response to CEA-CD3 
T-cell engagers. Theranostics 2022; 12(3): 1373-87.

31. Fleming CA, Jordan P O'Leary DP Corrigan MA, Wang 
JH, Redmond HR Perioperative cell-free DNA trends pre­
dict recurrence of non-metastatic colorectal cancer sig­
nificantly earlier than CEA trends over the first 2 years 
postoperatively in stage II and stage III colon cancer. Int 
J Colorectal Dis 2022; 37(5): 1119-26.

32. Jue W, Lulu L, Yan Z , Gu S. Expression levels and diag­
nostic value od serum. J Med Biochem 2024; 43 (2): 
250-6.

33. Ogata S, Fujita F, Fujiyoshi K, Sudou T, Yoshida T, 
Koushi K, Murotani K, Yamauchi S, Sugihara K, Akagi 
Y  Prognostic value of preoperative carcinoembryonic 
antigen and carbohydrate antigen 19-9 levels for adju­
vant chemotherapy in stage II colorectal cancer: a 
nationwide multicenter retrospective study. J Anus 
Rectum Colon 2022; 6(4): 249-58 .

34. Wang H, Jin W, Wan C, Zhu C. Diagnostic value of 
combined detection of CA72-4, CA19-9, and carci- 
noembryonic antigen comparing to CA72-4 alone in 
gastric cancer: a systematic review and meta-analysis. 
Transl Cancer Res 2022; 11(4): 848-56 .

35. Luo K, Zhao C, Luo Y, Pan C, Li J. Electrochemical sensor 
for the simultaneous detection of CA72-4 and CA19-9 
tumour markers using dual recognition via glycosyl imprin­
ting and lectin-specific binding for accurate diagnosis of 
gastric cancer. Biosens Bioelectron 2022; 216: 114672.

Received: March 12, 2025 
Accepted: April 14, 2025


