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Abstract

Introduction: Hepcidin (Hep), a key regulatory hormone of iron (Fe) homeostasis, governs its absorption and storage, and is influenced by in-
flammation and Fe status. This study investigated serum Hep concentrations and their associations with Fe markers and inflammation in patients 
with sporadic colorectal cancer (CRC).
Materials and methods: We compared serum concentrations of Hep, Fe, unsaturated and total iron binding capacity, transferrin, transferrin satu-
ration, ferritin, C-reactive protein (CRP), interleukin-6 (IL-6) and tumor markers in 82 CRC patients and 58 controls. Statistically significant differences 
were tested using the Mann-Whitney U test and Student’s t test. Additionally, Hep were analyzed according to tumor stage. Colorectal cancer was 
confirmed histopathologically after colonoscopy with biopsy (TNM staging). 
Results: Colorectal cancer patients exhibited significantly lower Hep concentrations than controls (8.1 vs. 19.7 ng/mL, P = 0.020). Ferritin was also 
lower in CRC (109 vs. 250 µg/L, P = 0.002). Hepcidin showed the strongest positive correlation with ferritin in CRC. Inflammatory markers (CRP and 
IL-6) correlated moderately to weakly with hepcidin in both groups (controls: rho = 0.52 (P < 0.001); CRC: rho = 0.26 (P = 0.022) for CRP and CRC: 
rho = 0.30 (P = 0.033) for IL-6). Notably, Hep concentrations were lower in patients with advanced tumor stage (T0 vs. T3, P = 0.043). 
Conclusion: These findings suggest that CRC is associated with lower hepcidin and ferritin concentrations, potentially reflecting complex and can-
cer-specific dysregulation in Fe metabolism beyond inflammation alone. 
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Highlights 

•	 CRC patients show lower hepcidin concentration than controls
•	 Hepcidin is moderately linked to ferritin, reflecting iron dysregulation in colorectal cancer
•	 Colorectal cancer patients have lower ferritin than controls 
•	 Hepcidin is lower in advanced tumor stage (T3 vs. T0)
•	 C-reactive protein and interleukin-6 correlate weakly with hepcidin, suggesting other tumor effects

Introduction

Iron metabolism plays a crucial role in health and 
disease, requiring tight regulation to avoid iron 
deficiency or overload. Excess iron promotes oxi-

dative stress, while deficiency impairs cellular 
function (1). Hepcidin (Hep), a liver-derived pep-
tide hormone, is the master regulator of systemic 
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iron homeostasis (2). It inhibits iron export by 
binding to ferroportin, the only known iron ex-
porter, leading to its degradation and lower serum 
iron concentrations (2,3). Hepcidin expression is 
influenced by iron stores, erythropoietic demand, 
and inflammation (4). It is often elevated in chronic 
inflammation and certain cancers, contributing to 
anemia of inflammation (5). Anemia of chronic dis-
ease (or anemia of inflammation) is increasingly 
prevalent in chronic conditions where reduced 
iron recycling from macrophages is observed (6). 
Inflammatory response and the release of inflam-
mation-induced cytokines, such as interleukin-6 
(IL-6), triggers Hep synthesis. Hepcidin, upregulat-
ed by IL-6, binds to ferroportin and limits iron 
availability in the plasma, leading to hypoferremia 
and anemia of chronic disease or anemia of in-
flammation (7). However, different measuring 
methods, whether mass spectrometry or immu-
nochemical principles, have produced varying re-
sults and challenges in methodological standardi-
zation, complicating clinical interpretation (8). 

In colorectal cancer (CRC), disturbances in iron me-
tabolism are common and often manifest as ane-
mia of inflammation or iron-deficiency anemia (9). 
Previous studies have shown conflicting results re-
garding Hep concentrations in CRC, presenting a 
more complex scenario, where iron loss by bleed-
ing, inflammation, and tumor-associated iron de-
mand coexist. Evidence suggests both, upregula-
tion due to inflammation and downregulation re-
lated to tumor-specific iron demands. While al-
tered iron biomarkers and anemia are common in 
CRC, the role of Hep remains unclear, with conflict-
ing reports on its expression and clinical relevance 
(9,10). Overall, a better understanding of iron me-
tabolism in cancer cells may also aid in the under-
standing of chemotherapy resistance (11). 

Colorectal cancer is a major global health burden, 
and understanding its metabolic profile may aid 
early detection and treatment stratification (12,13). 
Mechanistically, unabsorbed dietary iron that re-
mains in the gastrointestinal tract may have po-
tentially carcinogenic effect (14). Despite its central 
role in iron regulation, Hep has not been exten-
sively studied as a potential biomarker in sporadic, 
non-metastatic CRC. 

The aim of this study was to investigate whether 
Hep serum concentrations are altered in a pro-
spective cohort of CRC patients. We explored Hep 
correlation with iron metabolism, inflammation (C-
reactive protein, CRP), tumor markers (carbohy-
drate antigen 19-9 (CA19-9) and carcinoembryonic 
antigen (CEA), tumor stage and anemia-related in-
dices to better understand its role in CRC-related 
iron dysregulation and examined its potential as a 
biomarker of CRC. We hypothesized that Hep is 
dysregulated in CRC and reflects disease stage and 
systemic iron imbalance. 

Materials and methods

Materials 

A prospective cohort study was conducted in non-
metastatic CRC patients and in a control group. 
Study participants were referred to the University 
Hospital Centre Osijek between August 2020 and 
August 2023. Blood sampling and completion of a 
food frequency questionnaire (FFQ) were per-
formed after participants provided written in-
formed consent, in accordance with ethical guide-
lines. Patients were recruited at the Department of 
Radiotherapy and Oncology, University Hospital 
Centre Osijek, following colonoscopy (the refer-
ence method for diagnosing CRC) and biopsy with 
histopathological confirmation of CRC. Tumor 
staging was classified as stage T0-T3 (N0-N3, M0) 
according to the tumor node metastasis (TNM) 
classification system of the American Joint Com-
mittee on Cancer: T0 – no histopathological evi-
dence of a primary tumor (no tumor cells were de-
tected in the sample), T1 – tumor invades the sub-
mucosa, T2 - tumor invades the muscularis propria, 
T3 - tumor invades through the muscularis propria 
into the pericolorectal tissues, Tx – primary tumor 
cannot be assessed due to insufficient information 
(eg., poorly preserved tissue, incomplete biopsy, 
technical issues, or missing clinical/radiological 
data). Patients underwent colonoscopy due to 
clinical symptoms and/or positive guaiac fecal oc-
cult blood test (HemoGnost, BioGnost, Zagreb, 
Croatia) manually preformed at referring institu-
tions or as part of the Croatian National CRC 
screening program.
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Inclusion criteria for the CRC group included: con-
firmed diagnosis of sporadic colorectal cancer, 
male and female participants, aged between 40 
and 80 years with a body mass index (BMI) of less 
than 35 kg/m2 and following a diet that included 
both animal- and plant-based foods. Patients with 
BMI > 35 kg/m2 were not excluded, as only one in 
the CRC group and two in the control group met 
this criterion. A structured FFQ was used to obtain 
information on diet type and supplement intake. 
These criteria ensured that the study population 
was both representative and homogenous, focus-
ing on early-stage colorectal cancer patients with 
specific demographic and lifestyle characteristics. 
Exclusion criteria for the CRC group included the 
diagnosis of hereditary colorectal cancer (such as 
Lynch syndrome), colorectal cancer classified as an 
advanced stage (T4), additional cancer diagnoses, 
acromegaly, ulcerative colitis, Crohn’s disease, irri-
table bowel syndrome, parasitic or other infec-
tious diseases, diverticulosis, or cystic fibrosis, 
transplant recipients, patients undergoing immu-
nosuppressive therapy, or had type 1 or type 2 dia-
betes, active Helicobacter pylori infection, ongoing 
therapy with antacids, and the chronic use of non-
steroid anti-inflammatory drugs (NSAIDs), partici-
pants receiving iron supplementation therapy or 
regularly used dietary supplements containing 
iron, vitamin B12, folic acid, vitamin D, or calcium, 
had a clinically significant weight loss (> 5% of 
body mass in the last 6 to 12 months), and a diet 
that excluded meat consumption. The control 
group inclusion criteria were male and female par-
ticipants aged between 40 and 80 years, with a 
BMI less than 35 kg/m2 and adhering to a diet con-
sisting of both animal- and plant-based foods. Ex-
clusion criteria for the control group matched 
those of the colorectal cancer group. The control 
group was recruited during routine blood testing 
at the Institute of Clinical Laboratory Diagnostics, 
Osijek University Hospital Centre, meeting the in-
clusion and exclusion criteria. 

This research was approved by the Ethical Com-
mittee of the University Hospital Centre Osijek, No. 
R2-8262/2020. and was conducted in accordance 
with the Declaration of Helsinki.

Methods

All laboratory analyses were measured at the Insti-
tute of Clinical Laboratory Diagnostics, University 
Hospital Centre Osijek. Venipuncture was per-
formed in the morning between 7:00 and 9:00 AM, 
while patients were fasting, in accordance with in-
ternational recommendations (15). Blood was col-
lected in K2EDTA coagulant tubes and anticoagu-
lant-free tubes (Becton, Dickinson and Company, 
USA) which were centrifuged at 2000xg for 10 
minutes. Afterwards, hemoglobin was measured 
from full blood sample, and serum samples were 
used for the determination of iron metabolism pa-
rameters including iron, unsaturated iron binding 
capacity (UIBC), transferrin, ferritin, CRP, CEA and 
CA19-9. Total iron binding capacity (TIBC) and 
transferrin saturation were calculated using the 
following formulas: TIBC = iron + UIBC; transferrin 
saturation (%Trf = iron / (TIBC x 100)). A Beckman 
Coulter AU680 analyzer (Beckman Coulter, Inc., 
Brea, USA) was used to measure iron and UIBC 
spectrophotometrically, while Trf, ferritin, and CRP 
were measured by immunoturbidimetry. Hepcidin 
concentrations were measured by enzyme-linked 
immunoassay (ELISA) using the HybridXL DRG an-
alyzer (DRG Instruments GmbH, Marburg, Germa-
ny). The fully automated immunoassay has intra- 
(CVi) and interindividual (CVg) coefficients of varia-
tions provided by manufacturer of CVi = 2.55% 
and CVg = 13.68%, which were verified by our lab-
oratory; linearity 1.67-81.00 ng/mL, limit of detec-
tion 1.67 ng/mL and limit of quantification 2.62 ng/
mL with proposed reference ranges by manufac-
turer for males 1.67-49.75 ng/mL and females 1.67-
56.70 ng/mL (16). Internal quality control at two 
levels provided by the manufacturer was used be-
fore the measurement of the samples and external 
quality control was not available. The immunoas-
say method on Roche Cobas e801 analyzer (Roche 
Diagnostics GmbH, Mannheim, Germany) was 
used to measure CEA, CA19-9 and IL-6. Hemoglo-
bin concentrations were measured using Sysmex 
XN-2000 automatic analyzer (Sysmex Corporation, 
Kobe, Japan). While routine biomarkers were ana-
lyzed immediately upon sampling, aliquots for 
Hep determination were stored at - 20 ºC and 
analyzed after 6 months. According to the manu-
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facturer, hepcidin remains stable under this stor-
age conditions. 

Statistical analysis

Statistical analysis of data was performed using 
the MedCalc statistical program (MedCalc for Win-
dows, version 12.4.0.0.; MedCalcSoftware, Mar-
iakerke, Belgium). The D’Agostino-Pearson test 
was conducted to assess normality of data distri-
bution. Results are presented as absolute counts 
for sex (male vs. female), age (range), and TNM 
stage for the colorectal cancer group; as median 
values and interquartile ranges (25th-75th percen-
tile) for parameters following non-normal distribu-
tion (Fe, TIBC_CRC, ferritin, %Trf, CRP, CEA, CA19-9); 
and as means and standard deviations for param-
eters following a normal distribution (UIBC, trans-
ferrin, TIBC_CONTROL). Spearman’s rank correla-
tion coefficient (rho) was used for non-normally 
distributed variables, and Pearson’s correlation co-
efficient (r) was used to for normally distributed 
variables. The Mann-Whitney U test and t-test was 
used for the comparison of Hep, CRP, iron, UIBC, 

TIBC, ferritin, transferrin and %Trf values in the CRC 
group versus the control group. The Kruskal-Wallis 
test was used to differentiate Hep concentrations 
in the CRC group across TNM stages. P-values less 
than 0.05 (P < 0.05) were considered statistically 
significant. 

Results

A total of 82 patients with sporadic, non-metastat-
ic colorectal cancer were included in the study, 
comprising 22 females and 60 males. The median 
age of the participants was 65 years, ranging from 
46 to 79 years. According to TNM staging, stage T3 
was predominant (38/82), followed by an un-
known stage (Tx) in 18/82 and less frequent cases 
of stage T2 (14/82). A total of 58 participants were 
included as the control group, consisting of 5 fe-
males and 53 males, with a median age of 58 years 
(range: 55-61).

The CRC group was significantly older (P < 0.001) 
and had a higher proportion of females (P = 0.013) 
compared to the control group.

Analyte (unit) Control group
N = 58

CRC
N = 82 P

Hepcidin (ng/mL) 19.7 (12.1-26.8) 8.1 (5.5-14.0) 0.020

CRP (mg/L) 5.3 (2.2-33.2) 3.0 (2.3-4.8) 0.106

Iron (µmol/L) 13.8 (10.8-15.8) 13.6 (10.6-15.8) 0.443

UIBC (µmol/L) 38.3 (± 15) 49.1 (± 16) < 0.001

TIBC (µmol/L) 51.4 (± 15) 63.8 (59.4-66.2) < 0.001

Ferritin (µg/L) 250 (130-485) 109 (78-140) 0.002

Transferrin (g/L) 2.3 (± 0.8) 2.9 (± 0.7) < 0.001

Transferrin saturation (%) 24 (20-27) 21 (18-26) 0.334

CEA (µg/L) N/A 2.9 (2.6-5.3) N/A

CA19-9 (kIU/L) N/A 11.4 (8.3-18.3) N/A

IL-6 (ng/L) N/A 9.1 (5.8-15.6) N/A

Hemoglobin (g/L) 137 (118-153) 126 (114-138) 0.022

Results are presented as median (25th-75th percentile) and as mean and standard deviation. Data were compared using the 
Mann-Whitney U test for non-normally distributed data and student t-test for normally distributed data. CRC - colorectal cancer 
group. CA19-9 - carbohydrate antigen 19-9. CEA - carcinoembryonic antigen. CRP - C-reactive protein. IL-6 - interleukin-6. N/A - 
not applicable. TIBC - total iron binding capacity. UIBC - unsaturated iron binding capacity. P < 0.05 was considered statistically 
significant. 

Table 1. Laboratory results of iron metabolism parameters including hepcidin, inflammation and tumor markers
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Iron metabolism parameters are summarized in 
Table 1. Significant differences in Hep, ferritin, 
UIBC, TIBC, transferrin and hemoglobin concentra-
tions between the CRC and control groups were 
found. 

In the control group, the strongest positive corre-
lation was observed between Hep and ferritin (rho 
= 0.84 (P < 0.001)). Total iron binding capacity, 
transferrin and UIBC exhibited moderate negative 
correlation with ferritin (rho = - 0.72, - 0.72 and - 
0.66 respectively, all P < 0.001). Iron showed a weak 
negative correlation with Hep in the control group 
(rho = - 0.38 (P = 0.004)). Hepcidin showed a mod-
erate positive correlation with CRP in the control 
group (rho = 0.52 (P < 0.001)), while in the CRC 
group the correlation was weaker (rho = 0.26 (P = 
0.022)). In the CRC group, Hep was moderately 
positively correlated with ferritin (rho = 0.62 (P < 
0.001)), weakly negatively correlated with transfer-
rin (rho = - 0.43 (P < 0.001)), TIBC ((rho = - 0.37 (P < 
0.001)) and UIBC ((rho = - 0.45 (P < 0.001)), and 
weakly positively correlated with CRP ((rho = 0.26 

(P = 0.022)). All correlation coefficients are shown 
in Table 2. 

In the CRC group, median Hep concentrations 
were lower in advanced stages, with the lowest 
concentrations observed in stage T3 (4.00 ng/mL 
(2.8-9.0). A statistically significant difference in 
hepcidin concentration was found between stage 
T0 and T3 (P = 0.043). These findings are summa-
rized in Table 3. Tumor markers (CEA and CA19-9) 
did not exceed the established cut-off values.

Discussion

Our findings indicate altered iron metabolism in 
patients with sporadic CRC and a multifactorial al-
teration in iron metabolism in CRC. The signifi-
cantly lower serum Hep concentrations between 
the CRC and control group further supports this 
observation. Although Hep concentrations varied 
considerably with both groups, the control group 
exhibited a higher median value and a wider inter-

CRC
N = 82

Control group
N = 58

Hepcidin

Correlation coefficient (P) Correlation coefficient (P)

Iron 0.22 (0.045) - 0.38 (0.004)

UIBC - 0.45 (< 0.001) - 0.66 (< 0.001)

TIBC -0.37 (< 0.001) - 0.724 (< 0.001)

Ferritin 0.62 (< 0.001) 0.84 (< 0.001)

Transferrin - 0.43 (< 0.001) - 0.72 (< 0.001)

Transferrin saturation 0.37 (< 0.001) - 0.09 (0.53)

CRP 0.26 (0.022) 0.52 (< 0.001)

CEA 0.16 (0.270) N/A

CA19-9 0.10 (0.470) N/A

IL-6 0.30 (0.033) N/A

Hemoglobin 0.15 (0.180) - 0.17 (0.248)

Correlation data are presented as Spearman’s rho coefficients for non-normally distributed data and Pearson r coefficients for 
normally distributed data. CA19-9 - carbohydrate antigen 19-9. CRC - colorectal cancer group. CEA - carcinoembryonic antigen. 
CRP - C-reactive protein. IL-6 - interleukin-6. N/A - not applicable. TIBC - total iron binding capacity. UIBC - unsaturated iron binding 
capacity. P < 0.05 was considered statistically significant. 

Table 2. Correlation of hepcidin-25 with selected parameters of iron metabolism, inflammation (CRP) and tumor markers in colorec-
tal cancer and control groups
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quartile range (25th-75th percentile) than the CRC 
group. 

To the best of our knowledge, this is the first study 
to specifically evaluate serum Hep concentrations 
in patients with sporadic CRC, compare them to a 
control group and examine Hep as an iron-related 
marker in relation to iron metabolism analytes, in-
flammation marker and tumor markers. Addition-
ally, this is the first study to analyze Hep concen-
trations by tumor stage. 

Iron plays a crucial role in carcinogenesis, and CRC 
is particularly notable in the context of intestinal 
iron absorption (10). Patients diagnosed with CRC 
often present with anemia (17). The inflammatory 
cytokine IL-6 triggers the production of Hep, 
which inhibits erythropoiesis, leading to anemia 
(18). Interestingly, in our study, IL-6 showed a mini-
mal correlation with Hep. However, concentration 
was above the cut off (9.1 ng/L; 25th-75th percen-
tile: 5.8-15.6) suggesting the role of inflammation 
in CRC. C-reactive protein showed a moderate 
positive correlation with Hep in the control group 
and a weak correlation in the CRC group. This sug-
gests that factors beyond inflammation, such as 
occult blood loss, may contribute to anemia in 
CRC. Our study revealed significant correlations 
between iron metabolism parameters and Hep, 
supporting the multifactorial nature of altered iron 
metabolism in cancer. A limited number of studies 
have investigated the role of Hep in CRC, primarily 
using cell lines (11,19). For instance, increased ex-
pression of Hep and ferritin heavy chain has been 
reported in CRC biopsies (11). Although compari-

son with cell lines studies is not possible, in some 
way this aligns with our findings of significantly 
different Hep and ferritin concentrations between 
CRC and control groups.

Further, the correlations between Hep and iron 
parameters were statistically significant, they were 
generally weak, but a notable trend in intergroup 
differences was observed. Particularly, the moder-
ate correlation between Hep and ferritin is consist-
ent with previous reports (20).

While ferritin has been explored as a tumor marker 
in several cancers, no consensus exists due to 
methodological variability (13,21,22). Some stud-
ies, such as Ramirez Cormona et al., reported lower 
ferritin concentrations in CRC patients, a finding 
supported by our results (22). Di Grazia et al. ob-
served an association between high Hep concen-
trations and poor prognosis in metastatic CRC (23). 
Since we had a non-metastatic CRC cohort, these 
data are not comparable, but it is important to 
note that our results showed lower Hep concen-
trations with advancing tumor stage, particularly 
in T3, indicating a possible link between tumor 
progression and Hep suppression. Our data 
showed that the main difference in Hep concen-
trations was between the earliest (T0) and more 
advanced (T3) tumor stages, with T3 showing no-
tably lower serum hepcidin concentrations. Lower 
Hep concentrations observed in advanced tumor 
stages may reflect dysregulated iron metabolism 
and a potential role for Hep in advancing disease.

Hepcidin is abnormally secreted by CRC cells, pro-
moting cancer growth and survival (22). Disrupted 

TNM N of subjects with CRC Hepcidin (ng/mL) P

T0 9 33.0 (13.8-42.0)

0.043*

T1 3 48.3 (33.2-120.2)

T2 14 12.8 (7.2-36.7)

T3 38 4.0 (2.8-9.0)

Tx 18 18.1 (5.4-30.4)

Hepcidin concentrations are presented as median (25th-75th percentile). CRC - colorectal cancer group. TNM - tumor node 
metastasis. *T0 vs. T3 (Kruskal-Wallis test, P = 0.001). P < 0.05 was considered statistically significant.

Table 3. TNM staging of colorectal cancer and hepcidin serum concentrations
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local hepcidin-ferroportin signaling is crucial for 
cancer growth, as alterations in this pathway con-
tribute to cancer cell proliferation (24). The local 
production of Hep by cancer cells suggests that 
targeting this process could serve as a potential 
therapeutic strategy in cancer treatment. While all 
cells require iron for metabolism, cancer cells ex-
hibit a heightened demand for iron due to its es-
sential role in synthesizing deoxyribonucleotides 
for DNA replication and sustaining rapid prolifera-
tion (25). The iron-dependent enzyme ribonucleo-
tide reductase catalyzes the rate-limiting step in 
DNA synthesis, making intracellular iron availabili-
ty essential for enhanced cellular proliferation and 
DNA replication. Cancer cells demonstrate an in-
creased ability to absorb iron, reduce iron export 
and bypass ferroptosis (iron-depended cell death), 
distinguishing them from non-malignant cells 
(10,26). This ability to evade ferroptosis contributes 
to their resistance to chemotherapy (10). Overall, 
higher Hep concentrations have been observed in 
various carcinomas, including CRC (19,23,27). In 
our study we report lower serum Hep concentra-
tions in advanced stages of CRC. The results indi-
cate that in the advanced stages of CRC, Hep pro-
duction may be reduced. Such reduction likely al-
lows undisturbed iron absorption, creating favora-
ble conditions for cancer progression. A potential 
reason for discrepancies with previous findings 
may be differences in study design, particularly 
the use of cell lines or including metastatic CRC in 
other studies, whereas our cohort included pa-
tients with sporadic CRC. 

Some studies have found no significant differenc-
es in Hep concentrations or iron metabolism pa-
rameters between CRC patients and controls, 
while others have observed slightly decreased 
Hep concentrations (18,28,29). Our findings sug-
gest significant differences, but it is important to 
note that not all parameters are statistically signifi-
cant. Differences in methods used to assess iron 
metabolism parameters are also important factors 
to consider when interpreting contradictory re-
sults. The analytical methods applied in our study 
have not been used in any previous research to 
our knowledge. 

However, the present study has several limitations, 
including a relatively small sample size, particular-
ly the low number of the female participants in the 
control group, lack of stratification by sex and age, 
especially among anemic patients, and no gender-
based stratification for iron parameters. The im-
munoassay method used to detect Hep has limita-
tions such as cross-reactivity between different 
Hep isoforms and high intra- and inter-individual 
variability. Additionally, the low number of female 
controls makes comparisons difficult. Neverthe-
less, hemoglobin concentration in the control 
group were above anemia cut off values, regard-
less of sex. It would be beneficial to increase the 
sample size to validate these findings and further 
explore the potential value of Hep as a biomarker 
for monitoring and managing colorectal cancer. 
Ideally, controls should include patients with posi-
tive occult blood test but no cancer. Furthermore, 
other conditions such as autoimmune and kidney 
diseases which can affect Hep expression, were 
not assessed in either group, which may have im-
pacted the results. Finally, the study lacked power 
analysis, and the sample was underpowered with-
in individual T-stage subgroups, especially T1 and 
T2. Nevertheless, the nature of a prospective co-
hort study, patients were selected independently 
of staging criteria. 

In conclusion, our results suggest that Hep con-
centrations are lower in advanced stages of spo-
radic, non-metastatic CRC and could serve as a val-
uable biomarker reflecting tumor stage. Hepcidin 
shows a moderate correlation with ferritin and like 
ferritin, may have potential as a tumor marker in 
the future research. The observed pattern of lower 
Hep concentrations across tumor stages may also 
reveal a potential relationship between tumor 
stage and Hep regulation, which could have impli-
cations for understanding disease and identifying 
new therapeutic approaches. Evaluating Hep as a 
potential therapeutic target in CRC represents an 
important direction for future research. 
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