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ABSTRACT

Introduction: Colorectal cancer remains a leading cause of cancer mortality worldwide,
characterized by significant heterogeneity in therapeutic response. Essential trace elements,
serve as critical cofactors in DNA repair mechanisms, apoptotic signaling, and drug transport.
This study aimed to evaluate the predictive value of baseline serum levels of these elements re-
garding the clinical response to first-line chemotherapy in patients with colon cancer.

Material and Methods: This descriptive-analytical cross-sectional study was conducted at
Imam Khomeini Hospital, Urmia University of Medical Sciences, Iran. A total of 30 patients
with histologically confirmed colon cancer receiving standard platinum-based chemotherapy
were enrolled. Pre-treatment serum concentrations of Zn, Cu, and Mg were quantified using
colorimetric assays. Treatment response was evaluated upon completion of the regimen accord-
ing to RECIST criteria. Associations between trace element levels and chemotherapy response
(Complete Response vs. Non-Response) were analyzed using independent t-tests and multivariate
logistic regression.

Results: The cohort exhibited a mean age of 60.31 £10.61 years and a distinct female pre-
dominance (63.3 %). A high rate of therapeutic resistance was observed, with 56.7 % of patients
classified as non-responders. Patients achieving a Complete Response demonstrated significant-
ly higher baseline serum Magnesium levels (2.07 £ 0.22 mg/dL) compared to non-responders
(1.83 £ 0.36 mg/dL; P=0.047). Multivariate logistic regression identified serum Magnesium as
a significant independent predictor, where higher levels reduced the likelihood of non-response
(P=0.048). Serum Zinc and Copper levels did not show statistically significant associations with
treatment outcomes in this cohort (P>0.05).

Conclusion: Baseline serum Magnesium levels are significantly associated with chemother-
apy efficacy in colon cancer patients. These findings suggest that adequate magnesium status
may facilitate optimal pharmacodynamic activity, potentially by modulating the cellular uptake
of platinum-based agents. Routine assessment of serum Magnesium could serve as an accessible
biomarker for stratifying patients at risk of chemoresistance.
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INTRODUCTION

Gastrointestinal malignancies, specifically gas-
tric and colorectal cancers, constitute a substantial
proportion of the global oncological burden, rank-
ing among the leading causes of cancer-related
mortality worldwide [Singh A. 2024]. Despite sig-
nificant advancements in surgical techniques and
the advent of targeted immunotherapies, systemic
chemotherapy remains the cornerstone of treat-
ment for advanced and metastatic stages [Leng G
et al. 2024]. Standard regimens, typically relying
on the synergistic cytotoxicity of fluoropyrimi-
dines combined with platinum-based agents (such
as oxaliplatin or cisplatin), have improved survival
outcomes [Fong C. 2016]. However, the clinical
management of these patients is frequently con-
founded by significant heterogeneity in therapeu-
tic response [Gewandter J et al. 2019]. A consider-
able subset of patients exhibits primary de novo
resistance or develops secondary resistance, lead-
ing to treatment failure and unnecessary exposure
to severe toxicities [Lei Z et al 2020]. Consequent-
ly, the identification of accessible, cost-effective,
and reliable predictive biomarkers is imperative to
stratify patients and optimize pharmacotherapeutic
strategies [Passaro A et al. 2024].

Emerging research has increasingly highlight-
ed the pivotal role of essential trace elements in
modulating oncogenesis and therapeutic sensi-
tivity [Gorska A et al 2024]. Zinc (Zn), Copper
(Cu), and Magnesium (Mg) transcend their roles
as simple micronutrients to function as obligatory
cofactors for metalloenzymes involved in DNA
replication, apoptotic signaling, and oxidative
stress regulation, thereby exerting a profound in-
fluence on tumor physiology and drug pharmaco-
dynamics [Wong C et al 2025]. Specifically, Zinc
is indispensable for maintaining genomic fidelity
and facilitating p53-dependent apoptosis [Puca R
et al. 2011]. As a structural component of the tu-
mor suppressor protein p53 and a cofactor for the
antioxidant enzyme superoxide dismutase (SOD),
Zinc is essential for the execution of cell death
pathways triggered by cytotoxic agents [Akhtar M
et al 2012]. In contrast, Copper is a key driver of
neovascularization and metastatic spread [Kamiya
T. 2022]; elevated serum concentrations frequently
correlate with disease progression, suggesting that
the copper-to-zinc ratio may possess significant

prognostic utility [Ullah M et al. 2025]. Further-
more, Magnesium is critical for the function of
DNA repair enzymes and has been identified as a
determinant of the cellular influx and cytotoxic-
ity of platinum-based chemotherapeutics [Ma Y et
al. 2025]. Consequently, systemic dysregulation of
these ionic homeostatic mechanisms may critically
compromise the efficacy of antineoplastic regi-
mens [Zhou S et al 2024].

Despite the established mechanistic links be-
tween these trace elements, cellular survival path-
ways, and drug transport, clinical data correlating
baseline serum levels with chemotherapy outcomes
in gastrointestinal malignancies remain fragmented
[Rafieemehr H et al 2024]. Few studies have si-
multaneously evaluated these three elements across
both gastric and colon cancer cohorts to determine
their predictive utility [Arianmanesh F et al 2025].
This study aims to bridge this gap by investigating
the association between pre-treatment serum con-
centrations of Zinc, Copper, and Magnesium and
the clinical response to first-line chemotherapy in
patients with gastric and colon cancer.

MATERIALS AND METHODS

Study Design and Setting: This descriptive-an-
alytical cross-sectional study was conducted at the
Department of Oncology, Imam Khomeini Hospi-
tal, affiliated with Urmia University of Medical
Sciences, Urmia, Iran. The study protocol was de-
signed to evaluate the correlation between serum
trace element levels and chemotherapy response in
patients with gastrointestinal malignancies.

Study Population: The study population com-
prised patients with a histologically confirmed di-
agnosis of gastric or colorectal cancer who were
referred to the oncology center.
> Inclusion Criteria: Patients were eligible if they

were between 18 and 65 years of age, were new-

ly diagnosed, and were candidates for first-line
chemotherapy.

» Exclusion Criteria: Patients were excluded if
they had received any prior therapeutic inter-
ventions (chemotherapy, radiotherapy, or sur-
gery) for the current malignancy; had a history
of malignancies other than those of the gastro-
intestinal tract; or had a history of chronic intes-
tinal diseases (e.g., inflammatory bowel disease
or malabsorption syndromes).
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TABLE 1
Demographic and Clinical Characteristics
of Patients with Colon Cancer (n=30)

Characteristic Category / Statistic Value
Age (years) 60.31 + 10.61
BMI (kg/m?) 24.08 +2.79
Gender Male 11 (36.7%)
Female 19 (63.3%)
Tumor Stage (T) TO 9(30.0%)
Tl 3 (10.0%)
T2 12(40.0%)
T3 5 (16.7%)
T4 1 (3.3%)

Disease Recur-  No

rence Yes

Response to Complete Response
Treatment Non-Response

13 (43.3%)
17(56.7%)
13(43.3%)
17(56.7%)

Sample Collection and Biochemical Analysis:
Demographic and clinical data, including age, gen-
der, Body Mass Index (BMI), tumor stage (TNM
classification: T0O-T4), and disease recurrence sta-
tus, were extracted from medical records and re-
corded in a structured checklist (Table 1).

For biochemical analysis, peripheral venous
blood samples (5 mL) were collected from all par-
ticipants prior to the initiation of the first chemo-
therapy cycle. Sampling was performed by trained
laboratory personnel following a minimum 12-hour
overnight fast to minimize postprandial variations.
Blood was drawn into vacuum tubes containing a
gel separator (clot activator).

The samples were allowed to clot at room tem-
perature for 20 minutes. Subsequently, serum was
separated by centrifugation at 3000 rpm for 10
minutes. The separated serum was aliquoted into
1.5 mL microcentrifuge tubes and stored at -80°C
until batch analysis to ensure sample stability.

Serum concentrations of zinc (Zn), copper (Cu),
and magnesium (Mg) were measured using induc-
tively coupled plasma mass spectrometry (ICP-
MS), following standardized protocols for trace
element analysis. They were quantified using com-
mercially available colorimetric assay kits (Dialab,
Austria). Internal standards and calibration curves
were applied to minimize matrix effects and instru-
ment drift. The analysis was performed using an
automated clinical chemistry analyzer (Biotech-
nica Instruments, Model BT1500, Italy) according
to the manufacturer’s instructions.

Chemotherapy Regimen: Patients received
standard first-line chemotherapy for colon cancer
(e.g., fluoropyrimidine plus platinum-based regi-
men) according to institutional protocols. Dose
modifications were documented.

Assessment of Treatment Response: The pri-
mary clinical outcome was the response to chemo-
therapy, evaluated by a senior medical oncologist
upon completion of the treatment course. Patients
were categorized into three groups based on clini-
cal and radiological assessment:

1. Complete Response: Disappearance of all target
lesions.

2. Partial Response: Significant reduction in tumor
burden.

3. Non-Response: Including stable disease or pro-
gressive disease.

Ethical Considerations: The study protocol
was reviewed and approved by the Ethics Commit-
tee of Imam Khomeini Hospital, Urmia University
of Medical Sciences (Approval ID: IR.UMSU.HI-
MAM.REC.1402.107). All procedures were con-
ducted in accordance with the ethical standards of
the institutional research committee and the Dec-
laration of Helsinki.

Sample Size Determination and Sampling
Method: The minimum required sample size was
calculated based on the mean and standard devia-
tion (SD) of serum zinc levels reported in a ref-
erence study on colon cancer patients by Wu et
al. (2020) (Mean % SD: 856 * 322.5 ug/L). Using
the standard formula for estimating a population
mean, with a 95% confidence interval (Z, 1-0.5a =
1.96) and a desired precision (d) set at 20% of the
standard deviation (0.2 SD), the study required a
minimum of 60 patients.

2% xS?

1-0.5a
d2

Participants were recruited using a convenience
sampling method.

Statistical Analysis: Data were analyzed using
IBM SPSS Statistics software, version 26.0. Quan-
titative variables are reported as mean + standard
deviation (SD), and qualitative variables are pre-
sented as frequencies and percentages (n, %).

» The Independent Student’s t-test (or Mann-

Whitney U test for non-normally distributed

data) was used to compare mean serum levels

n=
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and continuous demographic variables be-
tween response groups.

» The Chi-square test was utilized to compare
categorical variables.

Comparison of Baseline Serum Trace Element Levels

TABLE 2.

Between Responders and Non-Responders
in Colon Cancer

> Binary Logistic Regression was employed
to determine the association between serum

Trace Element

Complete Re- Non-Response  P-
sponse (n=13) (n=17) value

trace element levels and the likelihood of

Magnesium (mg/dL)

2.07+0.22 1.83+0.36 0.047*

chemotherapy response.

Zinc (ug/dL)

98.92+23.89 85.17+25.36 0.143

> A P-value of <0.05 was considered statisti-

Copper (ug/dL)

124.07+17.16 135.23+23.66 0.163

cally significant.

RESULTS

Nortes: (*) - Values are presented as Mean + Standard De-
viation. Based on Independent Student’s t-test. Statistically
significant (P < 0.05).

Demographic and Clinical Characteris-
tics of Colon Cancer Patients: A total of 30 pa-
tients with colon cancer were included in the final
analysis. The cohort had a mean age of 60.31 *
10.61 years and a mean BMI of 24.08 + 2.79 kg/mz.
In contrast to the gastric cancer group, the colon
cancer cohort exhibited a female predominance,
comprising 63.3% females (n=19) and 36.7%
males (n=11).

Regarding tumor pathology, the most frequent
stage at diagnosis was T2 (n=12, 40.0 %), followed
by TO (n=9, 30.0 %), T3 (n=5, 16.7 %), T1 (n=3,
10.0 %), and T4 (n=1, 3.3 %). Disease recurrence
was documented in 56.7 % (n=17) of the patients.
Regarding the primary clinical outcome, 43.3% of
patients (n=13) achieved a Complete Response to
chemotherapy, while 56.7 % (n=17) were classified
as Non-Responders. No patients in this specific co-
hort were classified as having a partial response.

Serum Trace Element Levels: The baseline
mean serum concentrations for the colon cancer
cohort were:

»Magnesium (Mg): 1.93 + 0.32 mg/dL
»Zinc (Zn): 91.13 £ 25.28 ug/dL
»>Copper (Cu): 130.40 £ 21.51 ug/dL

When compared to gastric cancer patients (as
per the full dataset analysis), colon cancer patients
exhibited significantly lower mean serum Magne-
sium levels (P=0.05) and significantly higher mean
serum Copper levels (P=0.02).

Association between Serum Trace Elements
and Chemotherapy Response: Patients were
stratified into “Complete Response” and “Non-
Response” groups to evaluate the predictive value
of baseline trace elements (Table 2).

Astatistically significant association was observed
for Magnesium. Patients who achieved a Complete

Response had significantly higher baseline serum
Magnesium levels (2.07 £ 0.22 mg/dL) compared to
Non-Responders (1.83 + 0.36 mg/dL; P=0.047).

Mean serum Zinc levels were higher in the com-
plete response group (98.92 + 23.89 ug/dL) com-
pared to the non-response group (85.17 + 25.36
ug/dL), but this difference did not reach statistical
significance (P=0.143).

Serum Copper levels were lower in responders
(124.07 + 17.16 ug/dL) compared to non-respond-
ers (135.23 = 23.66 ug/dL), but the difference was
not statistically significant (P=0.163).

Predictors of Treatment Non-Response: Multi-
variate logistic regression analysis was conducted
to identify independent predictors of chemothera-
py non-response (Table 3).

Serum Magnesium emerged as a significant
predictor. The analysis revealed a significant in-
verse association (Odds Ratio [OR]: 0.034; 95%
Cl1:0.001 - 0.971; P=0.048), indicating that higher
baseline Magnesium levels significantly reduced
the likelihood of non-response (i.e., increased the
odds of achieving a response).

Neither serum Zinc (P=0.119) nor Serum Cop-

TABLE 3.
Multivariate logistic regression analysis
predicting non-Response to Chemotherapy
in Colon Cancer Patients
Variable Odds 95% Confi-  P-
Ratio dence Interval value
()
Serum magnesium (ug/L) 0.034 0.001-0.971 0.048*
Serum zinc (ug/L) 0.970 0.939-1.007 0.119
Serum copper (ug/L) 1.024 0.982-1.069 0.262

Nortes: Dependent variable: Non-Response to treat-
ment (Reference category: Complete Response). Odds
Ratio greater than 1 indicates that higher levels re-
duce the risk of non-response.
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per (P=0.262) showed a statistically significant
predictive value for treatment outcome in the re-
gression model, although trends followed the uni-
variate analysis (Zinc: inverse association, Cop-
per: direct association with non-response).

DiscussioNn

Oncogenesis and therapeutic resistance are
fundamentally driven by the diverse molecular
landscape of the tumor microenvironment, encom-
passing both genomic instability and non-genetic
variations [Hassan M et al 2024]. Consequently,
scientific inquiry has increasingly focused on the
metallome, specifically zinc, copper, and mag-
nesium, as these ions serve as obligate cofactors
for the enzymatic machinery responsible for re-
solving DNA damage and mitigating oxidative
stress [Amhare A et al 2025]. The present study
investigated the prognostic utility of baseline se-
rum trace elements, Magnesium, Zinc, and Cop-
per, in predicting the clinical response to first-
line chemotherapy in patients with colon cancer.
The most salient finding of this investigation was
the independent and statistically significant as-
sociation between higher baseline serum Magne-
sium levels and the achievement of a Complete
Response. While serum Zinc and Copper levels
exhibited trends consistent with their established
biological roles (higher Zinc and lower Copper in
responders), these associations did not reach sta-
tistical significance in this specific cohort.

The demographic characterization of the colon
cancer cohort indicated a mean age at diagnosis of
approximately 60 years, a figure markedly lower
than the median of 68-72 years typically document-
ed in Western industrial regions, including the Unit-
ed States and Western Europe [Siegel R et al 2024].
Corroborating this trend, AziziKia and co-authors.
and data from the Iranian National Cancer Regis-
try [Rahimi F et al 2024; AziziKia H et al. 2025]
have consistently localized the peak incidence to the
fifth and sixth decades of life. This epidemiologi-
cal distinctiveness is frequently ascribed to a ‘nutri-
tional transition’, characterized by the accelerated
adoption of Western dietary patterns rich in pro-
cessed meats and refined carbohydrates, superim-
posed upon a population pyramid that is structurally
younger than that of Europe [Arnold M et al 2017].

Moreover, the cohort displayed a marked pre-

ponderance of female patients, a demographic pro-
file that diverges from the male bias typically ob-
served in global colorectal cancer statistics [White
A et al 2018]. This inversion of the gender ratio
may be ascribed to the anatomical predilection of
tumors; females demonstrate a documented sus-
ceptibility to proximal (right-sided) colon malig-
nancies, which are characterized by distinct mo-
lecular phenotypes and are frequently diagnosed at
advanced stages relative to distal lesions [Kim S
et al 2015]. Consequently, an enrichment of right-
sided pathologies within this specific catchment
area would plausibly account for both the observed
female skew and the elevated rates of therapeutic
resistance [Majek O et al. 2013]. Although our
data stands in contrast to the male dominance re-
ported generally in Iranian patients by AziziKia
et al. [AziziKia H et al. 2025], it resonates with
sub-group analyses by Majek et al., who identified
that the typical male advantage is attenuated or re-
versed in older age groups and specifically within
proximal subsites [Majek O et al. 2013].

The observed recurrence and non-response rates
of 56.7% underscore a clinically aggressive pheno-
type within this cohort, exceeding resistance lev-
els typically reported in pivotal phase IlI trials for
metastatic disease, where objective response rates
generally range from 40% to 50% [Biller L, Schrag
D. 2021]. This high rate of therapeutic failure, de-
spite a prevalence of early anatomical staging (TO-
T2), suggests a discordance between tumor burden
and biological behavior, likely attributable to oc-
cult micrometastases or intrinsic molecular resis-
tance mechanisms as described by Lawrence et al.
[Lawrence R et al 2023]. Furthermore, this refrac-
tory profile may reflect regional epidemiological
distinctiveness, specifically the “right-sided shift”
and younger age of onset frequently documented
in Middle Eastern populations [Ghasemi-Kebria F
et al. 2004]; right-sided malignancies are embryo-
logically distinct and historically less responsive
to standard adjuvant chemotherapy [Kurniali P et
al 2010]. Collectively, these findings expose the
inadequacy of TNM staging alone in predicting
chemosensitivity and validate the urgent necessity
for integrating accessible biomarkers, such as se-
rum magnesium, to stratify patients and mitigate
the risks of futile cytotoxic exposure [Biller L,
Schrag D. 2021].
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The standout finding of this study is the signifi-
cant predictive value of serum Magnesium. Patients
with higher baseline magnesium levels had drasti-
cally reduced odds of non-response. This aligns
with a growing body of evidence suggesting that
magnesium homeostasis is critical for the efficacy
of platinum-based chemotherapies (e.g., oxalipla-
tin) commonly used in colorectal cancer [Kurniali
P et al 2010]. This clinical observation is supported
by robust mechanobiological evidence [Ma Y et al.
2025]. Magnesium is not only a cofactor for DNA
repair enzymes (Nucleotide Excision Repair) but
is also critical for the cellular influx of platinum-
based drugs (e.g., oxaliplatin) [Balint E, Unk I.
2023]. Patients with higher baseline Magnesium
had significantly reduced odds of non-response.
Mechanistically, Magnesium is an essential cofac-
tor for enzymes involved in DNA repair (Nucleotide
Excision Repair) and genomic stability [Fenech M.
2020]. While proficient DNA repair is sometimes
associated with drug resistance, adequate magne-
sium is also required for the maintenance of cellular
energy metabolism and the function of membrane
transporters [Liu M, Dudley S 2025].

Recent studies indicate that platinum drugs enter
cells via the high-affinity copper transporter CTR1,
the stability and gating of which are modulated by
magnesium [Harrach S, Ciarimboli G. 2015]. Hy-
pomagnesemia, often exacerbated by the nephrotox-
icity of the chemotherapy itself, may downregulate
these transporters, effectively “locking the door”
against the drug and leading to pharmacodynamic
resistance [Workeneh B et al 2020]. Our results cor-
roborate the findings of Wesselink et al., who dem-
onstrated that magnesium intake is inversely asso-
ciated with recurrence and mortality in colorectal
cancer, suggesting that adequate magnesium status
is permissive for optimal chemotherapeutic efficacy
[Wesselink E et al. 2020]. Furthermore, observa-
tional studies have shown that patients who main-
tain normal magnesium levels during chemotherapy
experience fewer dose-limiting toxicities (such as
neurotoxicity), allowing for better adherence to the
treatment schedule and consequently better out-
comes [Sambataro D et al 2025]

Although serum Zinc levels were higher in the
complete response group, this difference did not
reach statistical significance. The higher levels
found in responders align with Zinc’s role in stabi-

lizing the p53 tumor suppressor. Zinc is a vital com-
ponent of the p53 tumor suppressor protein, which
orchestrates apoptosis in response to chemothera-
py-induced DNA damage [Al-Saran N et al 2016].
Functional p53 is required to trigger apoptosis fol-
lowing chemotherapy-induced DNA damage [Wu W
et al 2021]. Zinc deficiency leads to p53 misfolding
and a failure to execute cell death, promoting che-
moresistance [Ha J et al 2022]. Wu and co-authors
previously demonstrated that serum zinc levels are
significantly lower in colorectal cancer patients
compared to healthy controls and that deficiency
correlates with advanced staging [Wu X et al 2020].

The elevated copper levels in non-responders
mirror established literature linking hypercupre-
mia to tumor angiogenesis and high tumor burden
via the vascular endothelial growth factor pathway
[Rigiracciolo D et al. 2015]. Copper chelation is
currently being explored as a therapeutic strategy
to starve tumors of their blood supply, supporting
the notion that lower copper creates a more favor-
able landscape for treatment response [Tang X et al
2023]. Elevated serum copper is a well-document-
ed phenomenon in various malignancies, includ-
ing colorectal cancer, where it facilitates tumor
angiogenesis via the activation of vascular endo-
thelial growth factor and other proliferative path-
ways [Wang Y et al 2024]. Xing et al. reported that
serum copper levels increase progressively with
disease stage in colorectal carcinoma, serving as
a marker of tumor burden [Xing Z et al 2025]. Our
findings support the hypothesis that lower copper
levels creates a less favorable microenvironment
for tumor progression and metastasis, potentially
enhancing the efficacy of cytotoxic agents [Kong
R, Sun G. 2023]. The non-significant P-value sug-
gests that while Copper may be a marker of disease
extent, it may be less specific as a standalone pre-
dictor of immediate chemotherapy response com-
pared to Magnesium in this specific patient subset.

Limitations: The interpretation of these re-
sults is constrained by the pilot nature of the study
and the small sample size (n=30), which reduced
the statistical power to detect subtler associations
for Zinc and Copper. Additionally, the study was
cross-sectional regarding biomarker measurement;
longitudinal monitoring of trace elements during
therapy would provide deeper insights into their
dynamic relationship with treatment toxicity and
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efficacy. Despite these limitations, the significant
association found for Zinc provides a compelling
basis for further investigation into nutritional strat-
ification in gastric oncology.

CONCLUSION

In conclusion, this study identifies baseline se-
rum Magnesium as a potent and independent pre-
dictor of chemotherapy response in patients with
colon cancer. The findings suggest that hypomag-

nesemia may be a modifiable risk factor for che-
moresistance, potentially by impairing drug uptake
mechanisms. While Zinc and Copper exhibited
trends consistent with their roles in apoptosis and
angiogenesis, Magnesium appears to be the most
robust serum biomarker in this specific cohort.
Routine screening and potential correction of mag-
nesium levels prior to chemotherapy could repre-
sent a simple, cost-effective strategy to enhance
therapeutic outcomes.
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