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Gastrointestinal cancers are among the most common malignancies worldwide and, at advanced 

stages, remain incurable. Currently used biomarkers, such as tumour markers, have limited diagnostic value for early 

detection and relapse, highlighting the urgent need for more sensitive and specific markers. Trace elements are in-

volved in numerous physiological and metabolic processes, and deregulation of their homeostasis is implicated in the 

carcinogenesis of various cancers, including gastrointestinal malignancies. Several basic and preclinical studies have 

identified the importance of trace elements in key biological processes. Recent clinical studies and retrospective 

analyses suggest that fluctuations in trace element levels may be associated with the development and progression 

of many cancers. Thus, quantitative and dynamic determination of serum trace element concentrations during treat-

ment and follow-up represents a promising option for monitoring treatment efficacy and disease prognosis.

Conclusions. Trace elements may serve as potential prognostic and predictive biomarkers for diagnosis and re-

sponse to systemic treatment.
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Introduction

Gastrointestinal (GI) cancers comprise a hetero-
geneous group of diseases affecting the gastro-
intestinal tract, including cancers of the oesopha-
gus, stomach, liver, biliary tract, pancreas, small 
intestine, colorectal (CRC), and anus. These can-
cers vary in aetiology and clinical management 
and are among the most prevalent malignancies 
globally, representing a leading cause of cancer-

related death.1 According to the Cancer Registry 
of the Republic of Slovenia, nearly 3,000 new cases 
of gastrointestinal cancer are diagnosed annu-
ally.2 Prognosis has improved significantly over 
the past decade due to successful screening pro-
grammes, advances in surgical and local ablative 
techniques, radiation therapy, and systemic treat-
ments for both early and advanced disease. In 
Slovenia, the incidence of CRC has declined in re-
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cent years, primarily due to increased awareness 
and preventive screening.2

Despite these advances, cancer remains a lead-
ing cause of death worldwide.1 Metastatic GI 
cancers are still incurable for most patients, with 
prognosis varying by cancer type, location, and 
extent of metastases. Pancreatic cancer has the 
poorest prognosis, while metastatic CRC has a bet-
ter survival rate, largely due to combined surgical 
and systemic treatments, especially new systemic 
treatment possibilities.3,4

Early diagnosis greatly improves survival and 
treatment outcomes, making reliable biomark-
ers essential. Widely accepted biomarkers for GI 
cancers are still lacking. Currently used serum 
tumour markers, carbohydrate antigen 19-9 (CA 
19-9) and carcinoembryonic antigen (CEA), have 
limited diagnostic value due to low sensitivity and 
specificity.3-5 CA 19-9 has higher specificity than 
CEA (92.7% vs. 79.2%) but lower sensitivity (50% vs. 
79.4%).5 Elevated CA 19-9 is associated with poorer 
prognosis and may serve as a predictive biomarker 
for systemic treatment response, but it is not can-
cer-specific and can be elevated in benign liver 
diseases and other metastatic cancers.3-5 Serum 
CEA is also insufficiently sensitive or specific for 
GI cancer diagnosis and can be elevated in other 
cancers and non-malignant diseases. Improved 
understanding and application of traditional tu-
mour biomarkers, alongside identification of new 
biomarkers, is crucial for personalized cancer 
treatment.

Trace elements

Essential trace elements, including iodine (I), cop-
per (Cu), iron (Fe), manganese (Mn), zinc (Zn), sele-
nium (Se), cobalt (Co), and molybdenum (Mo), are 
required in minute amounts for normal physiol-
ogy.6 Alterations in levels and changes in the ex-
pression of proteins involved in trace element me-
tabolism have been demonstrated in various can-
cers, including GI malignancies.6-8 Cu, Zn, and Fe 
are particularly important for normal bodily func-
tion.6-8 They participate in numerous biochemical 
reactions, act as enzyme cofactors, and regulate bi-
ological processes by binding to specific receptors 
and transcription factors. Deregulation of trace 
metal homeostasis at the cellular and tissue level 
is implicated in cancer pathology, accelerating the 
transformation of normal cells into cancerous cells 
and altering immune responses.6-8

Cu is an essential trace element that is tightly 
regulated in the body.9 It is present in all tissues, 
stored mainly in the liver, and transported in the 
blood, mostly bound to ceruloplasmin (Cp).9-11 It 
acts as a coenzyme for several enzymes, includ-
ing Cu/Zn superoxide dismutase, Cp, cytochrome 
oxidase, tyrosinase, dopamine hydroxylase, lysine 
oxidase, catalase, and Se-dependent peroxidase, 
all of which are crucial for cellular respiration and 
defines against free radicals. Cu also affects glu-
tathione function, and its deficiency impairs cellu-
lar respiration and the regulation of reactive oxy-
gen species. Excessive oxidative stress, due to the 
overproduction of reactive oxygen species, impairs 
deoxyribonucleic acid (DNA) repair mechanisms 
and is a key factor in cancer development.11

Cu and Zn are essential micronutrients involved 
in antioxidant functions, immune regulation, and 
DNA repair. Cu can promote oxidative stress and 
inflammation, while Zn has antioxidative proper-
ties. Imbalances in Cu and Zn disrupt homeosta-
sis, increasing oxidative stress and inflammation, 
which are implicated in CRC development. Cancer 
patients often exhibit higher serum Cu and low-
er Zn levels than healthy individuals.11-17 These 
differences vary with diet, sex, age, cancer type, 
and other factors. Low Zn and elevated Cu can 
increase oxidative stress and impair antioxidant 
enzyme activity.17 Increased Cu/Zn ratios have 
been observed in various malignancies, including 
GI, gynaecological, breast, and lung cancers, and 
correlate with disease stage.11-17 The Cu/Zn ratio re-
flects the balance between Cu and Zn, is crucial for 
regulating oxidative stress and inflammation, and 
may serve as a clinical diagnostic and prognos-
tic biomarker for treatment response. Fe is a key 
mineral for survival, as it helps cells in transport 
of oxygen and to function properly.6 It is essential 
for the activity of enzymes involved in cellular res-
piration and the conversion of food into energy. Fe 
helps the body respond to infections and maintain 
a healthy immune system. It plays a crucial role in 
brain development, cognitive function, hormone 
synthesis, and connective tissue health. The body 
stores Fe in the liver, spleen, and bone marrow in 
the form of a protein called ferritin. Se is an es-
sential mineral that acts as a powerful antioxidant 
and is essential for the smooth functioning of sev-
eral body processes.6 It is necessary for the conver-
sion of thyroid hormones into their active form, 
strengthens the body’s natural resistance and pro-
tects cells from oxidative stress. Se also plays a role 
in fertility and in hair and nail health.
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Methods for determining trace 
element concentrations in 
biological samples

The determination of trace elements in biological 
samples is essential for under-standing their role 
in human health and disease. Various analytical 
techniques are used for analysing trace element 
concentrations in biological matrices, such as 
blood, tissue, and urine.18 Among these, inductive-
ly coupled plasma mass spectrometry (ICP-MS) is 
the most sensitive and versatile.18 It enables rapid 
simultaneous detection of nearly all elements in 
the periodic table at extremely low concentrations 
(below 0.01 µg/L). ICP-MS combines an inductively 
coupled plasma with a mass spectrometer, which 
identifies ions based on their mass-to-charge ratio 
(m/z). This technique can also be used for isotope 
ratio measurements. The advantages of ICP-MS 
include its ability to perform rapid, simultaneous 
multi-elemental analysis, high sensitivity and se-
lectivity, and a wide operational dynamic range 

elemental concentrations, it is crucial to minimize 
or eliminate spectral interferences, such as polya-
tomic and isobaric interferences, as well as non-
spectral interferences that arise from compounds 
in the sample. These interferences can affect trans-
port efficiency and nebulization. Due to its excep-
tional performance, ICP-MS has become the fast-
est growing analytical technique for trace element 
analysis, particularly for elements in biological 
matrices.18

Similarly, to ICP-MS, inductively coupled plas-
ma atomic emission spectrometry (ICP-AES) also 
uses a high-temperature argon plasma to excite 
atoms and ions in a sample, which emit element-
specific radiation that is measured for quantitative 
analysis.18 It offers moderate to high sensitivity, 
typically in the µg/L to low mg/L range, making it 
suitable for routine multi-element determination. 
Although it is less sensitive than ICP-MS, it can al-
so be used for trace element determination in bio-
logical matrices. The method is primarily affected 
by spectral interferences from overlapping emis-
sion lines and by matrix effects that can influence 
signal intensity. However, careful selection of al-
ternative emission lines and mathematical correc-
tion techniques can minimize these interferences.

Flame and electrothermal atomic absorption 
spectrometry (FAAS and ETAAS) are much less 
sensitive than ICP-MS, with typical detection lim-
its in the mg/L range for FAAS and µg/L range for 

ETAAS, and they allow the determination of only a 
single element per analysis.18 For this reason, they 
are less commonly used for trace element analysis 
in biological samples compared with ICP-MS. The 
technique is based on the ability of atoms in the 
atomization medium (flame or electrothermally 
heated graphite furnace) to absorb the character-
istic light of the element. The most common inter-
ferences are chemical and spectral interferences, 
as well as background non-specific absorption 
caused by scattering or absorption from other ma-
trix components. These effects can be minimized 
by using matrix modifiers, optimized furnace pro-
grams, or background correction techniques such 
as continuum source or Zeeman correction.18

Total Reflection X-ray Fluorescence (TXRF) ena-
bles direct analysis of liquids, slurries, and solid 
tissues with minimal sample preparation, provid-
ing moderate sensitivity in the µg/L to mg/L range, 
which makes it suitable for trace element determi-
nation in biological samples.18

Neutron activation analysis (NAA) is a highly 
sensitive, matrix-independent technique, often 
achieving ng/L to µg/L detection limits, and of-
fers absolute quantification, making it particularly 
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FIGURE 1. Potential roles of trace elements in oncology.
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valuable for trace element analysis in biological 
ma-trices.18 However, it is time-consuming and re-
quires access to a nuclear reactor, which, for most 
of the laboratories, is not available.

Trace elements as potential 
biomarkers in oncology

Recent findings highlight the potential of trace 
element identification as a cancer biomarker.17 
Imbalances in the Cu/Zn ratio may be used for 
clinical diagnosis and as a predictive biomarker 
for treatment response. Cp correlates with im-
mune infiltration and serves as a prognostic bio-
marker in breast cancer.17 Elevated serum Cu-Cp 

levels have been found in lung, colon, ovarian, and 
bile duct cancers, while Cp expression is down-
regulated in adrenocortical and hepatocellular 
carcinoma.17 Serum Cu levels increase in several 
cancers. In hepatocellular carcinoma, blood Cu 
and sulphur (S) are enriched in light isotopes com-
pared to healthy individuals, and isotopic ratios of 

biomarkers.19 Changes in the isotopic compositions 
of Fe, Cu, and Zn and their plasma concentrations 
in haematological malignancies can be measured 
for prognostic assessment.20 Further investigation 
is needed to fully evaluate the biomarker poten-
tial of trace metal concentrations, speciation, and 
isotopic fractionation. The potential roles of trace 
elements in oncology are shown in Figure 1.

TABLE 1. Overview of the data on the clinical impact of trace elements in gastrointestinal (GI) cancers

Author, year of 
publication, Ref GI cancer type Clinical study Trace elements and 

analytical methods Summary of main findings

Lossow et al., 
202121

Colorectal Retrospective Se, Cu, Fe, Zn

ICP-MS, SRXRF

Elevated Cu and low Zn serum concentrations in four cancer 
types (CRC, lung, prostate, breast) studied. Analysis of Cu and 
Zn could contribute to an early cancer diagnosis.

Yang et al., 
2021,22

Liver, gastric, 
colorectal

Prospective, 
closed

Cu, Zn, Fe, Se

ICP-MS

OXs exists in the occurrence and development of cancer, 
related to the changes of trace element concentrations.

Stepien et al., 
201723

Colorectal Prospective, 
closed

Cu, Zn

XRF

Cu/Zn ratio may be associated with increased CRC risk, 
particularly within two years of diagnosis, and could serve 
as an early indicator of CRC development.   Zn showed a 
potential protective effect, especially in women.

Baszuk et al., 
202124

Colorectal Retrospective Cu

ICP-MS

A high blood Cu level (>900 µg/L) is associated with a 
significantly increased risk of colorectal cancer in the 
Polish population. Cu concentrations has the potential as a 
marker for identifying of patients for further surveillance with 
colonoscopy. 

Nawi et al., 
201925

Colorectal Retrospective Ca, Cu, Mg, Mn, Se, 
Si, Zn, Co, S, Cd, Cr, 
Cu, Mg, Mn, Pb

AAS

Serum concentrations of Ca, Cu, Mg, Mn, Se, Si, and Zn were 
lower in CRC patients, whereas Co and S the levels were 
higher. Concentrations of Cd, Cr, Cu, Mg, Mn, Pb and Zn were 
elevated in patients with metastasis. 

Lener et al., 
201626

Pancreatic 
cancer

Prospective, 
closed

Se, Cu 

ICP-MS

Low Se and elevated Cu levels may contribute to PC 
development, higher Se concentrations are associated with 
longer survival in affected patients. 

Yanjun et al., 
202427

Pancreatic 
cancer 

Prospective, 
closed

Cu, Fe, Zn, Mn

ICP-MS

High concentration levels of Cu may increase the risk of PC. Fe 
can promote ferroptosis, Excessive Fe levels may elevate PC 
risk. High Zn intake is associated with a reduced risk of PC and 
can inhibit tumour growth. Mn contributes to anti-PC effects 
primarily by promoting ferroptosis and suppressing excessive 
cell proliferation. 

et 
al., 202228

Oesophageal, 
gastric, 
colorectal

Prospective, 
closed

Cd, Co, Cu, Fe, Mg, 
Mn, Pb, Zn, Ni 

FAAS

Cd, Co, Ni, Fe, and Mn were significantly lower in cancer 
patients compared to healthy controls. Serum Zn levels were 
lower in cancer patients, the difference was not statistically 
significant. No significant differences were observed for Cu, 
Mg, Pb, and Zn between cancer patients and controls. 

Kocak et al., 
202529

Oesophageal 
squamous cell 
carcinoma

Prospective, 
closed

Al, Cr, Mn, Fe, Co, 
Cu, Zn, Se, Sb, Hg 
Pb

ICP-MS

Significant increases in Cu, and Fe levels, as well as total 
oxidant status, alongside a marked decrease in Se levels in 
cancerous tissues. 
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Author, year of 
publication, Ref GI cancer type Clinical study Trace elements and 

analytical methods Summary of main findings

Yan et al.,
202430

Hepatocellular 
cancer, gastric 
cancer

Prospective, 
closed

 

As, Cd, Co, Cr, 
Cu, Fe, Mn, Ni, Pb, 
Se, Zn

ICP-MS

Tissue concentrations of As, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, Se, 
and Zn in patients with liver cancer were significantly lower 
than those in healthy controls. Patients with gastric cancer 
exhibited lower levels of Cd, Co, Cr, Mn, Ni, and Zn, but higher 
levels of Cu and Se compared to the controls. Patients with 
liver and gastric cancers who had poorly differentiated 
tumours and positive lymph node metastases showed lower 
levels of trace elements. 

Gupta et al., 
200531

Gallbladder 
cancer

Prospective, 
closed

Cu, Zn

FAAS

Mean serum Zn levels, biliary and tissue Zn levels were 
significantly lower in gallbladder carcinoma patients 
comparing to patients with cholelithiasis, and healthy 
controls. Mean serum Cu levels, biliary and tissue Cu levels 
were significantly higher in gallbladder carcinoma patients 
comparing to those with cholelithiasis, and healthy controls. 
Serum Cu/Zn ratio showed a gradual and significant increase, 
rising from healthy controls to patients with cholelithiasis and 
patients with carcinoma of the gallbladder. Biliary and tissue 
Cu/Zn ratios were significantly higher in gallbladder carcinoma 
patients than in patients with cholelithiasis.

Basu et al.,
201332

Biliary tract 
cancers

Prospective, 
closed

Se, Zn, Cu, Mg, Cd, 
Cr, Pb, Ni 

FAAS

Se and Zn levels were significantly reduced, and Cu levels were 
significantly higher in serum, bile, and gallbladder tissue from 
gallbladder carcinoma patients. Pb, Cd, Cr and Ni levels were 
increased in serum and bile of these patients. 

Stepien et al., 
201733

Hepatocellular 
cancer, biliary 
tract cancers

Prospective, 
closed

Cu, Zn 

XRF

Zn may play a role in preventing liver cancer development. An 
inverse association between pre-diagnostic Zn levels, but not 
Cu levels, and the risk of HCC is shown. An imbalance of Cu 
relative to Zn, indicated by a higher Cu/Zn ratio, was positively 
associated with HCC risk. 

Reberšek et al., 
202434

Biliary tract 
cancers

Prospective, 
ongoing

Cu, Zn, Fe, se, Mn

ICP-MS

Serum levels of trace elements, their proportion of free Cu and 
Cu-Cp, and its isotopic fractionation (Cu65/Cu63) are being 
investigated as potential predictive biomarkers of response to 
systemic therapy. 

Kozlica et al., 
202535

Biliary tract 
cancers

Retrospective 
- prospective

Cu, Cu-Cp

ICP-MS

Analytical methodologies for studying metabolic disorders 
affecting Cu metabolism. Accurate interpretation of disease 
states related to Cu disorders and detailed information 
obtained through advanced analytical techniques. 
Immunological assays, ultrafiltration procedures, and 
speciation techniques based on ICP-MS including Cu isotopic 
analysis for identification of metabolic abnormalities in 
different diseases and types of cancer, including BTCs. 

Al = aluminium; As = arsenic, AAS = atomic absorption spectrometry; BTCs = biliary tract cancers; Ca = calcium; Cd = cadmium; Cr = chromium; Co = cobalt; CRC = 
colorectal cancer; Cu-Cp = copper bound ceruloplasmin; Cu = copper; FAAS = flame atomic absorption spectrometry; HCC = hepatocellular cancer; Hg = mercury; 
ICP-MS = inductively coupled plasma mass spectrometry; Fe = iron-Fe; Mg = magnesium; Mn = manganese; Ni = nickel; OxS = oxidative stress; Pb = lead; PC = pancreatic 
cancer; Sb = antimuon; SE = selenium; Si = silicon; SRXRF = synchrotron radiation based X-ray fluorescence; XRF = X-ray fluorescence; Zn = zinc-Zn

Trace elements as biomarkers 
of gastrointestinal (GI) cancers 
in clinical trials
Much research has focused on the role of trace ele-
ments in biochemical and physiological processes 
and their involvement in tumour growth, inva-
sion, and metastasis. However, there are few pub-
lished clinical studies examining the role of trace 
elements as prognostic and predictive biomarkers 
in GI cancer patients. Key clinical studies are sum-
marized in Table 1.

Conclusions and future 
directions

Predictive and prognostic biomarkers are essential 
for personalized medicine and optimal treatment 
of cancer patients. Trace elements as biomarkers 
in oncology represent a promising field for the 
detection, diagnosis, and prediction of treatment 
response. Currently, serum determination of trace 
elements as prognostic or predictive biomarkers 
has not been integrated into routine clinical prac-
tice. Few clinical studies have examined the role of 
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trace element concentrations in predicting progno-
sis, survival, and treatment response in GI cancer 
patients or their potential as therapeutic targets.

Trace elements such as Cu, Zn, and Fe, includ-
ing exchangeable and Cp-bound copper and iso-
tope ratios in serum, are emerging as promising 
biomarkers for prognostic and predictive pur-
poses in systemic cancer treatment. However, the 
evidence remains inconsistent and varies by can-
cer type. Future research should focus on devel-
oping accurate, reliable, and optimized analytical 
and imaging methods for the quantitative deter-
mination of serum trace elements and investigat-
ing their role in cancer diagnosis and treatment. 
More clinical research is needed to define the sig-
nificance of trace elements in relation to prognosis, 
cancer characteristics, disease stage, and treatment 
outcomes.
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