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Abstract

Trace elements are minerals that are present in very low concentrations in the human body and yet are crucial for a wide range
of physiological functions. Zinc, the second most abundant trace element, is obtained primarily from the diet. After being
taken up in the intestine, zinc is distributed to various target organs, where it plays key roles in processes such as immunity,
protein folding, apoptosis, and antioxidant activity. Given the important role of zinc in a wide range of enzymatic reactions
and physiological processes, zinc deficiency has been identified in a variety of diseases, notably cancer. In recent years,
multiple meta-analyses and reviews looking at zinc levels in individual cancer types have been published, as have a plethora
of primary studies demonstrating a link between low zinc levels and specific types of cancer. In this review, we summarize
recent evidence implicating low zinc concentrations in serum or tissues as a characteristic in a wide range of cancers. We
also discuss preliminary findings indicating that zinc level measurement could ultimately become a useful clinical tool for
cancer diagnosis and predicting outcomes in patients with cancer. Finally, we suggest future directions for further elucidating

the role of zinc deficiency in cancer development and progression.
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Introduction

Trace elements are minerals that are present at very low
concentrations in the human body and are crucial for proper
physiological function. Some trace elements are considered
to be nutritionally essential, meaning they must be obtained
from the diet, while others are nonessential. Each trace ele-
ment is typically present at a concentration of <0.1% of the
body volume and can be readily detected in the blood and
other bodily tissues. Trace elements that are well known
for their roles in human health and physiology include iron,
zinc, iodine, fluoride, and copper. Zinc is the second most
abundant trace element after iron [1, 2]. Zinc is obtained
primarily from the diet and absorbed in the intestine [3, 4].
Its bioavailability is strongly affected by dietary composi-
tion, which affects its uptake by the digestive system [5, 6].
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After being taken up in the intestine, zinc is distributed to
various target organs throughout the body, with concentra-
tions tending to be highest in bone and muscle, followed by
the skin and liver [7].

Zinc plays a variety of key roles in the human body
(Fig. 1). For example, it is crucial to signaling processes
involved in cell differentiation, proliferation, and apoptosis
[8]. Zinc ions are required for the catalytic activity of a mul-
titude of enzymes, notably the zinc finger proteins, which
contain a zinc finger motif stabilized by a zinc ion. This
large family of proteins has been implicated in processes
as diverse as transcriptional regulation, ubiquitin-mediated
protein degradation, signal transduction, actin targeting, and
DNA repair [9]. In addition to these roles, zinc functions
as an antioxidant and plays an essential role in immunity.
As reviewed by Prasad, zinc inhibits inflammatory cytokine
production and decreases plasma oxidative stress markers
[10, 11]. Other studies showed that copper-zinc superoxide
dismutase protects tissues from reactive oxygen species, and
alterations in the activity of this enzyme have been associ-
ated with a wide range of diseases [12, 13].
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Fig.1 The roles of zinc in human physiology. Some of the most
important functions of zinc in the human body include supporting
a healthy immune response by promoting differentiation of naive T
cells into activated Th17 cells; facilitating proper folding and activ-
ity of zinc-containing proteins; acting as a cofactor for superoxide
dismutase (SOD) to exert antioxidant activity; and modulating the

Unsurprisingly, given the crucial nature of zinc in many
enzymatic reactions and physiological processes, low zinc
levels are associated with a variety of disease states. Low
levels of zinc have been reported in a range of cancers, with
increasing evidence suggesting that low zinc levels in serum,
plasma, and tissues may be linked to carcinogenesis [17,
18]. In this review, we will present the recent evidence that
low zinc levels in a variety of situations are a hallmark of
various cancers. We will also speculate on the usefulness
of zinc level as a biomarker and the potential prevention or
treatment of cancer by zinc supplementation, as reported in
preliminary studies. Finally, we will highlight the research
priorities for increasing the understanding of the role that
zinc deficiency plays in cancer and developing potential clin-
ical applications on the basis of this association in the future.

Zinc Deficiency in Cancer
In this section, we provide a comprehensive review of the
current state of knowledge regarding zinc levels in patients

with various cancer types. Table 1 presents an overview of the
key features of the studies discussed in this section. We used
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stability and activity of p53 to regulate apoptosis. SOD, superoxide
dismutase; Thl7, T helper 17. References: “Protein folding” rep-
resentative image from [14] CC BY 4.0. “Apoptosis” representative
image from [15] CC BY-NC 4.0. “Antioxidant activity” representative
image from [16] CC BY 3.0

PubMed to identify 2470 articles on cancer and zinc published
up to 2023. We excluded case reports, articles on animals,
articles on side effects occurring during and after cancer treat-
ment, articles in which the carcinoma was not specified, and
basic research, resulting in a total of 151 articles. Clinical/
epidemiological articles were further selected from these stud-
ies, and we excluded review articles; articles with the highest
number of cases, highest level of evidence, and newest articles
by cancer type were selected and are listed in Table 1.

Zinc Deficiency in Esophageal Cancer

Esophageal cancer is one of the cancer types that is the most
well studied in relation to zinc and cancer incidence. Lu
et al. [19] reported in 2006 that the zinc intake of esopha-
geal cancer patients in China was lower than that of healthy
individuals, and Schaafsma et al. [20] conducted a database-
based ecological analysis and reported that in Africa, zinc
supply was lower in countries with a high risk for esopha-
geal cancer incidence than in low-risk countries. In 2015, a
significant negative correlation between zinc intake and the
incidence of esophageal cancer was reported in the Golestan
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Table 1 Clinical/epidemiological publications up to 2023 reporting a link between low zinc levels and cancer

Cancer type

Study type

Number of study participants

Reference

Esophageal cancer

Breast cancer

Liver cancer

Lung cancer

Gynecological cancer

Colon cancer

Oral cancer

Other cancers

Case—control study
Ecological analysis

Prospective study
Cross-sectional studies

Cross-sectional age-matched controlled
study

Retrospective in situ study of patient
samples

Meta-analysis
Meta-analysis
Meta-analysis

Prospective case—control study
Prospective study

Prospective study
Case—control studies

Retrospective in situ study of patient
samples

Prospective study
Retrospective study
Prospective cohort study
Prospective study
Retrospective study
Prospective study
Retrospective study

Retrospective study
Meta-analysis

Systematic review and meta-analysis

Case—control study
Meta-analysis
Meta-analysis

Case—control study

Prospective observational study

Case—control study

Case—control study

Systematic review and meta-analysis
(prostate cancer)

Prospective study (pancreatico-biliary
cancer)

Longitudinal cohort study (pediatric
hematologic and solid malignancies)

Prospective cohort study (acute myeloid
leukemia)

218 cases, 415 controls
32 countries

47,405 subjects
201 patients

30 patients, 30 controls
30 patients, 30 controls

30 patients, 30 controls
25 patients

926 patients, 1224 controls
1699 patients, 2009 controls

2369 patients with breast cancer, 901
patients with benign breast disease,
2477 healthy controls

496 patients, 496 controls
63 patients

40 patients

37 patients, 33 controls
51 patients

175 patients
310 patients
989 patients
157 patients
769 patients
1973 patients

196 treated patients, 71 untreated
patients

599 patients
2894 cases, 9419 controls

3598 lung cancer patients, 1402 benign
lung disease cases, 3314 healthy
controls

440 cases, 1320 controls
591 patients, 946 controls

699 patients, 567 benign tumor, 1194
controls

966 cases, 966 controls

116 patients

344 patients, 1122 controls
463 cases, 1343 controls
1318 patients, 1413 controls

48 patients
535 patients

105 patients, 82 controls

Lu et al. (2006) [19]
Schaafsma et al. (2015) [20]
Hashemian et al. (2015) [21]

Ray et al. (2012) [22]
Adeoti et al. (2015) [23]
Costello et al. (2016) [24]

Wau et al. (2015) [25]
Jouyabari et al. (2019) [26]
Feng et al. (2020) [27]

Pala et al. (2022) [17]
Mansouri et al. (2022) [28]
Baratabar et al. (2022) [29]
Kew et al. (1974) [30]
Tashiro-Ito et al. (1997) [31]

Tamai et al. (2020) [32]
Imai et al. (2014) [33]
Fang et al. (2019) [34]
Shigefuku et al. (2020) [35]

Ozeki, Nakajima et al. (2020) [36]
Ozeki, Arakawa et al. (2020) [37]

Hosui et al. (2018) [38]

Hosui et al. (2021) [18]
Wang et al. (2019) [39]
Zhang et al. (2022) [40]

Bai et al. (2019) [41]
Xie et al. (2018) [42]
Lin et al. (2021) [43]

Stepien et al. (2017) [44]
Wau et al. (2020) [45]
Chen et al. (2019) [46]
Wang et al. (2020) [47]
Zhao et al. (2016) [48]

Murphy et al. (2021) [49]
Ganguly et al. (2022) [50]

Li et al. (2023) [51]
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cohort study in a high-risk district for esophageal cancer
[21]. Zinc levels in hair were measured in high- and low-risk
areas for esophageal cancer, and low zinc levels were found
to be associated with the development of esophageal cancer
[22]. The molecular mechanisms linking esophageal cancer
and zinc deficiency are also being elucidated, with a large
body of evidence indicating that zinc deficiency promotes
carcinogenesis by altering microRNA expression [52-54].
Li et al. [55] reported a significant correlation between zinc
and risk of esophageal cancer in Asia, where zinc intake is
naturally low, but no correlation was found in the USA or
Europe. Dietary zinc intake also varies widely from region
to region because of the strong regional specificity of dietary
habits. When discussing the relationship between dietary
zinc intake and disease, it may be necessary to examine each
region separately.

Zinc Deficiency in Breast Cancer

There is considerable evidence for an association between
zinc levels in tissue and serum and breast cancer, as dem-
onstrated by many recent studies of zinc levels in a variety
of patient tissues.

Early prospective studies provided clear indications that
low zinc levels are closely linked to breast cancer develop-
ment and progression. In their 2015 cross-sectional study
conducted in Nigeria, Adeoti et al. [23] reported that the
coppetr/zinc ratio was significantly higher in patients with
breast cancer compared with healthy controls and that
venous blood zinc levels were low in breast cancer patients.
A retrospective in situ study by Costello et al., published
in 2016, reported low zinc levels in breast invasive ductal
carcinoma compared with normal ductal epithelium [24].

Several meta-analyses were published that collated evi-
dence regarding zinc deficiency in breast cancer. A 2015
meta-analysis by Wu et al. [25] assessed zinc levels in vari-
ous tissue samples from female breast cancer patients and
healthy controls. The authors found that zinc levels in hair
samples from breast cancer patients were lower than those
in hair samples from a control group; however, they reported
no significant difference in serum zinc levels between these
two groups. More recently, a 2019 meta-analysis investi-
gated zinc levels in breast tissue, plasma, serum, and hair
samples from patients with breast cancer [26]. The authors
reported that zinc levels were significantly lower in blood
and hair samples from patients with breast cancer compared
with controls, and significantly higher in tumor tissues. Fur-
thermore, a 2020 meta-analysis by Feng et al. [27] evaluated
data from studies assessing serum copper and zinc levels in
patients with breast cancer. The results showed that elevated
serum copper levels, elevated serum copper/zinc ratio, and
decreased serum zinc levels were significantly associated
with an increased risk of breast cancer. It should be noted,
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however, that in these meta-analyses, there was overlap in
the cohorts used, as the hair sample cohort in the 2015 and
2019 meta-analyses was identical [25, 26]. Furthermore,
among the cohorts used in the 2019 and 2020 meta-analyses,
half of the cohorts examined for serum zinc were the same
(duplicates) [26, 27].

Since the publication of these meta-analyses, additional
clinical studies have shed further light on the close association
between low zinc levels in tissues and serum and breast can-
cer. For example, in their 2022 study, Pala et al. [17] assessed
the association between pre-diagnostic copper and zinc levels
in the plasma and urine of women later diagnosed with breast
cancer. The authors found that patients with a plasma copper/
zinc ratio or a plasma and urine copper/zinc ratio in the upper
tertile of the patient cohort had a significantly higher risk of
developing breast cancer than those in the lower tertiles. A
2022 study by Mansouri et al. [28] reported that higher zinc
levels were present in mammary tissue from healthy individu-
als than in breast cancer tissue from patients. In contrast, in
a 2022 study of breast cancer patients, Barartabar et al. [29]
reported lower zinc levels in adjacent non-cancerous areas
compared with breast cancer tissue. This apparent discrepancy
should be interpreted with caution, as Mansouri et al. assessed
zinc levels in tissue from breast cancer patients compared with
healthy controls, while Barartabar et al. examined zinc levels
in healthy and diseased tissue from the same patient; thus, the
studies may not be comparable.

Taken together, these meta-analyses and clinical stud-
ies build on the existing evidence for a correlation between
breast cancer and zinc deficiency.

Zinc Deficiency in Liver Cancer

In addition to breast cancer, there is a substantial body of
evidence demonstrating an association between low zinc
levels and liver cancer.

Many studies have shown low zinc concentrations in liver
cancer tissue. Kew et al. [30] reported that zinc concen-
trations in liver cancer tissue were significantly lower than
those in non-cancerous areas, and further reports showed
that zinc concentrations decrease as the degree of differen-
tiation of liver cancer worsens [31]. In 2014, Costello et al.
[56] highlighted the relationship between zinc levels and
chronic liver disease/hepatocarcinogenesis, citing numer-
ous studies that reported a marked decrease in zinc levels in
hepatocellular carcinoma tissue compared with normal liver
tissue. At present, no published papers have reported results
indicating that zinc levels are not decreased in hepatocellular
carcinoma tissue. Another study reported that serum zinc
levels decrease as hepatocellular carcinoma progresses [32].

Low zinc levels also appear to correlate with poor out-
comes in patients treated for liver cancer. For example, a



Zinc Deficiency as a General Feature of Cancer: a Review of the Literature

1941

retrospective analysis by Imai et al. [33] published in 2014
found that low serum zinc levels correlate with low disease-
free and overall survival rates in patients undergoing hepa-
tectomy for hepatocellular carcinoma. Interestingly, a 2019
study by Fang et al. [34] found that a higher serum copper/
zinc ratio, but not a higher serum zinc level, may be associ-
ated with survival in patients with hepatocellular carcinoma.
However, the actual risk of death in patients with low zinc
levels in the study was not clear, as the participants were
stratified into multiple groups with a range of zinc levels,
and survival rates were compared among all of the groups.
As copper and zinc absorption are antagonistic processes,
more research is needed to determine whether copper or zinc
plays a role in the prognosis of patients with liver cancer.
Additionally, Hiraoka et al. reported that patients with low
serum zinc levels had a worse prognosis than those with
high levels, but there was no difference in recurrence-free
survival. Furthermore, in the analysis of prognosis after
treatment of early liver cancer, zinc levels correlated with
hepatic reserve capacity [57]. Thus, the relationship between
zinc and the prognosis of liver cancer is not only related to
the prognosis of the cancer itself, but also to the prognosis
related to hepatic reserve capacity.

Zinc deficiency appears to play a role not only in liver
cancer outcomes but also in the risk of liver cancer devel-
opment. Shigefuku et al. [35] prospectively observed 157
cirrhotic patients for 3 years and reported that hypozincemia
was the only significant predictor of hepatic carcinogenesis.
In 2020, Ozeki et al. [36] reported that low zinc levels were
a risk factor for developing hepatocellular carcinoma after
eradication of hepatitis C virus (HCV). Another report from
Ozeki et al. [37] published in the same year found that low
zinc levels are highly prevalent in patients with chronic liver
disease, a strong risk factor for developing hepatocellular
carcinoma. In considering the possible link between hepato-
carcinogenesis and zinc, it is interesting to note that Frank-
lin et al. [58] reported that tissue zinc deficiency is present
in highly differentiated hepatomas and observed alongside
downregulation of the ZIP14 zinc uptake transporters. This
suggests that zinc depletion begins in the precancerous state.
The connection between low zinc levels and hepatocarcino-
genesis was explored in a 2022 review by Nishikawa et al.;
the authors discussed a variety of studies demonstrating
the relationship between hypozincemia and chronic liver
disease, liver fibrosis, and the risk of liver carcinogenesis
[59]. Whether hypozincemia is really the direct cause of
hepatocarcinogenesis or whether hypozincemia correlates
with liver fibrosis and only results in increased hepatocar-
cinogenesis remains unclear, and further research is needed.

Recent studies have explored the impact of zinc supple-
mentation on the risk of developing liver cancer. A 2018
retrospective study by Hosui et al. [38] found that patients
with chronic liver disease who received long-term zinc

supplementation had a lower risk of developing liver cancer
than patients who did not take the supplement. In 2021, the
same group reported that supplementation with zinc after
HCYV eradication reduces the risk of developing hepatocel-
lular carcinoma [18].

Together, these studies provide a strong argument
for a key role for zinc in liver cancer development and
progression.

Zinc Deficiency in Lung Cancer

Multiple recent studies support a link between zinc defi-
ciency and lung cancer, and the association was extensively
analyzed in two recent meta-analyses. Wang et al. found that
serum zinc levels were significantly lower in patients with
lung cancer than in controls in European and Asian popula-
tions [39]. Similarly, Zhang et al. found that lung cancer
patients had a significantly higher serum copper/zinc ratio
(implying low zinc levels) than healthy controls and patients
with benign lung diseases; this ratio was significantly higher
in patients with advanced lung cancer than in patients with
early-stage lung cancer [40]. Notably, the two meta-analyses
included 32 and 39 cohorts, but the results were not derived
from completely separate populations because of the overlap
of 23 cohorts. Additionally, Bai et al. reported that high zinc
plasma reduces the risk of lung cancer, possibly by delay-
ing telomere events and modulating the expression of some
oncogenes; the authors suggest the possibility that zinc can
be used to prevent lung cancer [41]. These studies clearly
show that zinc deficiency is a factor in lung cancer develop-
ment and progression.

Zinc Deficiency in Gynecological Cancer

Zinc deficiency has been well described in gynecological
cancers.

The association between low zinc levels and cervical cancer
was convincingly demonstrated in a 2018 meta-analysis by Xie
et al. [42], which reported significantly lower serum zinc levels
in cervical cancer cases than in controls in Asian women.

In endometrial cancer, reports on the relationship between
cancer and zinc concentrations are mixed. Yaman et al. [60]
reported that zinc concentrations in cancerous tissues were
significantly lower than those in non-cancerous tissues, while
Rzymski et al. [61] found no difference in zinc levels in can-
cerous areas despite an increased copper/zinc ratio. In con-
trast, Atakul et al. [62] reported lower serum copper and zinc
levels but lower copper/zinc ratios in patients with endome-
trial cancer. Further study on the association between zinc
concentration and endometrial cancer will be required.

Lin et al. reported a meta-analysis and Mendelian randomi-
zation study in ovarian cancer in 2021. The authors showed that
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ovarian cancer patients have significantly lower circulating zinc
concentrations compared with healthy individuals [43].

Overall, the evidence strongly suggests that low zinc lev-
els are associated with a range of gynecological cancers, and
that an interaction with copper levels may also play a role.
It should be noted that there is, as yet, no evidence that low
zinc levels are a cause of carcinogenesis or cancer progres-
sion in gynecological cancers, and at this point, the results
have only suggested a possible relationship between zinc
levels and cancer patients.

Zinc Deficiency in Colon Cancer

Colon cancer has also been reported to be associated with
zinc deficiency. A 2017 case—control study by Stepien et al.
[44] performed using the large European Prospective Investi-
gation into Cancer and Nutrition cohort reported an apparent
link between copper/zinc ratios and colorectal cancer. More
recently, a 2020 prospective observational study reported a
correlation between low serum zinc levels and poor prog-
nosis (including distant metastasis and survival) in patients
with colon cancer [45]. While this association has not been
explored as extensively as it has for other cancer types, the
findings from these two studies suggest that zinc deficiency
is also associated with colon cancer incidence and outcomes.
However, while a Mendelian randomized study of 58221
European patients with colon cancer reported that a nomi-
nally significant association between colon cancer risk and
zinc concentration was found, sensitivity analysis could not
be performed, and ultimately a causal relationship with risk
could not be proven [63]. Only a few mouse studies have
examined whether zinc deficiency causes colon cancer [64].
Thus, more research is needed to determine whether zinc
deficiency causes colon cancer.

Zinc Level in Oral Cancer

Notably, the association between zinc concentration and
carcinogenesis in oral cancer is different from that of other
carcinomas. Two recent case—control studies revealed a link
between zinc levels and oral cancer. A 2019 study by Chen
et al. [46] found that both excess and deficient serum levels
of copper or zinc are correlated with oral cancer risk. A
large 2022 case—control study by Wang et al. [65] assessed
the association between oral cancer and a range of trace ele-
ments and reported that higher serum zinc levels correlated
with a higher risk of oral cancer. Other studies reported
that serum zinc levels [66] and salivary zinc levels [67]
are higher in cancer patients than in healthy individuals.
Whether the difference from other cancer types is because
the oral mucosa is the site of direct contact with food and is
susceptible to high concentrations of zinc, or whether it is
from other causes, requires further investigation.
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Zinc Deficiency in Other Cancers

In addition to the specific cancers covered in detail above,
zinc deficiency has been reported in a range of other can-
cers. In 2016, a systematic review and meta-analysis by Zhao
et al. [48] reported that serum zinc concentrations were sig-
nificantly lower in patients with prostate cancer than in those
with benign prostatic hyperplasia and in normal controls.
Notably, however, high doses of zinc supplementation were
reported to be a risk factor for prostate cancer [68]. More
recently, a 2021 study from the UK by Murphy et al. [49]
looked at micronutrient levels in patients with pancreatico-
biliary cancer and identified low levels of serum zinc in
83% of the study cohort. A 2022 cohort study by Ganguly
et al. [50] conducted in a cancer center in India in children
aged < 18 years found that zinc deficiency correlated with
poor outcomes in patients with solid tumors. A 2023 pro-
spective cohort study by Li et al. found that a high serum
copper/zinc ratio was associated with poor outcomes and
long-term survival in patients with newly diagnosed acute
myeloid leukemia [51]. While these studies have not shown
zinc deficiency to be a direct cause of cancer, they do pro-
vide clear preliminary evidence of an association between
zinc deficiency and various types of cancer.

Potential Clinical Utility of Measuring Zinc
Levels in Cancer

Given the substantial evidence for zinc deficiency as a uni-
versal feature of cancer that is common in a relatively large
number of cancers, it seems likely that measuring zinc lev-
els could become useful in the clinical setting in the near
future. While this is still an emerging area of research, early
indications suggest that zinc level measurement could poten-
tially be used to diagnose cancer, predict cancer patient out-
comes, and even treat patients with cancer. In this section,
we discuss the preliminary evidence for these speculative
applications.

Zinc as a Potential Diagnostic Biomarker for Cancer

Multiple studies have suggested that circulating zinc lev-
els could be used as a diagnostic biomarker for cancer in
patients suspected of having or being at risk of developing a
malignancy. For example, a 2022 review by Venturelli et al.
[69] explored the associations between cancer and minerals
and trace elements. Among other factors, the authors noted
a direct link between zinc levels and the development of dif-
ferent cancer types, suggesting that this micronutrient has
potential for use as a biomarker for cancer, while highlight-
ing the interdependence of micronutrient levels. Addition-
ally, a 2017 review by Lo et al. [70] highlighted the low
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zinc levels found in prostate cancer tissues compared with
healthy prostate tissue and recommended the use of zinc-
responsive magnetic resonance imaging as a noninvasive
means of diagnosing prostate cancer. Similarly, a prospec-
tive study by Maddalone et al. published in 2022 analyzed
zinc levels in urine samples collected after prostatic massage
from men referred for prostate biopsy; the results found that
zinc levels were lower in the urine of cancer patients than
in healthy subjects and decreased with disease progression
[71]. The authors therefore suggested that urine zinc levels
could be combined with other diagnostic modalities to iden-
tify patients with prostate cancer. The aforementioned 2020
study by Ozeki et al. [36] found that low serum zinc levels
correlated with an increased risk of developing hepatocellu-
lar carcinoma following HCV eradication with direct-acting
antivirals. The authors suggested that monitoring serum zinc
levels in this specific patient population could enable early
diagnosis of this malignancy. Thus, while the study of zinc
as a potential biomarker for diagnosing a range of cancer
types is still in its infancy, it is an idea that seems to be not
only plausible but also highly applicable to specific patient
populations. However, it is extremely important to note that
serum zinc levels fluctuate under a variety of conditions.
There are diurnal variations in zinc concentrations [72], and
zinc levels also vary on the basis of sepsis [73], endotoxemia
from alcohol consumption [74], steroid use [75], and meal-
times [76]. Michos et al. [77] also reported that zinc levels
fluctuate on the basis of the menstrual cycle. These condi-
tions need to be considered before zinc level is considered a
biomarker for cancer.

Zinc as a Potential Prognostic Biomarker for Cancer

Zinc levels have also been proposed as a prognostic bio-
marker for predicting outcomes in patients with cancer.
For example, a recent study by Iseki et al. [78] indicated
an association between serum zinc status and postsurgical
outcomes in patients with pancreatic ductal adenocarci-
noma. Specifically, infectious complications were signifi-
cantly associated with zinc deficiency in patients undergoing
resection for this malignancy, suggesting that zinc deficiency
could serve as a preoperative predictor of infectious com-
plications after pancreatectomy in these patients. Gal et al.
[79] also reported that, in patients undergoing exploratory
laparotomy for suspected ovarian cancer, copper and zinc
ratios, in addition to CA125, were sensitive in predicting
ovarian cancer before laparotomy. Similarly, Harimoto et al.
[80] reported in 2022 that serum zinc status may correlate
with a range of outcomes in patients undergoing hepatic
resection for hepatocellular carcinoma. Thus, zinc levels in
these patients could be screened to predict which patients are
at risk of suffering worse liver function, more severe liver
fibrosis, a higher incidence of postoperative complications,

and worse overall survival. Furthermore, a 2020 study by
Tamai et al. [32] showed that a higher copper-to-zinc ratio
in serum was associated with significantly improved survival
rates in patients with hepatocellular carcinoma, indicating
that the copper-to-zinc ratio in serum may be used to predict
patient survival. A 2020 study by Hiraoka et al. [57] reported
that in patients with early hepatocellular carcinoma from
hepatitis virus, serum zinc levels were reduced in association
with chronic liver disease grade progression, suggesting that
zinc deficiency might be a significant prognostic factor for
survival in this patient population. Thus, established links
between zinc deficiency and patient outcomes could sup-
port the use of zinc level measurement as a useful tool for
predicting cancer patient prognoses in the future. Notably,
there are still many points to consider, such as the timing of
measurement, zinc fluctuations because of background fac-
tors, and changes in zinc concentration due to complications.

Zinc as a Potential Preventive Method for Cancer

On the basis of the correlation between low zinc levels and
poor cancer outcomes, many authors have speculated that
zinc supplementation could be used to reduce the risk of
developing cancer. A retrospective analysis published by
Hosui et al. [38] in 2018 reported that zinc supplementation
appears to maintain liver function and decrease the risk of
developing hepatocellular carcinoma. A more recent study
by the same group found that oral zinc supplementation
decreased the risk of hepatocellular carcinoma development
in patients who received direct-acting antivirals to eradicate
HCYV [18]. Valenzano et al. [81] also reported that in Bar-
rett’s esophagus, administration of zinc gluconate resulted in
the upregulation of several tumor-suppressive miRNAs and
downregulation of inflammation-inducing proteins. Addi-
tionally, a 2022 mini-review by Igbal et al. [82] noted lim-
ited evidence for a correlation between high dietary intake
of zinc and a reduced risk of breast cancer, suggesting that
dietary supplementation could decrease the chance of devel-
oping this malignancy. These preliminary studies suggest
that there could be potential for using zinc supplementation
in the clinical setting to help prevent cancer development.
Zinc supplementation has also been suggested by sev-
eral studies as a potential adjunctive treatment for cancer. A
series of papers by Costello et al. [56] directly addresses this
possibility: a 2014 review by this group suggests that zinc
supplementation could be a useful treatment for hepatocel-
lular carcinoma, while also pointing out the limitations of
existing in vitro models that have made it challenging to gen-
erate pre-clinical evidence for the utility of this therapeutic
approach; a 2017 review presents compelling evidence that
zinc treatment could help prevent the development and pro-
gression of prostate, liver, and pancreatic carcinomas [83];
and a 2020 review again points out the striking correlation
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between zinc deficiency and multiple cancer types and
cites a single case report that demonstrated suppression of
androgen-dependent prostate cancer progression in a patient
treated with the zinc ionophore clioquinol [84]. Additionally,
in a review published in 2020, Wang et al. [47] highlighted
the prevalence of zinc dyshomeostasis in prostate cancer,
breast cancer, and pancreatic cancer and provided an over-
view of the current evidence suggesting that zinc or zinc
transporters could therefore be useful agents for cancer ther-
apy. Furthermore, a 2021 systematic review by Hoppe et al.
[85] that analyzed data from 19 publications found that zinc
therapy helped reduce oral toxicities incurred during irradia-
tion in patients mainly diagnosed with head and neck cancer.
It should be noted, however, that high doses of zinc sup-
plementation have been reported to be a risk factor for pros-
tate cancer [68]. While a 2021 review by Singh et al. [86]
mentions several studies that showed no beneficial effect of
zinc supplementation on zinc levels in patients with prostate
cancer, the authors proposed combined treatment with zinc
and naturally occurring dietary phytochemicals that could
lead to enhanced zinc bioaccumulation in the prostate. A
2022 review by Nishikawa et al. [59] describes the recent
approval of zinc acetate hydrate for treating patients with
hypozincemia associated with chronic liver disease in Japan
and presents evidence from several studies showing a posi-
tive effect of zinc supplementation in patients with various
forms of liver disease putting them at risk of developing liver
cancer. Together, these studies have highlighted promising
preliminary indications that zinc supplementation could be
a useful addition to cancer treatment regimens and identified
specific areas for future investigation.

Conclusion

The extensive evidence demonstrating the prevalence of
zinc deficiency in a wide range of cancer types suggests that
zinc deficiency should be considered a relatively widespread
feature of multiple cancers. While research regarding the
potential clinical utility of testing zinc levels in patients with
or at risk of developing cancer is still preliminary, the data
suggest that zinc deficiency may be a potential biomarker for
identifying patients at risk of developing cancer, predicting
outcomes in patients with cancer, and even as a preventive
or adjunctive treatment for cancer.

There are several avenues for future research regarding
the link between cancer and zinc deficiency that would be
valuable to pursue. At a basic research level, future work
should focus on elucidating the mechanisms by which zinc
deficiency promotes carcinogenesis. Clinically, it would be
beneficial to explore the relationship between serum zinc
levels and local zinc concentrations in patients with cancer,
as well as the reliability of serum zinc levels as a biomarker

@ Springer

of carcinogenesis risk and cancer patient prognosis. Finally,
prospective clinical studies should be carried out to deter-
mine the prognostic benefits of zinc supplementation.
Given the universality of zinc deficiency in cancer, gaining
a greater understanding of the molecular basis and clinical
impact of this association is likely to yield substantial ben-
efits for human health.

Acknowledgements We thank Edanz (https://jp.edanz.com/ac) for
editing a draft of this manuscript.

Author Contribution All authors contributed to the study conception
and design. Material preparation, data collection and analysis were
performed by Rie Sugimoto and Lingaku Lee. The first draft of the
manuscript was written by Rie Sugimoto, and all authors commented
on previous versions of the manuscript. All authors read and approved
the final manuscript.

Funding We used official funds of Kyushu Cancer Center to fund the
proofreading and submission of the paper.

Data Availability Not applicable.

Declarations

Ethics Approval Not applicable.
Consent to Participate Not applicable.
Consent to Publish Not applicable.

Competing Interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Lim KHC, Riddell LJ, Nowson CA, Booth AO, Szymlek-Gay
EA (2013) Iron and zinc nutrition in the economically-developed
world: a review. Nutrients 5(8):3184-3211

2. Maret W (2016) The metals in the biological periodic system of
the elements: concepts and conjectures. Int J Mol Sci 17(1):66

3. Krebs NF (2000) Overview of zinc absorption and excretion in the
human gastrointestinal tract. J Nutr 130(5S Suppl):1374s—1377s

4. Lee HH, Prasad AS, Brewer GJ, Owyang C (1989) Zinc absorp-
tion in human small intestine. Am J Physiol 256(1 Pt 1):G87-91

5. Trame S, Wessels I, Haase H, Rink L (2018) A short 18 items food
frequency questionnaire biochemically validated to estimate zinc
status in humans. J Trace Elem Med Biol 49:285-295


https://jp.edanz.com/ac
http://creativecommons.org/licenses/by/4.0/

Zinc Deficiency as a General Feature of Cancer: a Review of the Literature

1945

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Hunt JR, Beiseigel JM, Johnson LK (2008) Adaptation in human
zinc absorption as influenced by dietary zinc and bioavailability.
Am J Clin Nutr 87(5):1336-1345

Jackson MJ (1989) Physiology of zinc: general aspects. In: Mills
CF (ed) Zinc in Human Biology. Springer London, London, pp
1-14

Maret W (2017) Zinc in cellular regulation: the nature and signifi-
cance of “zinc signals.” Int J Mol Sci 18(11):2285

Cassandri M, Smirnov A, Novelli F, Pitolli C, Agostini M, Male-
wicz M et al (2017) Zinc-finger proteins in health and disease.
Cell Death Discov 3:17071

Prasad AS (2008) Clinical, immunological, anti-inflammatory and
antioxidant roles of zinc. Exp Gerontol 43(5):370-377

Prasad AS (2008) Zinc in human health: effect of zinc on immune
cells. Mol Med 14(5-6):353-357

Altobelli GG, Van Noorden S, Balato A, Cimini V (2020) Cop-
per/zinc superoxide dismutase in human skin: current knowledge.
Front Med (Lausanne) 7:183

Lewandowski L, Kepinska M, Milnerowicz H (2019) The copper-
zinc superoxide dismutase activity in selected diseases. Eur J Clin
Invest 49(1):e13036

Neuhaus D (2022) Zinc finger structure determination by NMR:
why zinc fingers can be a handful. Prog Nucl Magn Reson Spec-
trosc 130-131:62-105

Yildiz A, Kaya Y, Tanriverdi O (2019) Effect of the interaction
between selenium and zinc on DNA repair in association with
cancer prevention. J Cancer Prev 24(3):146-154

Maria Clara F, Cassandra ND, Fabian HR, Alvaro GE (2013)
Superoxide dismutase and oxidative stress in amyotrophic lateral
sclerosis. In: Alvaro GE (ed) Current advances in amyotrophic
lateral sclerosis. IntechOpen Limited, London. https://doi.org/10.
5772/56488

Pala V, Agnoli C, Cavalleri A, Rinaldi S, Orlandi R, Segrado F
et al (2022) Prediagnostic levels of copper and zinc and breast
cancer risk in the ORDET cohort. Cancer Epidemiol Biomarkers
Prev 31(6):1209-1215

Hosui A, Tanimoto T, Okahara T, Ashida M, Ohnishi K, Waka-
hara Y et al (2021) Oral zinc supplementation decreases the risk
of HCC development in patients with HCV eradicated by DAA.
Hepatology Communications 5(12):2001-2008

LuH, Cai L, Mu LN, Lu QY, Zhao J, Cui Y et al (2006) Dietary
mineral and trace element intake and squamous cell carcinoma of
the esophagus in a Chinese population. Nutr Cancer 55(1):63-70
Schaafsma T, Wakefield J, Hanisch R, Bray F, Schiiz J, Joy EJ et al
(2015) Africa’s oesophageal cancer corridor: geographic varia-
tions in incidence correlate with certain micronutrient deficien-
cies. PLoS One 10(10):e0140107

Hashemian M, Poustchi H, Abnet CC, Boffetta P, Dawsey SM,
Brennan PJ et al (2015) Dietary intake of minerals and risk of
esophageal squamous cell carcinoma: results from the Golestan
Cohort Study. Am J Clin Nutr 102(1):102-108

Ray SS, Das D, Ghosh T, Ghosh AK (2012) The levels of zinc and
molybdenum in hair and food grain in areas of high and low inci-
dence of esophageal cancer: a comparative study. Glob J Health
Sci 4(4):168-175

Adeoti ML, Oguntola AS, Akanni EO, Agodirin OS, Oyeyemi
GM (2015) Trace elements; copper, zinc and selenium, in breast
cancer afflicted female patients in LAUTECH Osogbo, Nigeria.
Indian J Cancer 52(1):106-109

Costello LC, Zou J, Franklin RB (2016) In situ clinical evidence
that zinc levels are decreased in breast invasive ductal carcinoma.
Cancer Causes Control 27(6):729-735

Wu X, Tang J, Xie M (2015) Serum and hair zinc levels in breast
cancer: a meta-analysis. Sci Rep 5(1):12249

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Jouybari L, Kiani F, Akbari A, Sanagoo A, Sayehmiri F, Aaseth J
et al (2019) A meta-analysis of zinc levels in breast cancer. J Trace
Elem Med Biol 56:90-99

Feng Y, Zeng J-W, Ma Q, Zhang S, Tang J, Feng J-F (2020) Serum
copper and zinc levels in breast cancer: a meta-analysis. J Trace
Elem Med Biol 62:126629

Mansouri B, Ramezani Z, Yousefinejad V, Nakhaee S, Azadi
N, Khaledi P et al (2022) Association between trace ele-
ments in cancerous and non-cancerous tissues with the risk
of breast cancers in western Iran. Environ Sci Pollut Res Int
29(8):11675-11684

Barartabar Z, Moini N, Abbasalipourkabir R, Mesbah-Namin
SA, Ziamajidi N (2023) Assessment of tissue oxidative stress,
antioxidant parameters, and zinc and copper levels in patients
with breast cancer. Biol Trace Elem Res 201(7):3233-3244
Kew MC, Mallett RC (1974) Hepatic zinc concentrations in
primary cancer of the liver. Br J Cancer 29(1):80-83
Tashiro-Itoh T, Ichida T, Matsuda Y, Satoh T, Sugiyama M,
Tanaka Y et al (1997) Metallothionein expression and concen-
trations of copper and zinc are associated with tumor differen-
tiation in hepatocellular carcinoma. Liver 17(6):300-306
Tamai Y, Iwasa M, Eguchi A, Shigefuku R, Sugimoto K,
Hasegawa H et al (2020) Serum copper, zinc and metallothio-
nein serve as potential biomarkers for hepatocellular carcinoma.
PLoS ONE 15(8):e0237370

Imai K, Beppu T, Yamao T, Okabe H, Hayashi H, Nitta H
et al (2014) Clinicopathological and prognostic significance
of preoperative serum zinc status in patients with hepatocel-
lular carcinoma after initial hepatectomy. Ann Surg Oncol
21(12):3817-3826

Fang A-P, Chen P-Y, Wang X-Y, Liu Z-Y, Zhang D-M, Luo Y et al
(2019) Serum copper and zinc levels at diagnosis and hepatocel-
lular carcinoma survival in the Guangdong Liver Cancer Cohort.
Int J Cancer 144(11):2823-2832

Shigefuku R, Iwasa M, Katayama K, Eguchi A, Kawaguchi T,
Shiraishi K et al (2019) Hypozincemia is associated with human
hepatocarcinogenesis in hepatitis C virus-related liver cirrhosis.
Hepatol Res 49(10):1127-1135

Ozeki I, Nakajima T, Suii H, Tatsumi R, Yamaguchi M, Arakawa
T et al (2020) Predictors of hepatocellular carcinoma after hepati-
tis C virus eradication following direct-acting antiviral treatment:
relationship with serum zinc. J Clin Biochem Nutr 66(3):245-252
Ozeki I, Arakawa T, Suii H, Tatsumi R, Yamaguchi M, Nakajima
T et al (2020) Zinc deficiency in patients with chronic liver dis-
ease in Japan. Hepatol Res 50(3):396-401

Hosui A, Kimura E, Abe S, Tanimoto T, Onishi K, Kusumoto
Y et al (2018) Long-term zinc supplementation improves liver
function and decreases the risk of developing hepatocellular car-
cinoma. Nutrients 10(12):1955

Wang Y, SunZ, Li A, Zhang Y (2019) Association between serum
zinc levels and lung cancer: a meta-analysis of observational stud-
ies. World J Surg Oncol 17(1):78

Zhang L, Shao J, Tan S-W, Ye H-P, Shan X-Y (2022) Association
between serum copper/zinc ratio and lung cancer: a systematic
review with meta-analysis. ] Trace Elem Med Biol 74:127061
Bai Y, Wang G, Fu W, Lu Y, Wei W, Chen W et al (2019) Circulat-
ing essential metals and lung cancer: risk assessment and potential
molecular effects. Environ Int 127:685-693

Xie Y, Wang J, Zhao X, Zhou X, Nie X, Li C et al (2018) Higher
serum zinc levels may reduce the risk of cervical cancer in Asian
women: a meta-analysis. J Int Med Res 46(12):4898-4906

Lin S, Yang H (2021) Ovarian cancer risk according to circulating
zinc and copper concentrations: a meta-analysis and Mendelian
randomization study. Clin Nutr 40(4):2464-2468

@ Springer


https://doi.org/10.5772/56488
https://doi.org/10.5772/56488

1946

R. Sugimoto et al.

44,

45.

46.

47.

48.

49.

50.

SL

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Stepien M, Jenab M, Freisling H, Becker N-P, Czuban M,
Tjgnneland A et al (2017) Pre-diagnostic copper and zinc bio-
markers and colorectal cancer risk in the European Prospective
Investigation into Cancer and Nutrition cohort. Carcinogenesis
38(7):699-707

Wu X, Wu H, Liu L, Qiang G, Zhu J (2020) Serum zinc level and
tissue ZIP4 expression are related to the prognosis of patients with
stages I-III colon cancer. Transl Cancer Res 9(9):5585-5594
Chen F, Wang J, Chen J, Yan L, Hu Z, Wu J et al (2019) Serum
copper and zinc levels and the risk of oral cancer: a new insight
based on large-scale case—control study. Oral Dis 25(1):80-86
Wang J, Zhao H, Xu Z, Cheng X (2020) Zinc dysregulation in
cancers and its potential as a therapeutic target. Cancer Biol Med
17(3):612-625

Zhao J, Wu Q, Hu X, Dong X, Wang L, Liu Q et al (2016) Com-
parative study of serum zinc concentrations in benign and malig-
nant prostate disease: a systematic review and meta-analysis. Sci
Rep 6(1):25778

Murphy DP, Kanwar MA, Stell MD, Briggs MC, Bowles MM,
Aroori MS (2021) The prevalence of micronutrient deficiency in
patients with suspected pancreatico-biliary malignancy: results
from a specialist hepato-biliary and pancreatic unit. Eur J Surg
Oncol 47(7):1750-1755

Ganguly S, Srivastava R, Agarwala S, Dwivedi S, Bansal PG,
Gonmei Z et al (2022) Prevalence of micronutrient deficiency
and its impact on the outcome of childhood cancer: a prospective
cohort study. Clin Nutr 41(7):1501-1511

Li T, Shi L, Wei W, XuJ, Liu Q (2023) The trace that is valuable: serum
copper and copper to zinc ratio for survival prediction in younger patients
with newly diagnosed acute myeloid leukaemia. BMC Cancer 23(1):14
Fong LY, Jing R, Smalley KIJ, Taccioli C, Fahrmann J, Barupal
DK et al (2017) Integration of metabolomics, transcriptomics, and
microRNA expression profiling reveals a miR-143-HK2-glucose
network underlying zinc-deficiency-associated esophageal neo-
plasia. Oncotarget 8(47):81910-81925

Taccioli C, Chen H, Jiang Y, Liu XP, Huang K, Smalley KJ et al
(2012) Dietary zinc deficiency fuels esophageal cancer develop-
ment by inducing a distinct inflammatory signature. Oncogene
31(42):4550-4558

Taccioli C, Garofalo M, Chen H, Jiang Y, Tagliazucchi GM,
Di Leva G et al (2015) Repression of esophageal neoplasia and
inflammatory signaling by anti-miR-31 delivery in vivo. J Natl
Cancer Inst 107(11):djv220

LiP, XuJ, Shi Y, Ye Y, Chen K, Yang J et al (2014) Association
between zinc intake and risk of digestive tract cancers: a system-
atic review and meta-analysis. Clin Nutr 33(3):415-420

Costello LC, Franklin RB (2014) The status of zinc in the develop-
ment of hepatocellular cancer. Cancer Biol Ther 15(4):353-360
Hiraoka A, Nagamatsu K, Izumoto H, Adachi T, Yoshino T, Tsu-
ruta M et al (2020) Zinc deficiency as an independent prognos-
tic factor for patients with early hepatocellular carcinoma due to
hepatitis virus. Hepatol Res 50(1):92—100

Franklin RB, Levy BA, Zou J, Hanna N, Desouki MM, Bagasra
O et al (2012) ZIP14 zinc transporter downregulation and zinc
depletion in the development and progression of hepatocellular
cancer. J Gastrointest Cancer 43(2):249-257

Nishikawa H, Asai A, Fukunishi S (2022) The significance of zinc
in patients with chronic liver disease. Nutrients 14(22):4855
Yaman M, Kaya G, Simsek M (2007) Comparison of trace ele-
ment concentrations in cancerous and noncancerous human endo-
metrial and ovary tissues. Int J Gynecol Cancer 17(1):220-228
Rzymski P, Niedzielski P, Rzymski P, Tomczyk K, Kozak L,
Poniedziatek B (2016) Metal accumulation in the human uterus
varies by pathology and smoking status. Fertil Steril 105(6):1511-
1518.e3

@ Springer

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.
74.

75.

76.

7.

78.

79.

80.

81.

Atakul T, Altinkaya SO, Abas BI, Yenisey C (2020) Serum copper
and zinc levels in patients with endometrial cancer. Biol Trace
Elem Res 195(1):46-54

Tsilidis KK, Papadimitriou N, Dimou N, Gill D, Lewis SJ, Martin
RM et al (2021) Genetically predicted circulating concentrations
of micronutrients and risk of colorectal cancer among individuals
of European descent: a Mendelian randomization study. Am J Clin
Nutr 113(6):1490-1502

Yin X, Zhang Y, Wen Y, Yang Y, Chen H (2021) Celecoxib allevi-
ates zinc deficiency-promoted colon tumorigenesis through sup-
pressing inflammation. Aging (Albany NY) 13(6):8320-8334
Wang H, Wang J, Cao Y, Chen J, Deng Q, Chen Y et al (2022) Com-
bined exposure to 33 trace elements and associations with the risk of
oral cancer: a large-scale case-control study. Front Nutr 9:913357
Baharvand M, Manifar S, Akkafan R, Mortazavi H, Sabour S
(2014) Serum levels of ferritin, copper, and zinc in patients with
oral cancer. Biomed J 37(5):331-336

Ayinampudi BK, Narsimhan M (2012) Salivary copper and zinc
levels in oral pre-malignant and malignant lesions. J Oral Maxil-
lofac Pathol 16(2):178-182

Leitzmann MF, Stampfer MJ, Wu K, Colditz GA, Willett WC,
Giovannucci EL (2013) Zinc supplement use and risk of prostate
cancer. J Natl Cancer Inst 95(13):1004—-1007

Venturelli S, Leischner C, Helling T, Renner O, Burkard M,
Marongiu L (2022) Minerals and cancer: overview of the pos-
sible diagnostic value. Cancers (Basel) 14(5):1256

Lo S-T, Martins AF, Jordan VC, Sherry AD (2017) Zinc as an
imaging biomarker of prostate cancer. Isr J Chem 57(9):854-861
Maddalone MG, Oderda M, Mengozzi G, Gesmundo I, Novelli
F, Giovarelli M et al (2022) Urinary zinc loss identifies prostate
cancer patients. Cancers (Basel) 14(21):5316

McMillan EM, Rowe DJ, Halberg F (1987) Diurnal stage of cir-
cadian rhythm of plasma zinc in healthy and psoriatic volunteers.
Prog Clin Biol Res 227b:295-303

Alker W, Haase H (2018) Zinc and Sepsis. Nutrients 10(8):976
Skalny AV, Skalnaya MG, Grabeklis AR, Skalnaya AA, Tinkov
AA (2018) Zinc deficiency as a mediator of toxic effects of alco-
hol abuse. Eur J Nutr 57(7):2313-2322

Yunice AA, Czerwinski AW, Lindeman RD (1981) Influence
of synthetic corticosteroids on plasma zinc and copper levels in
humans. Am J Med Sci 282(2):68-74

Goode HF, Robertson DA, Kelleher J, Walker BE (1991) Effect
of fasting, self-selected and isocaloric glucose and fat meals and
intravenous feeding on plasma zinc concentrations. Ann Clin Bio-
chem 28(Pt 5):442-445

Michos C, Kalfakakou V, Karkabounas S, Kiortsis D, Evangelou
A (2010) Changes in copper and zinc plasma concentrations dur-
ing the normal menstrual cycle in women. Gynecol Endocrinol
26(4):250-255

Iseki M, Mizuma M, Aoki S, Kawaguchi K, Masuda K, Ishida
M et al (2022) What is the impact of zinc deficiency for pan-
createctomies in patients with pancreatic ductal adenocarcinoma?
Pancreatology 22(2):270-276

Gal D, Lischinsky S, Friedman M, Zinder O (1989) Prediction
of the presence of ovarian cancer at surgery by an immuno-
chemical panel: CA 125 and copper-to-zinc ratio. Gynecol Oncol
35(2):246-250

Harimoto N, Araki K, Muranushi R, Hoshino K, Yamanaka T,
Hagiwara K et al (2022) Significance of zinc deficiency in patients
with hepatocellular carcinoma undergoing hepatic resection.
Hepatol Res 52(2):210-220

Valenzano MC, Rybakovsky E, Chen V, Leroy K, Lander J, Rich-
ardson E et al (2021) Zinc gluconate induces potentially cancer
chemopreventive activity in Barrett’s esophagus: a Phase 1 pilot
study. Dig Dis Sci 66(4):1195-1211



Zinc Deficiency as a General Feature of Cancer: a Review of the Literature

1947

82.

83.

84.

Igbal S, Ali I (2022) Dietary trace element intake and risk of
breast cancer: a mini review. Biol Trace Elem Res 200(12):
4936-4948

Costello LC, Franklin RB (2017) Decreased zinc in the develop-
ment and progression of malignancy: an important common rela-
tionship and potential for prevention and treatment of carcinomas.
Expert Opin Ther Targets 21(1):51-66

Costello LC, Franklin RB (2020) Zinc: The wonder drug for the
treatment of carcinomas. Acta Sci Cancer Biol 4(5):33-39

85.

86.

Hoppe C, Kutschan S, Dérfler J, Biintzel J, Biintzel J, Huebner J
(2021) Zinc as a complementary treatment for cancer patients: a
systematic review. Clin Exp Med 21(2):297-313

Singh CK, Chhabra G, Patel A, Chang H, Ahmad N (2021) Die-
tary phytochemicals in zinc homeostasis: a strategy for prostate
cancer management. Nutrients 13(6):1867

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Zinc Deficiency as a General Feature of Cancer: a Review of the Literature
	Abstract
	Introduction
	Zinc Deficiency in Cancer
	Zinc Deficiency in Esophageal Cancer
	Zinc Deficiency in Breast Cancer
	Zinc Deficiency in Liver Cancer
	Zinc Deficiency in Lung Cancer
	Zinc Deficiency in Gynecological Cancer
	Zinc Deficiency in Colon Cancer
	Zinc Level in Oral Cancer
	Zinc Deficiency in Other Cancers

	Potential Clinical Utility of Measuring Zinc Levels in Cancer
	Zinc as a Potential Diagnostic Biomarker for Cancer
	Zinc as a Potential Prognostic Biomarker for Cancer
	Zinc as a Potential Preventive Method for Cancer

	Conclusion
	Acknowledgements 
	References


