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Abstract: The scoping review aimed to characterise the role of selected essential elements (Zn, Cu,
Se, Fe, Mn) in food for special medical purposes (FSMPs) aimed at oncology patients. The scope
review was conducted using Scopus, Google Scholar, and Web of Science to find published references
on this subject. Data from the reviewed literature were related to the physiological functions of the
element in the body, and the effects of deficiencies and excesses, referring to the latest ESPEN and
EFSA guidelines, among others. Important dietary indices/parameters based on the literature review
are provided for each element. On the basis of the literature, data on the level of elements in patients
with cancer were collected. The content of these elements in 100 mL of FSMPs was read from the
manufacturers’ declarations. The literature has been provided on the importance of each element
in cancer. Our findings show that the essential elements (Zn, Cu, Se, Fe, and Mn) of FSMPs for
cancer patients are not adequately treated. We suggest solutions to ensure the safe use of FSMPs in
oncology patients.
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1. Introduction

Nutrition science deals with all aspects of the interaction between food and nutrients,
life, health, and disease, and the processes by which an organism ingests, absorbs, trans-
ports, uses, and excretes food substances [1,2]. The field of medical nutrition, or, actually,
clinical nutrition, is evolving rapidly, and several problem areas await solutions through
future research. The provision of nutritional support to compromised patients is a challenge
that can only be met through joint efforts between the scientific and medical community
and innovative industrial leaders (pharmaceutical industry). From this point of view, in
particular, imports are products available in pharmacies/drug stores (i.e., food for special
medical purposes (FSMPs)) [3]. Based on the directive, it repeals Directive 1999/21/EC [4]
(a delegated act that supplements Regulation (EU) No. 609/2013 on foods for specific
groups), so FSMPs:

• May only be placed on the market if it complies with this regulation;
• Falls within three categories:

# Nutritionally complete food with a standard nutrient formulation, which could constitute
the sole source of nutrition, or be used as a partial replacement or supplement;

# Nutritionally complete food with a formulation adapted to nutrient requirements
specific for a disease, disorder, or medical condition, which could constitute the sole
source of nourishment or be used as a partial replacement or supplement;
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# Nutritionally incomplete food that is not suitable for use as the sole source
of nutrition.

Several FSMPs have been reported to have significant pain relief efficacy with multiple
antioxidant and anti-inflammatory properties. FSMPs are especially important for children;
milk formulas for healthy children who cannot be breastfed can be divided into two groups:
the initial, that is, the initial (first) milk formula from birth to 6 months, and the subsequent
(follow-up) milk formula used from the age of 7 months to 1 year [5,6]. However, it is
also important for adults, especially oncology patients [7]. It should be underlined that
FSMPs for patients are generally regulated as a pharmaceutical product. Therefore, they
should be available in pharmacies/drug stores due to the special conditions of quality,
safety, production, and distribution [8,9].

The traditional diet of oncological patients often does not provide a sufficient supply
of elements. To improve the supply of elements and kilocalories, the therapeutic team
introduces food for special medical purposes (FSMPs) that are available in pharmacies in
the diet of cancer patients. FMSP manufacturers declare the content of elements in their
products (e.g., zinc, cooper, selenium, iron, and manganese) [10]. However, there are no
experimental studies that have confirmed the participation and adequate bioavailability
of elements in FSMPs. Furthermore, these elements are not properly treated by the man-
ufacturer (the levels are not correlated with the existing scientific data on cancer). The
excess and deficiency of elements in the supply of FSMPs should be considered in the
case of exclusive PN nutrition, as should the nutritional status of the patients and the
possible side effects that occur when the homeostasis of elements in the body is disturbed.
Another important element of the possibility of a faster cure is the behaviour of body
homeostasis in inflammation associated with cancer. Data linking the specified elements
with cancer-free FSMPs are scarce and there is a lack of adequate scientific literature on the
role of essential elements in FSMP dedicated to cancer patients, that is, cancer nutrition that
includes essential elements such as copper, manganese, zinc, iron, and selenium. Therefore,
this critical review aims to provide a coherent overview of the literature (scientific literature
and grey literature) on the role of essential elements (Cu, Fe, Mn, Se, and Zn) in FSMPs
dedicated to oncology patients.

2. Materials and Methods
2.1. Search for Publications on the Content and Role of Essential Elements in FSMPs Dedicated to
Cancer Patients

The three main repositories for locating published references on this topic are Scopus,
Google Scholar, and Web of Science, which were used for a critical examination of the key
components in the context of FSMPs for cancer patients. It should be emphasised that in
addition to the previously specified scientific sources, the ‘grey’ literature was also searched
during the data collection procedure (especially the declarations of the manufacturers).

2.2. Keywords and Selection of Scientific Data

Different combinations of the following main terms were used: FSMP, oncology
nutrition, elements of the oncology diet, oncology diet, clinical nutrition in oncology, food
for medical purposes for cancer, and a combination of the mentioned terms. Two steps
were applied to the selection of the studies: (1) selection by title and abstract and (2) full
text examination. The selection of the title and abstract was performed independently by
each author at different times. Included and excluded studies were critically identified after
defining the problem formulation. Studies that met the eligibility criteria were kept for the
next screening step. Studies clearly not relevant to the problem formulation or exclusion
criteria were excluded. We analysed all available sources (n = 216 articles and related
content). To filter the sources retrieved, only articles/works related to the content or role of
essential elements (Cu, Mn, Zn, Fe, and Se) in FSMPs dedicated to oncology patients. The
authors then performed a full text deep examination of all of the important manuscripts.
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2.3. Classification and Presentation of the Results

All information from the literature including relevant parameters (element concen-
trations in the serum of oncological patients, important dietary indices/parameters for
Cu, Mn, Zn, Fe, and Se, and the content of elements in FSMPs) are reported in the present
review. The role of each element in the diet during cancer was extracted and systematically
reported in the manuscript.

2.4. Presentation of Results

For appropriate readability, we present the information in three paragraphs for each
element: (1) Short part of the characteristics of the physiologically/biologically important
properties of each investigated element; (2) The role as a potential biomarker of each type
of cancer with levels in the biological samples; and (3) The role and level in the FSMPs
available in pharmacies. When other relevant information (e.g., ESPEN recommendations)
was known, it was presented in the last paragraph.

3. Results
3.1. Zinc

Zn is essential for the growth and development of microorganisms, animals, and
plants. In the human body, zinc meets three general functional classes: regulatory, catalytic,
and structural [11]. Zinc is essential as a catalytic, structural, and regulatory ion and is
involved in the regulation of homeostasis, oxidative stress, immune responses, apoptosis,
and ageing [12]. It contributes directly or indirectly to the transformation of proteins, fats,
carbohydrates, and energy transformation. Zinc is necessary for the production and/or
operation of multiple hormones. Zn also has an anticancer function due to its role in the
structural stabilisation of DNA, RNA, and many transcription factors and proteins [13,14].
Zinc is responsible for ensuring the stability of cell membranes, alcohol metabolism, taste
and odour, and immune defences of the organism [15,16]. Indirectly, it can participate
in learning and learning processes and regulate signal stimulation and signal conduc-
tion in the central nervous system [16,17]. This metal contributes to the regulation of
chronic inflammation by reducing pro-inflammatory cytokines. Zinc reduces oxidative
stress by participating in the synthesis of antioxidant enzymes and acts as a catalyst for
enzymes in the metabolism of carbohydrates, lipids, and proteins [15,18]. This element is
involved in insulin storage, synthesis, and release, suggesting the key role of this micro-
component in the progression of type 2 diabetes, atherosclerosis, and metabolic syndrome
(MS) [19]. The specific effect of zinc deficiency is observed in infants with enteropathy
skin inflammation. The slowdown in growth is one of the best-defined effects of chronic
zinc deficiency. Furthermore, zinc is essential for the immune system, and the lack of
zinc affects many aspects of the immunity system and adaptability. The immunological
changes during ageing and zinc deficiency exhibit remarkable parallels including a reduc-
tion in the activity of the thyroid and thyroid hormones, a shift from T-helper cells to type
2 T-helper cells, a decrease in vaccination response, and an impairment in the functions
of the primitive immune cells [20]. Most zinc (85%) in the human body is found in the
skeletal muscle and bones. A very small amount (about 0.1–1% of total) is in plasma, where
70% Zn is associated with albumin, and the concentration is correlated at approximately
10–17 mmol/L [11,21]. The reference value for Zn is approximately 60–120 µg/dL. Rats
exposed to carcinogens (e.g., benzene, nitrosamines) were found to have a Zn deficiency
in their diet, leading to increased susceptibility to cancer development [22,23]. The ef-
fectiveness of Zn supplements in the prevention of prostate cancer is controversial. Zinc
supplements can help in the early stages of cancer development rather than during treat-
ment [24]. During zinc treatment, stabilisation in the percystic adenomatosis levels of the
wild colorectal bowel was observed at the post-transcriptional level [25], and a decreased
contribution to the decrease in lymphocytes and erythrocytes with clinical symptoms as
well as considered important deficiencies [26]. The value of zinc in serum is correlated
with the serum zinc gastrointestinal tumour, and it was found that the serum zinc levels
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were more closely related to advanced gastric tumours [27]. Changes in zinc concentration
were detected in patients with breast cancer. The Cu/Zn ratio can be used as a biochemical
marker in such patients [28]. Acute acquired zinc deficiency conditions have also been
documented, mainly in patients dependent on zinc-free intravenous nutrition [29]. Optimal
levels of zinc in the body can also help reduce risk factors for cancer development, but
this requires further study [30]. Zinc homeostasis disorders have been associated with
oesophageal tumours, gastric cancers, colon cancer, and hepatocellular carcinoma [30]. It
should be noted that the reference in Pasha et al. showed higher zinc values in patients
with gastrointestinal tumours [31]. Table 1 shows the levels of zinc in the blood serum of
patients with various cancers.

Table 1. Zn as a potential biomarker of different kinds of cancer—critical review.

Type of Cancer Type of Change, Biological Material, Value [µg/dL] Reference(s)

Cancer cachexia Normal, serum, 71.00 [32]
Breast cancer Normal, serum, 110.96 [33]
Gastric cancer Increase, serum, 233.00 [34]

Endometrial cancer Increase, serum, 183.00 [35]
Lung cancer Increase, serum, 85.00–183.00 [36]

Pulmonary cancer Increase, serum, 248.00 [37]
Gastrointestinal cancer Increase, serum, 273.00 [37]
Gynaecological cancer Increase, serum, 249.00 [37]
Colorectal Cancer CRC Normal, serum, 78.00–97.00 [38]

Prostate cancer Decrease, serum, 51.00 [39]

Organic forms of Zn (e.g., from oysters) are better absorbed when inorganic forms are
added to the diet as a supplement [40,41]. Currently, enough is known about the clinical
and public importance of zinc deficiency to establish beyond any reasonable doubt the
exceptional practical importance of this trace element in human nutrition [42]. The average
dietary zinc demand (AR) necessary to meet the physiological requirements was estimated
by modelling the saturation response, considering the inhibitory effect of the dietary phytic
on the absorption of Zn. Among the factors that predispose a person to zinc deficiency are
cereal diets rich in phytates, malnutrition, alcoholism, anorexia nervosa, and ageing [16].
The estimated AR and the population reference intake (PRI) are given for levels of phytinate
intake of 300, 600, 900, and 1200 mg/day. They cover the range of average consumption
observed in the populations of European countries. The AR ranges from 6.2 to 10.2 mg/day
for women of 58.5 kg and from 7.5 to 12.7 mg/day for men of 68.1 kg. PRI has been derived
from the requirement for zinc for men of 97.5 percentile body weight for men and women
of reference masses in the range 7.5 to 12.7 mg/day for women and 9.4 to 16.3 mg/day for
men [43]. Available studies show that the mean zinc intake for adults and children in EU
countries is below the acceptable upper intake level (UL). The 97.5 percentile of the total
zinc intake for all age groups is close to the cut-off point, which the Committee believes is
not of concern [43]. Table 2 shows the values/indices proposed/estimated for zinc.

Table 2. Important dietary indices/parameters for Zn based on literature review.

Parameter/Index Value Reference(s)

RDA/PRI (mg/day) 8–11 [44]
EAR/AR (mg/day) 6.5–12 [43,44]

UL (mg/day) 40 [44,45]
RDI (mg/day) 8.0–14.0 [44]
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Table 2. Cont.

Parameter/Index Value Reference(s)

ADI (mg/day) 14–20 [46]
PMTDI (mg/kg bw/d.) 0.3–1 [46,47]

EDI (µg/day) 10,496–13,459 [47]
DRV (mg/day) 7.5–16.3 [43,48]

The zinc provided can help protect against the inflammation of the oral mucosa and
pharynx caused by radiotherapy [49]. Subamanyam et al. observed that patients treated
with chemotherapy had elevated levels of zinc in serum [50]. In the study by Anandhi
et al. [49], there was a trend toward less loss of taste and dryness in the mouth during
radiation therapy, as well as oral pain associated with mucosal inflammation. No improve-
ment was found in cases of mucosal inflammation caused by chemotherapy. Zinc does
not affect the survival of cancer patients; among others, it will not reduce the effect of
basic cancer therapy [51]. In the latest studies, patients with basal cell carcinoma were
reported to have a lower zinc concentration than the control group [52]. Woźniak et al.
showed that the highest concentration of zinc was observed in the hair in larynx can-
cer [53]. The Zn values for the study group–patients with cell carcinoma–were on average
78.65 µg/dL and in a healthy control group—89.39 ± 12.47 [52]. Other data in the literature
indicated that zinc levels in gastrointestinal tumours have been decreased [54], serum or
plasma zinc decreases have been observed in head and neck cancer [55], cervical cancer [56],
lung cancer patients [57] and gynaecological cancers [58]. Serum zinc levels were correlated
with gastrointestinal tumours and were found to be more closely related to advanced
gastric tumours [27]. Additionally, the study demonstrated that zinc deficiency in cancer
patients is correlated with disease development and negatively correlates with survival
rates. Zinc showed exceptional cytotoxicity in both in vitro and in vivo, despite the small
size of the samples. In the same study, zinc supplements were found to complement
the zinc deficiency found in cancer patients and cancer drugs by managing cancer body
homeostasis. Zinc is recommended to be part of cancer treatment [59]. Supplements and
optimal zinc intake restore the correct immune response to goodbye of the immune system
and reduce the risk of infection. At the same time, excess zinc has been shown to be danger-
ous due to its immunosuppressive effect, depletion of the resistance of the organism [60].
According to ESPEN Microelement recommendations (Recommendation 13.7) in acquired
zinc deficiency, 0.51 mg/kg per day of elemental zinc (Zn2+), can be administered orally
for 3–4 months [11]. According to our calculations, FSMP products contain approximately
1.2–1.8 mg of Zn/100 mL of products [10]. A summary of the Zn content declared in FSMP
for oncological patients available on the EU markets is provided in Table 3.

Table 3. Summary of the Zn content declared in the FSMP for oncological patients available on the
EU markets.

Declared Zn Content Product Source

1.3 mg/100 mL Resource® Protein [61]
1.2 mg/100 mL Nutrison® [62]
1.2 mg/100 mL Nutrison® Multi Fibre [63]
1.2 mg/100 mL Nutrison® Soya [64]
1.8 mg/100 mL Nutrison® 1000 Complete Multi Fibre [64]
1.5 mg/100 mL Nutrison® Protein Plus [65]
1.7 mg/100 mL Resource® 2.0 [66,67]
1.7 mg/100 mL Resource® 2.0 + Fibre [68]

ND Resource® Refresh [69]
1.5 mg/100 mL Resource® Diabet Plus [70]
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Table 3. Cont.

Declared Zn Content Product Source

ND Resource® Instant Protein [71]
0.9 mg/100 mL Nutramil® Complex [72]
2.0 mg/200 mL Nutramil complex® Protein [73]
1.2 mg/100 mL Fortimel Pulver [74]
1.9 mg/100 mL Provide Xtra Drink [75]
1.8 mg/100 mL Survimed® OPD [76]

The zinc content declared by producers in the products for special medical use for
oncology patients is different. Individual FSMP contain 1.2 mg/100 mL Zn to 2.0 mg/100mL
Zn. The most commonly used copper compound in FSMP is zinc sulphate [77,78].

3.2. Copper

Cu is another important trace element associated with cancer. In many studies, the
deregulation of his homeostasis could be the cause and consequence of cancerogenesis due
to its role in proliferation and angiogenesis [79]. The cellular biochemistry of copper in eu-
caryotes is diverse, as this element serves as an essential cofactor for many redox enzymes
that react with oxygen and its reduced derivatives, for example, peroxide (O2

◦2-) [80]. These
enzymes are involved in critical processes such as respiration (e.g., cytochrome c oxidase
(CcO) [81], transfer of electrons/oxidation of the substrate and iron retention (ceruloplas-
min), synthesis and metabolism of neurotransmitters (β-hydroxylamine, monooxygenase
amidptydylogicin), pigmentation (tyrosinase) [82]. Copper is an essential element for all
organisms that have an oxidative metabolism as a result of the rapid combination of the
degree of oxidation. In the human body, copper is the third most abundant transitional
metal [83]. Copper plays an essential role in various key enzyme systems and is closely
related to normal haematopoiesis and cell metabolism. Furthermore, copper is associated
with angiogenesis, hypoxia reaction, neuromodulation, and other biological processes [84].
In living matter, Cu has two levels of oxidation: Cu+ and Cu2+. Cu2+ is soluble, but the
solubility of Cu1+ is in the submicromolar range. In biological systems, the bellows are in
the form of Cu2+ because in the presence of oxygen or other electron acceptances, Cu+ easily
oxidizes to Cu2+ [85]. Copper is considered an important micronutrient for all organisms.
This crucial element plays an important role in mitochondrial respiration, photosynthesis,
the electron transport chain, cell wall metabolism and lignin synthesis, and the response
to oxidative stress and hormonal signalling in plants. Other functions performed by Cu
in plants include carbon dioxide assimilation and ATP production [86]. The excess of
intracellular copper may become cytotoxic. Genetic disorders such as Menks and Wil-
son disease (WD) illustrate the destructive importance of copper homeostasis in humans,
which successively causes systemic copper deficiency or overload [87]. Symptoms caused
by a copper deficiency in Menkes disease, e.g., affect the nervous system, development
disorders, hypotonia, and severe intellectual disability [88]. WD is an autosomal recessive
disease characterised by a deep cumulation of copper in the liver and several other organs
(e.g., brain, kidney) due to toxicity (e.g., liver cirrhosis) [88]. Evidence suggests that brain
imbalance of Cu can play a role in the pathogenesis of neurodegenerative disorders such as
Parkinson’s disease, Alzheimer’s disease, and cardiovascular disease, sclerosis [89].

The proportion of copper in cancer has been studied for several decades and reports
of abnormal levels of this element in neoplastic tissues have been reported in cancer pa-
tients [56]. Elevated levels of copper in serum were correlated with the stage of the disease
and its progression in colorectal and breast cancer [90]. High levels of copper in serum were
associated with various types of cancer, such as lymphoma, mesh cell sarcoma, bronchial
and cervical cancer, breast, squamous larynx, stomach, and lung cancer [91]. The misalign-
ment of Cu homeostasis in cancer patients has been well documented. Chronic exposure to
elevated levels of Cu in drinking water has been shown to stimulate cancer proliferation
in the neuroendocrine model of the pancreas [92]. High exposure to Cu increased the risk
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of prostate cancer [93]. Given its contribution to cancer proliferation, angiogenesis, and
metastases, Cu is becoming a new target for cancer therapies. Recently, there has been
significant progress in the perception of Cu in oncology therapy [94]. These observations
have led to the hypothesis that the level of copper in the serum may be a biomarker of
cancer relapse and can be measured to monitor the effectiveness of treatment [95]. Given
the very limited evidence of the relationship between copper intake and cancer incidence,
the data cannot be used to determine the value of DRV (dietary reference values) value
for copper [96]. The clinical study reported that depleted Cu levels decreased markers
of endothelial progenitor cells that are involved in metastases [97]. Copper levels should
be measured in patients with long-term PN (parenteral nutrition), regularly every 6 to
12 months. In a clinical trial by Araya et al. which was observed in patients (n = 1600) with
lung cancer, it was concluded that dietary intake of copper and zinc was associated with a
reduced risk of lung cancer [98]. Copper-based drugs and signal paths are developed and
tested. Parallelly, it is necessary to evaluate the functional ‘copper condition’ of patients
to minimise side effects and any impact on basic biological processes [99]. The free serum
copper is 10–15 µg/dL [100]. A summary of the critical review on Cu levels in different
types of cancers as potential biomarkers is presented in Table 4.

Table 4. Copper as a potential biomarker of different types of cancer based on a critical review.

Type of Cancer Type of Change, Biological Material, Value [µg/dL] Reference(s)

Breast cancer Increase, serum, 137.15 ± 36.24
Increase, serum, 128.15 ±19.14

[33]
[101]

Endometrial cancer Increase, serum, 372 ± 215 [35]
Thyroid cancer Normal, serum, 6.2 ± 0.9 [102]

Lung cancer Increase, serum, 127 ± 27 [103]

Cervical cancer Increase, serum, 147 ± 26
Increase, serum, 156.9 ± 3.4

[104]
[105]

Colorectal Cancer CRC Increase, serum, 123.75 ± 27.11 [38]
Oral cancer Increase, serum, 95.85 [106]
Lung cancer Increase, serum, 176.00 [36]

Prostate cancer Increase, serum, 169.00 [39]

The ESPEN recommendations state that enteric nutrition should supply 1–3 mg of
copper per day at 1500 kcal. [11]. Copper ions (Cu2+) showed high reactivity with other
elements of food (e.g., polyphenols) [107]. According to ESPEN, copper consumption in
eight EU countries averages 1.47 to 1.67 mg per day (central value 1.57 mg/day) for healthy
men and 1.20 to 2.07 mg/day for healthy women aged 18–< 65 years [96]. In the case of
men, the panel proposes AI of copper at the level of 1.6 mg/day. For women, the panel
proposes an AI of 1.3 mg/day [96]. The EFSA panel states that AR and PRI for copper
cannot be derived for adults, infants, and children and proposes AI [96]. The relevant
dietary indices/parameters for Cu are summarized in Table 5.

Table 5. Important dietary indices/parameters for copper as an essential element.

Parameter/index Value Reference(s)

RDA/PRI (mcg/day) 200–900 [108]
EAR/AR (mg/day) ND * [96]

AI (mg/day) 1.3–1.6 [96]
UL (mg/day) 1.0–10.0 [109]

RDI/DRI (mg/day) ND ND
ADI (mg/kg bw/d.) 0.07 [96]

PMTDI (mg/kg bw/d.) ND ND
* Due to the lack of suitable copper biomarkers and the limitations of available equilibrium studies, EFSA was
unable to determine the average demand (AR) [96].
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Increasing observations have combined copper signalling with cell proliferation as
well as tumour growth and cancer metastases [99]. The influence of copper complexes
on the prevention and treatment of cancer was studied by [110]. TM (tetrathiomolyb-
date), a highly specific copper chelator that was originally developed for the treatment
of WD [111,112], has been used in studies in various combinations, for example, with
chemotherapy in the clinical trial NCT01837329 [113] and 180 mg/day TM (40 mg with
meals three times and 60 mg at bedtime) chemotherapy IFL (a chemotherapy regimen
for certain cancers, consisting of simultaneous treatment of irinotecan), leucorine (folic
acid), and fluorouracil [114]) [115]. Chelation-based treatments bind to copper and de-
activate it [116]. Tumour growth and metastasis have a higher copper requirement [99].
Several field studies have shown a relationship between the increased prevalence of
colorectal cancer (CRC) and an increased Cu level in serum compared to a healthy
control group [117]. Serum levels of Cu, CP, ATP7A/7B, and the Cu:Zn ratio in serum
are result-related markers and are resistant to treatment across the entire spectrum
of gastrointestinal tumours including gastric and oesophageal cancers [98–101]. Ex-
pression of the Cu transporter is often increased in gastric cancer and can be used
as a marker of resistance to chemotherapy against cisplatin in some patients with
poorly differentiated or undifferentiated gastric cancer [118]. Copper depletion, as a
therapeutic strategy, can direct many key processes essential in cancer evolution and
the spread of metastases [119].

FSMPs contain approximately 0.18–0.25 µg Cu/100 mL of the product, depending on
the composition and intended use [10]. A summary of the Cu content declared in FSMPs
for oncological patients available on EU markets is shown in Table 6. According to the
recommendations of the ESPEN micronutrient guidelines (Recommendation 6.3), feeding
should be provided with 1–3 mg of copper per day at 1500 kcal [11].

Table 6. Summary of the Cu content declared in FSMPs for oncological patients available on the
EU markets.

Declared Cu Content Product Source

0.29 mg/100 mL Nutricia® FortiCare [120]
0.18 mg/100 mL Nutricia® Nutrison [77]
0.21 mg/100 mL Nutricia® Nutrison Diason Energy HP [78]
0.27 mg/100 mL Nutricia® Nutrison 1000 Complete Multi Fibre [121]
0.15 mg/100 mL Resource® Protein [122]

ND Resource® Refresh [69,123]
0.13 mg/100 mL Resource® Diabet Plus [70,124]
0.75 mg/100 mL Fortimel Pulver [74,125]
0.09 mg/100 mL Nutramil® Complex [72]
0.20 mg/200 mL Nutramil complex® Protein [73]
0.38 mg/100 mL Provide Xtra Drink [75]
0.20 mg/100 mL Survimed® OPD [126]

As can be seen, the copper content declared by the manufacturers of FSMPs for
oncology patients was not the same. According to the manufacturer’s data, these products
contain approximately 0.13–0.09 mg Cu/100 mL of product [74,77,78,120–122,124,125].

3.3. Selenium

Selenium has chemical properties similar to those of sulphur, and to a lesser extent,
tellurium. It occurs in four natural oxidation states: (0), elemental selenium, selenodiglu-
tation (dipeptide); (-II), sodium selenite (Na2Se), hydrogen selenide (H2Se); (IV), sodium
selenite (Na2SeO3), selenium dioxide (SeO2), selenium acid (H2SeO3); I (VI), sodium se-
lenate (Na2SeO4), selenium acid (H2SeO4) [127]. Selenium is a trace element in many
species including humans. This important element is incorporated into proteins through a
specific selenium tRNA. Selenium is a component of oxidative enzymes and cytochrome.
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It participates in cell metabolism processes as part of glutathione peroxidase, an enzyme
that protects cell membranes from damage by radicals and regulates the speed of perox-
idase processes in cells. It contributes to the recovery of ascorbic acid from its oxidised
metabolites (thioredoxin reductase) and is an essential ingredient for the metabolism of
thyroid hormones [128,129]. Selenium, as a component of the new oxidative enzymes and
cytochrome, is involved in cell metabolic processes [128]. It is part of the new glutatima
peroxidase, an enzyme that regulates the speed of peroxidase processes in cells and pro-
tects cell membranes from damage by free radicals. As a component of another enzyme
(tioredoxine reductase), it participates in the production of ascorbic acid from its oxidised
metabolites. It is also necessary for the metabolism of thyroid hormones [130]. The reduced
level of this component is found in AIDS and blood vessel diseases, phenylketonuria, acute
pancreatitis, cystic fibrosis, retinopathy, renal failure, rheumatoid arthritis, and immune
diseases and patients with depression [128].

This element protects against radicals by inhibiting tumour cell division and reducing
the ability of carcinogenic compounds to induce cell mutations [131]. It has been studied
for some cancers, but there is little scientific evidence of the relationship between Se in
the diet (main source) and cancer risk [79]. By creating nonactive and nontoxic complexes,
the use of selenium shows prophylactic effects in heavy metal intoxication (mercury, lead,
cadmium, arsenic) [132]. Human exposure to selenium in various chemical forms can be
achieved through food, drinking water, and air. Diet is the main source of human exposure
to selenium [131]. Food primarily contains organic selenium, while an inorganic form
is present in drinking water and air [133]. An example of selenium deficiencies is youth
cardiomyopathy (Keshan disease) and cartilage dystrophia (Kashin-back disease) in China.
In areas with selenium deficiency, an increase in mortality was observed due to cancer
and cardiovascular disease. The protective role of this crucial element in lung cancer was
demonstrated by a meta-analysis, which showed a decrease in cancer incidence with its
consumption [134]. The level of selenium in the diet has been shown to be related to the
expression of selenoproteins and affects the immune response through its effect on the
secretion of interferon-γ and IL-6 [135]. It has been shown that TNRD1 selenoprotein
is overexpressed with 1.5 times the change in lung cancer compared to adjacent normal
tissue [136]. Selenium was experimentally tested for its potential impact on cancer therapy
for prostate, breast, lung, oropharyngeal, colorectal, bladder, skin, leukaemias, uterine, and
ovarian cancers. The authors of the review showed that Se is still highly questionable, is
specific to tumours, and is dose-specific (antioxidant action) [137]. Se supplementation
has been shown to increase the incidence of oesophageal cancer and its effect on tumour
volume [138]. Other studies have shown that Se supplementation reduces stomach and
lung cancer in patients with low serum selenium levels [139]. The reference range for
plasma selenium is approximately 12 to 16 ng/mL [140]. Table 7 shows the selenium
concentrations tested in patients with oncological diseases (serum levels).

Table 7. Se as a potential biomarker of different types of cancer based on a critical review.

Type of Cancer Type of Change, Biological Material, Value [µg/dL] Reference(s)

Laryngeal cancer Decrease, serum, 5.87 [141]
Prostate cancer Normal, serum, 12.56 [142]
Breast cancer Decrease, serum, 8.62 [143]
Lung cancer Decrease, serum, 7.86 [144]

Prostate cancer Decrease, serum, 7.00 [39]

This element may reduce the risk of some cancer patients through P450, enzymes in
the liver that can be caused by selenium, leading to the detoxification of certain carcinogenic
particles and a reduction in tumour growth [145]. Supplementation with 200 or 400 µg/day
of selenium as selenised yeast reduced the risk of prostate cancer among men at high
risk for the disease, according to a prostate specific antigen (PSA) level exceeding 4 ng/L,
suspicious digital rectal examination, and a PSA velocity greater than 0.75 ng/mL/y [146].
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There is no conclusive evidence to suggest that increasing selenium intake through diet
or supplementation prevents cancer in humans [131]. Enteral nutrition should provide
50–150 mg of selenium per day with 1500 kcal [11]. According to ESPEN recommen-
dations considering good enteral absorption and in the absence of contraindication, the
enteral route can be used with doses starting at 100 mg/day [11]. In the analysis of the
dose–response relationship in the selected study subgroup in the Hurst et al. (2012) study,
there was a decreased risk of prostate cancer at plasma/serum selenium concentrations
between approximately 135 and 170 µg/L. The EFSA Panel noted that the Cochrane review
by Vencetti et al. concluded that the exposure to selenium was inversely related to the
risk of tractor cancer of the bladder and prostate, and that there were no serum/plasma
selenium concentrations associated with a reduced cancer risk [131]. The panel noted that
there is no evidence from the intervention studies that doses of selenium of 200 µg per day
taken in addition to selenium in the diet can prevent cancer in humans [128]. Adequate
intake was established at 70 µg/day for adults [128]. Important dietary indices/parameters
for Se are reported in Table 8.

Table 8. Important dietary indices/parameters for Se based on a critical review.

Parameter/Index Value Reference(s)

RDA/PRI (µg/day) 55 [147]
EAR/AR (µg/day) 45 [147]

UL (µg/day) 400 [148]
RDI/DRI 70 [149]

ADI (µg/day) ND ND
PMTDI (mg/kg bw/d.) ND ND

EDI (µg/day) ND ND

Enteral nutrition should provide 50–150 mg of selenium per day with 1500 kcal [11].
According to Recommendation 12.7, given good intestinal absorption and in the absence
of contraindications, the intestinal tract may be used in doses starting at 100 mg/day. For
plasma selenium <0.4 mmol/L (30 mg/L), the intravenous route may be used for rapid
correction: administration of up to 400 mg/day may be necessary for at least 7–10 days,
and then the condition is rechecked [11]. A summary of the Se content declared in the
FSMPs for oncological patients available on EU markets is presented in Table 9.

Table 9. Summary of the Se content declared in FSMPs for oncological patients based on the products
available on the EU markets.

Declared Se Content Product Source

10 µg/100 mL Survimed® OPD [126]
4.8 µg/100 mL Nutramil® Complex [72]
12 µg/100 mL Resource® 2.0 + Fibre [68]
7.5 µg/100 mL Resource® Protein [71]
5.7 µg/100 mL Nutrison® Soya [150]
8.5 µg/100 mL Nutrison® Multi Fibre [121]
5.7 µg/100 mL Nutrison® [77]
8.5 µg/100 mL Nutrison® 1000 Complete Multi Fibre [121]
3.5 µg/100 mL Fortimel Pulver [125]
12.5 µg/100 mL Provide Xtra Drink [75]
7.1 µg/100 mL Nutrison® Protein Plus [65]
12 µg/100 mL Resource® 2.0 [66]
10 µg/100 mL Resource® Diabet Plus [124]
11 µg/100 mL Nutramil Complex® Protein [73]

The FSMPs in Table 9 contain 2.6–12.5 µg/100 mL [64,65,69–71,73,118,121–123,146].
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3.4. Iron

The biological versatility of iron is directly due to its capacity to undergo
oxidation–reduction (redox) reactions. As a transition metal, iron possesses unpaired
electrons that make it a versatile participant in redox reactions. Iron can exhibit a
wide range of oxidation states, from II to VI, although iron is limited primarily to the
ferrous (II), ferric (III), and ferryl (IV) states in biological systems [151]. In bone, the
bone marrow is used to produce red blood cells. In addition, it participates in DNA
synthesis and plays an important role in the control of bacteria and viruses by the
immune system. It also affects cholesterol metabolism and promotes the detoxifica-
tion of harmful substances in the liver [15,129,152]. If the gut is handled correctly,
there is a risk of systemic overcharging with the nutrient iron. Chronic overcharging
with iron may occur as a result of typical clinical conditions and genetic mutations,
but there is no evidence that patients with hemochromatosis are exposed to an in-
creased risk of iron overload. If the gut is handled correctly, there is a risk of systemic
overcharging with the nutrient iron. Chronic overcharging with iron may occur as a
result of typical clinical conditions and genetic mutations [152]. Iron absorption from
an average diet is between 10% and 15% and increases two to three times in the case
of Fe deficiency in the body. Other components of the diet—phytates, polyphenols,
vegetable protein, and certain mineral substances (e.g., calcium, zinc)—can adversely
affect the absorption efficiency of nonphemic iron. The presence of foods with a high
vitamin C content in food has a positive impact on absorption [153].

The physiological mechanisms of iron handling change in cancer, which has been
called an iron stop reaction, an attempt to limit the availability of this element to the tumour.
This reaction is similar to that caused by bacterial infection [154]. Misalignment of iron
homeostasis is often observed in patients with cancer and is indicated by a reduction in
the number of red blood cells or anaemia [155]. Cancer cells often change iron metabolism
in a way that promotes iron storage: towards the increased absorption and storage of
iron, reduced exports of iron, or both. Increased iron accumulation is specific for tumour
initiation cells [156] and neoplastic stem cells [157]. Therefore, the iron exporter FPN
(ferroprotein) is reduced for breast cancer [158], prostate cancer [159], and ovarian [156],
while its negative control, hepcidin, is adjusted upward [158,159]. Most cells including
neoplastic cells store excess intracellular iron in ferritic cells, where it can be safely sep-
arated from participation in radical reactions [160]. Cancer cells increase metabolically
available iron not only by increasing iron absorption and reducing its storage, but also by
weakening its physiological function [161]. Studies have shown that overcharging with
iron in the form of ferric ammonium citrate (FAC) or iron complexes significantly inhibits
cell survival in different types of tumour [162]. Most patients with iron deficiency cancer
have functional iron deficiency (FID), a condition with adequate iron stock, but insufficient
iron supply for erythroblasts and other iron-dependent tissues [163]. Table 10 shows the
iron concentrations tested in patients with oncological diseases (serum levels). Untreated
excess iron can increase the risk of developing a disease, for example, liver cancer [164].
Serum ferritin (a protein that complexes Fe3+ and stores them in the liver) has been shown
to be predictive in different cancers and elevated serum ft levels are associated with a poor
prognosis [165–167]. The study by Sukiennicki et al. showed that serum iron levels
could be a risk factor in larynx cancer and unselected patients with colorectal cancer [168].
The physiological level of iron is on average 70–170 µg/dL in the serum of healthy peo-
ple [169]. Table 10 shows the level of iron concentration in patients with oncological diseases
(serum levels).

Table 10. Iron as a potential biomarker of different types of cancer based on a critical review.

Type of Cancer Type of Change, Serum Levels, Value [µg/dL] Reference(s)

Liver cancer Normal, serum, 142 [170]
Lung cancer Normal, serum, 150 [170]
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Table 10. Cont.

Type of Cancer Type of Change, Serum Levels, Value [µg/dL] Reference(s)

Kidney cancer Normal, serum, 169 [170]
Breast cancer Normal, serum, 81 [170]

Colorectal cancer Normal, serum, 12 [170]
Prostate cancer Normal, serum, 196 [39]

Iron deficiency, caused by inflammatory processes associated with cancer or its treat-
ment, and the use of ESA (erythropoiesis-stimulating agents), is quite common in cancer
patients [171]. The incidence of anaemia in cancer patients is extremely high [163]. In
patients with oral tumours, the addition of iron is ineffective because iron absorption
by intestinal iron is significantly reduced and more than 95% of this element is excreted
in faeces [163,172]. The treatment of iron deficiency in cancer is recommended by sev-
eral specialised guidelines and should preferably be performed with intravenous iron
administration [171]. Several studies have confirmed a significant correlation between the
haemoglobin levels and the quality of life of cancer patients and physical efficiency [173,174].
Table 11 shows the reference values determined for copper.

Table 11. Important dietary indices/parameters for Fe reported in the present review.

Parameter/Index Value Reference(s)

RDA/PRI (mg/day) 11 [152]
EAR/AR (mg/day) 6 [175]

UL (mg/day) 45 [176]
RDI/DRI (mg/day) 8 [11]

ADI (µg/day) ND ND *
PMTDI (mg/kg bw/day) ND ND *

EDI (µg/day) ND ND *
* no data.

Several approaches have been developed to treat cancer against intracellular iron
metabolism disorders such as iron removal from cancer cells. Another way is to generate
a cytotoxic level of ROS or ferroptosis by excess iron in neoplastic cells [165]. The Euro-
pean Society for Medical Oncology (ESMO) 2010 guidelines also recommend the periodic
monitoring of iron homeostasis (iron, CRP, transferrin, and ferritin) [177]. The common
guidelines of the American Society of Haematology/American Society of Clinical Oncology
for the use of epoetin and darbepoetin in adult cancer patients (update 2010) require the
monitoring of iron homeostasis at the beginning and during ESA treatment. If necessary,
iron supplements should be used to improve the efficiency of ESA, reduce the necessary
doses of ESA, and reduce the symptoms of the patient. However, there are insufficient data
to recommend the optimal time and time intervals for the iron monitoring of Poles [178].

Oral preparations may consist of Fe(II) or Fe(III), except in Austria, where all available
oral products contain only Fe(II), which is better tolerated [163]. In Europe, trace elements
used in parenteral nutrition (PN) have been providing 1.0 to 1.2 mg per day for many years
and contain Fe in the form of ferrous gluconate or ferric chloride [179]. Enteral nutrition
should provide 18–30 mg of Fe per day with 1500 kcal [11]. An example of FSMP—Protein
Nutrison® Advance contains 2 mg of iron per 100 mL [62]. There is approximately
24 mg of Fe in a 1500 kcal Nutrison® Protein Advance product. The product meets the
9.3 recompacts provided by ESPEN [11]. For patients receiving PN, the estimated need to
maintain the iron level is 1 mg per day for adult men and women after menopause and
approximately 2 mg per day for premenopausal women [180]. Iron deficiency is one of
the most common complications of long-term PN—regular iron delivery is recommended
using an iron supply [179]. A summary of the Fe content declared in FSMPs for oncological
patients available on the EU markets is provided in Table 12.
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Table 12. Summary of the Fe content declared in the FSMPs for oncological patients available on the
EU markets.

Declared Se Content Product Source

1.3 mg/100 mL Survimed® OPD [126]
0.65 mg/100 mL Nutramil® Complex [72]
1.5 mg/100 mL Resource® 2.0 + Fibre [68]
1.5 mg/100 mL Resource® Protein [71]
1.6 mg/100 mL Nutrison® Soya [150]
2.4 mg/100 mL Nutrison® Multi Fibre [121]
1.6 mg/100 mL Nutrison® [77]
2.4 mg/100 mL Nutrison® 1000 Complete Multi Fibre [121]
3.5 mg/100 mL Fortimel Pulver [125]
2.5 mg/100 mL Provide Xtra Drink [75]
2 mg/100 mL Nutrison® Protein Plus [65]

2.4 mg/100 mL Resource® 2.0 [66]
1.2 mg/100 mL Resource® Diabet Plus [124]
1.5 mg/100 mL Nutramil Complex® Protein [73]

3.5. Manganese

Manganese is a trace element necessary for proper human biology [181,182]. Mn
is one of the most common metals in the human body, with a range of 0.3 to 2.9 mg of
manganese per gram of wet tissue, mainly in the bones, liver, kidneys, pancreas, adrenal,
and pituitary cells [183]. Manganese is an activator of numerous enzymes involved in the
synthesis of proteins, nucleic acids, and fatty acids and is responsible for the regulation
of blood sugar, cellular energy, and blood coagulation [184,185]. Its role in the regulation
and transformation of thyroid hormones is indicated in [186]. The formation of antioxi-
dant enzymes (e.g., MnSOD) is the body’s defence shield against radicals [187]. It is also
necessary for the proper functioning of the nervous system, the brain, and pancreas, the
formation of connective tissue and bone, and the normal condition of the skin [188]. High
levels of manganese are usually found in the brain as a component of enzymes such as
arginase, glutamine synthesis, phosphoenolipyromanic decarboxylase, pyrogenic carboxy-
lases, and manganese superoxide dismutase enzymes [185]. The main route of manganese
absorption is the gastrointestinal tract. Lung inhalation and intravenous infusion provide
an additional avenue of absorption [11]. Manganese toxicity is more of a problem than
deficiency [11]. Excess manganese exposure leads to the impairment of mitochondrial
functions, oxidative stress, incorrect protein folding and transport, and inflammation of the
nervous system [189]. The dietary intake of manganese does not cause toxicity because ab-
sorption is strictly regulated in the intestinal tract [183]. Patients suffering from cholestasis,
liver failure, or liver spongiform encephalopathy can develop manganese toxicity because
manganese is excreted in bile [190,191].

In the prevention and treatment of cancer, the influence of manganese compounds
was investigated [192–196] in the work of Lv et al. Mn(II) was found to be essential in the
detection of the innate immunity of cancerous tumours because Mn-deficient mice had
significantly increased tumour growth and metastasis, with a greatly reduced number of
tumour-infiltrating CD8 + T cells [194]. Mn is essential for anticancer immune responses.
Mn-deficient mice were significantly more susceptible to B16F10 tumour invasion com-
pared to the control mice, as indicated by a significant increase in the tumour size and
weight [194]. Research on hollow mesoporous manganese oxides (HM–MON) has shown
that they not only increase the therapeutic efficacy, but also perform multimodal cancer
diagnosis [195]. Manganese toxicity varies depending on the route of exposure. When
swallowed, manganese has relatively low toxicity at typical exposure levels and is consid-
ered as a trace element necessary for food [197]. Taking manganese as a nutritional factor
into account, the EPA (Environmental Protection Agency) concluded that existing scientific
information cannot determine whether excessive manganese can cause cancer [198]. The
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U.S. Environmental Protection Agency adopted a similar position and concluded that
manganese is not classifiable as a human carcinogenic [184]. Significant changes in Mn
were found in malignant colorectal cancer tissue compared to healthy tissue [199]. In [200],
an inverse relationship was observed between the total Mn dietary intake and the risk
of non-Hodgkin lymphoma. The reference range for manganese for healthy people is
0.7–0.12 µg/dL [201]. Table 13 summarises the data on Mn as a potential biomarker for
different kinds of cancer.

Table 13. Mn as a potential biomarker of a different kinds of cancer based on a critical review.

Type of Cancer Type of Change, Biological Material, Value [µg/dL] Reference(s)

Prostate cancer Normal, serum, 0.100 [39]
Breast cancer Increase, serum, 0.175 [202]

Colorectal cancer Increase, serum, 0.770 [203]

Data in the literature on manganese levels in cancer patients are limited. For prostate
cancer, the serum levels were significantly reduced compared to the controls [39]. IOM
(2001) concluded that the concentration of manganese in serum/plasma or urine may be
sensitive to high fluctuations in consumption. The concentration of manganese in whole
blood appears to be very variable and has a limited value as an indicator of intake or
status [15]. Manganese toxicity is often observed in adult patients, and the literature in the
last 10 years has made various recommendations for the safe administration of manganese
to these patients [204]. Toxicity was observed in adults receiving >500 mg/day and in
paediatric patients receiving >40 mg/kg/day [205]. A dose of 110 mg/day in adults
increases the concentration of manganese in the whole blood [206]. The estimated average
consumption of manganese by adults in the EU ranges from 2 to 6 mg/day, most of which
is about 3 mg/day. There may be large differences between individuals, depending on
individual characteristics and eating habits (e.g., vegetarian diet vs. mixed diet) [187]. It
is difficult to assess the manganese consumption or condition with biological markers
due to the rapid withdrawal of manganese with bile, homeostatic control, and the lack
of sensitivity of biomarkers in the normal range of consumption [187]. The EFSA Panel
proposes an appropriate dietary intake (AI) for adults based on the average observed
manganese intake observed from mixed diets in the EU. It was considered unnecessary
to provide gender-related values [187]. Table 14 shows the values/indices designated
for manganese.

Table 14. Important dietary indices/parameters for Mn reported in the present review.

Parameter/Index Value Reference

AI (mg/day) 3 [187]
RDA/PRI (mg/day) ND * [187]
EAR/AR (mg/day) ND * [187]

UL (mg/day) 11 [207]
RDI/DRI (mg/day) ND ND

ADI (µg/day) ND ND
PMTDI (mg/kg bw/day) 0.5 [208]

EDI (µg/day) ND ND
PTWI (mg/kg bw/week) 3.5 [208]

* The EFSA Panel concludes that there is insufficient evidence to determine the average consumption (AR) and
the consumption of manganese in the reference population (PRI) [187].

To our knowledge, no manganese is added to food [209]. However, it is included in
many nutritional supplements, some of which contain significant amounts of food, at a
dose greater than 10 mg/day [210]. Research on Mn toxicity or its nutritional benefits is far
from over and will become even more intensive in the next decade [197]. Dietary intake
does not cause toxicity because absorption is strictly regulated in the intestine [211]. The
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UL for manganese in the diet is 11 mg/d for adults [15]. Manganese toxicity is related to
environmental and occupational exposure [211]. Manganese toxicity may also be due to
certain conditions and PN [5,197,212]. According to ESPEN, the micronutrient guideline
is provided in PN preparations as both an essential element in the range of 1 to 10 mmol
(55–550 mg)/day and as an impurity. It is now clear that intravenous intake of 2 mmol
(110 mg)/day is excessive during PN. Therefore, there is currently evidence of 1 mmol
(55 mg) per day for patients who receive PN. Manganese contamination should be limited
to less than 40 mg/d total in a typical adult PN formulation [11]. The increase in Mn
consumption was negatively related to the risk of liver cancer and the low consumption
of Mn-rich foods such as leafy vegetables, whole cereals, nuts, legumes, and tea for liver
cancer [213]. Intake should be 2–3 mg of manganese per day, but doses of up to 6 mg/day
administered at 1500 kcal of FSMP are considered safe [11]. A summary of the Zn content
declared in the FSMPs for oncological patients available on the EU markets is provided
in Table 15.

Table 15. Summary of the Mn content declared in the FSMP for oncological patients available on the
EU markets.

Declared Mn Content Product Source

0.28 mg/100 mL Resource® Protein [122]
0.33 mg/100 mL Nutrison® [77]
0.50 mg/100 mL Nutrison® Multi Fibre [121]
0.33 mg/100 mL Nutrison® Soya [150]
0.50 mg/100 mL Nutrison® 1000 Complete Multi Fibre [121]
0.41 mg/100 mL Nutrison® Protein Plus [65]
0.25 mg/100 mL Resource® 2.0 [206]
0.32 mg/100 mL Resource® 2.0 + Fibre [68]

ND Resource® Refresh [123]
0.26 mg/100 mL Resource® Diabet Plus [124]

ND Resource® Instant Protein [71]
0.17 mg/100 mL Nutramil® Complex [72]
0.2 mg/100 mL Nutramil complex® Protein [73]

0.65 mg/100 mL Fortimel Pulver [74]
0.5 mg/100 mL Provide Xtra Drink [75]

0.27 mg/100 mL Survimed® OPD [126]

As can be seen, the manganese content declared by the producers in the products for
patients with special medical oncology patients is different. Individual FSMPs contain
approximately 0.25 mg/100 mL–1.3 mg/100 mL Mn, while some of them do not have a
specific critical element content.

4. Conclusions

Based on a critical review of the elements investigated and analysed in the FSMPs for
oncology patients available on the EU markets, appropriate conclusions can be drawn.

• Disturbances in Zn homeostasis are observed in oncology patients, therefore, the
appropriate level of this essential element should be controlled during nutritional
treatment with FSMPs, according to the ESPEN micronutrient guidelines;

• Based on a review of the literature, there is evidence that the Cu level is correlated
with cancer stage, therefore, the supply and bioavailability of copper from FSMPs
should be verified to avoid falsifying test results for cancer recurrence;

• In light of the data and guidelines of the current literature, the use of different amounts
of Se in FSMPs seems to be safe;

• Fe, due to its important function in the body and significant changes in metabolism
during cancer, deserves special attention in the correlation of supply with FSMPs and
the state of iron metabolism (e.g., serum level);
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• Mn is not recognised as a carcinogenic factor, it participates in the immune response;
therefore, it can be used safely in oncological patients fed with FSMPs. Additionally, a
deficiency in this element in the diet of cancer patients should be monitored.

Regarding the summary of elements in the analysis of the FSMPs, the following
conclusions can be drawn.

• There are no clear and unambiguous technical guidelines for producers (qualitative
and quantitative) on the element (Zn, Cu, Se, Fe, Mn) content of the FSMPs for
oncology patients;

• Manufacturers do not verify or comply with the scientific literature on the requirements
of FSMPs for cancer treatment;

• FSMP manufacturers do not verify that elements that are in excess or under measure-
ment may be additional carcinogens in oncology patients;

• FSMPs for cancer patients should have separate technical and quality guidelines and
be seen as a pharmaceutical product;

• Manufacturers use different ways of marking FSMPs (e.g., different units of element
content), therefore, the legal implications of the introduction of the use of the same
unit should be considered;

• Manufacturers of FSMPs do not consider that a product without an element in its
composition may be contaminated (e.g., during many processes);

• When determining the composition of FSMPs for oncological patients, the supply of
the element in the full-day food ration should be considered.

The importance of element concentration and content in feeding oncology patients
with FSMPs is not overestimated. Some of the FSMP products do not have a specific
content of individual elements. In general, the legal regulations and recommendations on
the content of elements in FSMP require a systematic and up-to-date approach including
holistic and toxicological approaches to patients and the composition of PN nutrition
products. Cooperation with toxicology, dietetics, medical doctors, manufacturers, and
other medical personnel should be undertaken to establish uniform and unambiguous
recommendations on foods for particular nutritional uses. Labelling foods for particular
nutritional uses should be a simple and intuitive way for patients and medical staff. Across
the community of cancer specialists, audit changes in the FSMP manufacturing practice are
needed to ensure the safe and complete feeding of cancer patients through FSMPs.
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cancer; CRP—C-reactive protein; DRV—dietary reference values; DRV—dietary reference values;
EAR—estimated average requirement; EDI—estimated daily intake; EFSA—European Food Safety
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Authority; ESA—erythropoiesis stimulating agents; ESPEN—European Society for Clinical Nutrition
and Metabolism; FAC—ferric ammonium citrate; FID—functional iron deficiency; FPN—ferroprotein;
FPN—ferroprotein; FSMP—food for special medical purposes; IFL—chemotherapy regimen for cer-
tain cancers, consisting of simultaneous treatment of irinotecan, leucorine (folic acid) and fluorouracil;
PMTDI—provisional maximum tolerable daily intake; PN—parenteral nutrition; PRI—primary rate
interface; PSA—prostate-specific antigen; RDA—recommended dietary allowances; RDI—reference
daily intake; TM—tetrathiomolybdate; UL—tolerable upper intake level; WD—Wilson’s disease.
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163. Sukiennicki, G.; Muszyńska, M.; Jaworska-Bieniek, K.; Kaczmarek, K.; Marciniak, W.; Lener, M.; Durda, K.; Gromowski, T.;
Huzarski, T.; Byrski, T.; et al. Iron as Diagnostic Marker of Cancer. Hered. Cancer Clin. Pract. 2015, 13, A5. [CrossRef]

164. Iron: Reference Range, Interpretation, Collection and Panels. Available online: https://emedicine.medscape.com/article/208570
4-overview (accessed on 1 December 2022).

165. Wen, C.P.; Lee, J.H.; Tai, Y.-P.; Wen, C.; Wu, S.B.; Tsai, M.K.; Hsieh, D.P.H.; Chiang, H.-C.; Hsiung, C.A.; Hsu, C.Y.; et al. High
Serum Iron Is Associated with Increased Cancer Risk. Cancer Res. 2014, 74, 6589–6597. [CrossRef] [PubMed]

166. Naoum, F.A. Iron Deficiency in Cancer Patients. Rev. Bras. Hematol Hemoter 2016, 38, 325–330. [CrossRef]
167. Toblli, J.E.; Angerosa, M. Optimizing Iron Delivery in the Management of Anemia: Patient Considerations and the Role of Ferric

Carboxymaltose. Drug Des. Dev. Ther. 2014, 8, 2475–2491. [CrossRef] [PubMed]
168. Ludwig, H.; Van Belle, S.; Barrett-Lee, P.; Birgegård, G.; Bokemeyer, C.; Gascón, P.; Kosmidis, P.; Krzakowski, M.; Nortier, J.;

Olmi, P.; et al. The European Cancer Anaemia Survey (ECAS): A Large, Multinational, Prospective Survey Defining the Prevalence,
Incidence, and Treatment of Anaemia in Cancer Patients. Eur. J. Cancer 2004, 40, 2293–2306. [CrossRef]

169. Crawford, J.; Cella, D.; Cleeland, C.S.; Cremieux, P.-Y.; Demetri, G.D.; Sarokhan, B.J.; Slavin, M.B.; Glaspy, J.A. Relationship
between Changes in Hemoglobin Level and Quality of Life during Chemotherapy in Anemic Cancer Patients Receiving Epoetin
Alfa Therapy. Cancer 2002, 95, 888–895. [CrossRef] [PubMed]

170. Iron | Eat For Health. Available online: https://www.eatforhealth.gov.au/nutrient-reference-values/nutrients/iron (accessed
on 1 December 2022).

171. Iron | The Nutrition Source | Harvard T.H. Chan School of Public Health. Available online: https://www.hsph.harvard.edu/
nutritionsource/iron/ (accessed on 1 December 2022).

http://doi.org/10.1183/09031936.00102711
http://www.ncbi.nlm.nih.gov/pubmed/22034648
http://doi.org/10.1186/1475-2891-3-19
http://doi.org/10.1002/pros.22573
http://www.ncbi.nlm.nih.gov/pubmed/22887343
https://ods.od.nih.gov/factsheets/Selenium-HealthProfessional/
https://www.hsph.harvard.edu/nutritionsource/selenium/
https://www.hsph.harvard.edu/nutritionsource/selenium/
https://www.nutricia.co.uk/hcp/pim-products/nutrison-soya.html
http://doi.org/10.1146/annurev-nutr-082117-051732
http://doi.org/10.2903/j.efsa.2015.4254
http://doi.org/10.3945/ajcn.2010.28674F
http://doi.org/10.1016/j.hoc.2014.04.005
http://www.ncbi.nlm.nih.gov/pubmed/25064707
http://doi.org/10.1038/onc.2017.11
http://doi.org/10.1016/j.ccell.2015.09.002
http://www.ncbi.nlm.nih.gov/pubmed/26461092
http://doi.org/10.1038/nrc3495
http://www.ncbi.nlm.nih.gov/pubmed/23594855
http://doi.org/10.1126/science.283.5402.676
http://doi.org/10.1007/s00411-018-0754-5
http://doi.org/10.1007/s00508-015-0842-3
http://doi.org/10.1016/j.hoc.2019.01.006
http://doi.org/10.3389/fonc.2021.778492
http://doi.org/10.7150/jca.20866
http://doi.org/10.1111/ijlh.12592
http://doi.org/10.1186/1897-4287-13-S2-A5
https://emedicine.medscape.com/article/2085704-overview
https://emedicine.medscape.com/article/2085704-overview
http://doi.org/10.1158/0008-5472.CAN-14-0360
http://www.ncbi.nlm.nih.gov/pubmed/25228650
http://doi.org/10.1016/j.bjhh.2016.05.009
http://doi.org/10.2147/DDDT.S55499
http://www.ncbi.nlm.nih.gov/pubmed/25525337
http://doi.org/10.1016/j.ejca.2004.06.019
http://doi.org/10.1002/cncr.10763
http://www.ncbi.nlm.nih.gov/pubmed/12209734
https://www.eatforhealth.gov.au/nutrient-reference-values/nutrients/iron
https://www.hsph.harvard.edu/nutritionsource/iron/
https://www.hsph.harvard.edu/nutritionsource/iron/


Nutrients 2023, 15, 1012 23 of 24

172. Schrijvers, D.; De Samblanx, H.; Roila, F.; ESMO Guidelines Working Group. Erythropoiesis-Stimulating Agents in the Treatment
of Anaemia in Cancer Patients: ESMO Clinical Practice Guidelines for Use. Ann. Oncol 2010, 21 (Suppl. 5), v244–v247. [CrossRef]
[PubMed]

173. Rizzo, J.D.; Brouwers, M.; Hurley, P.; Seidenfeld, J.; Somerfield, M.R.; Temin, S. American Society of Clinical Oncology/American
Society of Hematology Clinical Practice Guideline Update on the Use of Epoetin and Darbepoetin in Adult Patients with Cancer.
J. Oncol. Pract. 2010, 6, 317–320. [CrossRef] [PubMed]

174. Blaauw, R.; Osland, E.; Sriram, K.; Ali, A.; Allard, J.P.; Ball, P.; Chan, L.-N.; Jurewitsch, B.; Logan Coughlin, K.;
Manzanares, W.; et al. Parenteral Provision of Micronutrients to Adult Patients: An Expert Consensus Paper. J. Parenter. Enter.
Nutr. 2019, 43, S5–S23. [CrossRef]

175. Forbes, A. Iron and Parenteral Nutrition. Gastroenterology 2009, 137, S47–S54. [CrossRef] [PubMed]
176. Aschner, M.; Erikson, K.M.; Dorman, D.C. Manganese Dosimetry: Species Differences and Implications for Neurotoxicity. Crit.

Rev. Toxicol. 2005, 35, 1–32. [CrossRef] [PubMed]
177. Erikson, K.M.; Dorman, D.C.; Lash, L.H.; Aschner, M. Manganese Inhalation by Rhesus Monkeys Is Associated with Brain

Regional Changes in Biomarkers of Neurotoxicity. Toxicol. Sci. 2007, 97, 459–466. [CrossRef] [PubMed]
178. Aschner, M.; Erikson, K. Manganese. Adv. Nutr. 2017, 8, 520–521. [CrossRef]
179. Aschner, J.L.; Aschner, M. Nutritional Aspects of Manganese Homeostasis. Mol. Asp. Med. 2005, 26, 353–362. [CrossRef]
180. Horning, K.J.; Caito, S.W.; Tipps, K.G.; Bowman, A.B.; Aschner, M. Manganese Is Essential for Neuronal Health. Annu. Rev. Nutr.

2015, 35, 71–108. [CrossRef]
181. Soldin, O.; Aschner, M. EFFECTS OF MANGANESE ON THYROID HORMONE HOMEOSTASIS. Neurotoxicology 2007, 28,

951–956. [CrossRef]
182. EFSA Panel on Dietetic Products, Nutrition and Allergies (NDA) Scientific Opinion on Dietary Reference Values for Manganese.

EFSA J. 2013, 11, 3419. [CrossRef]
183. Treiber, N.; Maity, P.; Singh, K.; Ferchiu, F.; Wlaschek, M.; Scharffetter-Kochanek, K. The Role of Manganese Superoxide Dismutase

in Skin Aging. Derm. -Endocrinol. 2012, 4, 232–235. [CrossRef]
184. Harischandra, D.S.; Ghaisas, S.; Zenitsky, G.; Jin, H.; Kanthasamy, A.; Anantharam, V.; Kanthasamy, A.G. Manganese-Induced

Neurotoxicity: New Insights into the Triad of Protein Misfolding, Mitochondrial Impairment, and Neuroinflammation. Front.
Neurosci. 2019, 13, 654. [CrossRef]

185. de Moura, T.C.; Afadlal, S.; Hazell, A.S. Potential for Stem Cell Treatment in Manganism. Neurochem. Int. 2018, 112, 134–145.
[CrossRef] [PubMed]

186. Reimund, J.-M.; Dietemann, J.-L.; Warter, J.-M.; Baumann, R.; Duclos, B. Factors Associated to Hypermanganesemia in Patients
Receiving Home Parenteral Nutrition. Clin. Nutr. 2000, 19, 343–348. [CrossRef] [PubMed]

187. Robbins, D.; Zhao, Y. Manganese Superoxide Dismutase in Cancer Prevention. Antioxidants Redox Signal. 2014, 20, 1628–1645.
[CrossRef]

188. Hou, L.; Tian, C.; Yan, Y.; Zhang, L.; Zhang, H.; Zhang, Z. Manganese-Based Nanoactivator Optimizes Cancer Immunotherapy
via Enhancing Innate Immunity. ACS Nano 2020, 14, 3927–3940. [CrossRef] [PubMed]

189. Lv, M.; Chen, M.; Zhang, R.; Zhang, W.; Wang, C.; Zhang, Y.; Wei, X.; Guan, Y.; Liu, J.; Feng, K.; et al. Manganese Is Critical
for Antitumor Immune Responses via CGAS-STING and Improves the Efficacy of Clinical Immunotherapy. Cell Res. 2020, 30,
966–979. [CrossRef] [PubMed]

190. Hollow Mesoporous Manganese Oxides: Application in Cancer Diagnosis and Therapy-PubMed. Available online: https:
//pubmed.ncbi.nlm.nih.gov/35043579/ (accessed on 5 December 2022).

191. Manganese-Based Multifunctional Nanoplatform for Dual-Modal Imaging and Synergistic Therapy of Breast Cancer-PubMed.
Available online: https://pubmed.ncbi.nlm.nih.gov/35038584/ (accessed on 5 December 2022).

192. O’Neal, S.L.; Zheng, W. Manganese Toxicity Upon Overexposure: A Decade in Review. Curr. Environ. Health Rep. 2015, 2, 315–328.
[CrossRef] [PubMed]

193. Manganese | ToxFAQsTM | ATSDR. Available online: https://wwwn.cdc.gov/TSP/ToxFAQs/ToxFAQsDetails.aspx?faqid=10
1&toxid=23 (accessed on 5 December 2022).

194. United States Environmental Protection Agency. Manganese CASRN 7439-96-5 | IRIS | US EPA, ORD. Available online:
https://iris.epa.gov/ChemicalLanding/&substance_nmbr=373 (accessed on 5 December 2022).

195. Manganese Blood Level-an Overview | ScienceDirect Topics. Available online: https://www.sciencedirect.com/topics/
biochemistry-genetics-and-molecular-biology/manganese-blood-level (accessed on 8 December 2022).

196. Choi, R.; Kim, M.-J.; Sohn, I.; Kim, S.; Kim, I.; Ryu, J.M.; Choi, H.J.; Kim, J.-M.; Lee, S.K.; Yu, J.; et al. Serum Trace Elements and
Their Associations with Breast Cancer Subgroups in Korean Breast Cancer Patients. Nutrients 2019, 11, 37. [CrossRef]

197. Milde, D.; Novák, O.; Stu ka, V.; Vyslou il, K.; Machá ek, J. Serum Levels of Selenium, Manganese, Copper, and Iron in Colorectal
Cancer Patients. Biol. Trace Elem. Res. 2001, 79, 107–114. [CrossRef]

198. Baker, B.; Ali, A.; Isenring, L. Recommendations for Manganese Supplementation to Adult Patients Receiving Long-Term Home
Parenteral Nutrition: An Analysis of the Supporting Evidence. Nutr. Clin. Pract. 2016, 31, 180–185. [CrossRef]

199. Takagi, Y.; Okada, A.; Sando, K.; Wasa, M.; Yoshida, H.; Hirabuki, N. Evaluation of Indexes of in Vivo Manganese Status and
the Optimal Intravenous Dose for Adult Patients Undergoing Home Parenteral Nutrition. Am. J. Clin. Nutr. 2002, 75, 112–118.
[CrossRef]

http://doi.org/10.1093/annonc/mdq202
http://www.ncbi.nlm.nih.gov/pubmed/20555090
http://doi.org/10.1200/JOP.2010.000132
http://www.ncbi.nlm.nih.gov/pubmed/21358963
http://doi.org/10.1002/jpen.1525
http://doi.org/10.1053/j.gastro.2009.08.013
http://www.ncbi.nlm.nih.gov/pubmed/19874949
http://doi.org/10.1080/10408440590905920
http://www.ncbi.nlm.nih.gov/pubmed/15742901
http://doi.org/10.1093/toxsci/kfm044
http://www.ncbi.nlm.nih.gov/pubmed/17347134
http://doi.org/10.3945/an.117.015305
http://doi.org/10.1016/j.mam.2005.07.003
http://doi.org/10.1146/annurev-nutr-071714-034419
http://doi.org/10.1016/j.neuro.2007.05.003
http://doi.org/10.2903/j.efsa.2013.3419
http://doi.org/10.4161/derm.21819
http://doi.org/10.3389/fnins.2019.00654
http://doi.org/10.1016/j.neuint.2017.10.005
http://www.ncbi.nlm.nih.gov/pubmed/29032009
http://doi.org/10.1054/clnu.2000.0120
http://www.ncbi.nlm.nih.gov/pubmed/11031073
http://doi.org/10.1089/ars.2013.5297
http://doi.org/10.1021/acsnano.9b06111
http://www.ncbi.nlm.nih.gov/pubmed/32298077
http://doi.org/10.1038/s41422-020-00395-4
http://www.ncbi.nlm.nih.gov/pubmed/32839553
https://pubmed.ncbi.nlm.nih.gov/35043579/
https://pubmed.ncbi.nlm.nih.gov/35043579/
https://pubmed.ncbi.nlm.nih.gov/35038584/
http://doi.org/10.1007/s40572-015-0056-x
http://www.ncbi.nlm.nih.gov/pubmed/26231508
https://wwwn.cdc.gov/TSP/ToxFAQs/ToxFAQsDetails.aspx?faqid=101&toxid=23
https://wwwn.cdc.gov/TSP/ToxFAQs/ToxFAQsDetails.aspx?faqid=101&toxid=23
https://iris.epa.gov/ChemicalLanding/&substance_nmbr=373
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/manganese-blood-level
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/manganese-blood-level
http://doi.org/10.3390/nu11010037
http://doi.org/10.1385/BTER:79:2:107
http://doi.org/10.1177/0884533615591600
http://doi.org/10.1093/ajcn/75.1.112


Nutrients 2023, 15, 1012 24 of 24

200. Boston, 677 Huntington Avenue; Ma 02115 +1495-1000 Manganese. Available online: https://www.hsph.harvard.edu/
nutritionsource/manganese/ (accessed on 8 December 2022).

201. Estimated Dietary Intake of Essential Elements from Four Selected Staple Foods in Najran City, Saudi Arabia | BMC Chemistry | Full
Text. Available online: https://bmcchem.biomedcentral.com/articles/10.1186/s13065-019-0588-5 (accessed on 8 December 2022).

202. Opinion of the French Food Safety Agency (Afssa) on the Assessment of the Vitamin and Mineral Content of Fortified Foods and
Food Supplements: Summary. Available online: https://www.anses.fr/en/content/opinion-french-food-safety-agency-afssa-
assessment-vitamin-and-mineral-content-fortified (accessed on 24 October 2022).

203. Safe Upper Levels for Vitamins and Minerals. Available online: http://www.stewartnutrition.co.uk/supplement_safety/safe_
upper_levels_for_vitamins_and_minerals.html (accessed on 24 October 2022).

204. Cowan, D.M.; Zheng, W.; Zou, Y.; Shi, X.; Chen, J.; Rosenthal, F.S.; Fan, Q. Manganese Exposure among Smelting Workers:
Relationship between Blood Manganese-Iron Ratio and Early Onset Neurobehavioral Alterations. Neurotoxicology 2009, 30,
1214–1222. [CrossRef] [PubMed]

205. Vanek, V.W.; Borum, P.; Buchman, A.; Fessler, T.A.; Howard, L.; Jeejeebhoy, K.; Kochevar, M.; Shenkin, A.; Valentine, C.J.;
Novel Nutrient Task Force, Parenteral Multi-Vitamin and Multi–Trace Element Working Group; et al. A.S.P.E.N. Position Paper:
Recommendations for Changes in Commercially Available Parenteral Multivitamin and Multi-Trace Element Products. Nutr.
Clin. Pract. 2012, 27, 440–491. [CrossRef] [PubMed]

206. Ma, X.; Yang, Y.; Li, H.-L.; Zheng, W.; Gao, J.; Zhang, W.; Yang, G.; Shu, X.-O.; Xiang, Y.-B. Dietary Trace Element Intake and Liver
Cancer Risk: Results from Two Population-Based Cohorts in China. Int. J. Cancer 2017, 140, 1050–1059. [CrossRef] [PubMed]

207. Resource 2.0-Features and Ingredients | Nestlé Health Science. Available online: https://www.nestlehealthscience.ca/en/
brands/resource/resource-2-0-hcp (accessed on 5 December 2022).

208. Manganese | The Nutrition Source. Available online: https://www.hsph.harvard.edu/nutritionsource/manganese/ (accessed
on 30 November 2022).

209. Mohamed, H.; Haris, P.I.; Brima, E.I. Estimated dietary intake of essential elements from four selected staple foods in Najran City,
Saudi Arabia. BMC Chemistry 2019, 13, 73. [CrossRef] [PubMed]

210. Manganese Fact Sheet for Health Professionals. Available online: https://ods.od.nih.gov/factsheets/ManganeseHealthProfessional/
(accessed on 30 November 2022).

211. Cefalu, W.T.; Stephens, J.M.; Ribnicky, D.M. Diabetes and Herbal (Botanical) Medicine. In Herbal Medicine: Biomolecular and Clinical
Aspects, 2nd ed.; Benzie, I.F.F., Wachtel-Galor, S., Eds.; CRC Press/Taylor & Francis: Boca Raton, FL, USA, 2011; Chapter 19.

212. Gandhi, D.; Rudrashetti, A.P.; Rajasekaran, S. The impact of environmental and occupational exposures of manganese on
pulmonary, hepatic, and renal functions. J. Appl. Toxicol. 2022, 42, 103–129. [CrossRef] [PubMed]

213. Avila, D.S.; Puntel, R.L.; Aschner, M. Manganese in health and disease. Interrelat. Essent. Met. Ions Hum. Dis. 2013, 13, 199–227.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://www.hsph.harvard.edu/nutritionsource/manganese/
https://www.hsph.harvard.edu/nutritionsource/manganese/
https://bmcchem.biomedcentral.com/articles/10.1186/s13065-019-0588-5
https://www.anses.fr/en/content/opinion-french-food-safety-agency-afssa-assessment-vitamin-and-mineral-content-fortified
https://www.anses.fr/en/content/opinion-french-food-safety-agency-afssa-assessment-vitamin-and-mineral-content-fortified
http://www.stewartnutrition.co.uk/supplement_safety/safe_upper_levels_for_vitamins_and_minerals.html
http://www.stewartnutrition.co.uk/supplement_safety/safe_upper_levels_for_vitamins_and_minerals.html
http://doi.org/10.1016/j.neuro.2009.02.005
http://www.ncbi.nlm.nih.gov/pubmed/19963104
http://doi.org/10.1177/0884533612446706
http://www.ncbi.nlm.nih.gov/pubmed/22730042
http://doi.org/10.1002/ijc.30522
http://www.ncbi.nlm.nih.gov/pubmed/27859272
https://www.nestlehealthscience.ca/en/brands/resource/resource-2-0-hcp
https://www.nestlehealthscience.ca/en/brands/resource/resource-2-0-hcp
https://www.hsph.harvard.edu/nutritionsource/manganese/
http://doi.org/10.1186/s13065-019-0588-5
http://www.ncbi.nlm.nih.gov/pubmed/31384820
https://ods.od.nih.gov/factsheets/ManganeseHealthProfessional/
http://doi.org/10.1002/jat.4214
http://www.ncbi.nlm.nih.gov/pubmed/34237170
http://doi.org/10.1007/978-94-007-7500-8_7

	Introduction 
	Materials and Methods 
	Search for Publications on the Content and Role of Essential Elements in FSMPs Dedicated to Cancer Patients 
	Keywords and Selection of Scientific Data 
	Classification and Presentation of the Results 
	Presentation of Results 

	Results 
	Zinc 
	Copper 
	Selenium 
	Iron 
	Manganese 

	Conclusions 
	References

