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ABSTRACT

Background & Aims: Nutritional support (NS) in patients with malignancies and malnutrition improves
outcome and treatment tolerance. The underlying mechanisms are not completely understood. We aimed
to investigate for the first time the influence of an early individualized NS in newly diagnosed patients with
gastrointestinal/hepato-pancreatic malignancies and malnutrition on DNA damage, oxidative stress and
subclinical inflammation.

Methods: This prospective case-control study included 43 patients with newly diagnosed malignancies and
malnutrition. At baseline (F0), we documented patients’ data, oncological diagnosis, comorbidities, alcohol/
nicotine consume. Nutritional parameters, DNA damage [histone-variant H2AX phosphorylated on the
139-serine residue (y-H2AX) foci/cell], oxidative status, subclinical inflammation were measured. During
diagnostic workup, patients received an individualized N, and got a follow-up before the start of treatment
(F1), (n=21). Healthy controls (n=21) were included for comparison of DNA damage at baseline.

Results: y-H2AX-values at baseline were higher than in controls (p<0.001) and higher than after the NS
at F1 (p=0.011). Patients with severe gastrointestinal symptoms (SGS) had higher baseline foci compared
to patients with mild gastrointestinal symptoms (MGS) at FO (p<0.001) and showed a stronger decrease of
DNA damage under NS (p=0.002). Laboratory data were stable, with tendential reduction in oxidative stress,
without progression of subclinical inflammation. The number of y-H2AX foci did not differ among patients
divided by sex, age, nicotine or alcohol intake or the presence of distant metastases.

Conclusion: Increased baseline DNA damage in patients with newly diagnosed tumors and malnutrition
decreased under pretherapeutic NS, independent of other known genotoxic factors. This contributes towards
understanding the positive effects of early NS in cancer management.

Key words: DNA damage - malignancy — malnutrition - oxidative stress - nutritional support.

Abbreviations: ATM: ataxia-teleangiectasia; BMI: body mass index; DSB: double strand break; ESPEN:
European Society for Clinical Nutrition and Metabolism; FO: baseline; F1: follow-up before the start of
treatment; GPX: glutathione peroxidase; hsCRP: high sensitive C reactive protein; MGS: mild gastrointestinal
symptoms; MN: malnutrition; NRS: nutritional risk score; NS: nutritional support; PAI-1: plasminogen
activator inhibitor 1; PBLC: peripheral blood lymphoid cells; ROS: reactive oxygen species; SGS: severe
gastrointestinal symptoms; SOD: superoxid-dismutase; TAC: total antioxidant capacity; TPN: total parenteral
nutrition; y-H2AX: histone-variant H2AX, phosphorylated on the 139-serine residue.

INTRODUCTION nutritional intervention, aiming to stop the weight loss, to
preserve the treatment tolerance, to reduce the adverse effects
of therapy and to improve the quality of life [1]. Surgery of the
gastrointestinal tract should be postponed for some weeks
until nutritional stabilization in patients at high nutritional
risk, presenting either with a weight loss >10-15% in the last
six months, a body mass index (BMI) <18.5 kg/m? or a serum
albumin <30 g/dl, without hepatic or renal dysfunction [2].
Malignancies and their treatment lead to severe

physiological and biochemical alterations. Malignancy-

Patients with gastrointestinal
malignancies are at an increased
risk for malnutrition (MN). The
improvement of the nutritional
status by sufficient intake of
energy and nutrients, adapted to
the individual patients’ needs, is
a central task of guideline-based
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associated MN often progresses to tumor cachexia, with
complex interactions between proinflammatory cytokines
and oxidative stress. An early, individualized nutritional
intervention with counselling and oral, enteral or parenteral
supplementary or complete caloric provision is established as
an obligate step in the surgical, radiative or chemotherapeutical
therapy of patients with malignancies and has been shown to
improve functional status, survival and quality of life [3].
Glutamin, n-3 fatty acids and pro-/prebiotics modulated the
gastrointestinal toxicity under chemotherapy [4]. An effective
preoperative nutritional support (NS) with standard or
immune-enhancing enteral solutions significantly increased
the total antioxidative capacity in patients with gastrointestinal
malignancies and MN [5]. A postoperative total parenteral
nutrition (TPN) reduced oxidative stress in patients with
intestinal and pancreatic tumors and MN [6]. On the other
hand, MN was associated with increased mortality and poor
tolerance to palliative chemotherapy in older patients with
colorectal carcinomas [7].

The mechanisms by which nutritional intervention
improves treatment tolerance, quality of life, reduces surgery-
associated complications and improves survival are not totally
explained by the increase in body weight and muscle mass
and are up to now poorly investigated and not completely
understood.

Malnutrition and nutritional intervention could
influence DNA damage and repair. Increased reactive
oxygen species (ROS)-status could contribute to DNA
damage in healthy tissues. DNA damage is expressed by
double strand breaks (DSBs), which are cytotoxic and can
lead to chromosomal aberrations [8]. Double strand breaks
lead to an early activation of phosphatidylinositol 3-kinase
(PI3K)-like proteinkinase ataxia-telangiectasia-mutated
(ATM) protein [9]. An important target protein of ATM
is the histone-variant H2AX, which is phosphorylated
on the 139-serine residue (y-H2AX) following DSBs and
represents a specific marker for DNA damaging exposure
[10]. The immunofluorescence-based method for visualizing
y-H2AX-foci in lymphocytes from peripheral blood is a
highly sensitive method for the detection and quantification
of DSBs, which are increased in tumor tissues, chronic
inflammatory diseases, ischemia-reperfusion-processes or
following radiation [8, 11-14].

Recent data point out to a relation between DSBs and
malignancy progression in bladder, breast and colon cancer
[15-18]. Beside these findings, chronic hypoxemia, heart
failure, smoking and alcohol consumption are further factors
to increase DSBs [19-21].

There are few literature data, suggesting a reduction in
DNA damage and increase of antioxidant capacity by iron
supplementation, fruit juice and carotenoid-rich vegetables
consumption, but no data analyzing the impact of nutritional
intervention on these parameters in patients with newly
diagnosed malignancies [22-24].

Therefore, we aimed to investigate for the first time the
influence of an early individualized nutritional intervention
in newly diagnosed patients with gastrointestinal cancer
and MN on DNA damage, oxidative stress and subclinical
inflammation.
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METHODS

This was a monocentric prospective case-control study. We
screened for MN 70 patients with gastrointestinal and hepato-
pancreatic tumors, referred to the Medical Clinic and Polyclinic
or the Clinic for General, Visceral and Transplantation
Surgery of the University Medical Center Mainz, Germany.
All included patients and controls provided written informed
consent. The study was conducted according to the ethical
guidelines of the Declaration of Helsinki and was approved by
the Ethics Committee of the Rhineland-Palatinate. Inclusion
criteria were: newly diagnosed malignancy without previous
treatment, age >18 years, MN, willingness to participate in
the study. Malnutrition was defined, according to the ESPEN
diagnostic criteria, as a weight loss of more than 10% (indefinite
of time) or more than 5% over the last three months and a
BMI <20 kg/m? or <22 kg/m? in patients under or above the
age of 70, respectively [25]. Exclusion criteria were: psychiatric
comorbidity, recurrent cancer, history of treatment for another
cancer in the past five years, unstable condition, immune
deficiency disorders (e.g. HIV positive) and patients who
had commenced treatment for the gastrointestinal tumor
in another center. All included patients provided written
informed consent.

As a control group for comparison of DNA damage, we
included 21 healthy volunteers from the University Medical
Center Mainz, matched with the patients with respect to age,
gender, nicotine and alcohol consumption. They provided also
written informed consent for anonymized documentation of
their data: age, gender, height (cm), weight (kg), BMI (kg/m?),
nicotine and alcohol consumption and for the collection of 5
ml EDTA-blood.

Patients were screened for malnutrition by our Nutritional
Team using the Nutritional Risk Score (NRS) questionnaire.
This is an appropriate tool to screen and identify patients at
increased risk for MN, assessing the dynamics of unintended
weight loss and comorbidities [26]. Patients with NRS values
>3 were considered at risk for MN, received a detailed
nutritional anamnesis and were subjected to an individualized
nutritional counselling. This time point was the baseline (F0)
evaluation for the patients meeting the criteria for MN (F0).
During the 3-4 weeks required for diagnostic workup with
histological diagnosis and appropriate staging and up to the
start of treatment (F1) (surgery or neoadjuvant chemotherapy
or radiation), patients received a caloric supplementation up
to the optimum of 25-30 kcal/kg body weight, according to
their individual needs and current guidelines, by fully balanced
oral NS and/or parenteral nutrition [27]. After these 3-4 weeks
and 1-3 days before treatment start, patients with MN were
reevaluated (F1).

At FO we documented for each patient with MN: age,
gender, height (cm), weight (kg; measured in the morning,
with light clothes and without shoes, recorded to the nearest
0.1 kg), BMI (kg/m?, Seca 702 Hamburg/Germany), medical
history, physical examination, oncological diagnosis (tumor
dignity, localization), comorbidities (diabetes mellitus,
coronary heart disease, metabolic syndrome), nicotine intake
(continued in the present, defined as pack-years), alcohol
consumption (continued in the present, defined as > 30g/day in
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men and >20g/day in women), family history for malignancies.
Underweight was defined as BMI < 20 or 22 kg/m” in patients
younger and older than 70 years, respectively, as proposed by
the European Society for Clinical Nutrition and Metabolism
(ESPEN) [25].

The following measurements were performed from
peripheral venous blood at the time points FO and F1: a) routine
measurements for the nutritional and metabolic evaluation; b)
measurement of DNA damage; ¢) measurement of oxidative
stress and of subclinical inflammation.

The routine measurements for the nutritional and metabolic
evaluation included total proteins, albumin, prealbumin, blood
count, iron, ferritin, transferrin, transferrin saturation, vitamin
B12, folic acid, zinc, selenium, 25-hydroxy-vitamin D.

The measurement of DNA damage by immunofluorescence
out of peripheral blood lymphoid cells (PBLC) quantified
the y-H2AX (foci/cell) in the Institute for Toxicology of the
University Medical Center Mainz, Germany [10, 28-30].
In short, the fresh EDTA venous blood samples were first
incubated at 37°C for 1 h in the dark. 20 pl blood of every
sample was dropped on a microscope slide and was dispersed,
helped by a second microscope slide, across the whole slide
length, to make a blood smear. After 10 min drying, the
blood smears were fixed with 0.5 ml of 4% paraformaldehyde
solution for 15 min at RT and then permeabilized with 1.5
ml ice-cold methanol:aceton solution (7:3) for 10 min at
-20°C. One previously prepared blood smear (the positive
control), containing irradiated blood (2 Gy), fixed with 4%
paraformaldehyde as described before and stored in methanol
at -20°C, was added to the blood smears of the patients. After
the rehydration of all blood smear slides by washing them three
times in PBS, the slides were incubated with 150 pl of blocking
solution (PBS + 0.25% Triton-X100 + 10% NGS) for 1 h at RT
(dark and humid atmosphere). After a new wash in PBS, the
slides were placed in 6-well plates and treated with 80 pl of the
first antibody solution (anti-yH2AX, Millipore, diluted 1:1000
in PBS/0.25% TritonX-100) and then placed overnight by 4°C.
Next day the slides were washed 2 times in PBS, 1 time in PBS
»high salt” and again 1 time in PBS, and then incubated with
80 pl of the second antibody solution (Alexa488 goat anti-
mouse, Millipore, diluted 1: 500 in PBS + 0.25% TritonX) for
1 h at RT. After another four wash steps (as described above),
one drop Vectashield mounting medium with DAPI, Vector,
was dropped on every slide. They were then covered with
coverslips and sealed with nail polish. The evaluation was
carried out automatically using a Metafer microscope with
Metafer4 Software (MetaSystems, Carl Zeiss, Jena), for about
500 cells per slide and per sample. The statistical evaluation
of the foci gained by Metafer occurred semi-automatically
(Image]/Fiji Software).

Measurement of oxidative stress included total antioxidant
capacity (TAC) (colorimetric method, EDTA-plasma, PerOx
TOS/TOCKkit from Immundiagnostik, Ref KC5100, Germany),
superoxid-dismutase (SOD) and glutathionperoxidase
(GPX) from washed erythrocytes (colorimetric, RANSOD
and RANSEL assays from Randox, United Kingdom.
The measurements of subclinical inflammation included
interleukin 6 (IL6) in serum (Cobas Elecsys 411 IL-6 kit,
Roche Diagnostics, Germany), plasminogen activator inhibitor

1 (PAI-1) from citrate-plasma (TECHNOZYM® PAI-1
Antigen ELISA kit, Technoclone, Austria), high sensitive C
reactive protein (hsCRP) (CRP Vario, Abbott Laboratories,
Wiesbaden, Germany) in the Institute for Clinical Chemistry
and Laboratory Medicine of the University Medical Center
Mainz, Germany.

Further documented data at F1 were: weight (kg), BMI (kg/
m?), physical examination, completion of oncological diagnosis
(staging, histology).

Quantitative variables were expressed as means and
standard deviations if they followed a normal distribution
or as medians and quartiles otherwise. The distribution of
continuous variables was assessed with the Shapiro Wilk test and
quantile-quantile plots. If the data were normally distributed,
we analyzed the equality of variances with the Levene’s test and
compared the independent samples using the unpaired t-test.
Otherwise, the nonparametric Mann-Whitney U test was used.
For comparisons of matched, dependent groups of continuous
data, the paired t-test was used for data following the normal
distribution; otherwise, the Wilcoxon signed-rank test was
used. The Spearman correlation coefficient was employed to
measure the relationships between the y-H2AX (foci/cell) and
clinical parameters, as well as laboratory data relevant for MN,
oxidative stress and subclinical inflammation. The p values <
0.05 were considered statistically significant. However, because
this was a pilot study, the analyses were explorative and have
to be interpreted as such. Statistical evaluation was performed
with the statistical package IBM SPSS 23.0 for Windows.

RESULTS

From 70 patients with newly diagnosed gastrointestinal
tumors, screened for MN with the NRS, 52 patients had an
NRS > 3 (74%). From the 52 patients, 43 fulfilled the diagnostic
criteria for MN and were included in the study at baseline [25].
Only 21 patients of these could be evaluated at F1, due to the
following reasons: 10 patients decided to start the treatment
in their hometown and 12 patients accepted the nutritional
counselling and support but refused the second blood
measurement. The characteristics of patients and controls are
given in Table I.

y-H2AX (foci/cell) were identified using immunofluorescence
microscopy in PBLCs and are shown as examples, as captured
by the Metafer microscopy system, in Fig. 1A. y-H2AX (foci/
cell) [FO total, all patients; median 0.35 (0.15-0.77)] were at
baseline significantly higher than in controls [median 0.13
(0.06-0.22); p<0.001)] and significantly higher than after the
individualized nutritional intervention at F1 [median 0.15 (0.09-
0.32); p=0.011]. Furthermore, the comparison of matched FO
values [in patients who received the follow-up measurement;
n=21; median 0.36 (0.21-0.52)] with F1 values, showed also a
significant decrease under NS (p=0.013). F1 values dropped to
levels comparable to controls (Fig. 1B). The individual values of
y-H2AX (foci/cell) at FO (n=21, matched with F1), at F1 and in
controls are depicted in Fig. 1C. All patients presented weight
loss >5% in the last three months or >10% in an indefinite time.
All of them complained about inappetence, which was defined
as a mild gastrointestinal symptom (MGS). If patients also
complained about repetitive nausea and vomiting, they were
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Table I. Characteristics of patients and controls

Patients FO Patients F1 ~ p (FO/F1) Controls p (Fo/

n=43 n=21 n=21 controls)

Age (years) 64.7 £10.7 63.52 £ 12.6 0.61 62.55 +12.77 0.43
Gender male, n 29 15 0.74 12 0.56
BMI (kg/m?) 195+ 1.5 19.8 +1.4 0.77 204 +3.2 0.55
Weight loss* 43 21
SGS ** 23 12 1.00
Malignancies, n

Oesophageal 18 9

Gastric 9 5

Pancreatic 11 4

Hepatocellular 5 3
Metastasis 25 11 0.79
Malignancies in family history 10 4 0.76 3 0.40
Comorbidities, n

Coronary artery disease 3

Diabetes mellitus type 2 4
Smoking 27 12 0.78
Alcohol consumption 12 5 0.73
Nutritional risk score 3.55+0.69
Triceps thickness (cm) 8.0(6.0-13.5) 9.5(7.8-14.7) 0.82
Oral NS 15 6 0.255
Parenteral NS 23 12 0.782
Oral and parenteral NS 5 3 0.762

FO: baseline; F1: follow-up before the start of treatment; * weight loss: >5% over the last three months or
>10% in an indefinite time; **SGS: severe upper gastrointestinal symptoms: appetite loss, nausea, vomiting;
NS nutritional support.
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Fig. 1. Levels of y-H2AX foci/cell in patients at FO (at baseline), F1 (after nutritional intervention)
and in healthy controls. A: y-H2AX foci/cell in patients at FO, F1 and controls. Foci were determined
using immunofluorescence microscopy (Metafer microscopy system) in PBLCs (n=500 cells/sample).
The images are examples of representative cells containing foci. B: y-H2AX foci/cell at baseline in all
patients (FO total, n=43, foci/cell=0.35 (0.15-0.77)), at baseline in all patients which received follow-up
(FO matched, n=21, foci/cell=0.36 (0.21-0.52)), at follow-up (F1, n=21, foci/cell=0.15 (0.09-0.32)) and
in controls (measured at baseline, n=21, foci/cell=0.13 (0.06-0.22)). Foci/cell are given as medians
and interquartile ranges. Non-parametric tests for two independent samples (Mann-Whitney-U-
test) were performed for intergroup comparisons and p-values <0.05 were considered significant. C:
Individual values of the y-H2AX foci/cell in patients at FO (n=21, matched), at F1 and in controls.
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classified as suffering from severe gastrointestinal symptoms
(SGS). Patients with SGS had higher median baseline foci
values compared to patients with MGS at FO [0.65 (0.46-1.34)
vs. 0.15 (0.10-0.23), p<0.001] and only tendentially higher
values at F1 [0.16 (0.15-0.60) vs. 0.09 (0.07 - 0.18), p=0.09].
All patients with SGS had individual y-H2AX (foci/cell) values
> 0.30 at baseline (n=23), while all patients in the MGS group
had values <0.30 (n=20) at this time point. Patients with SGS
had a stronger decrease of DNA damage under the short
individualized nutritional intervention compared to those with
MGS [0.32 (0.11-0.44) vs. 0.06 (0.01-0.14), p=0.002], as shown
in Fig 2. y-H2AX (foci/cell) did not correlate with BMI at any
time point. y-H2AX (foci/cell) were not higher in patients with
NRS scores > 3 (n=19) compared to those with scores =3 (n=24)
(p=0.831) and there was no correlation between the foci number
and NRS-values (data not shown).

25 - p<0.001
[ —
2.0 -
1.5 4
o
p=0.09
1.0 1 p=0.002
| p—
o e B
- ==
-0.5 4
SGS MGS SGS MGS SGS MGS
n=23 n=20 n=12 n=9 n=12 n=9
FO (n=43) F1 (n=21) delta F (n=21)

Fig. 2. y-H2AX foci/cell in patients with severe upper
gastrointestinal symptoms (inappetence and nausea/
vomiting, SGS), compared to patients with mild
gastrointestinal symptoms (inappetence only, MGS) at FO
[0.65 (0.46-1.34) vs. 0.15 (0.10-0.23), p<0.001]; F1[0.16
(0.15-0.60) vs. 0.09 (0.07-0.18), p=0.09] and comparison
of the change in foci/cell between FO and F1 (deltaF),
[0.32 (0.11-0.44) vs. 0.06 (0.01-0.14, p=0.002].

Laboratory data which are relevant for the nutritional
status, as well as parameters of oxidative stress and subclinical
inflammation, are given at FO and F1 in Table II. We remark a
stable situation of the nutritional parameters, without decrease
of total proteins, albumin or prealbumin, iron parameters,
vitamins, zinc or selenium during the short nutritional
intervention, as well as a tendency towards a reduction of
oxidative stress, as shown by the increase in TAC (p=0.05).
Subclinical inflammation did not progress during this short
time. There was no correlation between y-H2AX (foci/cell)
and each laboratory parameter mentioned in Table II, neither
at FO, nor at F1.

The number of y-H2AX (foci/cell) was not significantly
different among patients divided by gender, age, nicotine or
alcohol consume or by the presence of distant metastases
(Table III). The observed effect of decrease in foci number/
cell remained significantly relevant in male patients, smokers,
patients without alcohol consumption and without metastases.

Since the number of patients in confounder-defined subgroups
was too small to perform a multivariable analysis, we chose
the subgroup comparisons, as shown above.

DISCUSSION

It is known that patients with gastrointestinal tumors are
at high risk for malnutrition. We found a high nutritional risk,
expressed as NRS-score 23 in 74% of the screened patients.
Of these, 82% fulfilled the criteria for malnutrition (43/52),
according to the ESPEN criteria, corresponding to 61% of the
initial group [25]. Eghdam Zamiri et al. [31] found critical
PG-SGA questionnaire scores >9 in 72.8% of patients with
gastrointestinal tumors before the start of chemotherapy; poor
nutritional status correlated with increased mortality. Grace et
al. [32] reported that 61% of patients with oesophago-gastric
cancer planned for radical treatment were moderately to
severely malnourished. The combination of malignancy and
malnutrition was associated with poor therapy tolerance and
a 2.7 increased hazard ratio for mortality [7, 33].

We found increased DNA damage, measured as y-H2AX
foci in PBLCs, in patients with gastrointestinal tumors at first
diagnosis and malnutrition, compared to healthy controls (Fig.
1B). Previous data pointed out to increased ratios of y-H2AX
levels in ionized radiation treated peripheral lymphocytes
to that of non-treated cells in patients with bladder cancer
compared to controls, irrespective of age, sex and smoking
status [16]. The y-H2AX assay of in vitro irradiated cells
revealed significant differences between patients with breast
cancer and the control group with respect to post-radiation
DNA damage [17]. Furthermore, nimotuzumab, a humanized
IgG1 monoclonal antibody specifically targeting epidermal
growth factor receptor, enhanced the radiosensitivity of lung
and breast cancer cells in vitro by increasing the y-H2AX
foci and reducing DNA repair, thus favouring apoptosis [34].
In a recent study, Zhao et al. [35] described higher ratios
of radiation-induced y-H2AX to the baseline in untreated
patients with colorectal cancer compared to healthy controls,
without interactions with known risk factors as age, gender,
BMI or smoking status. Kvaerner et al. [36] investigated also
in colorectal cancer patients whether the chemotherapy-
induced genotoxicity is associated with malnutrition and found
higher levels of DNA damage in blood cells of 24 patients on
chemotherapy than in the remaining 20 patients without and
in moderately malnourished patients than in those with good
nutritional status.

Our analysis went beyond these reports. We investigated
for the first time the changes in DNA damage, expressed as
y-H2AX (foci/cell), in patients with gastrointestinal tumors
and MN at diagnosis, under an early individualized NS,
during the weeks of diagnostic work-up and before the start of
treatment. The short time frame was chosen because the start of
any treatment (surgery, chemotherapy or radiation) would alter
DNA damage and would not allow an unbiassed comparison
of DNA damage between baseline and follow-up. Nevertheless,
we found a significant reduction in y-H2AX (foci/cell) from
F0 to F1, when the foci values became comparable to controls.
Patients with a high symptom burden had higher foci values
at baseline than those suffering only from inappetence and the
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Table II. Relevant laboratory data for the nutritional status, oxidative stress and subclinical inflammation are
given at baseline (F1) and at follow-up before the start of treatment (F1)

FO F1 P
Routine laboratory parameters
Total proteins (64-83 g/dl) 70.38 £ 8.09 70.00 (65.00-73.00) 0.576
Albumin (35-50 g/dl) 32.00 (28.00-36.50) 32.00 (27.25-34.75) 0.545
Prealbumin (0,2-0,4 g/dl) 0.17 £ 0.09 0.18 £ 0.08 0.797
Leucocytes (3.5-10 /nl) 7.87 (6.55-11.50) 7.74 (5.88-12.30) 0.712
Lymphocytes (16-45 %) 19.84 +£9.96 17.88 +6.73 0.430
Iron (50-170 g/dl) 62.00 (42.50-95.25) 54.00 (44.50-78.00) 0.462
Ferritin (20-275 ng/ml) 258.00 (113.75-608.75) 183.00 (91.25-642.00) 0.528
Transferrin (1.8-3.8 g/1) 2.08 (1.81-2.40) 2.25+0.63 0.524
Transferrin saturation (16-45 %) 22.40 (15.18-29.30) 21.11 +£ 10.06 0.339
Vitamin B12 (190-880 pg/ml) 468.00 (352.50-968.00) 479.00 (300.00-679.00) 0.604
Folic acid (>3.1 ng/ml) 5.55(3.80-8.48) 6.30 (3.80-7.80) 0.752
Zinc (60-120 pg/dl) 65.40 £ 16.94 64.37 £10.41 0.808
Selenium (74-139 ug/l) 63.22 £ 15.46 67.54 +£17.84 0.375
25-hydroxy-vitamin D (30-80 ng/ml) 17.62 £ 12.50 19.14 + 12.72 0.660
Parameters for oxidative stress
TAC (<200 pmol/l) 547.00 (130.00-844.00) 797.76 £ 548.99 0.056
SOD (1102-1601 U/g Hb) 6711.13£1670.66 5977.97+£1356.38 0.154
Parameters of subclinical inflammation
hsCRP (N<5 mg/l) 13.00 (2.40-36.00) 13.80 (2.52-49.40) 0.824
IL-6 (N=1-7 pg/ml) 13.00 (5.00-37.00) 14.00 (4.00-22.00) 0.422
PAI-1 (N=1-7 U/ml) 10.93 (2.85-34.44) 6.01 (3.04-31.26) 0.762

TAC: total antioxidant capacity; SOD: superoxid-dismutase; hsCRS: high sensitive C reactive protein; IL-6:

interleukin 6; PAI-1: plasminogen activator inhibitor 1.

foci reduction was stronger in this patient subgroup. Higher
symptom burden was associated with poorer nutritional status
at baseline, after 3 and 12 months in patients with oesophago-
gastric cancer [32]. However, there are neither literature data
regarding the influence of NS on DNA damage, nor reports on
the relationship of this parameter with clinical data.

Weight, BMI, laboratory parameters with relevance to the
nutritional status and the subclinical inflammation remained
stable during the short nutritional intervention, while TAC

tendentially increased. Greater occurrence of death was
observed in patients with a high SGA score, low serum albumin
and increased CRP, while a positive correlation between weight
loss percentage and serum CRP levels was reported [37]. There
is evidence showing increased oxidative stress in tumors and
multiple links between ROS and carcinogenesis. Excessive
production of reactive oxygen/nitrogen species may lead to
consequent alteration in the intracellular homeostasis and
cause damage to all important cellular components when the

Table III. The number of y-H2AX foci/cell, according to gender, age, nicotine / alcohol
consumption and the presence of distant metastases at baseline (F0) and at follow-up before

the start of treatment (F1)

Gender
Men (n=29)
Women (n=14)

Age
<70 years (n=25)
>70 years (n=18)

Smoker status
Non-smokers (n=16)
Smokers (n=27)

Alcohol consumption
No (n=31, <20g/day/6 months)
Yes (n=12, >20g/day/6 months)

Distant metastases
No (n=18)
Yes (n=25)

0.29 (0.13-0.53)
0.55 (0.19-1.06)

0.44 (0.15-0.89)
0.24 (0.15-0.69)

0.45 (0.12-0.81)
0.29 (0.16-0.61)

0.32 (0.15-0.65)
0.50 (0.15-1.21)

0.27 (0.14-0.58)

FO F1 p
0.13 (0.07-0.17) 0.036
0.3120.21 0.160
0.16 (0.11-0.56) 0.133
0.11 (0.08-0.22) 0.105
0.16 (0.09-0.35) 0.126
0.15 (0.09-0.40) 0.034
0.14 (0.09-0.25) 0.010
0.16 (0.11-0.91) 0.493
0.16 (0.07-0.29) 0.041
0.15 (0.10-0.46) 0.160

0.44 (0.16-0.92)

Values are given as mean and standard deviation if they were normally distributed and as

median and quartiles otherwise.
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excess of oxidants is not balanced by antioxidant defense due
to inadequate or excessive nutrient supply and/or DNA repair
mechanisms. Chronic oxidative stress can drive carcinogenesis
by triggering DNA mutations, damage, and pro-oncogenic
signaling, altering expression of cancer-related genes and
causing mutation and transformation [38, 39].

Several foods and consumption patterns have been
associated with various cancers and approximately 30-35%
of the cancer cases are correlated with overnutrition or
malnutrition. Oxidative stress can be induced by overnutrition
and obesity or by malnutrition and depends in part on nutrient
quantity and quality. A human intervention study in 23 healthy,
nonsmoking young men has shown that the nutritional
enrichment with carotenoid containing vegetables such as
tomatoes, spinach and carrots resulted in a significant decrease
of strand breaks in lymphocyte DNA, while the oxidative base
damage was also significantly reduced. This study suggested for
the first time a protective effect of carotenoids against cancer
via a decrease in oxidative stress and DNA damage in humans
[24]. A further study showed a correlation between decreased
mean corpuscular volume and primary DNA damage in
healthy young subjects with insufficient iron intake from a low
socioeconomic community [22].

In the light of these data, our finding of DNA damage
decrease, even after a short individualized nutritional
intervention, might be interpreted as an effect of metabolic
stabilization after optimal caloric support, enriched with the
necessary vitamins and minerals, pleading once more for the
importance of fighting MN in cancer patients.

Beyond malignancy, there are several risk factors known
to increase DNA damage, such as age, nicotine or alcohol
consumption. Overproduction of ROS led to an increased DNA
fragmentation and, consequently, to apoptosis in monocytes
from normocholesterolemic old mice, which was aggravated
in age-matched atherosclerotic mice [40]. Zhang et al. [41]
showed that all toxicants contained in cigarettes were genotoxic
in a dose- or time-dependent manner based on the in vitro
yH2AX HCS assay, and acrolein had the strongest potential
to induce DNA damage. Alcohol exposure induced elevated
yH2AX, downregulated DSB repair pathway proteins, and
increased apoptotic factors in hippocampal cells of rats [21].
Laengle et al. [42] showed that yH2AX is a negative prognostic
marker for recurrent free and overall survival in patients
with colorectal liver metastases; it correlated inversely with
immunogenic cell death and the associated T cell infiltrate.
In view of these data, we analyzed the impact of possible
influencing factors in our patients’ group and found no relevant
differences in yH2AX (foci/cell) according to gender, age,
nicotine or alcohol consumption or by the presence of distant
metastases. Male patients, smokers, patients without alcohol
intake and without metastases showed a significant decrease
in yH2AX (foci/cell) under the nutritional intervention.

A limitation of our study was that we could not realize
a longer follow-up of DNA damage under nutritional
intervention, since this would have been altered under
confounders, represented by any treatment modality. This was
a pilot monocentric study with a limited number of patients, a
heterogeneous population of gastrointestinal and liver tumors
and an explorative character.

CONCLUSIONS

The strength and novelty of our study was to analyze
DNA damage, oxidative stress and subclinical inflammation
in dynamics, in the combined setting of gastrointestinal
malignancy at diagnosis and malnutrition, at baseline and
after a short pretherapeutic individualized NS. We found
at baseline increased yH2AX (foci/cell), which decreased
after NS at values comparable to healthy controls. Patients
with a strong gastrointestinal symptom burden had higher
DNA damage but also showed a greater reduction in yH2AX
(foci/cell) under caloric support. Clinical and nutritional
laboratory parameters remained stable, while the oxidative
stress tendentially decreased. The DNA damage reduction
was not dependent on influencing known genotoxic factors
such as gender, age, nicotine or alcohol intake or the presence
of metastases. Further studies, including larger patient
numbers in a multicentric setting, are required to verify these
observations.
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