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Abstract: Background: Lung cancer (LC) patients are prone to suffer from malnutrition.
Malnutrition negatively affects patients’ response to therapy, increases the incidence of
treatment-related side effects, and decreases survival. Early identification of LC patients
who are malnourished or at risk of malnutrition can promote recovery and improve prog-
nosis. Objective: This study aimed to assess the risk and nutritional status of lung cancer
patients who are hospitalised, as well as to evaluate the impact of nutritional intervention
on the risk of malnutrition. Methods: From January 2022 to December 2023, 53 LC patients
hospitalised in a pulmonology department had their nutritional risk (initial and final) and
nutritional status (initial) assessed. All were selected for nutritional intervention. Nutrition
counselling was the first intervention option, along with dietary changes with/without
oral nutritional supplements. Results: At the time of hospitalisation, 90.6% of the patients
were at nutritional risk, 45.3% were classified as moderately malnourished, and 35.8% were
classified as severely underweight. After the hospitalisation, 73.6% were at nutritional
risk at the time of discharge, suggesting a statistically significant decrease in the number
of patients with nutritional risk. Conclusions: Most LC patients hospitalised presented
an altered nutritional status. Our study suggests that a nutritional intervention must be
implemented to reduce malnutrition risk, which may impact prognosis. The comprehen-
sive nutritional problems experienced by LC patients require nutritional assessment and
improved individually tailored nutritional support.

Keywords: nutrition assessment; nutrition therapy; lung cancer

1. Introduction

Lung cancer (LC) is the most commonly diagnosed cancer worldwide (12.4% of the
total cases), followed by cancers of the female breast (11.6%), colorectum (9.6%), prostate

Nutrients 2025, 17, 6 https://doi.org/10.3390/nu17010006
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(7.3%), and stomach (4.9%). LC is also the leading cause of cancer death (18.7% of the total
cancer deaths, over 1.8 million deaths worldwide) [1]. The disease is the leading cause of
cancer death among men. The disease is second among women for both incidence and
mortality, with male-to-female ratios for lung cancer incidence and mortality approximately
2:1. However, these ratios differ significantly by region, ranging from nearly equal in North
America and Northern Europe to four-to-five-times higher in Northern Africa and Eastern
Europe [1]. In Europe, LC is the leading cause of cancer mortality among men in all
countries except Sweden and among women in 13 countries (one-third of the European
nations). The disease has a more significant impact on men than on women, with a male-to-
female incidence ratio varying from 3 to 10 [2]. Prostate (21%), colorectal (20%), and lung
(12%) cancers are the most common cancers in men in Portugal, while in women breast
cancer is the cancer with the highest incidence (28%), followed by colorectal cancer (16%)
and LC (6%) [2]. LC is the leading cause of cancer mortality among men in Portugal and
the third leading cause among women [2].

Depending on the disease stage and treatment modality, patients with LC are prone
to malnutrition. Malnutrition negatively affects patients’ response to therapy, increases
the incidence of treatment-related side effects, and can contribute to a survival decrease.
Malnutrition is a comorbidity frequently found in neoplastic patients, but it remains
often underestimated and thus undertreated [3]. Early identification of patients who are
malnourished or at risk of malnutrition can promote recovery and improve prognosis. In
addition, early nutritional intervention is cost-effective, as it reduces complication rates and
length of hospitalisation [4]. Malnutrition in people with LC is highly prevalent (35–70%)
depending on the treatment type, stage of disease, and assessment method [4,5]. LC is one
of the most common cancers worldwide; however, although malnutrition is frequent in LC
patients, this aspect is underestimated and thus undertreated [6]. Malnutrition screening is
the starting point for high-quality nutrition care. The systematic nutritional risk assessment
in Portugal is mandatory for every hospital inpatient using the Nutritional Risk Screening
2002 [7,8].

Nutritional intervention is mandatory as an adjuvant to any treatment, as it improves
nutritional parameters, body composition, symptoms, quality of life, and, ultimately,
survival [3,8]. Risk factors for malnutrition have been described, such as nutritional
deficiencies resulting from the disease per se, such as anorexia and nausea, and others
resulting from therapeutic procedures during or before hospitalisation. Precipitating
and/or aggravating causes of malnutrition during hospitalisation can be considered in
situations such as the use of serums, prolonged fasting, skipping meals for tests, lack
of control over intake, failure to record weight and its evolution, and delays in starting
nutritional support [4,9].

Malnutrition changes the immunological, cardiovascular, respiratory, and gastrointestinal
systems. These changes result in complications such as deterioration in physical and mental
capacity, increased susceptibility to infections, and delayed wound healing, with the inherent
risk of an increased length of hospital stay and morbidity and mortality [4,10–12]. Nutritional
status is a significant clinical and prognostic indicator in evaluating lung cancer treatment.
Malnutrition is linked to a poorer outcome in terms of overall survival, time to tumour
progression, and quality of life in patients undergoing treatment for lung cancer [13].

All individuals previously identified as being at nutritional risk during screening
should have their nutritional status assessed. This assessment is part of this comprehensive
study, and good-quality care is given to hospitalised patients [10–12]. The purpose of evalu-
ating nutritional status is to detect malnourished patients and their degree of malnutrition,
identify patients who need nutritional support, program an appropriate dietary plan, and
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assess the effectiveness of the nutritional support provided as part of the hospital treatment
interventions [11,14].

It has been shown that the prevention and early treatment of malnutrition improves
the quality of care in both clinical and economic terms. All strategies should be used to
improve the nutritional status of hospitalised patients [12,15]. Several studies concluded
that introducing nutritional support for malnourished patients significantly reduces hospi-
talisation time. Even though there are costs associated with the nutritional backing, these
are offset by savings in hospitalisation time [3,15–17].

Insufficient food intake increases the prevalence and severity of malnutrition, with a
concomitant increase in its complications. Therefore, all hospitalised patients must have
a personalised nutritional care plan [8,9]. Dietary approaches, with a view to immediate
nutritional intervention appropriate to the clinical situation, can take various forms, such
as an oral diet enriched with nutritionally dense foods, diet changes (texture changes,
inclusion of small intermediate meals), or even artificial oral feeding, enteral nutrition, or
parenteral nutrition [16]. Dietary counselling should also be implemented as one of the
first measures, and the patient should be involved in the nutritional care plan [11,14].

Many LC inpatients depend on hospital food, so it should be considered an integral
part of individualised treatment, not just hospital routine. This means that assessing
hospital food intake plays a vital role during hospitalisation. A patient with an adequate
dietary intake will have a lower nutritional risk. ‘Healthy’ diets low in fats and sugars
may be necessary for patients with coronary pathology or obesity, but most patients
need diets fortified with energy and nutrients. Some actions should be implemented to
change this scenario: food availability for intermediate meals and supplements can be used
but should never be a substitute for regular food [17,18]. Once nutritional support has
been implemented, monitoring is essential to assess its effectiveness and allow eventual
corrections according to the patient’s needs. Different interventions may be necessary
during hospitalisation. Monitoring should include food intake, nutritional intervention
tolerance, weight change, changes in laboratory parameters, etc. [8,12,18–21].

We aimed to assess the risk and nutritional status of hospitalised LC patients and
evaluate the impact of nutritional intervention on the risk of malnutrition.

2. Materials and Methods

2.1. Type of Study

A prospective observational study was conducted in patients hospitalised with LC
or lung metastasis, who were offered nutritional evaluation and support. This study was
conducted in the Centro Hospitalar de Leiria between January 2022 and December 2023.
Only patients with LC as a primary tumour or patients with lung metastasis (another
primary tumour) were selected for this study. The exclusion criteria include patients with
less than 18 years of age and patients with pulmonary nodules or consolidation that were
not attributable to cancer.

The oncology treatment was intended to be provided according to national and
international guidelines.

2.2. Data Collection

All the subjects were interviewed by the same two leading investigators responsible
for this study. The collected data included a detailed clinical history and subjective and ob-
jective examinations. Biometric parameters were also collected to facilitate the Nutritional
Risk Screening 2002 (NRS2002) calculation, at both admission and discharge, to evalu-
ate nutritional risk. Nutritional status was assessed according to the Global Leadership
Initiative on Malnutrition (GLIM) criteria [22–24].
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Anthropometric measurements were taken according to the service’s standard procedure:
Patients were weighed on the same scale (Seca 664 electronic wheelchair scale(Seca,

CA, USA) under the same conditions. When it was not possible to weigh the patient, the
weight reported by the patient or their family member or estimated by those responsible
for this study was used (using the formula of Chumeal et al. (1988) [25]).

At the end of hospitalisation, the patients were weighed again, and the difference
in weight compared to that recorded at the beginning of hospitalisation was calculated
(except for patients who died). The height value reported by the patients or their relatives
was used.

Data on food intake were collected from the patient’s medical file. Food intake was
assessed and recorded by the nursing team as a percentage of intake (0%, 25%, 50%, 75%,
or 100%) in accordance with the service’s usual procedure.

2.3. Statistical Analysis

Concerning data collection, the anonymisation was ensured. Patient characteristics
were presented as the mean with standard deviation (±SD) regarding age and frequency
(%) for gender and clinical characteristics of the cancer.

Continuous variables were assessed using t-tests when the normality of distribution
was verified; otherwise, Mann–Whitney U tests were applied for non-normally distributed
data. Categorical variables were evaluated using chi-square tests. A p-value ≤ 0.05 was
considered the threshold for statistical significance. Statistical analyses were performed by
using the Statistical Package for Social Sciences (SPSS) version 23 (IBM Corp., Armonk, NY,
USA) on a Windows 11 platform.

2.4. Ethical Approval

This study was approved by the institutional Pulmonology and Nutritional Depart-
ments, Ethics Commission (nº 62/CECHL/2023), and the Administration Council of the
Centro Hospitalar de Leiria at 9 August 2023, where this study was conducted.

This study respects the principles of the Declaration of Helsinki, ensuring maximum
protection and confidentiality of the data obtained by the participants.

3. Results

3.1. Cohort Characterisation

This cohort included all patients hospitalised with LC between 2022 and 2023 and
referred to nutritional evaluation. A total of 53 patients were included in our study for
analysis, primarily males (38; 71.7%) and females (5; 28.3%) with a mean age of 64 ± 13
(Table 1). Most patients presented with an Eastern Cooperative Oncology Group (ECOG)
Score of 1 (47.2%) (Table 2).

Table 1. Subject characterisation.

Variables Results n (%)

Total of patients 53 (100)
Male patients 38 (71.7)

Age, mean years (SD) 64 (13)
Minimal age 39
Maximal age 89

Abbreviations: SD—standard deviation.
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Table 2. Clinical characteristics of cancer.

Variables Results n (%)

ECOG Score, n (%)
0 0 (0)
1 25 (47.2)
2 2 (3.8)
3 18 (34)
4 8 (15.1)

Types of lung cancer, n (%)
Adenocarcinoma 32 (60.4)

Squamous-cell carcinoma 8 (15.1)
Small-cell carcinoma 5 (9.4)

Undetermined/unknown 4 (7.5)
Metastasis 3 (5.7)

Large-cell carcinoma 1 (1.9)
Cancer stage, n (%)

I 1 (1.9)
II 2 (1.9)
III 4 (7.5)
IV 45 (84.9)

Undetermined/unknown 2 (3.8)
Abbreviations: ECOG—Eastern Cooperative Oncology Group.

3.2. Types of Lung Cancer

Lung adenocarcinoma was the most common cancer: it was diagnosed in 32 patients
(60.34%). Most patients (45; 84.9%) presented with cancer in an advanced stage (stage IV).

3.3. Hospitalisation

Patients were hospitalised due to multiple reasons; however, the most common reason
was pneumonia (18; 34%), followed by cancer progression (6; 11.3%) and uncontrolled
pain (n = 5; 9.4%). The mean hospitalisation was 16 ± 9 days, with a minimum of 2 and a
maximum of 40 days.

3.4. Nutritional Assessment

Relevant nutritional symptoms were assessed, and the most significant symptom was
anorexia, which was observed in 43 (81.1%) patients (Table 3). Other symptoms included
obstipation and xerostomia. Three patients had no symptoms reported.

Table 3. Nutritional symptoms and characterisation of the nutritional status.

Variables
Results (t0)

n (%)
Results (t1)

n (%)
p-Value

Major nutritional symptoms
Anorexia 43 (81.1)

Dysphagia 4 (7.5)
Other symptoms 3 (5.7)

No symptoms 3 (5.7)
NRS score, n (%)

0 2 (3.8) 1 (1.9)
1 0 (0) 1 (1.9)
2 3 (5.7) 12 (22.6)
3 26 (49.1) 21 (39.6)
4 17 (32.1) 15 (28.3)

5
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Table 3. Cont.

Variables
Results (t0)

n (%)
Results (t1)

n (%)
p-Value

5 4 (7.5) 2 (3.8)
6 1 (1.9) 1 (1.9)
7 0 (0) 0 (0)

Nutritional risk (NRS ≥ 3), n (%) 48 (90.6) 39 (73.6) 0.006
GLIM criteria, n (%)

Nutritional risk 10 (18.9)
Moderate malnutrition 24 (45.3)

Severe malnutrition 19 (35.8)
Abbreviations: t0—at hospitalisation; t1—at discharge; NRS—Nutrition Risk Screening; GLIM—Global Leadership
Initiative on Malnutrition.

Forty-eight patients (90.6%) were at nutritional risk at hospitalisation, defined by an
NRS score ≥3. According to the GLIM criteria, 24 (45.3%) and 19 (35.8%) patients had
moderate and severe malnutrition, respectively.

At the time of discharge, after the nutritional intervention, there was a statistically
significant decrease in the number of patients with nutritional risk (p = 0.006), with a change
in the NRS score to <3.

3.5. Nutritional Intervention

All patients had a nutritional assessment, and the level of support and interventions
was adjusted individually according to the nutritional risk/status.

Nutritional interventions included dietary counselling, changes in hospital diet (tex-
ture modification, salt addition, fibre addition), food supplements (such as yoghurts), and
oral nutritional supplements.

For this analysis, patients were divided into two groups for direct comparison: patients
with an NRS score improvement (group 1) and patients without improvement (group 2).
The results are presented in Table 4.

Table 4. Characteristics of patients with Nutrition Risk Screening improvement.

Variables
Group 1

n (%)
Group 2

n (%)
p-Value

Total of patients 17 (100) 36 (100)
Male patients 11 (64.7) 27 (75)

0.520Female patients 6 (35.3) 9 (25)
Age, median years (IQR) 61 (19) 66 (19) 0.153

Days of hospitalisation, median days (IQR) 12 (10) 15 (3) 0.335
ECOG, median (IQR) 2 (3) 3 (2) 0.556
Stage IV cancer, n (%) 17 (100) 28 (77.8) 0.044

NRS score t0, median (IQR) 3 (1) 3 (1) 0.438
Severe malnutrition, n (%) 3 (17.6) 16 (44.4) 0.058

Nutritional intake, median %, (IQR) 75 (25) 50 (25) 0.040
Artificial nutrition, n (%) 10 (58.8) 16 (44.4) 0.328

Abbreviations: IQR—interquartile range.

Both groups had male patient prevalence, with no significant age (p = 0.153) or ECOG
differences (p = 0.556). At the time of hospitalisation, there was no significant difference
among initial NRS scores (p = 0.556).

Patients with stage IV cancer were associated with severe malnutrition (p = 0.019).
However, they had significantly improved NRS scores (p = 0.044).

Patients with a higher nutritional intake also had improved NRS scores (p = 0.04).
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A total of 26 patients (49.1%) were treated with artificial nutritional support, but no
significant impact was observed in the NRS scores (p = 0.328).

4. Discussion

This study aimed to assess the risk and nutritional status of LC patients who are
hospitalised, as well as to evaluate the impact of nutritional intervention on the risk of
malnutrition. Most patients were conscious, collaborative, and autonomous, which is
considered an added value for data collection, as it allowed for obtaining data more reliably
and was also a facilitating element with regard to nutritional intervention.

From the analysis of the characteristics of the studied sample, it is worth mentioning
that the majority of patients included in this sample are male, 38 (71.7%), which agrees
with most studies on this type of cancer [1,2].

LC patients present a high frequency of malnutrition at the time of hospitalisation; the
proportion of patients at nutritional risk at the beginning of hospitalisation found in this
study aligns with what is reported in the literature for oncology patients [4,5].

All available literature emphasises that investments in nutritional support yield eco-
nomic returns and improvements in the patient’s quality of life [3,4,6,10]. The NRS2002
was used as a form of screening, as it is easy to use, quick to apply, and validated for the
population focused on in this study (inpatient hospital) [6,7,12].

Nutritional status was only classified at the beginning of hospitalisation due to hospital
service logistics. The literature supports using the GLIM in diagnosing malnutrition and
predicting survival among LC patients [22–24].

According to the literature, insufficient food intake increases the prevalence and
severity of malnutrition, with a concomitant increase in the associated complications, which
is why every hospitalised patient should have a nutritional care plan that identifies their
individual dietary needs and the corresponding treatment plan. Personalised nutritional
interventions are key in helping to manage potential side effects of illness and treatments,
such as anorexia and dysphagia. These data show that nutritional intervention for all
patients has beneficial effects associated with reducing patients’ nutritional risk [3,13,15,16].

Nutritional interventions can help patients maintain body weight by increasing food
intake and by providing education on dietary strategies such as meals and snacks. Small,
frequent meals and snacks can be helpful if appetite or intake is poor [9,15–17].

The significant positive aspect of this study is the reinforcement and validation of the
multiple benefits a personalised nutritional intervention has to patients with LC, despite
being hospitalised and in an advanced stage of the disease, by literature reports [13,15,20].

The length of stay did not influence the results of the NRS2002, which is why nutri-
tional intervention must be considered regardless of the length of stay, and ideally from the
beginning of hospitalisation [4,8,18,19].

To limit possible bias and inter-observer variation, all the data were collected by the
same principal two investigators responsible for this study, and patients were selected from
the same hospital department.

The selected cohort represents a specific group of patients hospitalised with LC.
Therefore, it must fully describe the benefits of nutritional evaluation and support to
patients with LC or others.

The nature of this research, which is not an experimental study, is a limitation. How-
ever, the randomisation of two groups, providing nutritional support to one group and
none to the other, to better conclude the benefits of this intervention would certainly impose
serious ethical issues. Other biases in this study were the variable length of hospitalisation,
causes of hospitalisation, and nutritional intervention. Also, multiple types and stages

7



Nutrients 2025, 17, 6

of cancer were included. Some patients were referred to nutritional support in the early
stages, but others were referred later in the course of the disease.

Although we have only measured the impact of nutritional intervention by changes
in nutritional risk, it is known that nutritional intervention in hospitalised lung cancer
patients can offer several advantages [13,14,21,26]:

1. Improvement of nutritional status: adequate nutrition can help correct nutritional
deficiencies common in cancer patients due to factors such as loss of appetite and side
effects of treatments.

2. Increase muscle strength: proper nutrition can help preserve muscle mass, which is
crucial for recovery and the patient’s functional capacity.

3. Improvement in treatment tolerance: an adequate nutritional state can enhance toler-
ance to treatments such as chemotherapy and radiotherapy, reducing side effects.

4. Support for the immune system: essential nutrients can strengthen the immune
system, helping the body to combat infections and other complications.

5. Quality of life: good nutrition can improve quality of life, alleviating symptoms such
as fatigue and weakness.

6. Reduction in complications: nutritional intervention can help prevent malnutrition-
related complications, such as infections and respiratory issues.

7. Individualisation of treatment: nutritional assessment allows for the personalisation
of diet, tailoring it to the patient’s specific needs while considering their clinical status
and preferences.

8. Psychological support: nutrition can positively impact mental health, helping to
enhance the patient’s emotional well-being.

These advantages highlight the importance of a multidisciplinary approach in treating
lung cancer patients, where nutrition plays a fundamental role in recovery and disease
management [4,6,16,27–29].

With the findings of this study, the authors intend to promote early nutritional interven-
tions in all hospitalised patients with lung cancer, even with advanced disease, and sensitise
all healthcare professionals to the relevance of this therapeutic approach [28–30]. More stud-
ies with larger populations are required to validate other benefits, such as mortality and
prognosis impact [4,6].

5. Conclusions

Most patients hospitalised with LC exhibit an altered nutritional status. Prompt nutri-
tional screening using the NRS-2002 is strongly advised. If there is a risk of malnutrition,
the patient should be swiftly referred to a clinical nutritionist for further assessment and
nutritional therapy. In our study, the personalised nutritional intervention reduced the
proportion of patients at nutritional risk, which is crucial for LC patients to mitigate the
adverse effects of malnutrition in this population. Furthermore, based on our daily clinical
experience, clinical nutritionists should be involved in tumour boards to provide nutri-
tional support to lung cancer patients when necessary. Nutritional intervention should
start with precise counselling and a personalised diet at the time of the diagnosis. How-
ever, more extensive studies are required to ascertain the prognostic impact of nutritional
interventions.
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Abstract: (1) Background: The role of selenium in cancer biology remains poorly understood. Our
aim was to study the course of selenium serum levels and the use of selenium supplements during
breast cancer therapy. (2) Methods: Serum selenium levels, clinical–pathological data, selenium
supplementation, and lifestyle factors were monitored quarterly over one year. (3) Results: A total of
110 non-metastatic breast cancer patients were enrolled in the prospective observational “BEGYN-1”
study. At baseline, 2.9% of patients were selenium-deficient (<50 ng/mL), 1.9% were overdosed
(>120 ng/mL), and 6.4% received substitution. The median selenium level was 81.5 ng/mL and
ranged between 78.7 and 84.5 ng/mL within the year. A total of 25.3% of the patients received
supplementation, resulting in significantly higher selenium levels (p < 0.05). A total of 8.7–28.6% of
the patients using supplements were overdosed. Selenium levels strongly correlated with mushroom
consumption (p = 0.003), but no association was found with therapy or clinical characteristics.
(4) Conclusions: Although selenium deficiency is rare, serum selenium levels should be assessed in
breast cancer patients. Mushrooms and nuts should be preferred over supplements to correct selenium
deficiency. Ruling out selenium deficiency helps prevent the risk of selenosis and avoid unnecessary,
costly supplementation in patients who are often financially burdened due to their disease.

Keywords: selenium; breast cancer; nutrition; complementary medicine; body composition;
antitumoral therapy

1. Introduction

Breast cancer is the most common cancer worldwide, with an estimated 2.3 million
cases in 2020, and is the leading cause of cancer-related death in women [1,2]. Research is
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underway to improve prevention, diagnosis, and treatment strategies. However, patients
themselves also wish to contribute to the success of treatment. Despite questionable benefits,
the use of dietary supplements by oncologic patients has increased in recent years because
many patients believe that taking micronutrients or vitamins could improve their health [3].
The prevalence of supplement use among oncologic patients varies considerably, with
estimates ranging from 30 to 90% in different studies. These patients often take supplements
or presumed immunoprotective micronutrients without their physician’s knowledge [3,4].
For instance, the SWOG 0221 study assessed the use of dietary supplements in 1467 breast
cancer patients before diagnosis and during treatment [5]. A total of 48.1% of the study
population were taking multivitamins prior to being diagnosed with breast cancer [5].
However, the efficacy or influence of multivitamins on oncological disease and treatment
is controversial [3,6,7]. Furthermore, many patients take supplements without knowing
whether they are deficient, resulting in the risk of overdosing. One micronutrient frequently
used in this context is selenium. Selenium is a ubiquitous, nutritionally essential trace
element in the human body. In the form of the amino acid selenocysteine, selenium
is a component of numerous enzymes and proteins [8]. It plays an important role in
protecting cells from oxidative stress and regulating cell growth and thyroid hormone
metabolism [8–12]. Compared to other organs, the thyroid gland has the highest selenium
content [12,13]. It is also thought to have an anti-inflammatory effect through its influence
on eicosanoid metabolism [14].

Humans obtain selenium almost exclusively from food, and adequate selenium intake
is possible through a balanced diet [8,15]. Protein-rich foods such as meat, fish, mushrooms,
eggs, nuts, and cereals are particularly rich in selenium [8,16]. Milk, cheese, vegetables, and
fruit also contain small amounts of selenium [8,16]. The amount of selenium in different
foods can vary widely [8]. Brazil nuts are one of the richest sources of selenium, containing
between 1 and 20 mg of selenium per kilogram [12,15]. Selenium is non-specifically
incorporated into body proteins in the form of selenomethionine, particularly in organs
with a high rate of protein synthesis, such as skeletal muscle, liver, or kidneys, where it is
stored. By converting selenomethionine to selenocysteine, selenium can be mobilized for
metabolic processes in the liver or kidneys [17].

The German Nutrition Society recommends a daily selenium intake of 60 μg for
women and 70 μg for men [18,19]. A daily selenium intake of 300–450 μg for adults
has been suggested by various institutions (Scientific Committee on Food, Expert Group
on Vitamins and Minerals, Food and Nutrition Board of the U.S. National Academy of
Sciences, Institute of Medicine) as a safe upper limit, at which no adverse effects should
occur [8,12,15,20].

Selenium deficiency may occur if less than 20 μg of selenium per day is consumed
over a prolonged period [8]. Toxic side effects can occur with a daily intake of 900 to
1200 μg [12,20,21]. Both persistent selenium deficiency and selenium overdose may be
associated with non-specific health complaints [12,20,22]. These include gastrointestinal
and muscular symptoms, fatigue, reduced performance, immune system, and thyroid
dysfunction [8,12,22]. Acute selenosis caused by the ingestion of several grams of selenium
can lead to heart failure, ventricular fibrillation, and death [15]. One common cause of
selenosis is accidental or deliberate overuse of dietary supplements [23].

It is crucial to emphasize that chronic exposure to high selenium doses, often due to
misformulated dietary supplements, can also result in selenium toxicity, selenosis symp-
toms, and adverse health effects [24,25].

It has been shown that chronic selenotoxicity can occur even at levels of selenium
intake previously considered harmless, thereby increasing the risk of chronic disease [24].
This calls into question the widespread use of selenium supplements [24].

The causality between selenium deficiency and various diseases, as well as the anti-
carcinogenic effect of selenium, have been discussed since the 1960s [26,27]. As a component
of many enzymes, Selenium is considered to be of great functional importance in the
human body. It is often used as a supportive measure in many diseases, including cancer,
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because it is thought to have a tumor-protective and anti-proliferative effect, contributing
to the inhibition of tumor growth and having an inhibitory effect on the development of
metastases and recurrence [28–30].

In Europe, including Germany, healthy people have mean selenium serum levels of
about 84 ng/mL (reference range 50–120 ng/mL [8]), whereas some studies observed lower
selenium serum concentrations below 70 ng/mL in cancer patients [3]. Lower selenium
levels have also been associated with poorer overall survival in breast cancer patients [31].

In strong contrast, a Cochrane review found that selenium supplementation had no
effect on reducing the overall risk of cancer or the risk of certain types of cancer [32]. There
was even evidence that selenium may increase the risk of high-grade prostate cancer, type
2 diabetes, and skin disorders [32]. A higher risk of breast cancer has also been found with
increased selenium exposure [32]. The German S3 guideline on complementary medicine
in oncology does not recommend selenium supplementation for breast cancer patients [7].
Further research has shown that the influence of selenoproteins changes both during the
carcinogenic process and in a tissue-specific manner [33]. During the initiation phase,
selenoproteins protect cells from oxidative DNA damage and thus appear to inhibit tumor
development, while in existing tumor cells, selenoproteins support their growth [33].

Rodemann et al. described in their in vitro experiments that selenium has a radio-
protective effect on healthy body cells but not on tumor cells [34]. Some studies observed
a decrease in serum selenium levels after radiotherapy in breast cancer [35]. Selenium
supplementation for chemoprevention reduced the risk of chromosome breaks in patients
with BRCA1 mutations to the level of unaffected patients, thus preventing the risk of
cancer [36].

It is also hypothesized that high selenium intake is associated with favorable body
composition. Dietary intake of selenium is approximately 30% lower in obese patients
than in normal-weight individuals. A dose-dependent inverse relationship has been found
between selenium intake and BMI or total body fat [37,38].

Existing data on the role of selenium in tumor patients, particularly those with breast
cancer, are contradictory [3,8,32]. Furthermore, the general occurrence of selenium de-
ficiency and overdosage is not exactly known, as selenium testing is not part of the
clinical routine [6,7]. In the present study, we aimed to analyze serum selenium lev-
els during oncological therapies (e.g., chemotherapy, radiotherapy, endocrine therapy,
HER2-targeted therapy) and how selenium supplementation, as well as lifestyle factors
and nutrition, contributed to these changes during the first year after diagnosis of non-
metastatic breast cancer.

2. Materials and Methods

2.1. Data Collection

From September 2019 to January 2022, the BEGYN-1 study prospectively observed
110 non-metastatic breast cancer patients at the Saarland University Medical Center. The
study received approval from the Ethical Committee of the Medical Association of Saarland
(study # 229/18, date of approval 6 November 2019). The study included female partic-
ipants aged 18 years or older who had invasive non-metastatic breast cancer, possessed
adequate German language skills to complete questionnaires and activity diaries, and had
sufficient technical skills or support to use a smartphone and fitness tracker. In addition,
all patients had to provide written informed consent. Patients were excluded if they had re-
ceived oncological treatment prior to baseline, had non-invasive disease (e.g., carcinoma in
situ), had a current history of other neoplasia, had a life expectancy of less than 12 months,
were unable to perform treadmill spiroergometry, or were pregnant or breastfeeding.

Serum selenium levels were measured using atomic absorption spectrometry at the
Medical Care Centre Laboratory Volkmann in Karlsruhe, Germany. Measurements were
conducted at the baseline visit, prior to the start of any pharmacological, radiological, or
surgical therapy, and subsequently every three months during the first year following the
initial diagnosis. At each visit, patients were asked about supplementation of vitamins or
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trace elements (including selenium). The supplementation and dosages of vitamins were
then documented (at 0, 3, 6, 9, and 12 months). Patients received selenium substitution
according to their test results.

Other laboratory values (including vitamin D serum levels, blood lipids, thyroid
hormones, T cell subpopulations, and plasma cytokines) were collected every three months
and analyzed in a routine clinical laboratory. At the quarterly visits, bioelectrical impedance
analysis was performed using the TANITA BC-601 scale TM (Tanita Europe BV, Stuttgart,
Germany). Moreover, patients underwent sprioergometry on a treadmill every three
months, and information on physical activity was obtained using a fitness tracker and an
activity diary. The results have previously been published [39].

Furthermore, information on clinicopathological data was retrieved from the hospital’s
digital documentation system (SAP, Walldorf, Germany). Nutritional data were obtained
through a questionnaire administered during the baseline visit. The data collection process
was previously described in detail in the BEGYN study protocol [40,41].

2.2. Statistics

Statistical analyses were performed using IBM® SPSS® (Statistical Package for the
Social Sciences) Statistics, version 27.0 (International Business Machines Corporation,
Armonk, NY, USA). Sample size calculation was previously presented in our published
study protocol [40,41]: A sample size of 110 produces a two-sided 95% confidence interval
with a distance from the mean to the limits that is equal to 2.835 when the estimated
standard deviation is 15.0. A sample size of 110 produces a two-sided 95% confidence
interval with a width equal to 0.187 when the sample proportion is 0.50.

Qualitative parameters are presented as absolute and percentage frequencies. All
variables were tested for normal distribution using Kolmogorov–Smirnov or Shapiro–Wilk
test. Some parameters were not normally distributed. Therefore, in the following, quantita-
tive parameters are uniformly expressed as median with minimum and maximum, and
non-parametric tests, i.e., Mann–Whitney U test or Kruskal–Wallis test, were uniformly
used for comparisons between two or more independent groups. Correlations were cal-
culated using Spearman’s correlation. To investigate the influence of substitution in more
detail, a univariate analysis with generalized estimating equations (GEE) was performed,
considering repeated measurements.

3. Results

At baseline, BEGYN-1 enrolled 110 patients who were assessed every 3 months for
one year (0 months = baseline, 3, 6, 9, and 12 months) after their breast cancer diagno-
sis. Nineteen patients withdrew from the study over the course of the year. Previously
published data on tumor stage are available [40,41]. The median age of the patients was
55 years (minimum 26, maximum 81). There was no significant correlation between sele-
nium level and age (r = −0.15; p = 0.13). Table 1 displays data on clinical characteristics,
including tumor entity, UICC/AJCC stage, grading, tumor biology, progesterone receptor
and estrogen receptor status, mutations, and menopause, and their association with serum
selenium levels.

Prior to treatment, 95.2% of patients had serum selenium levels within the normal
range, with a median of 81.5 ng/mL (44.4–123.2 ng/mL; Figures 1 and 2 and Table 2). Only
2.9% of patients suffered from a selenium deficiency of less than 50 ng/mL (minimum:
44.4 ng/mL), and 1.9% had an overdose of up to 123.2 ng/mL at baseline. Selenium
substitution was administered to 6.4% of patients. At all five measurement points, more
than 90% of patients had serum selenium levels within the recommended normal range of
50–120 ng/mL [8]. Selenium deficiency was most common three months after diagnosis,
affecting 7.1% of patients, with a median serum level of 78.7 ng/mL (41.9–139.3 ng/mL).
At 12 months, 24.7% of patients were receiving selenium supplementation, 4.4% had an
overdose, and only 2.2% had a deficiency. None of the patients experienced a deficiency
while on supplementation. Table 3 presents the amount of selenium substitution during
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the year (0 months = baseline, 3, 6, 9, and 12 months). Patients who received selenium
supplementation had significantly higher serum selenium levels than those who did not
(p < 0.05), with 1.9 to 4.4% of patients per measurement showing a selenium overdose
above 120 ng/mL. Substituting 1 μg of selenium per day increased selenium levels by
0.11 ng/mL (p < 0.001). This means that a patient who substituted 100 μg per day had an
average increase in serum selenium levels of 11 ng/mL over time.

Table 1. Median serum selenium levels by clinical characteristics.

Clinical
Characteristics

n %
Serum Selenium
Level (in ng/mL)

p-Value

Tumor entity
NST 91 82.7% 84.0 (44.4–123.2)

0.858Invasive lobular 12 10.9% 81.5 (52.0–108.7)
Others 1) 7 6.4% 83.9 (62.2–110.3)

UICC-/AJCC stage
I 46 41.8% 84.0 (44.4–123.2)

0.629II 56 50.9% 78.3 (52.0–120.8)
III 8 7.3% 82.4 (46.1–93.3)

Grading
G1 10 9.2% 83.8 (62.2–110.3)

0.506G2 56 51.4% 80.6 (44.4–116.9)
G3 43 39.4% 84.2 (52.0–123.2)

Tumor biology

Luminal A 48 43.6% 81.2 (44.4–110.3)

0.497
Luminal B 24 21.8% 79.6 (57.3–123.2)

HER2/neu-positive 27 24.5% 78.3 (46.1–116.9)
Triple-negative 11 10.0% 85.9 (54.9–102.2)

ER status
Positive 89 80.9% 81.5 (44.4–123.2)

0.811Negative 21 19.1% 81.1 (54.9–102.2)

PR status
Positive 72 65.5% 80.4 (44.4–123.2)

0.325Negative 38 34.5% 84.2 (54.9.1–116.9)

Mutations
No 30 71.4% 79.6 (44.4–114.6)

0.070 2)BRCA1/2 8 19.1% 89.0 (66.2–123.2)
CHECK/ATM 4 9.5% 69.6 (64.1–74.6)

Menopause No 33 30.0% 81.5 (52.0–120.8)
0.464Yes 77 70.0% 81.2 (44.4–123.2)

n = absolute number of patients. % = percentage of patients. Serum selenium levels are given as median with
minimum and maximum. For p-value, the Mann–Whitney U test was performed for two independent groups or
the Kruskal–Wallis test was performed for more than two independent groups with a significance level of p < 0.05.
1) Inflammatory, mucinous, tubular, metaplastic, mixed (NST, tubular). 2) CHECK/ATM was excluded from the
calculations due to the small group size (n = 4).

Figure 1. Serum selenium status throughout the year (0, 3, 6, 9, and 12 months), considering the
substitution of selenium.
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Figure 2. Serum selenium levels throughout the year (0, 3, 6, 9, and 12 months) considering the
substitution of selenium. Reference range in dotted lines (50–120 ng/mL).

Table 2. Median serum selenium levels throughout the year (0, 3, 6, 9, and 12 months), frequency of
substitution, and overdose with substitution.

Measurements
Serum Selenium

Level
in ng/mL

Frequency of
Substitution

Overdose with
Substitution

Baseline 81.5 (44.4–123.2) 7 of 110 (6.4%) 2 of 7 (28.6%)
After 3 months 78.7 (41.9–139.3) 17 of 101 (16.8%) 2 of 17 (11.8%)
After 6 months 84.5 (47.2–143.1) 23 of 96 (24.0%) 3 of 23 (13.0%)
After 9 months 82.4 (40.7–210.5) 17 of 90 (18.9%) 3 of 17 (17.6%)

After 12 months 84.3 (38.4–138.7) 23 of 91 (25.3%) 2 of 23 (8.7%)
Serum selenium levels are given as median with minimum and maximum.

Table 3. Dosage of selenium substitution throughout the year (0, 3, 6, 9, and 12 months).

Dosage
0 Months

n = 7/110 (6.4%)
3 Months n = 17/101

(16.8%)
6 Months n = 23/96

(24.0%)
9 Months n = 17/90

(18.9%)
12 Months n = 23/91

(25.3%)

100 μg/day 0 (0.0%) 3 (17.6%) 3 (13.0%) 2 (11.8%) 3 (13.0%)
200 μg/day 1 (14.3%) 2 (11.8%) 4 (17.4%) 3 (17.6%) 5 (21.7%)
300 μg/day 1 (14.3%) 1 (5.9%) 6 (26.1%) 4 (23.5%) 7 (30.4%)
50 μg/day 0 (0.0%) 2 (11.8%) 2 (8.7%) 0 (0.0%) 1 (4.3%)
30 μg/day 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (4.3%)

Variable, 100–300 μg/day 0 (0.0%) 1 (5.9%) 1 (4.3%) 1 (5.9%) 1 (4.3%)
35 μg/day

LaVita juice (1 tbsp) 0 (0.0%) 2 (11.8%) 2 (8.7%) 3 (17.6%) 4 (17.4%)

113 μg Sinekrin
(2 tablets) 1 (14.3%) 1 (5.9%) 1 (4.3%) 1 (5.9%) 2 (8.7%)

No information on exact dosage 4 (57.1%) 5 (29.4%) 6 (26.1%) 3 (17.6%) 1 (4.3%)

Regarding radiotherapy and chemotherapy, there was no significant association be-
tween selenium status and the number of days since the start or end of the respective
therapy (Figures 3–6). In the case of endocrine therapy, it was observed that selenium
levels decreased with the duration of the endocrine therapy in non-substituting patients.
However, this observation was not significant (Figure 7).
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Figure 3. Serum selenium levels in patients receiving radiotherapy. Reference range in dotted lines
(50–120 ng/mL). Spearman correlation was performed between serum selenium levels and number
of days since the start of radiotherapy with r = correlation coefficient and with a significance level of
p < 0.05.

Figure 4. Serum selenium levels after all patients finished radiotherapy. Reference range in dotted
lines (50–120 ng/mL). Spearman correlation was performed between serum selenium levels and
number of days since the end of radiotherapy with r = correlation coefficient and with a significance
level of p < 0.05.
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Figure 5. Serum selenium levels in patients receiving chemotherapy. Reference range in dotted lines
(50–120 ng/mL). Spearman correlation was performed between serum selenium levels and number
of days since the start of chemotherapy with r = correlation coefficient and with a significance level
of p < 0.05.

Figure 6. Serum selenium levels after chemotherapy. Reference range in dotted lines (50–120 ng/mL).
Spearman correlation was performed between serum selenium levels and number of days since the
end of chemotherapy with r = correlation coefficient and with a significance level of p < 0.05.
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Figure 7. Course of serum selenium levels in patients receiving endocrine therapy. Reference range
in dotted lines (50–120 ng/mL). Spearman correlation was performed between serum selenium levels
and the number of days since the start of endocrine therapy with r = correlation coefficient and with
a significance level of p < 0.05. * = p < 0.05.

Additionally, during the baseline visit, patients were questioned about their dietary
habits, as shown in Table 4. A significant positive correlation was found between selenium
levels and mushroom consumption (r = 0.324, p = 0.003). However, no significant correlation
was observed between selenium levels and the consumption of fish, eggs, milk products,
cheese, or butter.

Table 4. Dietary habits and selenium content in various food products.

Various Food Products
Dietary Intake

(in Days per Month)
Selenium Content

(in μg/kg)
Spearman

Correlation

Herring/trout/salmon 3.0 (0–12) 250–430 r = 0.044
p = 0.694

Mackerel/tuna 1.0 (0–8) 390–820 r = 0.132
p = 0.239

Eggs/margarine 12.0 (0–28) Eggs: 100–200
Margarine: no data available

r = 0.104
p = 0.355

Cream/gouda/butter 20.0 (0–28) No data available r = 0.003
p = 0.978

Whole milk/quark/yogurt 20.0 (0–28) 5–20 r = 0.156
p = 0.166

Chanterelles/champignons/
porcini mushrooms 3.0 (0–28) 10–1800 r = 0.324

p = 0.003

Beef/veal liver 0 (0–5) 20–200 r = 0.198
p = 0.077

Dietary intake is given as median with minimum and maximum. Spearman correlation was performed between
serum selenium levels and dietary intake of different foods with r = correlation coefficient and with a significance
level of p < 0.05. Patients with selenium substitution were excluded.

Table 5 displays the correlation between serum selenium levels and body composi-
tion measured by bioelectrical impedance analysis. No significant correlation was found
between selenium and body composition, including weight, BMI, body fat percentage,
visceral fat, muscle mass, and bone mass.
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Table 5. Spearman correlation between serum selenium level and body composition at different
points in time within one year after breast cancer diagnosis.

Body
Composition

Selenium
Level at
Baseline

Selenium
Level after
3 Months

Selenium
Level after
6 Months

Selenium
Level after
9 months

Selenium
Level after
12 Months

Weight r = −0.06
p = 0.52

r = 0.05
p = 0.63

r = 0.07
p = 0.49

r = 0.10
p = 0.35

r = 0.06
p = 0.61

Body Mass
Index

r = −0.12
p = 0.24

r = −0.01
p = 0.89

r = 0.11
p = 0.30

r = 0.12
p = 0.26

r = 0.07
p = 0.50

Muscle mass r = 0.04
p = 0.677

r = 0.04
p = 0.69

r = −0.01
p = 0.94

r = −0.08
p = 0.44

r = 0.06
p = 0.60

Body fat
percentage

r = −0.14
p = 0.16

r = 0.07
p = 0.52

r = 0.15
p = 0.16

r = 0.20
p = 0.06

r = 0.07
p = 0.54

Visceral fat r = −0.17
p = 0.08

r = −0.02
p = 0.84

r = 0.14
p = 0.18

r = 0.09
p = 0.40

r = 0.09
p = 0.41

Bone mass r = 0.05
p = 0.63

r = 0.05
p = 0.61

r = −0.02
p = 0.85

r = −0.09
p = 0.40

r = 0.02
p = 0.84

Spearman correlation was performed between serum selenium levels and body composition with r = correlation
coefficient and with a significance level of p < 0.05.

Additionally, Table 6 shows no significant association between selenium and thyroid
hormones (TSH, T3, and T4).

Table 6. Spearman correlation between serum selenium level and thyroid hormone levels at different
points in time within one year after breast cancer diagnosis.

Thyroid
Hormones

Selenium
Level at
Baseline

Selenium
Level after
3 Months

Selenium
Level after
6 Months

Selenium
Level after
9 Months

Selenium
Level after
12 Months

TSH r = −0.07
p = 0.51

r = −0.13
p = 0.26

r = −0.09
p = 0.43

r = 0.02
p = 0.88

r = 0.00
p = 0.98

T3 r = 0.11
p = 0.30

r = −0.14
p = 0.20

r = 0.05
p = 0.65

r = 0.11
p = 0.37

r = 0.01
p = 0.95

T4 r = 0.05
p = 0.67

r = 0.15
p = 0.17

r = 0.15
p = 0.20

r = −0.03
p = 0.82

r = −0.04
p = 0.77

Spearman correlation was performed between serum selenium levels and thyroid hormones with r = correlation
coefficient and with a significance level of p < 0.05.

4. Discussion

In the present study, the median serum selenium level of patients was 81.5 ng/mL.
The majority of patients (95.2%) had selenium levels within the recommended reference
range of 50 to 120 ng/mL [8]. In other observational and case–control studies in breast
cancer patients, a mean selenium level of 86.2 ng/mL [31] and 81.1 ng/mL [42] was
measured. Compared with the healthy European general population (84 ng/mL) [3]
and the German general population (70–80 ng/mL) [8], the level does not appear to be
substantially different [3]. Thus, our study does not support the hypothesis that the risk for
breast cancer would be associated with lower serum selenium levels.

At baseline, 6.4% of patients were using selenium supplements. During the first
year, this percentage increased remarkably to 25.3%. This increase may be attributed to
recommendations from physicians, friends, or relatives [43], as well as increased advertis-
ing by the pharmaceutical industry regarding the importance of taking selenium after a
cancer diagnosis.

Most patients without substitution were within the normal range during treatment. In
accordance with the recommendation of the German S3 guideline on oncology-complementary
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medicine [7], general substitution during therapy is not recommended for breast cancer
patients. Instead, it might be beneficial to assess serum selenium levels at diagnosis of
breast cancer as patients with normal selenium levels can be reassured that substitution is
unnecessary and should be avoided to prevent overdosing and selenosis. Patients with
selenium deficiency may benefit from substitution or a dietary modification to include
selenium-rich food such as mushrooms or nuts. Moreover, an overdose of selenium
could be identified by a routine control of serum selenium levels at diagnosis of breast
cancer. In the present study, some patients who took selenium supplements, and even
some who reported not taking selenium supplements, had a selenium overdose. It is
therefore reasonable to assume that unnecessary selenium supplementation may lead to
selenium overdose and undesirable side effects [8,12,22]. In our opinion, it seems sensible
to recommend a determination of baseline selenium level at diagnosis of breast cancer.
In contrast, only patients with selenium deficiency or overdose should undergo regular
laboratory tests until their levels normalize.

Some patients were observed who had a low selenium baseline value in the deficiency
range and whose selenium levels rose into the normal range after supplementation. How-
ever, the selenium deficiency reoccurred after supplementation was discontinued. This
suggests that selenium levels should be monitored, especially in patients who have previ-
ously been diagnosed with selenium deficiency. Lifelong supplementation or a change in
diet may be necessary. However, even a sufficient selenium baseline value does not guaran-
tee that selenium levels will not fall into the deficiency range. It seems that tests could help
to detect selenium deficiency in specific indications, and a diet rich in selenium, such as
mushrooms and nuts (in moderation), could be useful in preventing selenium deficiency.

Three months after diagnosis, the proportion of patients with selenium deficiency
increased from 2.9% to 7.1%, and the median selenium level fell from 81.5 to 78.7 ng/mL
(p = 0.360). However, the number of patients who have substituted had increased (0 months:
6.4%, 3 months: 16.8%). Over the course of the year, the median serum selenium levels
increased to 84.3 ng/mL after one year. The changes did not reach statistical significance
(p = 0.078). Nevertheless, we sought to identify potential explanations for the observed
changes in serum selenium levels. With regard to radiotherapy, chemotherapy, and en-
docrine therapy, no significant association was observed between selenium status and the
number of days since the start and end of therapy, respectively (Figures 4–7).

It is noteworthy that the mean selenium concentration exhibited a slight increase dur-
ing chemotherapy (Figures 5 and 6), whereas during radiotherapy, data were inconsistent
(Figures 3 and 4). None of our observations showed any significance. Nevertheless, a
potential explanation for this phenomenon could be that patients consumed foods con-
taining selenium (e.g., Brazil nuts) during chemotherapy, either in accordance with their
physician’s advice or on their own initiative, which could explain the observed increase in
selenium levels.

During endocrine therapy, patients without selenium supplementation had lower
selenium levels over the year (Figure 7). There is currently no scientific evidence of
a relationship between selenium and endocrine therapy. Patients receiving selenium
supplementation showed inconsistent courses, probably due to the very small number of
cases and due to outliers. A possible explanation for the inconsistent serum selenium levels
could also be that patients consumed different foods containing selenium (e.g., Brazil nuts)
and unknown supplements during therapy, which could explain the changes in serum
selenium levels. Therefore, examining the selenium level can be useful.

In a randomized controlled trial, some participants received a total of 13 g of defatted,
granulated Brazil nuts per day, equivalent to approximately four Brazil nuts and approxi-
mately 227.5 μg of selenium per day [44]. The intake of Brazil nuts resulted in a significant
increase in selenium levels from 87.0 ± 16.8 to 180.6 ± 67.1 ng/mL (an increase of 119%)
within 12 weeks [44]. From this, it can be concluded that a deficiency can be easily corrected
through a simple change in diet by adding, e.g., two Brazil nuts per day [15,45]. On the
other hand, patients whose serum selenium levels are within the normal range can be
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reassured that supplementation is not necessary, thus preventing them from spending
money unnecessarily, as they are often already financially burdened by the disease.

According to our results, patients who consumed mushrooms on more days per month
had higher selenium levels than those who consumed little or no mushrooms (r = 0.324,
p = 0.003). Mushrooms are known to be rich in selenium [8]. Eating foods that contain
selenium, such as mushrooms and Brazil nuts, can help maintain selenium levels in the
normal range or increase the selenium level from the deficiency range to the normal
range. This means that supplementation may not be absolutely necessary in cases of
selenium deficiency and that a deficiency could be corrected more naturally by dietary
changes. Therefore, patients would often save huge amounts of money. It is known that
approximately 25 to 33% of gynecological patients suffer from financial problems [46,47].
Cancer can reduce people’s ability to work, leading to reduced working hours, job loss, or
early retirement [48]. On average, cancer patients in Germany lose 26% of their income [48].
This can lead to financial strain and financial toxicity, which can have a considerable impact
on quality of life and possibly also on the prognosis of the disease [48]. The purchase
of dietary supplements is associated with additional costs for patients who are already
financially burdened.

The producers heavily promote their pharmaceutical products. They argue that they
can help improve the patients’ wellbeing and sell them as absolutely necessary. Notably,
research has shown that the pharmaceutical industry spends twice as much money on
advertising as it does on research [49]. Furthermore, the advertising strikes a fertile ground
as patients attempt to regain lost control over their health condition. Critical examination
of pharmaceutical industry advertising and raising awareness of this issue among patients
and physicians should be at the forefront. It is time to enforce regulations that prevent
misleading advertising of supplements with unknown effects.

We hypothesize that it is more beneficial to obtain selenium from the diet than from
expensive supplements. Further randomized controlled trials comparing a selenium-rich
diet with selenium supplements should be conducted.

Overall, we could not find a link between breast cancer and selenium. We cannot
confirm the suggestion that the change in serum selenium concentration in women with
breast cancer is most likely a consequence rather than a cause of the disease or therapeutic
interventions [42]. According to our results, a change in selenium concentration is neither
a cause nor a consequence of the disease. It should be emphasized that only mild selenium
deficiency was found in the present study. The lowest selenium value was 38.4 ng/mL,
and all other values in the selenium deficiency range were between 40 and 49.9 ng/mL.
The overall change is rather small, and at all five time points, more than 90% of the patients
were within the recommended selenium range. The percentage of selenium deficiency is
therefore low and not necessarily due to breast cancer but can also be explained by diet. It
can be assumed that there is also a small proportion of patients with selenium deficiency or
excess in the general German population. In addition to studies examining selenium intake
in the general population, more studies should be conducted to determine selenium status
in serum.

One of the limitations of the study is that selenium levels were measured indepen-
dently of therapy. Additionally, compliance and patients’ self-reported information on
supplementation and dietary habits cannot be independently verified, e.g., some patients
take mixed preparations, including selenium, without knowing exactly which active ingre-
dients they contain. Despite careful investigation and the development of a relationship
of trust, it cannot be ruled out with 100% certainty that patients were taking selenium
supplementation without our knowledge. Furthermore, we did not explicitly ask for the
patients’ consumption of Brazil nuts or other nuts. In addition to patients’ self-reports,
varying selenium levels in different food sources may also have caused inaccuracies. Sele-
nium is naturally present in soil, influencing the selenium content of plant-based foods. In
regions with sufficient soil selenium levels, excellent organic sources of selenium include
Brazil nuts, green vegetables, and button mushrooms [8,12,15,16]. Moreover, the absorption
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rate of selenium by plants is crucial and is determined by a number of factors, including
plant type, soil pH levels, soil composition, rainfall patterns, microbial activity, and other
biogeochemical elements [50]. For this reason, not only diet and reported dietary habits
but also food per se plays a crucial role in determining selenium levels in patients. Which
foods (from which manufacturer, etc.) the patients consumed and how much selenium
the individual foods actually contained were not analyzed as part of the BEGYN-1 study.
Therefore, dietary inaccuracies might have influenced our research results. Overall, re-
search on selenium and cancer is complicated by the existence of a large number of organic
and inorganic selenium compounds, each with different biological properties, as well as
various lifestyle and dietary factors that are difficult to objectify [32]. Furthermore, genetic
predispositions or environmental exposures that might have an influence on selenium
serum levels were not assessed within the BEGYN-1 study.

5. Conclusions

Although selenium deficiency is rare in breast cancer patients, we recommend mon-
itoring the selenium levels in newly diagnosed breast cancer patients. A deficiency can
be easily corrected through nutritional supplements or a change in the diet by adding,
e.g., two Brazil nuts per day [15,44,45]. On the other hand, patients with serum selenium
levels within the normal range can be reassured that supplementation is unnecessary and
should be avoided to prevent overdosing and selenosis. This reduces their financial burden
and encourages cancer patients to focus on more important therapies, such as physical
activity. Further studies with larger sample sizes are needed to investigate the effects of
selenium deficiency in breast cancer patients and during oncological treatment, considering
the influence of various forms of supplementation, lifestyle, genetic predisposition, and
dietary factors in particular.
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Abbreviations

BMI body mass index
ER estrogen receptor
PR progesterone receptor
HER2 human epidermal growth factor 2
GEE generalized estimating equations analysis
NST no special type
UICC/AJCC Union for International Cancer Control/American Joint Committee on Cancer
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Abstract: Background: Patients during radiotherapy due to head and neck cancers experience a lot of
side effects which may have a considerable impact on the patients’ ability to meet individual daily
energy demands by means of oral diet. Methods: The study included 104 head and neck cancer
patients who qualified for radical radiotherapy. Radical treatment takes 6 weeks and every week
the patients were assessed for dietary intake. The subjects were covered with the constant care of
a dietician, received FSMP (food for special medical purposes), and, if necessary, enteral nutrition.
Results: In the first week of treatment, the patients, from the kitchen diet alone, met 91.5% of the
energy demand, while in the last week of treatment, only 40.9%. After introducing the FSMP or
enteral nutrition, the patients met 120% of the demand in the first week of therapy and 95% in the last
week, respectively. The patients who followed the dietary recommendations were characterized by
significantly lower weight loss (3.07 kg) compared to non-adherent patients (5.56 kg). Conclusions:
The used therapy significantly contributed to decreasing nutritional intake in the subsequent weeks
of treatment. On the other hand, incorporating FSMP in the diet and enteral nutrition with industrial
diets significantly increased the fulfilled energy demand of patients.

Keywords: head and neck cancers; radical radiotherapy; nutritional assessment; malnutrition; clinical
nutrition; dietary counseling

1. Introduction

The term “tumors of the head and neck area” refers to a group of cancers originating
in the following organs: mouth, lip, pharynx (oral, laryngeal, and nasal parts), nasal
sinuses, nasal cavities, salivary glands, and ear. The most common histological type of
head and neck organ tumors is squamous cell carcinoma, which develops from mucosal
epithelium [1,2].

Head and neck cancers account for 5–6% of all the malignant tumors in Poland.
According to the National Cancer Registry Report, they affect men more often than women,
with an increase in incidence in people over 50. The exception is nasopharyngeal squamous
cell carcinoma, where the highest incidence is in young people (20–35 years of age). The
most common cancer of the head and neck is the cancer of the larynx [3].

Risk factors for developing head and neck cancer are well known. These include
cigarette smoking, both active and passive, and alcohol consumption. These are respon-
sible for 70% of the incidence. Other risk factors include a lack of proper oral hygiene,
mechanical irritation of the oral mucosa (e.g., through ill-fitting dentures), and viral infec-
tions, mainly human papilloma virus (HPV) and Epstein–Barr virus (EBV). Dietary factors
that increase the risk of developing head and neck cancer include low consumption of
fruits and vegetables [4,5].
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Radical treatment options for patients diagnosed with head and neck cancer include
surgery or radiation therapy. These methods are also used as combined treatment with ra-
diotherapy complementing surgery. Additionally, in patients with more advanced disease
(locally and/or regionally), radiotherapy is used in combination with chemotherapy. Radi-
cal radiotherapy (alone or in combination with chemotherapy) is a long-term treatment,
usually carried out in 28–30 fractions, so it usually lasts 6 to 7 weeks. Radical radiotherapy
(ionizing) is carried out using 3D conformal irradiation technology, with a preference for
IMRT (intensity-modulated beam irradiation). The treatment of head and neck cancer is
fraught with high toxicity; therefore, nutritional intervention is an integral part of it [1,2].

Ionizing radiation used in diagnosis and cancer radiotherapy is well known and has
both beneficial and harmful effects on biological systems. The method by which radiation
interacts with a biological system may be direct or indirect. Damage can occur due to the
direct ionization of the DNA molecule itself or indirectly through the formation of toxic
products, such as free radicals, hydrogen peroxide, hydroperoxy radicals, and hydroperoxy
ions, that diffuse from the site of formation and interact with any molecules in their path.
The risk of radiation damage to normal tissues increases with the number of radiotherapy
fractions, the total dose, and the volume of tissues that have been irradiated. The main
challenge is to select the appropriate maximum doses of radiation reaching the cancer cells
while minimizing the damage to healthy tissue [6,7].

The appearance of radiation reaction in the mucous membranes and skin in the
irradiated area translates into the development of swallowing disorders ranging from
dysphagia and odynophagia to aphagia. A consequence of salivary gland damage is
the development of xerostomia. In addition, patients experience anorexia, nausea and
vomiting; trismus; and an increased risk of aspiration during treatment. As early as the 3rd
week of treatment, the discomfort worsens, and patients report three or more problems
with their ability to eat efficiently, which directly translates into weight loss [8,9].

The problems described above often prevent patients from receiving effective oral nu-
trition, and it is necessary to incorporate enteral feeding via artificial access (a percutaneous
endoscopic gastrostomy created before treatment or a nasogastric tube inserted during
therapy). Patients require the care of a nutritionist, speech therapist, physical therapist,
psychologist, nurse, and social worker during treatment. The goal of multispecialty teams
is not only to improve treatment outcomes, but also to improve the patient’s quality of
life [10].

The main purpose of this study was to evaluate in detail the intake of energy, protein,
and other macro- and micronutrients during each successive week of radiation therapy. To
the authors’ best knowledge, these are data that are limited in the literature.

2. Materials and Methods

The study was conducted between 2018 and 2019. It was designed as an observational
clinical trial involving 104 adult patients diagnosed with primary head and neck organ
cancer who were qualified for radical treatment: radiotherapy alone or radiochemotherapy
or radiotherapy with cetuximab. Consecutive hospitalized patients treated at the Head and
Neck Cancer Department at the National Research Institute of Oncology in Warsaw were
included in the study. The study received a positive opinion from the Bioethics Committee
(No. 4/2018) at the National Research Institute of Oncology in Warsaw.

2.1. Inclusion Criteria

Inclusion criteria for the study included diagnosed cancer of the organs of the head
and neck qualified for treatment with radical radiation therapy, hospitalization for the
duration of the entire treatment, and patient consent to participate in the study.

Exclusion criteria for the study included palliative treatment, prior radiation therapy
in the head and neck region, other concurrent malignant neoplasm, outpatient treatment,
and the lack of patient consent to participate in the study.
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2.2. Scheme of Implementation of the Survey

The study lasted 6 weeks and was carried out using a prospective observational
method with the tools detailed below. Throughout the period of radical treatment, the
patients underwent weekly dietary assessments. In addition, each patient had an individual
dietary consultation.

2.3. Dietary Assessment

The assessment of dietary intake and intake of macro- and micronutrients was carried
out using the 24 h dietary interview method. During the dietary consultation, the patient
was asked what products, foods, and drinks and in what quantities (in home measures)
he/she had consumed the previous day. The Food and Nutrition Institute’s “Photo Album
of Products and Foods” was used to assess portion sizes [11].

Information was also collected on the oral use of Food for Special Medical Purposes
(FSMP) and the amount and type of enteral nutrition (if the patient was receiving nutrition
in this way); in addition, an intravenous glucose supply was included.

The 24 h dietary interview method is a retrospective, questionnaire-based, qualitative–
quantitative method that provides accurate information on the amount and type of food
and beverages consumed. The method determines current consumption [12]. The data
obtained were entered into the DIETA 6.0 computer program developed by the Institute of
Food and Nutrition in Poland, which made it possible to estimate the intake of energy and
the main nutrients, i.e., protein, fat, and carbohydrates, as well as selected vitamins and
minerals. The values obtained were reduced by technological and plate losses.

The analysis also identified the patients who were not consuming the recommended
amount of energy, which was the basis for implementing an appropriate dietary inter-
vention to increase energy supply through the use of fortified foods, oral application of
FSMP, or enteral nutrition (EN). It was assumed that the daily energy requirement for
normal-weight and malnourished patients was 30 kcal/kg/d of current body weight, while
for overweight and obese patients, the caloric requirement was converted to due body
weight [10,13].

2.4. Dietary Consultation

The patients included in the study received regular care from a dietitian throughout
the treatment period. The first dietary consultation was held on the first day of radical
radiotherapy, subsequent consultations were held at the beginning of the second, third,
fourth, and fifth weeks of treatment, and the sixth consultation was held on the last day of
treatment. If nutritional problems arose, the patients could receive an additional dietary
consultation at any time during treatment. The dietitian’s consultation consisted of a
detailed history in accordance with the established practice, the estimation of individual
energy requirements, and the selection of a dietary supply route depending on the pa-
tient’s current clinical condition. On the day of the start of radiation therapy, each patient
received in writing detailed guidelines for the selection of foods and the principles of
diet composition.

From the first day of radiation therapy, each patient, regardless of the baseline nu-
tritional status, received special medical nutrition (2 packs per day of a high-protein or
high-energy diet, which translated into providing 600–800 kcal/d and 36 protein/d in
addition to the baseline diet). In the case of pre-treatment weight loss greater than 10% of
the baseline body weight, the patients additionally received a fat supplement providing
400 kcal/d.

With regular medical and dietary supervision, the patients whose oral food intake
fell below 60% of the energy requirements were ordered enteral nutrition via PEG or
nasogastric tube insertion. The diets routinely used for enteral nutrition are high-energy
or high-protein industrial diets. In the case of special clinical situations, such as diabetes
mellitus, liver failure, and intolerance to polymeric diets, there was the possibility of
individual selection of the diet composition to suit the patient’s current condition.
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The patients included in the study also benefited from nursing care (this was especially
true of care for access to nutrition, and the delivery of oral and enteral formula), and had
the opportunity to receive care from a speech therapist, physiotherapist, and psychologist.

For the purposes of the study, medical data were additionally collected from the
patient’s medical history regarding comorbidities, medications used, the length of hos-
pitalization, and the complications of treatment. A history was taken, based on which
the presence of gastrointestinal symptoms accompanying the underlying disease and its
treatment (including nausea, vomiting, constipation, and diarrhea) was noted.

2.5. Statistical Analysis

The mean (M), standard deviation (SD), median (Me), and minimum (min.) and
maximum (max.) values were used for descriptive statistics. The Shapiro–Wilk test was
used to assess the normality of the data distribution. To assess the statistical significance of
changes, the Student’s t-test was used for the variables whose distribution approximated a
normal distribution, while the Wilcoxon test was used for the variables whose distribution
deviated from a normal distribution. If the assumptions allowing the use of parametric
tests were not met (a lack of normality of the distributions of the variables confirmed by the
Shapiro–Wilk test, or a lack of sphericity of the variables confirmed by the Mauchly test),
comparisons were made using Friedman’s non-parametric ANOVA test. To determine the
strength and direction of the relationship between the parameters analyzed in the study,
Pearson’s linear correlation coefficient was used (in the case of conformity to a normal
distribution), in the case of non-normality of the distribution, the rho-Spearman correlation
coefficient was tested. The significance level was taken as α < 0.05. The statistical analyses
were performed using the Jamovi software version 1.2.22.

3. Results

3.1. Characteristics of the Study Group

The table below (Table 1) presents the characteristics of the study group.

Table 1. Basic characteristics of the study group.

Variable Feature N % p *

Sex
man 78 75.0

<0.001woman 26 25.0

Age (years)

20–29 3 2.9

<0.001

30–39 6 5.8
40–49 10 9.3
50–59 26 25.0
60–69 47 45.2
70–79 12 11.5
80+ 0 0

Body weight (kg)

<45 0 0

<0.001

45–54 5 4.8
55–64 22 21.2
65–74 31 29.8
75–84 15 14.4
85–94 19 18.3
≥95 12 11.5

BMI (kg/m)2

<18.5 2 1.9

<0.001
18.5–24.9 48 46.2
25–29.9 35 33.7
≥30 19 18.3

Operation yes 39 37.5
0.011not 65 62.5
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Table 1. Cont.

Variable Feature N % p *

Induction chemotherapy yes 34 32.7
<0.001not 70 67.3

Type of therapy
rth 39 37.5

<0.001rth-chth 61 58.7
rth-Cetuximab 4 3.8

The manufacture of a PEG
before treatment

yes 29 27.9
<0.001not 75 72.1

Alternative supplementation or
diet without medical indication

yes 5 4.8
<0.001not 99 95.2

rth—radiotherapy; rth-chth—radiochemotherapy; rth-Cetuximab—radiotherapy with Cetuximab; PEG—percutaneous
endoscopic gastrostomy; * χ² test.

The mean age of the patients was 58.5 ± 10.8 years. The mean weight of the patients
at the beginning of treatment was 74.6 ± 14.0, and BMI was 25.65 ± 4.34 kg/m2.

3.2. Effects of Treatment on Energy and Macro- and Micronutrient Dietary Intake

Data on the average daily intake of energy, macronutrients, and micronutrients in the
following weeks of treatment, excluding FSMP and enteral nutrition, are shown in the table
(Table 2).

Table 2. Average intake of energy and macro- and micronutrients of the diet without FSMP.

Component Unit T2 T3 T4 T5 T6
T6 as

% of T2
p

Energy kcal 1847.01 1467.76 1221.29 993.33 809.47 43.83% <0.001
Total protein g 70.31 60.87 53.73 44.51 36.55 51.99% <0.001

Animal protein g 38.00 35.21 33.05 27.00 22.54 59.32% <0.001
Plant protein g 31.52 24.94 19.97 16.97 13.46 42.69% <0.001

Grease g 49.98 39.61 34.80 26.89 22.54 45.09% <0.001
Total carbohydrates g 290.05 226.32 180.77 149.63 120.23 41.45% <0.001

Sodium mg 4060.48 3617.95 2957.83 2576.32 1996.97 49.18% <0.001
Potassium mg 2791.74 2442.03 2160.15 1822.65 1476.05 52.87% <0.001
Calcium mg 504.32 526.58 591.74 483.52 393.49 78.02% 0.001

Phosphorus mg 1181.67 1043.87 987.71 819.72 674.41 57.07% 0.001
Magnesium mg 312.48 268.66 236.14 206.18 162.11 51.88% <0.001

Iron mg 10.40 8.67 7.15 6.06 4.89 47.05% <0.001
Zinc mg 9.15 7.79 6.55 5.58 4.56 49.81% <0.001

Copper mg 1.16 0.94 0.81 0.67 0.53 45.73% <0.001
Manganese mg 3.78 3.36 2.98 2.48 2.05 54.18% <0.001

Vitamin A (retinol eq.) μg 1622.90 1299.49 1116.05 855.76 679.38 41.86% <0.001
Vitamin E

(alpha-tocopherol eq.) mg 5.08 4.20 3.77 2.75 2.29 45.07% <0.001

Thiamine mg 1.22 0.94 0.82 0.69 0.55 44.94% <0.001
Riboflavin mg 1.41 1.26 1.28 1.02 0.84 59.72% <0.001

Niacin mg 15.34 11.09 9.35 7.75 6.16 40.15% <0.001
Vitamin B6 mg 1.83 1.52 1.29 1.09 0.88 48.04% <0.001
Vitamin C mg 50.94 44.03 36.22 29.74 22.47 44.12% <0.001
Fatty acids:

total saturated g 24.64 19.28 16.45 13.46 11.24 45.63% <0.001

Fatty acids:
total monounsaturated. g 15.05 12.39 11.00 8.09 6.92 45.96% <0.001

Fatty acids:
total polyuns. g 6.29 4.80 4.69 3.28 2.60 41.31% <0.001

Cholesterol mg 284.49 211.80 169.15 137.37 126.64 44.51% <0.001
Dietary fiber g 22.06 18.78 14.84 12.53 10.20 46.24% <0.001
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Table 2. Cont.

Component Unit T2 T3 T4 T5 T6
T6 as

% of T2
p

Folates μg 228.21 197.60 170.96 146.28 114.73 50.27% <0.001
Vitamin B12 μg 3.43 2.57 2.62 2.18 1.81 52.75% <0.001
Vitamin D μg 2.53 1.29 1.21 0.86 0.81 32.24% <0.001

Iodine μg 169.84 162.06 141.98 129.09 95.40 56.17% <0.001
Long-chain

polyunsaturated fatty
acids

g 0.44 0.14 0.14 0.12 0.10 23.39% <0.001

Omega-6 fatty acids g 4.54 3.78 3.51 2.47 2.07 45.60% <0.001
Omega-3 fatty acids g 1.75 1.01 1.18 0.81 0.53 30.14% <0.001
Percentage of energy

from protein % 15.82 16.93 14.15 15.83 14.04 88.77% n/a

Percentage of energy from fat % 23.79 23.21 24.15 20.84 18.22 76.60% n/a
Percentage of energy
from carbohydrates % 57.13 54.54 52.23 45.50 38.27 66.99% n/a

T2—second week of the study; T3—third week of the study; T4—fourth week of the study; T5—fifth week of the
study; T6—sixth week of the study; n/a—not applicable.

The average daily value of energy and nutrient intake in the following weeks of the
patients’ treatment was significantly reduced in the vast majority of cases. The average
value of energy consumed after the first week of the patients’ treatment was 1847.01 kcal
per day. By the final week, this average had dropped to just 809.47 kcal per day, which was
43.8% of the value from T2. The changes that occurred in the overall energy intake during
the following weeks of treatment are shown in the following figure (Figure 1).

Figure 1. Daily dietary energy value (kcal) for consecutive weeks of treatment (from T2 to T6).

Data on energy, macronutrient, and micronutrient intake for each week of treatment,
together with FSMP and enteral nutrition, are shown in the table below (Table 3).
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Table 3. Average intake of energy and macro- and micronutrients of the diet including FSMP and
enteral nutrition.

Component Unit T2 T3 T4 T5 T6
T6 as

% of T2
p

Energy kcal 2432.21 2111.24 1943.32 1860.67 1889.87 77.7% <0.001
Total protein g 100.00 92.75 89.51 87.82 92.43 92.4% 0.002

Animal protein g 38.00 35.21 33.05 27.00 22.54 59.3% <0.001
Plant protein g 31.52 24.94 19.97 16.97 13.46 42.7% <0.001

Grease g 79.48 73.04 73.54 74.26 78.98 99.4% 0.149
Total carbohydrates g 339.62 279.22 237.25 214.99 205.18 60.4% <0.001

Sodium mg 4174.30 3751.54 3119.55 2786.50 2341.84 56.1% <0.001
Potassium mg 3068.63 2761.17 2544.38 2322.49 2238.41 72.9% <0.001
Calcium mg 1196.88 1260.67 1397.85 1438.53 1589.70 132.8% <0.001

Phosphorus mg 1747.47 1633.09 1607.98 1521.39 1518.64 86.9% <0.001
Magnesium mg 419.35 381.13 358.11 347.27 342.61 81.7% <0.001

Iron mg 15.36 14.23 14.03 15.04 17.86 116.3% 0.051
Zinc mg 14.34 13.46 13.12 13.75 15.69 109.4% 0.008

Copper mg 172.83 253.71 517.46 866.66 1484.95 859.2% 0.214
Manganese mg 5.11 4.81 4.67 4.56 4.89 95.7% 0.213

Vitamin A (retinol equiv.) μg 2173.28 1896.09 1805.08 1710.40 1809.62 83.3% 0.002
Vit. E

(alpha-tocopherol equiv.) mg 13.62 13.67 14.82 16.74 21.20 155.7% 0.085

Thiamine mg 2.16 1.94 1.94 2.03 2.28 105.9% 0.012
Riboflavin mg 2.45 2.38 2.59 2.63 2.98 121.3% 0.416

Niacin mg 22.28 18.37 17.17 16.68 17.66 79.3% <0.001
Vitamin B6 mg 2.97 2.76 2.70 2.83 3.18 107.1% 0.073
Vitamin C mg 112.24 109.57 108.83 116.31 134.11 119.5% 0.210

Fatty acids: total saturated g 28.72 24.30 23.79 24.05 26.53 92.4% 0.003
Fatty acids: total

monounsaturated. g 15.83 13.57 13.45 12.13 14.69 92.8% 0.004

Fatty acids:
total polyuns. g 7.15 6.05 7.25 7.58 9.86 137.9% 0.016

Cholesterol mg 284.49 211.80 169.15 137.37 126.64 44.5% <0.001
Dietary fiber g 22.65 19.56 15.31 12.91 10.57 46.7% <0.001

Folates μg 228.21 197.60 170.96 146.28 114.73 50.3% <0.001
Vitamin B12 μg 5.65 4.93 5.28 5.39 5.88 104.2% 0.144
Vitamin D μg 3.99 3.37 4.66 6.42 9.48 237.3% <0.001

Iodine μg 265.43 265.15 262.00 278.16 291.72 109.9% 0.363
Long-chain polyunsaturated

fatty acids g 0.44 0.14 0.14 0.12 0.10 23.4% <0.001

Omega-6 fatty acids g 4.54 3.78 3.51 2.47 2.07 45.6% <0.001
Omega-3 fatty acids g 1.75 1.01 1.18 0.81 0.53 30.1% <0.001

T2—second week of the study; T3—third week of the study; T4—fourth week of the study; T5—fifth week of the
study; T6—sixth week of the study.

The intake of energy and macro- and micronutrients in the diet, including FSMP and
enteral nutrition, shows a much smaller range of decreases than when they were consumed
with the kitchen diet alone. In many cases, the intake levels were higher at T6 compared
to T2. This includes calcium (132.8%), iron (116.3%), vitamin E (155.7%), and vitamin C
(107.1%). The daily energy value of the diet, however, dropped from an average of 2432.2
kcal at T2 to 1889.97 kcal at T6. Changes in the energy intake during the following weeks
of treatment are shown in the figure (Figure 2).
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Figure 2. Daily dietary energy value (kcal), together with FSMP and EN, in consecutive weeks of
treatment (from T2 to T6).

3.3. Energy Consumption vs. Individual Energy Needs

Data on the energy consumed by the patients, compared to the average daily energy
requirements, are shown in the following table (Table 4).

Table 4. Comparison of average daily energy intake (kcal) to energy requirements in consecutive
weeks of treatment.

T2 T3 T4 T5 T6

Energy requirement kcal 2019.1 2009.0 1998.9 1993.0 1978.1

Consumption without FSMP
and EN

kcal 1847.0 1467.8 1221.3 993.3 809.5
% of demand 91.5 73.1 61.1 49.8 40.9

p 0.023 <0.001 <0.001 <0.001 <0.001

Consumption with FSMP and EN
kcal 2432.2 2111.2 1943.3 1860.7 1889.9

% of demand 120.5 105.1 97.2 93.4 95.5
p <0.001 0.107 0.628 0.171 0.408

T2—second week of the study; T3—third week of the study; T4—fourth week of the study; T5—fifth week of the
study; T6—sixth week of the study.

There was a significant decrease in energy intake during the subsequent weeks of
the patients’ treatment. At T2, the average intake without FSMP and EN accounted for
91.5% of the patients’ average requirements, while at T6, this ratio dropped to only 40.9%
of the requirements. For intake with FSMP and EN, in the second week, the average energy
value of the meals consumed was 120.5% of the requirement. In the last week of treatment,
intake from FSMP and EN accounted for 95.5% of the energy requirements. These data are
presented in the figure (Figure 3).
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Figure 3. Energy intake with and without FSMP and EN in consecutive weeks of treatment, as a
percentage of daily energy requirements.

The therapy used significantly contributes to the reduction in oral food intake in the
following weeks of treatment. In the last week of treatment, the patients realized only
40.9% of their energy requirements. In contrast, the inclusion of FSMP and enteral nutrition
in the diet significantly increased the degree of the realization of the patients’ energy
requirements.

3.4. The Stage of Treatment at Which the Inability to Maintain Daily Food Intake by Oral Route
above 60% of Daily Energy Requirements Appears, Which Is an Indication for the Inclusion of
Enteral Nutrition by Artificial Route (Tube or PEG)

The table shows the percentage of the subjects consuming by oral route more than
60% of their daily energy requirements in the following weeks of treatment (Table 5).

Table 5. Share of people consuming by oral route more than 60% of daily energy requirements, not
including FSMP and enteral feeding.

T1 T2 T3 T4 T5 T6

N 104 104 104 104 104 104
N yes 98 88 68 49 42 31
% Yes 94.2 84.2 66.0 47.4 40.6 29.7
N no 6 16 36 55 62 73
% No 5.8 15.8 34.0 52.6 59.4 70.3

T1—first week of study; T2—second week of study; T3—third week of study; T4—fourth week of study; T5—fifth
week of study; T6—sixth week of study.

The proportion of the patients consuming orally more than 60% of their daily energy
requirements declined steadily in the subsequent weeks of the therapy administered. In
the first week, 94.2% of the patients met this criterion, while in the last week (T6) only
29.7% of the patients did. The weighted average of the time elapsed before the onset of the
inability to consume 60% of the daily energy requirements was 4.5 weeks. Differences in
the percentage of the patients realizing an energy intake above 60% of the requirements in
successive weeks of treatment proved to be statistically significant (<0.001). The changes
occurring in this regard are shown in the figure (Figure 4).
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Figure 4. Realization of oral intake of 60% of energy requirements by patients.

3.5. Degree of Patient Adherence to Dietary Recommendations

The table shows the data on the daily energy value of the recommended food for
special medical purposes (FSMP) and enteral nutrition (EN); the daily energy value of the
FSMP and EN preparations actually taken, and the difference between these values in the
subsequent weeks of treatment (Table 6).

Table 6. Daily energy values of recommended and actual FSMP intake and EN (kcal), and the
difference between these values in subsequent weeks of treatment (kcal) (n = 104).

T M/SD
Energy Value

Recommended
FSMP/EN [kcal]

Energy Value
Taken FSMP/EN

[kcal]

Difference between the Energy
Value of the Recommended
and Taken FSMP/EN [kcal]

p

T2
M 749.7 595.8 153.0

<0.001SD 332.70 420.34 291.59

T3
M 793.8 662.4 137.7

<0.001SD 343.76 424.08 273.69

T4
M 947.8 733.80 214.0

<0.001SD 416.46 481.24 317.44

T5
M 1141.5 893.2 248.4

<0.001SD 511.94 541.19 357.15

T6
M 1340.4 1096.8 243.7

<0.001SD 545.2 579.47 465.60

FSMP—food for special medical purposes; EN—enteral nutrition; T—study week; T2—second study week;
T3—third study week; T4—fourth study week; T5—fifth study week; T6—sixth study week.

During the following weeks of the patients’ treatment, the average daily energy value
of the prescribed FSMP and EN preparations increased. At the beginning of treatment, it
was 749.7 kcal (SD = 332.7), while in the last week, it was already 1340.4 kcal (SD = 572.82).
The energy values of FSMP and EN taken by the patients in the following weeks also
gradually increased. In the second week, the patients consumed an average of 595.8 kcal
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per day (SD = 420.34) in this form, while in the last week, they consumed 1096.8 kcal
(SD = 579.47). The increase between T2 and T6 was thus 84.1%.

During the following weeks of treatment, there was a trend toward an increase in the
difference between the energy value of the recommended FSMP and EN preparations and
that actually taken. At T2, the average difference was 153.0 kcal (SD = 291.59), while at T6
it was already 243.7 kcal (SD = 465.60). This represents an increase between T2 and T6 of
59.3%. Differences between the daily energy values of the recommended and actual FSMP
and EN intake in the successive weeks of treatment proved to be statistically significant
(p < 0.001).

3.6. Reasons for Non-Compliance with FSMP Application Recommendations

The patients gave up taking the recommended food for special medical purposes
mainly due to a feeling of fullness (35.7%), nausea (33.3%), and a lack of taste acceptance
(28.6%). Less frequently, the reason for non-adherence was diarrhea (2.4%).

3.7. Degree of Implementation of Recommendations

Those completing at least 75% of the recommended dose of FSMP or enteral nutrition
were counted as adhering to dietary recommendations. Sixty-one percent of the patients
adhered to the dietary recommendations. Below the established threshold were 38.5% of
the study participants.

Data on weight loss between T1 and T6, depending on adherence to dietary recom-
mendations, are shown in the following table (Table 7).

Table 7. Weight loss (kg) from T1 to T6 in patients according to adherence to dietary recommendations.

N M Me SD p

Total 104 4.03 4.00 3.03

Compliant 64 3.07 3.00 2.32 p < 0.001
Non-compliant 40 5.56 5.25 3.40

Those who followed the dietary recommendations lost an average of 3.07 kg (SD = 2.32)
during the treatment period, while those who did not follow the recommendations lost
5.56 kg (SD = 3.40). The average compliance rate with dietary recommendations was 78.0%
(SD = 28.6%).

4. Discussion

When analyzing the clinical situation of patients with head and neck cancer, it is im-
possible to ignore the impact of the acute and late side effects of radical radiotherapy, which
include oral mucositis, xerostomia, dysphagia, odynophagia, taste and smell disorders, a
loss of appetite, and nausea. The development of the aforementioned ailments directly
translates into a worsening of an already mostly abnormal nutritional state [14–17].

One of the determinants of nutritional status is nutrition, both quantitative and quali-
tative. The ability for efficient oral nutrition in patients with head and neck cancer is mainly
determined by the location and stage of the disease and the stage of radical treatment (the
severity of dysphagia and oral mucositis play an important role). Due to the problems
described, food intake is often reduced, leading to weight loss. It should be noted that the
side effects of radiation therapy worsen with each successive week of treatment despite the
use of modern drugs designed to alleviate them. They adversely affect the quantity and
quality of food consumed and nutritional status. Therefore, it is extremely important to
match dietary advice with the current complaints reported by the patient [17,18].

It is estimated that an energy intake of less than 25 kcal/kg/day is associated with
a high risk of malnutrition. Nutrition assessment should be conducted regularly so that
the optimal dietary intake can be determined and adapted to the current clinical situa-
tion [19,20]. According to the “NutritionDay” multicenter study conducted by means of a
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one-day nutritional assessment in more than 300 European hospitals, hospital meals do
not cover the energy needs of hospitalized patients. The authors of the study report that
energy intake in 43% of the subjects did not exceed 1500 kcal per day [21].

Given the poor quality of hospital meals, patients’ aversion to food served in hospitals,
and the undeniable impact of radical radiotherapy on the ability to eat orally, our study
analyzed data on oral food intake. During the first week of radiotherapy, considering only
oral diet, the patients took in an average of 1847 kcal and 70.3 g of protein per day. With
each subsequent week of radiotherapy, energy and protein intake successively decreased
shaping up in the last week of treatment at only 809.5 kcal and 36.5 g of protein per day.
The percentage of the realization of energy requirements during the treatment decreased
from 91.5% to 40.9%. The changes described above were statistically significant. A similar
relationship was observed by van Berg et al. [22]. The energy intake of the patients treated
with radiochemotherapy on the day of the completion of therapy was lower by 1234 kcal
compared to baseline, which translated into a supply of only 19 kcal/kg/d.

In our study, the supply of other nutrients also successively decreased with the
duration of radiotherapy. A decrease in the average intake of total fat, long-chain polyun-
saturated fatty acids, carbohydrates, sodium, iron, zinc, copper, vitamin A, vitamin E,
thiamin, niacin, vitamin B6, vitamin C, and vitamin D was observed. During the last week
of radiotherapy, the average intake of energy; protein; carbohydrates; total fat; vitamins A,
E, C, D, and B12; thiamin; riboflavin; magnesium; zinc; iron; copper; potassium; and iodine
was lower than the recommended standard. Our own results regarding the successive
decrease in oral food intake are consistent with those obtained by other authors [22–24].
In one study, on the day of radiotherapy initiation, 96.3% of the patients consumed more
than 50% of the volume of meals administered, while on the day of the completion of
radiotherapy, this percentage dropped to 38.9%. The patients who reported consuming
less than 50% of their meal volume were characterized by a greater degree of malnutrition
compared to the patients who took in more than 50% of their due portion of food [8].

In the available literature, there are few papers devoted to a detailed quantitative and
qualitative analysis of the oral diet of head and neck cancer patients treated with radical
radiotherapy. The present study not only attempted such an analysis, but also compared
the effect of the addition of FSMP and enteral nutrition (as indicated) to the daily oral diet
on the ability to meet daily energy requirements. The patients, due to the implementation of
the recommendations at the beginning of therapy, took 585 kcal/d additionally to the oral
diet, which translated into a total energy intake of 2432 kcal/d on average, while at the end
of treatment, they took an additional 1080 kcal/d, resulting in a total average energy intake
of 1890 kcal/d. With the inclusion of FSMP and enteral nutrition as indicated, the decrease
in energy intake over the course of treatment was not as steep and drastic compared to the
energy intake from the diet alone (a deficit of 543 kcal vs. 1038 kcal, respectively). Due to
the fact that the patients received individually selected supplementation, they realized as
much as 95.5% of their energy requirements in the last week of treatment, while from the
oral diet alone the realization remained at only 40.9%. The inclusion of supplementation
in the diet also improved the daily intake of protein (an additional 30 g of protein at the
beginning of therapy and 56 g of protein at the end of therapy) and other macronutrients,
as well as vitamins and minerals. Also of note in our study is the dynamic decline in the
patients’ ability to eat orally. At the beginning of treatment, 94% of the patients were eating
completely by the oral route; on the day of the end of therapy, only 49% were doing so.
Due to aphagia, almost 30% of the patients on the day of the end of therapy were unable
to take even a small amount of fluids by the oral route. This is in line with the results
presented in the study by Citak et al. [8], in which 87% of patients were fed by the oral
route at the beginning of therapy, and at the end of therapy this percentage dropped to
35.2% (statistically significant change).

According to our own research and a systematic review of the literature by Nugent et al. [25],
relying solely on oral diets in the nutrition of head and neck cancer patients undergoing
radical radiotherapy does not ensure that individual energy and protein requirements are
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met. The literature data confirm the positive effect of dietary intervention with special med-
ical use foods on the nutritional status of patients treated with radiation therapy [8,25–29].
Ravasco et al. [30] showed that both dietary consultation and the use of FSMPs have a
positive effect on ensuring the maintenance of adequate energy and protein intake in head
and neck cancer patients treated with radical radiotherapy. In a study conducted by other
authors, 13% of the patients were already on industrial diets at the start of therapy, and this
percentage increased to 65% during therapy (FSMP -57.5%, industrial diet administered
by nasogastric tube—7.5%). Patients who did not receive additional support using FSMP
or enteral nutrition were statistically significantly more likely to be malnourished than
those receiving FSMP or enteral nutrition [8]. Thus, the use of properly selected and well-
managed supplementation with foods for special medical purposes and enteral nutrition
with industrial diets may be helpful in improving the nutritional status of head and neck
cancer patients treated with radical radiotherapy [25–28].

In order to improve the realization of daily energy requirements in patients with head
and neck cancer, it seems reasonable to calculate individual energy requirements and fill
the energy gap with FSMP and enteral nutrition, rather than following a general scheme,
e.g., “two FSMPs for each patient for the entire treatment period”.

In a large proportion of head and neck cancer patients, despite the use of dietary
counseling supported by FSMP at a certain stage of therapy, due to the severity of dys-
phagia, nutrition by oral route becomes insufficient or completely impossible and the
patient requires the inclusion of enteral nutrition through artificial access. The criterion
for choosing the type of enteral feeding access is the planned feeding time. If the planned
period of enteral feeding is longer than 30 days, a PEG should be inserted according to
established practice. When the planned duration of enteral feeding is less than 30 days, the
access of choice is a nasogastric tube. The use of PEGs undoubtedly has more advantages
over the use of tubes. These include the aforementioned possibility of longer, essentially
indefinite enteral feeding, and as practice shows, patients often require enteral feeding for
several more months after the end of radiotherapy. In addition, it is a more comfortable
access for the patient, possible to hide under clothes, not stigmatizing the patient. By
creating a PEG prior to treatment, it is possible to start feeding the patient at the exact
moment when treatment toxicity begins to significantly result in reduced oral intake, with-
out waiting for the access to be established and the location confirmed, as with the use of
tubes [31,32]. Gavages, due to the risk of sores in the gastrointestinal tract, are removed
approximately four weeks after insertion. Other complications associated with the use of
gavages include changes in the nasal wing, chronic sinusitis, gastroesophageal reflux, and
aspiration pneumonia. Furthermore, it is quite easy to have an untargeted gavage removed,
and the time until the next probe is inserted is when no food can be administered, which
is tantamount to starving the patient [31,32]. Prophylactic PEG insertion is practiced in
head and neck cancer patients scheduled for treatment with radical radiation therapy, but
it is not routine. At the National Institute of Oncology in Warsaw, where this study was
conducted, according to established practice, most patients are offered prophylactic PEG
insertion prior to radical radiotherapy. However, a significant number of patients refuse to
have the access inserted. It should be noted that due to numerous complications, including
death, a PEG is not inserted during treatment with radical radiotherapy. In a situation
where a patient requires the initiation of enteral feeding during radical radiotherapy, and
has not had a PEG created prior to treatment, the only option left is to insert a tube.

In the success of dietary intervention, a large role is played by the so-called com-
pliance, i.e., the degree to which the patient adheres to the recommendations of medical
personnel. In our study, those adhering to dietary recommendations (realizing at least
75% of the recommended dose of FSMP supplementation or enteral nutrition) had a sta-
tistically significantly lower mean weight loss compared to those not adhering to dietary
recommendations (3.07 kg vs. 5.56 kg). The average compliance rate with dietary recom-
mendations was 78%. In addition, there was a statistically significant negative association
between weight loss during the course of radiation therapy and the degree of the imple-
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mentation of recommendations. The increase in the implementation of recommendations
was accompanied by a significant decrease in weight loss. The patients adhering to the
recommended intake of the recommended amount of FSMP and enteral nutrition had
less weight loss because they had a higher realization of daily energy, protein, and other
macronutrient and micronutrient requirements compared to the patients not adhering to
the recommendations. This is consistent with the results presented by Hubbard et al. [33],
who conducted a meta-analysis of 46 studies and found that the clinical effect of taking
FSMPs depends on the degree of patients’ compliance with the recommendations. The level
of compliance with recommended FSMP supplementation in patients overall (inpatients
and nursing home residents) was 78%, while it was 67% in hospitalized patients. The
highest compliance with recommendations was observed in patients using liquid formu-
las, which are less filling and easier to ingest compared to other forms of administration,
and high-energy formulas, which are lower in volume compared to isocaloric formulas.
Clinical benefits were noted when energy intake from nutritional supplements was in the
range of 250–600 kcal/d and the duration of use was at least 5 weeks. On the other hand,
Hopanci et al. [27] reported that parameters such as BMI value, body weight, fat mass, and
muscle mass significantly decreased during treatment in the group of patients who did not
adhere to dietary recommendations and FSMP supplementation compared to the adherent
group. In addition, severe oral mucositis was observed less frequently in the compliant
patients (11.1%) compared to the non-compliant patients (88.9%).

The reasons for patients’ non-adherence to recommended FSMP supplementation and
enteral nutrition remain under discussion. In our own study, the patients cited feelings of
fullness (35.7%), nausea (33.3%), and taste disapproval (28.6%) as reasons for not adhering
to the recommended supplementation. In contrast, in a study by Orell et al. [34], the most
common included nausea (22% of the subjects), early satiety (12% of the subjects), loss
of motivation (9% of the subjects), or others including diarrhea, financial problems, and
weakness (21% of the subjects). Thus, it is extremely important to have a dietitian’s constant
supervision over the amount of FSMPs taken and the implementation of enteral nutrition.

5. Limitations of the Study

In planning the methodology of the study, a prospective study using a control group
was abandoned. In view of the knowledge regarding the impact of the negative effects of
malnutrition on the patient’s general condition and the effectiveness of cancer therapy, it would
have been unethical to isolate a group of patients who did not receive dietary counseling.

In the study, a historical control group was selected; however, the only parameter
available from the area of nutritional status was body weight and information on whether
there was any nutritional support (dietary consultation, FSMP, or enteral nutrition). The
other parameters that were analyzed in the study group were not determined or information
about them was incomplete in the analyzed medical records of patients in the historical
control group.

6. Conclusions

Radical radiotherapy resulted in a systematic decrease in the average daily intake of
energy and macro- and micronutrients in the following weeks of treatment.

The inclusion of FSMP and enteral nutrition in the diet significantly increased the
percentage of meeting the patients’ energy requirements.

The fourth week of radiotherapy is the critical moment of treatment, when the greatest
weight loss occurs along with the inability to consume 60% of the daily energy requirements.

The patients’ adherence to dietary recommendations (FSMP supplementation and
enteral nutrition) was associated with decreased weight loss during radical radiotherapy.

Regular supervision by a dietitian (including the use of FSMP and enteral nutrition as
indicated) of head and neck cancer patients undergoing radical radiotherapy should be
routine during anticancer treatment.
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Abstract: Many patients diagnosed with cancer adopt dietary changes and supplement use, and a
growing body of evidence suggests that such modifications can affect outcomes to cancer therapy.
We sought to assess the prevalence of these practices and the surrounding physician-patient dialogue
among patients with metastatic renal cell carcinoma. An online survey was administered by Kidney
Cancer Research Alliance (KCCure), interrogating dietary modification patterns, supplement usage,
out-of-pocket expenditure related to supplements, and patients’ views toward alternative medicine
practices. Patients with metastatic renal cell carcinoma receiving combination therapy were actively
solicited. In total, 289 unique responses were collected. The most common first-line treatments were
nivolumab/ipilimumab (32.4%) and axitinib/pembrolizumab (13.1%). Within the cohort, 147 (50.9%)
started using supplements following diagnosis of renal cell carcinoma; the most utilized supplements
were probiotics, cannabidiol (CBD) oil/marijuana, and Vitamin C, reported by 70 (47.6%), 61 (41.4%),
and 54 (36.7%), respectively. Dietary modifications following cancer diagnosis were reported by
101 (34.9%) respondents, of which 19.8% followed the Mediterranean diet and 18.8% adopted a
ketogenic diet. Most respondents (71.3%) noted that they consistently report supplement usage to
their physicians. A substantial proportion of patients with metastatic renal cell carcinoma utilize
dietary modification and supplements as an adjunct to antineoplastic therapy. Considering the
widespread adoption of these practices and the reported effects on cancer treatment, it is crucial for
healthcare providers to engage in discussions with patients regarding supplement use.
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1. Introduction

The prognosis of metastatic renal cell carcinoma (mRCC) has improved markedly
over the course of the past several decades, owing largely to the advent of two classes
of therapies: (1) vascular endothelial growth factor (VEGF)-directed agents, and (2) im-
mune checkpoint inhibitors [1]. VEGF-directed therapies either abrogate signaling through
binding of circulating VEGF (bevacizumab) or through inhibition of its cognate recep-
tor (cabozantinib, lenvatinib, axitinib, and others) [2–4]. Commonly used checkpoint
inhibitors in mRCC block signaling through either programmed death-1 (PD-1) or cytotoxic
T-lymphocyte antigen 4 (CTLA4) [5]. Ahead of the introduction of these therapies, the
median survival of mRCC was often quoted at approximately 1 year [6]. In contemporary
studies using front-line combinations of VEGF-directed agents with checkpoint inhibitors
or dual checkpoint inhibitor therapy, a median survival in excess of 4 years has been
observed [7,8].

While improved prognosis and expanding treatment options for mRCC is a source
of inspiration for many patients, the disease remains terminal for the majority. As a
consequence, many patients turn to alternative strategies in the hopes of enhancing their
outcomes. Such alternative strategies may encompass non-pharmacologic methods (e.g.,
exercise, meditation, and acupuncture) or pharmacologic approaches (e.g., herbs, vitamins,
and minerals). We use the term “dietary supplements” herein to encompass the latter.
The use of dietary supplements is pervasive not just among cancer patients but among
healthy patients as well. The benefit in cancer outcomes is suspect. In the US-based
National Health and Nutrition Examination Survey (NHANES) study, 30,958 adults were
surveyed regarding dietary habits [9]. The majority of respondents (51%) reported use of
dietary supplements, with 38% reporting use of multivitamins. With 6 years of follow-up,
there was no reduction in cancer-related mortality: in fact, among patients taking calcium
supplements, mortality was increased (hazard ratio [HR] 1.62, 95% CI, 1.07–2.45).

The literature around dietary supplement use among cancer patients is complex. A
meta-analysis encompassing 32 large studies suggested that between 64 and 81% of cancer
survivors use dietary supplements, with 14–32% of patients initiating these agents after
a cancer diagnosis [10]. Rates of utilization were highest among patients with breast
cancer, and multiple studies cite a higher rate of use among women as compared to
men [11–13]. While questionnaire studies among patients consistently show high rates of
dietary supplement use, up to 68% of treating physicians may be unaware of the practice,
an alarming statistic [10]. Without systematic review and characterization of dietary
supplements in the clinic, prior studies have shown that patients may experience harmful
drug–supplement interactions or be taking agents that could compromise their long-term
outcome [14].

Unlike in more prevalent cancer types (e.g., breast, lung, or prostate cancer), to our
knowledge, there has been limited formal study of dietary intervention and supplement
use among patients with RCC. To address this, we performed a survey study of a large
online patient community of patients with RCC. Our results are focused specifically on
those patients with metastatic disease on active systemic therapy.

2. Materials and Methods

The survey was developed by the Kidney Cancer Research Alliance (KCCure), a
US-based non-profit patient advocacy forum, with multidisciplinary representation from
a surgeon (MS), medical oncologist (UV), and patient advocate (DB). A committee with
specific interest in microbiome research added questions pertaining to dietary habits and
supplement usage (SKP, ND). A separate group of patient advocates initially evaluated
the survey for ease of interpretability. The survey contained questions regarding patient
demographics, including sex, age, race, country of residence, living area, and education
level. Next, patients were asked about treatment-related information, consumption of
supplements following cancer diagnosis, types of supplements utilized as a result of cancer
diagnosis, dietary modifications following cancer diagnosis, views toward alternative
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medicine, frequency of sharing information about supplement use with their physician,
and monthly out-of-pocket costs for supplements (see Appendix A for full survey).

The survey was distributed between July and September 2022 to a patient mailing
list maintained by the KCCure and through online social media platforms (specifically,
Facebook and Twitter). The system prohibited multiple responses from the same patient
via anonymized IP address tracking. Responses from patients who (1) self-reported an
mRCC diagnosis and (2) were receiving a checkpoint inhibitor-based systemic therapy
regimen at the time of the survey were included for analysis.

Statistical Analysis

Throughout this work, qualitative variables are provided as the number (percentage),
and age is reported as the median (range: minimum–maximum). Descriptive statistics were
used to report the frequency. The Student’s t-test and Chi-square test were used to compare
sociodemographic characteristics between participants. Statistical analyses were conducted
using R Statistical Software, version 4.3.0. (R Foundation for Statistical Computing, Vienna,
Austria). All tests were two-sided, and an alpha level of 0.05 was considered for statistical
significance.

3. Results

3.1. Characteristics of Patients

The survey was distributed to 1532 individuals, of which 1062 patients with RCC com-
pleted the survey. Among participants, 289 (27.2%) met the inclusion criteria of undergoing
systemic therapy with a combination of dual checkpoint inhibitors or checkpoint inhibitors
plus VEGF-directed agents for metastatic disease. Thus, our study population consisted
of 143 (49.5%) females and 145 (50.2%) males, while 1 (0.3%) respondent preferred not to
disclose their sex. The median age of the total inclusion cohort was 61 (range: 20–85 years).
The majority (86.9%) of patients were residents of the United States, followed by Canada
(3.1%). In this study, 269 (91.0%) respondents identified as white and 153 (52.9%) respon-
dents had completed a bachelor’s degree or higher. The most commonly reported first-line
treatments were nivolumab/ipilimumab (32.4%) and axitinib/pembrolizumab (13.1%).
Detailed characteristics of respondents are presented in Table 1.

Table 1. Patient characteristics.

Demographic Characteristics (n = 289)

Age: median (range) 61 (20–85)

Sex: number (%)

Female 143 (49.5%)

Male 145 (50.1%)

Prefer not to disclose 1 (0.3%)

Race: number (%)

White 263 (91.0%)

Hispanic 11 (3.8%)

Other 15 (5.2%)

Living area: number (%)
Urban 61 (21.1%)

Suburban 133 (46.0%)

Rural 94 (32.5%)

Education level: number (%)

High school degree or less 47 (16.3%)

Some college without a degree 89 (30.8%)

Bachelor’s degree or above 153 (52.9%)
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3.2. Supplement Use in Patients with Metastatic Renal Cell Carcinoma

Within the studied cohort, 147 (50.9%) respondents started using supplements follow-
ing the diagnosis of mRCC. There were no statistically significant associations between the
initiation of supplements following cancer diagnosis and age, sex, living area, or education.
Among patients who began using supplements, 70 (47.6%) started using probiotics and
61 (41.4%) initiated cannabidiol (CBD) oil or marijuana subsequent to their cancer diagnosis.
Table 2 presents the type and frequency of supplement use amongst respondents.

Table 2. Supplement use pattern secondary to RCC diagnosis among the survey respondents.

Supplement Female: Number (%) Male: Number (%) p-Value

Probiotics 31 (21.7%) 39 (26.9%) 0.3

Cannabidiol (CBD) oil or
Marijuana 24 (16.8%) 37 (25.5%) 0.07

Vitamin C 20 (14.0%) 34 (23.4%) 0.04

Turmeric or
Curcumin 18 (12.6%) 22 (15.1%) 0.5

Vitamin E 11 (7.7%) 11 (7.6%) 0.9

Furthermore, 101 (34.9%) patients reported dietary modification after diagnosis of
mRCC. The Mediterranean diet was the most common (19.8%) newly adopted regimen
among patients, followed by the ketogenic diet (18.8%%) (Figure 1).

Figure 1. Dietary modification following the diagnosis of RCC.

When patients were asked about the frequency of sharing information about supple-
ment use with their physician, 206 patients (71.3%) indicated they always shared relevant
information with their physician, 33 patients (11.4%) reported they usually/sometimes
did so, and 8 patients (2.8%) reported rarely or never sharing information on supplement
use with their provider. Notably, 42 patients (14.5%) preferred not to respond to this
question. Survey prompts also assessed the out-of-pocket cost attributed to supplements
and over-the-counter products not covered by insurance for patients with mRCC. Among
the respondents, 103 patients (35.6%) spent less than $100 per month, 41 patients (14.2%)
spent between $100 and $250 per month, and 24 patients (8.3%) spent more than $250 per
month for supplements and over-the-counter products following mRCC diagnosis.

Additionally, participants’ views toward alternative medicine were interrogated in this
study. Notably, 111 patients (38.4%) indicated that they have tried or would try alternative
medicine approaches to help alleviate the side effects of their systemic treatment or increase
their quality of life. While 104 respondents (36.0%) were skeptical toward alternative
medicine, 27 (9.3%) mentioned that they have tried or would try alternative medicine to
assist their cancer shrinkage instead of using approved treatments. Detailed results of
respondents’ views toward alternative treatment are presented in Figure 2.
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Figure 2. Respondents’ perspectives on supplements and alternative medicine.

4. Discussion

To our knowledge, the results herein represent the first study to systematically charac-
terize the practice of supplement use within a population of patients diagnosed with mRCC.
Our study identifies that most patients with mRCC use dietary supplements alongside
formally prescribed anti-cancer therapy. Use of dietary supplements was prompted by the
diagnosis of cancer in most cases, and the most frequently utilized dietary supplements
included probiotics, cannabinoids, and vitamin C. Perspectives on dietary supplements
varied among those surveyed, with roughly similar proportions of patients expressing
optimism around improved clinical outcome and, on the contrary, concern around potential
side effects. Reassuringly, most patients appear to maintain open communication with
their treating physicians surrounding supplement use.

In the context of mRCC, the clinical impact of most dietary supplements is poorly
understood. With the cornerstone of front-line therapy being immune checkpoint inhibitors,
there is an emerging literature around how certain dietary interventions may impact patient
outcomes in RCC and other tumor types with this class of therapy. Spencer and colleagues
performed a detailed assessment of 128 patients with melanoma receiving checkpoint in-
hibitors: in this population, a high-fiber diet and no use of probiotics were associated with
improved outcomes [15]. In preclinical models, the authors also demonstrated that low
fiber intake or untailored probiotics were associated with impaired response to anti-PD-1
therapy and posit that such findings are driven by decreases in interferon-γ-expressing T
cells in the tumor microenvironment. While untailored probiotics may hinder outcomes
with checkpoint inhibitors, prospective trials combining live bacterial products (LBPs) with
immune checkpoint inhibitors have been undertaken by our group and others, specifically
with the intent of augmenting immunotherapy responses. The LBP CBM588 is a strain
of Clostridium butyricum: once ingested, this LBP propagates in the lower gastrointestinal
tract and prompts the release of butyrate, a short-chain fatty acid postulated to increase the
recruitment of Th17 cells and other anti-tumor immune populations to the tumor microen-
vironment [16,17]. In two separate, phase I randomized trials, CBM588 has been shown to
augment the activity of both cabozantinib/nivolumab and nivolumab/ipilimumab [18,19].
It is thus foreseeable that an evidence-based approach could be used to augment therapy
via dietary supplementation, although further study is needed to validate this.

Furthermore, clinical anecdotes and preclinical studies have identified the potential
for nutritional supplements to enhance immunotherapy outcomes in patients with cancer.
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Camu camu, for example, is a fruit native to Brazil and Peru, of which the active compound
is castalagin. Recent work demonstrated that oral supplementation of castalagin enriched
for bacterial species previously associated with immunotherapy response, improved the
ratio of effector-to-regulatory T cells in the tumor microenvironment, and induced systemic
metabolic changes, all of which associated with a biological program sufficient to bypass
resistance to anti-PD1 immunotherapies in human xenograft models [20] Clinically, a recent
report has also identified two patients with immunotherapy-refractive metastatic melanoma
who went on to achieve durable responses to immunotherapy rechallenge after the addition
of a camu camu prebiotic supplement [21]. Based on these compelling data, our group has
initiated a randomized phase I trial to test camu camu in combination with nivolumab
(anti-PD-1) plus ipilimumab (anti-CTLA-4) compared to nivolumab/ipilimumab alone for
patients with treatment-naïve metastatic renal cell carcinoma [22].

While the literature around microbiome modulation is scant, there is even less lit-
erature to support the use of cannabinoids or vitamins in mRCC. In a study including
140 patients receiving nivolumab for mRCC, 51 patients (36%) were noted to have con-
current use of cannabis [23]. Interestingly, cannabis use was associated with an impaired
response rate on multivariate analysis (38% versus 16%; p = 0.016), but no impact on
progression-free survival (PFS) or overall survival (OS) was observed. Although the patho-
genesis of this is unclear, several preclinical studies do point to both cannabinoid receptors
1 and 2 as being associated with RCC progression [24,25]. The recent announcement by the
United States Drug Enforcement Administration to reclassify marijuana from a Schedule
I to a Schedule III compound will allow for improved study of the interactions between
cannabinoids and tumors, including RCC. Conflicting evidence exists around the role of
vitamin C in RCC (the most commonly used vitamin supplement in our survey). Although
meta-analyses point to an inverse relationship between vitamin C intake and the devel-
opment of RCC, there is no data addressing the impact on metastatic disease [26]. Thus,
future work on Vitamin C’s impact on RCC tumor growth and progression, alongside its
interaction with anti-cancer therapies utilized in RCC, is imperative.

A modest proportion of patients in our series expressed concern over harm from
alternative treatments. These concerns are warranted: for instance, a survey of 1081 cancer
survivors from France identified that 18% of individuals taking dietary supplements had
potentially harmful patterns of intake [14]. These practices included the consumption of
phytoestrogens among patients with hormonally driven cancers (e.g., breast or prostate
cancer) or the use of vitamin E with anticoagulants or antiplatelet agents (thereby en-
hancing bleeding risk). Studies evaluating the rates of drug interactions between dietary
supplements and prescription medications in cancer patients have produced varying re-
sults, suggesting that interactions may occur in the range of 12 to 60% of patients [27,28].
These datasets highlight the importance of reviewing dietary supplement use with health-
care providers. Although some studies have pointed to low rates of information sharing
between patients and providers, our study suggested that the majority of patients were
open to discussing supplement use with their physicians [10].

Our study has multiple limitations. First, the survey was administered via online
platforms and was open to any patients with a self-reported diagnosis of RCC. Thus, it
is challenging to define an absolute denominator of patients to whom the survey was
available. The population of respondents was representative of a typical RCC population
based on many demographic features (i.e., age), but the gender distribution was equal
(whereas RCC tends to have a 2:1 male predominance at the population level), and the
declared race was largely white (91%), with relatively few minorities represented [29].
Patients were highly educated, with the majority of patients achieving a bachelor’s degree;
the socioeconomic factors attached to this could have implications for the patterns of
dietary supplement use observed (e.g., more affluent patients may have more resources
to purchase these products). Reliance on self-reporting also makes it challenging to verify
certain clinical characteristics, such as clinical stage or treatment status. Although our
survey was quite detailed, we did not have the ability to capture certain detailed elements
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like supplement dose; therefore, although we presume that certain dietary supplements
(e.g., vitamin C or E) might be used in excess, it is possible that patients are simply adhering
to recommended daily values.

5. Conclusions

The data provided herein provide a first glimpse at dietary supplement use among
patients with mRCC. Among nearly 300 patients with mRCC profiled herein, the majority
of patients noted nutritional supplement use in addition to their checkpoint inhibitor-based
systemic therapy. Furthermore, most patients maintained an open dialogue regarding
supplement use with their providers. Given the prevalence of supplement use in the mRCC
patient population and the potential risks posed by it, this dialogue between oncology
providers and patients around dietary supplement use is critical to ensure patient safety
and optimize positive therapeutic outcomes. Further work will seek to expand on these
conversations to better understand both patient and provider perspectives on supplement
use as an adjuvant to systemic anti-cancer therapies. The interest that patients express
in dietary supplements is also justification for more formal study of their use, an avenue
of research exploration that has only recently emerged. Together, our results represent
the first interrogation of supplement use in a cohort of patients with mRCC receiving
systemic therapy and open multiple avenues for future study to best optimize nutritional
supplements and their interactions with anti-cancer therapy with the goal of improving
patient outcomes in this aggressive disease setting.
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Appendix A

Survey Questionnaire

Q1 How do you describe your gender identity?

� Female
� Male
� I prefer not to answer
� Non-binary
� Transgender

Q2 Which option best describes your ethnic group or background?

� White
� Black or African-American
� Asian
� American Indian or Native American
� Hispanic or Latino
� Middle Eastern or North African
� Pacific Islander
� Prefer not to disclose
� Other

Q3 Which best describe where you live?

� Urban
� Suburban
� Rural

Q4 What country do you live in?

� Drop down menu with full list of countries

Q5 What is the highest level of school you have completed or the highest degree you
have received?

� Less than high school degree
� High school degree or equivalent (e.g., GED)
� Some college but no degree
� Associate degree
� Bachelor degree
� Graduate degree

Q6 Which of the following treatments have you had? Please specify the order that you
received them.

50



Nutrients 2024, 16, 1630

1st Treat-
ment

2nd Treat-
ment

3rd Treat-
ment

4th Treat-
ment

5th Treat-
ment

6th Treat-
ment

7th Treat-
ment

8th Treat-
ment

9th Treat-
ment

10th or
Later
Treat-
ment

Opdivo +
Yervoy
(nivolumab
+
ipilimumab)

Keytruda +
Inlyta (pem-
brolizumab
+ axitinib)

Opdivo +
Cabometyx
(nivolumab
+ cabozan-
tinib)
Keytruda +
Lenvima
(pem-
brolizumab
+ lenvatinib)

Bavencio +
Inlyta
(avelumab +
axitinib)

Cabometyx
(cabozan-
tinib) single
agent

Lenvima +
Afinitor
(lenvatinib +
everolimus)

Fotivda
(tivozanib)

Inlyta
(axitinib)
single agent

Sutent
(sunitinib)
single agent

Votrient
(pazopanib)
single agent

Afinitor
(everoliu-
mus) single
agent

Other
(specify in
box below)

Q7 How long following the discovery of metastatic cancer did you start systemic
therapy (drug treatment)?

� Within 2 weeks
� Within 4 weeks
� Within 3 months
� Within 6 months
� More than 6 months

Q8 How much money do you spend per month on health related products that are
not covered by insurance, such as supplements, vitamins, over the counter medicines.
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� Nothing
� <$20
� $20–$50
� $50–$100
� $100–$250
� $250–$500
� >$500

Q9 Have you taken any of the following alternative supplements as a result of your
cancer diagnosis?

� Marijuana
� Rick Simpson Oil (RSO)
� CBD oil
� Vitamin C
� Turmeric/Curcumin
� Fenbendazole
� Ivermectin
� Probiotics
� Vitamin E
� Other (please specify)

Q10 What statements most accurately reflect your views/experience related to alter-
native treatments. (Check all that apply).

� I have tried/would try alternative treatments to help shrink my cancer instead of
using approved treatments

� I have tried/would try alternative treatments in addition to my prescribed cancer
drugs to try enhance their effect

� I have tried/would try alternative treatments to help alleviate side effects or increase
quality of life

� I don’t see any harm in trying alternative treatments
� I am skeptical of alternative treatments
� I worry that alternative treatments might cause my cancer to grow
� I worry that alternative treatments might have a negative impact on my current

therapy
� I worry that alternative treatments might have unknown/negative side effects that

would reduce my quality of life

Q11 Do you tell your doctor about supplements you are taking?

� Always
� Usually
� Sometimes
� Rarely
� Never

Q12 Have you adopted a different diet as a result of your cancer diagnosis?

� Ketogenic (low sugar) diet
� Vegan diet
� Vegetarian diet
� Mediterranean diet
� Other (please specify)
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Abstract: Palliative care patients with malignant bowel obstruction are particularly at risk of de-
veloping malnutrition, which in turn directly shortens survival time and worsens quality of life
(QoL). According to the available data, the survival time in this patient group is often less than three
months. To avoid further complications related to malnutrition and poor outcomes in oncological
therapy, nutritional therapy such as home parenteral nutrition (HPN) is offered. The aim of this
study was to investigate whether nutritional status is a prognostic factor for survival in palliative
care patients with malignant inoperable bowel obstruction qualified for home parenteral nutrition
and which nutritional assessment tool has the most accurate prognostic value. This retrospective
observational analysis included 200 patients with malignant bowel obstruction referred for home
parenteral nutrition between January 2018 and August 2023. The analysis included laboratory test
results, body mass index (BMI), Subjective Global Assessment (SGA), Nutritional Risk Index (NRI),
Geriatric Nutritional Risk Index (GNRI), Prognostic Nutritional Index (PNI) and malnutrition as
defined by the Global Leadership Initiative on Malnutrition (GLIM). The average survival time of
the patients was 75 days. Patients with higher NRI and PNI scores were more likely to survive (NRI:
p < 0.001; PNI: p < 0.001). The GLIM criteria, SGA scores and BMI values did not prove to be good
prognostic factors for survival (GLIM p = 0.922, SGA p = 0.083, BMI p = 0.092). The results suggest that
the use of NRI and PNI may be helpful in prognosing survival in these patients and that prevention
of the development of malnutrition through earlier nutritional assessment and intervention should
be considered in this patient group.

Keywords: palliative care patients; malignant inoperable bowel obstruction; home parenteral nutri-
tion; malnutrition; survival time

1. Introduction

The World Health Organization (WHO) defines palliative care as an approach that
improves the quality of life of patients and their families facing problems associated with
an untreatable illness [1]. If the treatment administered is ineffective and the patient’s
recovery is prevented, palliative therapy should be considered. Palliative patients with
disseminated abdominal and pelvic cancer are particularly susceptible to impairment
of gastrointestinal function caused primarily by the disease but also by the treatment.
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Attention should also be paid to malignant bowel obstruction (MBO), which occurs in
6–13% of patients with gastric cancer [2] and 20–50% of patients with ovarian cancer, as
well as in patients with colorectal [3] and pancreatic cancer, but may be a result of primarily
extra-abdominal malignancy as well. Malignant bowel obstruction leads to complications
such as chronic pain, bloating, nausea and vomiting, as well as the inability to eat [3].
This impairs the absorption of nutrients and leads to the deterioration of nutritional status
and malnutrition. The consequences of malnutrition and not the disease itself are the
cause of death in 10–20% of cancer patients [4]. MBO worsens the patient’s prognosis
and makes palliative oncological treatment impossible. Moreover, water retention in
palliative cancer patients disturbs several parameters, i.e., body mass and body mass index
(BMI), and has a negative impact on survival [5]. In addition to chemotherapy, which is
proven as a palliative therapy [6] to prolong survival [7], nutritional support should also
be provided, giving a synergistic effect. In patients with malignant bowel obstruction,
parenteral nutrition (PN) can be an effective method to improve the patient’s nutritional
status, preferably administered as home parenteral nutrition. HPN improves prognosis
and quality of life, and, in the majority of cases, makes oncological treatment reasonable [5].
Although HPN can be helpful in patients with malignant bowel obstruction, it should be
borne in mind that patients qualified to receive this procedure require hospitalisation for
days or weeks, during which the patient’s medical status is optimised, a central intravenous
access is inserted, adequate training is conducted, and the composition of the nutritional
admixture is adapted to the patient’s needs. The ESPEN guidelines [8] recommend that
parenteral nutrition should be considered if survival is estimated to be greater than 2–3
months. However, this guideline is controversial due to the difficulty in estimating patient
survival time. The question arises as to how accurately specialists can really determine the
survival time of patients and whether there are tools that could facilitate this. In this study,
attention was focused on nutritional status and nutritional risk assessment tools such as
the Subjective Global Assessment (SGA) scale, laboratory tests, the Nutritional Risk Index
(NRI), the Geriatric Nutritional Risk Index (GNRI) and the Prognostic Nutritional Index
(PNI) to consider them as factors of survival for better assessment and decision making on
possible nutritional treatment in palliative care patients with malignant bowel obstruction.

2. Materials and Methods

2.1. Setting and Study Design

This study was conducted at the Polish national reference centre for home parenteral
nutrition (HPN) between January 2018 and August 2023. The research employed a ret-
rospective observational review design, where data were collected from hospitalisation
records during the HPN qualification and from all medical records of outpatient visits
to the HPN centre. The study protocol received approval from the Ethics Committee of
the Medical University of Warsaw (AKBE/348/2023), ensuring compliance with ethical
standards in research.

2.2. Sample

Participants included in this study were all consecutive adult palliative cancer patients
with malignant bowel obstruction who were qualified for HPN treatment at the reference
centre between January 2018 and August 2023. Eligibility for inclusion required that
patients’ cancers were a direct cause of the qualification for home parenteral nutrition, with
conditions not amenable to curative treatment due to advanced tumour progression and
significant impairment of gastrointestinal function. Patients were excluded if their cancers
had not spread, were not the primary cause of HPN qualification, or were not directly
related to gastrointestinal function impairment. After applying these criteria, a total of
200 patients formed the study cohort. The detailed process of qualifying patients for the
study is shown in Figure 1.
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Figure 1. Flow chart: patients who met the inclusion criteria and qualified for the study group.

2.3. Approach to Home Parenteral Procedure

The criteria for eligibility for HPN included intestinal failure, the possibility of us-
ing parenteral nutrition (possibility of central venous access, care, patient co-operation),
potential survival of more than 2 months, absence of treatment requiring hospitalisation
(e.g., advanced pain management), and ethical reasons for further therapy (mainly quality
of life).

Qualification for home parenteral nutrition included a nutritional assessment, edu-
cation and training of caregivers, a physical examination, blood tests, a prescription, and
adjustment of a parenteral formula. If the patient did not already have a central intravenous
access, a vascular port or tunnelled central venous catheter (CVC) was implemented. A
parenteral nutrition formula was prepared individually by the hospital pharmacy or the
patient’s caregiver according to the medical prescription. Ready-to-use (RTU) formulas
were prescribed only to individual patients.

The nutritional assessment included measurements of body weight and height, a full
medical examination and screening of nutritional status based on the Subjective Global
Assessment (SGA) and was performed by a trained clinical dietitian in the first 24 h
after admission to the clinical nutrition unit. After discharge from hospital, patients had
mandatory follow-up visits to the outpatient clinic every three months, or more frequently
if adverse symptoms or complications arose.

2.4. Data Collection and Nutritional Status Evaluation

Data collected included gender, age at the time of qualification for HPN, date of
HPN commencement, date of death or withdrawal of HPN, type of cancer and stage of
progression, anthropometric measurements (weight, height), BMI, unintentional weight
loss in the 6 months prior to starting nutritional treatment, laboratory tests (serum albumin
level, lymphocytes, leucocytes, total protein and C-reactive protein), data from the Sub-
jective Global Assessment, information on the nutritional programme and the content of
nutritional admixtures such as volume (mL), energy (kcal), osmolality, amino acids (g), fat
(kcal), volume of fat emulsion (mL) and non-protein energy (kcal).
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BMI categories for patients < 65 years were classified according to the CDC criteria [9]:
BMI < 18.5 kg/m2—underweight; BMI ≤ 25 kg/m2—normal weight; BMI ≥ 25 kg/m2—
overweight. For patients over 65 years, Lipschitz criteria [6] were used: BMI < 22 kg/m2—
underweight; BMI ≤ 27 kg/m2—normal weight; BMI ≥ 27 kg/m2—overweight. The
results of the Subjective Global Assessment were interpreted as follows: A—well nourished;
B—moderately (or suspected of being) malnourished; C—severely malnourished; D—high
risk of malnutrition.

In addition to analysing the results of the SGA scale and BMI classification, the
criteria of the Global Leadership Initiative on Malnutrition (GLIM) were used to assess the
nutritional status of patients [10]. The loss of muscle mass was assessed using the physical
examination data in the SGA scale and the decrease in the functional capacity of muscle
mass (physical condition and abilities of the patients). The presence of inflammation was
determined when the C-reactive protein (CRP) level exceeded 10 mg/L.

All of the following nutritional indexes were calculated during data collection and
analysed by a second clinical dietitian.

Based on serum albumin level, body weight and ideal body weight, the Nutritional
Risk Index was calculated. Ideal body weight was calculated based on the Lorentz for-
mula [11]:

Ideal body weight men = (height [cm] − 100 − ((height − 150)/4)

Ideal body weight women = (height [cm] − 100 − ((height − 150)/2)

The Nutritional Risk Index was calculated using the following formula [12]:

NRI = (1.519 × serum albumin) (g/L) + 41.7 × (present weight/ideal body weight)

The patients with an NRI score > 100 were considered to be at no nutritional risk,
97.5–100 as at mild risk, 83.5–97.5 at moderate and <83.5 at major nutritional risk.

For patients who were over 65 years old, the Geriatric Nutritional Risk Index was cal-
culated. The GNRI was calculated based on the formula proposed by Bouilanne et al. [13]:

GNRI = (1.489 × serum albumin) (g/L) + 41.7 × (present weight/ideal bodyweight)

The patients with a GNRI score > 98 were at no nutritional risk, ≤98 at low risk, 82 to
<92 at moderate risk and <82 at major risk.

Also, the Prognostic Nutritional Index was calculated based on the following for-
mula [14]:

PNI = 10 × serum albumin (g/dL) + 0.005 × total peripheral lymphocyte count (mL)

The cut-off points for PNI were set as follows: PNI < 35—severe risk; PNI < 38—
moderate risk; PNI > 38—normal risk.

2.5. Statistical Analysis

Statistical analyses were conducted using STATISTICA version 13.3 (TIBCO Software,
Palo Alto, CA, USA). Descriptive statistics summarised the demographic and clinical char-
acteristics of the study population, with means and standard deviations (SDs) calculated
for continuous variables like age, height, weight, and BMI, and the median (Mdn) and
semi-interquartile range (IQR/2) reported where appropriate. Similar descriptive methods
were applied for laboratory test results (including serum albumin, lymphocytes, leukocytes,
CRP, and total protein) and for summarising data on patients’ nutritional programs (vol-
ume, energy, osmolarity, amino acids, fat content). The risk of malnutrition was assessed
using indices such as SGA, NRS, PNI, Total Lymphocyte Count, NRI, and GNRI, presented
in percentage format. Survival analysis utilised the Kaplan–Meier method, calculating
survival time from the start of home parenteral nutrition. Multivariate Cox regression anal-
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ysis explored predictors of patient survival, such as PNI and NRI/GNRI scores. Receiver
Operating Characteristic (ROC) curves, utilising the Youden Index to establish the optimal
cut-off points, determined these indices’ predictive accuracy for patient survival.

All tests were two-sided, and a p-value of less than 0.05 was considered statistically
significant.

3. Results

A total of 200 patients met the inclusion criteria for this study. The mean age of the
group was 58.9 ± 13 years (women 57.09, men 62.77; p = 0.004). The majority of patients
included in the study were women—67.5%. All patients were classified according to
tumour location as follows: 32.5% (n = 65) gynaecological cancers, 32.0% (n = 64) upper
digestive tract cancers, 24% (n = 48) lower gastrointestinal tract cancers and 11.5% (n = 23)
other cancers with a different or unknown origin. Detailed characteristic of the group,
including age at qualification, height, weight, and body mass index, is presented in Table 1.

Table 1. Characteristics of the study group including age, height, weight, and body mass index (BMI).

N M SD Mdn IQR/2 Min Max CV [%]

Age at qualification 200 58.9 13.0 61.0 9.0 19.0 88.0 22.1
Height (cm) 200 166.9 9.1 165.0 7.0 145.0 190.0 5.4
Weight (kg) 200 56.6 11.7 55.0 8.5 30.4 86.0 20.7
BMI 200 20.3 3.9 19.8 2.4 12.7 32.8 19.4

M—mean; SD—standard deviation; Mdn—median; IQR/2—semi-interquartile range; CV—coefficient of variation.

In addition to the anthropometric examinations, the results of the laboratory tests
were also taken into account, including serum albumin levels, lymphocytes, leucocytes,
C-reactive protein and total protein, which are listed in Table 2. All laboratory tests were
performed prior to the start of nutritional therapy at the patient’s admission. The C-reactive
protein values showed that the majority of patients (93.0%) had severe inflammation on
admission to hospital. The majority of them had a subclinical infection of the vascular port.

Table 2. Characteristics of the study group including albumin level, lymphocytes, leukocytes, C-
reactive protein (CRP) and total protein.

N M SD Mdn IQR/2 Min Max CV [%]

Serum albumin (g/dL) 200 2.67 0.78 2.60 0.59 1.25 5.40 29.06
Lymphocytes (tys/μL) 200 1.28 0.66 1.17 0.39 0.16 4.56 51.71
% Lymphocytes 200 18.30 11.50 15.76 7.10 1.93 68.51 62.87
Leukocytes (tys/μL) 200 8.70 4.99 7.71 2.57 1.90 36.80 57.31
C-reactive protein (mg/L) 200 69.51 76.15 43.2 45.96 0.40 497.44 109.5
Total protein (g/dL) 198 6.41 1.04 6.40 0.72 3.10 8.90 16.20

M—mean; SD—standard deviation; Mdn—median; IQR/2—semi-interquartile range; CV—coefficient of variation.

All patients had individually compiled All-in-One (AIO) nutritional admixtures. One
hundred and ninety-five patients (88.5%) received their nutritional admixture prepared
and premixed in the hospital pharmacy. The data on the nutritional programme are shown
in Table 3.
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Table 3. Characteristics of the study group including data related to the nutrition programme (volume,
energy, osmolality, amino acids, calories of fat, volume of fat emulsion, non-protein energy).

N M SD Mdn IQR/2 Min Max CV [%]

Volume (mL) 200 2452.8 377.7 2600.0 250.0 1000.0 3600.0 15.4
Energy (kcal) 200 1356.9 138.7 1360.0 59.3 715.0 1915.0 10.2
Mosm/L 200 844.0 131.2 824.0 58.9 145.0 1450.0 15.6
Amino acids (g) 200 49.1 7.7 50.0 7.3 17.0 62.5 15.6
Fat (kcal) 200 242.9 61.4 200.0 50.0 100.0 600.0 25.3
Volume of fat emulsion (mL) 200 129.9 35.6 100.0 25.0 50.0 300.0 29.0
Non-protein energy (kcal) 199 1155.6 145.8 1166.0 66.0 132.0 1665.0 12.6

M—mean; SD—standard deviation; Mdn—median; IQR/2—semi-interquartile range; CV—coefficient of variation.

Assessment of nutritional status according to GLIM criteria showed that 88% (n = 176)
of patients were malnourished on hospital admission. The results of the assessment of
nutritional status and nutritional risk, assessed with SGA, PNI, Total Lymphocyte Count
(TLC), NRI and GNRI, are shown in Table 4.

Table 4. Summary of SGA, PNI, TLC, NRI and GNRI results.

Variable N %

SGA (n = 200)
A 1 0.50
B 73 36.50
C 16 8.00
D 110 55.00

PNI (n = 200)
normal 57 28.50

moderate risk 24 12.00
severe risk 119 59.50

Total lymphocyte Count (n = 200)
nourished 29 14.50

moderate malnutrition 125 62.50
severe malnutrition 46 23.00

NRI (n = 122)
no risk 4 3.28

mild risk 21 17.21
moderate risk 97 79.51

GNRI (n = 78)
normal 5 6.41

low risk 4 5.13
moderate risk 17 21.79

high risk 52 66.67

Patients who were classified as “A” using the SGA (n = 1), “no risk” using the NRI
(n = 4) and “normal” using the GNRI (n = 5) were not included in further analysis, and only
patients who were at high risk of malnutrition or malnourished on admission to hospital
were included.

The overall survival (OS) curve for the study group is shown in Figure 2 and detailed
data is presented in Table 5.
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Figure 2. Kaplan–Meier curve for overall survival in palliative oncological patients with malignant
bowel obstruction.

Table 5. Details for Kaplan–Meier curve including 3–6–9–12-month survival.

95% Confidence Interval

Time Number at Risk Number of Events Survival Lower Upper

3 89 104 47.3 % 40.8 % 54.9 %
6 61 22 35.5 % 29.3 % 42.9 %
9 34 21 22.3 % 16.9 % 29.5 %

12 24 8 16.9 % 12.1 % 23.7 %

The mean survival time of the patients was 75 days. The probability of survival was
also assessed using PNI and NRI/GNRI scoring as possible predictors of patient survival.
The results of multivariate Cox regression analysis showed that the Prognostic Nutritional
Index score was positively associated with the risk of death (p < 0.001, HR = 0.950; 95%CI,
0.932–0.968).

Figure 3 shows the probability of survival as a function of the Prognostic Nutritional
Risk Index. The survival time in all figures is given in days.

As ESPEN states that the estimated survival time for patients included in the HPN
procedure should be at least 90 days (three months), the relationship between the PNI
score and the three-month survival time was investigated. The probability of three-month
survival was 77.9% for patients classified with a “normal” PNI, 57.6% for “moderate risk”
and 31.1% for “severe risk”.

As the Nutritional Risk Index and Geriatric Nutritional Risk Index are age-dependent
indicators of the risk of malnutrition, the analysed group was divided as follows: NRI,
patients < 65 years old (n = 122); GNRI ≥ 65 years old (n = 78). NRI/GNRI scoring was also
positively related to the risk of death (p < 0.001, HR = 0.979; 95%CI 0.969–0.990). Figure 4
shows the probability of survival as a function of the Nutritional Risk Index or Geriatric
Nutritional Risk Index.
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Figure 3. Probability of survival in palliative oncological patients with malignant bowel obstruction
considering Prognostic Nutritional Index (PNI).

  
(A) (B) 

Figure 4. Probability of survival in palliative oncological patients with malignant bowel obstruction
including NRI (A) and GNRI (B).

There was no significant correlation between the Geriatric Nutritional Risk Index
values and the probability of survival; however, for the Nutritional Risk Index, the results
showed that the “moderate” group had a significantly lower probability of survival than
the “mild” group (p = 0.001). The probability of surviving three months was 74.6% in the
mild-risk group and 38.8% in the moderate-risk group.

The presence of a relationship between nutritional status, taking into account criteria
such as GLIM, SGA, BMI and survival time on home parenteral nutrition, was also analysed.
The results for these criteria are shown in Figure 5. There was no significant difference
between the groups; GLIM p = 0.922, SGA p = 0.083, BMI p = 0.092.
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Figure 5. Probability of survival in palliative oncological patients with malignant bowel obstruction
depending on GLIM (A), SGA (B) and BMI (C).
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The ROC curves showed the best cut-off points for the Prognostic Nutritional Index
and the Nutritional Risk Index, which are presented in Figure 6. For the PNI, the cut-off
point was 35.25: p < 0.001 (AUC = 0.681; 95%CI 0.605–0.756). At this cut-off point, the test
was shown to have a moderate ability to detect disease states (3-month survival) and a
good ability to detect non-disease states (no 3-month survival). Further details on the ROC
parameters can be found in Table 6.

  
(A) (B) 

Figure 6. Receiver Operating Characteristic (ROC) curve for PNI (A) and NRI (B) scoring.

Table 6. Parameters of ROC curve for Prognostic Nutritional Index (cut-off point = 35.25).

True
Posi-
tives

False
Posi-
tives

False
Nega-
tives

True
Nega-
tives

Sensitivity Specificity Accuracy PPV NPV LR (+) LR (−)
Youden
Index

51 27 43 96 0.543 0.780 0.677 0.654 0.691 2.472 0.586 0.323

PPV—Positive Predictive Value; NPV—Negative Predictive Value; LR (+)—Positive Likelihood Ratio; LR (−)—
Negative Likelihood Ratio.

For NRI, the cut-off point was 72.67: p = 0.001 (AUC = 0.626; 95%CI 0.549–0.704).
Detailed data are presented in Table 7.

Table 7. Parameters of ROC curve for Nutritional Risk Index (cut-off point = 72.67).

True
Posi-
tives

False
Posi-
tives

False
Nega-
tives

True
Nega-
tives

Sensitivity Specificity Accuracy PPV NPV LR (+) LR (−)
Youden
Index

56 43 35 71 0.615 0.623 0.620 0.566 0.670 1.631 0.618 0.238

PPV—Positive Predictive Value; NPV—Negative Predictive Value; LR (+)—Positive Likelihood Ratio; LR (−)—
Negative Likelihood Ratio.

4. Discussion

The main objective of the present study was to investigate whether the nutritional
status of palliative cancer patients receiving home parenteral nutrition can be used as a
prognostic factor for survival. According to a recent scoping review [15], clinical practice
guidelines for nutritional assessment are not uniform with regard to the choice of specific
tools and criteria. In this study, both the most commonly used tools, i.e., the body mass
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index and the Subjective Global Assessment, and those less commonly used in clinical
practice, such as the GLIM criteria, the Nutritional Risk Index, the Geriatric Nutritional
Risk Index and the Prognostic Nutritional Risk Index, were considered. The use of these
indicators enabled not only an accurate assessment of the nutritional status of patients but
also a review of whether they can be used as a tool to better estimate patient survival in the
context of initiating nutritional therapy.

In this study, 99.5% of patients were malnourished or at high risk of malnutrition
according to the results of the SGA scale, and 88% of patients were malnourished based on
the GLIM criteria. In the meta-analysis presented by Matsui et al. [10], which focused on
treatment outcomes in cancer patients and was based on the GLIM criteria for malnutrition,
the prevalence of malnutrition ranged between 30 and 40% in most studies.

The ESPEN guideline (No. 7) for clinical nutrition in cancer stated that nutritional
therapy should be implemented when patients are not yet severely malnourished [4].
This indicates an urgent need for more rapid nutritional interventions focusing on the
assessment of nutritional status, particularly in the context of the impact of malnutrition
on the treatment process. Another ESPEN recommendation (No. 4) states that parenteral
nutrition should be implemented in patients with an estimated survival time of more
than one to three months [16]. A meta-analysis by Naghibi et al. [17], which included
patients with palliative malignancy and inoperable bowel obstruction (n = 244), found a
mean survival time of 116 days. However, in our study, the median survival of patients
with disseminated cancer in a palliative state was only 75 days, which does not meet the
ESPEN criteria.

It is also important to consider how we can improve the accuracy of survival time
estimates. This study shows that neither BMI values nor Subjective Global Assessment
scores are good tools for estimating survival time in the analysed patient group (BMI:
p = 0.092, SGA: p = 0.083). Similar results for BMI were reported by Nazari et al. [18]
and Przekop et al. [19] in patients with head and neck cancer. On the other hand, Chong
et al. [20] reported that the modified Patient-Generated Subjective Global Assessment
(mPG-SGA) is a valuable tool for survival prognosis in patients with malignant cancer
involving two or more organs. This is consistent with the findings of Carvalho et al. [21],
who reported that Patient-Generated SGA (PG-SGA) scores are directly related to survival
in palliative cancer patients. The results of Huo et al. [22] show that the modified version
has similar predictive power for survival in patients with lung cancer as the PG-SGA and
the GLIM, suggesting that all three instruments are applicable in this patient group. This
may suggest that the Patient-Generated Subjective Global Assessment (both basic and
modified) is more suitable than the Subjective Global Assessment for prognosing survival
prediction in the oncological population. Nevertheless, the study by Crestani et al. [23]
showed that the SGA has good accuracy and sufficient specificity (>80%) in the diagnosis
of malnutrition compared to the PG-SGA, demonstrating its usefulness in clinical practice.

The Global Leadership Initiative on Malnutrition criteria were also not found to be a
good tool for predicting patient survival (p = 0.922). However, as shown in a meta-analysis
by Yin et al. [24], GLIM-defined malnutrition has an impact on all-cause mortality in the
oncological population, and these criteria are highly recommended for the assessment of
nutritional status due to the use of both phenotypic and aetiological criteria [25], making
them highly relevant in daily clinical practice.

Although albumin levels are not a good indicator of nutritional status [26,27], they
proved useful in this study as they were used to calculate indicators of nutritional status
such as the Nutritional Risk Index, the Geriatric Nutritional Risk Index and the Prognostic
Nutritional Index. This study showed significant results with regard to the NRI. Patients
classified in the “moderate” group had a lower probability of survival than those classified
as “mild risk” (p < 0.001). Similar conclusions were reached by Chaufour-Andre et al. [28]
and Zhou et al. [29]. Both studies found that a low NRI was associated with poorer patient
outcomes. A paper by Chen et al. [30], which focused on patients with breast cancer,
highlighted that overall survival in this group was remarkably longer when the NRI was
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higher. It is therefore worth considering incorporating the Nutritional Risk Index into daily
clinical practice, although it should be borne in mind that it only applies to patients under
the age of 65.

Particular attention should be paid to the Prognostic Nutritional Index, which is not
used in daily practice. The analysis showed that patients with a “normal” PNI score had
a 75.2% chance of surviving for three months. Zhang et al. [31] showed in their study
of patients with gastrointestinal cancer that those with a higher PNI score had a higher
survival rate (p < 0.001). Similar conclusions were drawn in Bullock et al.’s [32] paper,
which focused on elderly patients (>70 years) with cancer. This suggests that the Prognostic
Nutritional Index can be used to estimate patient survival with a lower margin of error. It
should also be emphasised that the Prognostic Nutritional Index is a universal indicator
compared to the Nutritional Risk Index, as it is applicable to any age group of adult
patients. The use of NRI and PNI as indicators in the context of deciding whether to refer a
patient for home parenteral nutrition should be considered, as this may minimise the risk
of underdiagnosis and overtreatment.

It is generally recognised that the primary aim of nutritional therapy is to improve the
patient’s nutritional status to such an extent that it also has a positive effect on the treatment
outcome and QoL. However, it should not be forgotten that this is still a medical procedure
that not only places a physical but also a psychological burden on the patient, requires
hospitalisation to prepare for the procedure, and can be associated with complications that
just as often end in hospitalisation and reduce the quality of life remaining [33]. It is also
important to make an assessment after optimising the patient’s condition and to plan the
optimal method of parenteral nutrition (especially AIO). The use of RTU admixtures and
additional fluids leads to poorer outcomes as RTU is sub-optimally balanced and contains
too much fat, and the separation of the nutritional mixture from the fluids shortens the
infusion time and accelerates the water infusion time, leading to poorer bioretention and
metabolism of macronutrients and having a tendency to cause oedema and water retention
as a result of rapid fluid infusion.

Ultimately, the question arises as to where the ethical line is drawn between using
nutritional therapy to improve the patient’s condition and another medical intervention
that may shorten the patient’s final days.

Our study had some limitations. Due to its retrospective design, we did not have
access to detailed medical records from other medical institutions that included the date of
diagnosis and the treatment given. In addition, some patients were transferred to hospice
and were no longer in the care of the HPN centre (they were classified as weaned from
HPN), so we had no current information on their survival.

5. Conclusions

This study has shown that there is a high need for early nutritional intervention,
particularly in relation to the consequences of malnutrition, which directly increases the
risk of poorer prognosis and death.

The nutritional status of the patient can be one of the most important elements in the
assessment of estimated survival time and should be carried out with validated instru-
ments.

The Nutritional Risk Index and Prognostic Nutritional Index have been shown to be
good indicators for assessing the nutritional status of patients in relation to their survival time,
although the PNI may prove to be the more versatile tool due to the lack of age restriction.
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Abstract: Gastric cancer (GC) remains a significant global health concern, ranking as the third
leading cause of cancer-related deaths. Malnutrition is common in GC patients and can negatively
impact prognosis and quality of life. Understanding nutritional issues and their management is
crucial for improving patient outcomes. This cross-sectional study included 51 GC patients who
underwent curative surgery, either total or subtotal gastrectomy. Various nutritional assessments
were conducted, including anthropometric measurements, laboratory tests, and scoring systems
such as Eastern Cooperative Oncology Group/World Health Organization Performance Status
(ECOG/WHO PS), Observer-Reported Dysphagia (ORD), Nutritional Risk Screening-2002 (NRS-
2002), Patient-Generated Subjective Global Assessment (PG-SGA), and Simplified Nutritional Ap-
petite Questionnaire (SNAQ). Serum carcinoembryonic antigen (CEA) levels were significantly higher
in the subtotal gastrectomy group. Nutritional assessments indicated a higher risk of malnutrition
in patients who underwent total gastrectomy, as evidenced by higher scores on ORD, NRS-2002,
and PG-SGA. While total gastrectomy was associated with a higher risk of malnutrition, no single
nutritional parameter emerged as a strong predictor of surgical approach. PG-SGA predominantly
identified malnutrition, with its occurrence linked to demographic factors such as female gender and
age exceeding 65 years.

Keywords: gastric cancer; gastrectomy; malnutrition; nutritional assessment; Nutritional Risk
Screening-2002; Patient-Generated Subjective Global Assessment

1. Introduction

Gastric cancer (GC) poses a substantial global public health challenge, ranking as
the third leading cause of cancer-related deaths, even though its incidence has decreased
over the past five decades. The occurrence of GC exhibits regional variations, and this
diversity is linked to a range of factors, including infectious, environmental, and genetic
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characteristics [1]. It is a tumor often linked to malnutrition and various nutritional
deficiencies. The identification and effective management of these nutritional issues can
play a crucial role in enhancing the quality of life and increasing the survival rates of
affected patients [2]. The studies have found the prevalence of malnutrition in GC to be
around 60%, although it varies widely depending on the tumor stage, type of treatment
received, and the nutritional assessment (NA) tool used. Malnutrition in these patients, as
with other oncological processes, results in a worse prognosis and quality of life, as well as
a negative clinical impact (higher rates of infections, toxicity of treatments, complications,
hospital stay, etc.) and financial impact [2,3]. The standard treatment for GC involves
curative resection and perioperative adjuvant treatment. The surgical approach for GC
is either total gastrectomy (TG) or subtotal gastrectomy (SG). These surgical procedures
can alter the gastrointestinal anatomy and physiological function of patients, impacting
nutrient absorption and giving rise to gastrointestinal symptoms [4]. Despite improvements
in prognosis, over half of the patients experience recurrent disease. Identifying useful
prognostic factors is crucial to enhance outcomes. The perioperative nutritional and
inflammatory status influences short-term and long-term oncological outcomes, impacting
complications and treatment continuation.

Following surgery, patients commonly encounter reduced appetite, early satiety with
minimal food intake, or gastroesophageal reflux. They may also manifest symptoms like
nausea, vomiting, bloating, abdominal discomfort, and diarrhea or encounter difficulties
with swallowing, known as dysphagia [5]. Intense symptoms can contribute to heightened
psychological distress and have an adverse effect on the patient’s dietary intake. Emotional
distress, symptom disturbance, and inflammation associated with cancer can contribute to
protein-energy wasting, resulting in a decrease in overall body weight [6]. The distinction
between weight loss and cancer cachexia is essential to make, the latter being represented
by loss of skeletal muscle mass and reduced energy intake. Cancer cachexia cannot be
completely reversed by standard nutritional support and results in a gradual decline in
physical function. Its pathophysiology involves a disturbance in protein and energy balance,
typically caused by a combination of reduced food intake and abnormal metabolism [7].

Various NA tools have been developed for patients with GC, offering clinical advan-
tages like accessibility and cost-effectiveness. However, understanding the characteristics
of each tool is essential for informed clinical use [8]. Most frequently, these systems relied
on objective measurements like oral energy intake, body weight, weight loss over time,
subcutaneous fat loss, muscle wasting, serum protein levels, and immune competence.
Subjective NA scoring systems, incorporating a variety of measurements, have been devel-
oped to enhance the sensitivity and specificity of nutritional status assessments [9]. The
most used NA tools used are the Eastern Cooperative Oncology Group/World Health
Organization Performance Status (ECOG/WHO PS), Observer-Reported Dysphagia (ORD),
Nutritional Risk Screening-2002 (NRS-2002), Patient-Generated Subjective Global Assess-
ment (PG-SGA) and Simplified Nutritional Appetite Questionnaire (SNAQ). While body
mass index (BMI) is well-suited for population-level studies, its use can lead to inaccuracies
in assessing adiposity. This is because the calculation does not differentiate between lean
muscle mass and fat mass [10].

This research aimed to assess the frequency of postoperative malnutrition among
individuals with GC who underwent either total or subtotal gastrectomy. Additionally, it
examined the associations between measurable factors like laboratory results and subjective
scoring systems used to evaluate nutritional status during the postoperative recovery phase.

2. Materials and Methods

2.1. Study Design and Patients

The study was conducted prospectively and included a total of 51 patients who
had undergone curative surgery for GC. Within this cohort, 22 patients underwent total
gastrectomy, while 29 patients underwent subtotal gastrectomy. The enrolled patients were
provided with standard nutritional supplements from the hospital throughout both the
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perioperative and postoperative periods. The participants were recruited from hospitalized
patients at the Regional Institute of Oncology in Iasi. The patient selection was based on
criteria to enhance homogeneity (age, gender, body mass index).

The project plan required a group of cooperative patients, with the diagnosis of GC
being a crucial criterion for participation in the study.

2.2. Serological Measurements

Blood samples were drawn from the cubital vein for testing, which encompassed the
analysis of serum protein, albumin, cell blood count, serum electrolytes Na+, K+, urea,
creatinine, tumoral markers carcinoembryonic antigen (CAE), and carbohydrate antigen 19-
9 (CA 19-9). Standard laboratory techniques were employed to gather the laboratory data.

2.3. Nutritional Assessments

The patients underwent evaluations on the following parameters: anthropometric
measurements, laboratory data, the Eastern Cooperative Oncology Group/World Health
Organization Performance Status (ECOG/WHO PS), Observer-Reported Dysphagia (ORD),
Nutritional Risk Screening-2002 (NRS-2002), Patient-Generated Subjective Global Assess-
ment (PG-SGA), and Simplified Nutritional Appetite Questionnaire (SNAQ).

2.3.1. Eastern Cooperative Oncology Group/World Health Organization
Performance Status

ECOG/WHO PS is a scale that ranges from zero (“fully active”) to three (“capable
of only limited self-care”) and up to five (“dead”). Recognizing the significant insights
functional status information can offer for cancer research populations, there is global
interest in integrating performance measures like ECOG/WHO PS into routine follow-ups.

2.3.2. Dysphagia Score

ORD was scored by the physician treating the patient. It is scored 0–4 (a score of
0 denotes no dysphagia; a score of 1: symptomatic, able to eat regular diet; a score of
2: symptomatic, altered eating/swallowing, I.V. fluids indicated < 24 h; a score of 3:
symptomatic, severely altered eating/swallowing with inadequate caloric or fluid intake,
I.V. fluids or FT indicated > 24 h; and a score of 4: life-threatening, due to obstruction
or perforation).

2.3.3. Nutritional Risk Screening-2002

The NRS-2002 was endorsed by the European Society of Parenteral and Enteral Nutri-
tion as the preferred screening and assessment method for hospital patients. It reflects the
imbalance between the metabolic stress demand and normal nutritional intake. It includes
the following components: assessment of food intake, anthropometric indicators, general
health assessment, acute assessment, and assessment of involuntary weight loss. It also
includes an age adjustment for patients aged over 70 years (+1). The questionnaire uses
these items to calculate the overall nutritional risk score. Thus, the NRS-2002 questionnaire
in GC aims to detect and manage malnutrition and nutritional deficiencies, contributing
to the improvement of treatment outcomes and quality of life for patients. A score ≥3 is
suggestive that the patient is at risk of malnutrition and a nutritional plan is to be followed.

2.3.4. Patient-Generated Subjective Global Assessment

PG-SGA is widely acknowledged in clinical research as the standard method for
evaluating the nutritional status of cancer patients, representing a modified iteration of the
nutritional assessment tool, Subjective Global Assessment. The initial section of PG-SGA is
filled out by the patients and is employed as a screening tool for nutritional risk/deficiency,
commonly known as PG-SGA Short Form.
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2.3.5. Simplified Nutritional Appetite Questionnaire

SNAQ is a concise four-item instrument that includes items 1, 2, 4, and 6 from the
Comprehensive Nutritional Assessment Questionnaire (CNAQ). These specific items evalu-
ate appetite, satiety, taste of food, and the number of meals per day, respectively. The SNAQ
was designed as a self-assessment screening tool, aiming for a quick and straightforward
administration without the necessity for trained assessors or laboratory measurements.
The total score ranges from 4 to 20. Previous validation studies propose a cutoff of ≤14 to
indicate malnutrition and involuntary weight loss.

2.4. Statistical Analysis

The data underwent analysis using the statistical software “Statistical Package for
Social Science (SPSS)” version 20.0 for Windows. Variations between independent groups
were examined through Student’s t-test and one-way analysis of variance. Spearman’s rank
correlation coefficients were computed to assess the association between the scores and
variables. Data are presented as mean ± SD. Significance was determined at p < 0.05. The
agreement between the two assessment methods was evaluated using the Chi2 statistic. The
Chi2 value ranges from 0 to 1; a value of 0.4 or less suggests that chance alone can explain the
observed agreement, while a value of 1 signifies perfect concordance. Comparison between
group means was performed with ANOVA. The coefficient of variation (CV%) highlights
the percentage deviation between the two means, providing insights into the homogeneity
of the value series. Additionally, if the examined variable comprises continuous values, the
skewness test (−2 < p < 2) is applied to validate the normality of the value series. Using the
ROC curve, the balance of specificity/sensitivity as a prognostic factor was represented.

3. Results

3.1. Demographic Characteristics

The demographic characteristics are shown in Table 1.

Table 1. Demographic characteristics of the patients.

Gastrectomy
Both Groups

(N = 51)
p-Value

Total (N = 22)
Subtotal
(N = 29)

Sex
Male

Female
16 (72.7%)
6 (27.3%)

18 (62.1%)
11 (37.9%)

34 (66.7%)
17 (33.3%)

0.421

Age (years)
Mean ± SD

median/limits
66.91 ± 12.68

66/35–82
65.62 ± 13.32

65/34–82
66.18 ± 12.93

66/34–82
0.728 #

Age groups
<65 years
≥65 years

9 (40.9%)
13 (59.1%)

11 (37.9%)
18 (62.1%)

20 (39.2%)
31 (60.8%)

0.829

Environment
Urban
Rural

13 (59.1%)
9 (40.9%)

16 (55.2%)
13 (44.8%)

29 (56.9%)
22 (43.1%)

0.779

# Student’s t-test.

Distribution by gender highlighted a higher frequency of male cases (66.7%), with a
male/female ratio of 2/1 in both study groups (72.7% vs. 62.1%; p = 0.421). The average
age in the GT group was slightly lower compared to the SG group (65.62 vs. 66.91 years;
p = 0.728). In terms of age groups, it is noteworthy that 59.1% of patients in the TG group
and 62.1% in the SG group were over 65 years old (p = 0.829), making 65 years a chosen
threshold for subsequent comparisons. In terms of origin, it is notable that 55.3% of patients
in the TG group and 53.5% in the SG group were from urban areas (p = 0.749).
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Regarding lab work, only CEA differed significantly between the analyzed groups; in
the SG group, it was significantly higher (1.85 vs. 3.97 U/mL; p = 0.027) (Table 2).

Table 2. Biochemical parameters compared between the two groups.

Parameters
Gastrectomy

p-Value
Total (N = 22) Subtotal (N = 29)

Hemoglobin, g/dL 10.43 ± 2.81 11.36 ± 2.41 0.209
Hematocrit, % 32.57 ± 7.65 34.97 ± 6.07 0.217
PLT, ×103/μL 330.59 ± 131.43 337.76 ± 120.98 0.841

WBC, ×1000/μL 7.59 ± 2.04 8.11 ± 2.84 0.474
Lymphocytes/μL 9.25 ± 9.28 7.64 ± 10.32 0.567

PLT/Lymphocytes 109.13 ± 97.39 137.42 ± 93.71 0.299
Serum protein, g/dL 7.13 ± 0.71 6.96 ± 0.96 0.482

Albumin, g/dL 4.22 ± 0.63 4.40 ± 0.61 0.325
Na+, mmol/L 138.68 ± 3.24 139.90 ± 3.71 0.228
K+, mmol/L 4.53 ± 0.38 4.41 ± 0.44 0.345
Urea, mg/dL 40.0 ± 11.69 43.18 ± 15.53 0.426

Creatinine, mg/dL 0.99 ± 0.21 1.01 ± 0.23 0.783
CEA, U/mL 1.85 ± 2.27 3.97 ± 1.63 0.027

CA19-9, U/mL 53.55 ± 32.80 43.03 ± 26.69 0.803

3.2. Nutritional Assessment

A registered dietitian conducted nutritional evaluations. It is worth noting that
no comparative analysis of nutritional supplements was conducted, thus hindering the
identification of the most effective option.

3.2.1. WHO/ECOG Score

The value series for the WHO/ECOG score was homogeneous, suggesting that sta-
tistical significance tests can be applied: variations within the range of 0–3; group mean
0.86 ± 0.92; median = 1; skewness test result p = 0.930.

The WHO/ECOG score of 3 (patient capable of limited self-care, spending over 50%
of the time in bed or chair) was recorded in a small number of patients: 13.6% in the GT
group and only 3.4% in the GS group. Approximately 80% of patients were physically
active or capable of short-duration physical activities (p = 0.305).

Patients with an ECOG score of 2 (patients capable of self-care but struggling with
relatively easy physical activities) were all over 65 years old (p = 0.001), with 2/3 originating
from urban areas (p = 0.661). Those with a WHO/ECOG score of 3 (patients capable of
limited self-care) were all over 65 years old (p = 0.001), and 3/4 were female (p = 0.018)
(Table 3).

Table 3. Distribution of cases based on ECOG/WHO PS scores and demographic characteristics.

ECOG/
WHO PS

0
N = 21 (41.2%)

1
N = 20 (39.2%)

2
N = 6 (11.8%)

3
N = 4 (7.8%)

Surgical
treatment

SG (N = 29) 12 (41.4%) 11 (37.9%) 5 (17.2%) 1 (3.4%)
TG (N = 22) 9 (40.9%) 9 (40.9%) 1 (4.5%) 3 (13.6%)

Sex
Male 17 (80.9%) 13 (65%) 3 (50%) 1 (25%)

Female 4 (19.0%) 7 (35%) 3 (50%) 3 (75%)

Age <65 years 17 (80.9%) 4 (20%) 0 0
≥65 years 5 (23.8%) 16 (80%) 6 (100%) 4 (100%)

Environment
Urban 10 (47.6%) 13(65%) 4 (66.6%) 2 (50%)
Rural 11 (52.3%) 7(35%) 2 (33.3%) 2 (50%)

SG = subtotal gastrectomy; TG = total gastrectomy. 0 = asymptomatic; 1 = symptomatic but completely ambulatory;
2 = symptomatic, <50% in bed during the day; 3 = symptomatic, >50% in bed but not bedbound.
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3.2.2. Dysphagia Score

The value series for the dysphagia score was homogeneous, indicating that statistical
significance tests can be applied: variations within the range of 0–2, group mean 0.51 ± 0.78,
median = 0, skewness test result p = 1.132 (Table 3).

A dysphagia score of 2 (capable of swallowing only semi-solid foods) was recorded in
18.2% of patients in the TG group and 17.2% in the SG group (p = 0.940). The TG group
exhibited a more pronounced dysphagia score compared to the SG group.

Patients with a dysphagia score of 2 (capable of swallowing only semi-solid foods)
were 3/4 female (p = 0.006), 88.9% were over 65 years old (p = 0.011), and 2/3 came from
urban areas (p = 0.073) (Table 4).

Table 4. Distribution of cases based on dysphagia scores and demographic characteristics.

Dysphagia
Score

0
N = 34 (66.7%)

1
N = 8 (15.7%)

2
N = 9 (17.6%)

Surgical
treatment

SG (N = 29) 19 (65.5%) 5 (17.2%) 5 (17.2%)
TG (N = 22) 15 (68.2%) 3 (13.6%) 4 (18.2%)

Sex
Male 27 (79.4%) 5 (62.5%) 2 (22.2%)

Female 7 (20.6%) 3 (37.5%) 7 (77.7%)

Age <65 years 18 (52.9%) 1 (12.5%) 1 (11.1%)
≥65 years 16 (47.0%) 7 (87.5%) 8 (88.8%)

Environment
Urban 16 (47.0%) 7 (87.5%) 6 (66.6%)
Rural 18 (52.9%) 1 (12.5%) 3 (33.3%)

SG = subtotal gastrectomy; TG = total gastrectomy. 0 = no dysphagia; 1 = symptomatic, able to eat a regular diet;
2 = symptomatic, altered eating/swallowing.

3.2.3. Nutritional Risk Screening-2002

The value series for the NRS score was homogeneous, suggesting that statistical
significance tests can be applied: variations within the range of 0–3; group mean 0.25 ± 0.74;
median = 0; skewness test result p = 1.879.

An NRS score of 2 (moderate imbalance) was recorded in 9.1% of patients in the TG
group and 3.4% in the SG group, while an NRS of 3 (severe imbalance) was recorded in
4.5% of patients in the TG group and 3.4% in the SG group (p = 0.603). A higher prevalence
of malnutrition was observed in the group of patients who underwent TG.

Patients with an NRS score of 2 (moderate imbalance) were all female (p = 0.019), over
65 years old (p = 0.049), and 1/2 from urban areas (p = 0.725). Those with an NRS score of 3
(severe imbalance) were 1/2 female (p = 0.019), all over 65 years old (p = 0.049), and 1/2
from urban areas (p = 0.725) (Table 5).

Table 5. Distribution of cases based on NRS-2002 scores and demographic characteristics.

NRS-2002
Score

0
N = 44 (88.2%)

1
N = 1 (2%)

2
N = 3 (5.9%)

3
N = 2 (3.9%)

Surgical
treatment

SG (N = 29) 26 (89.7%) 1 (3.4%) 1 (3.4%) 1 (3.4%)
TG (N = 22) 19 86.4% 0 2 (9.1%) 1 (4.5%)

Sex
Male 33 (73.3%) 0 0 1 (50%)

Female 12 (26.7%) 1 (100%) 3 (100%) 1 (50%)

Age <65 years 20 (44.4%) 0 0 0
≥65 years 25 (55.5%) 1 (100%) 3 (100%) 1 (100%)

Environment
Urban 25 (55.5%) 1 (100%) 2 (66.6%) 1 (50%)
Rural 20 (44.4%) 0 1 (33.3%) 1 (50%)

SG = subtotal gastrectomy; TG = total gastrectomy. Score < 3—no nutritional risk; >3—nutritional risk.
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3.2.4. PG-SGA

The PG-SGA score values were consistent, allowing for statistical tests: ranging from
4 to 27, with a group mean of 10.84 ± 5.16 and a median of 10. The skewness test result
was −1.035. The average PG-SGA score in the TG group was slightly higher than in the SG
group (10.86 vs. 10.83; p = 0.981), emphasizing the need for dietitian intervention in both
groups (Table 3).

The PG-SGA score of B, requiring dietitian intervention, was recorded in 54.5% of
patients in the TG group and 62.1% in the SG group, while PG-SGA of C, a critical indicator
for changing nutritional management, was recorded in 13.6% of patients in the TG group
and 10.3% in the SG group (p = 0.856). Patients classified as severely malnourished were
more prevalent in the TG group.

Patients with a PG-SGA score of B were 3/4 male (p = 0.026), 83.3% were over 65 years
old (p = 0.001), and 60% came from urban areas (p = 0.609). Meanwhile, patients with a
PG-SGA score of C were 83.3% female (p = 0.026), all over 65 years old (p = 0.001), and 2/3
came from urban areas (p = 0.609) (Table 6).

Table 6. Distribution of cases based on PG-SGA scores and demographic characteristics.

PG-SGA Score
A

N = 1 (29.4%)
B

N = 30 (58.8%)
C

N = 6 (11.8%)

Surgical
treatment

SG (N = 29) 8 (27.6%) 18 (62.1%) 3 (10.3%)
TG (N = 22) 7 (31.8%) 12 (54.5%) 3 (13.6%

Sex
Male 11 (73.3%) 22 (73.3%) 1 (16.7%)

Female 4 (26.7%) 8 (26.7%) 5 (83.3%)

Age <65 years 15 (100%) 5 (16.7%) 0
≥65 years 0 25 (83.3%) 6 (100%)

Environment
Urban 7 (46.7%) 18 (60%) 4 (66.6%)
Rural 8 (53.3%) 12 (40%) 2 (33.3%)

SG = subtotal gastrectomy; TG = total gastrectomy; A = well nourished; B = suspected or moderate malnutrition;
C = severe malnutrition.

3.2.5. Score SNAQ-Indicator of Appetite and Eating Behavior

The SNAQ score values were consistent, allowing for statistical tests: ranging from 8
to 19, with a group mean of 14.22 ± 3.29 and a median of 14. The skewness test result was
−0.072 (Table 3). No patient obtained the maximum score of 20.

The average SNAQ score in the TG group was slightly higher compared to the SG
group (14.41 vs. 14.07; p = 0.718). A high SNAQ score was recorded in 95.5% of patients
in the GT group and 93.1% in the GS group (p = 0.139). Surprisingly, a more satisfying
appetite was found in the TG group.

Patients with a high SNAQ score were 68.8% male (p = 0.071), 58.3% were over 65 years
old (p = 0.211), and 56.3% came from urban areas (p = 0.556). Meanwhile, patients with a
low SNAQ score were all male (p = 0.071), over 65 years old (p = 0.211), and from urban
areas (p = 0.556) (Table 7).

By plotting the ROC curve, it is confirmed that, in the studied cases, among the nutri-
tional status parameters, there were no good predictors of radical gastrectomy (AUC < 0.600)
(Figure 1, Table 8). A low AUC value near 0.5 and an irregular ROC curve suggest limited
support for total gastrectomy from questionnaire results, warranting further investiga-
tion. Additionally, examining the questionnaire items and their relevance to the outcome
of interest (support for total gastrectomy) may help identify any limitations or biases in
the questionnaires.
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Table 7. Distribution of cases based on SNAQ scores and demographic characteristics.

SNAQ Score
Low

N = 1 (2%)
Moderate

N = 2 (3.9%)
High

N = 48 (94.1%)

Surgical
treatment

SG (N = 29) 0 2 (6.9%) 27 (93.1%)
TG (N = 22) 1 (31.8%) 0 21 (95.5%)

Sex
Male 1 (100%) 0 33 (68.8%)

Female 0 2 (100%) 15 (31.3%)

Age <65 years 0 0 20 (41.7%)
≥65 years 1 (100%) 2 (100%) 28 (58.3%)

Environment
Urban 1 (100%) 1 (50%) 27 (56.3%)
Rural 0 1 (50%) 21 (43.7%)

SG = subtotal gastrectomy; TG = total gastrectomy. Low = low risk of malnutrition; Moderate = moderate risk of
malnutrition; High = high risk of malnutrition.

Figure 1. ROC Curve: Nutritional Status. Predictors of Radical Gastrectomy.

Table 8. ROC curve and AUC for the studied tests.

Test Result
Variable (s)

Area Std. Error (a)
Asymptotic

Sig. (b)
Asymptotic

95% Confidence Interval

Lower
Bound

Upper
Bound

WHO/ECOG 0.505 0.083 0.947 0.343 0.668
Dysphagia 0.491 0.082 0.909 0.329 0.652
NRS-2002 0.518 0.083 0.827 0.356 0.680
PG-SGA 0.464 0.087 0.662 0.294 0.634
SNAQ 0.536 0.083 0.662 0.373 0.699

The test result variable(s), WHO/ECOG, dysphagia, NRS-2002, PG-SGA, SNAQ, has at least one tie between
the positive and negative actual state groups. Statistics may be biased. a: under the nonparametric assumption.
b: null hypothesis; true area = 0.5.

4. Discussion

In clinical practice, a combination of these tools may be used to comprehensively
assess the nutritional status of GC patients and guide personalized nutritional interventions.
Early identification of nutritional issues and proactive nutritional support are essential
components of the multidisciplinary care approach for GC patients, aiming to improve
treatment outcomes and quality of life.

In this study, the ORD, NRS-2002, and PG-SGA scores indicated a significantly higher
risk of malnutrition when TG was performed. This could be attributed to the tumor’s
invasiveness that led to the TG and its local impact on nutritional assimilation. Additionally,
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the systemic effects of cancer cachexia may contribute to the malnourished state. There was
a greater proportion of patients with a high WHO/ECOG score of 3 in the TG group. An
essential feature of this study is its exclusive focus on patients who underwent gastrectomy
for potentially curable gastric cancer, with the exclusion of individuals with stage IV disease.
This selection criterion was applied even though cancer cachexia prevalence ranges from
50% to 80% among patients with advanced cancer [11].

The NRS-2002 demonstrated limited concordance with the PG-SGA regarding the
diagnosis of malnutrition. NRS-2002 discovered malnutrition in only 3.9% of patients, but
the PG-SGA showed different degrees of malnutrition in 70.6% (58.8% moderate and 11.8%
severe). The latter method is known to be more efficient for identifying this condition. The
NRS-2002 can serve as a preliminary screening tool for identifying malnutrition and the
risk of malnutrition in cancer patients, preceding the utilization of the PG-SGA [12]. Risk
factors associated with severe malnutrition were female sex and age over 65 years.

In alignment with our research, Jendretzki et al. similarly affirmed that women and
patients aged over 65 exhibit a significantly higher prevalence of nutritional issues [13].

Malnutrition frequently occurs in critically ill cancer patients and is linked to unfavor-
able outcomes. This condition can be effectively addressed through nutritional interven-
tions. Numerous investigations indicate that individuals with gastrointestinal malignancies
often experience significant weight loss before surgery, with an additional approximately
10% decrease in weight observed during the initial months following the procedure [9].
Malnutrition can potentially be addressed and reversed through straightforward methods
like refeeding and nutritional supplementation via oral intake, enteral tube feeding, or par-
enteral nutrition. However, cancer cachexia presents as a complex syndrome, representing
a specific type of chronic disease-related malnutrition accompanied by inflammation. Due
to the intricate interconnection of its various components, there is no singularly effective
treatment available for cancer cachexia [14,15]. According to the literature, Aydin et al.
reported that malnutrition may exist despite a normal BMI, and the SGA can identify mal-
nutrition even before the BMI falls below 20 kg/m2. BMI serves as a straightforward tool,
readily applicable in clinical settings; however, it cannot distinguish between fat and muscle
mass, necessitating repeated measurements for clinical relevance. As individuals age, adi-
posity tends to increase while muscle mass declines, often without notable BMI alteration,
therefore the concept of sarcopenic obesity warrants consideration. Hence, employing a
combination of assessment methods is crucial for evaluating a patient’s nutritional status
effectively [16,17].

Several studies have shown a correlation between low serum albumin levels and
extended hospital stays, medical complications, and higher mortality rates. However,
conflicting findings indicate that low serum protein levels do not consistently signify
malnutrition, nor does malnutrition always coincide with low serum protein levels. Inflam-
matory responses, liver disease, cancer, or idiopathic factors can influence various serum
proteins and albumin levels [9,14,18].

Nutritional status, food intake, and disease severity should be evaluated regularly
and at short intervals, ideally at least every 1–2 months, from the initial contact to promptly
identify any decline in nutritional status [19]. Elevated scores on the NRS-2002 tool have
been linked to higher rates of postoperative complications and prolonged hospital stays.
Additionally, in a recent investigation assessing the effectiveness of the SNAQ in predicting
postoperative mortality risk following GC surgery, an SNAQ score ≥1 was associated with
an increased mortality rate compared to an SNAQ score below this threshold [20,21]. The
SNAQ lacks adequacy as a predictive tool for identifying nutritional risk in ambulatory
cancer patients, primarily due to its failure to consider specific factors like tumor stage and
adverse treatment effects [22].

A recent study conducted by Chen et al. evaluated four NA tools, including SNAQ,
NRS-2002, Universal Screening Tool (MUST), and the Malnutrition Screening Tool (MST).
The results indicated that the former three exhibited favorable sensitivity and specificity.
However, among patients with gastric cancer, MST exhibited superior performance in
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identifying cachexia, as evidenced by its high sensitivity (84.3%), specificity (98.6%), and
AUC (0.914, p < 0.001). On the other hand, the SNAQ tool displayed high specificity but
relatively low sensitivity, thereby restricting its diagnostic effectiveness [15].

Hauner et al. (2020) conducted an assessment of MUST and NRS-2002 in outpatient
cancer populations, finding both tools to be suitable, although their efficacy varied de-
pending on the tumor type. They noted that patients with digestive tumors exhibited a
higher prevalence of malnutrition according to MUST, with rates reaching 46.6%, whereas
NRS-2002 identified a higher percentage of malnutrition, at 63.3%, among patients with
hematopoietic tumors. Hence, it appears crucial to take into account that the tumor type
also influences the selection of the most appropriate nutritional screening tool based on its
specific characteristics [23].

Postoperative nutritional support plays a crucial role in preserving nutritional status
during the catabolic phase following surgery. Shim et al. examined the perioperative
nutritional status of 435 GC patients, showing a notable rise in the prevalence of severe
malnutrition post-surgery (from 2.3% before surgery to 26.3% after surgery) [24]. Following
surgical intervention, both appetite and dietary intake tend to decrease during the recovery
period, with nutritional status requiring up to a year to fully recuperate [9]. Early nutrition
can be safely initiated 6 h after surgery through a percutaneous jejunostomy tube. This
early postoperative nutrition strategy helps mitigate the heightened metabolism associated
with surgical trauma, preserves the integrity of the intestinal mucosal barrier, reduces the
risk of intestinal-borne infections, and promotes the overall recovery of patients [25].

Study Limitations

The study’s limitations include its small sample size of only 51 patients and its cross-
sectional design allowing only for associations to be determined, without establishing
causality between variables. For instance, the cross-sectional approach prevented the as-
sessment of nutritional status changes over time and their impact on recovery. Furthermore,
lacking data on nutritional status at cancer diagnosis hindered its consideration as a co-
variate in regression models. It is important to note that this study recruited a convenience
sample from a single medical center, limiting the generalizability of the results to all GC
patients. Confounding factors may lead to inaccurate estimates of the true association
between variables. Despite these limitations, the study offers valuable insights into factors
affecting the nutritional status of GC patients.

5. Conclusions

Patients afflicted with malignant gastrointestinal conditions frequently experience a
heightened prevalence of malnutrition. In the context of cancer, diminished food intake and
an increased energy deficit contribute to the decline in nutritional well-being. It holds signif-
icant importance to identify malnourished individuals both before surgery and throughout
the postoperative monitoring phase. While objective nutritional parameters offer valuable
insights, subjective assessments also play a role despite their inherent limitations in accu-
rately gauging nutritional status. NRS-2002 is a viable option for initial screening before
administering PG-SGA. Our study revealed that NRS-2002 showed only partial agreement
with the PG-SGA in diagnosing malnutrition, while the ORD, NRS-2002, and PG-SGA
scores collectively pointed to a notably increased risk of malnutrition following TG. This
may be linked to the tumor’s invasiveness necessitating TG. As such, evaluating the nu-
tritional status of patients following gastrectomy necessitates a blend of objective metrics
such as anthropometric measurements and laboratory tests, alongside subjective scoring
systems during the postoperative observation period. Further investigation is warranted
regarding nutritional screening tools tailored for cancer patients. This emphasizes the
pressing requirement for additional studies to assess and compare existing tools, alongside
the development of novel ones more suited to this condition, incorporating the factors
outlined in this study.
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Abstract: This study assesses the feasibility of calorie restriction (CR) and time-restricted feeding
(TRF) in overweight and obese cancer patients who realized little to no physical activity undergoing
curative radiotherapy, structured as a prospective, interventional, non-randomized open-label clinical
trial. Of the 27 participants initially enrolled, 21 patients with breast cancer were selected for analysis.
The participants self-selected into two dietary interventions: TRF, comprising a sugar and saturated
fat-free diet calibrated to individual energy needs consumed within an 8 h eating window followed
by a 16 h fast, or CR, involving a 25% reduction in total caloric intake from energy expenditure
distributed across 4 meals and 1 snack with 55% carbohydrates, 15% protein, and 30% fats, excluding
sugars and saturated fats. The primary goal was to evaluate the feasibility of these diets in the specific
patient group. The results indicate that both interventions are effective and statistically significant for
weight loss and reducing one’s waist circumference, with TRF showing a potentially stronger impact
and better adherence. Changes in the LDL, HDL, total cholesterol, triglycerides, glucose and insulin
were not statistically significant.

Keywords: intermittent fasting; cancer; curative; radiotherapy; calorie restriction; time-restricted
feeding; diet; nutrition; overweight; obesity

1. Introduction

In the last decade, cancer and cardiovascular diseases have established themselves
as the first cause of morbidity and mortality collectively, with over 18 million new cases
of cancer being registered only in 2020 [1]. These pathologies share common risk factors
such as a sedentary lifestyle, poor diet, obesity and tobacco and alcohol consumption [2].
Notably, being overweight and obesity are modifiable risk factors present in 74.2% of the
Chilean population [3].

Historically, calorie restriction (CR) has been used as a nutritional intervention due
to its benefits in weight loss and metabolic health [4]. It is frequently applied in over-
weight people and, despite showing great results when applied in short-term durations
(<6 months), it tends to have many difficulties with adherence when following it for
extended periods of time [5].

Alternatives to CR exist, such as the Mediterranean diet or Paleolithic diet [6], and new
research has shown more effective interventions for weight loss such as low-carbohydrate
diets [7]. Nonetheless, the evidence remains inconclusive due to study limitations such as
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the duration of trials, sample sizes, or definitions of the different diets [6]. In this context,
new nutritional interventions have been explored, such as the ketogenic diet (KD) [8] and
intermittent fasting (IF) (defined in Table 1), to measure their impact on weight loss and
metabolic health.

Table 1. Nutritional intervention definitions and different approaches to IF [5]. In this study, we
analyzed CR and IF, specifically the time-restricted feeding (TRF) approach. We also define other
approaches so the reader understands the crucial differences between nutritional interventions and
the key aspects of the various approaches to IF.

Intervention Approach Definition

Intermittent Fasting

Periods of voluntary abstinence from food and
drink [5]. There are various ways to approach IF. Most
of them have no caloric restriction associated or have

caloric restriction for short periods of time.

TRF
Fasting that requires limiting the consumption of

calories to a window of time, typically between 4 and
12 h daily.

5:2 Two days per week, for 24 h each day, an extremely
low-calorie diet is applied.

B2
Two large meals are eaten per day: breakfast between
6:00 a.m. and 10:00 a.m. and lunch between 12:00 p.m.

and 4:00 p.m. No dinner.

Calorie Restriction

Nutritional intervention where the focus is on
reducing energy intake but keeping adequate

nutrition [9]. In general, 10–30% restriction is accepted
as having beneficial effects and being tolerable [10,11].

Ketogenic Diet

Diet primarily consisting of high fat intake, moderate
protein consumption and low carbohydrate intake.

The macronutrient distribution typically ranges from
approximately 55% to 60% fat, from 30% to 35%
protein and from 5% to 10% carbohydrates [12].

IF is one of the most frequently cited diet patterns in 2023 among Americans aged 18–
80 years [13]. Despite its popularity, the different approaches to IF (such as TRF, alternate
day fasting or a 5:2 pattern) complicate the process of establishing robust scientific evidence.

IF has been shown to be more effective than normal dietary intake for weight loss but
equally as effective as CR [14]. A randomized clinical trial (RCT) comparing the KD and
IF revealed that while the KD was more effective than IF for short-term weight loss, these
patients regained the lost weight in the following 6 months, while those in the IF group had
lower weight loss during the intervention but maintained their weights after the followup
period [15].

Templeman et al. [16] compared CR, 24 h fasting with 150% energy intake on alternate
days and 24 h fasting with 200% energy intake on alternate days. He found alternate
day fasting to be less effective than CR for fat mass reduction, with no cardiometabolic
improvements.

There are studies which suggest that TRF is better than CR at improving glycemic
control [17] and decreasing the time above the range [18], but it also causes a reduction in
muscle mass [17], which could be attributed to the amount of protein consumed.

A 2023 review of TRF and specific health conditions found that TRF improved car-
diometabolic risk factors and markers of liver fibrosis, improved lean muscle mass when
paired with resistance training in patients with sarcopenia and improved insulin resistance
independent of weight loss in people with diabetes mellitus type 2 [19], which if paired
with weight reduction could be even more beneficial by achieving disease remission [20].
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In an attempt to clarify the differences between CR and IF, there is an ongoing clinical
trial in patients with polycystic ovary syndrome, but the results are still not available [21].

These ongoing efforts to conclude which interventions are best for weight loss are
particularly impactful in patients with cancer, due to the implication of being overweight
and obesity in the origin and prognosis [22–24] of various types of cancer [25]. Breast cancer
is of significant interest as it leads new cancer incidence rates among Chilean women [1].

The pathophysiological reasoning behind the effectiveness of these nutritional inter-
ventions has long been researched and explained [26–28]. There are preclinical studies that
establish the impact from IF and CR on glucose regulation, resistance to stress and inflam-
mation suppression [29]. Despite showing promising results in the regression of tumor
volume and radiosensitivity of tumors in mice preclinical models [30–33], clinical trials are
a must to determine the effect of these interventions on patients with cancer [34]. Unfortu-
nately, available evidence on this matter is lacking, and even international guidelines (ACS,
NCCN, ESPEN or ASCO) do not have a conclusive stance on their application [22,35–37].

The recommendations from these guidelines on breast cancer were reviewed, and they
are summarized in Table 2.

Table 2. Summary of recommendations from international guidelines: the American Cancer Society
(ACS)), National Comprehensive Cancer Network (NCCN), European Society for Clinical Nutrition
and Metabolism (ESPEN) and American Society of Clinical Oncology (ASCO).

ACS Published in 2022. Focuses mostly on body mass index (BMI), dietary patterns,
specific food avoidance and physical activity.

NCCN
Published in 2022. Similar to the ACS, it focuses mostly on BMI, dietary
patterns, specific food avoidance and physical activity. No mention of

intermittent fasting or caloric restriction at all in their guidelines.

ESPEN Published in 2021. Does not recommend fasting unless there is evidence of
a benefit.

ASCO

Published in 2022. Mentions intermittent fasting as an intervention but refrains
from recommending it as there is insufficient evidence, and points to

5 systematic reviews. These reviews revised 177 articles, where only 7 talked
about any kind of weight loss intervention, and of these, 5 of them investigated

short-term fasting, finding it to be well tolerated and have beneficial effects.

A 2020 literature review [38] found 9 clinical trials which focused on radiotherapy and
the KD. These studies suggested that the KD may have a beneficial effect, but the small
numbers of patients in these cohorts, absence of control groups and KD not being the only
variable associated with a response to RT in three studies prevented them from drawing
definitive conclusions.

A recent paper from June 2023 by Kalam et al. [39] synthesized results from 23 studies
dating from 2020 onward where various approaches to IF were used. Studies involving
IF found that the rates of severe toxicity decreased. Those combining fasting and the KD
found it was well tolerated and decreased toxicity. Others investigating fasting-mimicking
diets (FMDs), a low-calorie diet that is low in protein and carbohydrates but high in
unsaturated fat, found it increased ketone bodies and improved plasma glucose but had
variable compliance and conflicts of interest. Lastly, TRF showed the highest degree of
adherence and helped decrease fatigue and improve visceral adipose tissue, whole-body
fat mass, cardiometabolic outcomes, anxiety and depression.

A systematic review on the impact of IF on breast cancer from January 2023 by
Anemoulis et al. [40], which included studies from 2009 to 2021, failed to conclude if there
were beneficial effects from IF on quality of life (QoL), response after chemotherapy or an
improvement in symptoms. They did, however, find that there could be a beneficial effect
on chemotherapy-related adverse effects based on markers of DNA and leukocyte damage
but required further validation.
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A large RCT with 187 patients from 2022 [41] compared intermittent and continous
energy restriction during chemotherapy for early breast cancer cases. This study concluded
that an intermittent restriction approach had a bigger weight reduction than a continuous
restriction when adjusted for total body water. In this cohort, 49.2% of patients with
intermittent restriction and 32.7% of patients with continuous restriction underwent a
statistically significant weight reduction (defined in the article as >3% weight loss).

The lack of evidence in this area of research and variety of nutritional interventions
make it such that it is often overseen and difficult to gauge their real impact. Important
international guidelines, such as those the ACS and NCCN published in 2021 and 2022,
have no dedicated space for CR or IF with their various approaches in the entirety of their
guidelines, whereas the ESPEN or ASCO group them together with other recommendations
that, while they may have in common the modification of food intake, have different
objectives and methods of implementation.

In practice, many patients show interest in a dietary modification that could increase
their chances of success in treatment. A recent study evaluating CR and radiotherapy in
breast cancer patients found that up to 75% would be part of a CR study [42]. However,
adherence to dietary interventions is variable and can be explained by several reasons, such
as depression, stress, previous weight loss attempts or negative perceptions of diet and
exercise [43,44]. On the other hand, regular and frequent attendance of nutritional controls,
physical exercise and educational materials and feeling in control over what they eat are
factors that favor adherence [45,46].

In the growing field of nutritional interventions and cancer, there is still much to
be elucidated. The studies we previously mentioned usually opted for one intervention
and measured weights and metabolic outcomes. Thus, in this study, we compare two
interventions in a similar cohort.

A prospective, interventional, non-randomized open-label clinical trial was built. It
assessed the feasibility and effectiveness of CR and TRF in patients with breast cancer
who were overweight or obese and were undergoing curative radiotherapy. CR and TRF
were chosen due to their history, ease of application and, as previously exposed, evidence
supporting them.

The main objective of this clinical trial was to evaluate the feasibility of either CR
or TRF in breast cancer patients who are under curative radiotherapy treatment. The
secondary outcomes are its effectiveness, as measured by weight loss at the end of the
intervention, and changes in several metabolic (HLD, LDL, total cholesterol, triglycerides,
glucose and insulin) and anthropometrical parameters (weight and waist circumference).

In this novelty clinical trial, we seek to establish guidelines for future works in this
area which can be easily reproducible and improved upon and thus build the foundations
for effective and efficient interventions such as TRF or CR.

To our knowledge, this is the first published work of this kind in developing countries,
and it shows consistent results in favor of intervention.

2. Materials and Methods

We defined a prospective, interventional, non-randomized open-label clinical trial that
assessed the feasibility and effectiveness of CR and TRF in patients with breast cancer and
a body mass index (BMI) greater than 25 who were treated with curative radiotherapy. The
main clinical characteristics of the analyzed cohort can be found in Table 3, and a summary
of them is included in Table 4.

The inclusion criteria were as follows:

• ≥18 years old;
• Breast cancer diagnosed by biopsy;
• Overweight or obese, defined as a BMI ≥25 kg/m2 or 30 kg/m2, respectively;
• Indication of radiotherapy with a curative intent.

The exclusion criteria were as follows:

• A BMI <25 kg/m2;

84



Nutrients 2024, 16, 477

• Patients undergoing nutritional treatment or malnutrition;
• Patients with diabetes mellitus using insulin;
• Diagnosis of vascular ischemia, uncontrolled thyroid disease, mental illness without

medical supervision, liver disease or malabsorption syndromes (inflammatory bowel
disease or celiac disease);

• Patients with a gastric bypass or gastric sleeve;
• Use of corticosteroids or anti-depressants;
• A moderate or high level of physical activity.

Table 3. Clinical characteristics of patients.

Age Cancer Type cTNM pTNM Stage EEE Intervention

30 IDC—Luminal cT2N1M0 ypT1N1M0 IB 2096 CR
34 IDC—TN cT3N1M0 ypT1bN0M0 IIA 1922 CR
67 IDC—Luminal cT1N0M0 pT2N3M0 IIIB 1977 CR
43 ILC—Luminal cT1cN1M0 pT2mfN1M0 IB 2418 CR
53 Poorly Diff.—Luminal cT2N1M0 ypT0?N0M0 ND 2085 CR
48 IDC—Luminal cT2N1M0 ypT1N0M0 IB 1956 CR
70 IDC—Luminal cT1N0M0 pT1cN0M0 IA 1818 CR
58 IDC—TN cT2N2M0 ypT0N0M0 ND 2017 CR
36 IDC—Luminal cT2N0M0 pT2N0M0 IB 2014 CR
49 IDC—Luminal RB cT1N1; LB T1N0 RBypT0N0M0; LBypTisN1 IIA 2142 CR
65 ILC—Luminal cT2N0M0 pT3N0M0 IIIA 1681 CR
43 IDC—Luminal cT2N0M0 pT2N1M0 IB 2112 CR
60 IDC—Luminal ND pT2N1M0 IB 1800 CR
47 IDC—Luminal cT1N0M0 pT1N0M0 IA 1621 CR
60 IDC—Luminal cT1N0M0 pT1N1M0 IB 1944 CR
52 IDC—Luminal cT1N0M0 pT1N1M0 IB ND CR
49 DCIS—Luminal cTisN0M0 pTisN0M0 0 2000 TRF
62 IDC—Luminal cT1N1M0 ypT2N1M0 IB 1736 TRF
55 IDC—TN cT4bN0M0 pT0N0M0 ND 1922 TRF
48 IDC—Luminal cT1N0M0 pT2N1M0 IB 2092 TRF
65 ILC—Luminal cT1N0M0 pT2N1micM0 IB 1871 TRF

IDC = invasive ductal carcinoma; ILC = invasive lobular carcinoma; DCIS = ductal carcinoma in situ; TN = triple-
negative breast cancer; EEE = estimated energy expenditure; ND = no data; RB = right breast; LB = left breast.

Table 4. Summary of clinical characteristics of patients.

Number of Patients n = 21

Mean Age (years) 52

Cancer Type

IDC 16
ILC 3

DCIS 1
Poorly Diff. 1

Luminal 18
TN 3

Stage

0 1
1 13
2 2
3 2

Intervention CR 16
TRF 5

IDC = invasive ductal carcinoma; ILC = invasive lobular carcinoma; DCIS = ductal carcinoma in situ; TN = triple-
negative breast cancer; CR = calorie restriction; TRF = time-restricted feeding.

The recruitment process was carried out at the “Centro de Cáncer UC CHRISTUS” in
Santiago, Chile, where patients with breast cancer are referred for radiotherapy. For their
first consultation, if they met our selection process based on the inclusion and exclusion
criteria and thus were suitable candidates, then the details of the study along with its risks
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and benefits were explained. Patients who accepted being part of the study signed informed
consent forms and were distributed between CR and IF according to their preferences.

The following steps were taken with each patient to ensure a thorough procedure.

2.1. Step 1: Initial Evaluation

• Nutritional evaluation. Before intervention began, baseline measurements of the
weight, BMI, waist circumference, and serum levels of glucose, basal insulin and lipids
were performed:

– Weight: was measured with a calibrated scale on a hard surface, with participants
removing shoes and heavy clothing and their arms at their sides.

– Waist circumference was measured with the participant upright with his or her
feet close together, arms to his or her sides and abdomen relaxed. The midpoint
between the lower margin of the last palpable rib and the top of the iliac crest
was located, and measuring tape was wrapped around the waist at this midpoint,
ensuring it was horizontal all the way around and not compressing the skin. The
participant was asked to breathe out normally before the measurement was taken.

– The total energy expenditure was estimated through indirect calorimetry.

• Quality of life (QoL) was assessed through the EORTC-c30 and EORTC QLQ-BR23
questionnaires.

• Physical activity was evaluated through the international physical activity question-
naire (IPAQ) from the World Health Organization (WHO) to ensure the participants
did not fit the exclusion criteria.

• Regarding eating habits, a 24 h food survey and consumption trend was used to
determine the patients’ eating habits (Supplementary Material, “Spreadsheet S1: 24-h
Reminder Survey”).

2.2. Step 2: Intervention

Each intervention was defined to start 2 weeks before the patient’s oncologic treatment
and last for 12 weeks. Once nutritional evaluation was completed, the participants were
then assigned to TRF or CR according to their preferences. The patient distribution can be
seen in Figure 1.

Figure 1. Patient distribution according to their chosen nutritional intervention (TRF or CR).

Nutritional guidelines were made and personalized for each patient according to their
group, following certain rules:

• The TRF group followed a diet free of sugar and saturated fats, with caloric intake
tailored to the patients’ total energy expenditure. This was distributed over 8 h of
food intake and a 16 h daily fast, adjusted to best fit their daily schedules.

• The CR group was based on The Obesity Society guidelines, with a total caloric intake
25% less than the total energy expenditure. This was distributed across four meals and
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one snack according to the following proportions: 55% carbohydrates, 15% protein
and 30% fat, without sugar or saturated fat.

An example of a meal plan can be seen in the Supplementary Materials (“Document
S1: Meal Plan”).

2.3. Step 3: Monitoring

Throughout the investigation, the following parameters were closely monitored:

• Treatment adherence: Patients were called once a week, and important concepts
related to their intervention were reinforced. A dairy registry was considered initially
but ultimately decided against due to the anxiety it generated in the patients.

• Toxicity: Once a week during their consultation with radiation oncology, the acute
toxicity was assessed using the National Cancer Institute Common Terminology
Criteria for Adverse Events (CTCAE).

2.4. Step 4: Final Evaluation

Twelve weeks after having started the intervention, and at least 4 weeks after finishing
oncologic treatment, the following were measured:

• Acute toxicity;
• Weight and waist circumference;
• Fasting glucose, basal insulin and lipid profile;
• QoL with EORTC-c30 and EORTC QLQ-BR23.

3. Hypothesis

CR or TRF are feasible and effective interventions for overweight and obese patients
with breast cancer undergoing curative radiotherapy.

4. Primary Objectives

We evaluate the feasibility and effectiveness of CR and TRF in overweight and obese
patients with cancer under curative radiotherapy.

5. Secondary Objectives

• Assess the true adherence, defined as a reduction in body weight of at least 5%
compared with the baseline and in at least 50% of the recruited patients;

• Establish which intervention (CR or TRF) has better adherence;
• Assess the impact on quality of life in patients under CR and TRF;
• Assess differences in weight and waist circumference in patients under CR and TRF;
• Assess differences in the serum levels of the fasting glucose, basal insulin and lipid

profile for patients under CR and TRF;
• Assess acute toxicity grades ≥2 in patients under nutritional intervention.

6. Results

Descriptive statistics with a t test were used to characterize clinical and anthropometric
data on the entire cohort. Variables with p values < 0.05 were considered statistically
significant. Statistical analyses were conducted with STATA/IC (version 16.1, StataCorp,
College Station, TX, USA).

Twenty-seven patients were recruited from April 2021 to May 2023. Two patients
withdrew from the trial before treatment, and one patient did not receive radiotherapy
(as seen in Figure 2). At the end of May 2023, 23 patients had completed 12 weeks of
follow-ups, of which 21 were women and 2 were men.
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Figure 2. General outline of the study. Diagram depicting steps and results yielded by the study.

Of the 23 patients available for analysis, 21 were women with breast cancer, with
luminal ductal carcinoma being the most common histologic subtype. From the 21 women
with breast cancer, 14 received some kind of chemotherapy (neoadjuvant, adjuvant or both),
and 19 received endocrine therapy. All 21 patients underwent whole breast radiotherapy
(±regional nodal irradiation), and 11 received simultaneous integrated boosts to the tumor
bed up to 45.75 Gy.

The remaining two patients were men with prostate cancer. However, they were
left out of the analysis due to insufficient scientific significance and difficulty interpreting
their results.

The following results were acquired from the data available in Tables 5 and 6. The
findings are described in the following paragraphs.

In this study, we evaluated the effects of CR and TRF on various health parameters
within each group. An overview can be seen in Figure 3, and the percent change per
intervention for each of the measured parameters can be seen seen in Figure 4.

Figure 3. Differences in biochemical measurements before and after intervention. Changes shown in
all of the cohorts independent of their chosen interventions.
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Table 6. Analysis of the impact of TRF and CR on metabolic and anthropometrical parameters. Std
Dev = standard deviation; CI = confidence interval.

Parameter Group
Mean

Change
Std Dev 95% CI p Value

Total Cholesterol CR 10.27 28.11 [−5.30, 25.83] 0.179
TRF −6.4 42.09 [−58.67, 45.87] 0.751

Triglycerides CR 3.64 85.51 [−45.73, 53.02] 0.876
TRF 51 49.553 [−10.53, 112.53] 0.083

HDL CR 1.00 8.64 [−5.99, 3.99] 0.672
TRF −2 5.83 [−9.24, 5.24] 0.486

LDL CR −3.01 22.77 [−10.13, 16.16] 0.629
TRF −14.28 38.73 [−62.37, 33.81] 0.457

Weight CR 3.02 3.99 [0.89, 5.15] 0.009
TRF 6.84 3.85 [2.05, 11.62] 0.017

Waist Circumference CR 4.14 5.67 [0.87, 7.41] 0.017
TRF 7.5 1.66 [5.44, 9.55] 0.004

Insulin CR 2.76 14.94 [−6.26, 11.79] 0.518
TRF −0.675 5.649 [−9.66, 8.31] 0.826

Glucose CR 1.81 8.30 [−2.78, 6.41] 0.412
TRF −1.6 5.90 [−8.92, 5.72] 0.577

For the total cholesterol, the CR group exhibited a nonsignificant mean increase, while
the TRF group showed a nonsignificant mean decrease, indicating considerable variability
in the responses within both groups. The triglyceride levels in the CR group slightly
increased, whereas the TRF group showed a more substantial increase, yet neither were
statistically significant.

The HDL changes were minimal and not significant in either group. The LDL levels
also did not show significant changes.

Weight changes were significant in both groups, with the CR group losing an average
of 3.02 kg (CI = [0.89, 5.15], p value = 0.009) and the TRF group losing an average of 6.84 kg
(CI = [2.05, 11.62], p value = 0.017), suggesting the effectiveness of both interventions in weight
reduction. The waist circumference also significantly decreased (CR: mean change = 4.14,
CI = [0.87, 7.41], p value = 0.017; TRF: mean change = 7.5, CI = [5.44, 9.55], p value = 0.004).

Figure 4. Differences in anthropometric and biochemical measurements between interventions
(percentages).
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For insulin, the changes were not significant in either group. Similarly, the glucose
levels did not exhibit significant changes.

In conclusion, while both the CR and TRF interventions were effective at reducing
weights and waist circumferences, their impact on the lipid profile and glucose and insulin
levels were not significant. The variability within each parameter suggests a differential
response to the dietary interventions.

A percentage analysis of the data from Tables 5 and 7 was performed, and it yielded
the following results:

• There was a reported loss of 5% or more of the initial weight (adherence) in 57.1% of
patients (12/21). Thus, both interventions as a whole attained true adherence.

• When evaluating each intervention by itself, only TRF showed true adherence, with
100% of those who chose it adhering to it (5 out of 5), whereas only 43.75% (7 out of
16) of those in the CR group adhered to the intervention.

Table 7. Anthropometry values before and after intervention. Also included is the percent change in
weight, which was used to measure adherence.

Weight (kg) Waist Circumference (cm)

Age Group Baseline Final % Change Baseline Final

30 CR 82.8 78.1 −5.68 91 86.0
34 CR 70.0 63.0 −10.00 84 79.0
67 CR 83.5 89.0 6.59 107 116.0
43 CR 103.0 100.0 −2.91 ND ND
53 CR 82.5 83.5 1.21 104 101.0
48 CR 72.5 71.6 −1.24 93 93.5
70 CR 72.3 63.5 −12.17 97.5 88.0
58 CR 77.0 75.0 −2.60 108 101.0
36 CR 76.8 72.0 −6.25 85.5 81.0
49 CR 86.2 86.0 −0.23 96.5 95.0
65 CR 62.6 60.5 −3.35 88 85.0
43 CR 84.0 73.3 −12.74 98 90.5
60 CR 71.0 66.0 −7.04 96 ND
47 CR 67.0 68.0 1.49 89 90.0
60 CR 81.2 77.0 −5.17 102 95.0
52 CR 77.0 74.6 −3.12 107.5 92.0
49 TRF 75.8 62.3 −17.81 92 83.0
62 TRF 66.5 61.0 −8.27 102 96.0
55 TRF 70.0 66.0 −5.71 85 79.0
48 TRF 77.4 72.8 −5.94 93 86.0
65 TRF 76.1 69.5 −8.67 94.5 85.0

7. Discussion

Our findings show that 57.1% of the patients lost 5% or more of their initial weight,
and statistically significant changes were seen in terms of weight and waist circumference.
This shows that a nutrition intervention of these characteristics is feasible, attains true
adherence and is effective at reducing anthropometric parameters in participants. Changes
in the metabolic parameters were not statistically significant.

Our results are consistent with the available literature. TRF showed similar results to the
work of Kalam et al. [39], with a high degree of adherence and decrease in weight, and Harvie
et al. [41], where IF had a bigger drop in weight compared with CR. However, differences in
the mean changes may be explained by the fact that they used another approach of IF which
focuses on the amount of calories consumed. The participants in their cohort underwent
2 days of 650–1000 kcal/day before chemotherapy infusion compared with our approach,
where we focused on the window of time calories were consumed within.

Of interest are the differences between the findings and the systematic review from
Anemoulis et al. [40], where no beneficial effects from IF could be concluded. This could be
explained by the type of IF approach utilized in the studies considered in their reviews,
where only one of them specified the use of TRF and the others were variations of calorie-
restricting approaches of IF. One included Ramadan-fasting patients, and one used an FMD,
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while the others employed varied hours of fasting before and after chemotherapy. This
reinforces the need for clear and established definitions of IF and its different approaches,
as well as an urgent necessity for evidence in this field.

Compared with the 2020 literature review from Icard [38], which focused on the KD,
our study can draw definite conclusions on the impact on participants’ weights and waist
circumferences from TRF and CR.

We found that both TRF and CR managed to impact the weight and waist circum-
ference. We also found that TRF was the superior intervention for weight loss (6.84 kg
versus 3.02 kg) and waist circumference reduction (7.5 cm versus 4.14 cm). No statistically
significant conclusions could be drawn from changes to the metabolic parameters. The
closest parameter to statistical significance was the effect of the use of TRF on triglycerides
(with a p value of 0.083), but more research is required to further cement these findings in
the international literature.

Not only did these interventions as a group achieve true adherence with 57.1% of
the participants achieving 5% weight loss, but 100% of the patients within the TRF group
showed true adherence, in comparison with only 43.75% adhering in the CR group, despite
the previous literature indicating that breast cancer patients favored a CR approach [42].
These findings could be due to how TRF does not restrict the amount of calories in a certain
day but rather restricts the timing of meals to 4–12 h a day (8 h in this study), and thus
it may be easier to carry on in cancer patients busy with other aspects of the treatment
process. Further research is needed on this aspect.

Despite both interventions showing positive results, it seems that TRF as a nutritional
intervention has both better adherence and improved anthropometric values. These results
show that TRF should be considered as a nutritional intervention in breast cancer patients
undergoing curative radiotherapy for the purpose of weight loss.

In this novel clinical trial, we proposed a straightforward and easy-to-replicate method
with which to conscript patients and further study nutritional interventions aside from TRF
or CR, which we believe can provide the basis for future nutritional intervention studies
and open a window into other aspects of nutritional interventions, such as the impact on
toxicity reduction which, although seen in animals [47,48], has yet to be reproduced and
further explored in human participants.

To our knowledge, this is the first published work of this intervention in developing
countries, and it showed consistent efficacy of the intervention.

8. Limitations and Future Directions of Work

The limitations of our work are the small sample size and small power for detecting
differences in metabolic parameters, a relatively short period of surveillance, a lack of
adherence by patients in the CR group to the guidelines given, limited generalization of the
study due to only conscripting breast cancer patients, only evaluating the TRF approach of
IF, the lack of long term followups, and the absence of a control group.

This work could be improved by an increase in the number of patients, including QoL
and acute toxicity to create a more holistic view of the patient outcomes, including other
cancer populations to further generalize our findings, increasing the time of surveillance,
including a period of followups, employing other nutritional interventions such as the
KD, alternate day fasting, or the FMD to better compare the results between interventions,
measuring the blood levels of inflammatory response markers, measuring the blood levels
of hormonal markers, measuring the fat mass and lean mass percentages, the inclusion of a
control group, or the incorporation of feedback from the participants.

We believe these factors must be taken into account to ensure robust findings. Once
international consensus is achieved between the different definitions and approaches of
the various nutritional interventions, and a strong methodology is properly built and
assured, future research should look to apply these conditions to different cohorts to better
generalize these findings and eventually include them in international guidelines.
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9. Conclusions

Cardiovascular diseases and cancer lead incidence and mortality rates worldwide,
sharing common risk factors such as being overweight and obesity. These play an important
role in the origin of breast cancer, and thus different interventions have been investigated
to establish a faithful and reproducible way to achieve weight loss in cancer patients.

The theory behind the benefits of diet and weight loss in cancer has been largely
studied and established in preclinical studies, but clinical studies that show these results in
practice are few and far between and limited in their approach. This could be attributed to
the numerous interventions in existence and a lack of agreement on definitions to establish
which ones are best and also a lack of patients through which these interventions have
been measured thoroughly.

Two of these interventions are TRF and CR. These nutritional interventions were
chosen in this study due to their historical relevance and the evidence supporting them.
Both CR and TRF achieved statistically significant weight loss and reductions in waist
circumferences, but TRF showed a larger mean change in both weight loss and reductions in
waist circumferences. Changes in the metabolic parameters were not statistically significant.
Our findings are consistent with the literature. It can be concluded that TRF should be
preferred over CR as a nutritional intervention for overweight or obese breast cancer
patients undergoing radiotherapy treatment with curative intent.

Differences with the literature can be explained by the heterogeneity in the application of
IF and its different approaches, lacking a formal definition. This leads to large differences in the
fasting hours, number of fasting days, and the existence or nonexistence of a caloric restriction.

We propose a series of simple-to-apply and reproducible steps through which the
metabolic parameters and anthropometry can be measured. We hope this helps establish
concrete and well-established definitions of the various fasting regimes and motivates other
researchers to further investigate and build the foundation of what we believe is a low-cost
and effective way to lose weight and improve metabolic parameters.
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Abstract: Background: Cancer and side effects from cytostatic treatment commonly affect nutritional
status manifested as a decrease in muscle mass. We aimed to investigate the impact of nutrition and
lifestyle-related factors on muscle mass in patients with hematological cancer. Methods: Dietary
intake, food preferences, quality of life (QoL), and physical activity level (PAL) were monitored
during 1–2 cytostatic treatment series. Body composition was estimated using bioelectrical impedance
analysis (BIA). Results: 61 patients were included. Weight loss and loss of muscle mass were detected
in 64% and 59% of the patients, respectively. Muscle mass was significantly positively correlated
to increasing PAL (p = 0.003), while negatively correlated to increasing age (p = 0.03), physical
QoL (p = 0.007), functional QoL (p = 0.05), self-perceived health (p = 0.004), and self-perceived QoL
(p = 0.007). Weight was significantly positively correlated to increased intake of soft drinks (p = 0.02)
as well as the favoring of bitter grain and cereal products (p = 0.03), while negatively correlated
to increasing age (p = 0.03) and increasing meat intake (p = 0.009) Conclusions: Several nutritional
and lifestyle-related factors affected change in body composition. The clinical significance of these
changes should be investigated in controlled, interventional studies.

Keywords: cancer; hematology; cytostatic treatment; bioelectrical impedance analysis; muscle mass;
nutrition; quality of life; physical activity

1. Introduction

Weight loss and especially the loss of muscle mass is frequently seen in cancer patients
as a result of cachexia-associated metabolic changes which seem to be mediated by secretion
of pro-inflammatory cytokines from cancer cells and from the immune system of the host,
including tumor necrosis factor (TNF), interferon-gamma (IFN-γ), and several interleukins
(IL-6, IL-1β) [1]. These metabolic changes involve increased proteolysis and lipolysis as
the fuel for hepatic gluconeogenesis, mitochondrial dysfunction, and decreased insulin
sensitivity [2,3]. Concurrently, loss of muscle mass in patients with hematological cancer is
related to poor nutritional status, which is mainly described to be a result of the side effects
of cytostatic treatment and/or the cancer disease itself [4,5]. Side effects with consequences
for the patients’ nutritional status include nausea, vomiting, changes in the sense of smell
and taste, mucositis, decreased energy levels, and intestinal disorders, which can lead to
malabsorption, diarrhea, and constipation [6–8].

Patients diagnosed with hematological malignancies often have a normal nutritional
status at the time of diagnosis [5,9]; however, side effects from cytostatic treatment can
adversely affect the nutritional status as treatment progresses [9,10]. Poor nutritional
status and loss of muscle mass have been associated with increased chemo-induced toxic-
ity [11–13], decreased cytostatic tolerance [14], and delay and/or reduction of cytostatic dos-
ing [15,16], as well as inferior treatment outcome [17,18] and reduced survival rate [19–21].
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The estimated prevalence of malnutrition and/or risk of malnutrition among different
types of cancer patients have been reported to be between 30% and 80%, with the highest
prevalence rates in patients with advanced stages of cancer [22–28].

Several studies assessing different cancer diagnoses have also associated the loss
of muscle mass with a decrease in quality of life (QoL) [29–33], with decreased physical
functionality [30,34], and with low physical activity level (PAL) [21]. These factors seem to
further affect patients’ nutritional status negatively [35–37].

A multimodal treatment approach has been shown to reduce the loss of muscle mass
in patients with other types of cancer than the hematological [14,38]. The aim of this
observational study was to investigate possible associations between energy and protein
intake, food preferences, QoL, PAL, and eating and TV habits at main meals, with change
of muscle mass as the primary endpoint and weight change as the secondary endpoint in
hematologic cancer patients undergoing cytostatic treatment.

2. Materials and Methods

2.1. Patients

Patients receiving myelosuppressive cytostatic treatment for lymphoproliferative
malignancies, acute leukemia, and multiple myeloma in the period 6 April–8 July 2021 at
the Department of Hematology, Zealand University Hospital, Roskilde, Denmark, were
consecutively enrolled in the study. The treatment took place either on an outpatient basis
or at the ward. The inclusion criteria were ongoing myelosuppressive cytostatic treatment
for hematological cancer with more than one treatment cycle remaining in their program,
>18 years of age, signed informed consent, no need for an interpreter, no conditions which
could interfere with their ability to understand the requirements of the study, not pregnant
or breastfeeding. The Project was handled in accordance with the Principles of the Helsinki
declaration and has been approved by The Research Ethics Committee for Faculties of
SCIENCE and SUND (case: 504-0226/20-5000, 7 December 2020) as well as the Regional
Scientific Ethics Committee of Zealand (project-ID-no: SJ881, 24 November 2020).

2.2. Data Collection

Every patient was followed through 1–2 arbitrary but consecutive treatment cycles,
which will be referred to as the follow-up period. Clinical data were collected from medical
records. The bioelectrical impedance analysis (BIA) method was used to estimate body
composition and was performed on 8-point Seca 515/514® [39]. The BIA was performed
immediately before or after the patients’ planned cytostatic treatments. Questionnaire
interviews were performed throughout the follow-up period, after the patient’s attendance
at the hospital and/or by telephone. 24 h dietary recalls [40] and food preference ques-
tionnaire interviews were conducted with two to five days intervals and subsequently
quantified using the Danish program for analyzing the content of foods (Vitakost®, Kolding,
Denmark). In addition, at every second contact, questionnaire interviews about QoL and
PAL were conducted. Patients were interviewed regarding their eating and TV habits at
main meals at the first interview and at the end of the follow-up period.

2.3. Questionnaires

The questionnaires were designed by the investigators by a selection of relevant parts
from existing validated questionnaires. Prior to application, all questionnaires were tested
on 15 healthy independent individuals of different ages to ensure a high level of under-
standing. Also, the food preference questionnaire was developed by the investigators, as
no relevant pre-designed questionnaires were available. The following categories were
included: change in intake, decreased appetite, experience of change in taste, and prefer-
ences for meat, fruit and vegetables, dairy products, grain and cereal products and soft
drinks. The possible answer options in the questionnaire were categorized on a scale from
1–5 from “not at all” to “very much”.
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The questions regarding preferences referred to intake amount before and after ini-
tiation of treatment. Preferences for frying and relevant basic flavors were a topic in
each category.

The applied QoL questionnaire was designed as an adjustment of the already-existing,
validated questionnaires QLQ-C30 (ver. 3) [41] and FACT-Lym (ver. 4) [42]. The scale
was copied from FACT-Lym, where all questions in the first four categories were included.
Additionally, selected questions regarding side effects were included from QLQ-C30.

The category of physical well-being consisted of thirteen questions, including the
most commonly-experienced side effects from cytostatic treatment. The social well-being
category consisted of nine questions, the category of emotional well-being consisted
of nine questions, and the functional well-being category consisted of eight questions.
In addition, the applied adjusted questionnaire finally contained two questions regarding
self-assessment of overall health and QoL, identical to the final category in the
QLQ-C30 questionnaire.

The PAL questionnaire was designed to estimate change in PAL during cytostatic
treatment. The questionnaire contained two questions scaled from 1–5 (“not at all”—“a
lot”). The included questions were based on WHO’s GPAQ analysis guide [43].

The questionnaire regarding eating and TV habits at main meals was designed by
the investigators in order to estimate how often the patients were eating alone or with
others, as well as how often the TV was turned on during meals. The questionnaire
contained four questions scaled from 1–7 to indicate how many times a week the given
eating circumstance occurred.

2.4. Statistical Analysis

All statistical analysis is performed using R (ver. 4.1.1). Descriptive data are presented
as number (%) or mean ± SD.

All changes in weight, muscle, and fat mass are defined as weighted values of daily
percentage change, depending on individual follow-up period duration. Energy and
protein ingestion is measured as the difference between intake and the estimated require-
ment in %. Variables of food preferences are defined as the average preference during the
follow-up period. Intake of food categories were assigned binary values prior to analysis.

Continuous data is analyzed using Pearson correlation analysis, presented by correla-
tion coefficient r and p-value. A significance level of p ≤ 0.05 is used.

A multiple linear regression analysis is performed to examine the influence of the
discrete nutritional variables on the primary and secondary endpoints. Furthermore, a
least absolute shrinkage and selection operator (LASSO) regression analysis method is
used, aiming at enhancing the prediction accuracy of the statistical model by shrinking the
regression coefficients associated with the least important variables to zero. This includes
both variable selection and an L1 regularization method. A significance level of p ≤ 0.05
is used.

3. Results

3.1. Baseline Characteristics

The baseline characteristics of the patients included in the study are shown in Table 1.
The patients participated a mean of 36 days ± 13 and received a mean of 1.6 treatment
cycles ± 0.5. A total of 107 patients with lymphoma, acute leukemia, or multiple myeloma
diagnoses were referred for myelosuppressive cytostatic treatment. 41 (38%) patients did
not meet the study’s inclusion criteria, while 66 (62%) patients were enrolled in the study. A
further four patients were excluded at the patient’s request, while one patient was excluded
due to missing BIA data at the end of the follow-up. Therefore, 61 (57%) patients could be
included in the final study group available for study analyses.
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Table 1. Basic characteristics of the 61 included patients. Values are presented as number (%) or
mean ± SD.

Characteristics Patients, n (%)/Mean ± SD

Sex
Men 40 (65.6%)
Women 21 (34.4%)

Age (years) 66 ± 13
Diagnose

Lymphoma 56 (91.8%)
Acute leukemia 3 (4.9%)
Multiple myeloma 2 (3.2%)

Number of cytostatic treatments before inclusion 2.4 ± 1.4
Treatment regime

(R)-CHOP (+like) 1 34 (55.7%)
(R)-Benda (+like) 2 17 (27.9%)
ABVD (+like) 3 5 (8.2%)
G-PEBEN 4 1 (1.6%)
CY-VEL-DEX 5 2 (3.3%)
DA 3 + 10 6 2 (3.3%)

Complete remission after end of full course of treatment 51 (84%)
BMI at inclusion

18.5–24.9 21 (34.4%)
25–29.9 28 (45.9%)
>30 12 (19.7%)

1 (Rituximab), cyclophosphamide, doxorubicin hydrochloride, vincristine sulfate, prednisone; 2 (Rituximab),
bendamustine; 3 Doxorubicin hydrochloride, bleomycin sulfate, vinblastine sulfate, dacarbazine; 4 Pixantrone,
etoposide, bendamustine; 5 Cyclophosphamide, bortezomib, dexamethasone; 6 Daunorubicin, Ara-C/Cytarabin.

3.2. Body Composition

BIA was performed two (24 patients (39.3%)) or three (37 patients (60.7%)) times in
connection with a consecutive series of cytostatic treatment, a mean of 2.6 times ± 0.5. Changes
in weight, muscle, and fat mass presented in Table 2 are classified as any measurable
changes between the first and last measurement.

Table 2. Overview of the number (%) of patients with change in muscle and fat mass and weight
during the study period, as well as mean ± SD of daily percentage change during the follow-up
period, compared to the first measurement.

Muscle Mass Fat Mass Weight

Decrease 36 (59.0) 26 (42.6) 39 (63.9)
Increase 23 (37.7) 34 (55.7) 22 (36.1)
No change 2 (3.3) 1 (1.6) 0

Daily percentage change −0.07 ± 0.25 0.05 ± 0.44 −0.03 ± 0.13
Pearson correlation analysis showed statistically significant negative correlations between both age and change in
weight (p = 0.03) as well as age and change in muscle mass (p = 0.03).

3.3. Nutritional Intake

24 h dietary recall interviews were performed a mean of 10.8 times ± 3.6 during
the follow-up period, 5 times being the lowest number of dietary recalls and 17 times
being the highest. Two patients (3%) met 100% of their estimated energy requirement,
while 28 patients (46%) met 75%. One patient (1.6%) met 100% of their estimated protein
requirement, while 22 patients (36%) met 75%.

79% of the patients experienced a decrease in appetite at some point during the follow-
up period. The mean reduction in appetite score compared with the appetite score before
the initiation of cytostatic treatment was 1.8 on the 1–5 scale (“not at all”–“a lot”). 77% of the
patients experienced changes in flavor perception during the follow-up period, distributed
over a total of 193 times.
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No statistically significant correlations were found between change in either muscle
mass nor weight and energy intake, protein intake, decreased appetite, or experience of
residual flavor (Table 3).

Table 3. Results from Pearson correlation analysis between change in weight and change in mus-
cle mass, and energy intake, protein intake, decreased appetite and experience of residual flavor.
Comparing before and end of the follow-up period.

Variables Muscle Mass Weight

Pearson’s r p-Value Pearson’s r p-Value

Energy intake 0.09 0.48 0.12 0.34
Protein intake 0.16 0.21 0.1 0.15
Decreased appetite −0.18 0.15 −0.14 0.27
Experience of residual flavor −0.14 0.30 −0.08 0.56

Patients were asked about their intake of different food categories before and after the
initiation of cytostatic treatment a mean of 10.8 times ± 3.6. The average intake of meat,
fruit and vegetables, dairy, and grain and cereal products decreased after the initiation of
cytostatic treatment, while the average intake of soft drinks increased (Table 4).

Table 4. Average percentage distribution in intake for the individual food categories after the start of
cytostatic treatment compared to intake before the initiation of cytostatic treatment for respectively
the patients who lost muscle mass and the patients who did not during the follow-up period.

Variables Decrease in Muscle Mass No Decrease in Muscle Mass

Intake Decreased (%) Unchanged (%) Increased (%) Decreased (%) Unchanged (%) Increased (%)

Meat 70.3 21.6 8.1 60.9 13.0 26.1
Fruit and vegetables 57.9 10.5 31.6 60.9 21.7 17.4
Dairy 52.6 29.0 18.4 65.2 13.1 21.7
Grain and cereal 63.2 26.3 10.5 52.2 34.8 13.0
Soft drinks 44.7 21.1 34.2 34.8 13.0 52.2

No statistically significant correlations were found between change in muscle mass
and any preferences, while a statistically significant negative correlation was found between
change in weight and preference for bitter grain and cereal products (p = 0.03) (Table 5).

Table 5. Correlations from multiple linear regression analysis between change in muscle mass and
weight and increase in intake of included food categories compared with the intake before initiation
of cytostatic treatment, as well as preferences for different flavor nuances.

Variables Muscle Mass Weight

Estimate p-Value Estimate p-Value

Increase in intake
Meat −0.09 0.54 −0.18 0.009
Fruit and vegetables −0.07 0.47 0.01 0.74
Dairy 0.01 0.90 0.03 0.49
Grain and cereal 0.17 0.20 0.08 0.15
Soft drinks 0.04 0.60 0.07 0.02

Meat preference
Red meat 0.18 0.33 −0.002 0.98
Dark meat 0.20 0.07 0.02 0.69
Light meat 0.07 0.42 0.05 0.20

Fruit and vegetables preferences
Sweet −0.01 0.90 −0.07 0.15
Sour −0.01 0.89 0.006 0.82
Bitter 0.05 0.31 0.01 0.68
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Table 5. Cont.

Variables Muscle Mass Weight

Estimate p-Value Estimate p-Value

Dairy preferences
Sweet −0.03 0.45 −0.02 0.63
Sour 0.03 0.49 0.001 0.95
Salty −0.02 0.67 0.006 0.78
Umami 0.004 0.94 −0.008 0.70

Grain and cereal preferences
Sweet −0.01 0.81 0.02 0.44
Sour −0.01 0.74 −0.001 0.95
Bitter 0.03 0.55 0.05 0.03

Soft drink preferences
Sweet −0.0009 0.99 −0.01 0.66
Sour 0.03 0.58 0.002 0.94
Bitter −0.01 0.85 0.006 0.72

A statistically significant negative correlation was found between weight change and
increase in meat intake (p = 0.009), while a statistically significant positive correlation was
found between weight change and increased consumption of soft drinks (p = 0.02) (Table 5).

3.4. QoL, Physical Activity and Eating Situations

Patients were asked about their QoL and PAL a mean of 5.8 times ± 1.7, while they
were asked about their eating habits a mean of 2 times ± 0.

The highest average decrease in QoL within the investigated parameters was found
in the following order (mean ± SD): functional well-being (1.94 ± 0.59) > physical well-
being (1.81 ± 0.42) > emotional well-being (1.44 ± 0.29) > social well-being (1.30 ± 0.39).
Correlations are presented in Table 6.

Table 6. Results from Pearson correlation analysis between change in weight and change in muscle
mass and the variables of QoL, PAL, and eating and TV habits at main meals.

Variables Muscle Mass Weight

Pearson’s r p-Value Pearson’s r p-Value

QoL
Physical −0.34 0.007 −0.05 0.70
Social −0.25 0.05 0.10 0.43
Emotional −0.23 0.08 −0.15 0.26
Functional −0.26 0.05 0.01 0.92
Self-perceived health 1 0.37 0.004 0.21 0.10
Self-perceived QoL 1 0.34 0.007 0.17 0.19

Physical activity
PAL 0.37 0.003 0.17 0.18

Eating and TV-habits
Eating with others 0.05 0.72 0.04 0.78
Eating alone −0.02 0.90 −0.21 0.11
TV on with others −0.06 0.66 0.008 0.95
TV on alone 0.08 0.54 −0.06 0.64

1 The scale of self-perceived health and QoL were reversed compared to scales on QoL.

Due to the reversed scale of self-perceived health and QoL, this suggests that all
parameters of decreased QoL and low self-perceived health and QoL seem to have affected
the change in muscle mass negatively while no categories affected change in weight.

The average score of PAL was 3.48. A weak statistically significant positive correlation
was found between PAL and change in muscle mass (p = 0.003). This suggests that increased
levels of physical activity seem to have a positive effect on the change in muscle mass.
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No statistically significant correlations were found between eating and TV habits at
main meals and change in neither muscle mass nor weight.

3.5. LASSO Regression Analysis

LASSO regressions were generated with change in muscle mass and weight in percent
as dependent variables, with the purpose of attaining the subset of predictors that reduces
the prediction error for the measurable dependent variable and thereby increases model
accuracy and model interpretability. For the training and test of the model, an 80/20 split
of data was used. After selection in the LASSO model, no independent variables were
found relevant for change in muscle mass or weight for further hypothesis testing.

4. Discussion

The main findings of this study are that PAL and QoL have a positive effect on change
in muscle mass during cytostatic treatment. On the contrary, our data suggest that diet
adjustments and food preferences have less impact on the change of muscle mass and
weight, while eating and TV habits seem to have no impact at all.

A decrease in muscle mass and weight is widely seen in cancer patients undergoing
chemotherapeutic treatment [33,44–47], which aligns with the distribution of body mass
development in the present study, since the majority of the subjects had a decrease in
both muscle mass (59.0%) and weight (62.9%) concurrently to an increase in fat mass
(55.7%). The beneficial effect of physical activity on the maintenance of muscle mass
in hematological cancer patients undergoing cytostatic treatment has been reported in
previous studies [48,49]. Therefore, the results in the present study were expected. One
study found that physical activity in combination with a high protein intake over 12 weeks
in hematological cancer patients [50]. At the same time, they found that a low level of
physical activity combined with a high intake of protein led to a decrease in muscle mass
and increased fat mass, which supports the result seen in the present study, that physical
activity might affect body composition more than nutritional intake. Physical activity is
also documented to reduce fatigue [51,52] and improve both handgrip force and functional
mobility in hematologic cancer patients [52]. In addition, a higher level of physical activity
appears to have beneficial effects in terms of improving sleep, both quality and duration,
which is seen to affect QoL [53]. An increased level of sleep-mediating cytokines, such as
IL-6, TNF-α, and sTNF-R in cancer patients could cause impaired sleep quality [54].

A change in muscle mass was in the present study affected by the categories physical
and functional well-being as well as self-perceived health and QoL or vice-versa. This
correlation has also been reported in similar studies of a wide range of cancers [31–33,55],
but not in all [56]. Concurrently, QoL is reported to be consistently higher for patients
who have high PAL. The largest decrease of QoL, which was found in the categories of
functional and physical well-being, is equivalent to the results found in a study where the
EORTC QLQ-C30 questionnaire is used as well [57].

Increasing age seems to have a negative effect on change in both muscle mass and
weight, which is to be expected. Concurrently, the results show that the five youngest
patients all experienced an increase in weight, which had a marked impact on the result.
If they were to be considered as outliers and removed from the analysis, the correlation
with age would no longer be statistically significant. Conventionally, sarcopenia is caused
by many factors, such as decrease in PAL, loss of neuromuscular junctions, changes in
hormones, and chronic diseases with inflammation [58,59]. Muscle mass and muscle
strength is expected to decrease with age [60], but the presence of severe disease seems to
change that.

The dietary composition as well as the investigated food preferences do not seem
to have as important an effect on maintenance of muscle mass and weight as expected.
However, the results have been obtained from a narrow amount of data due to very
small subgroups.
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In the present study, the majority did not meet their energy or protein requirements. It
is well documented that low energy and protein intake leads to loss of both muscle mass
and weight, normally explained by an increase in demands in cancer patients [26,61–63].
Nevertheless, this cannot be confirmed in the present study. The results could possibly
have aligned more with those of the former-mentioned studies if the follow-up period had
been longer, since larger fluctuations in muscle mass and weight may not be expected short
term. In one study, it is suggested that meeting the minimum energy recommendations
(25 kcal/kg/day) may not be sufficient to attenuate loss of muscle mass in head and neck
cancer patients [64]. On the contrary, it has been demonstrated that an intake of protein
at 1.2 g/kg/day in hematological cancer patients had a positive impact on muscle mass
changes [50]. The recommendation of 1.2–1.5 g/kg/day is based on such studies [65],
but other studies in cancer patients did not disclose this effect, not even in patients in
remission [66]. The present results could not confirm the recommendation either and
explanations could be several. Besides the already-mentioned short follow-up period,
the patients might have had a relatively good nutritional status when enrolled in our
study, which could be explained by the national treatment guarantee giving patients a
legal right to start treatment within 4 weeks after the diagnosis has been established in all
malignant diseases.

A decreased appetite and taste alterations are well known side effects from cytostatic
treatment [28,67] but the present results do not support these findings, neither concerning
decreased appetite nor residual flavor, and no correlations between decreases in either
muscle mass nor weight was found, in contradiction to other reported results in similar
patient groups [68] and in patients with lung cancer [69]. There are some challenges in our
method regarding the estimations of decreased appetite and the presence of residual flavor
since the construction of the scales exclusively made it possible to measure respectively
the absence of decreased appetite and the presence of residual flavor. On the opposite. It
was not possible to measure increased appetite or improved taste because it was estimated
from a “one-way” scale. Results might have aligned with the previous mentioned studies.

Considering the study’s strengths, worth mentioning are the close monitoring and
the insurance of data validity, as well as statistical analysis encompassing confounders.
The repeated use of the 24 h dietary recall method, including intake at both weekdays
and weekend days, decreases the risk of errors due to day-to-day variation [70]. A study
comparing the 24 h dietary recall method with the doubly-labeled water method, found
three 24 h dietary recalls to be sufficient when estimating energy intake [71]. They did
not find additional recalls to improve the estimation further. In spite of that, is must be
reasonable to assume that day-to-day variations have been eliminated to a satisfying extent
in the present study.

The study design has some limitations as well, the short follow-up period being the
most obvious, which also to some degree counteracts the close monitoring. This results
in a fragmented understanding of the challenges that the patients may face, which mean
that important confounders might be overlooked. Furthermore, the size of the study
cohort limits the opportunity to achieve an adequate understanding of the relationship
between nutritional intake, QoL, physical activity, and muscle atrophy. A combination of a
larger study cohort and a prolonged follow-up period might have allowed the methodical
strengths of this study to be more prominent.

There was a potential heterogeneity within the patient group in terms of both diag-
nosis, treatment regimens of different intensity, varying duration between initiation of
chemotherapy and monitoring of the patient, and different degrees of response to the
cytostatic treatment with a risk that these may constitute confounding variables. However,
the size of the study cohort does not enable any analysis of the possible influence of the
individual factors. Further larger, controlled studies with a homogeneous patient cohort
and a longitudinal design with longer monitoring are therefore warranted.
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5. Conclusions

We have shown that nutritional and lifestyle-related factors affected the change in
weight and muscle mass in patients with hematological cancer. The effect on muscle mass
and weight was most evident in relation to physical activity, while dietary components seem
to have less importance. Our study needs further validation in larger studies, including
associations with clinically relevant variables such as treatment response and long-term
outcome of the malignancy. Intervention studies investigating the impact of programs for
dietary measures and physical activity on treatment toxicity, response, survival and QoL
are also justified.
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