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Abstract: Background and Aims: Malnutrition is a condition that has a great impact on oncology
patients. Poor nutritional status is often associated with increased morbidity and mortality, increased
toxicity, and reduced tolerance to chemotherapy, among other complications. The recently developed
GLIM criteria for malnutrition aim to homogenize its diagnosis, considering the baseline disease
status. We aimed to evaluate the performance of these new criteria for the prediction of complications
and mortality in patients with cancer. Methods: This work is a prospective, single-center study. All
outpatients under active treatment for head and neck, upper gastrointestinal, and colorectal tumors
between February and October 2020 were recruited. These patients were followed up for 6 months,
assessing the occurrence of complications and survival based on GLIM diagnoses of malnutrition.
Results: We enrolled 165 outpatients, 46.66% of whom were malnourished. During the 6-month
follow-ups, patients with malnutrition (46.7%, according to GLIM criteria) had a ~3-fold increased
risk of hospital admission (p < 0.001) and occurrence of severe infection (considered as those requiring
hospitalization, intravenous antibiotics, and/or drainage by interventional procedures) (p = 0.002).
Similarly, malnourished patients had a 3.5-fold increased risk of poor pain control and a 4.4-fold
increased need for higher doses of opioids (both p < 0.001). They also had a 2.6-fold increased risk of
toxicity (p = 0.044) and a 2.5-fold increased likelihood of needing a dose decrease or discontinuation of
cancer treatment (p = 0.011). The 6-month survival of malnourished patients was significantly lower
(p = 0.023) than in non-malnourished patients. Conclusions: Diagnoses of malnutrition according to
the GLIM criteria in oncology patients undergoing active treatment predict increased complications
and worse survival at 6-month follow-ups, making them a useful tool for assessing the nutritional
status of oncology patients.

Keywords: cancer; survival; GLIM; malnutrition; pain

1. Introduction

Malnutrition is a highly prevalent pathology in the oncology population, with a major
negative impact both in terms of the risk of complications and overall survival [1–3]. In
cancer patients, tumor-induced malnutrition is called cachexia–anorexia syndrome. This
phenomenon constitutes the body’s inflammatory response against the active tumor, releas-
ing a cascade of cytokines. This induces increased energy consumption with secondary
catabolism of adipose tissue and, ultimately, of muscle tissue [3–6].
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Weight loss is the major cause of morbidity and mortality in cancer patients and
cachexia is the cause of death in one in three cancer patients [7–9]. Other effects of malnutri-
tion include delayed healing of surgical wounds, malabsorption due to the lack of synthesis
of digestive enzymes, increased treatment-associated immunosuppression, increased in-
fectious complications, impaired quality of life, and decreased tolerance to treatment with
increased treatment-related toxicities [10–12].

In terms of the diagnostic criteria, until a few years ago, there were no unified criteria,
and several options were available. With the aim of standardizing the diagnosis of malnutri-
tion in routine clinical practice, several nutrition societies developed new diagnostic criteria
in 2019, known as the GLIM (Global Leadership Initiative on Malnutrition) criteria [13].
This is a two-step approach in which the risk of malnutrition is first evaluated and then,
those patients at risk that meet at least one phenotypic criterion (weight loss, low body
mass index, or low fat-free mass index), as well as one etiological criterion (decreased
intake, malabsorption, or inflammatory condition), are diagnosed as malnourished.

In recent years, several studies have assessed the diagnostic ability of the criteria in
oncology patients. These studies have favored the use of the GLIM criteria given their
effectiveness in the early diagnosis of malnutrition [14–18]. However, only a few studies
to date have assessed the ability of the new GLIM criteria to predict mortality in cancer
patients. Furthermore, most of these studies are retrospective [16,19–22] or include very
specific populations, such as hospitalized patients [23,24], or specific tumor sites, such as
esophagogastric or lung tumors [17,20,22].

Therefore, the aim of our study was to globally and prospectively evaluate the ability
of the GLIM criteria to predict mortality in oncological outpatients. For this purpose, three
tumor sites were selected according to two different malnutrition risk profiles: head and
neck and upper digestive tract tumors (esophagus, gastric, and pancreas) were selected as
cancers with a high incidence of malnutrition. Colorectal cancer was chosen as a tumor
with a lower incidence of malnutrition.

2. Materials and Methods
2.1. Ethical Considerations

The clinical research ethics committee of Aragon (CEICA) evaluated and approved
the project with study code PI19/494. Informed consent was collected from all patients
who agreed to participate in the study.

2.2. Design and Selection Criteria

An observational, prospective, single-center, non-interventional study was carried
out in the Medical Oncology department of University Hospital Lozano Blesa, a tertiary
level hospital in Zaragoza (Spain). Between February and October 2020, we consecutively
recruited all patients undergoing follow-ups in the medical oncology outpatient clinics
who underwent active treatment for a tumor in one of the following locations: head and
neck, upper digestive tract, and/or colorectal.

The enrolled patients were followed prospectively from their inclusion in the study
for the next six months or until death, whichever came first. Follow-up was adapted to
the follow-up intervals in accordance with standard clinical practice, ranging from one to
three weeks, depending on the different treatments.

Exclusion criteria were pregnancy, the coexistence of a neuropsychiatric condition that
significantly interfered with the correct completion of the questionnaires, refusal by the
patient to sign the informed consent form, and age under 18 years.

2.3. Patient Characteristics and Malnutrition Criteria

At the first visit (baseline), both demographic and tumor-related patient characteristics
were collected: age, sex, tumor location, stage (localized vs metastatic), and current disease
status (following the RECIST v1.1 solid lesion response evaluation criteria) [25] according
to the latest available imaging tests (response/stability/progression), as well as current
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oncologic treatments (chemotherapy, radiotherapy, immunotherapy, targeted therapy, or
combination) and current treatment times.

Nutritional assessment and diagnosis of malnutrition were performed using the GLIM
criteria as a reference. These criteria were proposed in 2019 by the main scientific nutrition
societies and require establishing a diagnosis of malnutrition with at least one phenotypic
criterion (weight loss, low body mass index (BMI), and/or low free body mass index
(FFMI)) and one etiological criterion (decreased intake, a chronic gastrointestinal condition,
or systemic inflammation). Differentiation between moderate and severe malnutrition was
made according to different cut-off points suggested for each phenotypic criterion in the
consensus document.

BMI was calculated after an in-office measurement of the patient’s height and mass.
According to the GLIM criteria classifications of moderate and severe malnutrition, the
cut-off points used were as follows: <18.5 kg/m2 for patients under 70 years of age and
<20 kg/m2 for patients over 70 years of age for the diagnosis of severe malnutrition and
<20 kg/m2 for patients under 70 years of age and <22 kg/m2 for those over 70 years of
age for moderate malnutrition. A bioimpedance analysis (Tanita DC 580 segmental; Tanita,
Tokyo, Japan) was used to assess muscle mass.

Regarding the etiological criteria, a decrease in intake was considered when the patient
presented a reduction of at least 50% of the baseline amount for at least one week or a
reduction in any proportion for at least two weeks. Dysphagia, mechanical obstruction,
exocrine pancreatic insufficiency, short bowel syndrome, chronic diarrhea (defined by
a duration of at least 4 weeks), and any other cause of intestinal malabsorption were
considered chronic gastrointestinal conditions.

Regarding the inflammatory status and following the recommendations of the GLIM
criteria, the oncologic disease itself was not considered a sufficient condition for fulfilling
this etiologic criterion. We considered this criterion fulfilled only if the tumor was in
progression. The presence of other conditions, such as active infections or inflammatory
processes of other origins, was also deemed sufficient.

The following variables were prospectively monitored during follow-up: death, need
for emergency care and/or hospitalization, severe infection (considered as those requiring
hospitalization, intravenous antibiotics, and/or drainage by interventional procedure),
mild infections, treatment-related toxicity, changes in the treatment dose, poor pain control,
need to increase analgesic treatment, and tumor progression. For all these variables, the
date of the first event was collected.

2.4. Statistical Analysis

Continuous variables were summarized as the median (interquartile range [IQR])
or mean (standard deviation) or the number of cases (percentages). Categorical data
were summarized by showing the number of individuals who fell into each category
(e.g., malnutrition) and creating a relative frequency. The relative frequency of a given
category is the frequency (number of individuals in that category) divided by the total
sample size, multiplied by 100 to obtain the percentage. Continuous variables were tested
for Gaussian distribution by the Shapiro–Wilk normality test and comparisons of the
variables were performed using student’s t- or Mann–Whitney tests for normal- and non-
normal-distributed variables, respectively. The χ2 test with Yates’s correction for continuity
was used for comparison of the categorical variables. An ordinal regression model was
used to determine the association between the clinical outcomes and nutritional status.
Multivariable analysis was performed by adjusting for age and tumor localization. The
Kaplan–Meier curve was plotted to estimate the probability of survival during follow-up.
Data were analyzed using R version 4.0.3 (http://www.r-project.org, accessed on 30 March
2022). p values < 0.05 were considered significant.

http://www.r-project.org


Biomedicines 2022, 10, 2201 4 of 10

3. Results
3.1. Patient Characteristics and Malnutrition Prevalence

A total of 165 patients (35.2% women) were included with a median age (interquartile
range) of 67. Colorectal tumors were the most prevalent (49.7%), followed by those in the
upper gastrointestinal tract (38.8%) and the head and neck area (11.5%) (Table 1). Most
of the participants were receiving chemotherapy alone (83%) or chemotherapy combined
with radiotherapy (12.1%). Immunotherapy or targeted therapy represented less than 5%
of the treatments. The median duration of the treatments was 3 months. Most patients
(69.1%) were in a metastatic stage of their oncologic disease, with 27.9% in progression,
41% in stable disease, and 30.9% in response.

Table 1. Demographic and tumor-related clinical variables.

Variables Patients
N = 165

Sex N (%)
Male 107 (64.8%)
Female 58 (35.2%)

Age (years) 67.0 [60.0; 74.0]
Localization N (%)

Head and neck 19 (11.5%)
Colorectal 82 (49.7%)
Upper GI 64 (38.8%)

Stage N (%)
Localized 51 (30.9%)
Metastatic 114 (69.1%)

Treatment N (%)
Chemotherapy 137 (83.0%)
Chemotherapy + RT 20 (12.1%)
Immunotherapy 4 (2.42%)
Targeted therapy 4 (2.42%)

Duration of treatment (months) 3.00 [1.00; 7.00]
Current state N (%)

Response 51 (30.9%)
Stable 68 (41.2%)
Progressing 46 (27.9%)

Data are shown as median [IQR] for continuous variables and number of cases (%) for categorical variables.

The average BMI of the participants was 26.1 kg/m2 and 17% presented some GI
condition, pancreatic insufficiency being the most abundant (6.7%). According to the GLIM
criteria, the prevalence of malnutrition in the entire cohort was 53.3%, being moderate in
23.6% and severe in 23%. However, malnutrition changed widely depending on the tumor
location (Figure 1), ranging from 34% (16% moderate, 18% severe) in colorectal patients
to 57% (36% moderate, 21% severe) in individuals with head and neck tumors and 59%
(29.5% moderate, 29.5% severe) in those with upper GI cancer.

As the GLIM consensus is a two-step model, the diagnosis of malnutrition was con-
ducted by assessing the phenotypic and etiologic criteria. To explain the wide differences
observed in the prevalence of malnutrition, we investigated whether there were differences
between those criteria depending on the tumor location.

The presence of at least one phenotypic criterion, either non-volitional weight loss,
low BMI, or reduced muscle mass, was found in 68%, 47%, and 75% of individuals with
tumors in the head and neck, colorectal, and upper GI areas, respectively (p = 0.01). Those
differences accounted for a disparate increased presence of non-volitional weight loss
in patients with tumors in the upper GI region (Table 2). The etiologic criteria, namely
reduced food intake or assimilation and inflammation were observed in 58%, 51%, and
72% of individuals with tumors in the head and neck, colorectal, and upper GI areas,
respectively (p = 0.04). This difference is due to a much higher proportion of patients
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with tumors of the upper gastrointestinal tract with tumor progression and/or chronic
gastrointestinal conditions.
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Figure 1. Malnutrition prevalence according to GLIM criteria and tumor location.

Table 2. Prevalence of phenotypic and etiologic criteria according to the GLIM consensus in oncology
patients with different tumor locations.

GLIM Criteria Head and Neck Colorectal Upper GI p
N = 19 N = 82 N = 64

Phenotypic criteria
Non-volitional weight loss 0.018

No 13 (68.4%) 53 (64.6%) 25 (39.1%)
Moderate 4 (21.1%) 15 (18.3%) 18 (28.1%)
Severe 2 (10.5%) 14 (17.1%) 21 (32.8%)

Low BMI 0.179
No 15 (78.9%) 77 (93.9%) 56 (87.5%)
Moderate 2 (10.5%) 3 (3.66%) 3 (4.69%)
Severe 2 (10.5%) 2 (2.44%) 5 (7.81%)

Reduced muscle mass 0.538
No 11 (57.9%) 62 (75.6%) 44 (68.8%)
Moderate 5 (26.3%) 12 (14.6%) 11 (17.2%)
Severe 3 (15.8%) 8 (9.76%) 9 (14.1%)

Etiologic criteria
Reduced food intake or assimilation 11 (57.9%) 34 (41.5%) 34 (53.1%) 0.244
Inflammatory condition 2 (10.5) 21 (25.6) 23 (35.9) 0.077
GI chronic condition 5 (26.3%) 3 (3.66%) 20 (31.2%) <0.001

Data are shown as number of cases (%). p: p-value for the difference.

3.2. Complications Resulting from Malnutrition

Patients with malnutrition according to the GLIM criteria had a 3-fold increased risk
of admission (p < 0.001) and occurrence of severe infection during follow-up (p = 0.002).
Similarly, malnourished patients had a 3.5-fold increased risk of poor pain control and a
4.4-fold increased need for a higher dose of opioids (both p < 0.001).

In terms of complications related to cancer treatment, patients with malnutrition had a
2.6-fold increased risk of toxicity (p = 0.044) and a 2.5-fold increased likelihood of needing
a dose reduction or discontinuation of cancer treatment (p = 0.011). Those increased risks
were independent of the tumor location as we obtained similar results when the ORs were
calculated for each group (Table S1).

Finally, in terms of oncological disease progression, the risk of tumor progression
was 1.9 times higher in malnourished patients compared to non-malnourished patients
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(p = 0.049). Regarding survival, at six months after recruitment, 87.4% of non-malnourished
patients were still alive compared to 71.4% of malnourished patients (OR 0.37, p = 0.012).
These results can be seen in Table 3.

Table 3. Impact of malnutrition by GLIM criteria on follow-up.

No Malnutrition Malnutrition OR p

N = 95 N = 70

Emergency Room admission 42 (44.2%) 41 (58.6%) 1.78 [0.95; 3.35] 0.071
Hospitalization 19 (20.0%) 35 (50.0%) 3.95 [2.00; 8.01] <0.001
Severe infection 12 (12.6%) 23 (32.9%) 3.34 [1.54; 7.57] 0.002
Mild infection 26 (27.4%) 23 (32.9%) 1.30 [0.66; 2.55] 0.452

Poor pain control 26 (27.4%) 40 (57.1%) 3.50 [1.83; 6.83] <0.001
Increase in opioid dosage 19 (20.0%) 37 (52.9%) 4.42 [2.24; 8.99] <0.001

Toxicity 76 (80.0%) 64 (91.4%) 2.61 [1.03; 7.65] 0.044
Gastrointestinal toxicity 49 (51.6%) 44 (62.9%) 1.58 [0.84; 3.00] 0.153
Hematological toxicity 19 (20.0%) 25 (35.7%) 2.21 [1.10; 4.52] 0.027
Neurological toxicity 37 (38.9%) 26 (37.1%) 0.93 [0.49; 1.76] 0.817

Decrease or discontinuation of treatment 60 (63.2%) 57 (81.4%) 2.53 [1.23; 5.44] 0.011
Tumor Progression 29 (30.5%) 32 (45.7%) 1.91 [1.00; 3.65] 0.049
6-month survival 83 (87.4%) 50 (71.4%) 0.37 [0.16; 0.81] 0.012

Data are shown as number of cases (%). OR: Odds Ratio; p: p-value for the difference.

A Kaplan–Meier analysis (Figure 2) shows that there was a significant difference
in survival according to the nutritional status of the oncology patients according to the
GLIM criteria. Univariate Cox models confirmed that severe malnutrition was significantly
associated with a ~3-fold increased risk of mortality in malnourished patients (HR = 2.98,
95%CI = 1.31–6.75, p = 0.003) compared to non-malnourished participants (HR = 1). Moder-
ate malnutrition had a neutral effect on all-cause mortality in oncology patients (HR = 2.04,
95%CI = 0.85–4.92, p = 0.11). Interestingly, the association of severe malnutrition with
all-cause mortality was maintained when age and tumor location were added as covariates
in an adjusted multivariate Cox analysis (HR = 2.41, 95%CI = 1.03–5.59, p = 0.041).
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4. Discussion

The GLIM criteria for malnutrition were recently developed to homogenize the di-
agnosis of malnutrition and include etiological variables, some of which are related to
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the presence and activity of the patient’s underlying disease. Multiple studies have in-
vestigated the diagnostic capacity of these new criteria for malnutrition [25–27]. Indeed,
the GLIM criteria showed more sensitivity for the diagnosis of malnutrition than those
previously described, such as the ESPEN [18]. However, data on their ability to predict the
appearance of complications derived from malnutrition are scarcer in the literature, being
in most cases retrospective studies or studies of hospitalized populations [16,19,21,22,28].
Furthermore, most of the work has been carried out in populations with a high incidence of
malnutrition (head and neck or upper gastrointestinal) [15,20,22,27]. Low-risk populations
for malnutrition, such as colorectal cancer patients, where the predictive ability may vary,
have not yet been evaluated.

In our sample, no differences were observed in age or sex according to nutritional
status. We did find, as expected, that patients with colorectal neoplasia had a lower
prevalence of malnutrition than patients with tumors of the head and neck and upper
digestive tract. Nutritional status was also not related to tumor stage, treatment time, or
type of treatment. On the other hand, malnutrition was related to the stage of the disease,
being more frequent in patients in progression.

Regarding the predictive capacity of these criteria during follow-up, the GLIM criteria
were associated with a higher incidence of several events assessed. Patients with a diagnosis
of malnutrition presented more frequently to the hospital emergency department, although
statistical significance was not reached. However, significance was reached for the rate
of hospital admissions, excluding elective admissions, whether for surgery, diagnostic
procedures, or any other cause.

In terms of the risk of infection, no differences were observed for mild infection, but
there were statistically significant differences in the rate of severe infection. These data
are consistent with the literature. We hypothesize the existence of a multifactorial cascade
involving different groups of lymphocytes, as well as immunoglobulins and cytokines,
whose expression and/or development are increased by poor nutritional status [29,30].

Malnourished patients had worse pain control than their non-malnourished coun-
terparts. This is evidenced by the higher rate of poor pain control and the higher need
for opioid treatment (or increased doses of opioids) in malnourished patients. Pain has
been described in the literature as an etiological factor in malnutrition, especially in the
case of abdominal or upper digestive tract pain [29,31,32]. However, there is little evidence
that malnutrition favors the onset of pain or worsens pain control. The prospective nature
of our study suggests that in our patients, nutritional status was the differential factor in
terms of pain management and not the other way around. This may be explained at least
partially because malnutrition and consequent sarcopenia lead to a greater perception of
pain in patients, resulting in poorer pain control [30,31].

The GLIM criteria were able to predict the occurrence of toxicities related to cancer
treatment, with results consistent with the literature available to date [33–35]. These toxi-
cities have a major impact on patient outcomes, leading to emergency department visits
and admissions, as well as the need to discontinue treatments (temporarily or perma-
nently), depending on the severity of the toxicity. This need to lower or suspend treatments
was also observed in our malnourished patients. Toxicities and consequent dose reduc-
tions and interruptions result in suboptimal therapy, which can have a direct impact on
patient survival.

Patients diagnosed with malnutrition by the GLIM criteria had a higher rate of tumor
progression, as assessed by the RECIST criteria. Again, although both situations may be
the cause and consequence of each other, the prospective design of the study suggests that
it was malnutrition that caused an increased risk of progression.

Finally, and probably because of all the factors described above, the diagnosis of
malnutrition by the GLIM criteria also predicted earlier and higher mortality. According to
multivariate analysis, the ability of the GLIM criteria to predict mortality was independent
of age and tumor location. Given the different populations studied, these results suggest
that the GLIM criteria maintained their predictive ability for different prevalences of
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malnutrition. This confirms the usefulness of the GLIM criteria in populations with different
levels of malnutrition risk. The relationship between malnutrition and reduced survival is
established, and our work confirms that the GLIM criteria maintained this predictive ability.

Taking all these data into account, our study is one of the first in the literature to
confirm the ability of the GLIM malnutrition criteria to predict the evolution of cancer
outpatients, both during the tumor disease and the complications derived from it. Our
work, in addition to confirming the practical utility of the GLIM criteria, reinforces the
importance of the early diagnosis and treatment of malnutrition, given its impact on the
outcomes of cancer patients.

The main strength of our study is its prospective design. In addition, the presence
of different tumor sites increases its applicability. The variability in the prevalence of
malnutrition among the different populations also increases the external validity of our
results. The main limitations are the single-center nature of the study and the reduced
sample size, which limits the possibility of performing subgroup analyses. Pain tolerance
is a subjective variable, so its interpretation may be influenced by bias. The relatively short
follow-up period may also be a limitation of the study.

5. Conclusions

The GLIM criteria for malnutrition predicted overall survival in cancer outpatients
as well as the rate of complications, such as severe infections, admissions, and pain. In
addition, patients diagnosed as malnourished by the GLIM criteria had worse tolerance to
cancer treatments with higher toxicities, requiring a chemotherapy dose reduction and even
treatment discontinuation. This predictive capacity makes the GLIM criteria a very useful
tool in clinical practice, making it possible to identify patients at high risk of poor outcomes.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/biomedicines10092201/s1, Table S1: Odds ratios for malnutrition-
associated complications according to tumor location.

Author Contributions: Conceptualization, M.G.-R. and D.C.-D.; methodology, M.G.-R. and D.C.-D.;
formal analysis, D.C.-D. and J.M.A.-M.; investigation, M.G.-R., I.T.-R., M.Z.-G., M.M.-P., A.S., J.L.,
M.Á.-A. and E.Q.; resources, D.I. and J.M.A.-M.; data curation, M.G.-R., I.T.-R., M.Z.-G., M.M.-P., A.S.,
J.L., M.Á.-A. and E.Q.; writing—original draft preparation, M.G.-R. and D.C.-D.; writing—review
and editing, M.G.-R., D.C.-D. and J.M.A.-M.; supervision, J.M.A.-M. and D.I. All authors have read
and agreed to the published version of the manuscript.

Funding: This research did not receive any specific grants from funding agencies in the public,
commercial, or not-for-profit sectors. JMA-M is partially supported by the project PI17/02268
(Instituto de Salud Carlos III), by Fondo Europeo de Desarrollo Regional (FEDER): “Una manera
de hacer Europa”, and by the DGA Group Biology of Adipose Tissue and Metabolic Complications
(B03_20R), co-financed with the FEDER Aragón 2014–2020: “Construyendo Europa desde Aragón”.
DCD is partially supported by a Rio-Hortega fellowship from the Instituto de Salud Carlos III.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board (or Ethics Committee) of Aragón (CEICA)
with study code PI19/494.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request to the cor-
responding author with the prior authorization of our Ethical Committee that can be obtained
at https://www.iacs.es/investigacion/comite-de-etica-de-la-investigacion-de-aragon-ceica/ceica-
evaluaciones-y-otras-presentaciones (accessed on 30 March 2022).

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

https://www.mdpi.com/article/10.3390/biomedicines10092201/s1
https://www.mdpi.com/article/10.3390/biomedicines10092201/s1
https://www.iacs.es/investigacion/comite-de-etica-de-la-investigacion-de-aragon-ceica/ceica-evaluaciones-y-otras-presentaciones
https://www.iacs.es/investigacion/comite-de-etica-de-la-investigacion-de-aragon-ceica/ceica-evaluaciones-y-otras-presentaciones


Biomedicines 2022, 10, 2201 9 of 10

References
1. Schaible, U.E.; Kaufmann, S.H. Malnutrition and infection: Complex mechanisms and global impacts. PLoS Med. 2007, 4, e115.

[CrossRef] [PubMed]
2. Katona, P.; Katona-Apte, J. The interaction between nutrition and infection. Clin. Infect. Dis. 2008, 46, 1582–1588. [CrossRef]

[PubMed]
3. de Las Peñas, R.; Majem, M.; Perez-Altozano, J.; Virizuela, J.A.; Cancer, E.; Diz, P.; Donnay, O.; Hurtado, A.; Jimenez-Fonseca, P.;

Ocon, M.J. SEOM clinical guidelines on nutrition in cancer patients (2018). Clin. Transl. Oncol. 2019, 21, 87–93. [CrossRef]
[PubMed]

4. Suzuki, H.; Asakawa, A.; Amitani, H.; Nakamura, N.; Inui, A. Cancer cachexia—Pathophysiology and management. J. Gastroen-
terol. 2013, 48, 574–594. [CrossRef] [PubMed]

5. Arends, J.; Bachmann, P.; Baracos, V.; Barthelemy, N.; Bertz, H.; Bozzetti, F.; Fearon, K.; Hütterer, E.; Isenring, E.; Kaasa, S.; et al.
ESPEN guidelines on nutrition in cancer patients. Clin. Nutr. 2017, 36, 11–48. [CrossRef] [PubMed]

6. Ryan, A.M.; Power, D.G.; Daly, L.; Cushen, S.J.; Ní Bhuachalla, Ē.; Prado, C.M. Cancer-associated malnutrition, cachexia and
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