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Simple Summary: The term “malnutrition” indicates imbalances in energy and/or nutrient intake.
Cancer-related malnutrition/cachexia results from a combination of anorexia and metabolism alter-
ations caused by the tumor itself or by its treatment, and is characterized by inflammation, increased
protein breakdown, and severe loss of skeletal muscle mass. Cancer cachexia negatively affects
patients’ anticancer treatment, outcomes, quality of life, and survival. However, malnutrition and
risk of malnutrition are still neglected in cancer patients. The PreMiO study revealed that 51% of
patients already presented with nutritional deficiencies at their first medical oncology visit. Here, we
report the data obtained in the subsequent, retrospective NUTRIONCO study, revealing a significant
association between the baseline clinical and nutritional characteristics collected in the PreMiO study
and the outcomes at follow-up in the same group of patients. These results highlight the importance
of proactive, early management of malnutrition in cancer patients.

Abstract: Malnutrition affects up to 75% of cancer patients and results from a combination of
anorexia and metabolic dysregulation. Metabolic and nutritional abnormalities in cancer patients
can lead to cachexia, a multifactorial syndrome characterized by involuntary loss of skeletal muscle
mass, systemic inflammation and increased protein catabolism. Cancer cachexia negatively affects
patients’ outcomes, response to anticancer treatments, quality of life, and survival. However, risk
of malnutrition, and cachexia are still under-recognized in cancer patients. The Prevalence of
Malnutrition in Oncology (PreMiO) study revealed that 51% of patients already had nutritional
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deficiencies at their first medical oncology visit. Here, we report the results of the subsequent
retrospective, observational NUTRItional status at first medical oncology visit ON Clinical Outcomes
(NUTRIONCO) study, aimed at assessing the impact of baseline nutritional and non-nutritional
variables collected in the PreMiO study on the clinical outcomes of the same patients followed
up from August 2019 to October 2021. We have highlighted a statistically significant association
between baseline variables and patient death, rehospitalization, and disease progression at follow-up.
We found a higher overall survival probability in the well-nourished general study population vs.
malnourished patients (p < 0.001). Of major interest is the fact that patient stratification revealed that
malnutrition decreased survival probability in non-metastatic patients but not in metastatic patients
(p < 0.001). Multivariate analysis confirmed that baseline malnutrition (p = 0.004) and VAS score for
appetite loss (p = 0.0104), in addition to albumin < 35 g/L (p < 0.0001) and neutrophil/lymphocyte
ratio > 3 (p = 0.0007), were independently associated with the death of non-metastatic patients at
follow-up. These findings highlight the importance of proactive, early management of malnutrition
and cachexia in cancer patients, and in particular, in non-metastatic patients, from the perspective of
a substantial improvement of their clinical outcomes.

Keywords: anorexia; malnutrition; cancer; cachexia; outcomes; awareness; survival; early management

1. Introduction

According to the definition issued by the World Health Organization (WHO), the
term “malnutrition” refers to “deficiencies, excesses or imbalances in a person’s intake of
energy and/or nutrients” [1]. The term malnutrition concerns both overnutrition, leading
to overweight and obesity, which are recognized risk factors for a series of pathological
conditions, including the onset and progression of hormone-dependent breast and en-
dometrial cancer [2], as well as undernutrition and nutritional risk. However, the term
“malnutrition” is often used synonymously with “undernutrition”, as in this research paper.
Malnutrition is common, can affect all age groups, and is both a cause and a consequence
of disease; nonetheless, it is often overlooked by clinicians [3]. Cancer-related malnutrition
can affect up to 75% of patients, depending on patient age, tumor type and stage, and
anticancer treatment [4], and differs from starvation-related malnutrition, as it results from
a combination of anorexia and metabolic dysregulation, caused by the tumor itself or by its
treatment [5]. Anorexia can be described as a significant decrease in food intake resulting
from altered appetite signals caused by the tumor itself or by anticancer therapies, as well
as from physical issues (e.g., mouth ulcers, pain) [6]. Reduced food intake is a predictor
of a high likelihood of severe weight loss in cancer patients, as recently demonstrated by
an international multicenter study [7], also revealing an association between reduced food
intake and cancer-related overall survival (OS).

Metabolic and nutritional abnormalities in cancer patients are the drivers of cachexia,
a multifactorial syndrome considered a comorbidity of cancer and characterized by an
involuntary, severe loss of skeletal muscle mass, with or without loss of adipose tissue,
systemic inflammation [8], and negative protein-energy balance [9–11]. Cachexia includes a
spectrum of manifestations, ranging from pre-cachexia, characterized by clinical symptoms
and changes in metabolic biomarkers, to refractory cachexia, characterized by dramatic,
unmanageable weight loss [11,12]. The progression of anorexia and cancer cachexia can
lead to sarcopenia, occurring in 20–70% of cancer patients depending on the tumor type [13].
Sarcopenia is characterized by the depletion of lean muscle mass, with impaired physical
function, asthenia and fatigue, reduced tolerance to treatments, impaired QoL, and reduced
survival. Sarcopenia also increases the risk of toxicity of several anticancer drugs [13,14].

The agreed criterion for a diagnosis of cachexia in cancer is a weight loss >5%, or a
body mass index (BMI) < 20 kg/m2 with a weight loss >2% body weight, or sarcopenia
with a weight loss >2% body weight [15]. Cancer cachexia can affect 50–80% of cancer
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patients, with negative impacts on quality of life (QoL) and prognosis, and is responsible
for the death of at least 20% of them [14].

Malnutrition in cancer patients leads to prognostic, but also socioeconomic conse-
quences, and this is particularly evident in patients affected by solid neoplasms [16]. Of
major interest is the revelation of the multicenter, prospective Prevalence of Malnutrition in
Oncology (PreMiO) study that 51% of patients already presented with nutritional impair-
ment at their first medical oncology visit, and that 43% were at risk for malnutrition [6]. The
PreMiO study also revealed a positive correlation between stage of cancer at first medical
oncology visit and severity of malnutrition. Consistently, a recent investigation revealed a
high prevalence of anorexia (57%) and cachexia (68%) in patients with gastrointestinal or
lung cancer, from the point of diagnosis [17].

To date, the impact of baseline nutritional deficiencies on specific oncological outcomes,
including disease progression, treatment-related emerging toxicities, patient rehospitaliza-
tion, and death, has not been well established. We performed the retrospective, multicenter,
observational NUTRItional status at first medical oncology visit ON Clinical Outcomes
(NUTRIONCO) study, which included a subset of the 1952 adult cancer patients originally
enrolled in the PreMiO study [6], to assess the impact of a set of baseline clinical variables,
including systemic inflammation, nutritional status and anorexia, assessed at the first
medical oncology visit, on the main clinical oncological outcomes at follow-up.

2. Materials and Methods
2.1. Study Population

The retrospective, observational NUTRIONCO study included a subpopulation
(n = 571 cancer patients) of the prospective, observational PREMiO study (n = 1952 cancer
patients) for whom follow-up data were collected from August 2019 to October 2021 and
made available in electronic case report forms (eCRF) at ten medical oncology sites in Italy.

Inclusion criteria of the NUTRIONCO study were the same applied for the previ-
ous PreMiO study: patients at first medical oncology visit; diagnosis of solid tumor;
age > 18 years; no previous anticancer therapies; life expectancy >3 months and informed
consent to study participation. Cancer type and stage of disease were determined by
the oncologist. Exclusion criteria were inability to feed orally or intestinal obstruction;
decompensated metabolic disorders; severe liver failure (total bilirubin > 1.5 mg/dL) and
aspartate aminotransferase to alanine aminotransferase ratio > 2-times the upper limit
normal (ULN) or, in case of metastatic liver cancer, >5 times ULN; severe kidney failure
with creatinine >2.0 mg/dL (177 µmol/L) or with creatinine clearance (ClCr) < 50 mL/min;
primary brain tumor or metastatic brain tumors; active infection; acute decompensated heart
failure; severe psychiatric disorders; Mini-Mental State Examination (MMSE) score < 25/30 in
patients aged >70 years [6].

2.2. Study Design and Objective

NUTRIONCO was a multicenter, retrospective observational study based on a post
hoc analysis aimed at analyzing the potential association between baseline characteristics
assessed at the first oncological visit in patients enrolled in the PreMiO study described
above [6] and the main clinical outcomes at follow-up. The data of interest were collected
from the patients’ eCRFs completed during the visits done every 12 months after the first
medical oncology visit, until the date of data cut-off of the NUTRIONCO study (14 October
2021) or a patient’s death.

The baseline variables collected in the PREMiO study database that were considered
by the NUTRIONCO study investigators as potential influencing factors of the clinical
outcomes assessed in the NUTRIONCO study were serum levels of hemoglobin and
albumin, the neutrophil/lymphocyte ratio (NLR), the Functional Assessment of Anorexia-
Cachexia Therapy (FAACT) total score, the visual analog scale (VAS) for appetite loss score,
the nutritional status, and the metastatic status.
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The clinical outcomes collected at the date of data cut-off of the NUTRIONCO study
that were considered for the association analysis with the baseline clinical and nutritional
variables listed above were patient rehospitalization, onset of treatment-related toxicity,
patient death, and disease progression.

2.3. Database Set-Up and Data Collection

Patients’ information was recorded on a data collection sheet at the time of enrollment
in the PreMiO study and then uploaded to a dedicated website platform. Anonymity was
maintained by assigning each patient a study identification number. Patients were stratified
by cancer type/site and disease stage, as well as by age, sex, and general health condition.

2.4. Malnutrition- and Anorexia-Related Scores

Malnutrition and risk of malnutrition in patients enrolled both in the PreMiO study
and, subsequently, in the NUTRIONCO study, were assessed through the Mini Nutri-
tional Assessment (MNA®) tool. MNA® is a validated, rapid nutritional screening and
assessment test commonly used in cancer patients and based on a questionnaire of simple
administration, not requiring a trained nutritionist. The full version of MNA® includes
18 items in four categories: general, anthropometric, dietary, and subjective assessment [18].
Malnourished subjects have MNA® scores < 17, those at risk of malnutrition have scores
ranging from 17 to 23.5, and well-nourished patients obtain scores >23.5.

Anorexia (intended as appetite loss) was evaluated through two methods. In the
first, any appetite loss was determined through a modified version of anorexia–cachexia
subscale (AC/S-12) of the FAACT questionnaire. The FAACT score quantifies the patient
perception of symptoms and signs that correlate with anorexia and consists of 12 questions
related to appetite and food intake, allowing a qualitative and quantitative diagnosis of
anorexia. Answers to each question are on a 5-point Likert scale (i.e., not at all, a little bit,
somewhat, quite a bit, very much), with a corresponding score ranging from 0 to 4 [19]. In
the second method, appetite loss was quantified on a VAS [20]. The VAS score represented
patients’ self-perception of appetite, with patients self-reporting the oral food intake on a
VAS scale ranging from 0 (no food intake) to 100 (normal food intake).

The FAACT and VAS scores for the 571 cancer patients included in the NUTRIONCO
study and collected during the PreMiO study at the first medical oncology visit, were cate-
gorized considering two cut-offs: a FAACT score ≤ 30 for anorexia and a VAS score ≤ 70
for appetite loss representative of anorexia.

All evaluations of nutritional status described above were performed by an oncologist
or a senior resident in oncology trained to use the nutrition assessment tools.

2.5. Pre-Cachexia and Cachexia Determination at Baseline

Pre-cachexia is a disease-associated condition characterized by unintentional weight
loss <5% during prior 6 months, along with chronic systemic inflammation and anorexia-
related symptoms. Baseline systemic inflammation was identified as albumin <35 g/L and
NLR > 3 [21,22].

Anorexia-related symptoms were determined using the VAS and FAACT tools defined
above. Cachexia was identified based on criteria defined by Fearon et al. [15].

2.6. Statistical Analysis

We used descriptive statistics to summarize the baseline characteristics of the PreMiO
study patients that entered in the NUTRIONCO study. Numeric variables were presented
as mean and standard deviation. Categorical variables were presented as frequency val-
ues calculated on the non-missing data collected in the database. Baseline clinical and
nutritional data were categorized into binary variables (above/below the cut-off value,
malnourished and/or at risk of malnutrition/well-nourished, metastatic/non-metastatic
status). The inferential analyses aimed at the identification of the significant associations
between categorical variables at baseline and clinical outcomes at the date of NUTRIONCO
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database closure, were conducted by single factor through the chi-square test of indepen-
dence. p-values < 0.05 were considered statistically significant. Overall survival estimates
and survival probabilities were obtained by applying Kaplan–Meier curves, and the com-
parison between survival curves was conducted using the log-rank test. The independent
association between the baseline variables of the study listed above and the clinical out-
come, “patient’s death”, was investigated using the multivariate Cox proportional hazards
regression model, with the results presented as hazard ratios (HR) with 95% confidence
intervals (CI). p-values < 0.05 were considered statistically significant. The SAS® analytics
software, version 9.4, was used for statistical analyses.

3. Results
3.1. Patients’ Demographics and Baseline Characteristics: A Comparison between the PreMiO and
the NUTRIONCO Study Populations

Between 19 August 2019 and 14 October 2021, 571 out of the 1952 patients originally
included in the PreMiO study [6] were followed up at 10 medical oncology sites in Italy in
the setting of the retrospective, multicenter, observational NUTRIONCO study.

The baseline demographics, nutritional and clinical features and laboratory data of
cancer patients included in the NUTRIONCO study are summarized in Tables 1 and 2. The
mean age of the study sample was 63.7 ± 12.7 years. The study included 262 (45.9%) males
and 309 (54.1%) females. The mean BMI was 24.8 ± 4.6 kg/m2.

Table 1. Baseline characteristics: demographics, nutritional and clinical features of patients included
in the PreMiO and NUTRIONCO studies.

Parameter Statistics NUTRIONCO Study
n = 571

PreMiO Study
n = 1952

Age (years) Mean (SD) 63.7 ± 12.7 62.7 ± 12.9
Gender Male 262 (45.9%) 931 (47.7%)

Female 309 (54.1%) 1021 (52.3%)
Weight (kg) Mean (SD) 68.3 ± 13.8 68.4 ± 13.2

BMI (kg/m2) Mean (SD) 24.8 ± 4.6 24.8 ± 4.4

BMI: Body Mass Index.

Table 2. Baseline characteristics: laboratory data and nutritional scores of patients included in the
PreMiO and NUTRIONCO studies.

Parameter Statistics NUTRIONCO Study
n = 571

PreMiO Study
n = 1952

Albumin (g/L) Mean (SD) 36.4 ± 6.0 36.3 ± 6.0
Hemoglobin (g/dL) Mean (SD) M: 12.7 ± 1.9 M: 12.4 ± 1.9

F: 12.5 ± 1.6 F: 12.2 ± 2.0
NLR Mean (SD) 3.7 ± 3.7 3.9 ± 4.7

FAACT total score Mean (SD) 31.0 ± 5.6 29.9 ± 5.9
VAS anorexia Mean (SD) 69.8 ± 21.1 67.0 ± 22.6

F: female; FAACT: Functional Assessment of Anorexia/Cachexia Treatment; M: male; NLR: neutrophil/
lymphocyte ratio; VAS: visual analog scale.

A direct comparison of baseline demographics, nutritional and clinical features and
laboratory data between patients included in the PreMiO and NUTRIONCO studies high-
lighted substantially homogeneous characteristics for the two populations (Tables 1 and 2).
In particular, the mean serum concentration of albumin was 36.4 g/L and 36.3 g/L in the
NUTRIONCO and in the PreMiO study, respectively (Table 2), above the cut-off value for
healthy subjects (≥35 g/L), while the mean NLR value was 3.7 and 3.9 in the NUTRIONCO
and in the PreMiO study, respectively (Table 2), slightly above the normal reference range
for healthy subjects (1–3).
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Mean hemoglobin concentration in male patients was 12.7 g/dL and 12.4 g/dL in the
NUTRIONCO and in the PreMiO study, respectively, while mean hemoglobin concentration
in female patients was 12.5 g/dL and 12.2 g/dL in the NUTRIONCO and in the PreMiO
study (Table 2), i.e., proximal or slightly below the cut-off value for healthy subjects
(≥13 g/dL for males and ≥12 g/dL for females)

The baseline mean BMI value was 24.8 kg/m2 for both the cancer patients included in
the NUTRIONCO and in the PreMiO studies (Table 1), a value > 20 kg/m2, considered as a
cut-off for the definition of cachexia, as described above [15].

Patients populations included in the PreMiO and NUTRIONCO studies were sub-
stantially homogenous with reference to distribution of tumor types (Figure 1A), with the
exception of pancreatic cancer (4.8% in PREMiO study vs. 0.6% in NUTRIONCO study)
and unknown primary tumors (1.3% in PREMiO study vs. 7.0% in NUTRIONCO study).
Tumor staging (I to IV) was substantially overlapping for patients’ populations included in
the PreMiO and NUTRIONCO studies (Figure 1B). Similar data have been observed also
for the metastatic status (Figure 1C).
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For what concerns the anorexia/malnutrition-related parameters considered in the
study, a baseline mean FAACT total score of 31 and 29.9 was measured for participants in
the NUTRIONCO and the PreMiO studies, respectively, i.e., around the cut-off score of 30,
indicative of anorexia (Table 2). In addition, a baseline mean VAS score for appetite loss of
69.8 and 67.0 was measured for participants to the NUTRIONCO and the PreMiO studies,
respectively, i.e., below the cut-off score of 70 indicative of anorexia (Table 2). A FAACT
total score ≤30 was more common among patients affected by respiratory tumors (19.2%),
breast cancer (17.2%), and colorectal cancer (15.7%) (Table 3). The evaluation of appetite
loss obtained through the VAS produced results overlapping with data from the FAACT
tool: a score ≤70 was more common among patients affected by breast cancer (20.1%),
respiratory tumors (18.0%) and colorectal cancer (16.2%) (Table 3).

Table 3. Number and percentage of patients included in the NUTRIONCO study above and below
the cut-off values for FAACT total score and VAS for appetite loss by tumor type.

Tumor Type FAACT
≤30

FAACT
>30

VAS
≤70

VAS
>70

Breast 45 (17.2%) 106 (34.2%) 57 (20.1%) 94 (32.8%)
Colorectal 41 (15.7%) 48 (15.5%) 46 (16.2%) 43 (15.0%)

Gastroesophageal 26 (10.0%) 6 (1.9%) 27 (9.5%) 5 (1.7%)
Genitourinary 31 (11.9%) 55 (17.7%) 33 (11.6%) 53 (18.5%)

Head and Neck 8 (3.1%) 15 (4.8%) 10 (3.5%) 13 (4.5%)
Hematologic 1 (0.4%) 1 (0.3%) 1 (0.4%) 1 (0.4%)

Liver and intrahepatic bile ducts 6 (2.3%) 4 (1.3%) 5 (1.8%) 5 (1.7%)
Other cancers 12 (4.6%) 11 (3.6%) 12 (4.2%) 11 (3.8%)

Other GI 8 (3.1%) 10 (3.2%) 15 (5.3%) 3 (1.1%)
Pancreas 30 (11.5%) 3 (1.0%) 24 (8.5%) 9 (3.1%)

Respiratory 50 (19.2%) 50 (16.1%) 51 (18.0%) 49 (17.1%)
Unknown primary 3 (1.2%) 1 (0.3%) 3 (1.1%) 1 (0.4%)

About half of patients (51.6%) included in the PreMiO study obtained a baseline
MNA® score < 23.5 (indicating malnutrition or risk of malnutrition), vs. 39.4% of patients
included in the NUTRIONCO study (Figure 2A). Malnutrition or risk of malnutrition
were more common among patients of NUTRIONCO study affected by colorectal (21.3%),
gastroesophageal (10.7%), pancreatic (10.7%), and respiratory cancer (20.0%) (Figure 2B).

3.2. Baseline Characteristics and Clinical Outcomes: An Association Analysis in the
NUTRIONCO Study Population

The comparison reported above between the baseline demographics and clinical and
nutritional variables of the population included in the PreMiO study and of its subpopula-
tion included in the NUTRIONCO study revealed a substantial homogeneity of the two
groups of cancer patients. On this basis, we performed an association analysis between
the baseline clinical (i.e., hemoglobin, albumin and NLR values and metastatic status) and
nutritional variables (i.e., FAACT total score, VAS score for appetite loss and MNA®-based
nutritional status) of cancer patients included in the prospective PreMiO study and their
clinical outcomes (i.e., rehospitalization, onset of treatment-related toxicity, death, and dis-
ease progression) determined at the date of data cut-off of the retrospective NUTRIONCO
study after patients’ follow-up.

Baseline clinical and nutritional data were categorized into binary variables as de-
scribed in Section 2.



Cancers 2023, 15, 3206 8 of 19

Cancers 2023, 15, 3206 7 of 19 
 

 

Table 3. Number and percentage of patients included in the NUTRIONCO study above and below 

the cut-off values for FAACT total score and VAS for appetite loss by tumor type. 

Tumor Type 
FAACT 王 

≤30 

FAACT 王 

>30 

VAS 王 

≤70 

VAS 王 

>70 

Breast 45 (17.2%) 106 (34.2%) 57 (20.1%) 94 (32.8%) 

Colorectal 41 (15.7%) 48 (15.5%) 46 (16.2%) 43 (15.0%) 

Gastroesophageal 26 (10.0%) 6 (1.9%) 27 (9.5%) 5 (1.7%) 

Genitourinary 31 (11.9%) 55 (17.7%) 33 (11.6%) 53 (18.5%) 

Head and Neck 8 (3.1%) 15 (4.8%) 10 (3.5%) 13 (4.5%) 

Hematologic 1 (0.4%) 1 (0.3%) 1 (0.4%) 1 (0.4%) 

Liver and intrahepatic bile ducts 6 (2.3%) 4 (1.3%) 5 (1.8%) 5 (1.7%) 

Other cancers 12 (4.6%) 11 (3.6%) 12 (4.2%) 11 (3.8%) 

Other GI 8 (3.1%) 10 (3.2%) 15 (5.3%) 3 (1.1%) 

Pancreas 30 (11.5%) 3 (1.0%) 24 (8.5%) 9 (3.1%) 

Respiratory 50 (19.2%) 50 (16.1%) 51 (18.0%) 49 (17.1%) 

Unknown primary 3 (1.2%) 1 (0.3%) 3 (1.1%) 1 (0.4%) 

About half of patients (51.6%) included in the PreMiO study obtained a baseline 

MNA®  score < 23.5 (indicating malnutrition or risk of malnutrition), vs. 39.4% of patients 

included in the NUTRIONCO study (Figure 2A). Malnutrition or risk of malnutrition 

were more common among patients of NUTRIONCO study affected by colorectal (21.3%), 

gastroesophageal (10.7%), pancreatic (10.7%), and respiratory cancer (20.0%) (Figure 2B). 

 

Figure 2. MNA®  score in patients included in the PreMiO (n = 1952) and NUTRIONCO (n = 571) studies 

(A) and nutritional status by tumor type as per MNA®  score in NUTRIONCO study patients (B).  
Figure 2. MNA® score in patients included in the PreMiO (n = 1952) and NUTRIONCO (n = 571)
studies (A) and nutritional status by tumor type as per MNA® score in NUTRIONCO study patients (B).

3.2.1. Outcome: Disease Progression

A statistically significant association was found between baseline values of clinical
and nutritional variables and disease progression in cancer patients at follow-up (p < 0.05),
with the exception of the variable VAS for appetite loss (Table 4, p = 0.0911). In particular,
a poor baseline nutritional status (MNA® score ≤ 23.5) was present in 70.8% of patients
with disease progression at follow-up, and a FAACT score < 30, indicative of anorexia,
was detected in 70.3% of patients with disease progression at follow-up, vs. the 29.2%
and 29.7% of patients with no disease progression at follow-up, respectively (Table 4).
Similarly, baseline abnormal values of inflammation-related markers (albumin and NLR)
were more common among patients with disease progression at follow-up (78.5% and
71.2%, respectively) (Table 4). Finally, 82.1% of cancer patients who presented disease
progression at follow-up were diagnosed with a metastatic status at their first medical
oncology visit (Table 4).
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Table 4. Association analysis between baseline clinical and nutritional variables (PREMiO study),
and the outcome, “disease progression”, at follow-up (NUTRIONCO study).

Parameter Cut-Off Value/Status Progression Non-Progression p-Value

Albumin (g/L) <35 95 (78.5%) 26 (21.5%) <0.0001
≥35 107 (48.4%) 114 (51.6%)

Hemoglobin (g/dL) F < 12; M < 13 122 (69.3%) 54 (30.7%) 0.0003
F ≥ 12; M ≥ 13 102 (47.0%) 115 (53.0%)

NLR >3 111 (71.2%) 45 (28.8%) <0.0001
1–3 111 (48.3%) 119 (51.7%)

FAACT total score * ≤30 97 (70.3%) 41 (29.7%) <0.0001
>30 127 (49.4%) 130 (50.6%)

VAS for appetite loss * ≤70 124 (60.8%) 80 (39.2%) 0.0911
>70 100 (52.4%) 91 (47.6%)

MNA® * Malnourished/At risk of malnutrition 109 (70.8%) 45 (29.2%) <0.0001
Well-nourished 114 (47.5%) 126 (52.5%)

Mestastatic status Metastatic 138 (82.1%) 30 (17.9%) <0.0001
Non-metastatic 86 (37.9%) 141 (62.1%)

F: female; FAACT: Functional Assessment of Anorexia/Cachexia Treatment; M: Male; MNA®: Mini Nutritional
Assessment; NLR: neutrophil/lymphocyte ratio; VAS: visual analog scale. * Cut-off values: FAACT score ≤ 30 for
anorexia; VAS score ≤ 70 for appetite loss representative of anorexia; MNA® scores: malnourished <17; at risk of
malnutrition, 17 to 23.5; well-nourished >23.5; Albumin < 35 g/L for hypoalbuminemia; hemoglobin < 12 g/dL in
females and <13 g/dL in males for anemia; NLR > 3 for systemic inflammation. p-values < 0.05 are highlighted
in bold.

3.2.2. Outcome: Patient’s Death

The outcome, “patient’s death”, was categorized in the database of the NUTRIONCO
study as “death from disease progression” or as “death from other causes”. In the asso-
ciation analysis, the event was considered regardless of its cause. As shown in Table 5, a
statistically significant association was found between values of all baseline clinical and
nutritional variables measured at the first medical oncology visit and the patients’ death
at follow-up (p < 0.0001). A baseline metastatic cancer and a poor nutritional status were
particularly common (71% and 65.2%, respectively, Table 5) among patients who did not
survive to the date of data cut-off of the NUTRIONCO database.

Table 5. Association analysis between baseline clinical and nutritional variables (PREMiO study) and
the outcome, “patient’s death”, at follow-up (NUTRIONCO study).

Parameter Cut-Off Value/Status Dead Alive p-Value

Albumin (g/L) <35 139 (72.4%) 53 (26.6%) <0.0001
≥35 120 (39.5%) 184 (60.5%)

Hemoglobin (g/dL) F < 12; M < 13 162 (62.1%) 99 (37.9%) <0.0001
F ≥ 12; M ≥ 13 116 (37.9%) 190 (62.1%)

NLR >3 156 (64.5%) 86 (35.5%) <0.0001
1–3 119 (37.5%) 198 (62.5%)

FAACT total score * ≤30 138 (65.7%) 72 (34.3%) <0.0001
>30 140 (39.0%) 219 (61.0%)

VAS for appetite loss * ≤70 167 (59.0%) 116 (41.0%) <0.0001
>70 111 (38.8%) 175 (61.2%)

MNA® * Malnourished/At risk of malnutrition 146 (65.2%) 78 (34.8%) <0.0001
Well-nourished 131 (38.1%) 213 (61.9%)

Mestastatic status Metastatic 186 (71.0%) 76 (29.0%) <0.0001
Non-metastatic 92 (30.0%) 215 (70.0%)

F: female; FAACT: Functional Assessment of Anorexia/Cachexia Treatment; M: Male; MNA®: Mini Nutritional
Assessment; NLR: neutrophil/lymphocyte ratio; VAS: visual analog scale.* Cut-off values: FAACT score ≤ 30 for
anorexia; VAS score ≤ 70 for appetite loss representative of anorexia; MNA® scores: malnourished <17; at risk of
malnutrition, 17 to 23.5; well-nourished >23.5; albumin < 35 g/L for hypoalbuminemia; Hemoglobin <12 g/dL in
females and <13 g/dL in males for anemia; NLR > 3 for systemic inflammation. p-values < 0.05 are highlighted
in bold.
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3.2.3. Outcome: Patients’ Rehospitalization

A statistically significant association was found between a metastatic status diagnosed
at the first medical oncology visit and patients’ rehospitalization at the date of data cut-off of
the NUTRIONCO database (p < 0.0001, Table 6). In particular, only 34.9% of non-metastatic
patients at baseline were found to have been rehospitalized at follow-up, vs. 52.7% of
patients diagnosed with a metastatic cancer at their first medical oncology visit (Table 6).
Baseline values of hemoglobin and NLR were also significantly associated with patients’
rehospitalization at the date of data cut-off of the NUTRIONCO database (p = 0.0376 and
p = 0.0369, respectively) (Table 6).

Table 6. Association analysis between baseline clinical and nutritional variables (PREMiO study) and
the outcome, “patient’s rehospitalization”, at follow-up (NUTRIONCO study).

Parameter Cut-Off Value/Status Rehospitalization Non-
Rehospitalization p-Value

Albumin (g/L) <35 93 (48.4%) 99 (51.6%) 0.1670
≥35 128 (42.1%) 176 (57.9%)

Hemoglobin (g/dL) F < 12; M < 13 125 (47.9%) 136 (52.1%) 0.0376
F ≥ 12; M ≥ 13 120 (39.2%) 186 (60.8%)

NLR >3 116 (47.9%) 126 (52.1%) 0.0369
1–3 124 (39.1%) 193 (60.9%)

FAACT total score * ≤30 99 (47.1%) 111 (52.9%) 0.1323
>30 146 (40.7%) 213 (59.3%)

VAS for appetite loss * ≤70 125 (44.2%) 158 (55.8%) 0.5942
>70 120 (42.0%) 166 (58.0%)

MNA® * Malnourished/at risk of malnutrition 103 (46.0%) 121 (54.0%) 0.2400
Well-nourished 141 (41.0%) 203 (59.0%)

Mestastatic status Metastatic 138 (52.7%) 124 (47.3%) <0.0001
Non-metastatic 107 (34.9%) 200 (65.1%)

F: female; FAACT: Functional Assessment of Anorexia/Cachexia Treatment; M: Male; MNA®: Mini Nutritional
Assessment; NLR: neutrophil/lymphocyte ratio; VAS: visual Analog Scale. * Cut-off values: FAACT score ≤ 30
for anorexia; VAS score ≤ 70 for appetite loss representative of anorexia; MNA® scores: malnourished < 17; at risk
of malnutrition, 17 to 23.5; well-nourished > 23.5; albumin < 35 g/L for hypoalbuminemia; hemoglobin < 12 g/dL
in females and <13 g/dL in males for anemia; NLR > 3 for systemic inflammation. p-values < 0.05 are highlighted
in bold.

3.2.4. Outcome: Treatment-Related Toxicity

No statistically significant association was found between any of the baseline clinical
and nutritional variables considered in the NUTRIONCO study and the treatment-related
toxicity in cancer patients at the date of data cut-off of the NUTRIONCO database (Table 7).

3.3. Baseline Characteristics and Patients’ Survival: A Multivariate Analysis in the NUTRIONCO
Study Population

Kaplan–Meier curves with the log-rank test were applied for the estimation of survival
probability over time and the comparison between curves, respectively. Survival probability
was lower in the overall population of malnourished patients vs. well-nourished patients
(Log-rank, p < 0.0001) (Figure 3A). Patients’ stratification by metastatic status revealed that
all metastatic patients had a substantially similar survival probability, regardless of their
nutritional status (p = 0.6278) (Figure 3B). Conversely, the nutritional status significantly
affected the survival probability of non-metastatic patients, with a lower survival probabil-
ity in malnourished patients vs. well-nourished patients (p < 0.0001) (Figure 3C). Overall
survival probability data highlight that the presence of malnutrition makes non-metastatic
patients at risk of shorter survival, similarly to all metastatic patients, regardless of their
nutritional status.



Cancers 2023, 15, 3206 11 of 19

Table 7. Association analysis between baseline clinical and nutritional variables (PREMiO study) and
the outcome, “treatment toxicity”, at follow-up (NUTRIONCO study).

Parameter Cut-Off Value/Status Toxicity Non-Toxicity p-Value

Albumin (g/L) <35 65 (33.9%) 127 (66.2%) 0.7035
≥35 108 (35.5%) 196 (64.5%)

Hemoglobin (g/dL) F < 12; M < 13 82 (31.4%) 179 (68.6%) 0.1244
F ≥ 12; M ≥ 13 115 (37.6%) 191 (62.4%)

NLR >3 85 (35.1%) 157 (64.9%) 0.7950
1–3 108 (34.1%) 209 (65.9%)

FAACT total score * ≤30 67 (31.9%) 143 (68.1%) 0.2974
>30 130 (36.2%) 229 (63.8%)

VAS for appetite loss * ≤70 97 (34.3%) 186 (65.7%) 0.8628
>70 100 (35.0%) 186 (65.0%)

MNA® * Malnourished/at risk of malnutrition 70 (31.2%) 154 (68.8%) 0.1654
Well-nourished 127 (36.9%) 217 (63.1%)

Mestastatic status Metastatic 93 (35.5%) 169 (64.5%) 0.6856
Non-metastatic 104 (33.9%) 203 (66.1%)

F: female; FAACT: Functional Assessment of Anorexia/Cachexia Treatment; M: Male; MNA®: Mini Nutritional
Assessment; NLR: neutrophil/lymphocyte ratio; VAS: visual analog scale.* Cut-off values: FAACT score ≤ 30 for
anorexia; VAS score ≤ 70 for appetite loss representative of anorexia; MNA® scores: malnourished <17; at risk of
malnutrition, 17 to 23.5; well-nourished >23.5; albumin < 35 g/L for hypoalbuminemia; Hemoglobin < 12 g/dL in
females and <13 g/dL in males for anemia; NLR > 3 for systemic inflammation.
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Figure 3. Kaplan–Meier curves with the log-rank test applied for the estimation of survival probability
over time and comparison between curves, respectively. Overall survival probability estimated in the
whole study population of cancer patients on the basis of their nutritional status (A), overall survival
probability estimated in metastatic cancer patients on the basis of their nutritional status (B), overall
survival probability estimated in non-metastatic cancer patients on the basis of their nutritional status (C).
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Considering the statistically significant difference in survival probability between well-
nourished and malnourished non-metastatic patients described above, we further assessed
the impact of baseline clinical and nutritional covariates on non-metastatic patients’ death at
follow-up through a multivariate Cox regression analysis. Multivariate analysis confirmed
that baseline malnutrition (p = 0.004) and VAS score for appetite loss (p = 0.0104), in addition
to albumin < 35 g/L (p < 0.0001) and neutrophil/lymphocyte ratio >3 (p = 0.0007) were
independently associated with death of non-metastatic patients at follow-up (Figure 4A,B).
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Figure 4. Multivariate analysis assessing the effect of independent variables on death of non-
metastatic cancer patients (A) and forest plot of the independent variables (B). CI: Confidence
interval; F: female; FAACT: Functional Assessment of Anorexia/Cachexia Treatment; HR: hazard
ratio; M: male; MNA®: Mini Nutritional Assessment; NLR: neutrophil/lymphocyte ratio; VAS:
visual analog scale. Cut-off values: FAACT score ≤ 30 for anorexia; VAS score ≤ 70 for appetite
loss representative of anorexia; MNA® scores: malnourished <17; at risk of malnutrition, 17 to 23.5;
well-nourished >23.5; albumin < 35 g/L for hypoalbuminemia; hemoglobin < 12 g/dL in females
and <13 g/dL in males for anemia; NLR > 3 for systemic inflammation. Variables independently
associated with patients’ death are highlight in bold.
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4. Discussion

Poor nutritional status not only accelerates the progression of cancer, but also deeply
impacts the tolerability and acceptability of anticancer treatments, creating a vicious cycle
that involves overall QoL [13,23] and reduces the effectiveness of chemotherapy protocols
and the final prognosis [13,24,25]. Nonetheless, malnutrition and cachexia in cancer patients
are still undetected and underestimated in medical practice. Among others, a recent
international quantitative survey based on 58 multiple-choice questions revealed that 23.7%
of responders lacked confidence in their ability to provide care for patients with cancer
cachexia, and only 29.1% of responders recognized a weight loss >5% from baseline as
key criterion of cancer cachexia. Of note, only half of responders indicated that newly
diagnosed patients with cancer should be screened for weight loss [26]. Another survey
recently carried out on a sample of 300 Italian hospital medical oncologists revealed that
almost all the respondents were aware of the nutritional–metabolic problems that a cancer
patient could experience and of the importance of adequate nutrition during the therapeutic
pathway [27]. However, the answers to the survey highlighted that nutritional support is
not yet fully managed consistently with the available guidelines. Finally, a survey based
on a 21-item questionnaire highlighted that digestive surgeons have a limited knowledge
of basic aspects of clinical nutrition in gastrointestinal cancer patients, even if with some
variability regarding the clinical practice in individual cases [28].

In this setting, the results of the NUTRIONCO study, indicating a significant associa-
tion between the nutritional and inflammatory status of cancer patients at their first medical
oncology visit and clinical outcomes at follow-up, further support the need for a greater
awareness among oncologists of the importance of an early and effective assessment and
management of malnutrition and cachexia in cancer patients.

Several patients with cancer cachexia suffer from systemic inflammation associated
with high pro-inflammatory cytokine levels [29]. The sources of pro-inflammatory cytokines
in cancer cachexia are numerous, and include tumor cells, tumor infiltrating cells along with
peripheral tissue parenchymal cells, and associated infiltrating cells. This complex picture
results in the establishment of a tumor–host interaction that promotes an imbalance in favor
of the pro-inflammatory over the anti-inflammatory status [30]. The NLR and albumin
variables we analyzed at basal level in the setting of the PreMiO and NUTRIONCO studies
are considered markers of inflammation, which in turn leads to poor nutritional status,
are routinely used in hospitals and are easily available and low-cost. They are known to
play a role as prognostic and predictive factors in cancer patients [31,32]. In particular,
high NLR values have been found to be associated with nutritional risk, independent of
confounding variables, in hospitalized, unselected cancer patients [33]. NLR plays a key
role in tumor initiation and progression, and may influence the response to anticancer
treatments [34]. Among others, high NLR has been associated with an adverse OS in
many solid tumors [35,36], and an elevated NLR has been negatively associated with
OS and progression-free survival (PFS) in renal cell carcinoma (RCC) [37]. It is of major
interest that pre-operative NLR has recently been demonstrated to be an inexpensive and
easily accessible prognostic biomarker for non-metastatic RCC [38]. Consistently, our data
show that high-baseline NLR (>3) was more common among cancer patients who did not
survive at the cut-off date of the NUTRIONCO database (64.5%, Table 5), with a statistically
significant association with the outcome “patient’s death” (p < 0.0001). High-baseline NLR
was also more common among patients with disease progression at follow-up (71.2%,
Table 4), and showed a statistically significant association with this outcome (p < 0.0001).
The results of multivariate analysis further confirmed that high-baseline values of NLR are
independently associated with patient death at follow-up (Figure 4).

Albumin is expressed as an acute-phase protein showing a negative correlation with
the severity of the inflammatory response, and higher values of this protein predict longer
OS in a cohort of cancer patients attending a cachexia support service [39]. A systematic re-
view and meta-analysis including mainly retrospective studies investigated the prognostic
value of markers of the systemic inflammatory response in patients with advanced cancer,
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revealing that albumin and NLR have an independent prognostic value across different
tumor types [40]. Of note, this systematic review also highlighted a considerable variation
among studies in the thresholds of albumin reported to have prognostic value. The data
summarized above are consistent with our findings, showing that low-baseline albumin
was more common among cancer patients who did not survive at the cut-off date of the
NUTRIONCO database (72.4%, Table 5), with a statistically significant association with the
outcome, “patient’s death” (p < 0.0001). Low-baseline albumin (<35 g/L) was also more
common among patients with disease progression at follow-up (78.5%, Table 4), showing
a statistically significant association with this outcome (p < 0.0001). The results of multi-
variate analysis further confirmed that low-baseline values of albumin are independently
associated with patients’ death at follow-up (Figure 4), in line with the findings of other
studies [39,40].

Anemia is common in cancer patients, and it is likely a multifactorial condition,
correlating with poor performance status. Blood loss can be related to disease, particularly
in patients affected by genitourinary, gastrointestinal, and gynecological cancers. Moreover,
anticancer treatments can inhibit erythropoiesis, while causes of anemia have not yet
been identified in a significant portion of cancer patients [41]. A multicenter retrospective
cohort study recently demonstrated that low hemoglobin was positively correlated with all-
cause mortality in patients with cancer cachexia, and this association was consistent across
cancer subtypes [42]. These results are consistent with our data, showing a statistically
significant association between baseline hemoglobin and patient death at cut-off date of
the NUTRIONCO study database (Table 5).

Anorexia, defined as the loss of appetite or interest in food, is a frequently reported
symptom in cancer patients and has been described as a robust negative predictor of
long-term survival [43,44]. Consistently, the results of the NUTRIONCO study revealed a
statistically significant association between both the baseline FACCT total score and the
VAS score for appetite loss and patient death at follow-up (Table 5), as well as a significant
association between the baseline FAACT total score and disease progression at follow-up
(Table 4). Consistently with OS data (Figure 3) and with literature data [43,44], multivariate
analysis further confirmed the impact of the independent variable VAS score for appetite
loss (VAS score ≤ 70) on the death of non-metastatic patients (Figure 4).

With regard to malnutrition, a systematic review including 56 longitudinal studies
concluded that baseline nutritional status assessed through the MNA® is a potential prog-
nostic factor for health and treatment outcomes at a later time point in patients of any age
with any type of cancer and anticancer therapy [45]. In particular, malnutrition/risk of
malnutrition significantly predicted a higher chance of mortality/poor OS, shorter PFS
or time to progression, treatment maintenance, and QoL. Conversely, treatment toxicities
and functional decline were not significantly predicted by MNA® in adjusted analyses [45].
These data are consistent with our findings, revealing a statistically significant association
between baseline malnutrition/risk of malnutrition assessed through the MNA® and dis-
ease progression (Table 4, p < 0.0001) and patient death (Table 5, p < 0.0001) at follow-up,
but not treatment toxicity (Table 7, p = 0.1654) and rehospitalization (Table 6, p = 0.2400). It
is of major interest that the literature data mentioned above are also consistent with the
results of the OS analysis in patients included in the NUTRIONCO study, indicating that
malnutrition plays a major role in reducing the survival probability in overall study popula-
tion (Figure 3A). A patient’s stratification on the basis of metastatic status further revealed
that malnutrition plays a major role in reducing survival probability in non-metastatic
patients (Figure 3C), while the survival of metastatic patients is not significantly affected
by nutritional status (Figure 3B). Multivariate analysis further confirmed the impact of
the independent variable malnutrition (MNA score ≤ 23.5) on the death of non-metastatic
patients (Figure 4). These findings support the importance of the proactive, early manage-
ment of malnutrition and cachexia in cancer patients, and in particular, in non-metastatic
patients, from the perspective of a substantial improvement in their clinical outcomes.
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Altogether, the results of the PreMiO [6] and NUTRIONCO studies highlight the
importance of a timely and careful evaluation of nutritional risk in cancer patients, in
particular those with non-metastatic disease, through early screenings and continuous
application of supportive treatments. Strategies to limit or prevent cancer cachexia and
improve nutritional status include support for cancer patients at nutritional risk with oral
nutritional supplements, specific nutrients, and enteral or parenteral nutrition [46], i.e.,
relatively low-cost interventions that have not only clinical, but also financial benefits, with
proven cost-effectiveness [47]. Other early strategies are based on the clinical management
of symptoms that impede proper food intake (e.g., pain, depression, nausea, vomiting).
In addition, several investigations are currently focused on appetite stimulation as a
strategy to counteract anorexia in cancer [48,49]. Screening is the first step in the early
detection and effective treatment of cancer cachexia. Incorporation of nutritional status
evaluation and monitoring should therefore be regarded as a hallmark of good clinical
practice in cancer treatment [50]. In the setting of early diagnosis and prevention of
malnutrition in cancer patients, a parallel-pathway approach has been proposed, where
medical oncology and clinical nutrition work in tandem from the onset of the natural
history of the disease and during its progression. This parallel-pathway approach can
offer patients a chance to prevent or delay the onset of cancer cachexia [10] through a
series of individualized interventions. Notably, the PreMiO study was based on the direct
involvement of adequately trained oncologists in the assessment of the nutritional status
of cancer patients at their first medical oncology visit, including the subset of patients
enrolled in the NUTRIONCO study, through the review of recent weight changes, appetite,
inflammation, and through the application of validated scoring methods and criteria to
detect malnutrition, anorexia, and cachexia [6,20,43]. The study results indicate that the
active involvement of oncologists in nutritional assessment is possible and helpful in
the early identification of malnutrition or of its risk, with potentially relevant clinical
benefits, as also demonstrated elsewhere [51,52]. An expert panel has recently presented
the Protocol for Nutritional Risk in Oncology (PRONTO), i.e., a standardized, simple
and rapid approach for the identification and monitoring of nutritional risk in patients
commencing and undergoing anticancer therapies [53]. The application of this novel tool
is also feasible within the setting of a demanding oncology practice and when referral to
dedicated nutritional services is unavailable.

The NUTRIONCO study was conducted at ten sites located in Italy, thus including a
homogeneous cohort of patients in terms of genetic background, potentially affecting the
nutritional phenotype. However, the group of patients was heterogeneous with respect
to cancer type, thus increasing the generalizability of the findings of the NUTRIONCO
study. These are some of the strengths of the study; however, it has also some limitations:
firstly, the retrospective design of the study prevented us from inferring that the baseline
clinical and nutritional variables increased the disease’s progression, rehospitalization,
treatment toxicity, or mortality in patients with cancer. However, the study enabled us
to find a significant association between several of the variables we selected at baseline
and the outcomes we considered relevant in this cohort of patients. On this encouraging
basis, prospective, longitudinal studies with an adequate number of participants and a
low risk of potential bias are warranted in order to establish a causal relationship between
baseline variables and final outcomes. Baseline nutritional status, anorexia and appetite loss
data used for association analysis with clinical outcomes were evaluated through MNA®,
FAACT and VAS, respectively, while baseline cachexia was evaluated in the PreMiO study
based on Fearon criteria [6,15]. However, these nutritional screening tools cannot assess
muscle mass or body composition, as is done with computed tomography (CT). Actually,
CT-based body composition is a well-established prognostic marker in cancer patients [54];
nonetheless, the nutritional screening tools we used in the NUTRIONCO study are rapid,
cost-effective, and widely accepted and recommended for the assessment of anorexia in the
diagnosis of cancer anorexia-cachexia syndrome [20,43].
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5. Conclusions

Malnutrition and risk of malnutrition are still under-recognized and underestimated
issues in cancer patients, despite increasing evidence suggesting that their routine, early
assessment and management would improve both short- and long-term clinical outcomes.
In this respect, the NUTRIONCO and PreMiO consecutive studies, which shared a ho-
mogeneous subgroup of cancer patients, have shown that abnormal baseline clinical and
nutritional variables are prevalent and statistically associated with death, rehospitalization,
treatment toxicity, and disease progression at follow-up. Notably, a higher OS probability
was found in the well-nourished general study population vs. malnourished patients.
It is of major interest that patient stratification revealed that malnutrition decreased the
survival probability in non-metastatic patients, but not in metastatic patients. Multivariate
analysis confirmed that baseline malnutrition and VAS scores for appetite loss, in addi-
tion to albumin <35 g/L and NLR >3, were independently associated with the deaths
of non-metastatic patients at follow-up. The results of this study will hopefully increase
oncologists’ awareness of the unmet needs of cancer patients and of the importance of the
early, proactive management of malnutrition and cachexia, with regard to a substantial
improvement in clinical outcomes and QoL. Further efforts and changes in protocols for
cancer patients’ management should be implemented with respect to this aim.
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