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Abstract: Malnutrition is highly common among cancer patients and is associated with a poor quality of life, increased treatment
toxicities and decreased survival. The screening of malnutrition should be performed in an early stage of cancer disease and should be
rapid, not expensive and highly sensitive to identify the risk of developing malnutrition. Importantly, international clinical guidelines
suggest to perform screening for malnutrition in all cancer patients and if the risk is present, they recommend to perform a full nutritional
assessment. During the screening phase, different nutritional parameters are considered including the loss of appetite, low food intake,
body weight loss and burden of the disease. These items are present in several screening tools, such as the Nutrition Risk Screening
(NRS)-2002, the Malnutrition Universal Screening Tool (MUST) and the Mini Nutritional Assessment (MNA) which represent the most
widely used tools to screen for an altered nutritional status in cancer patients. Recently, the Global Leadership Initiative on Malnutrition
(GLIM) developed an assessment tool for the diagnosis of malnutrition taking into account the presence of i) involuntary body weight
loss, ii) body mass index, iii) low muscle mass, iv) low food intake and disease burden/inflammation; in particular, body weight loss,
decreased body mass index (BMI), and low muscle mass are considered as phenotypic criteria, whereas reduced food intake, disease
burden and inflammation are defined as etiologic criteria. To perform the diagnosis of malnutrition, GLIM consensus considered the
presence of at least one phenotypic and one etiologic criterion. The above-mentioned screening tools were validated in different clinical
settings and suggesting the use of one tool vs another is challenging considering, among others, different factors including the type and
stage of cancer and the setting (i.e., inpatient or outpatient care). Recent data obtained among large cohorts of cancer patients indicate that
personalized nutritional therapy reduced mortality risk and ameliorated quality of life and functionality among cancer patients with high
nutritional risk, supporting the urgent need for implementing screening and diagnosis of malnutrition in this context.
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Introduction

Cancer was estimated to account for more than 10 million deaths in 2020 with an expected increase of new cancer cases
per year of 29.5 million in 2040 worldwide.! Malnutrition is common among cancer patients and was estimated to range
from 50-80% in advanced malignant cancer and to account for 20% of cancer deaths.” Malnutrition in cancer was also
associated with a poor quality of life, increased treatment toxicities and poor outcomes.’ Importantly, the prevalence of
malnutrition in patients with cancer varies according to tumor type and stage.* Pancreatic, gastro-esophageal, lung and
head and neck are considered the type of cancers most associated with malnutrition differently from prostate and breast
cancer which are less related to poor nutritional status.’

Malnutrition or undernutrition was defined by the European Society of Clinical Nutrition as

a state resulting from lack of intake or uptake of nutrition that leads to altered body composition (decreased fat free mass) and
body cell mass leading to diminished physical and mental function and impaired clinical outcome from disease.’

The ESPEN guidelines on definitions and terminology of clinical nutrition recognized three types of malnutrition:
disease-related malnutrition (DRM) with inflammation, DRM without inflammation and malnutrition/undernutrition
without disease.” Moreover, DRM with inflammation may be associated either with chronic diseases such as cancer
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and chronic kidney diseases or with acute illness such as sepsis or acute injuries.” Chronic DRM with inflammation was
considered a synonym of cachexia. In this light, for correct and early identification of malnutrition in a clinical setting it
is necessary to consider patient’s comorbidities and in turn to apply the validated screening and/or assessment tools.
In the present article, we aimed to describe the most widely used screening tools for malnutrition in cancer patients
and to analyze the international guidelines regarding which tool(s) is more appropriate according to the specific clinical
settings (e.g., in-hospital, outpatient, community). In addition, we focused on the differences and analogies of the
available screening instruments in terms of items included or not in each tool. Moreover, we described the new Global
Leadership Initiative on Malnutrition (GLIM) criteria as a potential novel reliable tool for the diagnosis of malnutrition in

cancer.

Malnutrition Screening Tools

The screening of malnutrition is a process intended to identify early the risk for developing malnutrition. To improve the
efficacy of nutritional screening, it has to be rapid, not expensive and with high sensitivity.® Importantly, clinical
guidelines suggest performing nutritional screening in all cancer patients and, if the risk of malnutrition is present,
they recommend completing a full nutritional assessment.® The risk of malnutrition, even without presence of malnutri-
tion, was associated with worse clinical outcomes.” In a validation study, the risk of malnutrition assessed by Patient-
Generated Subjective Global Assessment Short Form (PG-SGA SF) was associated with increased mortality.® The PG-
SGA SF is a validated screening tool used in different clinical settings, including inpatients and outpatients’ (Table 1). It
can be easily completed by the patient as nutritional screening, and by healthcare professionals as a screening, assessment
or monitoring instrument.’ In addition, a global assessment of malnutrition may be performed by the full form of PG-
SGA which includes a second section addressing more specific information on nutritional status, including parameters of
metabolic demand, physical exam and disease and its relation to nutritional requirements.”

Several screening assessment tools have been described to identify the risk of malnutrition in different settings and we
have indicated the items included in each tool in Table 1.

In particular, these tools consider the etiologies (e.g., inflammation, disease associated with malnutrition), symptoms
(e.g., anorexia) and signs (e.g., weight loss) of malnutrition to assess the grade of risk for developing poor nutritional
status. Importantly, cancer patients presented specific pathophysiological and clinical aspects with high risk of
malnutrition.'® All these aspects have to be considered in a cancer patient evaluation to detect malnutrition early and
improve metabolic and nutritional status.

Early Detection of Malnutrition in Cancer Patients
For carly detection of nutritional derangements in cancer patients, clinical guidelines suggest to assess changes in body
weight over time (generally in the prior 3—6 months), body mass index (BMI), food intake and anorexia.®!!12

These parameters are generally included in most of the tools available and give important information on the
nutritional status of cancer patients.

The use of a specific complete screening tool may be useful in order to collect data obtaining a quantitative score of
the nutritional status and to follow-up patients systematically. After screening, if a patient is at risk of malnutrition, a

complete assessment of malnutrition should be completed in order to schedule an early nutritional intervention.

Body Weight Loss and BMI

Due to several metabolic alterations, patients with cancer present with an increased energy expenditure and a decreased
energy intake which, in turn, determines an altered energy balance.>'*™'® In cancer patients body weight loss and
decreased BMI are proxy of the wasting process which involves particularly the peripheral tissues (muscle mass and
adipose tissue).'®

In this light, the most widespread cancer cachexia definitions take into consideration the potential changes occurring
in muscle and adipose compartments. To estimate the effect of alterations in body weight loss and in BMI on cancer
patients’ prognosis, Martin et al. developed a grading system by collecting data from 8675 patients with different types of
cancer.'® According to this model, a cancer patient with a body weight loss of 5% and a BMI of 24 kg/m? presents with
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Table | Characteristics of the MUST, NRS-2002, MNA-SF and PG-SGA SF Tools

MUST?

NRS-2002'°

MNA-SF3°

PG-SGA SF’

Settings

Multiple

In-Hospital

Geriatric

Multiple

Scoring system

Score 0 = low risk Score | =

medium risk Score 2 = high risk

Not present

12—14 points: normal
8-11 points: at risk
0-7 points: malnourished

0-36 points (higher score indicates

poorer nutritional status)

BMI assessment >20=0 At risk if BMI | 0 = BMI less than 19 Not present
18.5-20 = | <20.5 kg/m? | = BMI |9 to less than 21
<185=2 2 = BMI 21 to less than 23
3 = BMI 23 or greater
Body weight loss in | <5% =0 Yes, or not >3kg = 0 During the last 2 weeks:
previous 3/6 months | 5-10% = | | = does not know | = decreased
>10% =2 2 = weight loss between | 0 = not changed or increased
and 3kg (2.2 and 6.6 Ibs)
3 = no weight loss
Food intake If patient is acutely ill and there Reduced In previous 3 months Food intake during the past month
has been or is likely to be no dietary intake | Severe =0 0 = unchanged or increased
nutritional intake for >5 days in the last Moderate = | | = less than usual
week No decrease = 2 + evaluation of type of food intake

Burden of disease

changes
+ evaluation of different symptoms
including those related to anorexia

(e.g., appetite, nausea etc.)

Admission in
ICU

Including presence of
psychological stress or acute
disease in the past 3 months

Not evaluated

0 =yes;2=no
Mobility Not evaluated Not 0 = bed or chair bound Functional activity self-evaluated
evaluated | = able to get out of bed/ over the past month
chair but does not go out
2 = goes out
Neuropsychological | Not evaluated Not 0 = severe dementia or Not evaluated
problems evaluated depression
| = mild dementia
2 = no psychological
problems
Full nutritional If score 2 | If “Yes” to If score is |1 or less Not specified
assessment any
Time required to ~| min ~I min ~2 min ~5 min

complete the

questionnaire

Abbreviations: BMI, body mass index; MUST, Malnutrition Universal Screening Tool; NRS-2002, Nutrition Risk Screening 2002; MNA-SF, Mini Nutritional Assessment-
Short Form; PG-SGA-SF, Patient-Generated Subjective Global Assessment-Short Form.

an estimated median survival of 10.8 months.'® Based on these observations, the presence of involuntary body weight
loss represents a “red flag” to urgently perform an accurate evaluation of the nutritional status in cancer.

Importantly, in cancer patients a body weight loss >5% is considered predictive of poor clinical outcomes with the
risk increasing consistently with higher grade of body weight loss.'®
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Anorexia and Low Food Intake

Loss of appetite, i.e. anorexia, and low food intake are important predictors of body weight loss and mortality in patients with
chronic diseases and particularly in those with cancer.'’'® Anorexia and low food intake are highly prevalent in cancer patients
and occur early during the cancer progression.'” In a large multinational survey including cancer patients, anorexia was the main
cause for reduced food intake, which in turn was a strong predictor of 30-day mortality.'"® Moreover, low food intake in the
previous 7 days and involuntary weight loss in the previous 3 months were similar predictors of mortality."® In hospitalized
medical patients, anorexia assessed by different assessment tools was shown to correlate with nutritional derangements.?
Recently, the performance of different appetite assessment tools was evaluated taking into consideration the percentage of food
intake and body weight loss in a large cohort of different cancer patients at their first oncology visit.'® In this study, the appetite
tools performed well when low food intake (i.e., <50%) was used as criterion measure.'® However, suggesting the use of a
specific tool is challenging, in particular due to the several domains of anorexia that may not be completely investigated by a
single appetite instrument/questionnaire.'® In particular, the Functional Assessment of Anorexia/Cachexia Therapy (FAACT)
score explores several domains (by 12 questions) and for this reason may be considered more comprehensive and likely accurate.
However, data showed that the FAACT score and the self-assessment of appetite were strongly associated with low food intake
and, importantly, anorexia was prospectively associated with body weight loss over time."”

Different screening assessment tools do not assess the presence/absence of anorexia but only evaluate food intake.
Although anorexia and low food intake (hypophagia) are closely related, these two clinical parameters should both be
considered as important nutritional information. In fact, patients with cancer may present with anorexia but with still
preserved energy and protein intake due to the administration of artificial nutrition. In addition, Abraham et al. showed
that anorexia, as assessed by FAACT score, predicted survival better compared with BMI and body weight loss in
esophagogastric cancer patients.'”

In this light, considering anorexia as an early event during cancer progression its evaluation may be useful in the
screening process to early tackle nutritional derangements.

Food intake may be assessed by questionnaires or by analyzing patient food records.” Assessment via validated
questionnaires may be useful for screening purpose. Asking patients to report actual food intake compared with their
most recent meal with the usual food intake was shown to be reliable in different settings for the assessment of low food
intake.'®'?! Food diaries allow us to measure the intakes quantitatively and qualitatively in terms of protein and energy
intake. However, this methodology presents several limitations for screening purpose, including longer time to complete
the diaries and the need of a trained dietitian. For these reasons, these instruments are often used for the assessment of
malnutrition rather than for screening purposes.

Malnutrition Universal Screening Tool (MUST)

The MUST is one of the widely used screening tools and is based on the evaluation of BMI, involuntary weight loss (%) in the
previous 3-6 months and on the burden of acute illnesses (Table 1).?>** The score ranges from 0 to 6, with 0 = low risk, 1 =
medium risk and >2 high risk.”> MUST was initially designed for community settings, however, this tool was used in several
other clinical settings, such as the intensive care unit, patients with chronic diseases and cancer.** In cancer patients, MUST
score was associated with worse clinical outcomes.** In particular, Almasaudi et al. showed that in patients undergoing surgery
for colorectal cancer, MUST score was associated with alterations in adiposity and muscularity and, importantly, it was

1.72 The cornerstones of MUST are the evaluation

independently associated with the length of stay and with decreased surviva
of BMI and involuntary body weight loss. Within the MUST, the evaluation of appetite and food intake is limited. In fact, the
only item of MUST is represented by the presence of no nutritional intake for >5 days. We believe that although some of the

parameters can be self-reported by the patients, it is advisable for the MUST to be completed by healthcare professionals.

Nutrition Risk Screening (NRS)-2002

The NRS-2002 was developed specifically to detect the risk of malnutrition in hospitalized patients.'® It includes an
initial and a final screening phase. The first phase is composed of 4 questions that, as well as for the MUST, evaluates the
BMI, body weight loss and the reduction of food intake but it assesses also the status of critically or non-critically ill
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patients (Table 1). The final phase of screening has to be completed if the answer is “yes” to at least one question of the
initial screening. It consists of the evaluation of impairment of nutritional status with a more detailed assessment of BMI,
weight loss and food intake, and the evaluation of the severity of the disease.

Considering the medical information needed to complete the NRS-2002, the direct involvement of trained healthcare
professionals is recommended.

In a secondary analysis of the overall Effect of early nutritional support on Frailty, Functional Outcomes, and
Recovery of malnourished medical inpatients Trial (EFFORT) study,> which included 2028 inpatients with a NRS score
>3, a significant increased risk of 30-day mortality (adjusted hazard ratio 1.22) and 180-day mortality (adjusted hazard
ratio 1.37) were observed.”® A higher NRS score was associated with an increased length of stay and an increased
impairment of activities of daily living and quality of life.”® These data were also confirmed in cancer patients, where
those participants identified as at risk of malnutrition by NRS-2002 score presented with a decreased overall survival and
worse clinical outcomes.”?” Moreover, another secondary analysis of the EFFORT study®> showed that in hospitalized
cancer patients at high risk of malnutrition, personalized nutritional intervention resulted in increased survival and better
quality of life.®® Also, Bargetzi et al. observed that inflammation may affect the efficacy of nutritional intervention;** in
particular, patients with low C-reactive protein (CRP) showed an increased survival after nutritional intervention with
respect to patients with high CRP.*

Mini Nutritional Assessment-Short Form (MNA-SF)

The MNA was specifically designed to address the risk of malnutrition in older adults.>® This tool, in addition to the
evaluation of BMI, weight loss, decreased food intake, burden of disease, investigates the presence of neuropsychological
problems (dementia or depression) and low mobility that are common in a geriatric setting. If the patient is identified as
being at risk of malnutrition or malnourished, a more comprehensive evaluation should be performed to evaluate the
possible underlying causes of the nutritional derangements. Considering the information needed to complete the form, the
involvement of a trained healthcare professional is recommended. In cancer patients, the risk of malnutrition was present
in 51% according to MNA scoring with the highest prevalence in patients with gastroesophageal, pancreatic, head and
neck, and lung cancer.>' A recent systematic review analyzed the association of MNA score with different outcomes,
showing that malnourished patients presented a decreased survival and reduced quality of life.*?

The Global Leadership Initiative on Malnutrition (GLIM) Criteria

After the screening of malnutrition, if a patient is considered at risk, a more comprehensive clinical evaluation should
follow. In 2016, the GLIM developed an assessment tool for the diagnosis of malnutrition taking into consideration five
items selected by the GLIM working group (involuntary body weight loss; body mass index (BMI); low muscle mass;
low food intake; disease burden/inﬂammation).33 Body weight loss, decreased BMI, and low muscle mass were
considered as phenotypic criteria, whereas reduced food intake and disease burden and inflammation were defined as
etiologic criteria. To diagnose malnutrition GLIM consensus considered the presence of at least one phenotypic and one
etiologic criterion.

GLIM criteria were validated in several settings.>**> In older adult cancer patients, the diagnosis of malnutrition
performed by using GLIM criteria was associated with decreased survival.” This tool is easy to apply and has allowed a
standardization among the several definitions and criteria for the diagnosis of malnutrition.*?

According to the ESPEN endorsed recommendations, the GLIM initiative aims at adopting internationally recognized
criteria so that malnutrition prevalence, therapies, and outcomes might be compared across different countries.>”

This will allow the implementation of standards of care in order to ameliorate the outcomes of malnourished patients.

In this light, we believe that this innovative strategy can be fully adopted in the oncology setting where a prompt and
accurate diagnosis and early therapeutic intervention are needed to improve a patient’s prognosis.

Conclusions
Malnutrition is a negative prognostic factor in cancer patients. Different methodologies and tools are available to assess
the risk of malnutrition in cancer patients in order to identify and treat this condition early. Different screening tools were
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validated in different settings and suggesting the use of one tool vs another appears challenging, taking into account that
each patient may present important peculiarities due to several factors, including the type and stage of cancer disease and
the setting (i.e., inpatient or outpatient care).

The majority of the screening tools include information on involuntary body weight loss, food intake and BMI.
However, some information is specific to a single tool (e.g. MNA), including evaluation of mobility and cognitive
decline. In this light, MNA is well implemented in the geriatric population whereas the other tools have been used in
different clinical settings, including in-hospital patients (with different acute or chronic conditions) and community
individuals. Considering the negative effects of malnutrition, the ESPEN recommends to perform nutritional screening as
soon as possible, especially during catabolic conditions, such as cancer. Nutritional screening tools should be simple to
use, affordable and highly sensitive.

For this purpose, BMI, involuntary body weight loss and food intake are common indicators in many screening tools,
such as NRS-2002, MUST and MNA-SF. Nutritional screening cannot provide adequate information to guide treatment.
If a patient is at risk of malnutrition after screening, completion of a complementary nutritional assessment is required.

Taking into account the important results obtained among large cohorts of cancer patients highlighting that persona-
lized nutritional therapy reduced mortality risk and ameliorated quality of life and functionality among cancer patients
with high nutritional risk, we identify that there is an urgent need for the implementation of screening and diagnosis
programs of malnutrition in this setting.
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