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Introduction

European health care systems overcome many challenges in the pursuit to provide cancer patients
with the best of care, especially in the face of ever increasing economic and political pressures.
Interventions that have been shown to improve patient outcomes whilst providing economic benefits
should be integral to the planning and provision of safe and effective cancer care for all patients.
Nutrition intervention with medical nutrition in the management of cancer-related malnutrition has
been shown to have significant benefits both to patients and healthcare systems. Despite the
guidelines and recommendations, many malnourished patients with cancer still do not receive
nutritional support they need.

Policy-makers, payers and care providers need access to information that helps them to make
informed, evidence-based decisions about the efficiencies in cancer care they recommend and
provide. This dossier aims to synthesise all relevant information about the burden of malnutrition and
high unmet needs in patients with cancer, relevant guidelines relating to medical nutrition in cancer
care, and the rationale for and added value of medical nutrition as a key nutritional intervention
strategy in the management of cancer-related malnutrition and involuntary weight loss.

This document (as an evidence repository) is intended to provide all stakeholders with an up-to-date
and practical summary of all available evidence base on cancer-related malnutrition and the clinical,
economic and humanistic value of medical nutrition interventions, including oral nutritional
supplements (ONS), enteral tube feeding (ETF), and parenteral nutrition (PN).
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Medical Nutrition International Industry (MNI)

The Medical Nutrition International Industry (MNI) is the international trade association of companies
providing products and services that support patient management and rehabilitation by the
appropriate use of specialised nutritional support, including enteral and parenteral nutrition. The
members of MNI are leading international companies in the development, manufacture and provision
of Medical Nutrition and supporting services, namely Abbott, Baxter, B. Braun, Fresenius Kabi,
FrieslandCampina Ingredients, Nestlé Health Science and Nutricia Advanced Medical Nutrition.

MNTI’s mission is to support the quality of nutritional interventions and services to best serve the
interests of patients, healthcare professionals and healthcare providers, and to work to make
specialised nutritional solutions available to more people around the world.

MNI nurtures and supports further research to fully explore the potential of Medical Nutrition in
improving the health of patients suffering from acute or chronic disease. Working alongside key
organisations in the nutritional care community such as the European Nutrition for Health Alliance
(ENHA), an independent organisation that pursues a multi-stakeholder partnership in the European
healthcare arena and the European Society for Clinical Nutrition and Metabolism (ESPEN), MNI
promotes the transition of clinical nutrition research into standard practice through dissemination,
support and implementation of best practices and guidelines related to malnutrition and Medical
Nutrition. Through constructive engagement with policy makers, MNI aims to promote a balanced
policy environment that enables the Medical Nutrition industry to meet the growing healthcare needs
and expectations of its stakeholders. In collaboration with regulatory authorities and scientific bodies,
MNI strives to shape a regulatory and reimbursement framework capable of meeting the needs of
patients, healthcare professionals, payers and healthcare providers.

MNI is committed to achieving better care through better nutrition, across all ages and healthcare
settings. Acutely aware of the pressures faced by healthcare organisations and that nutritional care is
not always considered as an integral part of patient care, MNI aims to ensure that the evidence base
for medical nutrition is available to decision makers and practitioners, thereby demonstrating the
value of medical nutrition in improving patient outcomes and lowering the significant financial costs
associated with malnutrition.

MNI also offers an annual grant to reward initiatives related to an optimal nutritional care approach.
The grant selection is supported by ESPEN and the grant is awarded at the ESPEN Congress each year.
Outlines of the annual submissions and winners as well as general information are available to view

on the MNI website http://medicalnutritionindustry.com/grant/mni-grant/

or contact secretariat@medicalnutritionindustry.com
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Abbreviations

AdHOC Aged in home care project

AIOM Italian Association of Medical Oncology

AML Acute myeloid leukaemia

BIVA Bioelectrical impedance vector analysis

BMI Body mass index

cl Confidence interval

CcT Computed tomography

DFS Disease-free survival

ECOG European Cooperative Oncology Group

EN Enteral nutrition

EORTC European Organisation for Research and Treatment of Cancer
ESPEN European Society for Clinical Nutrition and Metabolism
ETF Enteral tube feeding

EU European Union

FACT-G Functional Assessment of Cancer Therapy - General
FFMA Fat-free muscle area

Gl Gastrointestinal

GLIM Global Leadership Initiative on Malnutrition
HADS-A Hospital anxiety and depression scale — Anxiety
HADS-D Hospital anxiety and depression scale — Depression
HAN Home artificial nutrition

HPN Home parenteral nutrition

HR Hazard ratio

HRQolL Health-related quality of life

ICDC International consensus definition criteria

ICER Incremental cost-effectiveness ratio

ICU Intensive care unit

ITT Intention-to-treat

kcal Kilocalorie

kg Kilograms

KPS Karnofsky performance status

L3MMI L3 muscle mass index

LC13 13-item Lung Cancer Questionnaire

LoS Length of hospital stay

MD Mean differences

MNA Mini nutritional assessment
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Malnutrition screening tool

Malnutrition universal screening tool
National Institute for Health and Care Excellence
Not reported

Nutritional risk index

Nutritional risk screening

Nutritional risk screening (2002 method)
Not significant

Non-small cell lung cancer

Oral nutritional supplement

Odds ratio

Overall survival

Phase angle

Progression-free survival
Patient-generated subjective global assessment
Parenteral nutrition

Prevalence of Malnutrition in Oncology
Polyunsaturated fatty acid
Quality-adjusted life year

Quality of life questionnaire-core 30
Quality of life

Randomised controlled trial
Relapse-free survival

Remission induction

Relative risk/risk ratio

Spanish Society of Medical Oncology
Society of Artificial Nutrition and Metabolism
Subjective global assessment

Skeletal muscle index

United Kingdom

Urinary tract infection

Visual analogue scale

versus

Weight loss grading system



Glossary

BMI

Cachexia

MNA

MST

MUST

NRI

NRS

Sarcopenia

SGA

SMI

Body mass index; weight (kg)/ height (m?)
<18.5 kg/m? — underweight
18.5 to 24.9 kg/m? — healthy weight
25 to 29.9 kg/m? — overweight
30 to 39.9 kg/m? — obese

Body weakness and wasting due to severe chronic illness

Mini nutritional assessment; 18-item scale assessing four different aspects:
anthropometric assessment (BMI, weight loss, and arm and calf circumferences); general
assessment (lifestyle, medication, mobility and presence of signs of depression or
dementia); short dietary assessment (number of meals, food and fluid intake and
autonomy of feeding); and subjective assessment (self-perception of health and nutrition)

<17 — malnourished
17 to 23.5 — at risk of malnutrition

>24 — normal nutritional status

Malnutrition screening tool; 2-question screening tool assessing weight loss and appetite
0to 1 —low risk of malnutrition
2 — moderate risk of malnutrition
3 to 5 — high risk of malnutrition

Malnutrition universal screening tool; assessment of BMI, unintentional weight loss in the

preceding 3—6 months, and the presence of an acute disease resulting in absence of
dietary intake for >5 days

0 — low risk of malnutrition
1 — moderate risk of malnutrition

22 — high risk of malnutrition

Nutritional risk index
<83.5 —severe malnutrition
83.5 to 97.5 — moderate malnutrition
97.5 to 100 — mild malnutrition
>100 — no malnutrition
Nutritional risk screening; based on weight loss, BMI, general condition, and amount of

food intake in the preceding week, and patient’s age and the severity of the underlying
disease

<3 — well nourished

>3 — at risk of malnutrition/malnourished
Loss of skeletal muscle mass
Subjective global assessment

A — well nourished

B — at risk/moderately malnourished

C —severely malnourished

Skeletal muscle index; calculated from image-based body composition analysis to provide
an objective assessment of skeletal muscle quantity



Dossier purpose and audience

The Medical Nutrition International Industry association (MNI) conducted an evidence review based
on a comprehensive systematic literature review (SLR) of the recently available scientific evidence for
the management of cancer-related malnutrition in the European Union (EU). Best practice
international guidelines were adhered to when conducting the SLR. Data sources included electronic
databases, and handsearching covering conference proceedings, clinical trial registries and other grey
literature sources.

According to the pre-approved search protocol and approved population, intervention,
comparator(s), outcomes and study design (PICOS) elements for the review, all included evidence
sources were screened and categorised to capture the type of evidence reported in each identified
study (cancer-related malnutrition [epidemiology, clinical burden, humanistic burden and economic
burden] and medical nutrition in oncology [clinical value, humanistic value, or economic value]) and
the data reported for each category.

The evidence was reviewed, and a meaningful value story was developed with the aim of encouraging
key stakeholders and decision-makers to make medical nutritional interventions an integral part of
cancer care. A clear set of evidence-based claims and key value messages enable communication and
engagement with health policy and decision makers, payers, healthcare providers and cancer patient
organisations.

The dossier serves as a base and a primary source of information and all available evidence to support
both internal alignment and external communications.

The geographic scope of the dossier is Europe, with a focus on the EU5.
The dossier is organised into the following sections:

Executive summary

Section 1: Background, including epidemiology of cancer-related malnutrition
Section 2: Burden (clinical, quality of life, economic) of cancer-related malnutrition
Section 3: Guidelines and clinical value of medical nutrition in oncology (including oral

nutritional supplements [ONS], enteral tube feeding [ETF], and parenteral nutrition [PN])
Section 4: Value (clinical, quality of life, economic) of cancer-related malnutrition
References

The dossier is a property of MNI, it cannot be reproduced or distributed without prior documented
permission obtained from the MNI Secretariat. Please contact
secretariat@medicalnutritionindustry.com.
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Executive summary

Malnutrition in oncology

Malnutrition is common in adult patients with cancer, as both malignancy and therapeutic treatment
may impact nutritional status. Studies in Europe show that in adult patients with cancer, the
prevalence of malnutrition can be up to 30.9% (1), and up to 83% when looking at an older
population (2). The prevalence of malnutrition increases with cancer progression (3), and can worsen
during anti-cancer treatment (4, 5). Malnutrition in patients with cancer is known to occur across
healthcare settings including in patients admitted to hospital (6), those living at home (7), and those
in care homes (6), however it is still likely that malnutrition is under-recognised (8). Patients who are
overweight or obese can also suffer from malnutrition and muscle loss; indeed 12.8% of patients with
metastatic cancer who are overweight or obese in Europe were malnourished, and almost 50% were
at risk of malnutrition (9).

Burden of disease

Cancer-related malnutrition, and an associated inflammatory response, can lead to break down of
tissue and subsequent change in body composition, including skeletal muscle mass loss (10). This can
have serious consequences for the patient, including increased mortality (11, 12), detrimental effects
on anti-cancer treatments (e.g. dose-limiting toxicities, early termination of treatment, poor
response) (13-15) and increased risk of post-operative (particularly serious) complications (16, 17).
Malnutrition in patients with cancer is also associated with reduced functional capacity (18),
psychosocial symptoms (18), and reduced health-related quality of life (19).

Direct medical costs are incurred when patients utilise healthcare resources such as healthcare
professional consultations and hospitalisation. These are higher in patients with cancer and
malnutrition or skeletal muscle loss (20-22). Studies have shown that patients with cancer who are
malnourished or at risk of malnutrition have increased length of hospital stay (1, 20), and higher rates
of readmission (23, 24) leading to increased healthcare resource utilisation (25, 26), and increased
direct medical costs (20, 21).

Current guidelines and medical nutrition

European guidelines recommend early screening for nutritional risk and loss of skeletal muscle mass
in patients with cancer (10, 27), and nutritional intervention in malnourished patients (10, 27).
Nutritional support may be comprised of nutritional counselling, with or without artificial nutrition;
either oral nutritional supplementation (ONS), enteral tube feeding (ETF) or parenteral nutrition (PN).
However, despite the high prevalence of malnutrition amongst patients with cancer and clear
guidelines, many malnourished patients with cancer still do not receive nutritional support (8).

Value of medical nutrition

Medical nutrition (ONS, ETF, or PN) is associated with improved clinical outcomes in patients with
malnutrition (8, 28-31). These include lower weight loss (32), or even weight gain (28), improved
survival (33), improved adherence and response to anti-cancer treatments (34, 35), and reduced risk
of chemotherapy toxicity (32, 36). Furthermore, medical nutrition is associated with improved HRQoL
in patients with malnutrition and cancer (37-40).



Better Care through Better Nutrition

Medical nutrition is associated with lower direct medical costs (41), shorter hospital length of stay (41-
43), and lower rates of complications (44, 45). Furthermore, medical nutrition is likely to be cost-
effective (46).

Conclusions

The detrimental effects of malnutrition in patients with cancer are well acknowledged, however,
despite the evidence, and the existence of clear guidelines, many malnourished patients with cancer
still do not receive adequate nutritional support. There is a clear opportunity to improve recognition
of this significant problem, leading to better patient outcomes and improved quality of life, and,
consequently to reduction in use of healthcare resources and medical expenditure.




1. Background

Malnutrition is common amongst patients with cancer, regardless of healthcare setting and
type of cancer

Malnutrition is likely under-recognised (8) (Section 1.2.1)

Malnutrition is common amongst patients with cancer, regardless of age (1-3, 16, 47-49)
(Section 1.2.1)

Advanced cancer is associated with higher prevalence of malnutrition than less-advanced
cancer (3) (Section 1.2.1)

Malnutrition is prevalent amongst patients with cancer, regardless of healthcare setting (6, 7,
50-52) (Section 1.2.2)

Malnutrition and skeletal muscle mass loss are common regardless of cancer type (1, 53-57)
(Section 1.2.3)

Prevalence of malnutrition and skeletal muscle mass loss can worsen during anti-cancer
treatment (4, 5, 58) (Section 1.2.4)

Malnutrition and skeletal muscle mass loss are also prevalent in cancer patients who are
overweight or obese (9) (Section 1.2.5)

1.1. Malnutrition in oncology

Patients with cancer are likely to develop malnutrition, as both malignancy and therapeutic treatment
may impact nutritional status. Worldwide studies suggest the prevalence of malnutrition in patients
with cancer can be up to 83%, with variations relating to cancer type, stage or patient age (2, 10).

Cancer-related malnutrition causes anorexia and tissue degradation, which leads to significant weight
loss, changes in body composition and decreased functional capacity (10, 27, 59). Additional clinical
complications of malnutrition, namely cachexia and sarcopenia, impact severely on patient
functionality. Cancer cachexia is characterised by involuntary wasting of body mass, leading to body
weakness. Patients with cachexia suffer from sustained weight loss and loss of skeletal muscle mass,
which may be accompanied by loss of fat mass (59). Notably, cachexia is not always present in all
malnourished patients, whereas all cachectic patients suffer from malnutrition (60). Sarcopenia,
however, is exclusively characterised by loss of skeletal muscle mass, affecting strength and functional
capacity of patients. Malnourished patients with cachexia and/or sarcopenia present with a higher risk
of treatment-related toxicity, treatment discontinuation, poor response to treatment, including
surgery, lower activity level, impaired quality of life (QoL) and poorer prognosis (61).

1.2. Prevalence of malnutrition in oncology

1.2.1. Malnutrition is prevalent amongst adult patients with cancer

Malnutrition is common in adult patients with cancer. Studies in Europe show that in adult patients
with cancer, the prevalence of malnutrition can be as high as 83% when looking at an older population
(Table 1).



Table 1: Prevalence of malnutrition in adult patients with cancer

Country
(reference)

Global
(2)

Austria
(62)

France

(1)

France
(48)

France
(49)

France
(63)

Germany
(16)

Netherlands
(64)

Italy
(3)

Netherlands
(65)

UK
(47)

Patient population

Patients (>65 years) with solid
malignancies scheduled to receive
chemotherapy

N=7,499

Patients (>70 years) with newly
diagnosed haematological malignancies
N=147

Patients (>18 years) hospitalised with
cancer

N=1,545

Younger (<70 years) vs older (270 years)
patients

Younger N=1,517; older N=578

Patients (>70 years) receiving first-line
chemotherapy

N=364

>65 years with a diagnosis of solid
cancer or hematologic malignancy
N=266

Patients (>18 years) admitted to the

Department of Radiation Oncology in a
German hospital

N=666

Patients (270 years) with head and neck
cancer

N=102

PreMiO study; treatment-naive
oncology patients (>18 years)

N=1,952

Patients (>70 years) with non-Hodgkin
lymphoma

N=44

Adult outpatients (age=NR) at a hospital
trust

N=207

Measure used

Various

MNA

Nutricode
BMI
Weight loss

Weight loss
BMI

Albuminemia

MNA

MNA

NRS

MNA

MNA

MNA

NST

Prevalence

Malnutrition: up to 83%

At risk of malnutrition:
15-69.3%

Malnourished: 15%
At risk of malnutrition: 43%

Malnutrition: 30.9%
o Moderate: 18.6%
o Severe:12.2%

Malnourished
o <70years: 36.7%
o 270years: 44.9%

Malnourished: 12.9%
At risk of malnutrition: 52.3%

Malnourished: 17%
At risk of malnutrition: 47%

Malnourished or at risk of
malnutrition: 40.95%

Malnourished or at risk of
malnutrition: 39.2%

Malnourished: 8.7%
Risk of malnutrition: 42.4%

Malnourished or at risk of
malnutrition: 34%

Risk of malnutrition: 45—-83%,
depending on tumour site

Urological: 45%
Colorectal: 50%
Breast: 60%
Gynaecological 73%

o O O O O

Lung/mesothelioma: 76%
o Upper Gl: 83%

Abbreviations: BMI, body mass index; MNA, mini nutritional assessment; NR, not reported; NRS, nutritional risk screening;
NST, nutritional screening tool.



Data from the Italian PreMiO study of treatment-naive oncology patients showed that the prevalence
of malnutrition increased with advancing cancer stage from 2.7% in those with Stage 1 cancerto 15.2%
in those with Stage 4 (Figure 1) (3).

Figure 1: Prevalence of malnutrition in patients with cancer, by cancer stage
100
90
80
70

60

50 44,8

42,7
39,4

40

Prevalence (%)

30

20,1
20 15,2
10 2,7 3,4 4,2

Stage 1 Stage 2 Stage 3 Stage 4
Malnutrition At risk of malnutrition

Source: Muscaritoli, 2017 (56).

A systematic review of cancer cachexia (identified using the search terms cachexia, weight loss, or
malnutrition) in the European Union (EU) estimated that in 2013, the prevalence of cancer cachexia
was 30% of patients at risk (56).

It is likely that malnutrition is under-recognised. In an analysis of French data, 10% of cancer patients
were diagnosed with malnutrition at first hospitalisation and 13% were subsequently diagnosed (77%
had no malnutrition diagnosis) (8). This was lower than the expected prevalence of malnutrition in
these patients suggesting that, in clinical practice, cancer-related malnutrition is under-recognised,
and under-treated (8).

1.2.2. Malnutrition is prevalent in patients with cancer across healthcare settings

Malnutrition in patients with cancer is known to occur across healthcare settings including in patients
admitted to hospital, those living at home, and those in care homes (Table 2).

A UK survey of malnutrition reported that the prevalence of malnutrition was significantly higher
amongst patients in hospital with cancer (34%) than those without cancer (23%) (p<0.001), and also
amongst patients in care homes with cancer (55%) than those without cancer (40%) (p=0.164) (6).
Similarly, a German study of cancer patients showed that the prevalence of malnutrition was 38.2%
in patients with malignant disease compared with 13.0% in patients with non-malignant disease (51).



Table 2: Prevalence of malnutrition in adult patients with cancer, across care settings

Country Patient population Measure Prevalence

(reference) used

In hospital

UK Patients being admitted to hospital MUST Malnourished: 34%

(6) N=7,541, 15% of whom had cancer

Ireland Patients being admitted to hospital MUST Malnourished: 34%

(6) N=1,102, 13% of whom had cancer

Germany Cancer patients in hospital NRS-2002 Malnourished: 38.2%

(51) N=455

France Patients (>18 years) hospitalised BMI Malnutrition: 39%

(50) with cancer o Pancreas: 66.7%

N=2,068 o Oesophagus and/or stomach: 60.2%

o Head and neck: 48.9%
o Lung:45.3%
o Ovaries/uterus: 44.8%
o Colon/rectum: 39.3%
o Leukaemia/lymphoma: 34.0%
o Breast: 20.5%
o Prostate: 13.9%

In care homes

UK Patients recently admitted to care MUST Malnourished: 55%
(6) homes

N=523, 6% of whom had cancer

At home

Europe Older patients (265 years) with Weight Severe malnutrition: 5.3%

(7) cancer in the Aged in Home Care loss Unintended weight loss: 22.1%
(AdHOC) project
N=321

Community-dwelling

Belgium &  Older patients (270 years) MNA-SF Malnutrition: 66.1%
Denmark N=274
(52)

Abbreviations: BMI, body mass index; MNA-SF, mini nutritional assessment — short form; MST, malnutritional screening
tool; MUST, malnutrition universal screening tool

1.2.3. Prevalence of malnutrition and muscle loss varies by cancer type

Malnutrition is prevalent in patients with cancer, regardless of the cancer site. In a French study of
adults with cancer, the prevalence of malnutrition ranged from 18.3% in breast cancer to 49.5% in
upper digestive cancer (Figure 2) (1). Further information on prevalence of malnutrition according to
tumour site is available in Appendix A.



Figure 2: Estimated prevalence of malnutrition in France, by cancer type
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Source: Pressior, 2010 (1).

Malnutrition was defined following the recommendation of the French health authority (Haute Autorite” de Sante’) and by
the Nutricode labelled by the French society of parenteral and enteral nutrition 2006 using age (in years), BMI (in kg/m?)
and weight loss (in percentage over the previous 6 months). In patients <70 years, moderate malnutrition was defined as
>10% weight loss over past 6 months or BMI <18.5 kg/m?2 and severe malnutrition as 215% weight loss over past 6 months
or BMI <16 kg/mZ2. In patients >70 years, moderate malnutrition was defined as 210% weight loss over past 6 months or
BMI <21 kg/m? and severe malnutrition as 215% weight loss over past 6 months or BMI <18 kg/m2.

A study of Italian patients with symptomatic oesophageal cancer showed that longer time to diagnosis
was an independent predictor of severe malnutrition at diagnosis (increasing by 0.3% for each
additional week, by 0.7% for every additional 2 weeks, or by 1.3% for every additional month) (66).

Cancer cachexia is prevalent across the EU. A systematic review of cancer cachexia in the EU estimated
that in 2013, the prevalence of cancer cachexia was 30% of patients at risk of cachexia (i.e. patients
with a diagnosis of cancer, but excluding those considered cured after 5 years of follow-up), equating

to 15.8 per 10,000 people (Figure 3) (56). Cancer cachexia was most prevalent amongst patients with
liver cancer, at 50.1%.



Figure 3: Estimated prevalence of cancer cachexia in the EU
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1.2.4. Prevalence of malnutrition and skeletal muscle mass loss can worsen during anti-cancer
treatment

Data shows that the prevalence of malnutrition can increase during anti-cancer treatment. In a French
study of patients undergoing allogeneic hematopoietic stem cell transplantation (N=84), 26% of
patients were malnourished at hospital admission, rising to 57% at hospital discharge (4). Further data
from a Slovenian study of patients with head and neck cancer (N=55) showed that before treatment,
16.4% of patients were malnourished, rising to 45.4% post-treatment (5).

Skeletal muscle mass loss can also become more prevalent during anti-cancer treatment. In a sample
of 123 patients undergoing surgery for oesophageal cancer in the Netherlands, sarcopenia was
present in 56% and 67% of patients before and after chemoradiotherapy, respectively (67). A
systematic review of patients with pancreatic cancer (10 studies, including EU studies; N=1,685)
showed that the prevalence of sarcopenia ranged from 29.7% to 65% in patients of normal weight
(BMI 18.5-24.9 kg/m?), and from 16.2% to 67% in patients who were overweight or obese (BMI
>25 kg/m?) (58). In Slovenian patients with head and neck cancer (N=55), 14.5% of patients were
cachectic before treatment, rising to 38.2% post-treatment (5).

1.2.5. Malnutrition and skeletal muscle mass loss are also prevalent in cancer patients who are
overweight or obese

Patients who are overweight or obese can also suffer from malnutrition and skeletal muscle mass loss.
In a study of metastatic cancer patients who were overweight or obese in Europe (N=594), 12.8% of
patients were malnourished (Mini Nutrition Assessment [MNA] <17), and almost 50% were at risk of
malnutrition (MNA 17 to 23.5) (9). In a French study of adults with cancer (N=1,545), patients with
obesity (BMI =30 kg/m? at 6 months before study start) were more prone to malnutrition vs those
with normal body weight (38.8% vs 28.5%, p<0.01) (1).
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In a systematic review of patients with pancreatic cancer (10 global and EU studies; N=1,685), the
prevalence of sarcopenia ranged from 16.2% to 67% in patients who were overweight or obese (BMI
>25 kg/m?) (58).




2. Burden of disease

Malnutrition is associated with a significant clinical burden including increased mortality and a
detrimental impact on anti-cancer treatments

Malnutrition is associated with loss of skeletal muscle mass (68) (Section 2.1.1)

Malnutrition and skeletal muscle mass loss are associated with increased mortality (69, 70)
(Section 2.1.2)

Malnutrition and loss of skeletal muscle mass are associated with increased mortality in
cancer patients who are overweight or obese (71) (Section 2.1.3)

Loss of skeletal muscle mass has a detrimental effect on patients’ response to anti-cancer
treatment (13, 65, 72-74) (Section 2.1.4)

Patients with malnutrition or sarcopenia are at increased risk of post-operative complications
(17, 75) (Section 2.1.5)

Malnutrition in cancer patients is associated with a humanistic burden including poorer HRQoL
and reduced functional capacity

Malnutrition and muscle loss in cancer patients are associated with reduced HRQoL (19, 76)
(Section 2.2.1)

Malnutrition and skeletal muscle mass loss in cancer patients are associated with reduced
functional capacity (76) (Section 2.2.2)

Malnutrition and skeletal muscle mass loss in cancer patients are associated with psychosocial
symptoms (76, 77) (Section 2.2.3)

Malnutrition and loss of skeletal muscle mass in cancer patients are associated with a
significant economic burden

Length of hospital stay is increased in malnourished cancer patients (1, 20) (Section 2.3.1)

Readmission rates are increased in malnourished cancer patients, or those with skeletal
muscle mass loss (23) (Section 2.3.2)

Healthcare resource use is increased in cancer patients with malnutrition or skeletal muscle
mass loss (25, 26) (Section 2.3.3)

Direct medical costs are increased in cancer patients with malnutrition or skeletal muscle mass
loss (20, 22) (Section 2.3.4)

2.1. Clinical burden of malnutrition in patients with cancer

2.1.1. Malnutrition is associated with loss of skeletal muscle mass

Cancer-related malnutrition, and an associated inflammatory response, can lead to break down of
tissue and subsequent change in body composition, including skeletal muscle mass loss (10). Both
inactivity, resulting from disease burden, and cancer treatment can have serious adverse effects on



skeletal muscle mass (78, 79). Loss of lean body mass can lead to sarcopenia, which can impact
significantly on patient functionality, physical strength, and QoL (80).

In a French and Belgian study of patients with non-small cell lung cancer (NSCLC) (N=531), skeletal
muscle mass loss was observed in 66.7% of patients with cachexia, and skeletal muscle mass loss with
no clinically significant weight loss was observed in 66.3% of patients with pre-cachexia (68).

2.1.2. Malnutrition and skeletal muscle mass loss are associated with increased mortality

Malnutrition results in reduced survival in patients with cancer. In a study of Spanish oncology patients
admitted to hospital (N=168), poor nutritional status (MNA <17.5) was associated with increased
mortality, with a 3-fold increased risk of mortality (odds ratio [OR] 3.74 [95% confidence interval [CI]:
1.37 t0 10.21], p=0.01), regardless of disease stage and age of patient (11). Analysis of a cohort of Irish
cancer patients in palliative care (N=1,027), showed that weight loss of >10% in the preceding
3 months was associated with reduced survival (hazard ratio [HR] 2.501 [95% Cl: 1.425 to 4.389],
p=0.001) (12).

Further studies of skeletal muscle mass and mortality also show that the risk of mortality increases
with skeletal muscle mass loss. A systematic review, including EU studies, examining the relationship
between imaging-based body composition and systemic inflammation in patients with cancer showed
that in 10 studies (N=5,202), low skeletal muscle index (SMI) was associated with shorter overall
survival (0S) (69). A further systematic review and meta-analysis of patients with solid tumours (37
studies including EU studies; N=7,779) also showed that low SMI was associated with poor OS (81).
Low SMI (vs high SMI) was associated with significantly poorer OS (HR 1.44 [95% Cl: 1.32 to 1.56],
p<0.001) (81). A systematic review assessing the impact of computed tomography (CT)-assessed
sarcopenia on outcomes (13 studies, including EU studies N=2,884), found that sarcopenia was a
significant independent predictor for reduced OS in the majority of studies that reported it (82). In a
study of Italian and German patients with cancer (N=1,084), low creatinine height index (a body
composition parameter) was independently associated with increased mortality (83). In Italian
patients, there was an 84% increased risk of mortality (HR 1.84 [95% Cl: 1.18 to 2.86], p=0.007), and
in German patients there was a 52% increased risk (HR 1.52 [95% ClI: 1.17 to 2.07], p=0.008).

Studies of patients with specific cancer types have shown that mortality is increased in patients with
malnutrition or muscle loss — further details on these studies are provided in Appendix B.

In older patients (265 years) with cancer, a systematic review and meta-analysis (10 studies, including
EU studies; N=4,692), found that malnutrition was significantly positively associated with increased
risk of all-cause mortality (relative risk [RR] 1.73 [95% Cl: 1.23 to 2.41]) compared with those with
good nutritional status (70). Analyses in older French patients (>70 years of age) receiving first-line
chemotherapy (N=364), showed that 1-year mortality was 70.5% in malnourished patients (MNA <17),
48.9% in those at risk for malnutrition (MNA 17 to 24), and 26.5% in those considered as well
nourished (MNA >24) (49). Further analyses showed that in older (60-95 years) German patients with
cancer (N=439), sarcopenia was independently associated, and nearly as predictive as an advanced
disease stage for 1-year mortality, highlighting the importance of preservation of skeletal muscle mass
and function (84).



2.1.3. Malnutrition and loss of skeletal muscle mass are associated with increased mortality in
patients who are overweight or obese

The risk of mortality is also increased in patients who are overweight or obese. In metastatic cancer
patients who were overweight or obese in the EU, median OS decreased with worsening nutritional
status assessed with MNA (9). OS in well-nourished patients (MNA >24) was 17.8 months vs 8.2
months in patients at risk of malnutrition (MNA 17 to 23.5) vs 6.4 months in malnourished patients
(MNA <17) (p<0.001).

A systematic review of patients with pancreatic cancer (11 studies, including 5 EU studies; N=2,297),
showed that sarcopenia was associated with a 49% increased risk of mortality (adjusted HR 1.49 [95%
Cl: 1.27 to 1.74]), with the risk increasing two-fold in patients with sarcopenic obesity (adjusted
HR 2.01 [95% ClI: 1.55 to 2.61]) (85). Further analysis in an Austrian study of patients with resectable
pancreatic ductal adenocarcinoma and sarcopenia, showed that OS was reduced from 23 months in
patients with normal body weight (BMI <25 kg/m?) to 14 months in patients who were overweight or
obese (BMI >25 kg/m?) (p=0.007) (71).

2.1.4. Loss of skeletal muscle mass has a detrimental effect on patients’ response to anti-cancer
treatment

Patients with loss of skeletal muscle mass during anti-cancer treatment experience poorer survival
(Section 2.1.4.1), increased dose-limiting toxicity (Section 2.1.4.2), and poorer adherence to treatment
(Section 2.1.4.3).

In a study of patients with locally advanced gastric cancer (N=48), more patients with sarcopenia than
without sarcopenia experienced dose-limiting toxicity (64% vs 39%, p=0.181) (13). A similar trend was
observed in patients with sarcopenic obesity compared with those without sarcopenia (80% vs 42%,
p=0.165). Furthermore, more patients with sarcopenia (64% vs 28%, p=0.069) and sarcopenic obesity
(100% vs 28%, p=0.004) terminated chemotherapy early compared with those without
sarcopenia (13).

2.1.4.1. Loss of skeletal muscle mass during anti-cancer treatment is associated with increased
mortality

Studies in patients with gastrointestinal (GI) cancer show that survival is lower in patients with lower
skeletal muscle mass (72, 73). In Finnish patients with oesophageal cancer (N=115), a 2.98% decrease
in skeletal muscle index during neoadjuvant treatment was associated with a poorer 2-year survival
(p=0.04) (72), and in German patients with hepatic malignancies (N=56), sarcopenic patients with a
low psoas muscle index (<13.39 mm/m?) had a significantly lower median OS of 491 days vs 1,291 days
for patients with psoas muscle index >13.39 mm/m? (73). Another study in patients with liver-
predominant metastatic colorectal cancer undergoing radioembolization (N=77) indicated a
significantly increased OS for patients with high fat-free muscle area (FFMA) compared with patients
with low FFMA (median OS 273 vs 128 days; p=0.017) using Kaplan-Meier analysis. On multivariate
Cox regression analysis, OS was best predicted by FFMA (HR 2.652; p<0.001) (86). In patients with
advanced hepatocellular cancer treated with a kinase inhibitor (N=96), patients with sarcopenia
showed significantly shorter OS than in patients without sarcopenia (39 weeks vs 61 weeks,
p=0.02) (87).



2.1.4.2. Malnutrition and loss of skeletal muscle mass is associated with anti-cancer treatment dose
toxicity

Patients with cancer often require intensive or chronic therapy to prevent disease progression or
recurrence, which can result in significant toxicity (88). Treatment-related toxicity limits the delivery
of appropriate doses of chemo- or radiotherapy and targeted therapies, encouraging treatment
discontinuation and potentially having a detrimental effect with regards to future disease recurrence
(89). Treatment strategies should therefore consider approaches which reduce cancer therapy-related
toxicity (90). In patients receiving chemotherapy for the treatment of Gl cancer, malnutrition was an
independent predictor of toxicity-related chemotherapy dose-reductions (91). Therefore, underlying
malnutrition in patients with cancer may be associated with increased treatment dose toxicity and
adverse effects.

In a French study of patients with metastatic colorectal cancer (N=168), malnutrition according to
Patient-Generated Subjective Global Assessment (PG-SGA; PG-SGA 29) was significantly associated
with chemotherapy-related grade 22 clinical toxicities (OR 3.7 [95% Cl: 1.7 to 8.4], p=0.001) (74).

Sarcopeniais a significant predictor of dose-limiting toxicity (92), and patients with low skeletal muscle
mass have been seen to experience dose-limiting toxicity more frequently than those with normal
skeletal muscle mass (44.3% vs 13.7%, p<0.001) (93). In a systematic review of studies reporting on
the quantitative evaluation of cancer cachexia (53 studies, including EU studies, N=9138), 12 of 14
studies reported that sarcopenia had a significant association with increased incidence of dose-
limiting toxicity or severe toxicity, regardless of cancer site or type of systemic therapy, with the
exception of the toxicity of localised hepatic arterial infusion (94). In Dutch patients with metastatic
colorectal cancer (N=414), a decrease in skeletal muscle index of more than 2% during chemotherapy
treatment was associated with a 29% increased risk of dose-limiting toxicities (RR 1.29 [95% Cl: 1.01
to 1.66]) (95). In a French study of patients who had undergone cytoreductive surgery plus
hyperthermic intraperitoneal chemotherapy (N=97), sarcopenic patients experienced significantly
more chemotherapy toxicities (57 vs 26 %; p=0.004), especially neutropenia (36 vs 17 %; p=0.04). In
the multivariate analysis, sarcopenia was the only parameter independently associated with the risk
of chemotherapy toxicity (OR 3.97 [95% CI: 1.52 to 10.39], p=0.005) (96). In patients with locally
advanced head and neck squamous cell carcinoma receiving chemoradiation (n=100), dose-limiting
toxicity was significantly higher in cachectic patients compared with non-cachectic patients (57% vs
25%; p=0.004) (97).

2.1.4.3. Malnutrition and sarcopenia are associated with lower adherence to anti-cancer treatment

Early treatment withdrawal in patients with cancer may be attributed to a number of reasons, namely,
dose-related toxicities, prevalence of adverse events, worsening of comorbidities (e.g. malnutrition,
sarcopenia) and decline of general condition (65). In particular, cancer-associated malnutrition
increases treatment-associated side-effects, which may encourage treatment withdrawal (98).

In older Dutch patients with non-Hodgkin lymphoma (N=44), malnutrition was significantly associated
with early treatment withdrawal (OR 8.29 [95% Cl: 1.24 to 55.6], p=0.03) (65). Half of the patients
withdrawing early from treatment had haematological toxicity Grade 3—4.

Similar effects are seen in studies of sarcopenia and cachexia. In German patients with locally
advanced, gastric or gastro-oesophageal junction cancer (N=60), significantly more patients with
sarcopenia terminated their chemotherapy earlier (50% vs 22.6%, p=0.037) (99), and in a UK study of



patients with NSCLC (N=24), cachexia was associated with a reduced number of chemotherapy cycles
completed (r=0.431, p=0.03) (100).

2.1.4.4. Loss of skeletal muscle mass are associated with a poor response to anti-cancer treatments

Loss of skeletal muscle mass is associated with a poor response to anti-cancer treatments. In a
systematic review and meta-analysis of hepatocellular carcinoma patients (4 studies, including EU
studies; N=586), sarcopenia was associated with increased risk of tumour recurrence (adjusted HR
1.76 [95% Cl: 1.27 to 2.45]) (14), and in a systematic review and meta-analysis of head and neck cancer
patients (11 studies, including EU studies; N=2,483), sarcopenia was associated with poorer OS (HR
1.97 [95% CI: 1.71 to 2.26]) and relapse-free survival (RFS; HR 1.74 [95% ClI: 1.43 to 2.12]) (15).

In patients with advanced pancreatic cancer (N=165), early loss of skeletal muscle mass of 210% was
associated with worse progression-free survival (PFS; HR 2.31 [95% Cl: 1.30 to 4.09] p=0.004) vs <10%
(101). A further study in patients with metastatic NSCLC treated with immune checkpoint inhibitors
(N=55) showed that patients with cachexia had lower response rates (4% vs 37%, p=0.002), disease
stabilisation rates (32% vs 81%, p=0.003), and shorter PFS (3.7 months vs 8.2 months, p=0.008)
compared with patients without cachexia (102).

In a German study of patients with various types of cancer (N=503), 75.6% of patients without cachexia
received curative treatment, dropping to 54.3% of patients with cachexia (Figure 4) (76).

Figure 4: Prevalence of malnutrition in patients with cancer, by cancer stage
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2.1.5. Patients with malnutrition or sarcopenia are at increased risk of post-operative
complications

Post-operative complications can present as intra-abdominal infections, wound site infections,
abscesses, thromboembolism and pneumonia, and pose significant morbidity on the patient (103).
Moreover, post-operative complications may increase cancer recurrence rates (103), and also impact



negatively on DFS and OS (104). Certain cancer patients are of an increased risk of developing post-
operative complications, particularly if they present with a comorbidity (e.g. diabetes, obesity).

Of adult patients (N=666) admitted to the Department of Radiation Oncology in a German hospital,
more patients who were malnourished, or at risk of malnutrition (NRS score 23) experienced
complications than those who were not at risk of malnutrition (68.60% vs 57.46%, p=0.0011) (16). In
a study of Italian patients undergoing cytoreductive surgery and hyperthermic intraperitoneal
chemotherapy with a healthy BMI (18.50-24.99 kg/m?), those who were malnourished were more
prone to postoperative (53% vs 35%, p<0.05) and infectious complications (32.6% vs 9.8%, p<0.01)
than well-nourished patients (17). There was also a trend for more serious post-operative
complications (13.7% vs 23.4%, p=not significant [NS]) in malnourished patients.

In a meta-analysis of 53 studies, including EU studies (N=14,295), preoperative sarcopenia was
associated with an increased risk of severe postoperative complications (75). Overall, 20% of patients
experienced severe post-operative complications; including 24% of patients with sarcopenia and 18%
or patients without sarcopenia, resulting in a 44% increased risk in patients with sarcopenia (pooled
OR 1.44 [95% Cl: 1.24 to 16.8], p<0.001).

Studies investigating the effects of malnutrition and muscle loss on post-operative complications also
show similar results in Gl cancer (105, 106), head and neck cancer (107), and lung cancer (108). Further
details on studies of individual cancer types are provided in Appendix C.

2.2. Quality of life burden of malnutrition in patients with cancer

2.2.1. Malnutrition and skeletal muscle mass loss in cancer patients are associated with reduced
HRQoL

Malnutrition imparts a significant burden on patients with cancer, leading to prolonged hospital stays,
increased treatment-related toxicity, impaired QoL and overall, a poorer prognosis (61). A number of
studies have reported the significant effects of malnutrition on Qol, including physical functionality,
emotions, cognitive functioning, and appetite (109). In Irish patients with terminal cancer (N=1,027)
increasing levels of weight loss (graded using a BMI-adjusted weight loss grading system [WLGS]) were
associated with poorer health-related QoL (HRQolL; measured using European Organization for
Research and Treatment of Cancer Quality of Life Questionnaire Core 30-item [EORTC QLQ-C30]),
including a number of functional- (physical, role, emotional, cognitive, social, and global health) and
symptom-related (fatigue, nausea and vomiting, pain, appetite loss, and dyspnoea)
measurements (19).

In a prospective study of Spanish patients with resected cancer (N=747), the risk of malnutrition was
found to be strongly associated with HRQoL in all three scales tested (functional, symptom and global;
p<0.001 for each) (110). In a separate Polish study of patients with NSCLC (N=180), univariate analysis
revealed that malnutrition was significantly correlated with decreased QoL using the EORTC QLQ-C30
and LC13 questionnaires (111). Further, in a prospective study of Irish adult oncology patients
undergoing chemotherapy (N=1,015), percentage of weight loss was the biggest predictor of global
QoL (112). In Spanish patients undergoing curative gastric cancer resection (N=76), patients with 210%
body weight loss at two years post-surgery had lower scores in all items of the functional scales of
EORTC QLQ-C30 than those without (113).



Cancer cachexia is also associated with reduced HRQoL. In a German study of patients with various
types of cancer (N=503), patients with cachexia had significantly lower EORTC QLQ-C30 Global Health
scores (median 50 vs 58 for non-cachectic patients; p<0.001) (76).

2.2.2. Malnutrition and skeletal muscle mass loss in cancer patients are associated with reduced
functional capacity

Malnutrition in cancer patients has a significant effect on physical state and functional capacity. Many
patients present with increased pain, insomnia, loss of appetite, fatigue which in turn, leads to
reduced cognitive functioning and physical wellbeing (109). In Polish patients with lung cancer
(N=257), malnutrition was associated with increased perception of pain: malnourished patients (MNA
0 to 16.5), those at risk of malnutrition (MNA 17 to 23.5) and those with normal nutritional status
(MNA 24 to 30) had diminishing VAS scores (5.69 vs 4.83 vs 2.69, p<0.001) (18). In a further Italian
study of patients with locally advanced head and neck cancer (N=61), malnourished patients had
significantly lower EORTC QLQ-C30 physical and role function scores (858 vs 9218; p=0.043 and 72119
vs 86116; p=0.047, respectively) (114), and in a Polish study of patients with NSCLC (N=180),
multivariate analysis revealed that malnutrition was an independent determinant of diminishing QoL
within the physical functioning scale of the EORTC QLQ-C30 (B=—0.17, p=0.001) (111).

A Dutch study investigating the association between sarcopenia and physical independence during
chemotherapy in older cancer patients (N=131) found that, compared with no sarcopenia, severe
sarcopenia was associated with a decline in physical independence after chemotherapy (OR 5.95 [95%
Cl: 0.76 to 46.48]) (115). Furthermore, in a German study of patients with various types of cancer
(N=503), patients with cachexia had significantly lower EORTC QLQ-C30 physical functioning scores
(median 60 vs 80 for non-cachectic patients; p<0.001) (76).

2.2.3. Malnutrition and skeletal muscle mass loss in cancer patients are associated with
psychosocial symptoms

As well as negatively impacting physical and cognitive functionality, malnutrition increases rates of
depression and affects psychosocial performance and emotional wellbeing (109). In a Spanish study
of hospitalised patients with cancer (N=282), malnourished patients were significantly more likely to
present with anxiety and depression than those who were well-nourished (anxiety OR 2.4 [95% Cl: 1.2
to 4.9], p=0.002; depression OR 3.5 [95% Cl: 1.6 to 7.8], p=0.002) (77). A study of Polish patients with
lung cancer (N=257) showed that malnutrition was associated with anxiety and depression (Figure
5) (18).



Figure 5: Effect of malnutrition on anxiety and depression scores in patients with cancer, measured using the
Hospital Anxiety and Depression Scale
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Source: Chabowski, 2018 (18).
Abbreviations: HADS-A, Hospital Anxiety and Depression Scale — Anxiety; HADS-D, Hospital Anxiety and Depression Scale —
Depression.

Among Slovenian patients with head and neck cancer (N=40), poor nutritional status (i.e. those who
were malnourished or cachectic) was associated with anxiety (measured using HADS-A, p=0.017 and
p=0.020 at 2-3 weeks prior to chemoradiotherapy initiation, and at time of treatment completion,
respectively) and depression (measured using HADS-D, p=0.045 and p=0.023 at time of treatment
completion, and at 3 months follow-up, respectively) (116). In a further Italian study of patients with
locally advanced head and neck cancer (N=61), malnourished patients had significantly lower EORTC
QLQ-C30 social function scores (67+20 vs 86+20; p=0.024) (114).

Cachexia is also associated with psychosocial symptoms. In a UK-based study of exercise motivation
in outpatients with lung and GI cancer with cachexia (N=196), patients typically reported very low
levels of self-efficacy in terms of ability to undertake either aerobic or resistance type of structured
exercises. The median score for perceived control over emotional and physical symptoms and
relationships was 4.5 out of a maximum of 6 indicating reasonable control, although control over
medical care and progression of the disease was lower (3.75 and 1.75, respectively) (117). In a further
German study of patients with various types of cancer (N=503), patients with cachexia had significantly
lower EORTC QLQ-C30 Social Functioning scores (median 50 vs 67 for non-cachectic patients;
p<0.001) (76).

2.3. Economic burden of malnutrition in patients with cancer

Direct medical costs are incurred when patients utilise healthcare resources such as healthcare
professional consultations and hospitals. These direct medical costs are further increased in patients
with cancer and malnutrition or skeletal muscle mass loss.



2.3.1. Length of hospital stay is increased in malnourished cancer patients

Studies have shown that length of hospital stay (LoS) is increased in patients with cancer who are
malnourished or at risk of malnutrition (Table 3). In a French study of adult inpatients with cancer
(N=879), malnutrition was significantly associated with prolonged LoS (median 19.3+19.4 days for
malnourished patients vs 13.3+19.4 days for others; p<0.0001) (1). Further data from an
observational, cross-sectional, multicentre study in Spain (N=401) found that mean duration of
hospitalisation was greater in patients at nutritional risk at discharge (12.1 days in malnourished vs
8.6 days in well-nourished patients) (20).

Table 3: Effect of malnutrition on LoS in patients with cancer

Country Patient population Effect on LoS

(reference)

Gl cancer

France Patients with Gl cancer Malnutrition diagnosis after first cancer

(118) N=644,720 hospitalisation vs diagnosis at first hospitalisation

Frequency of hospital stay 13.9 vs 6.8 stays
LoS 53 vs 38 days
UK Patients with CRC who received Malnutrition vs no malnutrition

(119) elective resection LoS 16.4 vs 9.2 days, p=0.034
N=213

Head and neck cancer

France Patients with head and neck cancer Malnutrition vs no malnutrition
(107) N=92 LoS longer by 50% in patients with malnutrition,
p=0.042

Neuroendocrine tumours

Germany Patients with neuroendocrine Risk of malnutrition/malnutrition (SGA B or C) vs
(57) neoplasms normal nutritional status (SGA A)
N=203 LoS 8.8 days vs 4.0 days, p<0.001)

High risk of malnutrition (NRS >3) vs normal
nutritional status (NRS <2)

LoS A: 8.0 days vs 4.5 days, p<0.001
Multiple cancers
Germany Patients with cancer Risk of malnutrition/malnutrition (NRS=3) vs normal
(16) N=666 nutritional status

Difference in deviations of mean LoS 1.76 days,
p=0.0047

Abbreviations: CRC, colorectal cancer; Gl, gastrointestinal; LoS, length of hospital stay; NRS, nutritional risk screening; SGA,
subjective global assessment.

LoS is also increased in patients with cancer with skeletal muscle mass loss (Table 4).



Table 4: Effect of skeletal muscle mass loss on LoS in patients with cancer

Country Patient population Effect on LoS
(reference)

Oesophageal cancer

Ireland Patients with oesophageal cancer Preoperative sarcopenia vs no sarcopenia
(120) undergoing multimodal therapy Increased LoS, p=0.009
N=252

Head and neck cancer

Finland Patients with head and neck cancer Low phase angle vs normal phase angle

(121) N=61 LoS 19.1 days vs 8.8 days, p=0.002

The Patients with head and neck cancer Low skeletal muscle mass vs normal skeletal muscle
Netherlands undergoing total laryngectomy mass

(122) N=235 LoS 17 days vs 14 days, p<0.001

Gastric cancer

Ireland Patients with gastric cancer who Sarcopenia vs no sarcopenia
(123) underwent surgical resection ICU bed days 9.45 days vs 5.08 days, p=0.007
N=56

Abbreviations: CRC, colorectal cancer; ICU, intensive care unit; LoS, length of hospital stay.

2.3.2. Readmission rates are increased in malnourished cancer patients, or those with skeletal
muscle mass loss

Patients with malnutrition or skeletal muscle mass loss experience higher rates of hospital
readmission. In a study of Dutch patients with colorectal liver metastases (N=171), readmissions were
more frequent in patients with sarcopenic obesity compared with patients without sarcopenic obesity
(22.4% vs 9.8%, p=0.029) (23). Additionally, a retrospective study of patients with head and neck
cancer undergoing surgery, radiotherapy or chemotherapy (N=152) found that patients who did not
receive prophylactic gastronomy had significantly higher rates of hospital readmission than those who
received prophylactic gastronomy (p=0.042) (24).

Furthermore, patients with cachexia require more unplanned hospitalisations, as noted in a study of
patients with locally advanced head and neck squamous cell carcinoma receiving chemoradiation
(N=100) (p=0.035) (97).

2.3.3. Healthcare resource use is increased in cancer patients with malnutrition or skeletal muscle
mass loss

Malnutrition and skeletal muscle mass loss are associated with increased healthcare resource
utilisation. In a study of elderly French cancer patients (median age 80 years; N=304), those who were
malnourished (MNA <17) had significantly more nurse interventions, physiotherapist interventions,
and social worker interventions (25). Further data from a Dutch study of patients who underwent
cytoreductive surgery with hyperthermic intraperitoneal chemotherapy for peritoneal carcinomatosis
of colorectal cancer (N=206), showed that sarcopenic patients underwent significantly more
reoperations than nonsarcopenic patients (25.6 vs 12.1 %; p=0.012) (26).



2.3.4. Direct medical costs are increased in cancer patients with malnutrition or skeletal muscle
mass loss

Malnutrition or skeletal muscle mass loss in patients with cancer are associated with increased direct
medical costs. An observational, cross-sectional, multicentre study of cancer patients in Spain (N=401)
found that healthcare costs were higher in patients at risk of malnutrition (NRS 23) vs those not at risk
(NRS <3), both at admission (€7,855 vs €7,033, p=NR) and at discharge (€8,596 vs €6,652, p=0.001)
(20). Further data from the Netherlands showed that the additional costs of cancer-related
malnutrition were €265 million (Figure 6) (21).

Figure 6: Additional costs of cancer-related malnutrition in the Netherlands
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In a Dutch study of patients who underwent curative-intent abdominal cancer surgery (N=452),
median hospital costs were €2,183 higher in patients with low skeletal muscle mass compared with
patients with high skeletal muscle mass (€17,144 vs €14,961; p<0.001) (22). In linear regression
analysis, the low skeletal muscle mass was independently associated with higher total hospital costs,
after adjusting for extent of surgery, sex, age, overweight, and American Society of Anesthesiologists
(ASA) classification, and resulted in a cost increase of €4,061 (p=0.015). When skeletal muscle index
was used as a continuous parameter, an incremental increase in skeletal muscle index (cm?/m?) was
associated with €278 (p=0.027). The study suggests that increased costs may be directly related to the
occurrence of (severe) complications requiring an increased use of resources such as prolonged and
intensive care stay, laboratory tests, radiological examinations and radiological or surgical re-
interventions.



3. Current guidelines and medical nutrition

Guidelines recommend early screening for nutritional risk, assessment of malnutrition, and
nutritional intervention in patients with cancer

European guidelines recommend early screening for nutritional risk and loss of skeletal muscle
mass in patients with cancer (10, 27) (Section 3.1)

Different measures exist for the assessment of nutritional risk in patients with cancer (124)
(Section 3.2)

European guidelines recommend nutritional intervention in malnourished patients (10, 27)
(Section 3.4)

Despite high prevalence of malnutrition amongst patients with cancer and clear guidelines,
current practice regarding nutritional support for malnourished patients with cancer is
inconsistent (8) (Section 3.4)

3.1. Current nutritional risk screening guidelines

European guidelines recommend early screening for nutritional risk and loss of skeletal muscle mass
in patients with cancer (Table 5) (10, 27).

Table 5: Guidelines on nutritional risk screening in patients with cancer

Country/ Name of guideline Recommendations on diagnosis Reference
Region of malnutrition in cancer
EU ESPEN guidelines on Screen early in course of patients’ treatment: Arends
nutrition in cancer patients  Evaluate nutritional intake, weight change and 2017 (27)
BMI.
Identify symptoms of anorexia, cachexia, and
sarcopenia.

Quantitative assessment of nutritional intake,
symptoms, energy expenditure, muscle mass,
physical performance, and degree of systemic
inflammation.

EU ESPEN expert group Screening of all cancer patients for nutritional Arends
recommendations for action  Tisk early in their course of care. 2017 (10)
against cancer-related Nutritional assessment should identify presence
malnutrition of anorexia, measure body composition,

inflammatory biomarkers (eg: acute phase
proteins, proinflammatory cytokines and
alterations in white blood cell counts), resting
energy expenditure and physical function.

Italy AIOM-SINPE practical Nutritional screening utilising validated tools Caccialanza
recommendations for (NRS-2000, MUST, MST or MNA). Should be 2016 (61)
nutritional support in cancer conducted upon diagnosis of malignancy and
patients systematically repeated regularly.

Consider inclusion of BIVA to calculate body
composition.



Country/ Name of guideline Recommendations on diagnosis Reference

Region of malnutrition in cancer
Spain SEOM clinical guidelines on  All oncology patients should be screened upon de las Penas
nutrition in cancer patients  initial diagnosis and throughout treatment 2019 (59)
(2018) utilising a validated MST.

Consider the evaluation of nutritional intake,

weight loss and BMI, loss of muscle mass,

physical performance and systemic

inflammation.
Abbreviations: AIOM, Italian Society of Medical Oncology; BIVA, bioelectrical impedance vector analysis; BMI, body mass
index; ESPEN, European Society for Clinical Nutrition and Metabolism; MNA, mini nutritional assessment; MST,
malnutrition screening tool; MUST, malnutrition universal screening tool; NRS, nutritional risk screening; SEOM, Spanish
Society of Medical Oncology; SINPE, Italian Society of Artificial Nutrition and Metabolism.

3.2. Nutritional screening

Nutritional screening aims to identify malnutrition, or risk of malnutrition, as early as possible,
allowing for early implementation of nutritional support in patients with cancer. In some countries,
mandatory screening has been established (125-127) in attempt to combat the medical and economic
burden or malnutrition. Dietary intake, body composition, physical activity and metabolic patterns are
considered as key domains in the assessment of malnutrition in patients with cancer (27). However,
there is no general consensus on individual methodologies to assess these domains, and measures. It
is recommended for clinicians to consider using a validated nutritional assessment tool (NRS 2002,
Malnutrition Universal Screening Tool [MUST], Malnutrition Screening Tool [MST] or MNA) for
appropriate assessment of malnutrition (61, 128).

Different measures exist for the assessment of nutritional risk in patients with cancer; a systematic
review of measures of malnutrition used in oncology patients between 1998 and 2013 (based on 160
identified studies) identified 37 different measures of malnutrition (124). Further studies have
highlighted differences between the available measures:

Use of PG-SGA detects more patients at nutritional risk, whereas NRS-2002 is a quicker and
easier assessment (129)

In patients with head and neck cancer, the Nutritional Risk Index (NRI) and L3 muscle mass
index (L3MMI) have been identified as being better than BMI and Janssen’s muscle mass
index at diagnosing patients as being malnourished, and functional muscle assessment can
be used to determine the degree of malnutrition (130)

In patients with hepatocellular carcinoma (N=51), 37.3% of patients were identified as being
at risk of malnutrition using the MNA (MNA 17-23.5), and 33.4% were identified using the
NRS (NRS >2) (131)

In outpatients with cancer (N=394), risk of malnutrition was detected in 22.6% of patients
using the NUTRISCORE measure, in 28.2% using MST, and 19% using PG-SGA (132).

The definitions of cachexia and sarcopenia allow for the identification of specific signs or symptoms
associated with malnutrition, or its risk, including loss of skeletal muscle mass and function (133).
Traditionally, BMI estimation was used to identify patients with cancer who were at risk for
malnutrition, a method now considered ineffective due to the global prevalence of obesity (10).
Imaging techniques, such as CT, or body composition analysis (e.g. bioelectrical impedance vector



analysis [BIVA]), are recommended to evaluate loss of skeletal muscle mass (27, 61). As with measures
of malnutrition, tools for identifying skeletal muscle mass loss also vary in sensitivity and specificity:

Preliminary results of an Italian study suggest that CT is a more sensitive method for
identifying sarcopenia, but BIVA is more specific (134)

A systematic review of patients with abdominal malignancy (10 studies, N=2,584) noted that
more patients were identified as sarcopenic when using CT scans rather than identified as
malnourished when using BMI (135)

Subjective global assessment and Global Leadership Initiative on Malnutrition (GLIM) criteria
produce similar predictive values regarding 6-month mortality in cancer inpatients (136)

Expert clinical assessment based on the 2011 cancer cachexia consensus domains can be
used to classify patients according to cachexia status (137)

GLIM criteria for malnutrition shows acceptable ability (vs international consensus definition
criteria [ICDC]) for detecting cancer cachexia and pre-cachexia in patients with locally-
advanced head and neck cancer (138)

CT scans, conducted for preoperative staging, provide an opportunity to quantify lean
muscle mass without additional cost or exposure to radiation and eliminate the
inconvenience of further investigations (139).

3.3. Current nutritional support

As discussed in Section 2.1.1, malnutrition is associated with loss of skeletal muscle mass and cachexia.
Nutritional supplementation is indicated in cases of malnutrition or risk of malnutrition; when patients
are not expected to be able to eat food for 1 week or more, or if food intake is less than 60% of their
needs for more than 1-2 weeks (27). A number of guidelines recommend the use of multimodal
nutritional interventions with targeted, individualised plans (Section 3.4) (10, 61).

Nutritional support may be comprised of nutritional and dietary counselling, with or without artificial
nutrition; either oral nutritional supplementation (ONS), enteral tube feeding (ETF) or parenteral
nutrition (PN). The aims of nutritional support are to increase nutritional intake, decrease
inflammation and hypermetabolic stress, and increase physical activity (10).

3.3.1. Nutritional counselling

Nutritional counselling and dietary advice are first offered to patients who are malnourished or at risk
of malnourishment in order to manage symptoms and improve nutritional status. Patients who are
capable of consuming food orally should be referred to an experienced dietician for dietary advice,
which has proven efficacious in increasing protein intake, increasing body weight, improving body
composition and improving certain aspects of QoL (59, 61). Nutritional counselling considers a
patient’s nutritional history, diagnosis and nutrition therapy, if required, and encourages patients to
consume energy- and protein-rich foods (including fortified foods) and fluids according to individual
patient needs (10, 27). If an enriched diet is not effective in improving nutritional status, oral
nutritional supplements are recommended to achieve nutritional targets (27).



3.3.2. Oral nutritional supplementation (ONS)

Implementation of oral nutritional supplements (ONS) is considered in cases where nutritional
counselling and recommended dietary measures fail to achieve patient protein-caloric requirements.
ONS are energy-dense preparations which have demonstrated efficacy in improving nutritional
outcomes when administered alongside nutritional counselling (10). Moreover, ONS with anti-
catabolic and anti-inflammatory ingredients, in the form of essential amino acids or omega-3 fatty
acids, may improve muscle protein synthesis (essential amino acids), and appetite, oral food intake,
lean body mass and body weight (omega-3 fatty acids) in cancer patients (10). The European Society
for Clinical Nutrition and Metabolism (ESPEN) expert group recommend the consideration of ONS with
anti-inflammatory ingredients.

3.3.3. Artificial nutrition — Enteral tube feeding (ETF)

Enteral nutrition (EN), or enteral tube feeding (ETF), is indicated if oral nutrition remains inadequate
(less than <60% of nutritional requirements) (59) despite nutritional intervention (nutritional
counselling, ONS) (27, 61) and intact lower Gl functionality. Such inadequate intake may occur in
patients with tumours that impair oral intake or food transport via the upper Gl tract (27). ETF may be
delivered through trans-nasal (nasogastric or nasojejunal tube) or percutaneous (endoscopic or
radiologically inserted, surgical gastrostomy or jejunostomy) route (61). ETF may be given
preoperatively, with both European and American guidelines recommending immune-enhancing
formulas in cancer patients undergoing major head-neck or abdominal surgery (140-142).
Postoperatively, ETF is recommended for patients who are malnourished at the time of resection, in
those who cannot reinitiate oral nutrition early, or in those who have inadequate food intake for more
than 10 days (61).

3.3.4. Artificial nutrition — Parenteral nutrition (PN)

Parenteral nutrition (PN) is indicated in patients receiving cancer therapy who are facing a period of
over 7 days of inadequate energy intake when nutritional counselling, ONS or EFT are not feasible,
contraindicated or are ineffective due to impaired Gl functionality (59, 61, 141, 143). PN is
administered intravenously, requiring a catheter in order to administer nutritional preparations. The
National Institute for Health and Care Excellence (NICE) recommend that PN should be introduced
progressively, closely monitored and should cease as soon as a patient has received their nutritional
recommendation (144).

PN may be administered at home (HPN), however only in suitable patients, considering their cognitive
and physical wellbeing, life expectancy (over 2—3 months) and home environment (27, 59). HPN has a
positive impact on health care costs, mainly by reducing the number and length of
hospitalisations (145).

While PN may improve patient QoL and functionality, its administration should be considered with
caution. Routine use is strongly not recommended (61), as PN may increase the risk of infections (and
associated health care costs), and dysregulation of Gl functionality (27).



3.4. Nutritional risk intervention guidelines

European guidelines recommend nutritional intervention in malnourished patients (Table 6) (10, 27).

Table 6: Guidelines on nutritional intervention in patients with cancer

Country/ Name of Guideline
Region
EU European ESPEN guidelines
on nutrition in cancer
patients
EU ESPEN guidelines on
nutrition in cancer patients
Italy AIOM-SINPE practical
recommendations for
nutritional support in cancer
patients
Spain SEOM clinical guidelines on

nutrition in cancer patients
(2018)

Recommendations on treatment of
malnutrition in cancer
Nutritional intervention: Increase oral intake in
malnourished patients who are capable of
eating. Includes dietary advice/nutritional
counselling and ONS. Implementation of
energy- and protein-rich foods and fluids.

Avoidance of restrictive ‘fad diets’ which
increase risk or aggravate malnutrition.

Artificial nutrition (EN or PN) if oral nutrition
remains inadequate.

Application of nutritional care is dependent on
medical history, appetite, cancer type, stage,
and response to treatment.

Introduction of nutritional counselling and
support, eg: consumption of ~25-30 kcal/kg
and 1.2-1.5g protein/kg per day (if total energy
expenditure cannot be measured).

Oral nutrition support (regular calorie-dense or
fortified foods and ONS) in cases of pre-
cachexia. ONS or enteral feeds with potential
inclusion of anti-inflammatory ingredients (e.g.:
omega-3 fatty acids) in cases with cachexia.

Inclusion of physical activity.

Dietary counselling should be initially
considered, alongside administration of ONS. In
cases of inadequate food intake, artificial
nutrition (EN, PN) should deliver nutritional
support. HAN is encouraged where possible.
Avoidance of “alternative hypocaloric anti-
cancer diets” (e.g. macrobiotic or vegan diets)
to minimise persistent malnutrition.
Nutritional counselling (including
administration or ONS) is recommended for
malnourished patients or those at risk of
malnutrition capable of food consumption.
Artificial nutrition (EN and PN) should be
considered depending on patient’s needs e.g.
EN if oral intake is <60% of requirement in
cases of Gl preservation. PN: if oral feeding or
use of Gl tract are not possible.

Incorporation of aerobic and resistance
exercise.

Reference

Arends 2017
(27)

Arends 2017
(10)

Caccialanza

2016 (61)

de las Penas
2019 (59)

Abbreviations: AIOM, Italian Society of Medical Oncology; EN, enteral nutrition; ESPEN, European Society for Clinical
Nutrition and Metabolism; Gl, gastrointestinal; HAN, home artificial nutrition; ONS, oral nutritional supplementation; PN,
parenteral nutrition; SEOM, Spanish Society of Medical Oncology; SINPE, Italian Society of Artificial Nutrition and

Metabolism.



European guidelines for patients with cancer undergoing surgery also recommend nutritional
intervention if patients are malnourished or at risk of malnutrition (Table 7) (146-148).

Table 7: Guidelines on nutritional intervention in patients with cancer undergoing surgery

Country/ Name of Guideline Recommendations on treatment of Reference
Region malnutrition in cancer
EU ERAS: Guidelines for Significantly malnourished patients should be Lassen 2012
perioperative care for optimised with oral supplements or enteral (146)
pancreaticoduodenectomy  nutrition preoperatively
(2012)
EU ERAS: Guidelines for Nutritional assessment should be undertaken in Low 2019
perioperative care in all patients with a view to detecting and (147)
esophagectomy (2019) optimising nutritional status before surgery

In high-risk cases, enteral support is indicated,
preferably using the Gl tract with selective use
of feeding tubes

EU ERAS: Guidelines for Preoperative nutritional support should be Cerantola
perioperative care after considered, especially for malnourished patient 2013 (148)

radical cystectomy for

bladder cancer (2013)

Abbreviations: ERAS, Enhanced Recovery After Surgery Society; Gl, gastrointestinal.

Despite the high prevalence of malnutrition amongst patients with cancer and clear guidelines, many
malnourished patients with cancer still do not receive nutritional support (8). An analysis of German
data (N=4,642) showed that only 16% of patients with Stage Ill/IV cancer receive HPN (ranging from
12.5% in head and neck cancer to 25.5% in gastric cancer) (Figure 7) (8). In these patients, HPN is
initiated approximately 337 days after starting cancer treatment (ranging from 196 days in gastric
cancer to 626 days in ovarian cancer) (Figure 8), and predominantly used as an end-of-life
intervention, with a mean time-to-death of approximately 3 months (8). In Italy (N=58,468), 8.4% of
metastatic cancer patients receive clinical nutrition (89% of these receive PN), and 3.1% of patients
without metastases receive clinical nutrition (8).

Figure 7: Proportion of patients receiving home PN, by cancer type
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Figure 8: Mean duration prior to home PN initiation, by cancer type
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4. Value of medical nutrition

Medical nutrition is associated with improved clinical outcomes in patients with malnutrition

Medical nutrition (oral nutritional supplements [ONS], enteral tube feeding [ETF], or
parenteral nutrition [PN) is associated with improved clinical outcomes in patients with
malnutrition (8, 28-31) (Section 4.1.1)

Medical nutrition is associated with reduced weight loss in cancer patients (32) (Section 4.1.2)

Medical nutrition is associated with improved survival in patients with cancer (33) (Section
4.1.3)

Medical nutrition is associated with improved adherence and response to anti-cancer
treatments (34, 35) (Section 4.1.4)

Medical nutrition is associated with reduced risk of chemotherapy toxicity (149) (Section 4.1.5)
Medical nutrition is associated with improved HRQoL
ONS is associated with improved HRQoL (37, 38) (Section 4.2.1.1)
PN is associated with improved HRQoL (39, 40) (Section 4.2.1.2)
Medical nutrition is associated with reduced direct medical costs and resource use
Medical nutrition is associated with decreased direct medical costs (41) (Section 4.3.1.1)
Medical nutrition is associated with reduced length of hospital stay (42) (Section 4.3.1.2)
Medical nutrition is associated with lower rates of complications (42, 44) (Section 4.3.1.3)

Medical nutrition is likely to be cost-effective (46) (Section 4.3.2)

4.1. Clinical value of medical nutrition

4.1.1. Medical nutrition is associated with improved clinical outcomes in patients with cancer and
malnutrition

A review of nutritional interventions to treat low skeletal muscle mass in patients with cancer
concluded that understanding patients nutritional requirements could lead to targeted prescriptions
to prevent or attenuate low skeletal muscle mass, thereby improving overall health, tolerance of anti-
cancer treatment, and better survival (150).

4.1.1.1. Oral nutritional supplements are associated with improved clinical outcomes in cancer
patients with malnutrition

Studies have shown that ONS in patients with cancer can increase body weight and improve
malnutrition. In a systematic review and meta-analysis (9 studies; N=1,101) of ONS, supplements,
particularly high protein oral supplementation, were associated with increased body weight
(p=0.0226) (28). A further double-blind RCT of patients with newly diagnosed oesophageal cancer
(N=64) comparing a nutritionally complete oral supplement with control interventions showed that
after 4 weeks, a significantly higher weight gain was observed in the ONS group compared with the
control group (p<0.05) (151). Additionally, a study of patients receiving ONS (fish oil or marine



phospholipids, N=60) showed that both groups experienced weight stabilisation in comparison with
the weight loss observed prior to study start, with 47-50% of patients gaining weight (152).

Administration of ONS has also been associated with improved clinical outcomes such as increased OS
and lower risk of post-operative complications. A systematic literature review and meta-analysis of
patients undergoing surgery for Gl cancer (16 studies, N=1,387) showed that preoperative immune-
modulating nutrition (ONS or EN) reduced infectious complications (OR 0.52, 95% Cl: 0.38 to 0.71,
p<0.0001) when compared with control (isocaloric isonitrogeneous feed or normal diet) (153). In
patients with oesophageal cancer at risk of malnutrition at baseline (NRI <100), initiation of oral
supplementation at baseline was associated with improved OS (HR 0.13 [95% Cl: 0.04 to 0.39], p<0.001
compared with no nutritional intervention (29). Furthermore, in patients with colorectal cancer
(N=52), those receiving ONS experienced a reduction in the frequency of certain complications: wound
dehiscence (2.2 times lower), infections (4.3 times lower), and anastomosis dehiscence (2.0 times
lower) compared with those without ONS (41), and in a retrospective study of the use of ONS prior to
abdominal surgery (N=55 control, and N=30 receiving ONS), 60% of patients in the control group
compared with 26.7% of patients receiving ONS had complications following surgery (p=0.003) (154).
Regarding survival, a retrospective analysis of patients with head and neck cancer (N=87), showed that
3-year OS was 59.0% in patients receiving nutritional support (dietary counselling and ONS) compared
with 34.9% in patients who did not (p=0.007) (30). A double-blind randomised controlled trial (RCT) of
patients with newly diagnosed oesophageal cancer (N=64) compared a nutritionally complete oral
supplement with control interventions. After 4 weeks, a significantly higher weight gain was observed
in the ONS group compared with the control group (p<0.05) (151)

4.1.1.2. ETF is associated with improved clinical outcomes in cancer patients with malnutrition

Administration of ETF in patients with cancer is associated with lower weight loss or weight
stabilisation compared with nutritional counselling. In an open-label randomised controlled trial of
patients with upper Gl cancer (N=79), weight loss was significantly lower (-0.3+3.9 kg vs —3.6+4.8 kg,
p<0.01) and total caloric intake significantly higher (40.6 kcal/kg vs 30.2 kcal/kg, p <0.001) in the home
EN group compared with the nutritional counselling control group after 2 months (155). Furthermore,
in a randomised trial comparing home EN with dietary counselling in patients with Gl cancer (N=49),
patients receiving dietary counselling suffered significant weight loss 2 months post-surgery (from
60.4+11.4 kg to 58.3+10.4 kg; p=0.014) whereas patients receiving home EN did not (31). A study
examining the timing of weight loss in relation to administration of ETF in patients undergoing
oesophagectomy (N=236) observed that weight loss primarily occurred after tube feeding was
stopped, with a decrease in median BMI from 25.6 kg/m? (95% Cl: 23.0 to 28.6) to 24.4 kg/m? (95% Cl:
22.0 to 27.1) within 1 month (p<0.001), equating to a median 3.0 kg (95% Cl: 1.0 to 5.3) weight loss
(3.9%) (156).

ETF is also associated with reduced risk of post-operative complication. In patients undergoing total
gastrectomy for gastric cancer (N=109), fewer patients receiving early postoperative enteral
immunonutrition experienced post-operative complications (7.4% vs 20%, p<0.05) and anastomotic
leaks (3.7% vs 7.3%, p<0.05) compared with isocaloric-isonitrogenous nutrition (43). A further
prospective, randomised, double-blind trial of patients undergoing resection for pancreatic or gastric
cancer (N=305), showed that patients receiving postoperative immunomodulating enteral diet
experienced significantly lower rates of complications (28.3% vs 39.2%, p=0.04) than patients
receiving standard oligopeptide diet (157). Significant reductions were also observed in overall



morbidity (47.1 vs 33.5%, p=0.01) and mortality (5.9 vs 1.3%, p=0.03). In a UK study of patients with
upper Gl cancer (N=121), complications were less common in patients receiving early EN vs patients
kept nil by mouth (32.8% vs 50.9%, p=0.044), due to statistically significantly fewer wound infections
(p=0.017) and chest infections (p=0.036) (158).

OS is also improved in patients with cancer receiving ETF; In a study of patients with oesophageal
cancer at risk of malnutrition at baseline (NRI <100) initiation of ETF at baseline was associated with
improved OS (HR 0.13 [95% Cl: 0.03 to 0.50], p=0.003) compared with no nutritional intervention (29).

4.1.1.3. PN is associated with improved clinical outcomes in cancer patients with malnutrition

PN is associated with improvements in nutritional status and increased body weight in patients with
cancer. In a study of patients with Stage lll/IV cancer receiving chemotherapy and home PN (N=65)
over 30% of patients showed improvement in PG-SGA assessment (p<0.01), with 5 patients reaching
well-nourished status (159), and in patients with biliopancreatic mass lesions (N=100), early PN in a
hospital setting increased body weight by 1.7 kg (95% CI:0.201 to 3.210, p=0.027), particularly in
patients with malignant lesions where body weight was increased by 2.7 kg (95% CI:0.71 to 4.76,
p<0.01) (160). A further prospective, observational, multicentre study of patients with Gl cancer
receiving home PN (N=370) found that patients’ weight increased significantly by 2.7% (p<0.001), with
63% gaining weight after HPN administration, and 17.5% reaching their target weight (40). In a Dutch
study of patients with acute myeloid leukaemia (AML, N=213), patients in a hospital where PN was
used frequently (PN hospital) lost less weight than those in a hospital where PN was only used in
exceptional cases (no PN hospital; between-group difference 7.7% [95% Cl:4.1 to 11.2%]) (161).
Among patients who received only one remission induction chemotherapy cycle (n=85), severe body
weight loss of >10% occurred in 7% of PN hospital patients compared with 39% of no PN hospital
patients (p=0.006). For patients receiving two remission induction cycles (n=128) this was 17% vs 70%,
respectively (p<0.0001).

Furthermore, PN is associated with improvements in mortality; In patients with Stage IlI/IV cancer in
Germany (N=4,642), initiation of HPN is associated with increased survival (81 days in head and neck
cancer, 29 days in colorectal cancer, 84 days in pancreatic cancer, 41 days in ovarian cancer, 118 days
in gastric cancer) vs no home PN (8). In a Dutch study of patients with AML (N=213), patients in a
hospital where PN was used frequently (PN hospital) patients lost less weight than those in a hospital
where PN was only used in exceptional cases (no PN hospital; between-group difference 7.7% [95%
Cl:4.110 11.2%]). Among patients who received only one remission induction (RI) chemotherapy cycle
(n=85), severe body weight loss of >10% occurred in 7% of PN hospital patients compared with 39%
of no PN hospital patients (p=0.006). For patients receiving two Rl cycles (n=128) this was 17% vs 70%,
respectively (p<0.0001) (161).

4.1.2. Medical nutrition is associated with reduced weight loss, or weight gain, in patients with
cancer

In an ltalian study of patients with head and neck cancer undergoing chemoradiotherapy (N=66),
weight loss in patients who were referred for early nutritional intervention (ONS or ETF) was
significantly lower 6 months after the end of treatment, compared with patients who did not receive
a specifically designed early nutrition support programme (-2.4+8.2% vs —9.618.1% of pre-treatment
weight, p<0.01) (32). In a further Italian study of patients with newly-diagnosed head and neck cancer
undergoing radiotherapy (N=159), body weight loss was lower in patients receiving nutritional



counselling and ONS compared with counselling alone (mean difference 1.6 kg, 95% CI: 0.5 to 2.7,
p=0.006) (162).

Further data from a systematic review and meta-analysis of RCTs in patients with cancer (11 studies,
N=1,350) showed that ONS led to significant improvement in body weight compared with controls
(+1.31 kg, 95% Cl: 0.24 to 2.38, p=0.02) (28).

4.1.3. Medical nutrition is associated with improved survival in patients with cancer

Survival is improved in patients without malnutrition; A Dutch study in which patients scheduled for
first-line chemotherapy (N=107) found that nutritional counselling (supported by ONS or EN if
indicated) was associated with significant improvements in PFS (9.6 vs 7.6 months; p=0.039) and OS
(21.7 vs 16.0 months; p=0.046) (33). A study of French patients undergoing lung cancer resection
(N=304) concluded that body reserves impact the survival of patients, and that improving body fat and
muscular mass prior to surgery should be considered (163).

4.1.4. Medical nutrition is associated with improved adherence and response to anti-cancer
treatments

Adherence and response to anti-cancer treatments can be improved by medical nutrition; A study on
the impact of a feeding jejunostomy on the preoperative management of patients with an oesogastric
adenocarcinoma (N=114), found that 96% of patients in the feeding jejunostomy group successfully
completed neoadjuvant treatment, compared with 81.6% of patients without feeding jejunostomy
(p=0.004) (34). In a further Italian study of patients with newly-diagnosed head and neck cancer
undergoing radiotherapy (N=159), use of ONS with nutritional counselling reduced the need for
changes in scheduled anticancer treatments (i.e. dose reduction or termination) compared with
counselling alone (HR 0.40, 95% Cl: 0.18 to 0.91, p=0.029) (162). In a Spanish study (N=55, 85% with
malnutrition), survival was improved (log rank 17.316, p<0.001) in patients who started chemotherapy
during or after PN vs those who did not receive PN (35).

4.1.5. Medical nutrition is associated with reduced risk of chemotherapy toxicity

Chemotherapy toxicity can also be improved by medical nutrition. In patients with colorectal cancer
undergoing chemotherapy (N=47), more patients receiving ONS were toxicity-event free
(haematological toxicities 86% vs 29% of patients and Gl toxicities 94% vs 29%) than patients without
ONS (36). In an Italian study of patients with head and neck cancer undergoing chemoradiotherapy
(N=66), toxicity-related breaks in radiotherapy >5 days and days of radiotherapy delayed for toxicity
were both significantly less likely in patients who were referred for early nutritional intervention (ONS
or ETF), compared with patients who did not receive a specifically designed early nutrition support
programme (30.3% vs 63.6%, p<0.01, and 4.4%5.2 vs 7.6+6.5, p=0.038, respectively) (32).

4.2. Quality of life value of medical nutrition
4.2.1. Medical nutrition is associated with improved HRQoL

4.2.1.1. ONS is associated with improved HRQoL

Systematic literature reviews have concluded that ONS is associated with improvements in HRQoL. In
one systematic review (13 studies; N=1,414), oral nutritional interventions were shown to have a
beneficial effect on aspects of QoL including emotional functioning, dyspnoea (shortness of breath)



and loss of appetite (37). A further systematic review assessing evidence for nutritional support in
patients with incurable cancer found that 8 of 11 studies reported improvements in QoL in patients
receiving nutritional support, compared with control patients (38).

In a small randomised controlled trial of ONS in colorectal cancer (N=13), patients receiving ONS
experienced an improvement in social function, while patients not receiving ONS experienced a
decline (mean change 16.67 vs —13.89, p=0.038) (164). Patients in the control group experienced a
>10 point increase in fatigue (considered clinically meaningful; the ONS group experienced reduced
fatigue), and patients in the ONS group experienced a 10 point decrease in pain (also considered
clinically meaningful; the control group experienced increased pain). In a further double-blind RCT of
patients with newly diagnosed oesophageal cancer (N=64) a nutritionally complete oral supplement
was compared with control interventions (151). After 4 weeks, Eastern Cooperative Oncology Group
(ECOG) performance status was significantly different between the active and control groups (p<0.05).
Performance status improved in 17.4% of the patients in the active group compared with 0% in the
control group, was stable in 65.2% of the patients in the active group compared with 72.7% in the
control group, and was worsened in 17.4% of the patients in the active group compared with 27.3%
in the control group). In patients with colorectal cancer referred for radiotherapy (N=111), global QoL,
physical function, and role function domains were statistically significantly improved at end of
radiotherapy, and global QolL, and physical function were statistically significantly improved at
3 months after radiotherapy in patients receiving ONS compared with those receiving nutritional
counselling alone (165).

4.2.1.2. PN is associated with improved HRQoL

Studies show that HRQol is also improved following administration of PN in patients with cancer. In
an observational, prospective study (N=767), HPN resulted in a significant improvement in QoL
measured using Functional Assessment of Cancer Therapy- General (FACT-G; 3.2% increase in FACT-G
score, p<0.0001) (39). In a prospective, observational, multicentre study of patients with Gl cancer
receiving HPN (N=370) found that QoL (measured by FACT-G) significantly improved 28 days after HPN
administration (global scores improved from 48.9 to 50.3 [p=0.007] and physical scores improved from
49.1 to 54.8 [p<0.001]) (40). A study of QoL in advanced cancer patients receiving HPN and concurrent
oncological therapy (N=111) showed that QoL was maintained or even showed an improvement
(domains of global Qol, physical, role, emotional functioning, appetite loss and fatigue) in some scores
according to the EORTC QLQ-C30 (166). In patients (N=65) with Stage IlI/IV cancer receiving
chemotherapy and HPN, the mean Karnofsky Performance Status (KPS) increased from 67.4 at
baseline to 72.5 at 90 days (p<0.01) and the proportion of patients with KPS 270 increased from 66.2%
at baseline to 77% at 90 days (159). In an RCT of patients with terminal Gl cancer (N=47), QoL
(measured using EORTC QLQ-C15-PAL [Core 15-item, palliative care]) was significantly better at
12 weeks (p<0.05) in those receiving HPN, particularly for parameters around nausea, depression, and
constipation (167).



4.3. Economic value of medical nutrition

4.3.1. Medical nutrition is associated with reduced direct medical costs and healthcare resource
use

4.3.1.1. Medical nutrition is associated with decreased direct medical costs

Direct medical costs were lower in patients receiving medical nutrition. In patients with colorectal
cancer (N=52), mean daily hospital costs were reduced by 11% (€479 vs €538, p=0.005) for those
receiving ONS compared with those without ONS (41).

4.3.1.2. Medical nutrition is associated with reduced length of hospital stay

Several studies show that LoS is reduced in patients with cancer receiving medical nutrition. A
systematic review on the effects of n-3 polyunsaturated fatty acid (PUFA) in patients with abdominal
cancer found that in a pooled analysis of eight studies reporting LoS outcomes (N=883), PUFA intake
was associated with significantly shorter LoS (mean differences [MD] —2.47 [95% Cl: —3.25 to —1.69])
compared with conventional nutrition in a fixed-effects model (45).

These results are supported by output from individual studies in different cancer types. In surgical
cancer patients receiving medical nutrition (standard or immune-modulating EN, or standard or
immune-modulating PN; N=969), those who were well nourished generally had shorter LoS than those
who were malnourished (12.4 to 12.9 days vs 13.1 to 17.1 days, p=NR) (42). In patients with colorectal
cancer (N=52), those receiving ONS experienced shorter LoS (9.4 days vs 12 days, p=0.02) compared
with those without ONS (41). In patients undergoing total gastrectomy for gastric cancer (N=109), LoS
was shorter in patients receiving early postoperative enteral immunonutrition (12.7 days vs 15.9 days,
p=0.029) compared with isocaloric-isonitrogenous nutrition (43). In a retrospective study of the use
of ONS prior to abdominal surgery (N=55 no ONS, and N=30 receiving ONS), LoS was 8 days in patients
without ONS compared with 6.5 days in patients receiving ONS (p=0.02) (154). In a UK study of patients
with upper Gl cancer (N=121), LoS was statistically significantly shorter in patients receiving early EN
vs patients kept nil by mouth (16 days vs 19 days, p=0.023) (158). In a prospective, randomised,
double-blind trial of patients undergoing resection for pancreatic or gastric cancer (N=305), patients
receiving postoperative immunomodulating enteral diet experienced significantly shorter
postoperative hospital stays (median 13.1 days compared with 17.1 days for patients receiving
standard oligopeptide diet) (157). A systematic literature review and meta-analysis of patients
undergoing surgery for Gl cancer (16 studies, N=1,387) showed that preoperative immune-modulating
nutrition (ONS or EN) reduced length of hospital stay (weighted mean difference —1.57 days, 95% Cl:
2.48 t0 —0.66, p=0.0007) when compared with control (isocaloric isonitrogeneous feed or normal diet)
(153). In a multicentre, prospective, randomised, double-blind study of patients with head and neck
cancer (N=205 in intention-to-treat [ITT] analysis), 64 patients consumed >75% of theoretical
nutritional intake. In this group of patients there was a significant reductions in median length of post-
operative stay (18 vs 25 days; p=0.05) in patients who received perioperative immunonutrition
compared with patients who received a reference diet (without immune nutrients) (168).

4.3.1.3. Medical nutrition is associated with lower rates of complications

Furthermore, studies show that medical nutrition is also associated with lower rates of complications.
A systematic review and meta-analysis (61 studies; N=5,983) found that immunonutrition (delivered
as ONS, EN or PN) was associated with lower rates of postoperative wound infections (pooled RR 0.72



[95% Cl: 0.60 to 0.87], p=0.0008), respiratory tract infections (pooled RR 0.70 [95% Cl: 0.59 to 0.84],
p=0.0001), and urinary tract infections (UTIs; pooled RR 0.69 [95% Cl: 0.51 to 0.94], p=0.02) (44). A
further systematic review on the effects of n-3 polyunsaturated fatty acid (PUFA) in patients with
abdominal cancer (15 studies; N=654) found that in a pooled analysis of six studies that reported rates
of complications, ONS supplemented with PUFA was associated with a lower total complication rate
(RR, 0.70 [95% Cl: 0.58 to 0.84]) in a fixed-effects model (45).

In surgical cancer patients receiving medical nutrition (standard or immune-modulating EN, or
standard or immune-modulating PN; N=969), those who were well nourished generally had lower
rates of infectious complications, than those who were malnourished (23.1 to 25.2% vs 28.3 to 39.2%,
p=NR) (42). In a randomised controlled trial (N=101) investigating the impact of preoperative ONS on
postoperative complications, ONS was found to reduce the risk of surgical site infections or chest
infections compared with no preoperative ONS (OR adjusted for random baseline differences 0.341
[95% Cl: 0.128 to 0.909], p=0.031) (169). In a prospective analysis of patients with pancreatic cancer
(N=92), severe complications were significantly less frequent in the ONS group compared with the
control group (23.3% vs 42.5%, p=0.006) (170). In a multicentre, prospective, randomised, double-
blind study of patients with head and neck cancer (N=205 in ITT analysis), 64 patients consumed >75%
of theoretical nutritional intake. In this group of patients there were significant reductions in infectious
complications (OR 0.24; p=0.05) and surgical site infections (OR 0.17; p=0.04) in patients who received
perioperative immunonutrition compared with patients who received a reference diet (without
immune nutrients) (168).

4.3.2. Medical nutrition is likely to be cost-effective

Home-based PN in addition to ETF in patients with Stage IV pancreatic cancer in the UK is estimated
to be associated with an increase in 0.14 quality-adjusted life years (QALYs) at an increased cost of
£5,832 to £12,905 vs ETF alone (dependent on whether nursing and home delivery for ETF and
supplemental PN were provided separately); with an estimated ICER of £41,350 to £91,501 per QALY
gained (46).



References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Pressoir M, Desné S, Berchery D, Rossignol G, Poiree B, Meslier M, et al. Prevalence, risk factors and clinical implications
of malnutrition in French Comprehensive Cancer Centres. Br J Cancer. 2010;102(6):966-71.

Caillet P, Liuu E, Raynaud Simon A, Bonnefoy M, Guerin O, Berrut G, et al. Association between cachexia, chemotherapy
and outcomes in older cancer patients: A systematic review. Clinical Nutrition. 2017;36(6):1473-82.

Muscaritoli M, Lucia S, Farcomeni A, Lorusso V, Saracino V, Barone C, et al. Prevalence of malnutrition in patients at
first medical oncology visit: The PreMiO study. Oncotarget. 2017;8(45):79884-96.

Brotelle T, Lemal R, Cabrespine A, Combal C, Hermet E, Ravinet A, et al. Prevalence of malnutrition in adult patients
previously treated with allogeneic hematopoietic stem-cell transplantation. Clin Nutr. 2018;37(2):739-45.

Stegel P, Kozjek NR, Brumen BA, Strojan P. Bioelectrical impedance phase angle as indicator and predictor of cachexia
in head and neck cancer patients treated with (chemo)radiotherapy. Eur J Clin Nutr. 2016;70(5):602-6.

British Association for Parenteral and Enteral Nutrition (BAPEN). Nutrition screening survey in the UK and Republic of
Ireland in 2011: Hospitals, care homes and mental health units. Available at:
https://www.bapen.org.uk/pdfs/nsw/nsw-2011-report.pdf (last accessed 04 Mar 2020).

Sorbye LW. Cancer in home care: unintended weight loss and ethical challenges. A cross-sectional study of older people
at 11 sites in Europe. Arch Gerontol Geriatr. 2011;53(1):64-9.

Caccialanza R, Goldwasser F, Marschal O, Ottery F, Schiefke I, Tilleul P, et al. Unmet needs in clinical nutrition in
oncology: a multinational analysis of real-world evidence. Ther Adv Med Oncol. 2020;12:1758835919899852.
Gioulbasanis |, Martin L, Baracos VE, Thezenas S, Koinis F, Senesse P. Nutritional assessment in overweight and obese
patients with metastatic cancer: does it make sense? Ann Oncol. 2015;26(1):217-21.

Arends J, Baracos V, Bertz H, Bozzetti F, Calder PC, Deutz NEP, et al. ESPEN expert group recommendations for action
against cancer-related malnutrition. Clin Nutr. 2017;36(5):1187-96.

Lopez-Gomez JJ, Cerezo-Martin JM, Torres-Torres B, Gomez-Hoyos E, Ortola-Buigues A, Delgado-Garcia E, et al.
Nutritional status and related complications in hospitalized oncological patient. Clinical Nutrition. 2019;38(Supplement
1):5123.

Sullivan E. S DLEDR, Ni Bhuachalla E. B, Fallon M, Simmons C, McMillan D. C, Laird B, Ryan A. M, Power D. G. Predictors
of survival in patients with incurable cancer. Annals of Oncology. 2019;30(Supplement 5):v730.

Palmela C, Velho S, Agostinho L, Branco F, Santos M, Santos MP, et al. Body composition as a prognostic factor of
neoadjuvant chemotherapy toxicity and outcome in patients with locally advanced gastric cancer. J Gastric Cancer.
2017;17(1):74-87.

Chang KV, Chen JD, Wu WT, Huang KC, Hsu CT, Han DS. Association between loss of skeletal muscle mass and mortality
and tumor recurrence in hepatocellular carcinoma: A systematic review and meta-analysis. Liver Cancer. 2018;7(1):90-
103.

Hua X, Liu S, Liao JF, Wen W, Long ZQ, Lu ZJ, et al. When the loss costs too much: A systematic review and meta-analysis
of sarcopenia in head and neck cancer. Front Oncol. 2019;9:1561.

Kufeldt J, Viehrig M, Schweikert D, Fritsche A, Bamberg M, Adolph M. Treatment of malnutrition decreases
complication rates and shortens the length of hospital stays in a radiation oncology department. Strahlenther Onkol.
2018;194(11):1049-59.

Cardi M, Sibio S, Di Marzo F, Lefoche F, d'Agostino C, Fonsi GB, et al. Prognostic factors influencing infectious
complications after cytoreductive surgery and HIPEC: Results from a tertiary referral center. Gastroenterol Res Pract.
2019;2019:2824073.

Chabowski M, Polanski J, Jankowska-Polanska B, Janczak D, Rosinczuk J. Is nutritional status associated with the level
of anxiety, depression and pain in patients with lung cancer? J Thorac Dis. 2018;10(4):2303-10.

Daly L, Dolan R, Power D, Ni Bhuachalla E, Sim W, Fallon M, et al. The relationship between the BMI-adjusted weight
loss grading system and quality of life in patients with incurable cancer. J Cachexia Sarcopenia Muscle. 2020;11(1):160-
8.

Planas M, Alvarez-Hernandez J, Leon-Sanz M, Celaya-Perez S, Araujo K, Garcia de Lorenzo A. Prevalence of hospital
malnutrition in cancer patients: a sub-analysis of the PREDyCES study. Supportive Care in Cancer. 2016;24(1):429-35.
Freijer K, Tan SS, Koopmanschap MA, Meijers JM, Halfens RJ, Nuijten MJ. The economic costs of disease related
malnutrition. Clin Nutr. 2013;32(1):136-41.

Van Vugt JLA, Buettner S, Levolger S, Coebergh Van Den Braak RRJ, Suker M, Gaspersz MP, et al. Low skeletal muscle
mass is associated with increased hospital expenditure in patients undergoing cancer surgery of the alimentary tract.
PLoS ONE. 2017;12(10):e0186547.

Lodewick TM, Van Nijnatten TJA, Van Dam RM, Van Mierlo K, Dello SAWG, Neumann UP, et al. Are sarcopenia, obesity
and sarcopenic obesity predictive of outcome in patients with colorectal liver metastases? HPB. 2015;17(5):438-46.
Yanni A, Dequanter D, Lechien JR, Loeb I, Rodriguez A, Javadian R, et al. Malnutrition in head and neck cancer patients:
Impacts and indications of a prophylactic percutaneous endoscopic gastrostomy. European Annals of
Otorhinolaryngology, Head and Neck Diseases. 2019;136(3 Supplement):527-533.

Ferrer E, Boulahssass R, Gonfrier S, Champigny N, Michel E, Francois E, et al. Guided geriatric interventions (Gl) and
nutritional status: A study from the PACA EST French cohort. Journal of Geriatric Oncology. 2019;10(6 Supplement
1):596-S7.


https://www.bapen.org.uk/pdfs/nsw/nsw-2011-report.pdf

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43,

44,

45.

46.

47.

48.

49.

50.

51.

van Vugt JLA, Braam HJ, van Oudheusden TR, Vestering A, Bollen TL, Wiezer MJ, et al. Skeletal muscle depletion is
associated with severe postoperative complications in patients undergoing cytoreductive surgery with hyperthermic
intraperitoneal chemotherapy for peritoneal carcinomatosis of colorectal cancer. Annals of surgical oncology.
2015;22(11):3625-31.

Arends J, Bachmann P, Baracos V, Barthelemy N, Bertz H, Bozzetti F, et al. ESPEN guidelines on nutrition in cancer
patients. Clin Nutr. 2017;36(1):11-48.

de van der Schueren MAE, Laviano A, Blanchard H, Jourdan M, Arends J, Baracos VE. Systematic review and meta-
analysis of the evidence for oral nutritional intervention on nutritional and clinical outcomes during
chemo(radio)therapy: current evidence and guidance for design of future trials. Ann Oncol. 2018;29(5):1141-53.

Cox S, Powell C, Carter B, Hurt C, Mukherjee S, Crosby TD. Role of nutritional status and intervention in oesophageal
cancer treated with definitive chemoradiotherapy: outcomes from SCOPE1. Br J Cancer. 2016;115(2):172-7.

Tondulli L, Trestini |, Carbognin L, Sperduti I, Bonaiuto C, Pilotto S, et al. Prognostic value of tailored nutritional support
in Head and Neck cancer patients undergoing treatments. Radiotherapy and Oncology. 2019;132(Supplement 1):73.
Colatruglio S GNSAGC. Nutrition support in gastrointestinal cancer patients: A randomized clinical trial. 2012;7(1):74.
Paccagnella A, Morello M, Da Mosto MC, Baruffi C, Marcon ML, Gava A, et al. Early nutritional intervention improves
treatment tolerance and outcomes in head and neck cancer patients undergoing concurrent chemoradiotherapy.
Supportive Care in Cancer. 2010;18(7):837-45.

van der Werf A, Langius JAE, Beeker A, ten Tije AJ, Vulink AJ, Haringhuizen A, et al. The effect of nutritional counseling
on muscle mass and treatment outcome in patients with metastatic colorectal cancer undergoing chemotherapy: A
randomized controlled trial. Clinical Nutrition. 2020((de van der Schueren) Department of Nutrition and Health, Faculty
of Health and Social Studies, HAN University of Applied Sciences, P.O. Box 6960, Nijmegen, GL 6503, Netherlands).
Manfredelli S, Delhorme JB, Venkatasamy A, Gaiddon C, Brigand C, Rohr S, et al. Could a feeding jejunostomy be
integrated into a standardized preoperative management of oeso-gastric junction adenocarcinoma? Annals of Surgical
Oncology. 2017;24(11):3324-30.

Guerra EM, Cortes-Salgado A, Mateo-Lobo R, Nattero L, Riveiro J, Vega-Pinero B, et al. Role of parenteral nutrition in
oncologic patients with intestinal occlusion and peritoneal carcinomatosis. Nutr Hosp. 2015;32(3):1222-7.

Mazzuca F, Roberto M, Arrivi G, Sarfati E, Schipilliti FM, Crimini E, et al. Clinical impact of highly purified, whey proteins
in patients affected with colorectal cancer undergoing chemotherapy: Preliminary results of a placebo-controlled
study. Integrative Cancer Therapies. 2019;18((Muscaritoli) Sapienza University, Rome, Italy).

Zhang F, Shen A, Jin Y, Qiang W. The management strategies of cancer-associated anorexia: a critical appraisal of
systematic reviews. BMC Complement Altern Med. 2018;18(1):236.

Blackwood HA, Hall CC, Balstad TR, Solheim TS, Fallon M, Haraldsdottir E, et al. A systematic review examining nutrition
support interventions in patients with incurable cancer. Supportive Care in Cancer. 2020;28(4):1877-89.

Culine S, Chambrier C, Tadmouri A, Senesse P, Seys P, Radji A, et al. Home parenteral nutrition improves quality of life
and nutritional status in patients with cancer: A French observational multicentre study. Supportive Care in Cancer.
2014;22(7):1867-74.

Senesse P, Tadmouri A, Culine S, Dufour PR, Seys P, Radji A, et al. A prospective observational study assessing home
parenteral nutrition in patients with gastrointestinal cancer: Benefits for quality of life. Journal of Pain and Symptom
Management. 2015;49(2):183-91.

Manasek V, Bezdek K, Foltys A, Klos K, Smitka J, Smehlik D. The impact of high protein nutritional support on clinical
outcomes and treatment costs of patients with colorectal cancer. Klin Onkol.29(5):351-7.

Klek S, Szybinski P, Szczepanek K. Perioperative immunonutrition in surgical cancer patients: a summary of a decade of
research. World J Surg. 2014;38(4):803-12.

Marano L PRPMGMPMEGBBGPBVCAIGDMN. Clinical and immunological impact of early postoperative enteral
immunonutrition after total gastrectomy in gastric cancer patients: a prospective randomized study. 2013;20(12):3912.
YuK, Zheng X, Wang G, Liu M, Li Y, Yu P, et al. Immunonutrition vs Standard Nutrition for Cancer Patients: A Systematic
Review and Meta-Analysis (Part 1). JPEN J Parenter Enteral Nutr. 2019.

Ma YJ, Liu L, Xiao J, Cao BW. Perioperative omega-3 Polyunsaturated Fatty Acid Nutritional Support in Gastrointestinal
Cancer Surgical Patients: A Systematic Evaluation. Nutrition and Cancer. 2016;68(4):568-76.

Webb N, Fricke J, Hancock E, Trueman D, Ghosh S, Winstone J, et al. The clinical and cost-effectiveness of supplemental
parenteral nutrition in oncology. ESMO Open. 2020;5(3).

Renshaw GL, Barrett RA, Chowdhury S. The incidence of the risk of malnutrition in adult medical oncology outpatients
and commonly-associated symptoms. J Hum Nutr Diet. 2008;21(4):399.

Lacau St Guily J, Bouvard E, Raynard B, Goldwasser F, Maget B, Prevost A, et al. NutriCancer: A French observational
multicentre cross-sectional study of malnutrition in elderly patients with cancer. J Geriatr Oncol. 2018;9(1):74-80.
Bourdel-Marchasson |, Diallo A, Bellera C, Blanc-Bisson C, Durrieu J, Germain C, et al. One-year mortality in older
patients with cancer: Development and external validation of an MNA-based prognostic score. PLoS ONE.
2016;11(2):e0148523.

Hebuterne X, Lemarie E, Michallet M, de Montreuil CB, Schneider SM, Goldwasser F. Prevalence of malnutrition and
current use of nutrition support in patients with cancer. JPEN J Parenter Enteral Nutr. 2014;38(2):196-204.

Jahn P, Stodter M, Tabea M, Jahn F, Josephine R, Leithold C. Prevalence of malnutrition in cancer patients in hospital
setting-a cross-sectional analysis. Supportive Care in Cancer. 2018;26(2 Supplement 1):5170.



52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

van den Broeke C, de Burghgraeve T, Ummels M, Gescher N, Deckx L, Tjan-Heijnen V, et al. Occurrence of malnutrition
and associated factors in community-dwelling older adults: Those with a recent diagnosis of cancer are at higher risk.
Journal of Nutrition, Health and Aging. 2018;22(2):191-8.

Su H, Ruan J, Chen T, Lin E, Shi L. CT-assessed sarcopenia is a predictive factor for both long-term and short-term
outcomes in gastrointestinal oncology patients: A systematic review and meta-analysis. Cancer Imaging. 2019;19(1):82.
Kirov KM, Xu HP, Crenn P, Goater P, Tzanis D, Bouhadiba MT, et al. Role of nutritional status in the early postoperative
prognosis of patients operated for retroperitoneal liposarcoma (RLS): A single center experience. Eur J Surg Oncol.
2019;45(2):261-7.

Versteeg AL, Van Tol FR, Lehr MA, Oner CF, Verlaan JJ. Malnutrition in patients who underwent surgery for spinal
metastases. Annals of Translational Medicine. 2019;7(10):213.

Anker MS, Holcomb R, Muscaritoli M, von Haehling S, Haverkamp W, Jatoi A, et al. Orphan disease status of cancer
cachexia in the USA and in the European Union: a systematic review. J Cachexia Sarcopenia Muscle. 2019;10(1):22-34.
Maasberg S, Knappe-Drzikova B, Vonderbeck D, Jann H, Weylandt KH, Grieser C, et al. Malnutrition predicts clinical
outcome in patients with neuroendocrine neoplasia. Neuroendocrinology. 2016;104(1):11-25.

Ozola Zalite I, Zykus R, Francisco Gonzalez M, Saygili F, Pukitis A, Gaujoux S, et al. Influence of cachexia and sarcopenia
on survival in pancreatic ductal adenocarcinoma: A systematic review. Pancreatology. 2015;15(1):19-24.

de Las Penas R, Majem M, Perez-Altozano J, Virizuela JA, Cancer E, Diz P, et al. SEOM clinical guidelines on nutrition in
cancer patients (2018). Clin Transl Oncol. 2019;21(1):87-93.

Muscaritoli M, Anker SD, Argiles J, Aversa Z, Bauer JM, Biolo G, et al. Consensus definition of sarcopenia, cachexia and
pre-cachexia: joint document elaborated by Special Interest Groups (SIG) "cachexia-anorexia in chronic wasting
diseases" and "nutrition in geriatrics". Clin Nutr. 2010;29(2):154-9.

Caccialanza R, Pedrazzoli P, Cereda E, Gavazzi C, Pinto C, Paccagnella A, et al. Nutritional support in cancer patients: A
position paper from the Italian Society of Medical Oncology (AIOM) and the Italian Society of Artificial Nutrition and
Metabolism (SINPE). J Cancer. 2016;7(2):131-5.

Stauder R, Augschoell J, Hamaker ME, Koinig KA. Malnutrition in older patients with hematological malignancies at
initial diagnosis - association with impairments in health status, systemic inflammation and adverse outcome.
HemaSphere. 2020;4(1):e332.

Russo C, Terret C, Cropet C, Albrand G. Geriatric assessment in oncology: Moving the concept forward. The 20 years of
experience of the Centre Leon Berard geriatric oncology program. J Geriatr Oncol. 2018;9(6):673-8.

van Deudekom FJ, van der Velden LA, Zijl WH, Schimberg AS, Langeveld AP, Slingerland M, et al. Geriatric assessment
and 1-year mortality in older patients with cancer in the head and neck region: A cohort study. Head and Neck.
2019;41(8):2477-83.

Aaldriks AA, Giltay EJ, Nortier JWR, Van Der Geest LGM, Tanis BC, Ypma P, et al. Prognostic significance of geriatric
assessment in combination with laboratory parameters in elderly patients with aggressive non-Hodgkin lymphoma.
Leukemia and Lymphoma. 2015;56(4):927-35.

Cavallin F, Scarpa M, Cagol M, Alfieri R, Ruol A, Chiarion Sileni V, et al. Time to diagnosis in esophageal cancer: a cohort
study. Acta Oncol. 2018;57(9):1179-84.

Reisinger KW, Bosmans JWAM, Uittenbogaart M, Alsoumali A, Poeze M, Sosef MN, et al. Loss of skeletal muscle mass
during neoadjuvant chemoradiotherapy predicts postoperative mortality in esophageal cancer surgery. Annals of
surgical oncology. 2015;22(13):4445-52.

Antoun S, Morel H, Souquet PJ, Surmont V, Planchard D, Bonnetain F, et al. Staging of nutrition disorders in non-small-
cell lung cancer patients: utility of skeletal muscle mass assessment. J Cachexia Sarcopenia Muscle. 2019;10(4):782-93.
Abbass T, Dolan RD, Laird BJ, McMillan DC. The relationship between imaging-based body composition analysis and
the systemic inflammatory response in patients with cancer: A systematic review. Cancers (Basel). 2019;11(9).

Zhang X, Tang T, Pang L, Sharma SV, Li R, Nyitray AG, et al. Malnutrition and overall survival in older adults with cancer:
A systematic review and meta-analysis. Journal of Geriatric Oncology. 2019;10(6):874-83.

Gruber ES, Jomrich G, Tamandl D, Gnant M, Schindl M, Sahora K. Sarcopenia and sarcopenic obesity are independent
adverse prognostic factors in resectable pancreatic ductal adenocarcinoma. PloS one. 2019;14(5):e0215915.

Jarvinen T, llonen |, Kauppi J, Salo J, Rasanen J. Loss of skeletal muscle mass during neoadjuvant treatments correlates
with worse prognosis in esophageal cancer: a retrospective cohort study. World J Surg Oncol. 2018;16(1):27.

Loosen SH, Schulze-Hagen M, Bruners P, Tacke F, Trautwein C, Kuhl C, et al. Sarcopenia is a negative prognostic factor
in patients undergoing transarterial chemoembolization (TACE) for hepatic malignancies. Cancers. 2019;11(10):1503.

Gallois C, Artru P, Lievre A, Auclin E, Lecomte T, Locher C, et al. Evaluation of two nutritional scores' association with
systemic treatment toxicity and survival in metastatic colorectal cancer: an AGEO prospective multicentre study.
European Journal of Cancer. 2019;119((Barret) Paris Descartes University, Assistance Publique-Hopitaux de Paris,
Department of Gastroenterology, Hopital Cochin, Paris, France):35-43.

Weerink LBM, van der Hoorn A, van Leeuwen BL, de Bock GH. Low skeletal muscle mass and postoperative morbidity
in surgical oncology: a systematic review and meta-analysis. Journal of Cachexia, Sarcopenia and Muscle. 2020((de
Bock) Department of Epidemiology, University of Groningen, University Medical Center Groningen, Groningen,
Netherlands).

Schwarz S, Prokopchuk O, Esefeld K, Groschel S, Bachmann J, Lorenzen S, et al. The clinical picture of cachexia: A mosaic
of different parameters (experience of 503 patients). BMC Cancer. 2017;17(1):130.



77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

Sanchez-Torralvo FJ, Contreras Bolivar V, Ruiz Vico M, Abuin Fernandez J, Gonzalez Almendros |, Barrios Garcia M, et
al. Relation between malnutrition and the presence of symptoms of anxiety and depression in patients with cancer.
Clinical Nutrition. 2019;38(Supplement 1):547.

Ferriolli E, Skipworth RJ, Hendry P, Scott A, Stensteth J, Dahele M, et al. Physical activity monitoring: a responsive and
meaningful patient-centered outcome for surgery, chemotherapy, or radiotherapy? J Pain Symptom Manage.
2012;43(6):1025-35.

Kortebein P, Ferrando A, Lombeida J, Wolfe R, Evans WJ. Effect of 10 days of bed rest on skeletal muscle in healthy
older adults. JAMA. 2007;297(16):1772-4.

Ryan AM, Power DG, Daly L, Cushen SJ, Ni Bhuachalla E, Prado CM. Cancer-associated malnutrition, cachexia and
sarcopenia: the skeleton in the hospital closet 40 years later. Proc Nutr Soc. 2016;75(2):199-211.

Shachar SS, Williams GR, Muss HB, Nishijima TF. Prognostic value of sarcopenia in adults with solid tumours: A meta-
analysis and systematic review. Eur J Cancer. 2016;57:58-67.

Levolger S, van Vugt JL, de Bruin RW, J.N IJ. Systematic review of sarcopenia in patients operated on for gastrointestinal
and hepatopancreatobiliary malignancies. The British journal of surgery. 2015;102(12):1448-58.

Pedrazzoli P, Caccialanza R, Stobaus N, Turri A, Klersy C, Caraccia M, et al. Validation of a new prognostic body
composition parameter in cancer patients. Journal of Clinical Oncology. 2019;37(Supplement 15).

Otten L, Stobaus N, Franz K, Genton L, Muller-Werdan U, Wirth R, et al. Impact of sarcopenia on 1-year mortality in
older patients with cancer. Age Ageing. 2019;48(3):413-8.

Mintziras 1, Miligkos M, Wachter S, Manoharan J, Maurer E, Bartsch DK. Sarcopenia and sarcopenic obesity are
significantly associated with poorer overall survival in patients with pancreatic cancer: Systematic review and meta-
analysis. Int J Surg. 2018;59:19-26.

Faron A, Pieper CC, Schmeel FC, Sprinkart AM, Kuetting DLR, Fimmers R, et al. Fat-free muscle area measured by
magnetic resonance imaging predicts overall survival of patients undergoing radioembolization of colorectal cancer
liver metastases. European Radiology. 2019;29(9):4709-17.

Antonelli G, Gigante E, lavarone M, Begini P, Biondetti P, Pellicelli AM, et al. Sarcopenia predicts survival in patients
with advanced hepatocellular carcinoma treated with Sorafenib. Journal of Hepatology. 2018;68(Supplement 1):5207-
S8.

Gore ME, Bellmunt J, Eisen T, Escudier B, Mickisch G, Patard J, et al. Evaluation of treatment options for patients with
advanced renal cell carcinoma: assessment of appropriateness, using the validated semi-quantitative RAND
corporation/University of California, Los Angeles methodology. Eur J Cancer. 2012;48(7):1038-47.

Laviano A, Molfino A, Rossi Fanelli F. Cancer-treatment toxicity: can nutrition help? Nat Rev Clin Oncol. 2012;9(10).
Sullivan R, Peppercorn J, Sikora K, Zalcberg J, Meropol NJ, Amir E, et al. Delivering affordable cancer care in high-income
countries. Lancet Oncol. 2011;12(10):933-80.

Klute KA, Brouwer J, Jhawer M, Sacks H, Gangadin A, Ocean AJ, et al. Chemotherapy toxicity predicted by baseline
nutrition assessment in gastrointestinal (GI) malignancies: A multicenter analysis. J Clin Oncol. 2015;33:410.

Cushen SJ, Power DG, Teo MY, MacEneaney P, Maher MM, McDermott R, et al. Body composition by computed
tomography as a predictor of toxicity in patients with renal cell carcinoma treated with sunitinib. American Journal of
Clinical Oncology: Cancer Clinical Trials. 2017;40(1):47-52.

Wendrich AW, Swartz JE, Bril SI, Wegner |, de Graeff A, Smid EJ, et al. Low skeletal muscle mass is a predictive factor
for chemotherapy dose-limiting toxicity in patients with locally advanced head and neck cancer. Oral Oncol.
2017;71:26-33.

Kazemi-Bajestani SM, Mazurak VC, Baracos V. Computed tomography-defined muscle and fat wasting are associated
with cancer clinical outcomes. Semin Cell Dev Biol. 2016;54:2-10.

Kurk S, Peeters P, Stellato R, Dorresteijn B, de Jong P, Jourdan M, et al. Skeletal muscle mass loss and dose-limiting
toxicities in metastatic colorectal cancer patients. J Cachexia Sarcopenia Muscle. 2019;10(4):803-13.

Chemama S, Bayar MA, Lanoy E, Ammari S, Stoclin A, Goere D, et al. Sarcopenia is associated with chemotherapy
toxicity in patients undergoing cytoreductive surgery with hyperthermic intraperitoneal chemotherapy for peritoneal
carcinomatosis from colorectal cancer. Annals of Surgical Oncology. 2016;23(12):3891-8.

Willemsen ACH, Hoeben A, Lalisang RI, Van Helvoort A, Baijens LWJ, Wesseling FWR, et al. Disease-and treatment
induced cachexia in locally advanced head and neck squamous cell carcinoma. Radiotherapy and Oncology.
2019;132(Supplement 1):38-9.

Cessot A, Hebuterne X, Coriat R, Durand JP, Mir O, Mateus C, et al. Defining the clinical condition of cancer patients: it
is time to switch from performance status to nutritional status. Support Care Cancer. 2011;19(7):869-70.

Koch C, Reitz C, Schreckenbach T, Eichler K, Al-Batran SE, Goetze T, et al. Sarcopenia as an independent prognostic
factor for survival and perioperative complications in patients with gastric cancer. United European Gastroenterology
Journal. 2018;6(8 Supplement):A522.

White R, Weekes CE, Grant R, Baldwin C, Ahmed H. Determining the prevalence and severity of cancer cachexia in
advanced non-small cell lung cancer and its relationship with chemotherapy outcomes. Supportive Care in Cancer.
2020((Baldwin) Nutrition and Dietetics, Kings College London, Franklin-Wilkins Building, Waterloo, London SE1 9NH,
United Kingdom).

Basile D, Parnofiello A, Vitale MG, Cortiula F, Gerratana L, Fanotto V, et al. The IMPACT study: early loss of skeletal
muscle mass in advanced pancreatic cancer patients. J Cachexia Sarcopenia Muscle. 2019;10(2):368-77.



102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

Agelaki S, Rounis K, Papadaki C, Monastirioti AA, Vamvakas L, Gioulbasanis |, et al. Cancer cachexia, sarcopenia and
hand-GRIP strength (HGS) in the prediction of outcome in patients with metastatic non-small cell lung cancer (NSCLC)
treated with immune checkpoint inhibitors (ICls): A prospective, observational study. Journal of Clinical Oncology.
2019;37(Supplement 15).

Beecher SM, O'Leary DP, McLaughlin R, Kerin MJ. The impact of surgical complications on cancer recurrence rates: A
literature review. Oncol Res Treat. 2018;41(7-8):478-82.

McSorley ST, Horgan PG, McMillan DC. The impact of the type and severity of postoperative complications on long-
term outcomes following surgery for colorectal cancer: A systematic review and meta-analysis. Crit Rev Oncol Hematol.
2016;97:168-77.

Borggreve AS, den Boer RB, van Boxel Gl, de Jong PA, Veldhuis WB, Steenhagen E, et al. The predictive value of low
muscle mass as measured on CT scans for postoperative complications and mortality in gastric cancer patients: A
systematic review and meta-analysis. J Clin Med. 2020;9(1).

Simonsen C, de Heer P, Bjerre ED, Suetta C, Hojman P, Pedersen BK, et al. Sarcopenia and postoperative complication
risk in gastrointestinal surgical oncology: A meta-analysis. Ann Surg. 2018;268(1):58-69.

Caburet C, Farigon N, Mulliez A, Mom T, Boirie Y, Gilain L, et al. Impact of nutritional status at the outset of assessment
on postoperative complications in head and neck cancer. European Annals of Otorhinolaryngology, Head and Neck
Diseases. 2019((Mulliez) Service de la Recherche Clinique et de I'Innovation, Unite de Statistiques, 58, rue
Montalembert, Clermont-Ferrand 63000, France).

Nishimura JM, Ansari AZ, D'Souza DM, Moffatt-Bruce SD, Merritt RE, Kneuertz PJ. Computed tomography-assessed
skeletal muscle mass as a predictor of outcomes in lung cancer surgery. Annals of Thoracic Surgery. 2019;108(5):1555-
64.

Vergara N, Montoya JE, Luna HG, Amparo JR, Cristal-Luna G. Quality of life and nutritional status among cancer patients
on chemotherapy. Oman Med J. 2013;28(4):270-4.

Calderon C, Carmona-Bayonas A, Beato C, Ghanem |, Hernandez R, Majem M, et al. Risk of malnutrition and emotional
distress as factors affecting health-related quality of life in patients with resected cancer. Clinical and Translational
Oncology. 2019;21(5):687-91.

Polanski J, Jankowska-Polanska B, Uchmanowicz |, Chabowski M, Janczak D, Mazur G, et al. Malnutrition and quality of
life in patients with non-small-cell lung cancer. Advances in experimental medicine and biology. 2017;1021(0121103,
2lu):15-26.

Power DG, Daly L, Bhuachalla EN, Cushen S, McEneaney P, Dahly DL, et al. Determinants of quality of life and survival
in ambulatory oncology patients receiving chemotherapy. Journal of Clinical Oncology. 2018;36(15 Supplement 1).
Climent M, Munarriz M, Blazeby JM, Dorcaratto D, Ramon JM, Carrera MJ, et al. Weight loss and quality of life in
patients surviving 2 years after gastric cancer resection. European Journal of Surgical Oncology. 2017;43(7):1337-43.
Capuano G, Gentile PC, Bianciardi F, Tosti M, Palladino A, Palma MD. Prevalence and influence of malnutrition on
quality of life and performance status in patients with locally advanced head and neck cancer before treatment.
Supportive Care in Cancer. 2010;18(4):433-7.

Rier HN, Jager A, Meinardi MC, van Rosmalen J, Kock MCIM, Westerweel PE, et al. Severe sarcopenia might be
associated with a decline of physical independence in older patients undergoing chemotherapeutic treatment.
Supportive Care in Cancer. 2018;26(6):1781-9.

Gosak M, Gradisar K, Rotovnik Kozjek N, Strojan P. Psychological distress and nutritional status in head and neck cancer
patients: a pilot study. Eur Arch Otorhinolaryngol. 2020;277(4):1211-7.

Wasley D, Gale N, Roberts S, Backx K, Nelson A, van Deursen R, et al. Patients with established cancer cachexia lack the
motivation and self-efficacy to undertake regular structured exercise. Psycho-oncology. 2018;27(2):458-64.

Tlemsani C, Zalcman G, Bernard R, Zerouali A, Goldwasser F. Malnutrition in cancer patients: Is late diagnosis a missed
opportunity to improve care? Annals of Oncology. 2018;29(Supplement 8).

Seretis C, Kaisari P, Wanigasooriya K, Shariff U, Youssef H. Malnutrition is associated with adverse postoperative
outcome in patients undergoing elective colorectal cancer resections. Journal of BUON. 2018;23(1):36-41.

Elliott JA, Doyle SL, Murphy CF, King S, Guinan EM, Beddy P, et al. Sarcopenia: Prevalence, and impact on operative and
oncologic outcomes in the multimodal management of locally advanced esophageal cancer. Annals of Surgery.
2017;266(5):822-30.

Lundberg M, Dickinson A, Nikander P, Orell H, Makitie A. Low-phase angle in body composition measurements
correlates with prolonged hospital stay in head and neck cancer patients. Acta Oto-Laryngologica. 2019;139(4):383-7.
Bril SI, Pezier TF, Tijink BM, Janssen LM, Braunius WW, de Bree R. Preoperative low skeletal muscle mass as a risk factor
for pharyngocutaneous fistula and decreased overall survival in patients undergoing total laryngectomy. Head Neck.
2019;41(6):1745-55.

O'Brien S, Twomey M, Moloney F, Kavanagh RG, Carey BW, Power D, et al. Sarcopenia and post-operative morbidity
and mortality in patients with gastric cancer. Journal of Gastric Cancer. 2018;18(3):242-52.

Sealy MJ, Nijholt W, Stuiver MM, van der Berg MM, Roodenburg JL, van der Schans CP, et al. Content validity across
methods of malnutrition assessment in patients with cancer is limited. J Clin Epidemiol. 2016;76:125-36.

Meijers JM, Tan F, Schols JM, Halfens RJ. Nutritional care; do process and structure indicators influence malnutrition
prevalence over time? Clin Nutr. 2014;33(3):459-65.

Geiker NR, Horup Larsen SM, Stender S, Astrup A. Poor performance of mandatory nutritional screening of in-hospital
patients. Clin Nutr. 2012;31(6):862-7.



127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

Health Improvement Scotland. Standards for food, fluid and nutritional care. 30 Oct 2014. Available at:
http://www.healthcareimprovementscotland.org/our_work/standards_and_guidelines/stnds/nutritional_care_stand
ards.aspx (last accessed 22 Jul 2020).

Skipper A, Ferguson M, Thompson K, Castellanos VH, Porcari J. Nutrition screening tools: an analysis of the evidence.
JPEN J Parenter Enteral Nutr. 2012;36(3):292-8.

Justin E, Mlakar Mastnak D, Rotovnik Kozjek N. Quantitative analysis of nutritional risk screening tools NRS 2002 and
PG-SGA in oncology outpatients. Clinical Nutrition. 2019;38(Supplement 1):5143.

Saroul N, Pastourel R, Mulliez A, Farigon N, Dupuch V, Mom T, et al. Which assessment method of malnutrition in head
and neck cancer? Otolaryngol Head Neck Surg. 2018;158(6):1065-71.

Schutte K, Tippelt B, Schulz C, Rohl FW, Feneberg A, Seidensticker R, et al. Malnutrition is a prognostic factor in patients
with hepatocellular carcinoma (HCC). Clin Nutr. 2015;34(6):1122-7.

Arribas L, Hurtos L, Sendros MJ, Peiro |, Salleras N, Fort E, et al. NUTRISCORE: A new nutritional screening tool for
oncological outpatients. Nutrition. 2017;33:297-303.

Martin L, Senesse P, Gioulbasanis I, Antoun S, Bozzetti F, Deans C, et al. Diagnostic criteria for the classification of
cancer-associated weight loss. J Clin Oncol. 2015;33(1):90-9.

Casirati A, Vandoni G, Della Valle S, Colatruglio S, Greco G, Platania M, et al. Sarcopenia and inflammation in cancer
patients at diagnosis. Clinical Nutrition. 2019;38(Supplement 1):553-54.

Gibson DJ, Burden ST, Strauss BJ, Todd C, Lal S. The role of computed tomography in evaluating body composition and
the influence of reduced muscle mass on clinical outcome in abdominal malignancy: a systematic review. Eur J Clin
Nutr. 2015;69(10):1079-86.

Contreras-Bolivar V, Sanchez-Torralvo FJ, Ruiz-Vico M, Gonzalez-Almendros |, Barrios M, Padin S, et al. GLIM criteria
using hand grip strength adequately predict six-month mortality in cancer inpatients. Nutrients. 2019;11(9).

Lorton C, Barnes E, Gough N, Griffin O, Higgins K, Roulston F, et al. Clinical application of the 2011 cancer cachexia
consensus. Supportive Care in Cancer. 2018;26(2 Supplement 1):5171.

Migdanis |, Gioulbasanis I, Samarina T, Letsiou A, Dragganoudi S, Befa T, et al. Prevalence of cancer cachexia and
malnutrition in oncology patients prior to treatment initiation. Clinical Nutrition. 2019;38(Supplement 1):5146-S7.
Jones KI, Doleman B, Scott S, Lund JN, Williams JP. Simple psoas cross-sectional area measurement is a quick and easy
method to assess sarcopenia and predicts major surgical complications. Colorectal Dis. 2015;17(1):020-6.

Arends J, Bodoky G, Bozzetti F, Fearon K, Muscaritoli M, Selga G, et al. ESPEN guidelines on enteral nutrition: Non-
surgical oncology. Clin Nutr. 2006;25(2):245-59.

August DA, Huhmann MB, American Society for P, Enteral Nutrition Board of D. A.S.P.E.N. clinical guidelines: nutrition
support therapy during adult anticancer treatment and in hematopoietic cell transplantation. JPEN J Parenter Enteral
Nutr. 2009;33(5):472-500.

Weimann A, Braga M, Harsanyi L, Laviano A, Ljungqvist O, Soeters P, et al. ESPEN guidelines on enteral nutrition:
Surgery including organ transplantation. Clin Nutr. 2006;25(2):224-44.

Bozzetti F, Arends J, Lundholm K, Micklewright A, Zurcher G, Muscaritoli M, et al. ESPEN guidelines on parenteral
nutrition: Non-surgical oncology. Clin Nutr. 2009;28(4):445-54.

National Institute for Health and Care Excellence (NICE). Clinical guidline 32. Nutrition support for adults: oral nutrition
support, enteral tube feeding and parenteral nutrition. 22 Feb 2006. Updated 04 Aug 2017. Available at:
https://www.nice.org.uk/guidance/cg32/chapter/1-Guidancetfparenteral-nutrition-in-hospital-and-the-community
(last accesed 22 Jul 2020).

Santarpia L, Pagano MC, Pasanisi F, Contaldo F. Home artificial nutrition: an update seven years after the regional
regulation. Clin Nutr. 2014;33(5):872-8.

Lassen K, Coolsen MM, Slim K, Carli F, de Aguilar-Nascimento JE, Schafer M, et al. Guidelines for perioperative care for
pancreaticoduodenectomy: Enhanced Recovery After Surgery (ERAS(R)) Society recommendations. Clin Nutr.
2012;31(6):817-30.

Low DE, Allum W, De Manzoni G, Ferri L, Immanuel A, Kuppusamy M, et al. Guidelines for perioperative care in
esophagectomy: Enhanced Recovery After Surgery (ERAS((R))) Society recommendations. World J Surg.
2019;43(2):299-330.

Cerantola Y, Valerio M, Persson B, Jichlinski P, Ljungqvist O, Hubner M, et al. Guidelines for perioperative care after
radical cystectomy for bladder cancer: Enhanced Recovery After Surgery (ERAS((R))) society recommendations. Clin
Nutr. 2013;32(6):879-87.

Cereda E, Turri A, Klersy C, Cappello S, Ferrari A, Filippi AR, et al. Whey protein isolate supplementation improves body
composition, muscle strength and treatment tolerance in malnourished advanced cancer patients undergoing
chemotherapy. Clinical Nutrition. 2019;38(Supplement 1):S1.

Prado CM, Purcell SA, Laviano A. Nutrition interventions to treat low muscle mass in cancer. J Cachexia Sarcopenia
Muscle. 2020;11(2):366-80.

Faber J, Uitdehaag MJ, Spaander M, van Steenbergen-Langeveld S, Vos P, Berkhout M, et al. Improved body weight
and performance status and reduced serum PGE2 levels after nutritional intervention with a specific medical food in
newly diagnosed patients with esophageal cancer or adenocarcinoma of the gastro-esophageal junction. Journal of
Cachexia, Sarcopenia and Muscle. 2015((van der Gaast) Department of Medical Oncology, Erasmus Medical Center,
Rotterdam, Netherlands):32-44.


http://www.healthcareimprovementscotland.org/our_work/standards_and_guidelines/stnds/nutritional_care_standards.aspx
http://www.healthcareimprovementscotland.org/our_work/standards_and_guidelines/stnds/nutritional_care_standards.aspx
https://www.nice.org.uk/guidance/cg32/chapter/1-Guidance#parenteral-nutrition-in-hospital-and-the-community

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

Werner K, Kullenberg de Gaudry D, Taylor LA, Keck T, Unger C, Hopt UT, et al. Dietary supplementation with n-3-fatty
acids in patients with pancreatic cancer and cachexia: marine phospholipids versus fish oil - a randomized controlled
double-blind trial. Lipids in Health and Disease. 2017;16(1):104.

Adiamah A, Skorepa P, Weimann A, Lobo DN. The impact of preoperative immune modulating nutrition on outcomes
in patients undergoing surgery for gastrointestinal cancer: A systematic review and meta-analysis. Ann Surg.
2019;270(2):247-56.

Mudarra Garcia N, Naranjo Pena |, Olivares Pizarro SP, Riquelme Oliveira A, Granizo Martinez JJ, Rodriguez Prieto |, et
al. Pre-surgical nutrition support reduces the incidence of surgical wound complications in oncological patients. Nutr
Cancer. 2020;72(5):801-7.

Gavazzi C, Colatruglio S, Valoriani F, Mazzaferro V, Sabbatini A, Biffi R, et al. Impact of home enteral nutrition in
malnourished patients with upper gastrointestinal cancer: A multicentre randomised clinical trial. European Journal of
Cancer. 2016;64((Mariani, Miceli) Unit of Medical Statistics, Biometry, Bioinformatics, Fondazione IRCCS Istituto
Nazionale dei Tumori, Milan, Italy):107-12.

Weijs TJ, van Eden HWJ, Ruurda JP, Luyer MDP, Steenhagen E, Nieuwenhuijzen GAP, et al. Routine jejunostomy tube
feeding following esophagectomy. Journal of Thoracic Disease. 2017;9(Supplement8):5S851-S60.

Klek S, Sierzega M, Szybinski P, Szczepanek K, Scislo L, Walewska E, et al. The immunomodulating enteral nutrition in
malnourished surgical patients - A prospective, randomized, double-blind clinical trial. Clinical Nutrition.
2011;30(3):282-8.

Barlow R, Price P, Reid TD, Hunt S, Clark GW, Havard TJ, et al. Prospective multicentre randomised controlled trial of
early enteral nutrition for patients undergoing major upper gastrointestinal surgical resection. Clin Nutr.
2011;30(5):560-6.

Cotogni P, Monge T, Fadda M, De Francesco A. Bioelectrical impedance analysis for monitoring cancer patients
receiving chemotherapy and home parenteral nutrition. BMC Cancer. 2018;18(1):990.

Kruger J, Meffert PJ, Vogt LJ, Gartner S, Steveling A, Kraft M, et al. Early parenteral nutrition in patients with
biliopancreatic mass lesions, a prospective, randomized intervention trial. PLoS ONE. 2016;11(11):e0166513.

van Lieshout R, Tick LW, Dieleman J, Custers S, van der Lee D, van Dongen MS, et al. Body weight changes and
hepatobiliary effects associated with parenteral nutrition in patients with acute myeloid leukemia during remission
induction treatment Clinical Nutrition. 2019;38(Supplement 1):5204-S5.

Caccialanza R, Pedrazzoli P, Cereda E, Colombo S, Cappello S, Turri A, et al. Nutritional counseling with or without
systematic use of oral nutritional supplements in head and neck cancer patients undergoing radiotherapy. Annals of
Oncology. 2017;28:vi89.

Icard P, Schussler O, Loi M, Bobbio A, Lupo AM, Wislez M, et al. Pre-disease and pre-surgery BMI, weight loss and
sarcopenia impact survival of resected lung cancer independently of tumor stage. Cancers (Basel). 2020;12(2).

Trabal J, Leyes P, Forga M, Maurel J. Potential usefulness of an EPA-enriched nutritional supplement on chemotherapy
tolerability in cancer patients without overt malnutrition. Nutricion hospitalaria : organo oficial de la Sociedad Espanola
de Nutricion Parenteral y Enteral. 2010;25(5):736-40.

Ravasco P, Monteiro-Grillo |, Vidal PM, Camilo ME. Dietary counseling improves patient outcomes: a prospective,
randomized, controlled trial in colorectal cancer patients undergoing radiotherapy. J Clin Oncol. 2005;23(7):1431-8.
Cotogni P, De Carli L, Passera R, Amerio ML, Agnello E, Fadda M, et al. Longitudinal study of quality of life in advanced
cancer patients on home parenteral nutrition. Cancer Med. 2017;6(7):1799-806.

Obling SR, Wilson BV, Pfeiffer P, Kjeldsen J. Home parenteral nutrition increases fat free mass in patients with incurable
gastrointestinal cancer. Results of a randomized controlled trial. Clin Nutr. 2019;38(1):182-90.

Falewee MN, Schilf A, Boufflers E, Cartier C, Bachmann P, Pressoir M, et al. Reduced infections with perioperative
immunonutrition in head and neck cancer: exploratory results of a multicenter, prospective, randomized, double-blind
study. Clinical nutrition (Edinburgh, Scotland). 2014;33(5):776-84.

Burden S, Billson HA, Lal S, Owen KA, Muneer A. Perioperative nutrition for the treatment of bladder cancer by radical
cystectomy. Cochrane Database of Systematic Reviews. 2019;2019(5):CD010127.

Tumas J, Tumiene B, Jurkeviciene J, Jasiunas E, Sileikis A. Nutritional and immune impairments and their effects on
outcomes in early pancreatic cancer patients undergoing pancreatoduodenectomy. Clinical nutrition (Edinburgh,
Scotland). 2020(c3x, 8309603).

Meissner C, Fahlke J, Otto R, Kahl C, Ptok H, Lippert H, et al. The risk of malnutrition in patients with rectal carcinoma:
An Analysis of 9789 patients. Oncology Research and Treatment. 2018;41(Supplement 1):53.

Daniele A, Divella R, Abbate |, Casamassima A, Garrisi VM, Savino E, et al. Assessment of nutritional and inflammatory
status to determine the prevalence of malnutrition in patients undergoing surgery for colorectal carcinoma. Anticancer
Res. 2017;37(3):1281-7.

Almasaudi AS, McSorley ST, Dolan RD, Edwards CA, McMillan DC. The relation between Malnutrition Universal
Screening Tool (MUST), computed tomography-derived body composition, systemic inflammation, and clinical
outcomes in patients undergoing surgery for colorectal cancer. Am J Clin Nutr. 2019;110(6):1327-34.

Abdel-Lah O, Alonso ED, Sanchez E, Ruiz Gorjon C, Hernandez-Cosido L, Parreno FC, et al. Descriptive study of
nutritional status in patients with esophageal cancer. according to the new GLIM criteria. Clinical Nutrition.
2019;38(Supplement 1):5261-S2.

Abdel-Lah O, Alonso ED, Alonso S, Ruiz Gorjon C, Jimenez |, Carrero S, et al. Incidence and grade of malnutrition on
patients with gastric cancer. Clinical Nutrition. 2019;38(Supplement 1):5262.



176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

1809.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

Aleixo GFP, Shachar SS, Nyrop KA, Muss HB, Battaglini CL, Williams GR. Bioelectrical impedance analysis for the
assessment of sarcopenia in patients with cancer: A systematic review. Oncologist. 2020;25(2):170-82.

Banaste N, Rousset P, Mercier F, Rieussec C, Valette PJ, Glehen O, et al. Preoperative nutritional risk assessment in
patients undergoing cytoreductive surgery plus hyperthermic intraperitoneal chemotherapy for colorectal
carcinomatosis. Int J Hyperthermia. 2018;34(5):589-94.

Levolger S, van Vledder MG, Muslem R, Koek M, Niessen WJ, de Man RA, et al. Sarcopenia impairs survival in patients
with potentially curable hepatocellular carcinoma. J Surg Oncol. 2015;112(2):208-13.

Latorre Fragua RA, Manuel Vazquez A, Ramiro Perez C, de la Plaza Llamas R, Ramia Angel JM. Influence of sarcopenia
in major pancreatic surgery. A systematic review of the literature. Gastroenterol Hepatol. 2020;43(3):142-54.
Orell-Kotikangas H, Osterlund P, Makitie O, Saarilahti K, Ravasco P, Schwab U, et al. Cachexia at diagnosis is associated
with poor survival in head and neck cancer patients. Acta Otolaryngol. 2017;137(7):778-85.

Malecka-Massalska T, Mlak R, Smolen A, Morshed K. Bioelectrical impedance phase angle and subjective global
assessment in detecting malnutrition among newly diagnosed head and neck cancer patients. European Archives of
Oto-Rhino-Laryngology. 2016;273(5):1299-305.

Strassmann D, Hensen B, Gruenwald V, Stange K, Eggers H, Langer F, et al. Sarcopenia (SMI(+)) in patients (pts) with
advanced or metastatic soft tissue sarcoma (a/mSTS): Potential parameter for risk prediction during multimodal
therapy (MT)? Journal of Clinical Oncology. 2019;37(Supplement 15).

Pielkenrood BJ, van Urk PR, van der Velden JM, Kasperts N, Verhoeff JIC, Bol GH, et al. Impact of body fat distribution
and sarcopenia on the overall survival in patients with spinal metastases receiving radiotherapy treatment: a
prospective cohort study. Acta Oncol. 2020;59(3):291-7.

Rutten G, van Dijk DPJ, Kruitwagen RFPM, Beets-Tan RGH, Olde Damink SWM, van Gorp T. Loss of skeletal muscle
during neoadjuvant chemotherapy is related to decreased survival in ovarian cancer patients. Journal of Cachexia,
Sarcopenia and Muscle. 2016;7(4):458-66.

Pevny S, Maasberg S, Karber M, Knappe-Drzikova B, Weylandt KH, Jann H, et al. Systemic anti-cancer therapies impair
the nutritional status of neuroendocrine tumor patients. Neuroendocrinology. 2019;108(Supplement 1):189.

Drake TM, Lee MJ, Sayers AE, Abercrombie J, Acheson A, Alderson D, et al. Outcomes following small bowel obstruction
due to malignancy in the national audit of small bowel obstruction. European Journal of Surgical Oncology.
2019;45(12):2319-24.

Sullivan ES, Daly LE, Ni Bhuachalla EB, Cushen SJ, Power DG, Ryan AM. Loss of subcutaneous adipose tissue during
palliative chemotherapy predicts reduced survival in patients with incurable colorectal cancer. Clinical Nutrition.
2019;38(Supplement 1):516.

Waha JE, Wagner D, Wisiak S, Kornprat P, Werkgartner G, Mischinger HJ. Prevalence of sarcopenia in colorectal liver
metastases varies according to primary tumor location. Journal of the American College of Surgeons. 2019;229(4
Supplement 1):5183.

Boer BC, de Graaff F, Brusse-Keizer M, Bouman DE, Slump CH, Slee-Valentijn M, et al. Skeletal muscle mass and quality
as risk factors for postoperative outcome after open colon resection for cancer. International Journal of Colorectal
Disease. 2016;31(6):1117-24.

Boshier PR, Heneghan R, Markar SR, Baracos VE, Low DE. Assessment of body composition and sarcopenia in patients
with esophageal cancer: a systematic review and meta-analysis. Dis Esophagus. 2018;31(8).

Anciaux M, Ameye L, Guiot T, Flamen P, Goldman S, Demetter P, et al. Fat quality: The handsome stranger in esophageal
cancer prognosis. Journal of Cachexia, Sarcopenia and Muscle. 2018;9(6):1155.

Deng HY, Zha P, Peng L, Hou L, Huang KL, Li XY. Preoperative sarcopenia is a predictor of poor prognosis of esophageal
cancer after esophagectomy: a comprehensive systematic review and meta-analysis. Dis Esophagus. 2019;32(3).
Faron A, Sprinkart AM, Pieper CC, Kuetting DLR, Fimmers R, Block W, et al. Yttrium-90 radioembolization for
hepatocellular carcinoma: Outcome prediction with MRI derived fat-free muscle area. European Journal of Radiology.
2020;125((Fimmers) University of Bonn, Department of Medical Biometry, Informatics, and Epidemiology, Venusberg-
Campus 1, Bonn 53127, Germany):108889.

Buntzel J, Micke O, Kisters K, Buntzel J, Mucke R. Malnutrition and survival - bioimpedance data in head neck cancer
patients. In Vivo. 2019;33(3):979-82.

Chargi N, Bril SI, Emmelot-Vonk MH, de Bree R. Sarcopenia is a prognostic factor for overall survival in elderly patients
with head-and-neck cancer. Eur Arch Otorhinolaryngol. 2019;276(5):1475-86.

Buentzel J, Heinz J, Bleckmann A, Bauer C, Rover C, Bohnenberger H, et al. Sarcopenia as prognostic factor in lung
cancer patients: A systematic review and meta-analysis. Anticancer Res. 2019;39(9):4603-12.

Daniele A, Ferrero A, Fuso L, Mineccia M, Porcellana V, Vassallo D, et al. Palliative care in patients with ovarian cancer
and bowel obstruction. Supportive Care in Cancer. 2015;23(11):3157-63.

Herrod PJJ, Boyd-Carson H, Doleman B, Trotter J, Schlichtemeier S, Sathanapally G, et al. Quick and simple; psoas
density measurement is an independent predictor of anastomotic leak and other complications after colorectal
resection. Tech Coloproctol. 2019;23(2):129-34.

Papaconstantinou D, Vretakakou K, Paspala A, Misiakos EP, Charalampopoulos A, Nastos C, et al. The impact of
preoperative sarcopenia on postoperative complications following esophagectomy for esophageal neoplasia: a
systematic review and meta-analysis. Dis Esophagus. 2020.



Appendix A:

Prevalence of malnutrition and muscle loss, by cancer type

Gl cancer

Patients with Gl cancer frequently experience malnutrition (Table 8) and muscle loss (Table 9).

Table 8: Prevalence of malnutrition in adult patients with Gl cancer

Country Patient population

(reference)

Gl cancer

France Patients (age=NR) at first hospitalisation
(8) for Gl cancer

N=570,727

Colorectal cancer

France Adult (>18 years) inpatients and

(2) outpatients with malignant diagnosis
N=156

Germany Patients (age=NR) with rectal cancer

(171) N=9,789

Italy Patients (244 years) undergoing surgery

(172) for colorectal cancer
N=78

UK Patients (mean age 66 years)

(173) undergoing surgery for colorectal cancer
N=363

Oesophageal cancer

Spain Patients (mean age 64.5 years) admitted
(174) to hospital for oesophageal cancer
N=44

Gastric cancer

Spain Patients (44-88 years) admitted to
(175) hospital for gastric cancer
N=101

Upper digestive cancer

France Adult (>18 years) inpatients and
(2) outpatients with malignant diagnosis

N=103

Measure used

NR'

BMI
Weight

NRS

MNA

MUST

MUST
NRS

NRS
GLIM criteria

BMI
Weight

Prevalence

Malnutrition: 10%

Malnutrition: 31.2%
o Severe: 9.2%
o Moderate: 22%

Risk of malnutrition: 53.9%

Malnourished: 24.3%
Risk of malnutrition: 46.1%

Risk of malnutrition: 21%
o High risk: 12%
o Medium risk: 9%

Malnutrition: 75%

Risk of malnutrition: 64.9%
Malnutrition: 54.3%

o Severe: 29.2%

o Moderate: 20.8%

Malnutrition: 49.5%
o Severe: 23.2%
o Moderate: 26.3%

TMalnutrition was identified in database via ICD-10 malnutrition diagnosis code and accompanying diagnosis code of at
least moderate or severe malnutrition in the Program for the Medicalization of Information Systems database.
Abbreviations: BMI, body mass index; Gl, gastrointestinal; GLIM, Global Leadership Initiative on Malnutrition; MNA, mini
nutritional assessment; MUST, malnutrition universal screening tool; NR, not reported; NRS, nutritional risk screening.



Table 9: Prevalence of muscle loss in adult patients with Gl cancer

Country Patient population

(reference)

Gl cancer

Global’ Patients (median age 64.6 years)

(53) undergoing surgery or adjuvant therapy

for Gl cancer
N=21,875 from 70 studies

Colorectal cancer

Global’ Patients with
(176) preoperative/prechemotherapy-treated
colorectal cancer

N=190 from 3 studies
EUT Patients with colorectal cancer
(56) experiencing weight-loss
N=724 from 4 studies

France Patients (median age 59.5 years)
(177) undergoing surgery for colorectal
cancer
N=214

Oesophageal cancer

Global’ Patients with either preoperative or
(176) prechemotherapy-treated oesophageal
cancer

N=636 from 7 studies

Netherlands Patients (mean age 63 years)
(67) undergoing surgery for oesophageal
cancer

N=123

Gastric cancer

Global® Patients with preoperative gastric
(176) cancer
N=687 from 5 studies
EU’ Patients with gastric cancer
(56) N=108 from 1 study

Liver cancer

EU" Patients with liver cancer
(56) N=25 from 1 study

Netherlands Patients (>22 years) with hepatocellular
(178) carcinoma

Pancreatic cancer

Global® Patients with pancreatic cancer
(179) N=3,675 from 15 studies

Measure
used

CcT
imaging
BMI

BIA

Weight
loss
BMI

BMI
CT
imaging

BIA

CcT
imaging

BIA

Weight
loss
BMI

Weight
loss
BMI

CT
imaging

CcT
imaging

Prevalence

Sarcopenia: 34.7%

Sarcopenia: 32%

Cachexia: 31.8%

Sarcopenia: 42%

Sarcopenia: 44%

Before chemoradiotherapy
Sarcopenia: 56%
After chemoradiotherapy

Sarcopenia: 67%

Sarcopenia: 21%

Cachexia: 33.3%

Cachexia: 50.1%

Sarcopenia: 57.8%

Sarcopenia: 32.7%



Country
(reference)

Global®
(85)

Global®

(58)

EU'
(56)

Patient population

Patients (>60 years) with pancreatic
cancer

N=2,297 from 11 studies

Patients with pancreatic cancer
N=1,685 from 10 studies

Patients with pancreatic cancer
N=423 from 4 studies

Measure
used

CT
imaging
BMI

CcT
imaging

Weight
loss
BMI

Prevalence

Sarcopenia: 45.4%
Sarcopenia + obesity: 13%

Normal weight (BMI 18.5-24.9 kg/m?)
Sarcopenia: 29.7% to 65%

Overweight or obese (BMI >25 kg/m?)
Sarcopenia: 16.2% to 67%

Cachexia: 45.6%

tData generated from a systematic review.
Abbreviations: BIA, bioelectrical impedance analysis; BMI, body mass index; CT, computed tomography; Gl,

gastrointestinal.

Head and neck cancer

Patients with head and neck cancer are at risk of malnutrition (Table 10) and muscle loss (Table 11).

Table 10: Prevalence of malnutrition in adult patients with head and neck cancer

Country
(reference)

Finland
(180)

France

(1)

Poland
(181)

Slovenia

(5)

Patient population

Patients (>33 years) with primary HNSCC
N=65

Adult (>18 years) inpatients and
outpatients with malignant diagnosis
N=179

Patients (>18 years) with newly
diagnosed head and neck cancer

N=75

Patients (>18 years) with HNSCC treated
with chemo- or radiotherapy

N=55

Measure used Prevalence

PG-SGA

BMI
Weight

SGA

NRS

Malnutrition: 34%

Malnutrition: 45.6%
o Severe: 23.1%
o Moderate: 22.5%

Malnutrition (moderate or
severe): 40%

Before treatment
Malnutrition: 16.4%

After treatment
Malnutrition: 45.4%

Abbreviations: BMI, body mass index; HNSCC, head and neck squamous cell carcinoma; NRS, nutritional risk screening PG-
SGA, patient-generated subjective global assessment; SGA, subjective global assessment.

Table 11: Prevalence of muscle loss in adult patients with head and neck cancer

Country
(reference)
EU"

(56)

Finland
(180)

Patient population

Patients with head and neck cancer
N=607 from 3 studies

Patients (>33 years) with primary
HNSCC

Measure
used

Weight
loss
BMI

PG-SGA

Prevalence

Cachexia: 42.3%

Sarcopenia: 46%




Country Patient population Measure Prevalence

(reference) used
N=65 Cachexia: 31%
Slovenia Patients (>18 years) with HNSCC treated NRS Before treatment
(5) with chemo- or radiotherapy Cachexia: 14.5%
N=55

After treatment
Cachexia: 38.2%

tData generated from a systematic review.
Abbreviations: BMI, body mass index; NRS, nutritional risk screening PG-SGA, patient-generated subjective global
assessment.

Lung cancer
Patients with lung cancer are at risk of malnutrition (Table 12) and muscle loss (Table 13).

Table 12: Prevalence of malnutrition in adult patients with lung cancer

Country Patient population Measure used Prevalence
(reference)
France Adult (>18 years) inpatients and BMI Malnutrition: 40.2%
(1) outpatients with malignant diagnosis Weight e

N=90 o Moderate: 21.9%
Poland Patients (>18 years) with NSCLC MNA Undernourished: 51.1%
(111) undergoing therapy

Risk of malnutrition: 23.9%
N=180

Abbreviations: BMI, body mass index; MNA, mini nutritional assessment; NSCLC, non-small cell lung cancer.

Table 13: Prevalence of muscle loss in adult patients with lung cancer

Country Patient population Measure Prevalence
(reference) used
Global Patients undergoing lung resection CT- Sarcopenia: 42.8%
(108) N=1,010 assessed

muscle

mass
EU’ Patients with lung cancer BMI Cachexia: 37.2%
(56) N=707 from 4 studies Weight
Belgium Patients (>18 years) with NSCLC CT Cachexia: 38.7%
and France  n=531 imaging Pre-cachexia: 33.8%
(68)
UK* Patients with lung cancer, BIA Sarcopenia: 19%
(176) prechemotherapy

N=62 from 1 study

tData generated from a systematic review.
Abbreviations: BIA, bioelectrical impedance analysis; BMI, body mass index; CT, computed tomography; NSCLC, non-small
cell lung cancer.



Bone and soft tissue (osteosarcoma) cancer

Patients with bone and soft tissue (osteosarcoma) cancer are at risk of malnutrition (Table 14) and
muscle loss (Table 15).

Table 14: Prevalence of malnutrition in adult patients with bone and soft tissue (osteosarcoma) cancer

Country Patient population Measure used Prevalence
(reference)
France Patients (>34 years) undergoing surgery  PINI Malnutrition: 52.5%
(54) for retroperitoneal liposarcoma NRI

N=40
Holland Patients with spinal metastases PG-SGA Malnutrition: 92%
(55) undergoing surgical treatment

N=39

Abbreviations: NRI, nutritional risk index; PG-SGA, patient-generated subjective global assessment; PINI, prognostic
inflammatory and nutritional index.

Table 15: Prevalence of muscle loss in adult patients with bone and soft tissue (osteosarcoma) cancer

Country Patient population Measure Prevalence
(reference) used
Germany Patients (age=NR) with advanced or CT Sarcopenia:31%
(182) metastatic soft tissue sarcoma imaging

N=89
Holland Patients (median age 67 years) with CT Sarcopenia: 26%
(183) spinal metastases treated with palliative  imaging

radiation therapy

N=310

tData generated from a systematic review.
Abbreviations: CT, computed tomography; NR, not reported.

Gynaecological cancer
Patients with gynaecological cancer are at risk of malnutrition (Table 16) and muscle loss (Table 17).

Table 16: Prevalence of malnutrition in adult patients with gynaecological cancer

Country Patient population Measure used Prevalence

(reference)

France Adult (>18 years) inpatients and BMI Malnutrition: 32%

(1) outpatients with malignant diagnosis Weight o Severe: 15.6%
N=137 o Moderate: 16.4%

Abbreviations: BMI, body mass index.



Table 17: Prevalence of muscle loss in adult patients with gynaecological cancer

Country Patient population Measure Prevalence
(reference) used

EUT Patients (mean age 59 years) with BMI Cachexia: 32.2%
(56) endometrial cancer Weight

N=224 from 2 studies

Holland Patients (age=NR) with ovarian cancer CcT Low baseline skeletal muscle index:
(184) N=123 |mag|ng 62%

tData generated from a systematic review.
Abbreviations: BMI, body mass index; CT, computed tomography; NR, not reported.

Renal cancer

Patients with renal cancer are at risk of muscle loss (Table 18).

Table 18: Prevalence of muscle loss in adult patients with renal cancer

Country Patient population Measure Prevalence
(reference) used
EUT Patients (age=NR) with urinary bladder ~ BMI Cachexia: 25.2%
(56) cancer Weight

N=NR from NR studies
EU' Patients (age=NR) with kidney and renal BMI Cachexia: 31.6%
(56) pelvis cancer Weight

N=NR from NR studies

tData generated from a systematic review.
Abbreviations: BMI, body mass index; NR, not reported.

Brain cancer
Patients with brain cancer are at risk of malnutrition (Table 19).

Table 19: Prevalence of malnutrition in adult patients with brain cancer

Country Patient population Measure used Prevalence
(reference)
Germany Patients (218 years) with SGA Malnutrition or at risk of
(57) neuroendocrine neoplasms NRS malnutrition: 25.1%
N=203 High risk of malnutrition:
21.7%
Germany Patients (age=NR) with neuroendocrine  SGA Severe or moderate
(185) tumours Body weight malnutrition: 36%
N=26

Abbreviations: NR, not reported; NRS, nutritional risk screening; SGA, subjective global assessment.
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Haematological malignancies
Patients with haematological malignancies are at risk of malnutrition (Table 20).

Table 20: Prevalence of malnutrition in adult patients with haematological malignancies

Country Patient population Measure used Prevalence
(reference)
Austria Patients (>70 years) with newly MNA ¢ Malnutrition: 15%
(62) diagnosed haematological malignancies BMI R sl el R AR
N=147
France Adult (>18 years) inpatients and BMI o Malnutrition: 34.2%
(1) outpatients with malignant diagnosis Weight o Severe:7.9%
N=156 o Moderate: 26.3%
France Patients (>18 years) undergoing NRI Hospital admission
(4) allogeneic hematopoietic stem cell « Malnutrition: 26%
transplantation . .
Hospital discharge
N=84 -
¢ Malnutrition: 57%
Netherlands Patients (>70 years) with non-Hodgkin MNA o Malnutrition or at risk of
(65) lymphoma malnutrition: 34%
N=44

Abbreviations: BMI, body mass index; MNA, mini nutritional assessment; NRI, nutritional risk index.




Appendix B:

Effect of malnutrition and muscle loss on mortality,

by cancer type
Gl cancer

Mortality is increased in patients with Gl cancer a
22).

nd malnutrition (Table 21) and muscle loss (Table

Table 21: Effect of malnutrition on mortality in patients with Gl cancer

Country Patient population

(reference)

Gl cancer

UK Patients with small bowel obstruction

(186) due to primary tumours of the
intestine or intra-abdominal
malignancy
N=205

Colorectal cancer

Ireland
(187)

Patients receiving palliative
chemotherapy for colorectal cancer

N=268
Oesophageal cancer

Britain
(29)

Patients with oesophageal cancer
N=258

Effect on mortality

NRI (low risk, moderate risk, and high risk)
In-hospital mortality

Moderate risk-adjusted HR 3.99 [95% Cl: 0.92
to 17.29], p=0.064

High risk-adjusted HR 6.47 [95% CI: 1.44 to
29.09], p=0.015

(0]

Loss of >6.4% subcutaneous fat over 100 days vs
stabilisation/gain

HR 2.2 [95% CI: 1.07 to 4.62], p=0.033

NRI <100 vs NRI 2100

Median survival time 15.7 months vs 31.6 months,
HR 12.5[95% Cl: 5.2 to 29.6], p<0.001

tData generated from a systematic review.

Abbreviations: Cl, confidence interval; Gl, gastrointestinal; HR,

hazard ratio; NRI, nutritional risk index.

Table 22: Effect of muscle loss on mortality in adult patients with Gl cancer

Country Patient population
(reference)

Gl cancer

Global® Patients with Gl cancer
(53) N=21,875 from 70 studies

Colorectal cancer

Patients with CRC liver metastases who
underwent liver resection

N=355

Austria
(188)

Effect on mortality

Sarcopenia vs no sarcopenia

Mortality HR 1.602 [95% Cl: 1.369 to 1.873],
p<0.001

Disease-free mortality HR 1.461 [95% CI: 1.297
to 1.646], p<0.001

Sarcopenia vs no sarcopenia
OS HR 1.47 [95% ClI: 1.03 to 2.46], p=0.03

Disease-free mortality HR 1.74 [95% Cl: 1.09 to
3.4], p=0.05




Country Patient population Effect on mortality

(reference)

The Patients with CRC undergoing elective Sarcopenia vs no sarcopenia
Netherlands open colon resection 0S HR 8.54 [95 % CI 1.07 to 68.32]
(189) N=91

Oesophageal cancer

Median OS: 37.4 vs 63.0 months, p=0.013

Global’ Patients with oesophageal cancer Sarcopenia vs no sarcopenia
(190) 13 studies OS HR 1.67 [95% Cl: 1.18 to 2.38], p=0.004
Belgium Patients with oesophageal cancer Low muscle mass vs normal muscle mass and
(191) N=155 sarcopenia vs no sarcopenia
5-year mortality (low muscle mass) HR 1.63 [95%
Cl: 1.04 to 2.56], p=0.03
5-year mortality (sarcopenia) HR 1.77 [95% ClI:
1.12 to 2.79], p=0.01
Global’ Patients with oesophageal cancer post-  Sarcopenia vs no sarcopenia
(192) oesophagectomy 3-year mortality 51.6% vs 65.4%, p<0.001

Gastric cancer

Global®
(105)

N=1,520 from 11 studies

Patients with gastric cancer
N=2,412 from 9 studies (mortality)

N=1,702 from 9 studies (disease-specific

mortality)

Pancreatic cancer

Italy
(101)

Liver cancer

Patients with advanced pancreatic
cancer

N=165

5-year mortality 41.2 % vs 52.2%, p=0.018
OS HR 1.58 [95% CI: 1.35 to 1.85], p<0.001
DFS HR 1.46 [95% Cl: 1.12 to 1.90], p=0.005

Pre-operative low muscle mass vs normal muscle
mass

Mortality HR 1.81 [95% Cl: 1.52 to 2.14]

Disease-specific mortality HR 1.58 [95% Cl: 1.36
to 1.84]

Early loss of skeletal muscle mass of 210% vs <10%
loss of skeletal muscle mass

OS HR 2.16 [95% CI: 1.23 to 3.78], p=0.007

Global® Patients with hepatocellular carcinoma  Sarcopenia vs no sarcopenia

(14) N=2,513 from 10 studies All-cause mortality adjusted HR 1.95 [95% ClI:
1.60 to 2.37]

The Patients with hepatocellular carcinoma Sarcopenia vs no sarcopenia

Netherlands  N=g0 0S 33 months vs 105 months; HR 3.756, p=0.001

(178)

Germany Patients with hepatocellular carcinoma Low FFMA vs normal

(193) N=58 0S 197 vs 294 days, p=0.024; HR 2.675, p=0.011

PFS 109 vs 185 days, p=0.068

tData generated from a systematic review.

Abbreviations: BIA, bioelectrical impedance analysis; BMI, body mass index; Cl, confidence interval; CRC, colorectal cancer;
CT, computed tomography; DFS, disease-free survival; FFMA, fat-free muscle area; Gl, gastrointestinal; HR, hazard ratio;
0S, overall survival.



Head and neck cancer

Mortality is decreased in patients with head and neck cancer and malnutrition (Table 23) or muscle
loss (Table 24).

Table 23: Effect of malnutrition on mortality in adult patients with head and neck cancer

Country Patient population Measure used

(reference) Prevalence

Germany Patients with head and neck cancer BIA (PA <5.0 vs PA >5.0)

(194) N=42 0S: 13.84 months vs 51.16 months, p=0.016
The Patients with head and neck cancer (270 MNA (<11 vs >11)

Netherlands  years) Mortality HR 3.40 [95% Cl: 1.83 to 6.33

(64) N=102

Abbreviations: BIA, bioimpedance analysis; Cl, confidence interval; HR, hazard ratio; MNA, mini nutrition assessment; PA,
phase angle.

Table 24: Effect of muscle loss in adult patients on mortality with head and neck cancer

Country Patient population Effect on mortality
(reference)
The Patients with head and neck cancer Sarcopenia vs no sarcopenia
Netherlands (=70 years) Median OS 12.07 months vs 13.60 months,
(195) N=85 p=0.02
3-year OS 39% vs 75%, p=0.03
The Patients with head and neck cancer Low skeletal muscle mass vs normal skeletal
Netherlands undergoing total laryngectomy muscle mass
(122) N=235 0S 18.5 months vs 30.1 months, p<0.001

Abbreviations: Cl, confidence interval; OS, overall survival.

Lung cancer

Mortality is decreased in patients with lung cancer and muscle loss (Table 25).

Table 25: Effect of muscle loss on mortality in adult patients with lung cancer

Country Patient population Effect on mortality

(reference)

Global*t Patients with lung cancer Sarcopenia vs no sarcopenia

(196) N=1,117 from 10 studies Mortality HR 1.96 [95% Cl: 1.49 to 2.59], p<0.001

Global* Patients undergoing lung resection Sarcopenia vs no sarcopenia

(108) N=636 from 3 studies Mortality HR 2.31 [95% Cl: 1.26 to 4.24],
p=0.007

tData generated from a systematic review.
Abbreviations: Cl, confidence interval; HR, hazard ratio.
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Gynaecological cancer

Mortality is decreased in patients with gynaecological cancer and muscle loss (Table 26)

Table 26: Effect of muscle loss on mortality in adult patients with gynaecological cancer

Country Patient population Effect on mortality

(reference)

Italy Patients with ovarian cancer presenting  Cachexia vs no cachexia

(197) with bowel obstruction - Mortality OR 3.2 [95% Cl: 1.5 to 6.6], p=0.001
N=40

Abbreviations: Cl, confidence interval; OR, odds ratio.

Haematological malignancies

Mortality is decreased in patients with haematological malignancies and muscle loss (Table 27).

Table 27: Prevalence of malnutrition on mortality in adult patients with haematological malignancies

Country Patient population Effect on mortality

(reference)

Austria Patients (>70 years) with newly Low BMI vs normal BMI

(62) diagnosed haematological malighancies . g at 2 years HR 3.3 [95% Cl: 1.8 to 6.0], p<0.001
N=147

Abbreviations: BMI, body mass index; HR, hazard ratio; OS, overall survival.




Appendix C:

Effect of malnutrition and muscle loss on risk of post
operative complications, by cancer type

Gl cancer

Risk of post-operative complications is increased in patients with Gl cancer and malnutrition (Table

28) and muscle loss (Table 29).

Table 28: Effect of malnutrition on post-operative complications in patients with Gl cancer

Country
(reference)

Patient population

Colorectal cancer

UK
(119)

Patients with CRC who received
elective CRC resection

Effect on post-operative complications

PNI <40 vs PNI >40

PNI score <40 was associated with severity of post-
operative complications, p=0.001

Abbreviations: PNI, prognostic nutritional index.

Table 29: Effect of muscle loss on post-operative complications in patients with Gl cancer

Country Patient population

(reference)

Gl cancer

Global’ Patients with Gl cancer

(53) N=21,875 from 70 studies

Global® Patients with Gl cancer undergoing
surgery

(106)

N=7,176 from 29 studies

Colorectal cancer

Britain Patients with CRC undergoing resection
(198) N=199

The Patients with CRC undergoing elective
Netherlands open colon resection

(189) N=91

Oesophageal cancer

Global®
(199)

Patients with oesophageal neoplasia
undergoing oesophagectomy

Effect on post-operative complications

Pre-operative sarcopenia vs no sarcopenia

Total complications RR 1.188 [95% Cl: 1.083 to
1.303], p<0.001

Major complications RR 1.228 [95% Cl: 1.042 to
1.448], p=0.014
Pre-operative sarcopenia vs no sarcopenia

All complications RR 1.35 [95% Cl: 1.12 to 1.61],
p=0.001

Major complications RR 1.40 [95% ClI: 1.20 to
1.64], p<0.001

Sarcopenia vs no sarcopenia

Significant complications adjusted OR 6.33 [95%
Cl: 1.65 to 24.23], p=0.007

Anastomotic leak in patients with anastomosis
adjusted OR 14.37 [95% Cl: 1.37 to 150.04],
p=0.026

Sarcopenic obesity vs no sarcopenic obesity

Severe complications, p<0.008

Sarcopenia vs no sarcopenia




Global®
(190)

Ireland
(120)

Gastric cancer

Germany
(99)

Ireland
(123)

Global®
(105)

N=1,859 from 10 studies

Patients with oesophageal cancer
N=NR from 7 studies

Patients with locally advanced
oesophageal cancer undergoing
multimodal therapy

N=252

Patients with gastric or gastro-
oesophageal junction cancer

N=60

Patients with gastric adenocarcinoma
who underwent surgical resection
N=56

Patients with gastric cancer
N=2,100 from 12 studies (post-
operative complications)

N=1,614 from 9 studies (severe post-
operative complications)

Pancreatic cancer

Italy
(96)

Liver cancer
The
Netherlands
(178)

Patients with pancreatic cancer who
experienced a major complication
following pancreaticoduodenectomy

N=120

Patients with hepatocellular carcinoma
N=90

tData generated from a systematic review.
Abbreviations: Cl, confidence interval; CRC, colorectal cancer; Gl, gastrointestinal; HR, hazard ratio; OR, odds ratio; RR,

relative risk.

Respiratory complications RR 1.64 [95% ClI: 1.21
t0 2.22]

Anastomotic leaks RR 1.39 [95% Cl: 1.10 to 1.76]

Sarcopenia vs no sarcopenia
Pulmonary complications after oesophagectomy
OR 2.03 [95% CI: 1.32 to 3.11], p=0.001
Pre-operative sarcopenia vs no sarcopenia

Major postoperative complications OR 5.30 [95%
Cl: 1.94 to 14.45], p=0.001

Pulmonary complications OR 2.17 [95% ClI: 1.12
to 4.23], p=0.023

Pneumonia OR 2.33 [95% Cl: 1.18 to 4.61],
p=0.015

Sarcopenia vs no sarcopenia
Perioperative complications: 43.3% vs 17.0%,
p=0.009

Sarcopenia vs no sarcopenia

Serious in-hospital complications OR 3.508,
p=0.042

Pre-operative low muscle mass vs normal muscle
mass

Post-operative complications OR 2.09 [95% ClI:
1.55 to 2.83]

Severe post-operative complications OR 1.73
[95% Cl: 1.14 to 2.63]

Sarcopenic obesity vs no sarcopenic obesity

Failure to rescue (defined as the probability of
death after a complication) OR 5.71 [95% Cl:
1.58 to 20.72], p=0.008

Sarcopenia vs no sarcopenia

Major complications: 32.7% vs 13.2%, p=0.033



Head and neck cancer

Risk of post-operative complications is increased in patients with head and neck cancer and muscle
loss (Table 30).

Table 30: Effect of muscle loss on post-operative complications in patients with head and neck cancer

Country Patient population Effect on post-operative complications
(reference)
France Patients with head and neck cancer Malnutrition (NRI <97.5) vs no malnutrition (NRI
(107) N=92 >97.5)
Risk of post-operative complication: 62% vs 17%,
p<0.001

Sarcopenia vs no sarcopenia

Risk of post-operative complication: 56% vs 22%,

p<0.01)
The Patients with head and neck cancer Low skeletal muscle mass vs normal skeletal
Netherlands undergoing total laryngectomy muscle mass
(122) N=235 Pharyngocutaneous fistula 34.9% vs 20.6%,
p=0.02

Abbreviations: NRI, nutritional risk index.

Lung cancer

Risk of post-operative complications is increased in patients with lung cancer and muscle loss (Table
13).

Table 31: Effect of muscle loss on post-operative complications in patients with lung cancer

Country Patient population Effect on post-operative complications
(reference)

Global* Patients with lung cancer undergoing Sarcopenia vs no sarcopenia

(108) lung resection

Early post-operative complications OR: 2.51
N=636 from 4 studies [95% CI: 1.55 to 4.08], p<0.001)

tData generated from a systematic review.
Abbreviations: Cl, confidence interval; OR, odds ratio.
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