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Malnutrition is a frequent hallmark of cancer patients, resulting in unintentional weight loss due to a lack of intake or

uptake of nutrients. This condition has a definitive impact on several aspects of cancer treatment and outcome:

reducing treatment intensity, increasing treatment toxicities, worsening patients’ quality of life, and ultimately

jeopardizing their survival. Malnutrition is present with the diagnosis of cancer in about 15–40% of cases and this

incidence increases during treatment, characterizing 40–80% of the patients in this phase. Malnutrition increases

the risk of toxicity, worsens quality of life, and decreases patients’ functionality. Moreover, it is strictly linked to

sarcopenia in that it worsens muscle function, causing a decrease in lean body mass and muscle performance.

Weight loss and loss of skeletal muscle mass are two hallmarks of cancer cachexia, a well-known, gradual, and

irreversible process in advanced cancer patients.

malnutrition  cachexia  sarcopenia  treatment type  cancer subtype

1. Tools to Identify Nutritional Issues and Sarcopenia

Early recognition of malnutrition is essential for the correct management of the cancer patient. To identify and treat

patients with malnutrition or those at high nutritional risk, a nutritional screening and a full nutritional assessment

should be performed .

Nutritional screening should be performed at the time of the diagnosis, preferably before starting anticancer

treatments. Several validated screenings tools are available for identifying a malnutrition status or a risk of

developing malnutrition, for instance (a) the Nutritional Risk Screening 2002 (NRS 2002), (b) the Malnutrition

Universal Screening Tool (MUST), and (c) the Mini Nutritional Assessment (MNA). Nutritional screenings should be

repeated regularly throughout the therapeutic process, especially in cancer types with a high impact on nutritional

status .

Patients at risk of malnutrition, according to the results of nutritional screening, should be referred to a clinical

nutrition service for nutritional assessment and treatment.

Nutritional assessment for malnutrition and sarcopenia should include:

Anthropometric measurements: Actual body weight, height, body mass index (BMI).

Weight loss evaluation: An unintentional weight loss of >5% in the last six months is considered clinically

relevant .
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Assessment of body composition through bioelectrical impedance vector analysis (BIVA): As a matter of fact, it

allows a more detailed understanding of hydration status and cell mass that may be modified by pathological

conditions. Moreover, the determination of phase angle seems to be a predictive outcome parameter in cancer

patients . Lean mass determination can also be performed by dual-energy X-ray absorptiometry (DXA), a low-

dose radiation technique that allows the direct measurement of the various body compartments .

Computed tomography (CT) and magnetic resonance imaging (MRI) constitute the gold standard techniques to

assess body composition . The tomography image of the third lumbar vertebra (L3) is the most used method to

measure and provide an accurate estimate of skeletal muscle mass. Single abdominal slice (L3) on MRI has been

demonstrated to correlate with total skeletal muscle and adipose tissue . However, both techniques are

not yet feasible on a large scale .

Biochemical data related to inflammatory and metabolic status: serum albumin, prealbumin, total lymphocyte

count cholesterol, C reactive protein (CRP), transferrin, interleukin-6 (IL-6), and fibrinogen.

Evaluation of nutritional intake, appetite, resting energy expenditure (REE) using indirect calorimetry, physical

activity levels using metabolic holters .

Evaluation of sarcopenia parameters : muscle strength using a handgrip dynamometer  and chair stand

test; muscle quantity using BIVA , DEXA and CT ; physical performance measures using tests as gait

speed, short physical performance battery, timed-up-and-go test (TUG), and 400-m walk .

Quality of Life and functional skills through specific questionnaires.

The accuracy of nutritional status determination is achievable with the combination of the described parameters. In

this regard, the use of simple anthropometric measures may not provide information on body composition

alterations, especially on the reduction of muscle mass, which may occur regardless of weight loss or BMI in

cancer patients . Low muscle mass evaluation in overweight or obese cancer patient is still a challenging task

.

In 2016, the GLIM criteria for malnutrition diagnosis were identified . Firstly, it is necessary to identify a

nutritional status “at risk” through one of the validated screening tools. Secondly, it is mandatory to perform an

assessment aimed at the diagnosis and staging of the malnutrition condition. There are five main diagnostic

criteria: three phenotypic criteria (unintentional weight loss, low body mass index, reduced muscle mass) and two

etiological criteria (reduced food intake or absorption, inflammation or co-morbidities). Phenotypic criteria are

summarized in Table 1, whilst etiologic criteria are represented in Table 2.

Table 1. Phenotypic Criteria for malnutrition diagnosis.
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Phenotypic Criteria

Weight Loss (%) Low Body Mass Index
(kg/m ) Reduced Muscle Mass

>5% within past 6
months

Or >10% beyond 6
months

<20 if <70 years, or
<22 if >70 years

Asia:
<18.5 if <70 years, or

<20 if >70 years

Reduced by validated body composition measuring
techniques

Table 2. Etiologic Criteria for malnutrition diagnosis.

Etiologic Criteria
Reduced Food Intake or Assimilation Inflammation

≤50 % of ER > 1 week, or any reduction for >2 weeks, or any chronic GI
condition that adversely impacts food assimilation or absorption

Acute disease/injury or chronic
disease-related

The diagnosis of malnutrition requires at least one phenotypic criterion and one etiologic criterion. Phenotypic

criteria are also used to divide the severity of malnutrition into Stage 1 (moderate) or Stage 2 (severe), as shown

in Table 3.

Table 3. Criteria for the severity of malnutrition staging.

Phenotypic Criteria

  Weight Loss (%) Low Body Mass
Index (kg/m )

Reduced Muscle
Mass

Stage 1 / Moderate Malnutrition
(Requires 1 phenotypic criterion that

meets this grade)

5–10% within past 6
months

Or 10–20% beyond
6 months

<20 if <70 years,
or

<22 if >70 years

Mild to moderate
deficit

Stage 2 / Severe Malnutrition
(Requires 1 phenotypic criterion that

meets this grade)

>10% within past 6
months

Or >20% beyond 6
months

<18.5 if <70 years, or
<20 if >70 years

Severe deficit

Novel approaches to the diagnosis of sarcopenia have been evaluated to determine muscle mass, muscle function,

skeletal muscle index (SMI) and impact on Qol  These methods consist of CT-based alternative lumbar

measurements , ultrasounds assessment , specific biomarkers , score-based approaches ,

and Qol questionnaires .

These tools need to be validated, reliable, and accurate for future use in clinical practice . Global consensus

on the definition and diagnostic criteria of sarcopenia are also necessary to allow wider use of these tests.
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2. Magnitude of the Problem according to Cancer Types

Malnutrition may affect as many as 75% of cancer patients  with a wide range of prevalence. This large range

of variability is influenced by cancer-related (type, stage and treatment), demographic (age) and social factors

(community-dwelling versus hospitalized patients). It has already been established that, in relation to the same

cancer type, studies assessing malnutrition in hospital settings may report higher prevalence as compared to those

performed in the community setting due to disease severity and to the distinct contribution of hospital-related

malnutrition . Moreover, patients at advanced stages of disease generally display a higher prevalence of overt

malnutrition as compared to those in earlier stages . In addition, the screening tool adopted to diagnose

malnutrition may influence the prevalence rate , as well as the adoption of criteria that include the assessment of

body composition to detect low muscle mass, such as computed tomography, DEXA, or BIA.

However, despite this mixture of factors influencing the nutritional status and the diagnosis of malnutrition, specific

cancer types have been consistently associated with a higher risk of malnutrition and of developing cachexia. This

condition is the result of tumor-induced activation of inflammatory pathways , which triggers a wasting response

characterized by anorexia, altered metabolism, and involuntary loss of lean and fat mass that finally result in

cachexia . The magnitude of the systemic inflammatory response and the risk of developing

cachexia are linked to several factors but most important to tumor type . Specific tumors, such as lung and

pancreas present distinct gene expression profiles of cachexia-inducing factors that may explain why these cancer

types are more prone to develop a wasting syndrome . Cachexia is a strong prognostic marker of adverse

clinical outcomes, as demonstrated by the observation that, at least in lung cancer, a weight loss ≥2% has been

associated with poor overall and progression-free survival .

Malnutrition is also very common in cancers that affect gastrointestinal function (i.e., swallowing and digestive

ability), such as esophagus and stomach neoplasms. In this group of tumors, however, the concomitant

involvement of systemic inflammation in malnutrition and cachexia has been demonstrated .

Many studies addressing the overall prevalence of malnutrition according to cancer type in different countries and

settings have been published over the years and are reported in Table 4. When interpreting the results of these

studies, one hurdle is represented by the methodology used to define malnutrition, either scoring systems to

identify increased nutritional risk or tools to directly assess malnutrition, since anthropometric, clinical, and

laboratory variables have been used. Despite this limitation, most of these studies are concordant in confirming

that the highest risk of malnutrition is carried by gastroesophageal, pancreas, and head and neck tumors.

It should be mentioned that these tumor types are associated with protein-energy malnutrition and cachexia.

Malnutrition in the context of obesity is notably a risk factor for the development and recurrence of other types of

cancers (such as gynecologic and colon tumors)  although some studies have challenged this concept

suggesting that the so-called “obesity paradox”, i.e., increased survival at higher BMIs also applies to some cancer

types. The paradox, however, can be simply explained by methodological, clinical, and statistical considerations

and does not apply if alternate measures of body mass and composition are used . The importance of body
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composition and sarcopenia rather than of crude BMI on clinical outcomes in cancer patients is particularly evident

for sarcopenic obesity. This condition is often underdiagnosed and challenging as to its management, which should

be prompt and aggressive in order to improve survival and to avoid complications of cancer therapy . The

mechanisms linking obesity, diet and hormones and tumor initiation and progression will not be discussed in this

review. Similarly, epidemiological and clinical data regarding sarcopenic obesity and cancer will not be presented.

Table 4. Summary of studies assessing the prevalence of malnutrition in cancer (any type) according to the tumor

site.

[7][54]

Study Design Country Sample
size

Age,
years Setting Malnutrition

Assessment
Cut off for

Malnutrition
Malnutrition

Prevalence (%)

Pressoir
2010 

Prospective France 1545
Mean
59.3 ±
13.8

Hospital
and

Outpatient
Clinic

Nutricode and
recommendation
of the National

Health Authority

Age ≤ 70
years:

Weight loss
(WL) in 6

months >10%
or BMI < 18.5

Age > 70
years: WL in

6 months
≥10% or BMI

< 21

Upper digestive:
49.5

Head and Neck:
45.6

Lung: 40.2
Hematology: 34.2
Gynecology: 32
Colorectal: 31.2

Others: 27
Breast: 18.3

Bozzetti
2012 

Prospective Italy 1453
Median

64.0
(55–71)

Outpatient
Nutritional Risk
Screening (NRS

2002)
≥3

Oesophagus: 62.5
Pancreas: 54.3
Stomach: 43.7

Upper respiratory
airways: 28.6

Oral cavity: 28.5
Lung: 28.1
Other: 25.2

Colon-rectum:
24.3

Small bowel: 6.1

Hebuterne
2014 

Prospective France 1903
Mean
59.3

(13.2)
Hospital BMI

<75 years old:
<18.5

≥75 years old:
<21

Pancreas: 66.7
Gastroesophageal:

60.2
Head and Neck:

48.9
Haematology: 34
Respiratory: 45.3
Ovaries/uterus:

44.8
Colorectal: 39.3

Breast: 20.5
Prostate: 13.9
Other disease

sites: 30.0
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Study Design Country Sample
size

Age,
years Setting Malnutrition

Assessment
Cut off for

Malnutrition
Malnutrition

Prevalence (%)

Planas
2016 

Cross-
sectional

Spain 401
Mean
64.6
(14)

Hospital
Nutritional Risk

Screening
(NRS) 2002

NRS ≥ 3

Gastroesophageal:
47.4

Pancreas, liver
and bile: 45

Respiratory: 42.9
Colorectal: 39.1

Hematology: 36.8

Muscaritoli
2017 Prospective Italy 1951

Mean
62.7

(12.9)
Outpatient

Mini Nutritional
Assessment

(MNA)
<17

Gastroesophageal:
40.2

Pancreas: 33.7
Head and Neck:

23.8
Respiratory: 20.9

Genitourinary:
15.8

Unknown primary:
14.3

Colorectal: 13.4
Other GI: 13.2
Liver and bile

ducts: 6.9
Breast: 5.8

Other cancers: 5.1

Li 2018 Cross-
sectional

China 1138
Mean
60.6

(14.5)
Hospital

Nutritional Risk
Index (NRI)

WL > 5% in 6
months or
body mass

index (BMI) <
20 kg/m  with

WL > 2%

Head and Neck:
67

Pancreas: 63
Gastroesophageal:

59.3
Colorectal: 45.1
Other disease

sites: 36.3
Haematology: 36
Uterus/ovaries:

34.2
Kidney/bladder:

33.3
Respiratory: 32.1

Hepatobiliary: 31.6
Prostate/testicles:

28.6
Breast: 19

Na 2018 Prospective   1588   Hospital Patient-
Generated
Subjective

Global
Assessment
(PG-SGA)

B (moderately
malnourished)

C (severely
malnourished)

Esophagus: 52.9
Pancreas and bile

ducts: 47.6
Lung: 42.8

Stomach: 29.1
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* 2012 and 2014 surveys.

By using the Nutritional Risk Screening (NRS 2002), Bozzetti et al.  and Planas et al.  reported an overall

prevalence of increased nutritional risk up to 62.5% for esophagus and 66.7% for pancreatic cancers. Even higher

rates (75% for gastroesophageal and 70.6% for pancreatic tumors) were demonstrated using a different risk

screening tool . A slightly lower prevalence has been shown applying scoring tools that allow to directly diagnose

malnutrition. By using a combination of criteria based on BMI and percentage weight loss over time, Pressoir et al.

 found an overall prevalence of malnutrition of 49.5% for upper digestive tumors. This finding was confirmed by

an Italian study conducted in 2017 involving 1951 patients that used the mini nutritional assessment  and

demonstrated a prevalence of malnutrition of 40.2%. In the same study, malnutrition was diagnosed in 33.7% of

pancreas cancers. When using patient-generated global assessment (PG-SGA), the rates of malnutrition were

generally concordant . Only one study that also used PG-SGA showed significantly lower rates of malnutrition in

all explored tumor types . This finding may be attributable to the characteristics of the study cohort, which

included mostly overweight patients, with non-metastatic disease and where potentially cachexia-inducing tumor

types were under-represented (i.e., respiratory and upper gastrointestinal).

High prevalence of increased nutritional risk or overt malnutrition apply also to head and neck cancers. In this

group, rates of increased nutritional risk ranging from 28.6%  to 67%  and of overt malnutrition in the range of

23.8–48.9% have been demonstrated .

When addressing lung tumors, increased nutritional risk has been reported in 26.6–42.9% of patients .

The higher risk of malnutrition associated with lung cancer is in agreement with the elevated prevalence of overt

malnutrition shown by other studies  in the range of 20.9–45.3%.

Malnutrition is also frequently associated with hematologic malignancies with rates of 34–36.8% . This is

especially important from a prognostic and therapeutic perspective as malnutrition may worsen disease-related and

treatment outcomes . Mechanisms underlying malnutrition and wasting in this type of cancer are currently

poorly understood. Among genitourinary tumors increased nutritional risk/malnutrition has been reported in up to

28.6% of patients with prostate/testicle neoplasms, up to 33.3% with kidney/bladder cancers, and up to 44.8% with

bladder/uterus tumors . Prevalence is generally lower in patients with colorectal and breast cancers 

, with some exceptions .

The prevalence of severe malnutrition, i.e., cachexia in cancer patients, has been reported by numerous studies

. Diagnosis of cancer cachexia is based on the detection of (a) unintentional weight loss >5% in the

previous six months, or (b) a BMI < 20 kg/m  associated with progressive weight loss (>2% in six months), or (c) a

Study Design Country Sample
size

Age,
years Setting Malnutrition

Assessment
Cut off for

Malnutrition
Malnutrition

Prevalence (%)
Liver: 24.7
Colon: 15.9

Marshall
2019 Prospective Australia 1677

Two
cohorts:
2012:
mean
62.8

(13.5)
2014:
mean
62.5

(13.8)

Hospital
or

oupatients

Malnutrition
Screening Tool

(MST)
PG -SGA

MST ≥ 2 (risk
of

malnutrition)
PG-SGA B or

C

Breast: 19.6 and
21.5 *

Colorectal: 18.6
and 15.2 *

Haematological:
14.5 and 17.9 *
Genitourinary:
10.2 and 8.1 *

Upper
gastrointestinal:

8.5 and 9.8 *
Lung: 8.4 and 9.8 *

Head and Neck:
6.5 and 6.1 *

Skin and
melanoma: 5.1

and 3.4 *
Other: 4.5 and 4.3

*
Gynaecological:

3.9 and 3.9 *

Álvaro
Sanz

2019 
Prospective Spain 295

Median
62 (17)

Outpatient Nutriscore
≥5 (at

nutritional
risk)

Gastroesophageal:
75

Pancreas-bile
ducts: 70.6

Head-Neck: 33.3
Other 30.8

Gynecology: 28.6
Lung 26.6

Colorectal: 7.5
Breast: 0

Urotelial: 0
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weight loss >2% in 6 months combined with low muscle mass . Using these criteria, Muscaritoli et al.  found

that the percentage of patients presenting with cachexia was much higher than that of those classified as

malnourished by the mini-nutritional assessment, up to 70% in pancreatic and gastroesophageal cancers. A lower

overall prevalence of 36% was reported by Blauwhoff-Buskermolen et al.  in a cohort of 241 patients with

advanced mixed tumors, although the type of muscle measurement may have influenced the results. These data

are in line with those reported by a recent systematic review including 21 studies  that showed a prevalence of

cachexia in patients at risk for its development of 30% both in the U.S. and in Europe. The highest rates were

demonstrated in the liver (50%), pancreas (45.6%) and head and neck cancers (42.3%).

Besides isolated unintentional weight loss or associated with loss of body fat, the spectrum of nutritional

abnormalities in cancer patients also includes sarcopenia, defined by a reduction of muscle mass and function

typical of the aging process . Sarcopenia can be detected in cancer patients presenting with low, normal or

increased BMI and has severe consequences on surgical complications, chemotherapy-induced toxicity and

survival. A recent systematic review reported a prevalence of 38.6% of pre-therapeutic sarcopenia in a cohort of

6894 patients, with the highest rates in esophageal and lung tumors . In locally advanced esophageal cancer, its

prevalence ranges from 16% at diagnosis to 31% after adjuvant therapy and to 35% in survivors one year after

diagnosis . A slightly higher (44.6%) prevalence has been shown in older patients. Correlations with worse

surgical outcomes and poor survival have been reported . In lung cancer, its prevalence reaches 52.8% and it

is associated with a lower overall response rate to chemotherapy and poorer progression-free survival . The

combination of both low muscle strength and mass affects 48.2% of older patients with head and neck cancer and

it appears to be a better predictor of overall survival than the single criteria . Similar observations have been

reported for gastrointestinal cancers undergoing surgery, despite the heterogeneity in the assessment methods

and criteria for sarcopenia diagnosis .

Overall, these data confirm the high risk and prevalence of malnutrition and cachexia in some cancer types, for

which therefore special attention should be paid in the early disease stage. Due to the prognostic implications of

malnutrition and low muscle mass on treatment tolerance, quality of life, and survival, routine screening and

assessment of malnutrition should be warranted in all cancer patients, but especially in those affected by tumors

localized in gastrointestinal pancreatic, head and neck, and lung districts.

3. The Impact of Treatment Phase and Treatment Type

3.1. Curative Setting: Surgery

Surgery is the mainstay of treatment in many solid tumors with more than 80% of patients requiring an operation in

the treatment pathway . In the curative setting, that is the clinical scenario in which cure can be obtained by

surgical intervention, the occurrence of complications can dramatically influence the clinical outcome and also local

control, with a higher risk of recurrence. For instance, anastomotic leak after rectal resection for cancer is strictly

related to poorer survival. The prevention of complications is therefore crucial, and a central role is played by the

evaluation and treatment of malnutrition, especially in patients undergoing major cancer surgery.
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Malnutrition is indeed a modifiable risk factor for surgery. Perioperative nutritional support is very effective in

decreasing non-infectious and infectious complications and also the length of hospital stay . As already pointed

out in this paper, impaired intake is the most important etiological factor in the development of malnutrition. Active

intervention in the presurgical phase can impact adequate intake and treatment-related symptoms such as loss of

appetite. Immunonutrition is gaining space within the pre-surgical phase, being it able to contribute to a reduction of

surgical complications . In cases of malnutrition deriving from tumor-related mechanical obstruction or

malabsorption due to previous surgery, parenteral nutrition is to be considered to prepare the patient for surgery 

. Moreover, sarcopenia, often associated with multimodal therapy, is definitively affecting pre-operative

outcomes with an increased risk of postoperative complications in esophageal cancer .

Different cancer types are related to variable malnutrition status and also the definition of malnutrition can differ in

the different surgical settings . Tailored treatment, but also personalized evaluation according to cancer type

is an intriguing concept. McKenna et al.  found that commonly available data, such as BMI and percent weight

loss, could be used to risk-stratify patients undergoing major operations for different types of cancer. Unlike

albumin or other data that are often missing, these parameters can always be obtained.

One upcoming issue is the variability amongst different cancer types regarding the most common specific definition

of malnutrition. With all the limitations of a single study, they support the idea that, according to the cancer type, the

malnutrition definition that best predicted postoperative risk differed for six cancer types and is: severe malnutrition

for colorectal cancer, ESPEN 2 for esophageal cancer, ESPEN 1 for gastric, lung, and pancreatic tumors, and

NSQIP for liver cancer. Accurate risk stratification for the type of cancer and type of surgery would therefore allow

for rehabilitation in high-risk patients and perhaps improve outcomes. This introduces the concept of

personalization, not only of treatment but also of evaluation according to cancer type. Unfortunately, the actual

attention paid to nutritional status is far from the standard required in oncology treatment .

3.2. Curative Setting: Radiotherapy

Radiation treatment is employed as a curative treatment both in the postoperative setting and as an exclusive

approach in many cancers. In recent years, the refinement of treatment schedules, technical improvements, and

better association with systemic drugs have increased the potential of this therapeutic approach.

The balance between efficacy and toxicity has been one of the most discussed issues. Sometimes, the boundary

between them is not so clearly defined and the therapeutic window may be narrow. In this regard, treatment of

head and neck cancer patients represents one of the most challenging ones, as radiation therapy increases

locoregional control and improves outcome, is also employed as an organ-preservation strategy, but it is burdened

by many toxicities, mainly on the mucosal tract. This implies that weight loss is often a treatment-limiting toxicity if

accurate nutritional programs are not fully implemented. Dysphagia, dysgeusia, pain swallowing, and mucositis

represent the most frequent adverse events by radiation, amplified by concurrent systemic treatments. In a recent

study, at population-based data, and considering the ESPEN-recommended weight loss grade, at the time of

diagnosis grade 1–2 malnutrition was present in 33% of the patients, whilst grade 3–4 malnutrition was found in
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24% of the patients . Baseline nutritional status was shown to be an important determinant of reduced treatment

intensity, lower quality of life, and worse outcomes in head and neck cancer patients . Moreover, weight loss

during treatment represents a major issue in head and neck oncology , increasing the rate of adverse events,

often within a cluster of symptoms and signs, and hospitalizations. It is reported that more than 70% of head and

neck cancer patients experience any grade of malnutrition during radiation . Therefore, baseline weight loss

grade, type of radiation treatment in terms of dose and fields, the addition of concurrent systemic treatment,

swallowing ability, and presence of caregivers should all be factors to consider before the commencement of

radiation, to identify a tailored nutritional support program.

It should be underlined that similar consequences of malnutrition have been reported also in other cancer subsites,

where weight loss at baseline and during radiation are common treatment-induced toxicities. In esophageal cancer,

malnutrition is a frequent hallmark of patients at diagnosis, and nutritional support has been extensively suggested,

particularly for patients undergoing radiation therapy . Moreover, lung cancer  and pancreatic cancer 

patients suffer from nutritional impairments when undergoing radiation therapy. Thus, nutritional programs are often

suggested and have a rationale for these cancer types .

3.3. Oncological Systemic Treatments (Chemotherapy/Targeted
Agents/Immunotherapy)

Malnutrition during oncological systemic treatments may expose patients to a dangerous, vicious circle. In fact,

from one side, malnutrition is a consequence of the treatments themselves, as one of the possible side effects.

Dysgeusia, nausea, vomiting, anorexia, mucositis, and dysphagia induced by chemotherapy are just some

toxicities that may result in malnutrition. On the other side, the lack of an adequate nutritional status puts the

patients at higher risk of developing toxicities, and it is one of the major causes of poor tolerance to the therapies

. Moreover, the association between nutritional status and response to treatments is well-known. This effect has

been documented in different cancer settings .

In patients undergoing chemotherapy, the presence of gastroenteric symptoms is closely linked to unintentional

weight loss . Among different subsites, gastrointestinal cancers undergoing chemotherapy present the highest

incidence of malnutrition, both due to the peculiarity of these diseases and to the administered chemotherapy,

frequently composed of drugs causing mucositis and diarrhea . Moreover, head and neck and lung cancer

patients are among the most exposed to nutritional issues, due to the burden of disease and the consequent

inflammatory status. In this regard, chemotherapy-induced toxicities often worsen the metabolic and nutritional

status . Theoretically, targeted treatments should preserve from nutritional issues, in that they should hit

specific targets not involved in the absorption of nutrients. However, this principle is often disregarded, as many

targeted agent-induced toxicities are represented by anorexia, mucositis, diarrhea, dysgeusia and dysphagia. Still,

the exact prevalence of malnutrition induced by targeted treatment is not so precisely quantifiable, as we lack

enough data about the direct effect of this class of drugs in causing nutritional problems. One exception is

represented by hedgehog inhibitors, directly inhibiting taste receptors, thus causing nutritional troubles. As a matter

of fact, dysgeusia and weight loss are reported in about half and one-third of the treated patients .
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The exact prevalence of nutritional issues induced by immunotherapy has not been comprehensively studied.

Some adverse effects caused by immune checkpoint inhibitors could justify a causal role of this treatment in

reducing intake and absorption of nutrients: diarrhea, pancreatic insufficiency, nausea and fatigue might reduce the

caloric intake and produce weight loss. On the other side, there remains evidence showing that cancer-induced

chronic inflammation and impairment of nutritional intake impair the quality of immune response, both innate and

adaptative . It is therefore expected that this field of research will substantially increase in the near future.

3.4. End-of-Life Period

There is no consensus on the definition of end-of-life. Indeed, the term may refer to “people at risk of dying within

the next 12 months” according to the guidance of the General Medical Council of 2010 (4) or to “the final weeks,

days, hours of a patient’s life” according to the NHS document on end-of-life care strategy .

It is therefore clear that life expectancy is a very important parameter, but it is often very difficult to establish it.

Cancer patients at the end of life are often characterized by a worsening of nutritional status determined by a

gradual reduction in food intake and progressive weight loss. The causes may be multifactorial, directly linked to

the neoplastic disease or its treatment, such as anorexia, nausea, vomiting, dysgeusia, dysphagia, diarrhea, or

linked to obstruction of the gastroenteric tract. Many patients develop severe malnutrition and dehydration .

Regarding end-of-life as a life expectancy of a few weeks, every intervention should be considered together with

ethical aspects. Such intervention should be non-invasive and limited to symptom management considering

personal and family expectations and the benefits of quality of life .

References

1. Associazione Italiana di Oncologia Medica. Trattamento e Prevenzione Della Cachessia
Neoplastica. 2017. Available online: (accessed on 7 June 2021).

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

3. Fearon, K.; Strasser, F.; Anker, S.D.; Bosaeus, I.; Bruera, E.; Fainsinger, R.L.; Jatoi, A.; Loprinzi,
C.; MacDonald, N.; Mantovani, G.; et al. Definition and classification of cancer cachexia: An
international consensus. Lancet Oncol. 2011, 12, 489–495.

4. Grundmann, O.; Yoon, S.L.; Williams, J.J. The value of bioelectrical impedance analysis and
phase angle in the evaluation of malnutrition and quality of life in cancer patients—A
comprehensive review. Eur. J. Clin. Nutr. 2015, 69, 1290–1297.

[94]

[95]

[96][97]

[2]



Malnutrition/Cachexia/Sarcopenia in Oncology | Encyclopedia.pub

https://encyclopedia.pub/entry/11051 12/20

5. Kamarajah, S.K.; Bundred, J.; Tan, B.H.L. Body composition assessment and sarcopenia in
patients with gastric cancer: A systematic review and meta-analysis. Gastric Cancer 2019, 22,
10–22.

6. Brown, J.C.; Cespedes Feliciano, E.M.; Caan, B.J. The evolution of body composition in
oncology-epidemiology, clinical trials, and the future of patient care: Facts and numbers. J.
Cachexia Sarcopenia Muscle 2018, 9, 1200–1208.

7. Ní Bhuachalla, É.B.; Daly, L.E.; Power, D.G.; Cushen, S.J.; MacEneaney, P.; Ryan, A.M.
Computed tomography diagnosed cachexia and sarcopenia in 725 oncology patients: Is
nutritional screening capturing hidden malnutrition? J. Cachexia Sarcopenia Muscle 2018, 9, 295–
305.

8. Nakashima, Y.; Saeki, H.; Nakanishi, R.; Sugiyama, M.; Kurashige, J.; Oki, E.; Maehara, Y.
Assessment of Sarcopenia as a Predictor of Poor Outcomes After Esophagectomy in Elderly
Patients with Esophageal Cancer. Ann. Surg. 2018, 267, 1100–1104.

9. Recio-Boiles, A.; Galeas, J.N.; Goldwasser, B.; Sanchez, K.; Man, L.M.W.; Gentzler, R.D.;
Gildersleeve, J.; Hollen, P.J.; Gralla, R.J. Enhancing evaluation of sarcopenia in patients with non-
small cell lung cancer (NSCLC) by assessing skeletal muscle index (SMI) at the first lumbar (L1)
level on routine chest computed tomography (CT). Support. Care Cancer 2018, 26, 2353–2359.

10. Pamoukdjian, F.; Bouillet, T.; Lévy, V.; Soussan, M.; Zelek, L.; Paillaud, E. Prevalence and
predictive value of pre-therapeutic sarcopenia in cancer patients: A systematic review. Clin. Nutr.
2018, 37, 1101–1113.

11. Boshier, P.R.; Heneghan, R.; Markar, S.R.; Baracos, V.E.; Low, D.E. Assessment of body
composition and sarcopenia in patients with esophageal cancer: A systematic review and meta-
analysis. Dis. Esophagus 2018, 31.

12. Baracos, V.E.; Reiman, T.; Mourtzakis, M.; Gioulbasanis, I.; Antoun, S. Body composition in
patients with non-small cell lung cancer: A contemporary view of cancer cachexia with the use of
computed tomography image analysis. Am. J. Clin. Nutr. 2010, 91, 1133S–1137S.

13. Johnson, G.; Sallé, A.; Lorimier, G.; Laccourreye, L.; Enon, B.; Blin, V.; Jousset, Y.; Arnaud, J.;
Malthièry, Y.; Simard, G.; et al. Cancer cachexia: Measured and predicted resting energy
expenditures for nutritional needs evaluation. Nutrition 2008, 24, 443–450.

14. Mijnarends, D.M.; Meijers, J.M.; Halfens, R.J.; ter Borg, S.; Luiking, Y.C.; Verlaan, S.; Schoberer,
D.; Cruz Jentoft, A.J.; van Loon, L.J.; Schols, J.M. Validity and reliability of tools to measure
muscle mass, strength, and physical performance in community-dwelling older people: A
systematic review. J. Am. Med. Dir. Assoc. 2013, 14, 170–178.

15. Roberts, H.C.; Denison, H.J.; Martin, H.J.; Patel, H.P.; Syddall, H.; Cooper, C.; Sayer, A.A. A
review of the measurement of grip strength in clinical and epidemiological studies: Towards a



Malnutrition/Cachexia/Sarcopenia in Oncology | Encyclopedia.pub

https://encyclopedia.pub/entry/11051 13/20

standardised approach. Age Ageing 2011, 40, 423–429.

16. Sergi, G.; De Rui, M.; Stubbs, B.; Veronese, N.; Manzato, E. Measurement of lean body mass
using bioelectrical impedance analysis: A consideration of the pros and cons. Aging Clin. Exp.
Res. 2017, 29, 591–597.

17. Van der Werf, A.; Langius, J.A.E.; de van der Schueren, M.A.E.; Nurmohamed, S.A.; van der
Pant, K.A.M.I.; Blauwhoff-Buskermolen, S.; Wierdsma, N.J. Percentiles for skeletal muscle index,
area and radiation attenuation based on computed tomography imaging in a healthy Caucasian
population. Eur. J. Clin. Nutr. 2018, 72, 288–296.

18. Derstine, B.A.; Holcombe, S.A.; Ross, B.E.; Wang, N.C.; Su, G.L.; Wang, S.C. Skeletal muscle
cutoff values for sarcopenia diagnosis using T10 to L5 measurements in a healthy US popula-
tion. Sci. Rep. 2018, 8, 11369.

19. Newman, A.B.; Simonsick, E.M.; Naydeck, B.L.; Boudreau, R.M.; Kritchevsky, S.B.; Nevitt, M.C.;
Pahor, M.; Satterfield, S.; Brach, J.S.; Studenski, S.A.; et al. Association of long-distance corridor
walk performance with mortality, cardiovascular disease, mobility limitation, and disability. JAMA
2006, 295, 2018–2026.

20. Prado, C.M.; Purcell, S.A.; Laviano, A. Nutrition interventions to treat low muscle mass in cancer.
J. Cachexia Sarcopenia Muscle 2020, 11, 366–380.

21. Ryan, A.M.; Prado, C.M.; Sullivan, E.S.; Power, D.G.; Daly, L.E. Effects of weight loss and
sarcopenia on response to chemotherapy, quality of life, and survival. Nutrition 2019, 67–68,
110539.

22. Cederholm, T.; Jensen, G.L.; Correia, M.I.T.D.; Gonzalez, M.C.; Fukushima, R.; Higashiguchi, T.;
Baptista, G.; Barazzoni, R.; Blaauw, R.; Coats, A.; et al. GLIM Core Leadership Committee, GLIM
Working Group. GLIM criteria for the diagnosis of malnutrition—A consensus report from the
global clinical nutrition community. Clin. Nutr. 2019, 38, 1–9.

23. Cruz-Jentoft, A.J.; Bahat, G.; Bauer, J.; Boirie, Y.; Bruyère, O.; Cederholm, T.; Cooper, C.; Landi,
F.; Rolland, Y.; Sayer, A.A.; et al. Writing Group for the European Working Group on Sarcopenia in
Older People 2 (EWGSOP2), and the Extended Group for EWGSOP2. Sarcopenia: Revised Eu-
ropean consensus on definition and diagnosis. Age Ageing 2019, 48, 16–31.

24. Edwards, M.H.; Buehring, B. Novel Approaches to the Diagnosis of Sarcopenia. J. Clin. Densitom.
2015, 18, 472–477.

25. Mourtzakis, M.; Prado, C.M.; Lieffers, J.R.; Reiman, T.; McCargar, L.J.; Baracos, V.E. A practical
and precise approach to quantification of body composition in cancer patients using computed
tomography images acquired during routine care. Appl. Physiol. Nutr. Metab. 2008, 33, 997–1006.

26. Kim, E.Y.; Kim, Y.S.; Park, I.; Ahn, H.K.; Cho, E.K.; Jeong, Y.M. Prognostic Significance of CT-
Determined Sarcopenia in Patients with Small-Cell Lung Cancer. J. Thorac. Oncol. 2015, 10,



Malnutrition/Cachexia/Sarcopenia in Oncology | Encyclopedia.pub

https://encyclopedia.pub/entry/11051 14/20

1795–1799.

27. Baracos, V.E. Psoas as a sentinel muscle for sarcopenia: A flawed premise. J. Cachexia
Sarcopenia Muscle 2017, 8, 527–528.

28. Nijholt, W.; Scafoglieri, A.; Jager-Wittenaar, H.; Hobbelen, J.S.M.; van der Schans, C.P. The re-
liability and validity of ultrasound to quantify muscles in older adults: A systematic re-view. J.
Cachexia Sarcopenia Muscle 2017, 8, 702–712.

29. Perkisas, S.; Baudry, S.; Bauer, J.; Beckwée, D.; De Cock, A.-M.; Hobbelen, H.; Jager-Wittenaar,
H.; Kasiukiewicz, A.; Landi, F.; Marco, E.; et al. Application of ultrasound for muscle assessment
in sarcopenia: Towards standardized measurements. Eur Geriatr Med. 2018, 9, 739–757.

30. Schneider, S.M.; Correia, M.I.T.D. Epidemiology of weight loss, malnutrition and sarcopenia: A
transatlantic view. Nutrition 2020, 69, 110581.

31. Calvani, R.; Marini, F.; Cesari, M.; Tosato, M.; Picca, A.; Anker, S.D.; von Haehling, S.; Miller,
R.R.; Bernabei, R.; Landi, F.; et al. SPRINTT Consortium. Biomarkers for physical frailty and
sarcopenia. Aging Clin. Exp. Res. 2017, 29, 29–34.

32. Kwak, J.Y.; Hwang, H.; Kim, S.K.; Choi, J.Y.; Lee, S.M.; Bang, H.; Kwon, E.S.; Lee, K.P.; Chung,
S.G.; Kwon, K.S. Prediction of sarcopenia using a combination of multiple serum biomarkers. Sci.
Rep. 2018, 8, 8574.

33. Osuka, Y.; Kim, H.; Kawai, H.; Taniguchi, Y.; Yokoyama, Y.; Seino, S.; Obuchi, S.; Kitamura, A.;
Shinkai, S. Sarcoscore: A Novel Approach for Assessing Sarcopenia and Functional Disability in
Older Adults. J. Clin. Med. 2020, 9, 692.

34. Wheelwright, S.; Darlington, A.S.; Hopkinson, J.B.; Fitzsimmons, D.; White, A.; Johnson, C.D. A
systematic review of health-related quality of life instruments in patients with cancer cachexia.
Support. Care Cancer 2013, 21, 2625–2636.

35. Beaudart, C.; Locquet, M.; Reginster, J.Y.; Delandsheere, L.; Petermans, J.; Bruyère, O. Quality
of life in sarcopenia measured with the SarQoL®: Impact of the use of different diag-nosis
definitions. Aging Clin. Exp. Res. 2018, 30, 307–313.

36. Heymsfield, S.B.; Gonzalez, M.C.; Lu, J.; Jia, G.; Zheng, J. Skeletal muscle mass and quality:
Evolution of modern measurement concepts in the context of sarcopenia. Proc. Nutr. Soc. 2015,
74, 355–366.

37. Tosato, M.; Marzetti, E.; Cesari, M.; Savera, G.; Miller, R.R.; Bernabei, R.; Landi, F.; Calvani, R.
Measurement of muscle mass in sarcopenia: From imaging to biochemical markers. Aging Clin.
Exp. Res. 2017, 29, 19–27.

38. Álvaro Sanz, E.; Garrido Siles, M.; Rey Fernández, L.; Villatoro Roldán, R.; Rueda Domínguez,
A.; Abilés, J. Nutritional risk and malnutrition rates at diagnosis of cancer in patients treated in



Malnutrition/Cachexia/Sarcopenia in Oncology | Encyclopedia.pub

https://encyclopedia.pub/entry/11051 15/20

outpatient settings: Early intervention protocol. Nutrition 2019, 57, 148–153.

39. Planas, M.; Álvarez-Hernández, J.; León-Sanz, M.; Celaya-Pérez, S.; Araujo, K.; García de
Lorenzo, A. Prevalence of hospital malnutrition in cancer patients: A sub-analysis of the
PREDyCES® study. Support. Care Cancer 2016, 24, 429–435.

40. Muscaritoli, M.; Arends, J.; Aapro, M. From guidelines to clinical practice: A roadmap for
oncologists for nutrition therapy for cancer patients. Ther. Adv. Med. Oncol. 2019, 11, 1–14.

41. Fiol-Martinez, L.; Calleja-Fernandez, A.; de la Maza, B.P.; Vidal-Casariego, A.; Villar-Taibo, R.;
Urioste-Fondo, A.; Cuervo, M.; Cano-Rodriguez, I.; Ballesteros-Pomar, M.D. Comparison of two
nutritional screening tools to detect nutritional risk in hematologic inpatients. Nutrition 2017, 34,
97–100.

42. Patel, H.J.; Patel, B.M. TNF-α and cancer cachexia: Molecular insights and clinical implications.
Life Sci. 2017, 170, 56–63.

43. Pin, F.; Barreto, R.; Couch, M.E.; Bonetto, A.; O’Connell, T.M. Cachexia induced by cancer and
chemotherapy yield distinct perturbations to energy metabolism. J. Cachexia Sarcopenia Muscle
2019, 10, 140–154.

44. Brown, J.L.; Rosa-Caldwell, M.E.; Lee, D.E.; Blackwell, T.A.; Brown, L.A.; Perry, R.A.; Haynie,
W.S.; Hardee, J.P.; Carson, J.A.; Wiggs, M.P.; et al. Mitochondrial degeneration precedes the
development of muscle atrophy in progression of cancer cachexia in tumour-bearing mice. J.
Cachexia Sarcopenia Muscle 2017, 8, 926–938.

45. Fonseca, G.W.P.D.; Farkas, J.; Dora, E.; von Haehling, S.; Lainscak, M. Cancer Cachexia and
Related Metabolic Dysfunction. Int. J. Mol. Sci. 2020, 21, 2321.

46. Baracos, V.E.; Martin, L.; Korc, M.; Guttridge, D.C.; Fearon, K.C.H. Cancer-associated cachexia.
Nat. Rev. Dis. Primers 2018, 4, 17105.

47. Argilés, J.M.; Stemmler, B.; López-Soriano, F.J.; Busquets, S. Inter-tissue communication in
cancer cachexia. Nat. Rev. Endocrinol. 2018, 15, 9–20.

48. Peixoto da Silva, S.; Santos, J.M.O.; Costa ESilva, M.P.; Gil da Costa, R.M.; Medeiros, R. Cancer
cachexia and its pathophysiology: Links with sarcopenia, anorexia and asthenia. J. Cachexia
Sarcopenia Muscle 2020, 11, 619–635.

49. Freire, P.P.; Fernandez, G.J.; de Moraes, D.; Santiloni Cury, S.; Dal Pai-Silva, M.; dos Reis, P.P.;
Rogatto, S.R.; Carvalho, R.F. The expression landscape of cachexia-inducing factors in human
cancers. J. Cachexia Sarcopenia Muscle 2020, 11, 947–961.

50. Le-Rademacher, J.; Lopez, C.; Wolfe, E.; Foster, N.R.; Mandrekar, S.J.; Wang, X.; Kumar, R.;
Adjei, A.; Jatoi, A. Weight loss over time and survival: A landmark analysis of 1000+ prospectively



Malnutrition/Cachexia/Sarcopenia in Oncology | Encyclopedia.pub

https://encyclopedia.pub/entry/11051 16/20

treated and monitored lung cancer patients. J. Cachexia Sarcopenia Muscle 2020, 11, 1501–
1508.

51. Terawaki, K.; Sawada, Y.; Kashiwase, Y.; Hashimoto, H.; Yoshimura, M.; Suzuki, M.; Miyano, K.;
Sudo, Y.; Shiraishi, S.; Higami, Y.; et al. New cancer cachexia rat model generated by
implantation of a peritoneal dissemination-derived human stomach cancer cell line. Am. J.
Physiol. Endocrinol. Metab. 2014, 306, E373–E387.

52. Avgerinos, K.I.; Spyrou, N.; Mantzoros, C.S.; Dalamaga, M. Obesity and cancer risk: Emerging
biological mechanisms and perspectives. Metabolism 2019, 92, 121–135.

53. Lee, D.H.; Giovannucci, E.L. The Obesity Paradox in Cancer: Epidemiologic Insights and
Perspectives. Curr. Nutr. Rep. 2019, 8, 175–181.

54. Baracos, V.E.; Arribas, L. Sarcopenic obesity: Hidden muscle wasting and its impact for survival
and complications of cancer therapy. Ann. Oncol. 2018, 29 (Suppl. 2), ii1–ii9.

55. Pressoir, M.; Desné, S.; Berchery, D.; Rossignol, G.; Poiree, B.; Meslier, M.; Traversier, S.; Vittot,
M.; Simon, M.; Gekiere, J.P.; et al. Prevalence, risk factors and clinical implications of malnutrition
in French Comprehensive Cancer Centres. Br. J. Cancer 2010, 102, 966–971.

56. Bozzetti, F.; Mariani, L.; Lo Vullo, S.; Amerio, M.L.; Biffi, R.; Caccialanza, R.; Capuano, G.;
Correja, I.; Cozzaglio, L.; The SCRINIO Working Group; et al. The nutritional risk in oncology: A
study of 1,453 cancer outpatients. Support. Care Cancer 2012, 20, 1919–1928.

57. Hébuterne, X.; Lemarié, E.; Michallet, M.; de Montreuil, C.B.; Schneider, S.M.; Goldwasser, F.
Prevalence of Malnutrition and Current Use of Nutrition Support in Patients with Cancer. J.
Parenter. Enter. Nutr. 2014, 38, 196–204.

58. Muscaritoli, M.; Lucia, S.; Farcomeni, A.; Lorusso, V.; Saracino, V.; Barone, C.; Plastino, F.; Gori,
S.; Magarotto, R.; Carteni, G.; et al. Prevalence of malnutrition in patients at first medical
oncology visit: The PreMiO study. Oncotarget. 2017, 8, 79884–79896.

59. Li, Z.; Chen, W.; Li, H.; Zhao, B.; Chinese Oncology Nutrition Survey Group. Nutrition support in
hospitalized cancer patients with malnutrition in China. Asia Pac. J. Clin. Nutr. 2018, 27, 1216–
1224.

60. Na, B.G.; Han, S.S.; Cho, Y.A.; Wie, G.A.; Kim, J.Y.; Lee, J.M.; Lee, S.D.; Kim, S.H.; Park, S.J.
Nutritional Status of Patients with Cancer: A Prospective Cohort Study of 1,588 Hospitalized
Patients. Nutr. Cancer 2018, 70, 1228–1236.

61. Marshall, K.M.; Loeliger, J.; Nolte, L.; Kelaart, A.; Kiss, N.K. Prevalence of malnutrition and impact
on clinical outcomes in cancer services: A comparison of two time points. Clin. Nutr. 2019, 38,
644–651.



Malnutrition/Cachexia/Sarcopenia in Oncology | Encyclopedia.pub

https://encyclopedia.pub/entry/11051 17/20

62. Baumgartner, A.; Zueger, N.; Bargetzi, A.; Medinger, M.; Passweg, J.R.; Stanga, Z.; Mueller, B.;
Bargetzi, M.; Schuetz, P. Association of Nutritional Parameters with Clinical Outcomes in Patients
with Acute Myeloid Leukemia Undergoing Haematopoietic Stem Cell Transplantation. Ann. Nutr.
Metab. 2016, 69, 89–98.

63. Armenian, S.H.; Iukuridze, A.; Berano The, J.; Mascarenhas, K.; Herrera, A.; McCune, J.S.; Zain,
J.M.; Mostoufi-Moab, S.; McCormack, S.; Slavin, T.P.; et al. Abnormal body composition is a
predictor of adverse outcomes after autologous haematopoietic cell transplantation. J. Cachexia
Sarcopenia Muscle 2020, 11, 962–972.

64. Blauwhoff-Buskermolen, S.; Langius, J.A.E.; Becker, A.; Verheul, H.M.W.; de van der Schueren,
M.A.E. The influence of different muscle mass measurements on the diagnosis of cancer
cachexia: Muscle measurements in the diagnosis of cachexia. J. Cachexia Sarcopenia Muscle
2017, 8, 615–622.

65. Anker, M.S.; Holcomb, R.; Muscaritoli, M.; von Haehling, S.; Haverkamp, W.; Jatoi, A.; Morley,
J.E.; Strasser, F.; Landmesser, U.; Coats, A.J.S.; 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, 22–34.

66. Peterson, S.J.; Mozer, M. Differentiating Sarcopenia and Cachexia among Patients with Cancer.
Nutr. Clin. Pract. 2017, 32, 30–39.

67. Elliott, J.A.; Doyle, S.L.; Murphy, C.F.; King, S.; Guinan, E.M.; Beddy, P.; Ravi, N.; Reynolds, J.V.
Sarcopenia: Prevalence, and Impact on Operative and Oncologic Outcomes in the Multimodal
Management of Locally Advanced Esophageal. Cancer. Ann. Surg. 2017, 266, 822–830.

68. Shiroyama, T.; Nagatomo, I.; Koyama, S.; Hirata, H.; Nishida, S.; Miyake, K.; Fukushima, K.;
Shirai, Y.; Mitsui, Y.; Takata, S.; et al. Impact of sarcopenia in patients with advanced non-small
cell lung cancer treated with PD-1 inhibitors: A preliminary retrospective study. Sci. Rep. 2019, 9,
2447.

69. Chargi, N.; Bril, S.I.; Emmelot-Vonk, M.H.; de Bree, R. Sarcopenia is a prognostic factor for
overall survival in elderly patients with head-and-neck cancer. Eur. Arch. Otorhinolaryngol. 2019,
276, 1475–1486.

70. Simonsen, C.; de Heer, P.; Bjerre, E.D.; Suetta, C.; Hojman, P.; Pedersen, B.K.; Svendsen, L.B.;
Christensen, J.F. Sarcopenia and Postoperative Complication Risk in Gastrointestinal Surgical
Oncology: A Meta-analysis. Ann. Surg. 2018, 268, 58–69.

71. Sullivan, R.; Alatise, O.I.; Anderson, B.O.; Audisio, R.; Autier, P.; Aggarwal, A.; Balch, C.; Brennan,
M.F.; Dare, A.; D’Cruz, A.; et al. Global cancer surgery: Delivering safe, affordable, and timely
cancer surgery. Lancet Oncol. 2015, 16, 1193–1224.



Malnutrition/Cachexia/Sarcopenia in Oncology | Encyclopedia.pub

https://encyclopedia.pub/entry/11051 18/20

72. Zhong, J.; Kang, K.; Shu, X. Effect of Nutritional Support on Clinical Outcomes in Perioperative
Malnourished Patients: A Meta-Analysis. Asia Pac. J. Clin. Nutr. 2015, 24.

73. Lobo, D.N.; Gianotti, L.; Adiamah, A.; Barazzoni, R.; Deutz, N.E.P.; Dhatariya, K.; Greenhaff, P.L.;
Hiesmayr, M.; Jakobsen, D.H.; Klek, S.; et al. Perioperative nutrition: Recommendations from the
ESPEN expert group. Clin. Nutr. 2020, 39, 3211–3227.

74. Pironi, L.; Boeykens, K.; Bozzetti, F.; Joly, F.; Klek, S.; Lal, S.; Lichota, M.; Mühlebach, S.; Van
Gossum, A.; Wanten, G.; et al. ESPEN guideline on home parenteral nutrition. Clin. Nutr. 2020,
39, 1645–1666.

75. Bischoff, S.C.; Austin, P.; Boeykens, K.; Chourdakis, M.; Cuerda, C.; Jonkers-Schuitema, C.;
Lichota, M.; Nyulasi, I.; Schneider, S.M.; Stanga, Z.; et al. ESPEN guideline on home enteral
nutrition. Clin. Nutr. 2020, 39, 5–22.

76. Reisinger, K.W.; Bosmans, J.W.; Uittenbogaart, M.; Alsoumali, A.; Poeze, M.; Sosef, M.N.; Derikx,
J.P. Loss of Skeletal Muscle Mass During Neoadjuvant Chemoradiotherapy Predicts
Postoperative Mortality in Esophageal Cancer Surgery. Ann. Surg Oncol. 2015, 22, 4445–4452.

77. Shahjehan, F.; Merchea, A.; Cochuyt, J.J.; Li, Z.; Colibaseanu, D.T.; Kasi, P.M. Body mass index
and long-term outcomes in patients with colorectal cancer. Front. Oncol. 2018, 8, 620.

78. Kroenke, C.H.; Neugebauer, R.; Meyerhardt, J.; Prado, C.M.; Weltzien, E.; Kwan, M.L.; Xiao, J.;
Caan, B. Analysis of body mass index and mortality in patients with colorectal cancer using causal
diagrams. JAMA Oncol. 2016, 2, 1137–1145.

79. McKenna, N.P.; Bews, K.A.; Al-Refaie, W.B.; Colibaseanu, D.T.; Pemberton, J.H.; Cima, R.R.;
Habermann, E.B. Assessing Malnutrition Before Major Oncologic Surgery: One Size Does Not Fit
All. J. Am. Coll. Surg. 2020, 230, 451–460.

80. Caccialanza, R.; Lobascio, F.; Cereda, E.; Aprile, G.; Farina, G.; Traclò, F.; Boriolia, V.; Caraccia,
M.; Turria, A.; De Lorenzo, F.; et al. Cancer-related malnutrition management: A survey among
Italian Oncology Units and Patients’ Associations. Curr. Probl. Cancer 2020, 44.

81. Kubrak, C.; Martin, L.; Gramlich, L.; Scrimger, R.; Jha, N.; Debenham, B.; Chua, N.; Walker, J.;
Baracos, V.E. Prevalence and prognostic significance of malnutrition in patients with cancers of
the head and neck. Clin. Nutr. 2020, 39, 901–909.

82. Pai, P.C.; Chuang, C.C.; Tseng, C.K.; Tsang, N.M.; Chang, K.P.; Yen, T.C.; Liao, C.T.; Hong, J.H.;
Chang, J.T.C. Impact of Pretreatment Body Mass Index on Patients with Head-and-Neck Cancer
Treated with Radiation. Int. J. Radiat. Oncol. 2012, 83, e93–e100.

83. Langius, J.A.E.; Bakker, S.; Rietveld, D.H.F.; Kruizenga, H.M.; Langendijk, J.A.; Weijs, P.J.M.;
Leemans, C.R. Critical weight loss is a major prognostic indicator for disease-specific survival in
patients with head and neck cancer receiving radiotherapy. Br. J. Cancer 2013, 109, 1093–1099.



Malnutrition/Cachexia/Sarcopenia in Oncology | Encyclopedia.pub

https://encyclopedia.pub/entry/11051 19/20

84. Mele, M.C.; Rinninella, E.; Cintoni, M.; Pulcini, G.; Di Donato, A.; Grassi, F.; Trestini, I.; Pozzo, C.;
Tortora, G.; Gasbarrini, A.; et al. Nutritional Support in Lung Cancer Patients: The State of the Art.
Clin. Lung Cancer 2020.

85. Hendifar, A.E.; Petzel, M.Q.B.; Zimmers, T.A.; Denlinger, C.S. Pancreas Cancer-Associated
Weight Loss. Oncologist 2019, 24, 691–701.

86. Kiss, N.; Isenring, E.; Gough, K.; Wheeler, G.; Wirth, A.; Campbell, B.A.; Krishnasamy, M. Early
and Intensive Dietary Counseling in Lung Cancer Patients Receiving (Chemo)Radiotherapy-A
Pilot Randomized Controlled Trial. Nutr. Cancer 2016, 68, 958–967.

87. Akita, H.; Takahashi, H.; Asukai, K.; Tomokuni, A.; Wada, H.; Marukawa, S.; Yamasaki, T.;
Yanagimoto, Y.; Takahashi, Y.; Sugimura, K.; et al. The utility of nutritional supportive care with an
eicosapentaenoic acid (EPA)-enriched nutrition agent during pre-operative chemoradiotherapy for
pancreatic cancer: Prospective randomized control study. Clin. Nutr. ESPEN 2019, 33, 148–153.

88. Sánchez-Lara, K.; Ugalde-Morales, E.; Motola-Kuba, D.; Green, D. Gastrointestinal symptoms
and weight loss in cancer patients receiving chemotherapy. Br. J. Nutr. 2013, 109, 894–897.

89. Aaldriksa, A.A.; van der Geestb, L.G.M.; Giltayc, E.J.; le Cessied, S.; Portieljee, J.E.A.; Tanisf,
B.C.; Nortierg, J.W.R.; Maartenseh, E. Frailty and malnutrition predictive of mortality risk in older
patients with advanced colorectal cancer receiving chemotherapy. J. Geriatr. Oncol. 2013, 4, 218–
226.

90. Jain, R.; Coss, C.; Whooley, P.; Phelps, M.; Owen, D.H. The Role of Malnutrition and Muscle
Wasting in Advanced Lung Cancer. Curr. Oncol. Rep. 2020, 22, 54.

91. Dijksterhuis, W.P.M.; Latenstein, A.E.J.; van Kleef, J.J.; Verhoeven, R.H.A.; de Vries, J.H.M.;
Slingerland, M.; Steenhagen, E.; Heisterkamp, J.; Timmermans, L.M.; de van der Schueren,
M.A.E.; et al. Cachexia and Dietetic Interventions in Patients with Esophagogastric Cancer: A
Multicenter Cohort Study. J. Natl. Compr. Cancer Netw. 2021, 1–9.

92. Basset-Seguin, N.; Hauschild, A.; Grob, J.J.; Kunstfeld, R.; Dréno, B.; Mortier, L.; Ascierto, P.A.;
Licitra, L.; Dutriaux, C.; Thomas, L.; et al. Vismodegib in patients with advanced basal cell
carcinoma (STEVIE): A pre-planned interim analysis of an international, open-label trial. Lancet
Oncol. 2015, 16, 729–736.

93. Migden, M.R.; Guminski, A.; Gutzmer, R.; Dirix, L.; Lewis, K.D.; Combemale, P.; Herd, R.M.;
Kudchadkar, R.; Trefzer, U.; Gogov, S.; et al. Treatment with two different doses of sonidegib in
patients with locally advanced or metastatic basal cell carcinoma (BOLT): A multicentre,
randomised, double-blind phase 2 trial. Lancet Oncol. 2015, 16, 716–728.

94. Brocco, D.; Di Marino, P.; Grassadonia, A. From cachexia to obesity: The role of host metabolism
in cancer immunotherapy. Curr. Opin. Support. Palliat. Care 2019, 13, 305–310.



Malnutrition/Cachexia/Sarcopenia in Oncology | Encyclopedia.pub

https://encyclopedia.pub/entry/11051 20/20

95. Payne, S.; Chan, N.; Davies, A.; Poon, E.; Connor, S.; Goh, C. Supportive, palliative, and end-of-
life care for patients with cancer in Asia: Resource-stratified guidelines from the Asian Oncology
Summit 2012. Lancet Oncol. 2012, 13, e492–e500.

96. Baillie, J.; Anagnostou, D.; Sivell, S.; Van Godwin, J.; Byrne, A.; Nelson, A. Symptom
management, nutrition and hydration at end-of-life: A qualitative exploration of patients’, carers’
and health professionals’ experiences and further research questions. BMC Palliat. Care 2018,
17, 60.

97. Raijmakers, N.J.H.; van Zuylen, L.; Costantini, M.; Caraceni, A.; Clark, J.; Lundquist, G.; Voltz, R.;
Ellershaw, J.E.; van der Heide, A. Artificial nutrition and hydration in the last week of life in cancer
patients. A systematic literature review of practices and effects. Ann. Oncol. 2011, 22, 1478–1486.

Retrieved from https://encyclopedia.pub/entry/history/show/26277


