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ABSTRACT

Currently, there are no standardized treatments for cachexia or severe wasting. There is a growing consensus advocating multimodal interventions to
address the complex pathogenesis and metabolic alterations in these conditions. This review examined multimodal treatments intended to alleviate
and/or stabilize cachexia and severe wasting. The objectives of this review were to 1) identify multimodal interventions for the treatment of cachexia
or associated wasting syndromes in patients with a chronic illness, 2) assess the quality of these studies, and 3) assess the effectiveness of multimodal
interventions. Electronic databases including PubMed, MEDLINE, EMBASE, Scopus, Web of Science, Cochrane Library, CINAHL, PEDro, OpenGrey, and
clinicaltrials.org were systematically searched using both text words and MeSH (medical subject heading) terms. The literature revealed a dearth of
large, well-conducted trials in this area. Fourteen trials (n = 5 cancer, n = 5 chronic obstructive pulmonary disease, n = 4 chronic kidney disease)
were included in this review. A total of 1026 patients were included across all studies; sample size ranged between 21 and 138 patients. Baseline
and follow-up data were collected between 6 wk and 24 mo. All demonstrated some improvement in favor of the treatment groups, in relevant
measures of body composition, nutrition, biomarkers, and functionality; however, caution should be applied due to the heterogenous nature of
the interventions and small sample sizes. Overall, the evidence from this review supports the role of multimodal interventions in the treatment
of severe wasting. However, randomized controlled trials with a powered sample size and sufficiently lengthy interaction period are necessary to
assess if multimodal interventions are effective forms of therapy for improving body composition and nutritional and physical status in patients
with cachexia and wasting. The protocol for this review is registered with Prospero (ID: CRD42019124374). Adv Nutr 2021;12:523–532.
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Introduction
Cachexia is a term describing a severe form of wasting.
Cachexia is a complex metabolic and multifactorial syn-
drome requiring early intervention and multimodal manage-
ment (1, 2). However, there is currently no standardized
treatment for cachexia (3). It is characterized by an ongoing
loss of skeletal muscle mass (with or without loss of fat mass)
and progressive functional impairment that cannot be fully
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reversed by conventional nutritional support (4–6). Cachexia
has a devastating physical and psychological effect on
patients and caregivers (7), resulting in altered body image,
reduced quality of life, and decreased physical function, and
is often associated with approaching end of life. Various
definitions have been proposed to define cachexia and this
has evolved for disease-specific conditions such as cancer
(1, 8–11). However, cachexia is reported in almost all chronic
diseases at the advanced stages including cardiac disease,
chronic obstructive pulmonary disease (COPD), rheumatoid
arthritis (RA), and chronic kidney disease (CKD) (12). The
prevalence of cachexia varies depending on the diagnostic
criteria used; 5–15% in cardiac disease (13), 5–15% in COPD
(14), 15–32% in RA (15), 50–75% in CKD (16), and between
60% and 80% in cancer patients, and exceeds 80% in the last
1–2 weeks of life (12, 17).

For patients with or at risk of cachexia, a comphrensive
multimodal strategy is required (18). von Haehling and col-
leagues highlight the urgent need to maintain body weight,
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improve strength, enhance the capacity for independent
functioning, reduce frailty, and prolong survival (12). Several
potential therapeutic approaches for cachexia have been
proposed on the basis of experimental studies. These include
pharmacological and nonpharmacological interventions in
the form of exercise and nutrition (17). These components
provide an increasingly recommended framework for classi-
fication of cachexia (4) as well as a rationale for identifying
multiple therapeutic targets. By combining pharmacological
and nonpharmacological interventions, the multifaceted
mechanisms involved in bodily wasting may be addressed
simultaneously (17). However, despite growing and intensive
research in the field, very little is known about effective
treatment options to counteract wasting.

Research to date has predominantly focused on a wide
range of single modality treatments for cachexia in various
chronic illnesses including the following: pharmacological
management in cancer (19), CKD (20), COPD (21), and
cardiac disease (22); exercise in cancer (23), RA (24),
CKD (25), and COPD (26); and nutritional interventions
in cancer (27), COPD (28), and cardiac disease (29). To
date, these studies have shown limited success in stabilizing
or reversing wasting. Reflective of the complexity of the
syndrome of cachexia, recent trials have adopted multimodal
interventions (3, 30) consistent with scientific consensus,
which supports combination therapy that includes exercise,
nutritional support, and anti-inflammatory agents to treat
the severe wasting (31). It is argued that these components
may act synergistically to improve nutritional and physical
status, leading to positive secondary outcomes such as
improvement in quality of life (QoL) (4). However, the
beneficial effects of multimodal strategies for cachexia are
unknown. A critical review is required to assess current
multimodal interventions in the treatment of wasting to
provide an evidence base to inform future randomized
controlled trials (RCTs) and inform clinical guidelines.

This review examined multimodal treatments that aim to
alleviate and/or stabilize cachexia or forms of wasting. The
objectives of this review included the following: 1) identify
multimodal interventions for the treatment of cachexia or
associated wasting syndromes in patients with a chronic
illness and 2) assess the quality of these studies and 3)
effectiveness of multimodal interventions.

Methods
Search strategy
The protocol was registered with Prospero (ID:
CRD42019124374). In consultation with a subject librarian,
search terms included patient population terms (e.g.,
CKD, COPD, cardiac disease, immunodeficiency disorder,
RA, cancer), condition terms (e.g., cachexia, cachectic), and
various endpoints (e.g., weight loss, lean body mass, appetite,
anorexia, fatigue, physical functioning, QoL, survival) (see
Supplemental Table 1).

Data collection and analysis
Literature published between January 2008 and December
2019 using the databases PubMed, MEDLINE, EMBASE,
Scopus, Web of Science, Cochrane Library, CINAHL, PE-
Dro, OpenGrey, and ClinicalTrials.gov were systematically
searched. Reference lists of included sources were also
checked for relevant literature. Two review authors (JR
and CM) independently assessed titles and abstracts of
articles for references. Relevant data were extracted, and any
disagreements were discussed and resolved by consensus
with a third author (HN).

Inclusion criteria
Articles were considered eligible if they included an interven-
tion using ≥2 modalities (e.g., pharmacological, nutritional,
and/or exercise) in adults at risk of cachexia or other forms of
wasting (irrespective of definition used). We included RCTs
or quasi-randomized studies in a hospital setting. Studies
were limited to the English language.

Exclusion criteria
Studies involving participants aged <18 years were excluded.
Animal trials, conference abstracts, and case reports were not
included.

Outcome measures
Endpoint measures included body weight and body com-
position [e.g., using BMI, bioelectrical impedance analysis,
fat-free mass index (FFMI)], physiological and biochemical
measures [e.g., serum concentrations of proinflammatory
cytokines, hemoglobin (Hb), C-reactive protein (CRP)],
functional assessments [6-Minute Walk Test (6MWT), sit-to-
stand test, handgrip strength (HGS), QoL, survival], as well as
feasibility outcomes (e.g., adherence to prescribed programs
and occurrence of adverse events).

Quality assessment
We evaluated the quality of RCTs using the Jadad scale, which
is a commonly used 3-item, 5-point quality scale, to rate
independently the quality of the trials and to allocate a score
of between 0 (very poor) and 5 (rigorous) (32). Domains
included randomization, blinding, and withdrawals. We
assessed the risk of bias for nonrandomized studies using the
Risk of Bias in Non-randomized Studies of Interventions tool
(ROBINS-I) (33), which considers biases from confounding
factors, selection of participants, missing data, and outcomes.
Two investigators (CM and JR) evaluated each study against
rubrics provided by the Jadad and the ROBINS-I tool.
If investigators’ scores differed on a specific domain of
either the Jadad or the ROBINS-I tool, they discussed
to reach consensus. The Robvis tool was used to visual-
ize risk-of-bias assessment for ROBINS-I (34). Additional
quality indicators, patient characteristics, and descriptions
of interventions and main outcomes are summarized in
Table 1.
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Results
In total, 12,153 articles were collated from 7 databases
(see Supplemental Figure 1). Findings were screened for
duplicates and 2428 were subsequently removed. Initial
screening of title and abstract removed 9545 articles,
180 of which were selected for full screening analysis. This
review identified 14 studies that implemented a multimodal
intervention for severe wasting. A total of 1026 patients were
included across all studies; sample sizes ranged between 21
and 138 patients. Baseline and follow-up data were collected
between 6 wk and 24 mo.

Study design comprised 2 double-blind studies, 6 un-
specified RCTs, 2 pilot RCTs, 2 open-label RCTs, an RCT
feasibility study, and a controlled pilot study. The mean Jadad
score was 2 (range: 0–3), implying inconsistent quality of
design and inadequate randomization and blinding. ROBIN-
I score was used for the only nonrandomized study (52) and
considered at low risk of bias. The majority of studies focused
on interventions aimed at patients with cancer (n = 5),
followed by COPD (n = 5), then CKD (n = 4). The following
synthesis presents results based on disease assessing the
following aspects: operational definition applied, type of
interventions, endpoints, adherence and adverse outcomes,
study limitations, and quality assessment.

COPD (n = 5)
Five multimodal intervention RCT studies were conducted
in patients with COPD. An operational definition for wasting
was provided for all studies; however, these varied. Pison et
al. (40), Calder et al. (37), and van Beers et al. (35) referred
to standardized indices of FFMI [e.g., age and sex specific
below the 25th percentile of FFMI; i.e., <17 kg/m2 (males),
<15 kg/m2 (females)]. However, variations exist within
these, including Calder et al. (37) who distinguishes between
pre-cachexia [unintentional weight loss (UWL) >5%] and
overt cachexia (>5% with respective FFMI) according to
the European Respiratory Society. In addition, Pison et al.
(40) references FFMI or BMI (in kg/m2) <21, whereas van
Wetering et al. (38) suggest that a UWL of 5% over 1 mo or
10% over 6 mo with a BMI <25 were appropriate cutoffs for
wasting. Baldi et al. (42) refers only to weight loss as >5%
over 6 mo.

Four of the 5 studies included some form of exercise (e.g.,
cycling, walking and/or resistance bands and/or weight train-
ing), but all studies included an oral nutritional supplement
(ONS) (35, 37, 38, 40, 42). Branded (35, 38, 40, 42) and
an unbranded (37) compound(s) were prescribed in similar
quantities. In addition, nutritional counselling was included
during the maintenance phase of 2 studies (35, 38). All
studies included assessments of body composition reporting
on weight, BMI, and fat mass as well as tests of physical
function (e.g., 6MWT, cycle endurance test). Additional
measures included metabolic biomarkers and inflammatory
markers (40, 37), QoL (38, 35), and survival (40). All studies
that implemented an exercise regimen and ONS reported
significant improvements in favor of the treatment groups;
however, after 24 mo, improvements in primary endpoints
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such as BMI and FFMI were lost in van Wetering et al. (38).
However, caution is needed in interpretation due to the small
sample size, which reduces generalizability. Other limitations
were noted, including an overrepresentation of females,
indicating a randomization bias and a lack of blinding (42).
The majority of the studies were not double-blinded due to
the nature of the interventions, which makes double blinding
impractical. However, 2 studies were double blinded (35, 37)
and 2 studies were single blinded (38, 40).

Pison et al. (40) included the largest sample and was also
the only study to include all 3 recommended components:
exercise, ONS, and pharmacology (testosterone). Of note,
the exercise regimen was not supervised; however, significant
improvement in clinical outcomes as well as survival suggest
efficacy of a home-based intervention. Calder et al. (37)
was the only other study to include a drug component (�-
3 PUFAs) in combination with an ONS. Despite reported
weight gain in both groups, Calder et al. (37) reported several
positive effects for the treatment group, including improved
body composition (e.g., fat mass), functionality (e.g., fatigue,
dyspnea), and metabolic biomarkers (e.g., blood pressure,
lipoprotein, and cholesterol). Control groups in 2 studies (35,
37) replicated placebo conditions appropriately. For example,
van Beers et al. (35) implemented a placebo exercise and
noncaloric cloudified aqueous solution. Pison et al. (40) and
van Wetering et al. (38) used education programs as control
conditions. Baldi et al. (42) provided both groups with the
same exercise intervention with the adjunct of ONS only for
the intervention.

Studies that included interventions with no exercise com-
ponent (37) had lower drop-out rates (9%). van Wetering et
al. (38) demonstrated the poorest adherence (31% dropout)
but this may not be surprising after 2 y. In addition, after
15 mo, van Beers et al. (35) experienced a similar adherence
(25% dropout). Dropout was high, resulting in 21% of
patients dropping out or failing to adhere at 6 mo follow-up
(40). Conversely, Baldi et al. (42) described that 14% of the
patients had some difficulties in adhering to the home-based
nutritional rehabilitation.

CKD (n = 4)
Two of the 4 multimodal interventions for CKD did not
define criteria for severe wasting (45, 46). The remaining
2 studies used protein-energy wasting (PEW) according to
the Fouque et al. (44) definition; however, minor differences
were described (43, 47), and Martin-Alemañy et al. (47)
do not mention reduction in dietary intake as an optional
criterion. All interventions were conducted intra-dialysis,
which involved cycling (43, 45) or resistance training (RT)
(46, 47). Three studies also included an ONS also while on
dialysis (43, 45, 46). However, Hristea et al. (43) included
dietary counseling. The nutritional supplements for these
trials also constituted respective control components.

Hristea et al. (43) provided the most comprehensive
assessments, including weight change (e.g., BMI), biomark-
ers (e.g., serum albumin), physical function (e.g., 6MWT),
and nutrition (e.g., dietary energy intake). Jeong et al. (45)

assessed body composition, physical function, and muscle
strength. However, Dong et al. (46) did not include an
assessment of functionality and Martin-Alemañy et al. (47)
did not include nutritional parameters. Both studies using
RT failed to report significant improvements (46, 47). Jeong
et al. (45) also found no significant change in the primary
outcome of physical function or body composition, but
there were modest improvements as interventions increased
(protein-only to protein and exercise), suggesting more
comprehensive lifestyle modifications are needed in this
population. Safety profile was also regarded as good, with
1 adverse event reported by Jeong et al. (45) within the
protein-only group. Hristea et al. (43) also reported positive
benefits, such as improvement in QoL and physical function,
but no evidence of PEW remission.

Cancer (n = 5)
Five multimodal interventions were reported for patients
with cancer and severe wasting. Three studies failed to
provide inclusion criteria for patients at risk of severe wasting
(48, 50, 52). Only 1 study defined cachexia, Solheim et
al. (49) cites weight loss and BMI cutoff (<30). Wen et
al. (51) referred to involuntary weight loss of >5% with
different trajectories of 3 mo. Endpoints were less varied
between cancer studies. Uster et al. (48), Wen et al. (51),
Solheim et al. (49), and Schink et al. (52) assessed a variety
of similar parameters, including biomarkers (e.g., Hb, CRP),
nutrition (e.g., dietary intake), body composition (e.g., body
weight), and functionality (e.g., QoL, fatigue). Xu et al.
(50) focused on body composition as well as adherence.
However, comparison between multimodal interventions
was not possible as each implemented different modalities.

Solheim et al. (49) used 3 components, including aerobic
training and RT, ONS, and ibuprofen. No significant changes
were reported, and survival was similar between groups
compared with usual care. However, the primary endpoint
was feasibility, which demonstrated no serious adverse events
and good compliance. Of note, Solheim et al. (49) used an
open-label design trial, which may have compliance issues
given the impact of knowledge of treatment allocation. Uster
et al. (48) also failed to show an improvement in overall
QoL through the implementation of a combined nutritional
support and physical exercise program (cycling and balance
training). Adherence was good (67%), and significant im-
provement in dietary intake and the reduction in nausea and
vomiting was found. This helps to demonstrate the potential
that multimodal therapy holds for cancer cachexia. However,
limitations for outcome measures, such as bioimpedance
analysis and QoL, were considered problematic.

Improvements were reported by Xu et al. (50) in those who
received the supervised walking program and nutritional
advice. Walking distance, HGS, and body weight improved
significantly compared with controls. Compliance was mod-
erately high at 68%. However, the authors noted this was
a powered, but small sample. In addition, there was an
overrepresentation of males and 1 ethnic group. There is
also a need for longer follow-up observations. Wen et al.
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(51) also reported significant improvements in body weight,
appetite, QoL, HGS, fatigue, and metabolic biomarkers (e.g.,
Glasgow Prognostic Score, IL-6, TNF). Patients who received
megestrol acetate (MA) and thalidomide experienced greater
improvements compared with controls who only received
MA. Despite this, controls also experienced significant
improvements in body weight and appetite, suggesting MA
also has beneficial effects. In addition, the safety profile
was reported as good, with a low occurrence rate of
toxicities for both groups. Schink et al. (52) also reported
significant improvements in body composition and physical
function but no significant changes in QoL, fatigue, or
biochemistry. Schink et al. (52) provided a unique inter-
vention using strength training in the form of whole-body
electro-myostimulation with nutritional support in cancer
patients. This pilot study reported a combined approach was
effective; however, the comparison, using dietary therapy
alone, also showed improvements in physical function
(e.g., HGS).

Quality of the evidence
The only 2 double-blind RCTs, according to the Jadad
scale (see Supplemental Table 2), were deemed as having
moderate quality (a score of 3) (35, 37). Although random-
ization and attrition were adequately described, the blinding
procedures were not provided. In addition, both studies
were reported as inadequately powered. Two studies reported
a score of zero using the Jadad assessment tool (42, 43).
Randomization procedures were not described, and blinding
was absent. Other issues included small sample sizes, low
adherence, and high dropout. The majority of randomized
studies (n = 9) had a score of 2, suggesting low quality
(38, 40, 45–51). Randomization procedures tended to be
provided, but these studies failed to include information on
any blinding. The majority of studies were not powered by
study completion or did not describe a power calculation
at the outset of the study (35, 38, 40, 45, 47, 49). Xu et
al. (50) reported sufficient power to assess some, not all,
measures with confidence. Wen et al. (51), Dong et al.
(46), and Uster et al. (48) also reported powered samples
at 90%, 90%, and 80%, respectively. In addition, although
all studies provided detailed drop-out and withdrawal rates,
these tended to be considerable from the initially small
sample sizes. The only nonrandomized study by Schink et al.
(52) was reported as having a low risk of bias using ROBINS-I
quality assessment (see Supplemental Table 3). Information
related to selection biases (e.g., selection of participants) and
confounding factors was not described; however, appropriate
detail was provided for issues relating to the intervention,
missing data, and reported outcomes.

Discussion
This review identified 13 RCTs and 1 feasibility trial
delivering multimodal interventions to patients at risk or
requiring treatment for wasting. The trials demonstrated
mixed evidence regarding the benefits of interventions;
however, heterogeneity of intervention components and

small sample sizes need to be taken into consideration. These
studies reflect a growing scientific consensus recommending
a framework of combined pharmacological, nutritional,
and exercise components to treat cachexia and wasting
conditions in chronic disease (4). This review highlights
greater improved endpoints when combining treatment
modalities, furthering our understanding of the effectiveness
of multimodal interventions in cachexia. Furthermore, the
majority of studies found significant improvements in weight
gain, body composition, and physical activity as well as
functionality (37, 38, 40, 42, 50, 51). However, some
studies failed to find clinically significant improvements (43).
Various limitations were identified, including small sample
sizes (42), short follow-up periods (49, 50), high drop-out
rates, lack of appropriate controls or assessment procedures
(45), and modest intervention regimens (46). Overall, the
nature of studies included were heterogeneous (e.g., dose,
modality, disease). Larger and longer trials are required to
clarify whether multimodal interventions are effective forms
of therapy for improving body composition and nutritional
and physical status in patients with wasting and advanced
disease.

Single therapies such as pharmacological or nonpharma-
cological, nutritional interventions, or physical exercise pro-
grams demonstrate variable results across different diseases
(4). Trials of nutritional support and other single-component
interventions have proven unsuccessful in stopping or revers-
ing cachectic deterioration (1). It is evident that multimodal
intervention strategies (i.e., forms of resistance exercise,
nutritional supplementation and/or drugs) aimed at muscle
mass, physical function, nutritional status, and clinical
outcome in patients at risk of or requiring treatment for
cachexia are necessary. Multimodal interventions are likely
to provide comprehensive lifestyle modifications to patient
cohorts at high risk of wasting. However, despite a consensus
for multimodal intervention (4), only 2 studies in this review
implemented the recommended framework of combined
pharmacological, nutritional, and exercise components (40,
49).

This review also helps highlight the controversy around
terminology. This review sought to collate interventions for
cachexia, a muscle-wasting condition with or without fat
loss (5, 6). However, only 2 experimental studies provided
a specific definition relating to cachexia (37, 49). Equally,
a wide range of terminology, including malnutrition, PEW
(43, 45–47), low FFMI, cachexia (40, 49), and cancer-related
anorexia/cachexia syndrome (51), was used. Cancer cachexia
has received the most research attention and currently has a
consensus definition (1), unlike other chronic conditions. It
is therefore not surprising that no multimodal intervention
RCTs for other clinically relevant conditions (e.g., cardiac
disease, RA) were reported. Currently, terminology indicat-
ing cachexia is being used interchangeably due to multiple
generic operational definitions for wasting disorders. Experts
have recommended terminology such as malnutrition for all
wasting conditions as part of its continuum, with cachexia as
an extreme form (53, 54).
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Overall, there is a continued need for a more thorough
understanding of the pathophysiology of cachexia and
its progression, as this will lead to the development of
combination therapies that are greatly needed. Although
there is a consensus definition for cancer cachexia, no
standardized treatment exists (3). Clinical studies are still
needed to further explore the mechanisms of wasting in
chronic illnesses and to discover novel therapies to prevent
or reverse the development of cachexia (55). This will assist
in the development of clinical practice guidelines to inform
treatment pathways for patients with cachexia associated
with a variety of advanced disease states.

The presence of cachexia is associated with high mor-
tality and poor symptom status but also low QoL (12).
Despite this, there continues to be gaps in the provision
of QoL interventions and psychosocial support for patients
experiencing wasting with advanced disease. No studies
reported psychosocial interventions; however, several studies
reported on QoL endpoints. It is important to acknowledge
that a patient’s relationship with food is negatively affected,
which impacts social and family aspects. Future interventions
should address the emotional and social context of such
factors likely to impact eating problems, such as distress,
anxiety, and support for family carers (7). Psychosocial sup-
port continues to be an unmet need in patients experiencing
cachexia with advanced disease and should be included in the
overall multimodal intervention framework (49).

Of note, all studies reported good acceptability, com-
pliance, and safety profile of a wide range of intervention
combinations. Solheim et al. (49) demonstrated that patients
with advanced cancer who have a high risk of developing
cachexia are willing and able to participate in an RCT
of a complex intervention that includes a defined exercise
program. The positive effect of this multimodal cachexia
intervention on weight also highlights that cachexia need
not be an inevitable consequence of advanced disease
but may be attenuated through a multimodal intervention
program (49). Limitations relate to a large number and wide
range of outcomes, preventing meta-analysis. The durations
of intervention varied between 6 wk to 24 mo, making
comparison of effects difficult. Sample sizes were typically
small and tended to lack power. For the sample sizes that
were powered, caution should be applied to the interpretation
of such small RCTs [e.g., (49)]. The diversity of patients
(e.g., disease states) also makes it somewhat challenging
to reach generic conclusions about cachexia in advanced
disease. However, this review provides a unique collation and
comparison of up-to-date RCTs for the treatment of severe
wasting in advanced disease.

In conclusion, previous reviews have sought to summarize
the applicability of multimodal interventions (17, 56), but
this is the first critical review of multimodal interventions for
cachexia. From research conducted to date, there is a clear
consensus that single therapies will not stabilize or reverse
cachexia (4). Taking into account the significant complexities
of cachexia, a multimodal approach that includes a combina-
tion of pharmacology, exercise, and nutritional components

is necessary. Accordingly, these studies report the role of
multimodal interventions as positive and wide ranging,
improving important clinical endpoints as well as QoL
outcomes. This review also describes a good safety profile and
compliance despite increased modes of intervention. Most
important, this review highlights that well-conducted and
powered RCTs are needed to test multimodal interventions
to ascertain their true benefit for these populations. The
number of patients who have cachexia and its consequential
impact underscores the significance of this research direc-
tion. However, greater research collaboration, across chronic
illnesses, will be required to tackle the complex challenge of
severe wasting known as cachexia.
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