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ABSTRACT

Background: Cancer cachexia has substantial impacts on people's quality of life. There is no current gold standard treatment,
but the complex pathophysiology of cachexia suggests that a multitargeted and individualised treatment approach is needed. We
aimed to evaluate the extent to which multicomponent interventions have targeted the key features of cachexia and been tailored
to individuals, and differential effects on quality of life.

Methods: We conducted a systematic review of multicomponent interventions for adults with cancer cachexia. We searched four
databases, two clinical trial registers and MedRxiv on 20 June 2024. Intervention components were classified by intervention
category (nutritional, exercise/physical activity, pharmacological and psychosocial), cachexia feature(s) targeted (reduced energy
intake, altered metabolism, involuntary weight loss and decline in physical function) and level of tailoring. Within-arm stand-
ardised mean changes in quality of life over time, as well as standardised mean differences between study arms, were calculated.
Results: Sixty-two multicomponent interventions were included, of which two combined components from all four intervention
categories, and nine targeted all four key features of cachexia. Eighteen multicomponent interventions were fully tailored and 30
were partly tailored to individuals. Within-arm standardised mean changes in quality of life were calculated for thirteen studies;
all had a high risk of bias or raised concerns. In eleven studies, quality of life scores improved following the intervention, whereas
in two studies they declined. Standardised mean differences between study arms were calculated for four studies; in three, the
intervention arm showed a greater improvement in quality of life scores than the usual care arm. Amongst these data, there was
no indication that the number of cachexia features targeted, or the extent of tailoring, was associated with a greater improvement
in quality of life scores; however, the heterogeneity prevented us from concluding on our hypothesis.

Conclusions: This review mapped out in detail the combinations of intervention categories used, the key features of cachexia
targeted, and the extent of tailoring across multicomponent interventions for adults with cancer cachexia. Only a small propor-
tion of the multicomponent interventions targeted all four key features of cachexia, but most were either partly or fully tailored
to individuals. Despite sixty-two multicomponent interventions being investigated, only four studies compared these to usual
care and reported quality of life outcomes. High risk of bias, low sample sizes and variable outcome data remain challenges to
the interpretability of results in this field.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is
properly cited.
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1 | Introduction

Cancer cachexia is ‘a multi-factorial syndrome characterised by
an ongoing loss of skeletal muscle mass (with or without loss of
fat mass) that cannot be fully reversed by conventional nutri-
tional support and leads to progressive functional impairment’
[1]. Key pathophysiological features of the syndrome include
a negative protein and energy balance, which results from re-
duced food intake in combination with abnormal metabolism
[1]. Cachexia is generally progressive, especially if the under-
lying disease cannot be cured [2]. The prevalence of cachexia
amongst people with cancer varies from around 20%-80%, de-
pending on the primary tumour site, stage and other patient fac-
tors [3, 4]. Cancer cachexia has physical, psychological, social
and existential consequences for patients and carers [5]. It im-
pacts the quality of life, with eating-related issues and worries
about physical decline contributing to negative body image, al-
tered sense of identity, feelings of loss of control and negative
emotions [6].

Although there is no current gold standard treatment for
cancer cachexia, trials of interventions over the past decades
have targeted different aspects of the syndrome, such as in-
flammation [7], appetite [8], muscle mass and function [9] and
psychosocial wellbeing [10], often in isolation. The complex
pathophysiology of cancer cachexia suggests the need for a
multitargeted intervention. Pharmaceutical trials have devel-
oped and tested various drugs with the aim of alleviating ca-
chexia with one single pill, some of which have shown positive
effects on certain outcomes like body weight [11]. However,
few drugs have shown positive effects on functional outcomes
like handgrip strength or on patient-reported outcomes like
quality of life. Some trials have tested combinations of phar-
macological agents, and although data on this are limited,
there is some indication that these may be more effective than
single drugs, highlighting the need for a multitargeted ap-
proach [11].

Therefore, the current dominant view is that a combination
of interventions is required to alleviate cachexia [12, 13], a
concept that was pioneered by Fearon, who proposed combin-
ing exercise, nutrition support and anti-inflammatory drugs
[14]. Since then, many trials have embraced a multimodal ap-
proach, investigating combinations of pharmacological, nutri-
tional, exercise and/or psychosocial intervention components
[15]. However, it is not known how many of these multicom-
ponent interventions have targeted all the key features of ca-
chexia or whether interventions that target more key features
of cachexia are more effective at improving patient-centred
outcomes including quality of life. Indeed, the diversity of
multicomponent interventions brings the challenge of pooling
study results in meta-analyses to evaluate which combina-
tions of intervention components are effective at improving
patient outcomes.

Furthermore, interview studies have highlighted that patients
and carers value interventions that are individualised and
flexible [16-20]. Although some trials have incorporated this
approach (e.g., individualised exercise or nutritional coun-
selling [20, 21]), usually all intervention components are pro-
vided, in one way or another, to all participants. In contrast, in

nonexperimental settings like clinical services, it is more com-
mon for intervention components to only be provided if there is
an indicated need (e.g., prescriptions and recommendations for
present symptoms, e.g., [22]). This approach aligns with the pro-
gressive nature of cachexia; individuals with refractory cachexia
will likely benefit from different intervention components than
individuals with pre-cachexia [23]. It also supports the large
variability in cachexia presentation, where appetite may be the
primary concern for one person, whereas muscle weakness may
be the primary concern for another.

Systematic reviews of cancer cachexia interventions have
often included only randomised trials with published results.
Usually, nonrandomised studies of interventions (NRSIs),
such as single-arm feasibility trials and studies evaluating the
effects of clinical services, and ongoing studies that have not
yet published results, are excluded. However, both NRSIs and
ongoing studies can contribute valuable information about the
types of interventions that have been and are currently being
investigated for people with cancer cachexia. In addition to
this, although methodological limitations and potential biases
must be considered, such as confounding [24], NRSIs with re-
sults can provide data on important patient-centred outcomes
like quality of life. If positive, results from NRSIs can encour-
age the design of randomised trials to test those interventions
[25], so should not be overlooked.

We therefore synthesised studies of multicomponent interven-
tions for adults with cancer cachexia. Our aims were to evaluate
the extent to which multicomponent interventions have targeted
the key features of cachexia and been tailored to individuals and
whether this is associated with differential effects on quality of
life outcomes.

2 | Methods
2.1 | Design

We conducted a systematic review of studies of multicomponent
interventions for people with cancer cachexia. The protocol was
published on PROSPERO on 25 July 2023 (CRD42023412551).
We have reported this review according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) criteria.

2.2 | Eligibility Criteria
2.2.1 | Population

We considered studies with evidence that (a) all participants
were adults (aged >18years) and had a diagnosis of cancer at
baseline and (b) >75% of participants had or were at risk of ca-
chexia at baseline. We applied the international consensus defi-
nition of cancer cachexia: weight loss of >5% in the previous
6 months or BMI < 20kg/m? and ongoing weight loss of > 2% [1].
We considered participants with advanced (Stage 3 or 4) lung,
upper gastrointestinal or head and neck cancers to be at risk of
cachexia [3, 26, 27]. We excluded studies if any participant was
<18years at baseline, if any participant did not have a cancer
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diagnosis at baseline or if there was no evidence that >75% of
participants had or were at risk of cachexia at baseline based on
our criteria.

2.2.2 | Interventions

We considered studies that investigated a multicomponent in-
tervention, which we defined as an intervention that included at
least two components (that could be individual interventions),
either concurrently or sequentially. We excluded studies which
investigated single-component interventions. We did not con-
sider anticancer treatments (e.g., chemotherapy) as intervention
components; thus, if a study investigated a combination of an
anticancer treatment and one additional intervention compo-
nent, it was excluded. Examples of eligible multicomponent in-
terventions included two or more separate drugs (e.g., megestrol
acetate and celecoxib), one or more drugs plus a nutritional sup-
plement (e.g., ibuprofen and fish oil), two or more nutritional
interventions (e.g., fish oil and dietary counselling) or two or
more nonpharmacological interventions (e.g., aerobic exercise
and psychosocial support). We did not set any restrictions for
comparators or outcome measures reported by studies.

2.2.3 | Study Design

We considered primary research studies that were randomised
studies or NRSIs of interventions, in either an experimental
(e.g., clinical trial) or nonexperimental setting (e.g., evaluation
of a clinical service). We excluded secondary research studies
(e.g., reviews) and records that did not present original data (e.g.,
expert opinions, letters to the editor and commentaries). We also
excluded studies with fewer than five participants enrolled at
baseline.

2.2.4 | Record Type

We considered published journal papers, pre-prints and clinical
trial register records. We considered ongoing studies without
published results, if adequate information about the interven-
tion was provided (e.g., if there was a published protocol or
clinical trial register record available with a description of the
intervention). We did not set any restrictions for the publication
year. We considered records written in English or records writ-
ten in other languages if they could be successfully translated by
Google Translate.

2.3 | Information Sources and Search Strategy

We conducted a comprehensive search strategy, which included
databases, clinical trial registers and pre-prints. We searched
four databases (MEDLINE via Ovid, EMBASE via Ovid,
Cochrane Central Register of Controlled Trials and CINAHL
via EBSCO) from inception to 26 July 2023 and then conducted
an updated search on 20 June 2024. In line with Cochrane [28]
and BMJ guidance [29], we searched two clinical trial registers
(ClinicalTrials.gov and World Health Organisation International
Clinical Trials Registry Platform [WHO ICTRP]) on 26 July

2023 and again on 20 June 2024. We also searched MedRxiv on
26 July 2023 and again on 20 June 2024. Full search strategies
can be found in Supporting Information S1.

2.4 | Study Records
2.4.1 | Data Management

We imported all records from the database searches and
MedRxiv into a systematic review manager (Rayyan) for screen-
ing. We imported records from clinical trial registers into an
Excel spreadsheet for screening.

2.4.2 | Selection Process

We used Rayyan's automatic duplicate detection function to
identify possible duplicate records amongst database records,
and then, the primary reviewer (M.B.) manually resolved each
one. The primary reviewer (M.B.) screened each record based
on its title and abstract, and a second reviewer (A.M.) inde-
pendently screened 10% of the records to check for consistency
in decisions. The primary reviewer (M.B.) and at least one other
reviewer (A.M./C.P./J.B.) independently screened each full text.
In the case of conflict between the reviewers, the article was
discussed between the primary reviewer (M.B.) and another
independent reviewer (M.M.). To achieve consistency in the se-
lection of articles, the final decision was ultimately made by the
primary reviewer (M.B.).

2.4.3 | Data Collection

The primary reviewer (M.B.) extracted data from all included re-
cords, on report characteristics (e.g., publication type and year),
study design, population characteristics (e.g., cancer site and
stage, weight loss and cachexia status), interventions provided
to each study arm, sample size and attrition. A second reviewer
(C.P./A.M./R.D.) then checked all extracted data.

For each multicomponent intervention, the primary reviewer
(M.B.) listed each individual component individually, along-
side its intervention category (pharmacological, nutritional,
exercise/physical activity or psychosocial), type (e.g., appe-
tite stimulant, exercise and nutrition support), subtype where
applicable (e.g., anamorelin, resistance training and enteral
nutrition), key feature(s) of cachexia targeted and level of
tailoring.

Two reviewers (M.B. and C.P./A.M./R.D.) independently ex-
tracted measures of quality of life, in addition to any stated
intention to measure quality of life and outcome data (prefer-
entially as mean and standard deviation or as reported by the
study).

2.5 | Risk of Bias in Individual Studies

Two reviewers (M.B. and C.P./A.M.) independently assessed the
risk of bias for each study that provided data for the quality of
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life analysis. We used Cochrane tools for these assessments: For
randomised trials, we used the revised tool for risk of bias in
randomised trials (RoB 2), and for NRSIs, we used the Risk Of
Bias in Non-randomised Studies—of Interventions (ROBINS-I).
We were interested in the effect of assignment on the interven-
tion (intention-to-treat analysis).

2.6 | Data Synthesis and Analysis
2.6.1 | Summary Statistics

Firstly, we categorised studies as either randomised trials or
NRSIs. Subsequently, we subcategorised NRSI study designs based
on guidance from Cochrane [25] and Reeves and colleagues [30].

We calculated the median (range) sample size at baseline, the
median (range) average age of participants and the median
(range) average percentage weight loss of participants at base-
line from all studies that reported these data.

Additionally, we calculated how many participants had lung,
gastrointestinal and head and neck cancers and how many par-
ticipants had Stage 3 or 4 cancer at baseline. These analyses in-
cluded all participants from all studies that reported these data.

Finally, we calculated how many participants had cachexia at
baseline. If the inclusion criteria of the study indicated that all
enrolled participants had cachexia; then, we assumed that the
number of participants with cachexia was equal to the sample
size. If the study reported the number of participants with ca-
chexia at baseline, then we used this number.

2.6.2 | Intervention Analysis

We used cancer cachexia guidelines from the European
Society of Medical Oncology (ESMO [12]) and the American
Society of Clinical Oncology (ASCO [31]), in addition to the
international consensus definition of cancer cachexia [1], to
define four key features of cancer cachexia for use in this re-
view. These key features were as follows: (1) reduced energy
intake (including causal factors like appetite loss, food aver-
sion and nutrition impact symptoms), (2) altered metabolism
(including systemic inflammation), (3) involuntary weight
loss (including loss of lean and/or fat mass) and (4) decline
in physical function (including causal factors like fatigue and
loss of muscle strength).

We classified each individual intervention component into one
of four ‘intervention categories™ nutritional, exercise/physical
activity, pharmacological or psychosocial. We also classified
each component based on which of the four key features of can-
cer cachexia it targeted. To illustrate intervention categories and
targets, we created Sunburst diagrams using the Plotly package
in Python. To visualise which intervention categories were com-
bined and which key features of cachexia were targeted together,
we created UpSet plots [32].

To assess the level of intervention tailoring, we first classi-
fied each component based on its provision; a component had

‘targeted provision’ if there was evidence that it was only given to
study participants who needed it; otherwise, it had ‘total provi-
sion’. We also classified each component based on its delivery; a
component was ‘individualised’ if there was evidence that it was
modified for each participant; otherwise, it was ‘standardised’.
Subsequently, we classified components with evidence of tar-
geted provision and/or individualised delivery as ‘tailored’ and
components with total provision and standardised delivery as
‘not tailored’. Then, if a multicomponent intervention consisted
of some components that were tailored and some components
that were not tailored, we classified it as ‘partly tailored’. If all
the components in a multicomponent intervention were tailored,
we classified it as ‘fully tailored’; if none of the components were
tailored, we classified it as ‘not tailored’.

2.6.3 | Effects on Quality of Life

We extracted data from all studies that reported any validated
measure of overall quality of life. We did not consider measures
of symptom burden (e.g., FAACT anorexia-cachexia subscale)
to be measures of quality of life. We developed a hierarchy to
choose which measure of quality of life to include in the anal-
ysis, in the case that a study reported data for more than one
measure of quality of life. The hierarchy placed composite/
comprehensive measures (e.g., EORTC QLQ-C30 overall score)
higher than subscales or single-item measures (e.g., EORTC
QLQ-C30 global health status subscale and ESAS quality of life
item) and placed disease/condition-specific measures higher
than nonspecific measures.

We extracted follow-up data from the time point which was
closest to the end of the intervention. If there was no defined
end to the intervention (e.g., in an ongoing clinical service), we
extracted data from the final follow-up time point. If there was
a defined end to the intervention, but follow-up data were not
reported at the end of the intervention, we extracted data from
the final follow-up time point, even if this was part-way through
the intervention.

To explore the effect of multicomponent interventions on quality
of life, we were interested in the mean change in quality of life
score over the intervention period. If the mean change in quality
of life score was reported in the study, we used these data. If
the mean change in quality of life score was not reported in the
study, but the mean baseline quality of life score and the mean
postintervention quality of life score were reported, then we cal-
culated the mean change in quality of life score, based on the
Cochrane guidance [33]. We used a standardised version of the
mean change in quality of life score (from now on referred to as
the standardised mean change [SMC]) so that we could analyse
data from different quality of life measures together. Additional
information on the calculations we conducted can be found in
Supporting Information S2.

To compare the effect of multicomponent interventions on
quality of life versus usual care, we were interested in the dif-
ference in the mean change in quality of life scores (from now
on referred to as the mean difference) between the study arms.
If the mean difference was reported in the study, we used
these data; if it was not reported in the study, we calculated
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it (Supporting Information S2). We used a standardised ver-
sion of the mean difference (from now on referred to as stan-
dardised mean difference [SMD]) so that we could analyse
data from different quality of life measures together. In line
with the Cochrane guidance [33], we chose to use the adjusted
Hedges g version of SMD. For our analysis, SPSS calculated
the adjusted Hedges g and its 95% confidence intervals based
on mean change in quality of life score and standard error.

Standard deviation is required to calculate SMCs and SMDs, but
it is not always reported. If a study did not report a standard de-
viation, then we calculated or estimated it, where possible, using
methods suggested by Cochrane [33] (Supporting Information S2).

3 | Results
3.1 | Results of the Search

The PRISMA flow diagram detailing the selection process is
shown in Figure 1. In the original search, 12911 records from
databases, 1748 clinical trial register records, and 383 pre-prints
were identified. After the removal of 3269 duplicates, 11413 re-
cords were excluded based on titles and abstracts/summaries
(Figure 1). Full texts in English were successfully retrieved for
212 records. Most studies excluded at the full-text stage were ex-
cluded because of the population; in the majority of cases, this

was because there was no evidence that at least 75% of partici-
pants had or were at risk of cachexia. In the updated search, an
additional 1552 records were identified and screened following
the same process as the original search. Ultimately, 73 records
of 62 multicomponent interventions were included in the review.

3.2 | Included Studies

For each multicomponent intervention, we identified a main re-
cord [20-22, 34-92] alongside, in some cases, supplementary re-
cords (e.g., protocol and secondary data analysis). Tables A1 and
A2 in the appendix provide overviews of the main study records
for each of the 62 multicomponent interventions included in
the review. The main studies were published between 1984 and
2024 and were conducted across 21 countries; 23 studies were
conducted in Europe, 18 in North America, 14 in Asia, seven in
Oceania and one in South America (Table A1l). Of the 62 multi-
component interventions, we found published outcomes for 44
of them (Table A1); for the other 18, only a protocol or clinical
trial register record was available (Table A2).

3.2.1 | Study Designs

Of the 62 main studies included, 39 were randomised trials and 23
were NRSIs (Tables A1 and A2). Of the NRSIs, 19 were before-after

Selection Process

Records identified from databases (n = 12911):

Identification - Update

Records identified from updated search

c MEDLINE (n = 3439)
= EMBASE (n = 4472)
© CINAHL (n = 2643)
P CENTRAL (n = 2357)
=
s
3 Duplicate records removed (n =
3269)
Records screened based on title
+ abstract: (n = 9648)
L rds excluded: (n = 9231)
Records sought for full text
= retrieval (n = 417)
= Records not retrieved (n = 206):
% Conference abstract (n = 131)
I3 Trial record (n = 59)
3 Cannot translate (n = 10)
Not found (n = 6)
Records assessed for eligibility
based on full text (n = 211)
Records excluded (n = 151), due to:
Publication type (n = 10)
Study design (n =7)
Population (n = 114)
Intervention (n = 20)
\ 4
Records included in the review
(n=60)
k: [
°
=
)
£

—

New records included in the "

review (n = 6) (n = 1552):

Databases (n = 1219)
Clinical trial registers (n = 192)
Grey literature (n = 141)

FIGURE1 | PRISMA flow diagram illustrating the identification, screening and inclusion of records in the review. Abbreviations: CENTRAL,
Cochrane; WHO ICTRP, World Health Organisation International Clinical Trial Registry Platform.
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studies (uncontrolled), and four were historically controlled co-
hort studies. Of the 44 studies with published results, the median
(range) sample size at baseline was 61.5 (6-2368) (Table A1).

3.2.2 | Participants

The median (range) age of participants at baseline was 64.2
(45.9-75) years (Table Al). Of the 15 studies that reported the av-
erage percentage weight loss of participants at baseline; the me-
dian (range) was 10% (2.2%-17.8%), which in most studies was
over the preceding 3-6months or compared with pre-illness/
pretreatment stable weight. Of the 4654 total participants with
cancer site reported, 1591 (34%) had lung cancer, 1509 (32%) had
gastrointestinal cancers, 577 (12%) had head and neck cancers
and 977 (21%) had other or unspecified cancer sites (Table A1). Of
the 2084 total participants with cancer stage reported, 265 (13%)
had Stage 3 and 1682 (81%) had Stage 4 disease. Information on
cachexia status at baseline was available for 2188 participants; of
these, 1708 (78%) had cachexia or refractory cachexia (Table A1).

3.3 | Risk of Bias in Included Studies

The 13 studies that provided data for the quality of life analysis
were assessed for risk of bias [20, 34-45]. Figures 2 and 3 pro-
vide summaries of the assessments.

3.3.1 | Randomised Trials

We assessed eight randomised trials to be at high risk of bias
overall, while the other two raised some concerns (Figure 2).
Only one study had a high risk of bias relating to the randomi-
sation process. Six studies were unblinded, in most cases, be-
cause of the nature of the intervention (e.g., exercise). Although
the appropriate study population for an analysis of the inten-
tion to treat effect is all randomised participants, two studies
appeared to only analyse participants who completed the trial,
and in one, it was unclear who was included in the analysis.

3.3.2 | Nonrandomised Studies of Interventions

We assessed all three NRSIs to be at critical risk of bias over-
all (Figure 3). All studies had a critical risk of bias because
of confounding, but all had a low risk of bias relating to the
selection of participants for the study, classification of inter-
ventions and deviations from intended interventions.

3.3.3 | All Studies

Seven of 10 randomised trials had a high risk of bias, and two
of three NRSIs had a serious risk of bias because of missing
outcome data. In these studies, the ‘complete cases’ (partic-
ipants for which complete data were available) may not be
representative of those with missing data, potentially leading
to an overestimate of the value of the intervention (inflating
the within-group quality of life change estimates). As all qual-
ity of life measures were subjective, assessment could have
been influenced by knowledge of the intervention received.
Therefore, given that all measures were participant-reported,
there were some concerns regarding the measurement of the
outcome in all studies where participants were unblinded. In
relation to the selection of the reported result, seven of 10 ran-
domised trials had a high risk of bias, and two of three NRSIs
had a critical or serious risk of bias.

3.4 | Intervention Analysis
3.4.1 | Intervention Categories

From the 62 multicomponent interventions, we identified 232
individual components. Of the 232 components, 99 (43%) were
nutritional, 62 (27%) were exercise/physical activity, 50 (22%)
were pharmacological, and 21 (9%) were psychosocial.

Of the 62 multicomponent interventions, 48 (77%) included a
nutritional component, 32 (52%) included an exercise/physi-
cal activity component, 27 (44%) included a pharmacological

Study Interventions Comparator D1 D2 D3 D4 D5 Overall
Maccio etal 2012 (42 Lipoic acid + L-carnitine + carbocysteine + Celecoxib + MA . . . m . . . L sk
accloeta (42) heparin + psycho-social counselling - owrls
. ONS + resistance exercise + PA counselling + psycho-
Mikkelsen et al 2022 (34) social counselling Usual care . . . ! ‘ . ! Some concerns
Wen etal 2012 (36) MA + Thalidomide MA ® '+ ' O @ Highrisk
. Nutritional information + resistance exercise + health
Capozzi etal 2016 (37) education + behaviour change Usual care . . ‘ ! . .
Zhao etal 2016 (38) Resistance exercise + aerobic exercise Usual care . . . . . .
Madeddu etal 2012 (44)  MA + L-carnitine + Celecoxib Lcamine+Celecoxb @ @ & @ @ @
Vanderbyl etal 2017 (39) Resistance exercise + aerobic exercise Qigong ’ . . ! ! .
Nutritional intervention + psychotherapy + pain
Chen etal 2022 (45) management + psychotropic intervention Usual care . . ‘ ! . .
Jatoi etal 2002 (40) MA + Dronabinol MA ® ®o o o0 O
Xie etal 2018 (41) Thalidomide + Cinobufagin Cinabufagin ® ' @6 '+ (O

FIGURE 2 | Risk of bias assessments for randomised trials, assessed using the RoB 2 tool. D1 randomisation process, D2 deviations from intend-

ed interventions, D3 missing outcome data, D4 measurement of the outcome and D5 selection of the reported result. Abbreviations: MA, megestrol

acetate; ONS, oral nutritional supplements; PA, physical activity.
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Study Interventions

Buonaccorso etal 2023 (20)  Mapping changing eating habits + resistance exercise

Parmar etal 2017 (35) symptoms + resistance exercise + aerobic exercise

Luo etal 2023 (43) Resistance exercise + aerobic exercise

FIGURE3 |

Nutritional counselling + pharmacological management of

D1 D2 D3 D4

.‘.".‘ . .Lowrisk
® ® 06 ® o
® e 6 ® o0

D5 D6 D7 Overall

! Moderate risk

@
. . Serious risk
@ criticalrisk

Risk of bias assessments for nonrandomised studies of interventions, assessed using the ROBINS-I tool. D1 confounding, D2 selection

of participants in the study, D3 classification of interventions, D4 deviations from intended interventions, D5 missing outcome data, D6 measurement

of the outcome and D7 selection of the reported result.

component and 11 (18%) included a psychosocial component
(Figure 4). Two multicomponent interventions combined
components from all four intervention categories [72, 76]. The
most common combination of intervention categories was
nutritional + exercise/physical activity, which was used in 13
multicomponent interventions.

3.4.2 | Key Features of Cancer Cachexia Targeted

Of the 232 components, 102 (44%) targeted energy intake, 63
(27%) targeted physical function, 64 (28%) targeted weight/mus-
cle loss and 45 (19%) targeted metabolism.

Most components targeting energy intake were nutritional
(80/102, 78%), and the most common type of component was nu-
tritional counselling (32/102, 31%; Figure 5a). Components tar-
geting metabolism were either pharmacological (25/45, 56%) or
nutritional (20/45, 44%), and over half were anti-inflammatory
agents (26/45, 58%; Figure 5b). Components targeting weight/
muscle loss were either nutritional (37/64, 58%) or exercise/phys-
ical activity (27/64, 42%; Figure 5c). Most components targeting
physical function were exercise/physical activity (61/63, 97%),
and the most common type of component was resistance train-
ing (27/63, 43%; Figure 5d).

Of the 62 multicomponent interventions, 51 (82%) targeted
energy intake, 45 (73%) targeted weight/muscle loss, 33 (53%)
targeted physical function and 24 (39%) targeted metabolism
(Figure 6). Nine multicomponent interventions targeted all
four key features of cachexia [22, 35, 47-49, 68, 72, 76, 83].
Fourteen multicomponent interventions targeted energy in-
take 4+ weight/muscle loss + physical function, which was the
most common combination of key features of cachexia tar-
geted together.

3.4.3 | Tailoring

Of the 232 components, 36 (16%) had targeted provision (i.e., were
only given to study participants who needed it), of which 23/36
(64%) were nutritional, 11/36 (31%) were pharmacological, and
2/36 (6%) were psychosocial. Of the 232 components, 96 (41%)
were individualised (i.e., modified to each participant), of which
48/96 (50%) were exercise/physical activity, 39/96 (41%) were nu-
tritional, and 9/96 (9%) were psychosocial. Based on these classi-
fications, just over half of all components were tailored (126/232;
54%). Overall, 18/62 (29%) multicomponent interventions were

fully tailored, 30 (48%) were partly tailored, and 14 (23%) were not
tailored.

3.5 | Effects on Quality of Life

Twenty-one studies reported data on quality of life at baseline
and at least one follow-up time point and/or as change over time.
However, two of these studies reported data as median and range,
so we excluded them from our analysis [74, 81]. Nine studies
reported within-arm mean change in quality of life over time
and its associated standard deviation (or standard error, which
we converted to standard deviation) [20, 34-41]. We used these
data to calculate a within-arm SMC for each intervention arm.
For the remaining 10 studies, we calculated within-arm mean
change in quality of life over time as it was not reported by the
study [22, 42-45, 58, 61, 69, 73, 82]. However, we were only able
to estimate standard deviations and therefore calculate SMCs, for
four of these studies [42-45]. Therefore, 13 SMCs were analysed
(Figure 7).

Amongst the 13 studies, the following measures of quality of
life were used: EORTC-QLQ-C30 standardised overall score
[36, 41, 42, 44], FAACT raw overall score [20, 35, 40|, FACT-G
overall score as percentage [39]; FACT-Lung overall raw score
[45], FACT-Anaemia trial outcome index [37], MOS-SF-36 raw
overall score [38] and EORTC-QLQ-C30 standardised global
health status subscale score [34, 43]. For all these quality of life
measures, a higher score indicated a better quality of life.

In two studies, quality of life scores declined over the interven-
tion period [37, 41], whereas in 11 studies, quality of life scores
suggested an improvement (Figure 7). SMCs varied from —1.26 to
0.95. Amongst these data, there was no indication that the number
of key features of cachexia targeted, or the extent of tailoring, was
associated with a greater improvement in quality of life scores.

Only four studies with quality of life data compared the mul-
ticomponent intervention with usual care [34, 37, 38, 45]
(Figure 8). In three studies, the multicomponent intervention
arm showed an improvement in quality of life scores, while the
usual care arm showed either no change or a decline in qual-
ity of life scores [34, 38, 45]. Two of these studies reported the
results of a statistical test, and in both, the difference between
the two arms was statistically significant. In the fourth study,
both arms showed a decline in quality of life scores, which was
greater in the multicomponent intervention arm but not statisti-
cally significant [37].
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4 | Discussion
4.1 | Summary of Key Results

We identified 62 multicomponent interventions for people
with cancer cachexia. Only two interventions combined all
four intervention categories (pharmacological, nutritional,
exercise/physical activity and psychosocial); most included a
nutritional component, whereas a minority included a psycho-
social component. Nine interventions targeted all four key fea-
tures of cachexia (reduced energy intake, altered metabolism,
involuntary weight loss and decline in physical function); most
targeted energy intake, but fewer than half targeted metabo-
lism. We found that about half of all individual components
were tailored towards individuals; in most cases, these were
nutritional or exercise/physical activity components delivered
in an individualised manner. Eighteen multicomponent in-
terventions were fully tailored, and 30 were partly tailored to
individuals.

Although outcomes were available for 44 interventions, only
13 reported quality of life data that could be used to calculate
SMCs. In 11 of these studies, quality of life scores suggested
an improvement over the intervention period, amongst partic-
ipants in the multicomponent intervention arm. Four studies
compared a multicomponent intervention with usual care; in
three, quality of life scores suggested a greater improvement
in quality of life in the intervention arm than in the usual care
arm. Amongst the limited data, there was no suggestion that

the number of key features of cachexia targeted, or the extent
of tailoring, was associated with a greater improvement in
quality of life.

4.2 | Results in Context

To the best of our knowledge, this is the first systematic review
to map out in detail the combinations of intervention categories
used and key features of cachexia targeted by multicomponent
interventions for adults with cancer cachexia. An intervention
that combines all four intervention categories is likely to require
the involvement of multiple healthcare professions, bringing
challenges around organisation and funding. This may explain
why one of the studies that used all four categories was a ret-
rospective, nonexperimental study of a clinical service and the
other was a small-scale pilot study. On the other hand, more in-
terventions targeted all four key features of cachexia. We would
not have been able to determine this if only randomised trials
with results had been included (which is often the case with
systematic reviews) because four of the studies that targeted all
four key features of cachexia were NRSIs (three nonexperimen-
tal studies of clinical services and one historically controlled co-
hort study) and two were protocols of randomised trials without
published results. This emphasises the value of including NRSIs
and ongoing studies, to increase our understanding of the types
of interventions that have been and are being investigated for
cancer cachexia. However, it also highlights the challenges of
evaluating the effectiveness of these interventions.
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As nutritional aspects of cachexia have dominated the literature the key quality of life issues around eating may be effectively
and interventions have generally taken a biomedical approach, tackled with psychosocial interventions rather than, or in ad-
we were not surprised that a high proportion of multicomponent dition to, nutritional interventions. Therefore, we believe that
interventions involved a nutritional component and/or targeted future interventions for people with cancer cachexia should
energy intake. However, we had expected a higher proportion include a psychosocial component. Going forward, the recently
of the interventions to target metabolism. Meanwhile, only 11 developed patient-reported outcome measure to assess eating-
multicomponent interventions involved a psychosocial com- related distress [103] could be used in addition to qualitative
ponent, which is likely because the psychosocial impacts of  data from interview studies, to evaluate the effects of interven-
the syndrome have only become a focus of cachexia literature tions on this key quality of life issue amongst people with cancer

more recently. Interview studies exploring experiences of can- cachexia.

cer cachexia have repeatedly reported themes of eating-related

distress and family conflicts, in part because of a lack of under- ~ We believe this is also the first review to systematically assess
standing about cachexia and the role of food in reversing weight tailoring across interventions for people with cancer cachexia.
loss [5, 6]. Participants receiving psychosocial/educational in- Over a quarter of the multicomponent interventions were fully

terventions have reported improved health literacy, awareness tailored, and almost half were partly tailored. This, in part, was
about nutrition and relationships with food in recent interview due to the inclusion of NRSIs (10 out of the 18 fully tailored in-
studies [19, 20]. These positive experiences suggest that some of  terventions and 11 out of the 30 partly tailored interventions
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were NRSIs), particularly nonexperimental studies of clinical
services, which often provided intervention components based
on indicated need. Interview studies have found that patients
want and value interventions that are individualised and flex-
ible [16, 19, 20], so we believe that future interventions should
take a tailored approach. Ideally, this should not be limited to
NRSIs and be incorporated into large-scale clinical trials, so that
the effectiveness of tailored interventions can be evaluated with
sufficient power to detect effects and without the methodologi-
cal limitations and potential biases of NRSIs.

We had expected more of the 62 multicomponent interventions
to report data on quality of life and were surprised at the num-
ber of studies that did not intend to measure it. Assessment of
quality of life in interventional studies is an important part of
conducting patient-centred research and whether patients per-
ceive a benefit should be a key consideration towards whether an
intervention is deemed to be successful or not [104]. It is a par-
ticularly relevant outcome for the cancer cachexia population,
who often have incurable cancers and/or irreversible cachexia
and so outcomes like survival are not appropriate measures of
intervention success. Furthermore, this population experiences
multidimensional quality of life issues related to both the nutri-
tional and functional aspects of cachexia [104, 105]. Therefore,
measures of overall quality of life that encompass these domains
should be reported in addition to subscales and specific symp-
toms that are relevant to the population, like eating-related
distress.

We were encouraged by the fact that 11 out of the 13 studies that
we could calculate SMCs for reported that participants in the
multicomponent intervention arm experienced an improvement
in quality of life over the intervention period. However, we be-
lieve that this result comes with a high risk of bias and should
be interpreted with caution. There were many studies that mea-
sured quality of life but did not report the data (or only reported
subscales and not the overall score) and so could not be included
in our analysis. Additionally, we assessed 11 out of the 13 studies
in our analysis as having a high risk of bias. Much of this risk of
bias is difficult to avoid in this field, in part because of the nature
of the interventions (blinding is often not possible), the nature
of the outcome measure (quality of life being a subjective and
participant-reported measure, where participants are usually
aware of the intervention received, leading to risk of bias in mea-
surement of the outcome), and the population (high levels of at-
trition due to worsening health status and death, leading to risk
of bias due to missing outcome data). However, nine out of the
13 studies had a high risk of bias because of the selection of the
reported result, which can be controlled by the investigators. In
addition, there may be publication bias whereby studies showing
improvements in outcomes like quality of life were more likely
to be published than studies not showing improvements. As a re-
sult, we believe that (a) the SMCs in our analysis are likely to be
overestimates and (b) the number of studies of multicomponent
interventions in which participants experienced a decline in
quality of life over the intervention period is likely to be higher
than is shown in this review.
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Furthermore, although there was no indication that the number
of key features of cachexia targeted, or the extent of tailoring,
was associated with a greater improvement in quality of life
scores amongst these data, the heterogeneity across the 13 stud-
ies prevented us from concluding on our hypothesis. Therefore,
to better understand the effects of multicomponent interventions

on quality of life for people with cancer cachexia, we need more
robust and rigorous randomised trials that measure quality of
life and report it appropriately and transparently.

Although this systematic review was being conducted, a new
Phase 2 drug trial testing the efficacy and safety of ponsegromab
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was published [106]. As pharmaceutical trials such as this one
continue their efforts to develop a drug that effectively alleviates
cachexia, we believe that nonpharmacological interventions
remain an important focus of cachexia research. Ponsegromab
has shown promising early results, with participants gaining
weight over 12weeks and reporting reduced symptom burden.
However, the inclusion criteria for participants were strict (in-
cluding GDF-15 levels of at least 1500 pg/mL), and the list of
exclusion criteria was long, which led to over a quarter of the
participants initially enrolled on the trial being excluded. This
highlights the need for a range of interventions to be available,
so that suitable options exist for everybody with cachexia.

4.3 | Strengths and Limitations of the Review
Methods

As there is no agreed framework for the key features of cancer
cachexia, we devised four key features for use in this review.
We identified these key features based on the consensus defini-
tion of cancer cachexia [1] and guidelines from ASCO [31] and
ESMO [12], which ensured that they were strongly aligned with
current understanding and agreement about what cachexia is.
However, the psychosocial impact of cachexia on patients is not
represented in these definitions, so we did not include it as a key
feature of cachexia in this review. Instead, ‘psychosocial’ was
included as an intervention category. However, targeting the
psychosocial impact of cachexia in addition to the four key fea-
tures could lead to greater improvements in quality of life, as in-
dicated by qualitative findings of interventional studies [19, 20].
As it was not assessed in this review, future work could explore

whether interventions targeting the psychosocial impacts of ca-
chexia have greater effects on quality of life than interventions
which do not.

We classified each intervention component based on which key
feature(s) of cachexia it targeted and not on which feature(s) it
impacted. For example, we classified aerobic exercise as target-
ing physical function, but we acknowledge that it is also likely to
impact the other three features (metabolism, energy intake and
weight/body composition). This distinction was necessary for
the purposes of the review, to avoid classifying all interventions
as having an impact on all four features. However, biological
connections between the features of cachexia are important to
consider, to fully understand which interventions may be effec-
tive at improving this multifactorial syndrome.

We included studies where there was evidence that the popu-
lation either had cachexia or was at risk of cachexia. We took
this approach because if the review had been restricted only
to studies that assessed potentially eligible participants for ca-
chexia, we would have excluded many relevant studies. We used
cancer stage and site as indicators of cachexia risk. Published
data show that certain cancers have a much higher prevalence
of cachexia than others [3, 27]. Furthermore, as cachexia is a
progressive syndrome, it is generally agreed that cachexia in-
creases with cancer severity [107-109]. Although there are some
data supporting this [110, 111], we acknowledge that this is not
universal and that cachexia can present in earlier stages of dis-
ease. However, no indicator of cachexia risk is perfect, and other
clinical characteristics, such as nutritional status or chronic co-
morbidities, may also indicate the risk of cachexia.
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Furthermore, we did not exclude studies based on the intended
target of the intervention. For example, if a study met all our
eligibility criteria and stated that their multicomponent inter-
vention was aimed at improving fatigue or poor appetite, we
included it in the review. We made this decision because the
aim of this review was to evaluate multicomponent interven-
tions that have been tested amongst people with (or at risk
of) cancer cachexia, rather than only evaluating multicom-
ponent interventions explicitly aimed at cachexia. However,
this meant that some studies included in the review investi-
gated interventions that were not necessarily designed with
cachexia in mind. This could be one of the reasons that some
interventions targeted only one or two of the key features of
cachexia, so should be considered when interpreting the re-
sults of the review.

We used standardised means to represent change over time
and difference between arms (SMCs and SMDs). This ap-
proach allowed us to compare the effect on quality of life
across studies that used different measurement instruments,
which was necessary to explore differential effects on qual-
ity of life. However, this approach also introduced some lim-
itations. First, it meant excluding eight studies that reported
data on quality of life but for which SMCs could not be calcu-
lated. Second, there were small sample sizes in many studies,
which can lead to higher standard deviations and therefore
lower SMCs. When compared to larger studies with smaller
standard deviations, this may skew the results in favour of the
larger studies.

4.4 | Summary of Recommendations

We believe that future interventions for people with cancer ca-
chexia should include a psychosocial component and should take
a tailored approach. Although challenging, these approaches
should not be limited to NRSIs and small pilot studies, as we
need large-scale, robust randomised trials to properly evaluate
the effects of multicomponent interventions. Furthermore, stud-
ies should measure overall quality of life in addition to quality
of life subscales and specific measures relating to key quality of
life issues and symptoms experienced by this population, such
as eating-related distress. These measures need to be reported at
multiple time points, appropriately and transparently, to reduce
the risk of bias and allow for secondary data analyses to be con-
ducted, such as meta-analyses.

5 | Authors’ Conclusions

This review mapped out in detail the combinations of inter-
vention categories used, key features of cachexia targeted and
the extent of tailoring across multicomponent interventions for
adults with cancer cachexia. Only nine of the 62 multicompo-
nent interventions targeted all four key features of cachexia,
but 48 were either partly or fully tailored to individuals. Only
four studies compared a multicomponent intervention to usual
care and reported quality of life outcomes - while three of these
showed a positive effect of the intervention, high risk of bias, low
sample sizes and variable outcome data remain challenges to the
interpretability of these results.
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Differences Between Protocol and Review

During the screening process, it became apparent that more specific
population eligibility criteria were needed to ensure reproducibility
and consistency regarding which studies were included in the review
and which were excluded. Therefore, we decided to use a numerical
cut-off, whereby studies with at least 75% of participants at baseline
with evidence of cachexia or risk of cachexia were included. In the
registered protocol, we stated that only comparative studies would be
included in the analysis of clinical effectiveness. However, because
of the limited number of studies for which quality of life data were
available for an intervention and control arm, we decided to expand
our analysis. We therefore analysed the effect of interventions on
quality of life over time within study arms, to allow for the inclusion
of single-arm studies, in addition to analysing comparative studies
as planned. We had planned to analyse five outcome domains: one
primary (quality of life) and four secondary (energy intake, weight/
body composition, metabolism and physical function). However,
upon data extraction of these outcomes, it became clear that it would
be too much to investigate all five of them in this systematic review.
Therefore, we decided to focus only on the primary outcome of quality
of life in this review.
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