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Abstract

There is no consensus on the optimal endpoint(s) in cancer cachexia trials. Endpoint variation is an obstacle when compar-
ing interventions and their clinical value. The aim of this systematic review was to summarize and evaluate endpoints used
to assess appetite and dietary intake in cancer cachexia clinical trials. A search for studies published from 1 January 1990
until 2 June 2021 was conducted using MEDLINE, Embase and Cochrane Central Register of Controlled Trials. Eligible
studies examined cancer cachexia treatment versus a comparator in adults with assessments of appetite and/or dietary in-
take as study endpoints, a sample size >40 and an intervention lasting >14 days. Reporting was in line with PRISMA guid-
ance, and a protocol was published in PROSPERO (2022 CRD42022276710). This review is part of a series of systematic
reviews examining cachexia endpoints. Of the 5975 articles identified, 116 were eligible for the wider review series and
80 specifically examined endpoints of appetite (65 studies) and/or dietary intake (21 studies). Six trials assessed both
appetite and dietary intake. Appetite was the primary outcome in 15 trials and dietary intake in 7 trials. Median sample
size was 101 patients (range 40-628). Forty-nine studies included multiple primary tumour sites, while 31 studies involved
single primary tumour sites (15 gastrointestinal, 7 lung, 7 head and neck and 2 female reproductive organs). The most fre-
quently reported appetite endpoints were visual analogue scale (VAS) and numerical rating scale (NRS) (40%). The appe-
tite item from the European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire (EORTC
QLQ) C30/C15 PAL (38%) and the appetite question from North Central Cancer Treatment Group anorexia questionnaire
(17%) were also frequently applied. Of the studies that assessed dietary intake, 13 (62%) used food records (prospective
registrations) and 10 (48%) used retrospective methods (24-h recall or dietary history). For VAS/NRS, a mean change of
1.3 corresponded to Hedge’s g of 0.5 and can be considered a moderate change. For food records, a mean change of
231 kcal/day or 11 g of protein/day corresponded to a moderate change. Choice of endpoint in cachexia trials will depend
on factors pertinent to the trial to be conducted. Nevertheless, from trials assessed and available literature, NRS or EORTC
QLQ C30/C15 PAL seems suitable for appetite assessments. Appetite and dietary intake endpoints are rarely used as
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primary outcomes in cancer cachexia. Dietary intake assessments were used mainly to monitor compliance and are not val-
idated in cachexia populations. Given the importance to cachexia studies, dietary intake endpoints must be validated before

they are used as endpoints in clinical trials.
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Introduction

Loss of appetite is a critical phenotypic feature of cancer ca-
chexia and, combined with reduced dietary intake, drives
weight loss.® The underlying biology of this is complex and
attributable to disturbances of homeostatic mechanisms
involved in the regulation of energy balance.” The hypothala-
mus is the key regulator of appetite and can be modulated by
several factors including inflammatory cytokines, hormones,
neurotransmitters, and sympathetic nerves and vagal affer-
ent fibres.?

Appetite loss is associated with impaired quality of life
(Qol) in patients with cancer® and contributes to loss of mus-
cle mass, decline in physical function and increased mortality
as part of the cachexia syndrome.” Targeting appetite loss has
been advocated as a therapeutic strategy to modify this mal-
adaptive response to cancer and to improve QolL. Conse-
quently, clinical trials have for decades aimed to improve ap-
petite and thereby increase dietary intake and body weight in
patients at risk of, or suffering from, cachexia. Although im-
proving appetite may not always result in increased body
weight,® it remains a valuable treatment objective, given its
high prevalence and negative impact on patient QoL. One
challenge in assessing appetite is that it can represent several
symptoms including early satiety and a reduced desire to eat.
This is often compounded by other nutritional impact symp-
toms (NIS) that may inhibit appetite and induce premature
cessation of food intake.” Examples of NIS are alterations in
taste and smell, dry mouth, pain and emotional status, and
this means that dietary intake is not dependent on appetite
alone. Many patients will also force themselves to eat despite
a poor appetite. Thus, to fully understand why and how
weight loss occurs, comprehensive assessments of appetite,
other NIS, and energy and protein intake are necessary.

Currently, there are a multitude of methods for appetite
and dietary intake assessment that may be relevant in cancer
cachexia trials, and there is no consensus on which are pref-
erable endpoints. Examples include patient-reported out-
come measures (PROMs), using various scales and time
frames, and assessment of dietary intake through different
methods of recall or prospective registrations.

This breadth of endpoints poses a significant obstacle in
comparing interventions and understanding whether an in-
tervention has clinical value.® The ideal endpoint should be

meaningful for patients and healthcare professionals alike,
reflect the mechanism of action of the intervention being
tested, be easy to measure, and be sensitive and speciﬁc.g'10
Achieving alignment on the assessment of appetite and die-
tary intake endpoints in cancer cachexia trials is fundamental
for successful research outcomes, for comparing results be-
tween studies and for conducting meta-analyses. The first
step is to outline and evaluate the endpoints used in existing
cachexia trials. This process is necessary for developing a
standardized approach to nutritional endpoint selection.

Therefore, the aim of this systematic review is to summa-
rize and evaluate the endpoints employed for assessment
of appetite and dietary intake in clinical trials targeting cancer
cachexia and to present a comprehensive overview of end-
points used, frequencies, results, and estimates of effect size
and required sample size.

Methods

This systematic review is aligned with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement.'* Covidence systematic review software
(Veritas Health Innovation, Melbourne, Australia) was used to
streamline the review process. The protocol is registered in
the PROSPERO database (CRD42022276710 [http://www.
crd.york.ac.uk/PROSPERQ]).

Search strategy

The search for studies published from 1 January 1990 until 2
June 2021 was conducted by a research librarian using the
databases MEDLINE (Ovid), Embase (Ovid) and Cochrane
Central Register of Controlled Trials (see Appendix S1 for
search strategy).

Study selection and data extraction

Eligible studies were controlled and examined interventions
aiming to treat or attenuate cachexia in adult patients
(>18 years) with cancer. Studies using pharmacological,
nutritional, exercise and/or behavioural interventions were
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included, and there were no restrictions concerning the
comparator(s).

Studies including endpoints assessing appetite and dietary
intake were included if the outcome measure was clearly de-
scribed, and the results were either presented numerically or
the statistical significance of a difference between treatment
arms was described. Studies using dietary intake outcome
measures were included if they presented data on protein in-
take (g/day, g/kg/day) and/or energy intake (kcal/day, kcal/
kg/day, % of estimated needs). Endpoints with a composite
score based on additional items not directly related to dietary
intake or appetite (e.g., Functional Assessment of Anorexia/
Cachexia Therapy Anorexia/Cachexia Subscale [FAACT A/
CS]*? and Patient-Generated Subjective Global Assessment
[PG-SGA] global score)*® were not eligible unless they explic-
itly presented results pertaining to the appetite-related
items. Studies using both single items and studies using for-
malized questionnaires such as the European Organisation
for Research and Treatment of Cancer Quality of Life Ques-
tionnaire (EORTC QLQ) €30, Edmonton Symptom Assessment
Scale (ESAS) questionnaire or the MD Anderson Symptom In-
ventory (MDASI) with appetite as one of the several scales/
items were included. Studies reporting other NIS (e.g., dys-
phagia, constipation, pain, and alterations of taste or smell),
and anorexia only as an adverse event using the Common
Terminology Criteria for Adverse Events (CTCAE), were ex-
cluded. Studies with <40 patients and/or an intervention du-
ration shorter than 14 days were excluded. Eligible studies
had to be published in full-text format and written in English.

Using Covidence software, two independent reviewers
(OFD and BJAL) performed a title-based selection process
for all identified trials. Another pair of independent reviewers
(TSS and BJAL) reviewed and selected studies based on their
abstracts. Any eligibility uncertainties were resolved through
discussions to reach a consensus.

A data extraction table was developed, pilot-tested and re-
fined within the review group before use. Two independent
review authors extracted the data. This systematic review is
part of a comprehensive review collaboration covering six
main groups of endpoints in cachexia: body composition,
oncology, physical function, QoL, biomarkers and nutrition.
Because most controlled trials in cachexia explore multiple
endpoints, all papers were divided among the review teams,
and each team extracted data for all endpoints.

Assessing risk of bias

Four different reviewers (JM, JS, OFD and BJAL) assessed
the methodological quality of each study using the modi-
fied Downs and Black Checklist.!* The tool assesses among
other criteria, study design, external and internal validity,
whether spread was reported and if outcome was defined
(see Appendix S2 for scoring details).

Endpoints and data analysis

Data were reported narratively, describing the diversity and
frequencies of endpoints. Concordance between endpoints
of appetite and dietary intake and between appetite/dietary
intake and weight loss was evaluated, whenever possible.

Where the mean difference in change of the endpoint
(baseline to post-intervention) and standard deviation of
the difference (or standard error of the mean change) were
reported, effect size was calculated using Hedge’s g. Addi-
tionally, an estimate of what constituted a small, medium
and large effect size was presented for each selected instru-
ment based on the pooled standard deviation from two or
more studies. An estimate of needed sample size to detect
a small, medium and large effect size was calculated using
the normal approximation to the two-sample t test for inde-
pendent samples.

Results

Figure 1 shows the flow chart for study selection. The litera-
ture search resulted in 5975 studies, and following the title
and abstract screening, 369 articles were fully reviewed,
116 articles were eligible for the wider review series and 80
articles were eligible for this specific review.

Table 1 shows the key characteristics of eligible trials. The
sample size ranged from 40 to 628 with a median of 101.
Forty-nine studies included multiple primary tumour sites,
while 31 studies focused on single primary tumour sites (15
gastrointestinal [Gl], 7 lung, 7 head and neck and 2 female re-
productive organs). Pharmacological interventions were used
in 43 (54%) studies, nutritional interventions in 25 (31%)
studies, multimodal interventions in 9 (11%) studies and be-
havioural/exercise interventions in 3 (4%) studies.

Trials had an intervention period lasting from 2 weeks to
2 years. Of the eligible trials, 65 (81%) measured appetite
endpoints, and 26 (40%) showed statistically significant im-
provements. In 15 studies (23%), appetite was a primary or
co-primary endpoint, whereof 6 (40%) presented statistically
significant results in favour of the intervention. Dietary intake
endpoints were assessed in 21 (26%) trials, and 12 (57%)
showed statistically significant improvements. Seven (33%)
had dietary intake as the primary or co-primary endpoint(s),
whereof 4 (57%) were statistically significant in favour of
the intervention. Body weight was the most common
co-primary outcome alongside appetite or dietary intake.
Sample size calculations were conducted in 12 (54%) of the
22 trials, which had appetite or dietary intake as a primary
endpoint (11 [73%] on appetite and 1 [14%] on dietary in-
take). Six (8%) trials used both appetite and dietary intake
endpoints. Five (8%) and 2 (10%) trials used two methods
to assess appetite and dietary intake, respectively.
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Figure 1 PRISMA flow chart.

Appetite was primarily investigated in pharmacological in-
terventions (41 studies), while dietary intake was mainly
assessed in nutritional intervention trials (14 studies). Figures
2 and Zillustrate the relationship between the type of study
intervention utilized, sample size, and the presence of signif-
icant findings related to appetite or dietary intake endpoints.

Appetite endpoints

Table 2 details the frequency of appetite and dietary intake
endpoints used in eligible trials. The most frequent endpoint
for assessment of appetite was visual analogue scale (VAS) or
numerical rating scale (NRS) (26/65 [40%]). The appetite

questions from the EORTC QLQ C30/C15 PAL (25 studies
[38%]), as well as the appetite question from North Central
Cancer Treatment Group (NCCTG) anorexia questionnaire
(11 studies [17%]), were often applied.

The most frequent intervention was progestin treatment
with either megestrol acetate (MA) or medroxyprogesterone
acetate (MPA) (10 studies with a placebo control arm). These
studies measured appetite with four different assessment tools,
and comparison of effect sizes to assess whether one of these
tools was more sensitive to changes was not possible.

Visual analogue scale and numerical rating scale VAS and
NRS were categorized together in this review as it was chal-
lenging to interpret which of the two had been applied.
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Table 1 (continued)

Intervention Comparator Primary outcome Nutrition outcome
PG-SGA (SF), energy and

Cachexia inclusion criteria

First author

Food records

nutritional SOC
intervention with a dietitian

Family-centred

<2, at

ECOG <2

Stage lll or IV,

. 93
Molassiotis

protein intake, FAACT and

QoL

risk of malnutrition (MST)

EORTC QLQ C-30 (appetite

item)

Phase angle

Nele

Dietary counselling

NA

Kutz®*

Abbreviations: Alb, albumin; ATP, adenosine-5"-triphosphate; b.i.d., bis in die (twice a day); BMI, body mass index; BSC, best supportive care; BW, body weight; CBD, cannabidiol; COX,

cyclooxygenase; CRP, C-reactive protein; DHA, docosahexaenoic acid; ECOG, Eastern Cooperative Oncology Group; EN, enteral nutrition; EORTC QLQ, European Organisation for Re-

search and Treatment of Cancer Quality of Life Questionnaire; EPA, eicosapentaenoic acid; EPO, erythropoietin; ESAS, Edmonton Symptom Assessment System; FAACT ACS, Functional

Assessment of Anorexia/Cachexia Therapy Anorexia/Cachexia Subscale; Gl, gastrointestinal; H&N, head and neck; Hb, haemoglobin; HCP, healthcare personnel; LASA, Linear Analogue

Self-Assessment; LBM, lean body mass; MA, megestrol acetate; MDASI, MD Anderson Symptom Inventory; MPA, medroxyprogesterone acetate; MSAS, Memorial Symptom Assessment
Scale; MST, Malnutrition Screening Tool; NA, not applicable; NCCTG, North Central Cancer Treatment Group; NRS 2002, Nutrition Risk Screening 2002; NRS, numerical rating scale;

NSCLC, non-small cell lung cancer; ONS, oral nutritional supplement; OS, overall survival; PG-SGA (SF), Patient-Generated Subjective Global Assessment (Short Form); PN, parenteral nu-

trition; PUFA, polyunsaturated fatty acid; QoL, quality of life; QoL-ACD, Quality of Life Questionnaire for Cancer Patients Treated with Anticancer Drugs; RCT, randomized controlled trial;

REE, resting energy expenditure; SOC, standard of care; SSA, subjective sense of appetite; t.i.d., ter in die (three times a day); THC, tetrahydrocannabinol; TKI, tyrosine kinase inhibitor;
VAS, visual analogue scale; WHO PS, World Health Organization Performance Status; WL, weight loss.

Number randomized.

Twenty-two of the 26 studies were pharmacological, as were
six of the eight studies presenting statistically significant
results. VAS/NRS was the primary endpoint in 9 of the 26
studies, and 3 of these studies reported statistically significant
results (Table 2). Twenty of the 26 studies also examined body
weight. In 14 of these trials, results for body weight and
appetite were aligned in that both were either statistically sig-
nificantly different in favour of the intervention or statistically
non-significant. In the remaining six studies, there were statisti-
cally significant differences in only one of the endpoints (appe-
tite [three studies] or weight [three studies]). Only 1 of the 26
studies reported both dietary intake and appetite, and results
were statistically non-significant for both endpoints.

European Organisation for Research and Treatment of Cancer
Quality of Life Questionnaire C30/C15 PAL The use of EORTC
QLQ C30/C15 PAL was more equally distributed between
trials exploring a wide variety of different interventions
(Figure 2). Eight of the 25 studies assessing appetite using
EORTC QLQ C30/C15 PAL showed statistically significant differ-
ences in appetite between the study arms in favour of the inter-
vention. In two studies, appetite was defined as the primary
outcome, and one of these studies reported a statistically signif-
icant improvement in appetite.

Sixteen of the 25 studies measuring appetite with the
EORTC QLQ C30/C15 PAL also reported results for weight;
11 studies reported either changes between arms in both
endpoints and in the same direction or no change in both
endpoints. Five studies described statistically significant
changes between the arms, in either appetite or weight, but
not for both endpoints. Five of the 25 studies assessed both di-
etary intake and appetite. In one study, there were significant
changes between the arms for both endpoints, and in three
studies, there were non-significant differences. In one study, ap-
petite was non-significant, while dietary intake was significant.

North Central Cancer Treatment Group anorexia question-
naire NCCTG anorexia questionnaire was used to assess appe-
tite in large, predominantly pharmacological studies. Some of
the studies used slightly modified versions of the question-
naire. Five of the 11 studies presented statistically significant
differences between the treatment arms. Three studies used
NCCTG anorexia questionnaire as primary outcome measure
for appetite, whereof two studies presented statistically sig-
nificant results.

Dietary intake endpoints

As presented in Table 2, food records were the method most
often used to assess dietary intake (13 out of 21 trials [62%]).
Six trials (29%) used 24-h recall, and four trials (19%) used di-
etary history method. One trial combined food record with
24-h recall, and one trial combined 24-h recall with dietary
history.
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Figure 2 The relationship between study interventions, sample size, statistical significance and appetite measures across eligible trials. EORTC-QLQ
C30, European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire C30/C15 PAL; FAACT A/CS, Functional Assessment
of Anorexia/Cachexia Therapy Anorexia/Cachexia Subscale; HCP, healthcare personnel score; NCCTG, North Central Cancer Treatment Group; QolL-
ACD, Quality of Life Questionnaire for Cancer Patients Treated with Anticancer Drugs; VAS/NRS, visual analogue scale/numerical rating scale.
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Figure 3 The relationship between study interventions, sample size, statistical significance and dietary intake measures across eligible trials.
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Fifteen of the 21 trials (71%) investigated effects of various
nutritional interventions. Three pharmacological intervention
trials and three multimodal intervention trials assessed die-
tary intake to determine whether improved appetite or other
symptoms affected dietary intake.

Food records

Of the 13 trials using food records, eight trials were nutritional
interventions assessing energy and/or protein intake mainly
to evaluate compliance with food-based advice (Table 2). Four
(50%) of these eight trials reported a statistically significantly
higher energy intake in the intervention group than in the
control group, while three trials reported statistically signifi-
cantly higher protein intake. In two trials the comparators
were standard of care, in one trial isocaloric oral nutritional
supplements (ONS) without n-3 polyunsaturated fatty acids
(PUFAs) and in the last one the comparator was a daily multi-
vitamin-mineral tablet. Of the remaining five trials using food
records (three multimodal and two pharmacological), one
multimodal trial (parenteral nutrition [PN], cyclooxygenase
[COX] and erythropoietin [EPO]) showed statistically signifi-
cantly higher energy intake in the intervention group. In the
four trials showing no statistically significant difference in en-
ergy and protein intake between arms, two used isocaloric
comparators (ONS with or without n-3 PUFAs and capsules
with or without n-3 PUFAs). The other two trials presented
no statistically significant effect of either family-centred psy-
chosocial nutritional intervention or multimodal intervention
(exercise and whey protein supplement) compared to stan-
dard of care.

Twelve of the 13 trials assessed dietary intake and body
weight. Seven trials consistently showed a pattern where di-
etary intake corresponded to changes in body weight, and in
two of these trials, both energy and protein intake increased
significantly and corresponded to body weight gain,
favouring the treatment arm. In the remaining five trials,
no significant changes were observed in either dietary intake
or body weight between the study arms. However, in the
other five trials, a diversity pattern was observed. In one
trial, a significant increase in energy intake coincided with
a decline in body weight, while in two other trials, it
corresponded to no change in body weight. Moreover, signif-
icantly increased protein intake did not correspond to changes
in body weight. Finally, one study that used both food records
and 24-h dietary recall reported no increase in energy or pro-
tein intake, while body weight increased. Four trials assessed
both dietary intake and appetite. In one trial, there was a sta-
tistically significant improvement in protein intake but no
change in appetite. The three remaining studies showed no
changes in either endpoint.

24-h dietary recall
Six nutritional trials used 24-h recall to assess intake. Three
trials that compared dietary counselling with or without

ONS showed higher energy and protein intake in favour of
the intervention. The comparators in these trials were stan-
dard of care or dietary advice. Further, in one trial, a higher
protein intake was shown by supplemental PN compared to
dietary advice. In the remaining two trials, no differences in
energy or protein intake were found, and comparators were
dietary counselling, enriched oral diet or enteral nutrition
(EN).

Five trials using 24-h recall assessed dietary intake and
body weight. In two trials, both energy and protein and body
weight increased significantly. Among the remaining three tri-
als, one reported a significant increase in energy and protein
intake but did not observe a significant change in body
weight. Further, one trial showed no change in dietary intake
or body weight. One trial using both 24-h recall and food re-
cords showed no significant increase in energy or protein in-
take, although body weight increased. Two trials assessed
both dietary intake and appetite, and a significant increase
in energy and protein intake, as well as in appetite, was ob-
served in both. Additionally, this trial also reported a signifi-
cant increase in body weight.

Dietary history

Four trials used retrospective interviews to assess the usual
consumption of foods and drinks over a specified period. In
one pharmacological trial, significantly higher energy and
protein intake in favour of the intervention were reported,
and in one EN trial, significantly higher energy intake was re-
ported. Another trial reported significantly higher energy and
protein when using 24-h recall, but not the dietary history
method.

In three trials, body weight was also reported. In the trial
using EN, the significant increase in energy intake corresponded
to a significant increase in body weight. Additionally, one trial
reported no increase in energy or protein intake or body
weight. The trial using both dietary history and 24-h recall
showed no statistically significant increase in energy or protein
intake, although body weight increased. None of the trials
assessing dietary history also assessed appetite.

Effect size/sample size estimation

Available raw scores (baseline, post-treatment and changes)
for all studies are shown in Tables SI-S4. Eight studies on
appetite (4 VAS/NRS, 3 EORTC and 1 QolL-ACD) reported
sufficient data (mean change and SD) to calculate effect size
(Hedge’s g) (Tables S1 and S2). Assuming that Hedge’s g of
0.2, 0.5 and 0.8 corresponds to a small, medium or large ef-
fect size, one can use the pooled standard deviations for
the control groups for VAS/NRS and EORTC to estimate the
corresponding changes on these two scales (estimated
needed sample size per arm for 80% power and alpha of
0.05 in parentheses): For VAS/NRS (0-10), a mean change
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in score of 0.5 (n = 362), 1.3 (n = 58) and 2.2 (n = 23) corre-
sponds to a small, medium or large effect size, respectively.
For EORTC (0-100), a mean change in score of 7 (n = 331),
18 (n = 53) and 29 (n = 21) corresponds to a small, medium
or large effect size, respectively.

Five studies assessing energy intake (four with food re-
cords and one with 24-h recall) and four studies assessing
protein intake (three with food records and one with
24-h recall) reported sufficient data to calculate effect sizes
(Tables S3 and S4). Based on three studies using the same unit
of kcal/day assessed with food records, a mean change of
93 kcal/day (n = 427), 231 kcal/day (n = 68) and 370 kcal/
day (n = 27) represents a small, medium and large effect size,
respectively. Based on the same three studies reporting pro-
tein intake in g/day, a mean change of 5 g/day (n = 370),
11 g/day (n =59) and 18 g/day (n = 23) represents a small, me-
dium and large effect size, respectively.

Discussion

This review identified a multitude of measures that have been
used to assess nutritional aspects in cancer cachexia clinical tri-
als. VAS/NRS and the EORTC QLQ C30/C15 PAL were the most
commonly used endpoints for assessment of appetite, but mea-
sures of appetite were rarely the primary endpoint (23%).
About 40% of studies reported a statistically significant im-
provement in appetite in favour of the intervention. In 70% of
the studies, changes in appetite and weight coincided. Dietary
intake tended to be used more for monitoring compliance with
dietary interventions than as a primary endpoint per se. Pro-
spective food records were the most frequently used method
to assess dietary intake of energy and/or protein. Statistically
significantly higher energy and/or protein intakes in favour of
the intervention group were reported in ~60% of trials, and in-
creased dietary intake coincided with weight gain or stabiliza-
tion in approximately half of these. Very few studies reported
both dietary intake and appetite.

Appetite is generally defined as a person’s desire to eat
and is a subjective feeling that is best assessed with a
PROM,®> which was the case in nearly all trials included in
this review. Two main groups of PROMS were identified:
VAS/NRS and categorical response scales (CRSs), such as
EORTC QLQ C30/C15 PAL and NCCTG anorexia questionnaire.
VAS/NRS asks the respondent to grade their appetite loss
somewhere between two extremities (no appetite loss vs.
worst appetite loss), while CRS asks the respondent to pick
the most fitting response out of a set of (usually) four or five
available responses that are ordered in terms of intensity of
appetite loss. For the purpose of this review, VAS and NRS re-
sults were grouped together. Many prior studies have shown
a high degree of correlation between VAS and NRS,® and it is
not clear which is optimal. When assessing appetite, NRS is a

well-known, user friendly and validated assessment, and both
its prognostic abilities and minimally clinically important
difference have been evaluated.’® A relatively small study
from a palliative care unit reported that VAS was the least
preferred appetite scale by patients, while CRS was favoured,
slightly more than NRS.?” NRS or EORTC could thus preferably
be recommended when assessing appetite in clinical trials.

In a bid to assess the multifactorial aspects of appetite
loss, some studies used multidimensional assessment tools
such as the FAACT questionnaire. However, studies often only
reported the summary score, which is influenced by several
factors, making it difficult to assess the effect on appetite
per se and therefore were not included in the present review
Of note, the FAACT questionnaire has been refined to a
five-item anorexia symptoms subscale (5-1ASS), and this is be-
ing assessed in ongoing clinical trials of anamorelin,
mirtazapine and MA.** The EORTC QLQ, CAX24, assessing as-
pects of appetite and QoL in patients with cachexia, has been
validated, and a report is awaited (https://qol.eortc.org/
questionnaire/qlg-cax24/); no studies in this review used this
tool. Whether 5-IASS or EORTC QLQ CAX24 will better cap-
ture treatment effect is so far unclear. By all accounts, scoring
of patients’ symptoms by healthcare professionals, like in two
studies in this review, should be discouraged.

There is no agreement on how to best measure food in-
take in patients with cancer,’® and currently, assessments of
dietary intake have not been validated in the cachexia popu-
lation. Extrapolation from validations in healthy populations
is not adequate because dietary intake can vary during the
disease and the anti-cancer treatment trajectory, and there
is no agreement when assessment should be performed. Fur-
ther, due to the catabolic phenotype and muscle wasting in
cachexia, sensitive and specific methods validated for estima-
tion of energy and protein intake are needed for trials in this
specific patient population.

Weight remains a clinical and relevant measure of energy
balance; however, the required energy and protein needed
in cancer cachexia to maintain or increase body weight re-
main unknown. In the current review, only half of the trials
showed that intake and body weight changed in the same di-
rection, and when two different methods were applied in the
same trial, inconsistencies in results were reported. This high-
lights a variability in the agreement between dietary intake
methods and body weight. Another important aspect of die-
tary intake methods is that we lack prognostic and predictive
value of reduced intake, including relevant prognostic thresh-
olds. This limits dietary intake from serving as a clinically
meaningful primary endpoint in cancer cachexia trials, as a
statistically significant increase in energy and protein alone
may not reflect clinically relevant changes due to the under-
lying catabolic pathophysiology. Nevertheless, dietary intake
assessment is important to monitor and guide nutritional
intervention as well as compliance. The superiority of any
dietary intake method cannot be concluded based on this
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review. Additionally, simplified assessments that did not pro-
vide detailed reports on calorie and protein intake were not
included in this review, as they cannot quantify individual cal-
orie or protein intake in kcal/day or g/day. More simplified
methods could be considered when appetite and/or body
weight are the main endpoints, but also, these need to be
validated with concern to energy and protein intake in the
cancer cachexia population.

One of the challenges in assessing appetite and dietary
intake in cachexia is the complex interplay between these
and confounding factors. Nutritional impact symptoms
such as altered sense of smell or taste, early satiety and nau-
sea/vomiting may undermine the desire to eat, yet these
were rarely assessed in the reviewed trials. Furthermore, en-
ergy expenditure and/or unmitigated catabolism relative to
dietary intake of energy/protein determines whether weight
can be gained. All these factors are important and need to
be collectively understood. This seemingly motivates the in-
clusion of multiple endpoints in studies of cachexia, which
was the case for many of the studies in this review. However,
well-defined primary endpoints are essential, and inclusion of
secondary endpoints should be balanced against the risk of
spurious findings and preferably be restricted to endpoints
of relevance to understand changes in the primary endpoint.

The primary endpoint for about half of the studies in this
review was body weight or composition. This is not surprising
as weight loss and body composition are key factors defining
cachexia.® Appetite or dietary intake was only used as pri-
mary endpoint in ~25% of trials, including studies using appe-
tite and dietary intake as co-primary outcomes with weight/
body composition. However, although the 2011 international
definition on cancer cachexia emphasized that nutritional in-
tervention alone cannot fully reverse cachexia,” stakeholders
recognized the importance of dietary intake and appetite im-
provement as part of any cachexia management.*® Appetite
and dietary intake could thus be considered important
co-primary or secondary endpoints in the context of cachexia
treatment.

Contrary to body weight and composition, appetite and di-
etary intake are relevant endpoints throughout the entire
cancer trajectory. Interventions against cachexia late in the
disease trajectory will have low probability of improving mus-
cle mass or weight due to minimal anabolic potential in pa-
tients with a short remaining life expectancy.?®® In contrast,
improving appetite and increasing dietary intake is shown to
improve QoL and reduce emotional distress among patients
and relatives alike, through the whole disease trajectory.*®
Consequently, appetite and dietary intake are key in each
phase of the disease, and intervention trials aiming to
improve either of the two should measure appetite and/or
dietary intake. Albeit, at the very end of life, preservation
of appetite probably becomes more important than amount
of energy and protein intake, as the participation in meals
and enjoyment of food still are of great value.

When selecting endpoints for a study, the intervention’s
mechanism of action and the comparators should be
considered. For instance, if the effect of an appetite stimu-
lant is evaluated, body weight should not be the only end-
point, as poor appetite alone rarely is the only cause of
weight loss in patients with cancer.’® In such a case, it
would be natural to choose appetite as the primary end-
point and weight or dietary intake as a secondary or explor-
atory endpoint. Dietary intake can serve multiple purposes
depending on the specific goals of the trial and the research
questions being addressed. Because of lack of validation in
cachexia populations, dietary intake has limited value as pri-
mary efficacy endpoint. However, in exploratory studies,
measurements of energy intake can be used to better under-
stand energy balance, helping researchers addressing cancer
cachexia pathophysiology beyond trial endpoints. Dietary
intake also could have value as a measure of patient
compliance.

The relationship between dietary intake and appetite has
been sparsely investigated in patients with cancer, and in
the present review, only 8% of the trials measured both,
and there may be several reasons for this. Dietary intake is
often more time and resource demanding to assess than ap-
petite, and it is sometimes assumed that appetite and dietary
intake are two sides to the same story. However, it is impor-
tant to recognize that although appetite and intake are corre-
lated, some manage to keep a stable dietary intake despite
loss of appetite,’®* and thus, endpoints of appetite and die-
tary intake cannot be used interchangeably or as substitutes
for one another. This is also seen in the present review where
in studies where weight and dietary intake were assessed
together, direction of change in both endpoints coincided in
only half of the studies, indicating no real association be-
tween the endpoints used to evaluate these two outcomes.
On the other hand, concordance between appetite and
weight loss was more apparent as changes in weight and
appetite coincided in 70% of studies. This could indicate that
instruments used to measure appetite have reasonable
construct validity; however, above all, this underscores the
complexity of cachexia, indicating that dietary intake is not
dependent on appetite alone, and weight is not solely depen-
dent on appetite or dietary intake. It is not possible, based on
data available, to state whether any of the different measure-
ments of appetite or dietary intake corresponds closer to
change in body weight than the others.

Equally important to choosing and prioritizing endpoints is
to ensure an adequately sized study sample. Only half of the
trials with appetite or dietary intake as primary endpoint re-
ported sample size calculations. This may have led to incon-
clusive or underpowered trials that fail to provide reliable
conclusions. In this review, we provide guidance to what
might be appropriate sample sizes in relation to what is per-
ceived to be small, moderate or large effect sizes. According
to this, a sample size of <100, akin to approximately half of

Journal of Cachexia, Sarcopenia and Muscle 2024; 15: 513-535
DOI: 10.1002/jcsm.13434

85UB017 SUOLULLOD AII81D) 3 (cedt [dde 8y} Aq peuenob 812 s9jole YO 8SN J0 S9INJ 10) Aleid1 8UIIUO A8]IAN UO (SUOTIPUOD-PUE-SWLBILIS"AB | 1M Aleq1pul|uo//:SdNY) SUONIPUOD pue SWie | 841 88S * [7202/20/62] UO ARiq1Tauljuo AB|IM ‘oswWolL 1IN - AemioN Jo AIsBAIUN 9101y Aq FEPET WSO /20T 0T/10p/W0d Ao |1mAseiqijpul|uo//sdny Wwol pepeojumoq ‘Z %20z ‘600906 TZ65SET



Appetite and dietary intake endpoints in cancer cachexia

531

trials (37 of 80) in this review, is likely too small to detect
moderate effect sizes concerning appetite or dietary intake.

The correct sample size depends on what is a clinically
meaningful difference in the chosen endpoint. Approximately
40% of the trials reported statistically significant differences
between the arms on appetite or dietary intake endpoints.
Some of the studies, especially those where appetite and di-
etary intake were primary endpoints, discussed whether
these differences also constituted a clinically important dif-
ference. However, there is no clear universal agreement on
what a clinically important difference should be. Using VAS/
NRS as an example, both a 15% difference between arms
and a 25% increase from baseline have been used, as has a
numerical difference of 1 and 3 on the 0-10 NRSs.®® Moder-
ate to high effect sizes for energy intake as seen in this review
are sufficient for weight gain in healthy persons,*®? but did
not lead to increased body weight in the retrieved studies.
Consequently, clinically meaningful changes in the cachexia
population seem to be different from the healthy population,
and are, as of yet, unknown.

Strengths and limitations

The strengths of this review are its rigorous methodology and
also the multinational and multiprofessional collaboration of
experts behind it. This has ensured a wider range of inputs
when evaluating the multidimensional condition that cancer
cachexia is.

The heterogeneity in populations, interventions and usage
of the different endpoints included in this review was sub-
stantial. Additionally, intervals from baseline to follow-up as-
sessments varied considerably between studies. Several stud-
ies did not describe whether they asked about appetite at
worst or on average or which time frame the appetite ques-
tion concerned (past month, last week or today).

The main inclusion criterion in most studies was uninten-
tional weight loss, and only in relatively few of the analysed
trials were loss of appetite and reduced dietary intake re-
quired. One could thus discuss if there is potential for im-
provement when there has been no deterioration in the end-
point prior to inclusion. However, the trials were still included
as one could argue that an aim could be to prevent an ex-
pected deterioration in appetite and dietary intake in the in-
tervention arm. Indeed, in populations where the prevalence
and/or incidence of appetite loss and/or reduced intake is
high, screening on these two parameters at study inclusion
might not be necessary. However, in future studies aiming
to treat appetite or improve dietary intake, this is something
that needs to be considered closely.

Another limitation is that data in this review originate from
clinical trials and not studies specifically designed to validate
endpoints. Non-significant statistical results do not imply that
the trial’s outcome measure was unsuitable but could mean

that the study was underpowered, the design was wrong or
the intervention had no impact on appetite or dietary intake.
Also, the variations between interventions, their different
targets and assessment methods made it impossible to deter-
mine whether any of the endpoints captured changes in ap-
petite to a greater extent than others, also when exclusively
comparing studies with the most frequently studied interven-
tion MA/MPA. Nevertheless, when collating all studies pub-
lished and exploring the endpoints in depth, the totality of
studies can give a foundation to improve future study design.

Conclusions

A variety of endpoints have been used to assess appetite and
dietary intake in cancer cachexia clinical trials. The optimal nu-
tritional endpoint cannot be determined based on the present
review. VAS/NRS and the appetite item from EORTC QLQ C30/
C15 PAL were the endpoints most frequently used to assess
appetite, while food records were most used to assess dietary
intake. From the trials assessed and available literature, NRS
and EORTC QLQ C30/C15 PAL can be recommended as mea-
sures to assess appetite, either as a primary endpoint when
the intervention primarily aims to target appetite or as a sec-
ondary measure where other factors that may influence appe-
tite are being assessed. A next step for the academic commu-
nity might be a formal process to establish an international
consensus on which appetite endpoint(s) to use.

Few studies used energy and/or protein intake as a pri-
mary endpoint, and when used, it was mainly used to moni-
tor interventions and compliance. This review and previous
literature strongly suggest that appetite endpoints should
not be used as a surrogate to assess dietary intake. Further-
more, dietary intake methods have not been validated in
the present population, and the observed variability in the re-
lationship between intake and body weight underscores the
need for studies validating dietary intake in patients suffering
from cancer cachexia. At present, dietary intake endpoints
cannot be recommended as main efficacy endpoints in clini-
cal trials evaluating treatment of cancer cachexia.

Several studies had multiple endpoints and a relatively small
sample size, increasing the risk of spurious findings potentially
entailing futile treatment or confirmatory studies with low
probability of significant findings. Thus, future studies investi-
gating appetite and dietary intake in patients suffering from,
or at risk of developing cancer cachexia, should precisely define
primary endpoint and perform sample size calculations.
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