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Abstract

In cancer cachexia trials, measures of physical function are commonly used as endpoints. For drug trials to obtain regulatory
approval, efficacy in physical function endpoints may be needed alongside other measures. However, it is not clear which
physical function endpoints should be used. The aim of this systematic review was to assess the frequency and diversity of
physical function endpoints in cancer cachexia trials. Following a comprehensive electronic literature search of MEDLINE,
Embase and Cochrane (1990–2021), records were retrieved. Eligible trials met the following criteria: adults (≥18 years),
controlled design,more than 40 participants, use of a cachexia intervention formore than 14 days and use of a physical func-
tion endpoint. Physical function measures were classified as an objective measure (hand grip strength [HGS], stair climb
power [SCP], timed up and go [TUG] test, 6-minwalking test [6MWT] and short physical performance battery [SPPB]), cli-
nician assessment of function (Karnofsky Performance Status [KPS] or Eastern Cooperative Oncology Group-Performance
Status [ECOG-PS]) or patient-reported outcomes (physical function subscale of the EuropeanOrganisation for the Research
and Treatment of Cancer Quality of Life Questionnaires [EORTC QLQ-C30 or C15]). Data extraction was performed using
Covidence and followed PRISMA guidance (PROSPERO registration: CRD42022276710). A total of 5975 potential studies
were examined and 71 were eligible. Pharmacological interventions were assessed in 38 trials (54%). Of these, 11 (29%,
n = 1184) examined megestrol and 5 (13%, n = 1928) examined anamorelin; nutritional interventions were assessed in
21 trials (30%); and exercise-based interventionswere assessed in 6 trials (8%). The remaining six trials (8%) assessedmul-
timodal interventions. Among the objective measures of physical function (assessed as primary or secondary endpoints),
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HGS was most commonly examined (33 trials, n = 5081) and demonstrated a statistically significant finding in 12 (36%)
trials (n = 2091). The 6MWT was assessed in 12 trials (n = 1074) and was statistically significant in 4 (33%) trials
(n= 403), whereas SCP, TUG and SPPB were each assessed in 3 trials. KPS was more commonly assessed than the newer
ECOG-PS (16 vs. 9 trials), and patient-reported EORTCQLQ-C30physical functionwas reported in 25 trials. HGS is themost
commonly used physical function endpoint in cancer cachexia clinical trials. However, heterogeneity in study design, popu-
lations, intervention and endpoint selection make it difficult to comment on the optimal endpoint and how to measure this.
We offer several recommendations/considerations to improve the design of future clinical trials in cancer cachexia.
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Introduction

It is well established in oncology that a person’s physical
function is a critical component of physiological reserves
and guides their assessment and management. This is best
evidenced by the use of performance status (PS), which rou-
tinely informs decision making and is a robust indicator for
survival and treatment stratification. PS also indicates the ex-
tent to which a patient is limited in terms of their ability to
perform activities of daily living.

Since 1947, PS has been assessed using the Karnofsky Per-
formance Status (KPS), a percentage score of physical func-
tion that is determined by the patient’s clinician. KPS, how-
ever, has largely been superseded by the Eastern
Cooperative Oncology Group-Performance Status criteria
(ECOG-PS) since 1982, and is a reliable measure of physical
functioning, prognosis and overall disease burden, and corre-
lates highly with quality of life.1,2 ECOG-PS is easier to mea-
sure, has comparable sensitivity and specificity to KPS and
is now used extensively in cancer care. Despite this, the role
of measures of PS in cancer cachexia as a diagnostic criterion
and/or outcome in clinical trials has not been reported.

Fearon and colleagues published a new consensus defini-
tion of cachexia in 2011. They proposed that cancer cachexia
is a multifactorial syndrome defined by an ongoing loss of
skeletal muscle mass (with or without loss of fat mass) that
cannot be fully reversed by conventional nutritional support
and leads to progressive functional impairment.3 In view of
this complex definition, researchers are divided on how the
syndrome is best assessed and have proposed various ap-
proaches that include physical, biochemical and
patient-reported measures. Considering the role of PS in ca-
chexia, Fearon et al. also noted that the measure was applica-
ble in the refractory component, helping to identify those pa-
tients who are nearing the end of life.3 In addition, ECOG-PS
has also been shown to be superior to measures of lean mass
and nutritional intake in terms of survival prediction.4–6

The 2011 definition of cachexia raises an important question
about how cancer cachexia is defined and therefore measured,
particularly in the context of clinical trials. Regulatory bodies

such as the Food and Drug Administration (FDA) now require
that endpoints, be they patient-reported outcome measures
(PROMs), clinician-determined or performance-based mea-
sures, should be related to how a patient feels, functions or
lives/survives.7 Cachexia trials may focus on different aspects
such as anorexia or quality of life and thus should use endpoints
related to the potential mechanism of action of an intervention.
For therapies that improve lean muscle mass, these should also
demonstrate improvements in function.8

Cachexia trials have used a variety of different endpoints
that aim to demonstrate changes in physical function. These
may be categorized as assessments that are physician deter-
mined (e.g., ECOG-PS and KPS), reported by patients (e.g.,
functional subscales of quality of life assessments) or objec-
tive measures of physical function. The latter is the most di-
verse group and, among others, includes ‘hand grip strength’
(HGS), the ‘timed up and go’ (TUG) test, the ‘6-min walking
test’ (6MWT), the ‘stair climb power’ (SCP) test and the ‘short
physical performance battery’ (SPPB).9

With such diversity in measures of physical function comes
the challenge of interpreting clinical benefit of results from
cachexia trials. Until there is an appraisal of the myriad of
physical function endpoints and their use in cachexia, re-
searchers will not be able to draw meaningful conclusions
from their results. It is therefore imperative that cachexia re-
searchers now take stock of what has been done and, more
importantly, what may be meaningful.

The aim of this systematic review was to outline the fre-
quency and diversity of physical function measures that are
used in cancer cachexia trials. It is part of a series of reviews that
examine a variety of endpoints used in cancer cachexia trials.

Methods

This systematic review was reported as described in the Pre-
ferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement.10

2 J. McDonald et al.

Journal of Cachexia, Sarcopenia and Muscle 2023
DOI: 10.1002/jcsm.13321

 1353921906009, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jcsm

.13321 by N
orw

egian Institute O
f Public H

ealth, W
iley O

nline L
ibrary on [14/09/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

mailto:barry.laird@ed.ac.uk


Search strategy

The search for studies published from January 1990 until 2
June 2021 was conducted by a research librarian (University
of Oslo, Norway) using the databases MEDLINE (Ovid),
Embase (Ovid) and Cochrane Central Register of Controlled
Trials (Appendix S1). It was registered on the International
Prospective Register of Systematic Reviews (PROSPERO regis-
tration: CRD42022276710) where further detail is available.11

Eligibility criteria

Articles were considered eligible if they were controlled trials
investigating interventions that aim to treat or attenuate ca-
chexia and associated conditions (as defined in the PROSPERO
register) in adult patients with cancer. There were no restric-
tions in the type of intervention (pharmacological, nutritional,
exercise, multimodal etc.) nor the type of comparator. To re-
duce bias and focus on outcomes with most clinical impact, ar-
ticles were excluded if the study included fewer than 40 pa-
tients and/or the intervention lasted <14 days. Studies were
included if they were published in full text from 1990 and were
written in English.

Data selection and extraction

This systematic review is part of a comprehensive collabora-
tion including reviews examining different endpoints in ca-
chexia (body composition, oncology, physical function,
PROMs, systemic inflammation and nutritional). As most con-
trolled trials in cachexia explore several different endpoints
(as primary or secondary), articles were divided evenly among
the review team for data extraction.

All articles identified were transferred to Covidence
software.12 Article selection based on titles was carried out
by two independent reviewers (O. D. and B. L.). Articles se-
lected by their titles had their abstracts read and selected
by two independent reviewers (T. S. S. and B. L.). Any uncer-
tainties in assessing the eligibility of the studies were
discussed among the authors until a consensus was reached.

A data extraction table was developed, pilot-tested and re-
finedwithin the review group before data were extracted from
each article by two independent authors from the review
group. Articles relevant to each systematic review were then
identified from the data. For this review, relevant articles were
those that assessed the specified physical function endpoints
noted in this review.

Assessing risk of bias

The methodological quality of each study was systematically
assessed by four independent reviewers (J. M., J. S., O. D.

and B. L.) using the modified Downs and Black checklist.13

Among other criteria, the tool assesses study design, external
and internal validity, estimate of variance reporting and
whether the outcome was defined and robust.

Endpoints

Endpoints investigated in this review were measures of phys-
ical function in cancer cachexia. These included objective as-
sessments of physical function: HGS,14 6MWT,15 SCP,16

SPPB17 and TUG.18 The review also included measures of
physical function that are assessed by clinicians (ECOG-PS
and KPS) and patient-reported assessments of physical func-
tion (physical function subscales of the European Organisa-
tion for the Research and Treatment of Cancer Quality of Life
Questionnaires [EORTC QLQ-C30]).19

Data analysis

As expected, the retrieved studies were heterogeneous in
terms of interventions and patient characteristics, and the
variety of outcome measures studied large. As such,
meta-analysis of the effect of the interventions was not rele-
vant, and these data were summarized narratively. In studies
where the sample size was more than 100, raw data on
objective measures and corresponding variability of
measures were extracted and presented in keeping with
PRISMA guidelines.10

Results

After removal of duplicates, 5975 records were reviewed by
title or abstract (the abstract was assessed where the title
was insufficient), resulting in 369 records being appraised in
full. Following appraisal, 250 records were further excluded,
leaving 116 that were eligible for the systematic review
database. Of these, 71 studies examined physical function
endpoints and thus were eligible to be included in the review.
This is detailed in Figure 1.

The key characteristics of eligible trials are presented in
Table 1. As predicted, the trials were heterogeneous in terms
of intervention and tumour site studied. Trials also varied in
sample size from n = 40 to n = 929 patients. Pharmacological
interventions were assessed in 38 (54%) trials, and of these,
11 (29%) examined megestrol (n = 1184) and 5 (13%)
examined anamorelin (n = 1928). Twenty-one (30%) trials ex-
amined nutritional interventions (n = 2340), six (8%) trials
examined exercise-based interventions (n = 430) and six
(8%) trials examined combination/multimodal interventions
(n = 1422).
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In total, measures of physical function were used as a pri-
mary endpoint in 21 (30%) trials. Such measures include ob-
jective measures of physical function (HGS, 6MWT, TUG,
SCP and SPPB), clinician assessment of function (ECOG-PS
and KPS), which were each used in 7 (10%) trials, and PROMs
of physical function (EORTC QLQ-C30 physical function [PF]
subscale) in 10 (14%) trials. The remainder of the studies
used physical function measures as secondary endpoints.
Where primary and secondary endpoints were not clear, all
outcomes were assumed to be secondary.

Table 2 summarizes the number and combined size of eli-
gible trials that report each functional endpoint. Of note, HGS
was examined in 33 trials (n = 5081) and demonstrated a sta-

tistically significant finding in 12 (36%) trials (n = 2099). The
6MWT was assessed in 12 trials (n = 1074) and demonstrated
a statistically significant finding in 4 (36%) trials (n = 403).
SCP, TUG and SPPB were each assessed in three trials
(n = 371, 279 and 320, respectively). For clinician assessment
of function, statistically significant changes in ECOG-PS were
noted in 7 out of 9 (78%, n = 890) studies, while statistically
significant changes in KPS were noted in 5 out of 16 studies
(32%, n = 711). For patient-reported assessments of function,
the physical function subscale of the EORTC QLQ-C30 was sta-
tistically significant in 11 out of 25 trials (44%, n = 1794).

Figure 2 shows the relationship between study interven-
tions and functional measures across eligible trials. Most

FIGURE 1 PRISMA flowchart.
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studies assessed pharmacological interventions, followed by
nutritional intervention and then exercise/lifestyle and multi-
modal interventions. HGS was assessed most commonly, par-
ticularly in the larger trials and in those where a pharmaceu-
tical intervention was assessed.

These aggregated data do not allow us to assess whichmea-
surements are more useful in terms of being an accurate re-
flection of physical functioning or their sensitivity to changes
in functioning. However, we explored the relationships be-
tween specific endpoints looking at the 29 studies that report
more than one measure of physical function. HGS reported
was one of the measures in 25 of these studies and most com-
monly assessed together with 6MWT (k = 9), ECOG-PS (k = 5),
KPS (k = 5) or EORTC-PF (k = 5) (Table 3 and Figure 3).

In Table 3, we summarize the number of studies that iden-
tified statistically significant effects of one, both or neither
measure of physical function for each pair of measures. While
it was common that both HGS and the other measures of
physical function were found to be either statistically signifi-
cant or not in these trials, 6MWT, ECOG-PS and KPS were
more often statistically significant in trials where HGS was re-
ported not to be statistically significant (Table 3). It was of in-
terest that HGS generally decreased in the intervention and
also in the control groups of the reported trials, although in
two cases, the intervention group had stable or improved
HGS, respectively. Where the 6MWT was assessed, there
was no discernible difference between the control and inter-
vention groups. Limited inference can be drawn from these
observations; however, the effect of any cachexia interven-
tion could be to attenuate decline and clearly may be depen-
dent on the population being examined.

Table S1 details the raw values of HGS, 6MWT and TUG in
selected two arm trials (n ≥ 100) where these were reported.
All trials were pharmacological interventions including stud-
ies of anamorelin, enobosarm and antimyostatin therapies.
There were no trials where either SPPB or SCP was assessed
in which the sample size was more than 100. These data
demonstrate that raw values were broadly comparable al-
though there was a limit to data reported.

Table S2 details the raw values of HGS, 6MWT and TUG in
selected multi-arm trials (n ≥ 100). Little inference can be
made from these data as only a small number of trials used
a multi-arm design.

Of the 71 studies examining physical function included in
this review, 27 were designed as randomized trials that in-
cluded a placebo control group. The details of these
studies are presented in Table S3. As the risk of bias is
lower in this group, a subset analysis of the randomized,
placebo-controlled studies was performed, with results
presented in Table S4. These studies included a total of
4594 participants. Broadly, functional endpoints demon-
strated results with statistical significance at a similar propor-
tion as in the overall cohort, but analysis is limited by the
small sample sizes for each functional endpoint.Ta
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Discussion

This is the first systematic review of physical function end-
points in clinical trials examining interventions for cancer ca-
chexia. It was noted that a broad range of interventions

showed varying levels of efficacy, assessed with different
outcome measures. Objective measures such as HGS and, to
a lesser extent, the 6MWT have been studied in the
largest trials, usually in the context of a pharmacological
intervention.

FIGURE 2 The relationship between study interventions and functional measures across eligible trials. 6MWT, 6-min walking test; HGS, hand grip
strength; SCP, stair climb power; SPPB, short physical performance battery; TUG, timed up and go test.

Table 3 Pairs of measures of physical function reported in included studies

Number of studies

Measure 1 Measure 2
Assessing both

measures

Both measures
statistically
significant

Measure 1
statistically
significant

Measure 2
statistically
significant

Neither measure
statistically
significant

HGS 6MWT 9 1 1 3 4
HGS ECOG-PS 5 2 0 3 0
HGS KPS 5 0 1 2 2
HGS EORTC-PF 5 0 1 0 4
HGS SCP 3 0 1 1 1
6MWT SCP 3 0 2 1 0
EORTC-PF KPS 3 0 1 1 1
EORTC-PF ECOG-PS 2 0 0 1 1
EORTC-PF 6MWT 2 0 0 1 1
HGS SPPB 2 0 2 0 0
HGS TUG 2 0 1 0 1
KPS 6MWT 2 1 1 0 0
SCP SPPB 1 0 0 0 1
SCP TUG 1 0 0 0 1
6MWT SPPB 1 0 1 0 0
6MWT TUG 1 0 1 0 0
TUG SPPB 1 0 0 0 1

Abbreviations: 6MWT, 6-min walking test; ECOG-PS, Eastern Cooperative Oncology Group-Performance Status; EORTC-PF, European Or-
ganisation for the Research and Treatment of Cancer physical function; HGS, hand grip strength; KPS, Karnofsky Performance Status; SCP,
stair climb power; SPPB, short physical performance battery; TUG, timed up and go test.
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Objective measures of physical function

Among the endpoints assessed in the present review, HGS
was assessed in the largest number of studies and had the
largest total sample size. The use of HGS is congruent with
definitions of cachexia90 and supports work by Song and co-
workers.91 In over 1400 patients with cancer cachexia, they
demonstrated that low HGS at baseline was an independent
risk factor for cachexia and associated with reduced 1-year
survival. These findings corroborated earlier work by Zhuang
and co-workers.92

Our results have also identified the 6MWT as a candidate
for functional assessment in cachexia. The advantage of it is
that it does not require any specialized equipment and may
be performed in any healthcare setting. Despite being com-
monly used as a measure of physical function, there are
limited data to support its use in cachexia. LeBlanc and
co-workers examined the 2011 consensus definition of ca-
chexia and compared it with key measures including the
6MWT. They failed to show a relationship between ca-
chexia stage and 6MWT.93 Nonetheless, when assessed
alongside other measures of physical function, the 6MWT
was more frequently found to be statistically significant. In-
terpreting this observation cautiously, 6MWT may be more
sensitive to changes in physical function, may be impacted
by other symptoms such as dyspnoea or have less variabil-
ity between participants, meaning that smaller changes are
associated with greater statistical certainty. Considering that
few eligible studies have assessed SCP, TUG and SPPB
(three studies each), no firm conclusions can be drawn
from our results.

Performance status

Our findings highlighted the potential importance of ECOG-PS
in the assessment of cachexia. As mentioned, ECOG-PS has
largely succeeded KPS as the measure of PS in cachexia trials,
which may be due to fewer categories within the former. We
also see in our results that ECOG-PS may be more sensitive to
changes in physical function than HGS given that ECOG-PS
alone was found to be statistically significant in three of five
studies assessing both measures.

Patient-reported measure of physical function

The EORTC QLQ-C30-PF subscale was one of the most widely
assessed PROMs in the present review, used in 33 studies.
We have, however, focused on those that specifically re-
ported physical function data (EORTC QLQ-C30-PF) (25 stud-
ies). With only eight of these studies also assessing another
measure of physical function, it is unclear whether changes
in objective measures of physical function consistently are
reflected in changes in EORTC QLQ-C30-PF. Further studies
are needed to determine the relationship between objective
and PROMs of physical function, along with an assessment of
which approach reflects the most clinically meaningful assess-
ment and how other factors (such as frailty) may impact
these. In addition, the relationship between lean mass and
function may not be linear and may have a ceiling. Bye and
co-workers highlighted this by demonstrating that above a
certain cut-off of lean mass, physical function plateaued.
Therefore, that relationship between lean mass and physical

FIGURE 3 Network diagram of the reporting of physical function measures in included trials. Size of nodes reflects the number of studies reporting
each measure and the thickness of the connecting edges reflects the number of studies reporting each pair of measures (numerical details found
in Table 3). 6MWT, 6-min walking test; ECOG-PS, Eastern Cooperative Oncology Group-Performance Status; EORTC-PF, European Organisation for
the Research and Treatment of Cancer physical function; HGS, hand grip strength; SCP, stair climb power; SPPB, short physical performance battery;
TUG, timed up and go test.
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function may be dependent on absolute value of the
former.94 Another critical consideration is that different
patient-reported measures of physical function assessment
may in fact reflect different contexts of day-to-day living
and, as such, one size may not fit all.95

Implications

It is important to note here that statistical significance, or lack
thereof, reflects the degree of effectiveness of the interven-
tion on a particular measure, the variance of that measure
and the sample size of the study. Furthermore, statistical sig-
nificance does not necessarily equate to clinical significance.
Ultimately, the choice of outcome measures must be guided
by a consensus as to the most clinically important outcome
and, where possible, quantitative evidence identifying which
measure most accurately reflects this outcome. The most ap-
propriate outcome chosen should reflect the aim and mecha-
nism of the intervention.

While there is an increasing use of functional endpoints in
cachexia trials, there is, however, no consensus as to which is
the optimal measure to use.96 Indeed, endpoints are inconsis-
tent across cachexia trials and therefore difficult to translate
into clinical practice. This is perhaps best illustrated by the
ROMANA trials, which examined anamorelin and used a
co-primary endpoint of lean muscle mass and HGS.53 While
the trials showed statistically significant results for lean mass,
these did not translate to changes in HGS. It is unsurprising as
anamorelin is directed at a receptor on Agouti-related protein
(AgRP)/neuropeptide Y (NPY) neurons in the hypothalamus,
where its primary activity is to enhance appetite and feeding
behaviour, and may not have been a relevant outcome for an
appetite stimulant.

In the POWER trials (enobosarm), which used SCP as an
endpoint, researchers were then criticized that it is not a pure
measure of physical function and may be influenced by other
parameters such as cardiovascular disease or osteoarthritis.97

Similarly, in the other trials, function was measured using
step count and results are awaited from trials that are under-
way regarding the impact on this choice of endpoint.98,99

Understanding which endpoints are best used in cachexia
trials will help develop appropriate treatments. Presently,
there remains a cascade of endpoints that can be used, rang-
ing between mortality, quality of life, exercise capacity, clini-
cian assessment of function and PROMs, which can include
measures of physical function. However, some alignment is
needed. This matters not only for regulatory approval but
also to patients, particularly when endpoints such as HGS
have a clear relationship with prognosis.

Regarding the former, regulatory agencies consider cancer
cachexia as a seriously debilitating and/or life-threatening
condition. For a drug to reach regulatory approval, it must
be efficacious and deliver a meaningful therapeutic effect,100

which could be changes in lean mass and/or functional capac-
ity vis-à-vis how a patient feels, forms and functions. Any
meaningful change should correlate with morbidity or mor-
tality, be related to the disease, have a plausible biological
mechanism of action and be related to baseline function.
These criteria lend themselves well to HGS being regarded
as core functional assessment in cachexia trials—as either a
primary or co-primary endpoint. HGS is widely established
as being an indicator of muscle strength and general health
status, particularly in older people, so the observations of this
review are in keeping with this.

Despite the widespread use of HGS, it is notable that other
measures including 6MWT and ECOG-PS and KPS were more
often found to be statistically significant in trials where HGS
was not included. Once again, we cautiously interpret these
findings to suggest that these other measures may be more
sensitive to changes in physical function, have a lower variabil-
ity and/or be a reflection of the multiple morbidities that may
be present in populations with cancer cachexia. In sarcopenia
(as in cachexia), HGS is well recognized for its excellent screen-
ing/diagnostic use,101 but sarcopenia trials have shifted away
from using it as an endpoint as it is similarly inconsistent or
nonresponsive to interventions.102 Variability in HGS may in
part be due to the lack of standardized protocols.103 Key to this
would be powering trials to this endpoint, and understanding
the minimal clinically important difference (MCID) needs to be
taken into account. To date, establishing the MCID for grip
strength remains a priority. Bohannon conducted a systematic
review to answer this. However, as only four studies were eli-
gible, it was difficult to reach firm conclusions.104 Despite this,
he proposed that a change of 5.0–6.5 kg would represent a
meaningful change in HGS.

Often, in clinical trials in cachexia, measures of lean mass
are assessed alongside measures of function. This is based
on the hypothesis that improvements in lean mass would
translate to changes in physical function. Both the
enobosarm (POWER) and anamorelin (ROMANA) trials
adopted this approach, though neither showed improve-
ments in function alongside the improvements in lean mass.
There may be several reasons why this is the case including
the assumption, perhaps wrong, that muscle mass and func-
tion have a linear relationship. Ramage and Skipworth pro-
pose a sigmoid relationship between muscle mass and phys-
ical function where in the early stages of disease, function is
preserved in the presence of loss of muscle (akin to pre-
cachexia).105 Yet when more substantial loss of muscle is
present, functional decline is accelerated to the points where
recovery is challenging (refractory cachexia). It is key there-
fore that patient populations for trials are chosen appropri-
ately so that interventions targeting muscle mass and func-
tion are given the optimal chance to be efficacious.

In keeping with the theme of improving trial endpoints,
there is also the opportunity for functional measures to be
combined with biomarkers. Using the systemic inflammatory
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response as a biomarker would be a good starting point as it is
now regarded as being central to the genesis of cancer ca-
chexia and is associated with quality of life and survival.106

The observations by Song et al. that combining function
(HGS) with markers of the systemic inflammatory response
has improved utility are of interest and worthy of further
exploration.91 It is also clear that HGS has consistency with
ECOG and EORTC-PF both within the clinical trials reviewed
and in the literaturemore generally.107 HGSmay give objective
credibility to subjective ECOG-PS and EORTC-PF. This consis-
tency of association and their relationship with survival make
HGS, ECOG-PS and EORTC-PF the starting point for the assess-
ment of accelerometer measurements in future studies. It
must also be considered that HGS, ECOG-PS and EORTC-PF
measure distinctly different elements of physical function
and are assessed in different ways. Therefore, it may not be
appropriate to assign superiority andmay depend upon the in-
tervention and the goal/aim of the intervention.

It is challenging to compare the prognostic utility of differ-
ent physical functional tests as rarely have these been com-
pared in the same population. ECOG-PS remains the most
widely assessed and validated prognostic factor across cancer
trials5,108 although HGS has been assessed in a large cohort of
patients with cancer cachexia91; however, the lack of work ex-
amining the other measures in a prognostic capacity does not
mean that they are less useful. As well as the prognostic util-
ity of these different measures, another consideration is pa-
tient acceptability. HGS is relatively easy to perform with min-
imal patient burden compared with a 6MWT, for example,
which may cause considerable fatigue and may also cause
other symptoms (e.g., breathlessness). These aspects will also
influence the choice of endpoint in cachexia trials.

For future research, there are also some important design
considerations. Detailed baseline characterization of patients,
including co-morbidities, is needed, particularly when they
may impact on desired study outcomes. Observed trial design
issues could be overcome with standardization of protocols of
physical function endpoints, appropriate training, certifica-
tion, monitoring and recertification of staff conducting end-
point assessments. When performance-based, clinician-
assessed and patient-assessed measures of physical function
are being assessed, it is important that they are aligned with
the mechanism of action of the intervention. Emerging digital
technologies could also be used to develop better
endpoints109 and are being assessed by the European Medi-
cines Agency.110

We posit that the appropriate endpoint(s) should be pur-
posely selected to accurately and meaningfully capture
patient-important functional improvements in cancer ca-
chexia. The choice of PRO, PS or PF endpoint (or combination
of these endpoints) should also be aligned with the underly-
ing mechanism of action of a specific treatment or interven-
tion. For PF endpoints, particular consideration should be
given to what aspect of human performance the test actually

measures and how an intervention may need to be specifi-
cally tailored to ultimately elicit benefit on the selected PF
endpoint. For example, if a study seeks to test the efficacy
of an anabolic agent on lower extremity muscle strength or
power, then the selection of a specific PF test that accurately
assesses lower extremity muscle performance should be con-
sidered. Similarly, if investigators seek to utilize an exercise
intervention to improve deficits in lower extremity physical
performance as determined by the SPPB test, the design of
the exercise intervention should have training components
that specifically target balance, gait and lower extremity mus-
cle performance impairments.

Strengths and limitations

The review has several strengths. First, a prospective design
was adopted (PROSPERO) and a thorough literature search
was undertaken including the last three decades of cachexia
trials. Second, a robust strategy for appraisal and data extrac-
tion was adopted using multiple independent reviewers.
Third, we used a validated quality appraisal tool (modified
Downs and Black) that enables an appreciation of the quality
of included studies to be assessed. Finally, data were pre-
sented to allow an appreciation of the broad range of studies
and highlight which measures have been used most fre-
quently and with the potential for the greatest sensitivity. A
key limitation is that aggregated data do not allow a detailed
assessment of the relationship between different measures
of physical function and it is therefore not possible to make
definitive statements about whether particular measures
are preferable because of their accuracy or sensitivity to
changes in physical function. Within studies, there were also
likely to be significant individual patient differences and there
may be an assumption that the cancer is causing weight loss,
reduced function and loss of lean mass when it is possible
that it may be multifactorial.

Conclusions

This systematic review has examined key measures of physi-
cal function in cachexia clinical trials. Multiple measures have
been studied and are in use. HGS stands out as being studied
most often and provides an important means of comparing
results between trials. However, other measures may be
more sensitive to changes in physical function.
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