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Abstract

Significant variation exists in the outcomes used in cancer cachexia trials, including measures of body composition,
which are often selected as primary or secondary endpoints. To date, there has been no review of the most commonly
selected measures or their potential sensitivity to detect changes resulting from the interventions being examined. The
aim of this systematic review is to assess the frequency and diversity of body composition measures that have been used
in cancer cachexia trials. MEDLINE, Embase and Cochrane Library databases were systematically searched between
January 1990 and June 2021. Eligible trials examined adults (>18 years) who had received an intervention aiming
to treat or attenuate the effects of cancer cachexia for >14 days. Trials were also of a prospective controlled design
and included body weight or at least one anthropometric, bioelectrical or radiological endpoint pertaining to body com-
position, irrespective of the modality of intervention (e.g., pharmacological, nutritional, physical exercise and behav-
ioural) or comparator. Trials with a sample size of <40 patients were excluded. Data extraction used Covidence soft-
ware, and reporting followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidance.
This review was prospectively registered (PROSPERO: CRD42022276710). A total of 84 clinical trials, comprising
13 016 patients, were eligible for inclusion. Non-small-cell lung cancer and pancreatic cancer were studied most fre-
quently. The majority of trial interventions were pharmacological (52%) or nutritional (34%) in nature. The most fre-
quently reported endpoints were assessments of body weight (68 trials, n = 11 561) followed by bioimpedance analysis
(BIA)-based estimates (23 trials, n = 3140). Sixteen trials (n = 3052) included dual-energy X-ray absorptiometry
(DEXA)-based endpoints, and computed tomography (CT) body composition was included in eight trials (n = 841).
Discrepancies were evident when comparing the efficacy of interventions using BIA-based estimates of lean tissue mass
against radiological assessment modalities. Body weight, BIA and DEXA-based endpoints have been most frequently
used in cancer cachexia trials. Although the optimal endpoints cannot be determined from this review, body weight,
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alongside measurements from radiological body composition analysis, would seem appropriate. The choice of radiolog-
ical modality is likely to be dependent on the trial setting, population and intervention in question. CT and magnetic
resonance imaging, which have the ability to accurately discriminate tissue types, are likely to be more sensitive and
provide greater detail. Endpoints are of particular importance when aligned with the intervention’s mechanism of ac-
tion and/or intended patient benefit.
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Introduction

Cancer cachexia is a complex multifactorial syndrome charac-
terized by loss of muscle and body fat.* These changes are
strongly associated with poorer quality of life, increased mor-
bidity and worse survival.”> The 2011 consensus definition for
cancer cachexia provided diagnostic and staging criteria that
have been instrumental in aiding cachexia trial design.® At
present, there is no similar consensus regarding endpoints,
and significant variations remain amongst the clinical assess-
ments used in cancer cachexia trials.

A comprehensive patient assessment of cachexia would
consider changes in body composition, dietary intake, bio-
markers of the pathophysiological drivers of cachexia, physi-
cal function and quality of life, and the influence on associ-
ated oncological outcomes. Depending on the mechanism
of a given clinical trial intervention, particular weighting
may be assigned to chosen measures within this broad range.
Selected endpoints must be both sensitive enough to detect
change and specific enough not to be readily influenced by
other conditions or treatments. Furthermore, it is imperative
that they convey clinical relevance.

Endpoints pertaining to body weight and composition are
amongst the most frequently reported in cachexia trials and
will be the focus of this review. Anthropometric measure-
ments and electric bioimpedance analysis (BIA) are simple
modalities that, although inexpensive and non-invasive, are
prone to confounders and provide finite levels of detail.
Dual-energy X-ray absorptiometry (DEXA) is widely available
and can provide estimates of regional/whole-body fat or lean
tissue mass. However, DEXA is unable to discriminate
between different types of ‘lean tissue’ (e.g., skeletal muscle
vs. organs) or anatomical locations (e.g., visceral vs. subcuta-
neous adipose tissue).> While cachexia research has tradition-
ally focused on the loss of muscle, it is now known that
adipose tissue also plays an important role in cachexia path-
ophysiology, and different mechanisms underpin the loss of
each tissue type.* As such, the ability of modalities to distin-
guish between body tissue compartments is of increasing
relevance. Computed tomography (CT) and magnetic reso-

nance imaging (MRI) scans are considered the ‘gold-standard’
assessment modalities for body composition owing to
their specificity in discriminating tissue identities and their
precision.> Comparison of the two has shown high levels of
agreement in assessments of muscle quantity and quality®;
however, CT has been more frequently utilized in cachexia re-
search owing to its more widespread use in routine clinical
practice.

At present, it is not known what the best endpoints for can-
cer cachexia trials are. This may have resulted in sub-optimal
clinical trial design, which could have in turn hindered the
development of effective therapies. An appraisal of the end-
points currently used would seem like a logical starting point.
The aim of this systematic review is to assess the frequency
and diversity of measures that have been used to assess body
weight and body composition in cancer cachexia trials.

Methods

This systematic review is reported in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement.” The review protocol was pro-
spectively registered at the International Prospective Register
of Systematic Reviews: PROSPERO (CRD42022276710).%

This review will address assessments of body weight,
alongside anthropometric, bioelectrical or radiological end-
points pertaining to body composition. It is one of a series
of six that will comprehensively evaluate the endpoints ex-
amined in cancer cachexia trials. Given the breadth of out-
come measures in the literature, these were categorized
broadly under the following domains: physical function,’
quality of life, appetite and dietary intake, body weight and
composition, oncological outcomes and biomarkers.

Search strategy

A systematic search of MEDLINE (Ovid), Embase (Ovid) and
Cochrane Central Register of Controlled Trials databases
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was conducted by a senior research librarian (University of
Oslo). All published studies from 1 January 1990 to 2 June
2021 were eligible. Search results were synthesized and
managed using the web-based systematic review software
‘Covidence’ (Veritas Health Innovations, Melbourne,
Australia), and duplicates were removed. A detailed search
strategy is outlined in Appendix A.

Study eligibility criteria

Prospective clinical trials that considered an intervention
aiming to treat or attenuate the effects of cachexia in adult
patients (>18 years) with cancer were considered for eligibil-
ity. Inclusion was irrespective of the site of primary malig-
nancy, modality of intervention (e.g., pharmacological, nutri-
tional and physical exercise) or choice of comparator.
Articles were excluded if they studied fewer than 40 patients
and/or if the intervention lasted <14 days. Studies in which
patients underwent surgery during the assessment period
were excluded. All included full-text articles were written in
the English language.

Data selection and extraction

The titles and abstracts of the identified studies were inde-
pendently reviewed by three authors (OD, TSS and BJAL).
Those selected were subsequently subject to full-text review
(LRB and MSS). In instances of discrepancies between re-
viewers regarding an article’s inclusion, consensus was
reached through consultation between reviewers or with
the wider authorship group. A pre-defined data extraction ta-
ble was developed and pilot-tested before relevant data
points were extracted independently by the lead authors
(LRB and MSS).

Relevant outcome measures

Endpoints considered by this review were those pertaining
to assessments of body weight and other modalities that
aim to assess changes in body composition. These shall be
categorized as anthropometric (e.g., body weight, circumfer-
ence or skinfold measurements), bioelectrical (e.g., BIA) or
radiological (e.g., DEXA, CT or MRI) measure of body
composition.

Assessment of methodology and risk of bias

The methodological quality of each study was independently
assessed by four reviewers (JS, JM, OD and BJAL) using the

modified Downs and Black checklist.'® This tool assesses sev-
eral criteria including study design, internal and external va-
lidity, and reporting standards.

Data analysis

Study characteristics, patient details and disease demo-
graphics were reported descriptively. The aim of this review
was to describe the body weight and composition outcomes
used, rather than estimate treatment effects. As such, quan-
titative meta-analysis was not performed. Furthermore, the
heterogenous nature of the trials and interventions studied
made meta-analysis of treatment effects on each endpoint
impractical. Analyses and visualization were conducted
using RStudio Version 4.2.2 (R Foundation for Statistical
Computing, Vienna, Austria) with packages including maps
and tidyverse.

Results

Overall, 8166 studies were identified following systematic
searches of MEDLINE (Ovid), Embase (Ovid) and Cochrane
Central Register of Controlled Trials databases (Appendix A).
Following the removal of duplicates (n = 2191), further
screening of the title and abstract for 5975 studies was per-
formed. Of these, 5606 articles were excluded and 369 were
retrieved for full-text review. Following detailed screening
against the chosen inclusion and exclusion criteria, 84 clinical
trials were eligible for inclusion. The PRISMA flow chart is
detailed in Figure 1.

Study characteristics

Between 1990 and 2021, a total of 84 prospective clinical tri-
als (n = 13 016 participants) included body weight or
measure(s) of body composition as an endpoint. While nu-
merous primary tumour sites were considered, pancreatic
cancer (n = 11 trials) and non-small-cell lung cancer (n = 10
trials) were the most frequently studied. Cohorts ranged in
size, with the largest cohort being 979 patients studied by
the ROMANA 1 and 2 trials.** Pharmacological interventions
(n = 43 trials) were most evaluated, followed by nutritional
(n = 28 trials), multi-modal (n = 9 trials) and exercise-based
modalities (n = 4 trials). The key characteristics of the in-
cluded trials are detailed in Table 1.

Figure 2 depicts the geographical distribution of the
included cancer cachexia clinical trials. For multicentre or
multinational trials (n = 12 studies), coordinates for the
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Figure 1 PRISMA flow chart.

institution of the corresponding author were used. It was
noted that limited research has been conducted in Eastern
Europe, Africa or South America.

Temporal trends in body composition endpoint
selection

The relative use of body weight and body composition assess-
ments over time is depicted in Figure 3. The proportion of tri-
als that included assessments of body weight or body mass
index (BMI) as an endpoint measure did not vary particularly
over the time frame considered. Other anthropometric mea-
sures (e.g., skinfold thickness or arm circumference) have
been less utilized in recent years with only three trials in
the last decade reporting these endpoints. BIA has been used
with relative consistency during the last 20 years, whereas
DEXA-based estimates of body composition were included
in only two trials before 2010, when its use increased.
The reporting of CT body composition analysis in clinical
trials is more contemporary with only eight trials, all con-
ducted within the last decade, having included this assess-
ment modality.

Body weight and other anthropometric endpoints

Seventy-five trials (n = 12 056 participants) measured body
weight or other anthropometric endpoints pertaining to body

composition (Table 1 and Appendix B). Assessments of body
weight (68 trials, n = 11 561 participants) were utilized in
pharmacological (n = 37), nutritional (n = 22), multi-modal
(n = 8) and exercise-based (n = 1) clinical trials. A body
weight assessment was selected as the (co-)primary endpoint
in 32 (47.1%) of these trials and was a secondary/exploratory
outcome for the other 36 (52.9%). Analyses were based on
absolute change in body weight in 48 trials (70.6%) and
percentage change from baseline in 16 trials (23.5%) with 4
trials considering both (5.9%). The ACT-ONE trial analysed
the rate (slope) of absolute and percentage weight change.®?
Body weight was handled as an ordinal variable by three
trials**3%** where comparison was drawn between propor-
tions of weight-gaining, weight-stable and weight-losing par-
ticipants. Over one third of the trials that considered body
weight (38.2%, n = 4735) noted significant differences be-
tween trial groups (Figure 4 and Table 2). BMI was reported
as an endpoint for 13 trials, most commonly in addition to
body weight (6/13 trials). The majority of studies that chose
BMI as an endpoint employed a nutritional intervention
(61.5%). It was the primary endpoint in only one of these tri-
als (7.7%). Fourteen trials included anthropometric measures
of the arm as endpoints (n = 1901 participants). Eight of
these evaluated pharmacological interventions (57.1%), five
were nutritional (35.7%) and one was multi-modal (7.1%).
Measurements of mid-arm circumference, and other derived
upper arm measures such as muscle and fat areas, were
selected as endpoints in 12 trials (n = 1324, Appendix B).
Skinfold thickness was also used commonly as an endpoint

Journal of Cachexia, Sarcopenia and Muscle 2024; 15: 816—852
DOI: 10.1002/jcsm.13478



L.R. Brown et al.

820

(sanunuo))

yb1am Apog auos)sawhxoniy 8 1oy 96t 6661 L7 18 19 1z1uudor
SSDWDIY} pjojun)s sdooui] (jeo1bojodeunieyd)
92URJBJWINDIID We-PIIA| bw
(Arewrid) 091 91e192€ |0J1S9bBW U0
nEm_wB Apog ogadeld Bw Qg 21e19de |0IIsabBIN foueubijew Auy S 1DOY 0SlL 8661 o7 18 39 1I9peA
(Arewrid) (jeo1bojodeuwneyd) (yuspuadap suowoy
nu:m_w>> Apog ogade|d 91e19o8 |0J1sabaN jou) foueubijew Auy 9 1DY v 8661 7€ 19 ouuo) aq
(jeo1bojodeuwneyd)
Aubam Apog unsiodoiyifie
vX3ag—ssew Apoq uea upeylawopu| + upeylPwopu| foueubijew Auy YA 1Dy 08l 8661 vz 1€ 12 phisueq
(Jes1bojodeweyd)
(Arewrid) apisindaid
Aubem Apog ogede|d J1o 91e1908 |0415963|) 3P3u pue pesH 8 1Dy 67l 166l e 18 1@ udyd
SSaUXdIYL plojuys sdadt|
eale
92SNW pue ey wie-pip (jed160]j00ewIeyd)
92URJBJWINDIID We-pIjA| Bbw
(frewrid) 091 91e392€ |0J3S9bBW U0 (yuspuadap suowoy
nEm_o>> Apog ogadeld Bw o8y 21e319d8 |041S63N jou) foueubijew Auy v 1Dy oz L6611 /1819 49|19
(jeo1bojodeuwneyd)
(Arewid) 9)e1908 (3uspuadsp suow.oy
gusm_wg Apog ogadeld suouslsaboidAxoipan jou) foueubijew Auy Vi 104 907 9661 .7 1€ 19 suowis
(Arewid) (Jea1bojodeweyd)
LAubrom Apog 2Jed piepuels uluole3| Jnowny pijos Auy YA 1Dy 00L 9661 oz 18 39 1uossI
(Jea1bojodeweyd)
(Lrewrid) bw 09| (yuspuadap suowoy
ybram Apog 91e)ade |0J1saba|\ Bw Q7€ 91e19de |0J3sabaN jou) foueubijew Auy 9 1Dy ZZl 9661 5, e elIggen
(Arewrid) (jeo1bojodeuwneyd) (4nowny ureaq Arewnd
yb1am Apog ogade|d aul||Ayxojudd jou) foueubijew Auy 8 1oy 0L S661 o, 18 32 B1agp|on
ssawyIY} pjoyunys sdaoup
eale dPsnW Wiy
(Mrewrid) (Jeuoninu) 1sealq
nEm_m>> Apog 2Jed piepuels Buljj@sunod jeuoninN  /ueleao/Buni-|j9d-|jews 8 1DY S0l €661 ;1€ 18 uasano
(jeo1bojodeuwnieyd)
bw 09} Bw
(Arewnd) 911908 [013S96BW JO Bw 008 21e192€ |0J1s9bBW U0 (Je1dwopus/isealq
Jybram Apog 081 91e190e |oJ1sebal\ Bw 08z | 91e190€ |0J1saba| jou) foueubijew Auy ] 1DY 111 9seyd e €661 NNLEE 1zulidoT
SSaUXDIYL plojuns sdad|
92URJBJWINDIID We-pIIA| (jea160]05eWIIRYyd)
(Mrewrid) 911908
nEm_m>> Apog ogeade|d auourseboudAxoipay foueubijew Auy L 1DY 09 €661 ¢, e 18 Jaumoq
(frewrid) (jeo1bojodeuneyd) (yuspuadap suowoy
huﬁ‘_m_o>> Apog ogade|d 91e19o8 |0J1sabaN jou) foueubijew Auy q 10y 0Sl 7661 N CECRLIIEE
((EIENTIIE]
(Arewid) (Jea1bojodeweyd) /Asealq/uielq
ujusm_wg Apog ogadeld 91e1908 |0J1sabaN jou) foueubijew Auy 6 104 €€1 0661 ¢, 1€ 19 1zundon
(Mrewid) (Jea1bojodeweyd) (ureaq
Jybiam Apog ogadeld suipeydayoudAd jou) foueubijew Auy 8 104 €67 0661 2, 1€ 19 Jeuipiey
L,S8Wodino uonisodwod Apog Jo1esedwod UOIUSAISIU| 91Is JadUED Ajjenb ubissp 9ZIs  JedA (CEIVEIETEY))
Arewnd Apnis Apms s|dwes Joyny

s|el} [BJ1UI]D PApN[aUl JO SOIISLIRIORIRYD ASY T d]qel

Journal of Cachexia, Sarcopenia and Muscle 2024; 15: 816—852

DOI: 10.1002/jcsm.13478



821

Body weight and composition endpoints in cancer cachexia trials

(sanunuo))
SSaUXDIY} pjojurys sdadu|
eaJe dPsNW wle-pi
9DURIRJWINDID WLIe-pIA

(Jeuoninu)
sjuawa|ddns

INg |es0 4o Buipaay (duseboseu) |euy e 119 seiq
Aubem Apog 181p [BIO |esa1us swoH 329U pue pesH l paziwopuel-uoN ¥9 5007 sanjeSuon
SSOUXDIYL plojunys sdadui]
9dUBIBJWINDIID (lepowi-13|nw)
dPsSNW we-pI uonunu |essjualed
nEm_w>> Apog |e1o} swoy + poddns
vX3g—ssew Apoq uea unelodoiyifie [euonuinu + unalodosyifie
vX3g—ssew 1e4 + upeywopu| + upeywopu| Jnowny pijos Auy S 1Dy 60€ 00T 4 '1e 19 wjoypuni
(leuoninu)
nusm_w>> Apog |jo>030.d 3oau pue
VIg—ssew 29.j-1e4 aled pJepuels  pue Bulj|SUNOd UONRLIINN peay/|eunsajuionsen 8 1Dy 09 t002 ¢ e 19 Buuuas
(leuonynu)
sjuepixonue jusws|ddns
Aubiem Apog pue pioe Ajey payduus-juepixonue
vig—ssew Apoq uea g-u ynoyum juswsa|ddng pue pie Aney g-u Jneasued 8 1Dy 00Z €002 e B39 uoieay
SsaudIY}
plojunys eindedsqns
SSauddIYL plojunys sdadu|
22UBIBJWINDIID
3PsSNW we-piA
Gubem Apog (Jeuonynu)
vig—ssew Apoq uea oqgade|d sa|nsded |10 ysi4 foueubijew Auy YA 1Dy 16 €007 ¢ 1€ 10 esanug
(9seatdsp (Jea1bojodewaeyd)
"SA D|gE}S "SA 9seaudul) bw 09| pw
ybram Apog 1ej90e |ossaba 0Z¢€ 1e1ade [0asabaN D1DOSN 6 104 6Ll Z00¢C zc 1€ P uURNIN
(Jeuoninu)
Buljesunod
aJied Jeuonuinu dnoub pue
(Mrewnd)  piepueys Jo Buljjesunod |enpiAipul 10 Buljjesunod 91eysoud
,ybiam Apog |euonuinu dnoin |euonulnu [enpiAlpu]  Huiseb/|e1d910|0d/isealg 9 1Dy vl 200Z ¢ 1€ 39 uossiag
(Jea1bojodeweyd)
oqgade|d + 3le1ade (JetrdWOpPUD
(Mewud) Jossebaw  Jo  [oulgqeuosp /uelieAo/isealq/uieiq
,ybram Apog ogade|d + [oulgqeuo.q + 91e3908 |0J3sabaN jou) foueubijew Auy ol 104 69 7007 o 18 19 101e1
(Arewid) (Jea1bojodeweyd)
Aubem Apog ogade|d 91e19dk |0.4153h3IN paxiw I3y10 YA 1Dy GGZ 6661 o7 1€ 30 uewsapy
ssauydIYy} pjojunys sdadig
SSaUXDIYL plojunys sdadu|
92UBIJWINDAID wiie-piAl (Jea1bojodeweyd)
(Arewrid) ogaoe|d usjoudnql
n#_m_w; Apog + 91e1908 |0J1S9h3| + 91e1908 |0J15963| |eunsajulosisen / 1DY €/ 6661 Y R CRVIETTTTARIA
(jeo1bojodeuwnieyd) (Jerswopua
auoseylawexap  /uelieno/ale)sold/isealq
(Lrewrid) 10 31e31ade |043S3BIIN jou) foueubijew Auy
LS8wod3no uonisodwod Apog Jojesedwod uonuaAIBU| 9IS U9duUed Aijenb ubisap 9zIS  UedA (CRIVEIETEY))
Krewiid Apms Apms s|dwes Joyny

(ponuiuod) T 3qeL

Journal of Cachexia, Sarcopenia and Muscle 2024; 15: 816—852

DOI: 10.1002/jcsm.13478



L.R. Brown et al.

822

(senunuo))
IINg
(Lrewud) (leuonuynu)
J1ybram Apog 2Jed piepuels D3d d1poejfydoid 329U pue pesH 9 1Dy vEL 10T o 1€ 30 Jopueis
(Mrewid)
vig—ssew Apoq uea
(Mrewid)
1D—ssew Apoq uea (jeo1bojodeuwnieyd)
(Mrewid) 91e1908 |0J1sabaw
vX3g—ssew Apoq ues]  IX029[3d + dulHuIeD-1 + IX023[3 + dulHuIeD-1 foueubijew Auy YA 1D 111 9seyd 09 Z10Z op 1€ 39 NPpapen
(Jea1bojodeweyd)
sjuepixonue
(Arewid) + QIX0239|92 + auiluied
vXx3ag—ssew Apoq uea 9)e1908 |0J)sabaN -1 + 91e19dk |041s3BBIN |es160]0d9eUAD 8 1D 111 9seyd vl 7102 ,v 18 39 QRN
(jeuonyriynuy)
INg
vig—ssew jeq ogade|d juaw|ddns auniuied-1 Jnealued 0l 1Dy 7L 710T op 18 10 [eny
(Jeuoninu)
jusws|ddns
Jeuonuinu
aled piepuels o Bulj|dsunod [euonunu ewolay1osaw
AuBom Apog o Buyjjesunod jeuonny - + Juswaddns jeuonInN - /DTDSN/[BUNSBIUIOIISED 8 1Dy 8G€ 1107 <y 12 39 umpjeg
(Jea1bojodewaeyd)
(ArewLid) suidezue|o
,ybram Apog 91e1908 |0J1S263| + 91e1908 |0J1S9h3| Bunj/jeunsajulossen / 1Dy 08 0107 | 39 HeneN
(Arewrid)
1D—ssew Apoq uea (Jea16ojodeweyd)
(Lrewud) splwopljey; + splwopljey} 1o
vig—ssew Apoq uea7 suniuied-1 + juswalddns  suiuied-140 Jusws|ddns
(Arewud) |euonuinu  paydLU-yd3 |euonuINuU paydLIU-yYd3
vX3g—ssew Apoq uea + 91e1908 |0J15963|\ Jo 91e1908 |0415963| foueubijew Auy / 1D 111 9seyd TEE 0L0T ., ’1e 19 luenojuely
9UUBJWINDIID WIe-PIA
Gubam Apog (Jea16ojodewaeyd)
(Arewrid) o1eydsoyduy
ssauwy)d1y} pjojunys sdoadui] 2Jed plepuels -,G duIsoudpy foueubijew Auy 8 1DY 00l 6007 1R JaMiag
(Jedo1bojodeuwneyd)
(Mrewid) BY/bw € qewixijyul e
vig—ssew Apoq uea oqgade|d Jo By/bw g qewixijyul dleasnued YA 1DY 11 9seyd 98 8007 UUBWUBPSIAN
ssaudIy}l
p|ojuIs snouep
Jybram Apog (Jeuonynu)
(Arewrid)
vig—ssew Apoq uea ogade|d juswia|ddns jeuonuinN Jnowny pijos Auy 6 1Dy LY 8007 oy 18 30199
ﬁEm_w? Apog (Jeo1bojodeuwnieyd)
vig—ssew Apoq uea ogade|d 6 ¥ vd3 40 6 Z vd3 Bunj/jeunsajuionsen 8 1Dy 8LS 9007 o 1€ 19 uoiedy
eaJe 9dshw w.ie da44-suog
(Arewid) (Jea16ojodeweyd)
Aubrom Apog oqgade|d aplwopljey ] deasnued 0l 1Dy 0S 5007 ge 1€ 19 UOpIOD
LS8wod3no uonisodwod Apog Joresedwod UOIUSAISIU| 9IS U9duUed Aijenb ubisap 9zIS  UedA (CRIVEIETEY))
Krewiid Apms Apms s|dwes Joyny

(ponuiuod) T 3qeL

Journal of Cachexia, Sarcopenia and Muscle 2024; 15: 816—852

DOI: 10.1002/jcsm.13478



823

Body weight and composition endpoints in cancer cachexia trials

(sanunuo))

nEm_m% Apog ogade|d Qul|A}Ix01udd 8 1Dy 0/ 910 Lo 1€ 13 pezZIYaN
SsaUdIY} (Jeuoiynu)
plojupjs snouep Burjesunod
9OURJIBJWINDIID We-pIjA| pulesunod jeuonuinu + (uswajddns
nEm_m>> Apog |euonuinN |euonuinu) epe panosdw) foueubijew Auy 8 1DY €9 9102 oo le 1@ Jo0dey|
(poddns (9s1249X9)
pue uonesnpa yum (1oddns
IINg  9SIDJaxa pazijenplAlpul) pue uoiesnNpa Yym
vX3g—ssew je4 ,uoljusAIR}uI 9S12J9Xd pPazijenplAipul)
vX3g—ssew Apoq uea 9|A1sa41|, pakelag ,uonuaniaiul ojAysay|, Alue3 3Pau pue peaH 8 10y Aiojesojdx3 09 9107 o B 19 12z0de)
VX3d—ssew 1e4
vX3g—ssew Apoq |ejo]
VX34 -INg1 sejndipuaddy
(Arewrid) (jeo1bojodeuwnieyd)
vX3a—ssew Apoq ueaq ogade|d Bbw Qg ulRIoWeUY foueubijew Auy / 1DY 11 9seyd 78 S107 oo B39 enlen
gE_m_mzs Apog (lepow-jnw)
(Mewud) sdoysyiom ssaujnpuiw
g 2Jed piepuels  |eaibojoydAsd pue one1aIg foueubijew Auy / 1DY €S G107 ,1€ 19 uedoy
VIg—ssew 234)-1e4
Vig—ssew jeq
VX3d—ssew je4
vig—ssew Apoq uea
vX3g—ssew Apoq uea
(Mrewyid) (leuoninnu) 10y
Jybram Apog |10 Jamojuns jlo wniyo3 3P3u pue pesH 8 Aiojeso|dx3 58 10 oo € 19 [Phod
(Jeuoiyanu) e
nEm_o>> Apog 9.ed> piepuels Bui|[esunod [euonINN paxiw J3Yy30 ol 10y 9E€E 107 uosseydie|N-|opinog
Vig—ssew 2a14-3e4
VIg—ssew je4
(Lrewrid)
(92ueUSUIEW "SA SSO]) (Jeuonyinu) |ea1bojodseulb
1ybiam Apog 2Jed plepuels Bulj|@sunod jeuoiINN uiseb/jeabeydosap [ 104 19 €107 o 19 uds|nod
INg (Jea1bojodeweyd)
(Lrewrid) jusws|ddns jeuonuinu
VvIg—ssew Apoq uea jusws|ddns paydLUS-ydT + d1e1ode
(Mrewrid) |[eUOIILIINU PAYdLUD |oJ3sabaw Jo wedixoPw
nEm_m>> Apog -Vd3 + WedIxop + 91e1908 |0415963|\ foueubijew Auy 8 1DY 69 €107 o 1€ 19 Jeuey
vX3dg—ssew je4
huﬁ‘_m_o>> Apog (Jea1bojodeweyd)
(Arewrid) bw ¢ wiesoqous
vX3g—ssew Apoq uea ogeade|d Jo bw | wiesoqouy paxiw J2Y10 8 1D 11 9seyd 651 €107 <€ 19 5q0@
VIg—ssew 2a14-3e4
VvIg—ssew Apoq uea
(Mrewrid) (jeo1bojodeuwneyd)
nEm_w>> Apog ogede|d uluolepN Buny/jeunsajuionsen ol 10 €L €L0C | le¥° 0iqged |°d
(jeo1bojodeuwneyd)
(Lrewud) aplwopijeyy
gasm_wg Apog 91e1908 |0J1sabaN + 91e1908 |0J3sabaN foueubijew Auy [« 1DY 701 zZl10Z oc 1839 U9
L,S8Wodino uonisodwod Apog Joresedw o) UOIJUSAISIU| 9}IS J3dUed Ayijenb ubisap 9ZIS  Jed\ (CEIVEIETEY))
Arewnd Apnis Apms s|dwes Joyny

(penunuod) T 3lqeL

Journal of Cachexia, Sarcopenia and Muscle 2024; 15: 816—852

DOI: 10.1002/jcsm.13478



L.R. Brown et al.

824

(sanunuo))

(Lewd) ogade|d qIx0233|92
S dubam Apog + 91eyade |oursabalN + 91e330e |0uIsabaN Jeui}sajulolisen 8 1D 111 9seyd 06 810T 18 39 Dleydnoy)
Aubam Apog
(Arewrid) (jeo1bojodeuwneyd)
vX3a—ssew Apoq uea oqgade|d uljpioweuy J1OSN 8 124 1 °seyd VLl 810C ¢, 1B 19 IWexele))
VX3Q—ssew jeq
vX3ag—ssew Apoq uea (Jea1bojodeweyd)
1D—=eaJe anssiy asodipy bw 0ol Apoqnue
1D—eale 3Psnw B9[S uizeysoAw-nue 1o bw QQ€
L1D—awn|oA 3psnw ybiy oqgade|d Apognue uneisoAw-nuy deasnued YA 1DY 11 9seyd SZlL 8102 2,18 19 ueon
(leuonnu)
INg 2Jed piepuels syuswa|ddns jeuoninN |e12340]0D 9 1Dy S6 £10T ., e 19 eysieidiz
INg (leuonnu)
Jybiam Apog spidijoydsoyd auuey |10 ysi4 J13ea.dued Vi 104 09 /107 A CREPEIVETN
(lepow-3|nw)
1D—eaJe 3dsnw [e199YS syuswa|ddns jeuonuinu
»dubom Apog 2Jed piepuels + QIX02932 ‘asiIex] Jneanued/1OSN 8 1D 11 9seyd 9 £10C oo 18 39 WIdY|os
(lepow-f3nuw)
juswieas Adessyrolpels juswieas Adessyrolpeld
Aubem Apog J9}4e UOIUBAISIUI Buunp uonuaniUI
1D—Xapul 3PPshw |eI9|NS UOIINU pue 3sIDJ9xX] uolnlINU pue asJaxX3 329U pue pesH 6 10¥10|1d v £102 oo |8 19 [PRWpUES
(Jeuonanu)
Lubram Apog 2Jed piepuels KIaA1[9p [eaw swioH Bun 8 1Dy ov £10C 1€ 19 0paaT
(Mrewrid) (Jeuoninu) (4nowny ureaq Arewnd
Jybram Apog ogede|d 91eJpAyouow auneasd jou) foueubijew Auy 8 1DY Z0€ /102 o 1€ 33 10381
(jeo1bojodeuwnieyd)
Aubam Apog ogede|d uljploweuy J1OSN 8 124 11l °seyd €lS Llot oo |8 33 MOLND
(Jeuoninu)
(Mrewid) Adesayy Juswede|das
L 2ybam Apog ogade|d SULIDOX3 dIjealdued dleasnued 6 1Dy 11 9seyd 19 9107 o B 19 00M\
VX3a—INg1 Jejndipuaddy
VX3g-—ssew jeq
vX3g—ssew Apoq |ejo]
gusm_wg Apog
(Arewid) (Jea1bojodeweyd)
vx3aa—ssew Apoq uea 0g9de|d ulpJoweuy D1DSN 8 154 111 8seyd 646 910¢ 1e 19 pwsl
1ybiam Apog
Vvig—ssew jeq
vX3g—ssew jeq
vig—ssew Apoq uea (jeo1bojodeuwneyd)
(Arewid) bw Qg ulPIoweue
vx3aa—ssew Apoq uea og9de|d 1o bw 001 ulploweuy D1OSN 8 1DY 11 3seyd L8l 910¢ ¢o'1€ 10 ewekexe
VX3g—ssew jeq
vX3ag—ssew Apoq uea (jeo1bojodeuwneyd)
(Arewid) bw gz |ojopuidsa o181
»qPub1aM Apog oqgade|d Jo bw Q| [ojopuids] _Squ_Ou\uA._Umz 0l 1Dy 11 3seyd /8 910C S1e0D) Hemals
uleiq
92UIJWINDIID WIe-pIA (jeo1bojodeuwneyd) jou) foueubijew Auy
L,S8Wodino uonisodwod Apog Jo1esedwod UOIUSAISIU| 91Is JadUED Ajjenb ubissp 9ZIs  JedA (CEIVEIETEY))
Arewnd Apnis Apms s|dwes Joyny

(panunuod) T 9jqeL

Journal of Cachexia, Sarcopenia and Muscle 2024; 15: 816—852

DOI: 10.1002/jcsm.13478



825

Body weight and composition endpoints in cancer cachexia trials

(sanunuo))

(lepow-njnw)

INg Buljlesunod jeuoninu
huﬁ‘_m_w>> Apog + Adesayjooewueyd
VIg—Xapul Ssew 9344-}e ¥ uonuInu [esdudsed
VvIg—ssew 1eq Buljjesunod jeuoninN  Jo [eJRUD F syuswid|ddng |eabeydosaQ 8 1Dy 00l 020 gg 8 39 PAYRAOIN
vX3g—ssew jeq (951249X%3)
vX3a—ing sendipuaddy 2Jed piepuels Buluresy aduelsisay dJ13ealnued / 1Dy o 020¢ Lo 1819 [pwe)
(Jeuoynu)
nEm_m>> Apog 2Jed piepuels syuswia|ddns [euoniny |esbulieydoseN / 1Dy 6L1 020Z NCEE) bueny
(Jeuoiyanu)
huﬁ‘_m_o>> Apog buipasy |e10 uol}lIINU |eidjuUdled foueubijew Auy / 1DY LLL 0Z0Z g 1€ 19 29|nog
(9s1249X3)
Buluiesy souesisal
(frewrid) paseqg-awoy Jo buiulesy
Jybiam Apog 2Jed plepuels 2due)sisal pasiniadng J13ealnued g 1Dy S9 6107 g 1€ 1 UuBWSIM
(9s1249X3)
swuweiboud
vig—ssew Apoq uea 2Jed plepuels ENBIENCHVN[EN |eunsajulolisen 8 1Dy vy 6102 cg 18 19 JBY23MIS
(Lrewud) (leuoniynu)
VIgd—Xapul ssew aaij-3e4 9SUNOd |euoLINU
(Arewid) pue uonunu |esaiualed
Vig—ssew 994j-3e4  Hul||asunod [euoiuiny awoy |eyuswa|ddng |eunsajulolisen YA 1Dy [V 610C 2512 32 BUIlqO
huEm_w>> Apog
vx3g—ssew jeq
vX3a—IAg1 Jejndipuaddy (leuonynu)
1D—eale je} |eIddSIA Juup juawid|ddns uonINu
1D—eale 3Psnw [e19[9S Jolesedwod d110|ed0S| |ed1paw parabie] D1DSN 8 104 10]d 5SS 610C L¢ B 19 ouelne
(Jeuonynu)
Buljesunod
Jyb1am Apog Jeuonuinu + usws|ddns
VIg—X3pul ssew 3d4j-1e4  Bul||asunod jeuonuiny 91e|os! utoud Asypn paxiw JdY10 8 1Dy 991 6107 og 18 19 €paJaD
(Jeuonynu)
UOILUSAIDLUI
,ybram Apog 2Jed plepuels |euoriunu |ed160joydAsd 3P3uU pue peay YA 1Dy L0€ 610C o, 1€ 12 uonug
IINg
1D—eaJe 3Psnw seosd (Jeuonynu)
vig—ssew jeq jusws|ddns
vig—ssew Apoq uea 2Jed plepuels |euOIILIINU PAYILIU-Yd] d13ealdued 8 1Dy 79 6102 g, 18 30 ey
9OUIBJWINDIID WIe-PIA (Jea1bojodeweyd)
qubam Apog uibejnqould  uibejngould + apiwopljeyl Bum 8 1oy 7S 810¢ ;. 183X
(lepow-ninw)
Buljlesunod jeuoninu
ybram Apog 2Jed piepuels + swweiboud as1249%3 Bunj/jeunsajulonsen 6 1Y 85 8107 o, 1832 431N
gasm_wg Apog (Jepowi-nnwi)
VIg—ssew 1eq Buljlesunod jeuoniinu
(Arewrid) + uoneNWISoAW0.123|9 |euy
vig—ssew Apoq uea7  Hujjj@sunod [euonuiny Apog-sjoym Jnowny pijos Auy 6 Ppaziwopuel-uou 10jid LEL 810C o, 1B @ uIyds
(jeo1bojodeuwnieyd)
L,S8Wodino uonisodwod Apog Joresedw o) UOIJUSAISIU| 9}IS J3dUed Ayjenb ubisap 9zIs  Jed\ (ERIVEIETEY))
Arewnd Apnis Apms s|dwes Joyny

(penunuod) T 3lqeL

Journal of Cachexia, Sarcopenia and Muscle 2024; 15: 816—852

DOI: 10.1002/jcsm.13478



L.R. Brown et al.

826

"auljeseq wouy sbueyd abejusdiad se passaidxa julodpus,
"auljaseq W) anjeA axnjosge ul abueyd se passaidxa juiodpul
'sdno.b usamiaq aduasaylp Juediubis Ajjeonsiels e pey paulapun pjog ale ey siuiodpud,

q

‘|l pa]|043u0d paziwopuel ‘1HY ‘Awolsosysed didodsopua snoaueindlad ‘D3d Lsdued Bun| |[93-|jews-uou ‘JTDSN ‘ssew Apoq uea| ‘|\g] ‘p1oe dlousejuadesodis ‘yd3 ‘Anwondios
-qe Aei-x ABisus-jenp ‘yx3qg ‘Aydeisbowo) paindwod ‘1) xapul ssew Apoq ‘|INg ‘sishjeue aduepadwiolq ‘y|g :suoneinaiqqy -, 1esJ3 0} uonualul, Jad se papiodal ale sazis sjdwes 910N

(lepow-inw)
awweiboid

ﬂEa_w>> Apog (10yesedwod [ed1103s1y) 9sI2J9%d + bBuljlesunod |euy
1D—eale 3Psnw B9[S 2Jed piepuels |euoIILINU + |10 Ysi4 J1OSN 6 paziwopuel-uoN 0zl Lzoz e |2 30 dniaqqoy
Vig—ssew 2a44-1e4
IINg 9Jed piepuels 323U pue pesH L 104 85 1¢20¢ LRI
nEm_w>> Apog
vig—ssew Apoq uea’ ogadeld suidezepiy Inowny pijos Auy L 1DY 111 3seyd 0zl 1z0T 26 1 30 J23uny
(jeo1bojodeuwneyd)
auoseylawexap
nEm_w>> Apog ogadeld 10 91e39de |043SabIN foueubijew Auy 9 1D¥ 111 9seyd 06l 1202 16 1€ 39 Mound
(lepow-njnw)
INg swuweltboid dsiD1axd
VIg—ssew je4 + bBurj@sunod jeuonuinu
vig—ssew Apoq uea 2Jed plepuels + jusawsa|ddns uiajo.id paxiw J3Y30 ol 104 7S 0207 o 1€ 32 3J01S
(leuonnu)
NG 2Jed plepuels Buljj@sunod jeuonINN |eabeydosaQ 9 104 96 0207 g 1€ 312 NI
,S2W021N0 uoisodwod Apog Joyesedwod UOI}USAIB}IU| 91Is JadURD Ayjenb ubisap 9zIs  Jed\ (ERIVEIETEY))
Aewnd Apnis Apnis 9|dwes Joyiny

(ponuiuod) T 3|qeL

Journal of Cachexia, Sarcopenia and Muscle 2024; 15: 816—852

DOI: 10.1002/jcsm.13478



Body weight and composition endpoints in cancer cachexia trials

827

50~ ( ]
.. [}
o @
° (] O ®
. ° o ©®
8 Sample Size
2 0
£ 750
5 500
250 A
100 ‘
-50-
-100 0 100 200
Longitude
Figure 2 Geographical distribution of included cancer cachexia trials.
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Figure 3 Temporal trends in relative use of body weight and body composition assessments. BIA, bioimpedance analysis; BMI, body mass index; CT,

computed tomography; DEXA, dual-energy X-ray absorptiometry.

(11 trials, n 1727 participants). All of these 11 trials
measured the triceps skinfold, and some also considered
skinfold thickness at the biceps, subscapular skinfold and
other sites. Triceps skinfold thickness was the primary end-
point for one trial, where arm anthropometry was used as
a secondary/exploratory outcome for all other trials.

All studies that included arm-based anthropometric mea-
surements also included body weight as an endpoint. Of
these, 9 (64.3%) identified no statistically significant differ-
ence between groups using any selected outcome measure.
Two trials*”*? identified statistically significant improvements
in triceps skinfold thickness but no corresponding change in
body weight. Conversely, McMillan et al’s trial led to in-

creased body weight (5.1 kg median difference between trial
arms) and mid-arm circumference measurement (1 cm me-
dian difference between trial arms), but no change in skinfold
thickness measurements.?®

Bioelectrical body composition endpoints

Endpoints based on assessment with BIA were used in 23 tri-
als (n = 3140 participants, Table 1 and Appendix C). The inter-
ventions tested were commonly nutritional (11 trials, 47.8%)
or pharmacological (9 trials, 39.1%). BlA-based endpoints
were selected as a (co-)primary endpoint in 6 trials (26.1%)
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Figure 4 Summary of anthropometric measures of body composition by intervention modality. BMI, body mass index.

and a secondary/exploratory endpoint in the remaining 17
(73.9%). The most frequently included endpoint was esti-
mated whole-body lean body mass (LBM) (16 trials,
n = 2576 participants), with fat-free mass (FFM) or fat-free
mass index (FFMI) calculated as alternative endpoints by 8
trials (n = 650 participants). Fat mass (FM) was estimated
using BIA in eight trials (n = 744 participants).

Fourteen studies (60.9%) that used BIA did not detect sta-
tistically significant differences between trial groups with any
of their selected endpoints (including those not BIA-based)
(Table 2 and Figure 5). In two trials, improvements were iden-
tified in BIA estimates of LBM/FFM that were congruent with
increased body weight.”>#° A statistically significant increase
in body weight was identified in two trials of nutritional
counselling®>* but there were no accompanying changes in
BIA estimates of LBM. Two of the seven trials (28.6%) that es-
timated FM using BIA demonstrated a statistically significant
increase with their intervention that was congruent with
body weight gain.*®®3

Radiological body composition endpoints

DEXA was used in 16 trials (n = 3052) with LBM (n = 2957 par-
ticipants) and FM (n = 2162) being the most frequently re-
ported endpoints (Table 7 and Appendix C). Appendicular lean
mass was used as an alternative endpoint in two trials®®” and
alongside whole-body LBM in another two trials>®®° (Figure 6).
Pharmacological interventions were used for most trials that
used DEXA (68.8%). DEXA-based measures were used as the
primary endpoint for 50% (n = 8) of these trials.

Five trials included in this review compared the effects of
anamorelin against placebo (n = 1929 participants). Of these,
four evaluated LBM using DEXA, and all identified a statisti-
cally significant increase compared to placebo with congruent
increases in overall body weight.'*®®373 Of note, Takayama

et als relatively large (n = 181) placebo-controlled trial iden-
tified significant improvements in body weight alongside in-
creased FM using both DEXA and BIA, but only a significant
improvement in LBM when measured with DEXA (mean dif-
ference vs. placebo: 1.15 kg [95% confidence interval—Cl:
0.11-2.18]), not with BIA-based estimates (mean difference
vs. placebo: 0.78 kg [95% Cl: —0.35 to 1.90]).%®

Only eight trials included endpoints based on CT body
composition (n = 841, Table 1 and Appendix C), with two of
these (25%) considering it a (co-)primary endpoint. All but
one™® of these had relatively small sample sizes (<125 pa-
tients). Four measured the cross-sectional area of skeletal
muscle (n = 346) at the third (L3)°®%%°* or fourth/fifth lumbar
vertebral level.”? One of these studies reported the L3
cross-sectional area of muscle as normalized for height,
termed skeletal muscle index (SMI1).°® Others included the
L3 cross-sectional area of psoas major’® or derived estimates
of LBM (kg) based on L3 muscularity.***® CT estimates of ad-
ipose tissue were also reported by two trials.”>®* Six of the
included trials noted no significant differences for any of their
selected endpoints.

The five-arm phase Il randomized controlled trial (RCT)
(n = 332) by Mantovani et al.*® identified improved LBM using
DEXA (mean difference: 2.1 kg) and CT estimates (mean differ-
ence: 2.6 kg) in one of the trial arms but detected no differ-
ence using BIA (mean difference: 1.2 kg, P = 0.609). Similarly,
Madeddu et al.*® found improvements in LBM across both
trial arms based on DEXA and CT estimates, but not with BIA.

Discussion

This systematic review summarizes the frequency and diver-
sity of endpoints examining body weight and composition
in cancer cachexia clinical trials. It is one of six systematic

Journal of Cachexia, Sarcopenia and Muscle 2024; 15: 816—852
DOI: 10.1002/jcsm.13478



Body weight and composition endpoints in cancer cachexia trials

829

Table 2 Utilization of body composition endpoints

Statistically
Total significant results
No. of Years of sample (between trial
Endpoint studies  publication size Intervention type groups) Intervention type
Anthropometric measures
Body weight 68 1990-2021 11561 Pharmacological: 37  Yes: 26 Pharmacological: 18
Nutritional: 22 No: 42 Nutritional: 5
Exercise: 1 Exercise/lifestyle:
Multi-modal: 8 Multi-modal: 3
Skinfold thickness 11 1993-2016 1727 Pharmacological: 5 Yes: 3 Pharmacological: 2
Nutritional: 5 No: 8 Nutritional: 1
Multi-modal: 1
Other arm anthropometry 12 1993-2018 1321 Pharmacological: 8 Yes: 2 Pharmacological: 2
Nutritional: 3 No: 10
Multi-modal: 1
Body mass index (BMI) 13 2005-2021 917 Pharmacological: 1 Yes: 2 Nutritional: 1
Nutritional: 8 No: 11 Multi-modal: 1
Exercise: 1
Multi-modal: 3
BIA body composition
Lean body mass 16 2003-2021 2576 Pharmacological: 8 Yes: 2 Exercise: 1
Nutritional: 5 No: 14 Multi-modal: 1
Exercise: 1
Multi-modal: 2
Fat mass 8 2012-2020 744 Pharmacological: 1 Yes: 2 Pharmacological: 1
Nutritional: 4 No: 5 Nutritional: 1
Multi-modal: 3
Fat-free mass 6 2004-2021 384 Pharmacological: 1 Yes: 1 Nutritional: 1
Nutritional: 5 No: 5
Fat-free mass index 3 2019-2020 313 Nutritional: 2 Yes: 2 Nutritional: 2
Multi-modal: 1 No: 1
DEXA body composition
Lean body mass 14 1998-2018 2957 Pharmacological: 11 Yes: 8 Pharmacological: 8
Nutritional: 1 No: 6
Exercise: 1
Multi-modal: 1
Fat mass 11 2004-2020 2162 Pharmacological: 6 Yes: 2 Pharmacological: 2
Nutritional: 2 No: 9
Exercise: 2
Multi-modal: 1
Appendicular lean body mass 4 2015-2020 1156 Pharmacological: 2 Yes: 3 Pharmacological: 2
Nutritional: 1 No: 1 Exercise/lifestyle: 1
Exercise: 1
Total body mass 2 2015-2016 1061 Pharmacological: 2 Yes: 2 Pharmacological: 2
CT body composition
Estimated lean body mass (L3) 2 2010-2012 392 Pharmacological: 2 Yes: 1 Pharmacological: 1
No: 1
Skeletal muscle area (L3/L4/L5) 4 2017-2021 346 Pharmacological: 1 No: 4 N/A
Nutritional: 1
Multi-modal: 2
Thigh muscle volume 1 2018 125 Pharmacological: 1 No: 1 N/A
Fat area (L4/L5) 1 2018 125 Pharmacological: 1 No: 1 N/A
Skeletal muscle index 1 2017 41 Multi-modal: 1 No: 2 N/A
Psoas muscle area (L3) 1 2019 62 Nutritional: 1 No: 1 N/A
Visceral fat area 1 2019 55 Nutritional: 1 No: 1 N/A

Note: Sample sizes are reported as per ‘intention to treat’. Abbreviations: BIA, bioimpedance analysis; BMI, body mass index; CT, com-
puted tomography; DEXA, dual-energy X-ray absorptiometry; L3/L4/L5, third/fourth/fifth lumbar vertebral level.

reviews being undertaken, with others considering physical
function,® quality of life, appetite and dietary intake, bio-
markers and oncology/survival endpoints. Assessments of
body weight were the most commonly reported endpoint,
used by over 80% of the included trials. Other anthropomet-
ric measures, such as skinfold thickness measurements and
arm circumference, were less frequently used, especially in

more contemporary trials. BIA-based estimates were often
included but have been largely superseded by DEXA, espe-
cially in larger trials, and more recently by CT body composi-
tion analyses.

Body weight is the simplest and most widely available
assessment that can indicate alterations to body composition
and has long been regarded as a central tenet of cachexia.
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Figure 5 Summary of bioelectrical/radiological measures of body composition by intervention modality. BIA, bioimpedance analysis; CT, computed
tomography; DEXA, dual-energy X-ray absorptiometry; LBM, lean body mass.
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Figure 6 A network diagram illustrating combinations of reported bioelectrical/radiological endpoints. Endpoints pertaining to muscle are highlighted
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Included trials have used it to create various endpoints (e.g.,
absolute/percentage differences from baseline or compari-
son between weight-stable, weight-gaining and weight-losing
groups). Further study is likely required to establish consen-

sus on which of these specific body weight endpoints is most
informative. While BMI is likely a helpful baseline descriptor,
given the relevance of obesity as a prognostic variable in pa-
tients with cachexia and/or sarcopenia,®® ™’ the use of BMI as
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an endpoint instead of, or alongside, body weight does not
add value. Other simple anthropometric measures, such as
triceps skinfold thickness or other arm anthropometry, were
featured in earlier cachexia trials but have been used less in
recent years. All of these methods pose practical advantages,
such as low cost, widespread availability and ease of mea-
surement, but provide limited information when compared
with radiological methods.

Estimates of body composition using BIA have been
featured as chosen endpoints for a number of the included
trials. BIA measures the electrical properties of tissues
(resistance and reactance), and these values can be used in
equations to approximate FM/FFM/LBM. Previous studies
have shown that BIA is prone to overestimation for lean mass
and underestimation of FM“® and has poor agreement with
comparable DEXA®® and CT-based measures.'® Indeed, some
of the included studies identified significant differences be-
tween trial groups on DEXA and/or CT estimates of body
composition that were not evident using BIA-based
estimates.***%%3 However, it must be noted that BIA does
have several practical advantages. It uses equipment that is
portable and non-invasive, making it perhaps a more attrac-
tive option for assessments in frail, incurable cachexia popu-
lations or in community-based studies where assessments
may take place in non-clinical locations. As such, BIA may re-
main an appropriate option for particular trial settings de-
spite its limitations.

DEXA has been widely used for assessment of lean and ad-
ipose tissue in cachexia trials to date, including amongst
many of the larger studies included in this review.!3%*3 It
does not routinely feature during the clinical staging pathway
for patients with cancer but is an attractive research imaging
adjunct owing to its modest cost, low radiation dose and
short imaging time. While DEXA estimates of LBM have
shown excellent correlation with both MRI and CT,*°! there
is some evidence that measures of adipose tissue using DEXA
can tend towards underestimation.'? It also lacks the speci-
ficity to assess changes in individual muscle groups and is un-
able to identify myosteatosis, which appears to be an impor-
tant prognostic feature on CT*°® and MRI body composition
analyses® via observational studies.

CT body composition analysis was used in eight contempo-
rary cancer cachexia trials (2010 onwards). Within the broader
literature, a large number of observational studies have eval-
uated the impact of low muscle quantity*®* or radiodensity'®
as per CT body composition analysis, with consistently ad-
verse prognostication noted for patients with cancer. While
only one of the included trials identified significant differences
between groups using CT-based endpoints, it must be noted
that similar negative findings were seen on other concurrent
endpoints (including body weight, DEXA and BIA) in all but
one study.®® This is therefore likely reflective of the efficacy
of the interventions used, rather than the sensitivity of the
endpoint measured. Furthermore, some of the trials that in-

cluded CT-based assessments used muscle groups or vertebral
levels that have not yet been adequately validated to the
same standard as the use of L3 cross-sectional area.> Other as-
sessments, such as radiodensity or volumetric body composi-
tion analysis, remain unexplored in the cachexia trial setting.
CT is a very pragmatic imaging modality for some patient
groups, owing to its routine use in the clinical staging and
follow-up of cancer patients. However, when research imag-
ing requirements are in excess of clinical need, the issue of
associated ionizing radiation must be duly considered. Fur-
thermore, trial timepoints may not align with the clinical path-
way. Balancing this alongside finite resources and the need to
limit patient burden can be challenging. Despite the dose re-
ductions achieved with improved technology and focused
scanning,*° the necessary radiation exposure from CT still of-
ten exceeds that of DEXA.'® As such, when clinical imaging is
not available, other assessment modalities such as MRI may
be more appropriate.

Non-significant findings may result from an intervention
that lacks efficacy, a trial that is inadequately powered rela-
tive to the chosen outcome or a measurement that lacks
the precision to detect a true effect. With this in mind,
limited inferences may be drawn regarding how a trial’s sig-
nificant or non-significant results may reflect on the selected
endpoint(s), particularly if these are secondary endpoints
that were not featured during sample size calculations. When
comparing methods of body composition assessment, it is
useful to consider several key measurement characteristics:
reliability, validity, responsiveness to change, minimally im-
portant clinical difference and sensibility.

Reliability refers to the consistency and repeatability of a
measurement when applied under similar conditions. One
could consider intra-rater reliability (agreement of measures
by a single evaluator on different occasions) or inter-rater
reliability (agreement between different evaluators). Body
weight would be expected to have excellent inter-rater reli-
ability, owing to ease of measurement. However, achieving
intra-rater reliability is dependent on consistent patient fac-
tors (e.g., clothing or fasting and hydration status) and use
of the calibrated instruments. While good intra-rater and
inter-rater reliability has been demonstrated for BIA, this also
requires adherence to strict standardization of measurement
conditions,*®” which may be difficult to achieve in real-world
settings. DEXA and CT assessments of body composition may
previously have been subject to lower levels of reliability,
owing to their need for manual segmentation of anatomical
features or regions of interest, but technological and soft-
ware advancements have led to more reliable measurements
now being obtained.'®® Furthermore, CT performs well
during tests of precision; the ability of a measurement tech-
nique to reproduce results when performed in an identical
manner.*%®

Validity refers to a method’s accuracy in assessing what it
is intended to measure. In the case of cachexia, researchers
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are likely to be interested in changes in quantities of muscle
and/or fat. This may present an obvious limitation with body
weight, as it cannot inform us regarding the alterations to
body composition that have led to any change in weight. This
limits its use in isolation. Furthermore, the potential for fluid
accumulations (e.g., ascites/peripheral oedema/hydration
status) to influence body weight, BIA or even DEXA could lead
to these modalities providing less valid assessments.**° While
most studies of CT body composition extrapolate single-slice
measurements to estimate whole-body composition, it is
not known whether wasting occurs uniformly throughout
the body.'® Analyses conducted over larger regions of inter-
est may yet improve the validity of CT body composition.***

Responsiveness to change is a measure’s ability to detect
meaningful differences over time and is crucial for monitor-
ing responses to trial interventions. Multiple factors can
influence these parameters, and in the setting of cachexia
clinical trials, it can be challenging to assess efficacy indepen-
dent of confounders. While single axial slice CT (e.g., L3) and
whole-body measurements are known to be highly
correlated,? this may not hold true when assessing changes
over time.*®®

A minimal clinically important difference (MCID) describes
the smallest change that could be considered clinically signif-
icant. Such a metric may be determined with consideration of
how changes in body composition endpoints relate to other
outcomes. For example, what change in muscle mass is
required to influence quality of life or survival? As has been
observed with muscle mass and function,**? the relationships
between endpoints may be non-linear, and this must be ac-
knowledged when considering responsiveness to change.
The minimum body weight change that is considered clini-
cally important for an individual’s health is more commonly
studied in the field of obesity than in cachexia. Semaglutide
(glucagon-like peptide-1 [GLP-1] receptor agonist) was
granted Food and Drug Administration (FDA) approval
based on >5% weight loss being regarded as clinically
meaningful.’*®> A >5% weight gain may be considered an
equivalent MCID for treatment of cachexia, yet such prece-
dent has not been set thus far.

Measurements should have sensibility (or interpretability)
so they can be understood with ease. Body weight is mean-
ingful and can be easily interpreted by clinicians, researchers
and even patients. Conversely, bioelectrical estimates of body
composition are less well known, and as such, the sensibility
of these is limited. With improved consensus regarding effec-
tive assessment methods and endpoints, it should be antici-
pated that relevant stakeholders will become more informed
regarding their chosen measurement techniques and how
their findings relate to patients.

It is evident that no single assessment method currently
fulfils all requirements. Rather, researchers should choose
appropriate endpoints to align with their study aims and
the cohort in question. What represents the ‘gold-standard’

measure would be dependent on the choice of intervention
and its underlying mechanism. Assessment of body weight
alongside dietary intake may be reasonable when assessing
an appetite stimulant and has the added advantage of having
regulatory approval in the obesity arena. Similarly, assessing
DEXA or CT-based body composition would be sensible when
trialling an exercise intervention aimed to improve lean mass.
The practicalities, including cost and participant burden,
mean that assessing these in clinical trials may be aspira-
tional, despite a clear need.

A large volume of data has been compiled through each of
the six reviews undertaken within this series. While there was
a need to give a detailed appraisal within each of these, fur-
ther work is ongoing to examine the relationships between
these parameters. The findings presented are likely to have
even greater value when considered in the context of other
endpoints. For example, how do improvements in lean mass
relate to physical function? The group aspires towards
achieving a wider consensus alongside the identification
and prioritization of areas for future research. Key strengths
of this review include the broad search criteria and the robust
methodological approach and appraisal process. However,
the eligibility criteria could be considered a limitation, as bal-
ance was sought between the need to find trials of sufficient
quality against having to appraise an impractical number of
manuscripts. Although a specific time period was defined
for the purposes of this work, it is accepted that trials pub-
lished before 1990 may have yielded additional data, though
this would pre-date the use of most endpoints considered by
this review. The sample size cut-off was felt to be appropri-
ate, as trials with <40 participants were expected to be insuf-
ficiently powered to assess changes in the endpoints being
assessed. Furthermore, the minimum intervention time of
14 days was selected as interventions conducted for a shorter
duration were felt unlikely to influence the disease course of
cachexia. It should be acknowledged, however, that these
restrictions may have precluded the inclusion of some infor-
mative trials. While the focus of this review was prospective,
interventional trials, it is also acknowledged that many
high-quality studies of other designs may yet inform the
process of establishing a consensus regarding the optimum
endpoints for cachexia trials, and future review of these
would also be informative.

Endpoints should be intrinsically linked to inclusion criteria
and vice versa. Changes in body composition are a key feature
of cancer cachexia and, therefore, by definition, often feature
as a baseline descriptive criterion (and, thus, outcome mea-
sure) in cachexia intervention trials. The Global Leadership Ini-
tiative on Malnutrition (GLIM) consensus criteria*** were not
designed to be used for the diagnosis of cachexia; however,
they are intended to complement the existing cachexia litera-
ture, acknowledging that all patients with cachexia would
meet their diagnosis of malnutrition. This group agreed that
a body composition-based phenotypical criterion (weight loss,
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low BMI or reduced muscle mass) and an aetiological criterion
(reduced food intake/assimilation or inflammation) are re-
quired for a diagnosis of malnutrition. Their recommendation
for methods of estimating low muscle mass was for DEXA or
‘corresponding standards using other body composition
methods like BIA, CT or MRI'. The group also stated that an-
thropometric measures, such as arm muscle circumference,
may be used as an alternative when radiological imaging is un-
available. Similarly, broad assessment methodology was pro-
posed by the European consensus definition for sarcopenia,”
with DEXA, BIA, CT and MR all listed as options for evaluating
‘muscle quantity or quality’. As shown in this present review,
the range of modalities within the guidance is reflective of
the heterogeneity within the existing literature.

Conclusions

Based on the findings presented herein, the use of body
weight alongside a radiological modality for body composi-
tion analysis would seem like suitable endpoints for cancer
cachexia trials. Thus far, body weight has been reported in a
variety of ways, and further consensus is required regarding
the specific body weight endpoint that should be used for fu-
ture trials. The choice of radiological modality is likely to be
dependent on the trial setting, population and intervention
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Appendix A:

Literature search strategy

1 Documentation on the literature search for ‘What is the optimal endpoint to evaluate effect of interventions aiming to treat

cancer cachexia?’

The following dat

abases were searched:

Number of retrieved Number of retrieved
Database references for trials references for cohort/longitudinal studies
MEDLINE (Ovid) 3812 1918
Embase (Ovid) 2033 2031
Cochrane Central Register of Controlled Trials 1923
Number of references before de-duplication 8166 3949
Number of references after de-duplication 5998 3190

All searches were done on 2 June 2021 by Gunn Kleven, senior librarian at the Library of Medicine and Science, University of

Oslo.
Number of hours

spent: 30

Ovid MEDLINE® ALL 1946 to 1 July 2021

Date searched: 2
Search strategy:

June 2021

# Searches Results
1 exp Neoplasms/or (neoplasm* or cancer* or tumor* or tumour* or oncol* or malign* 4 606 655
or carcinom* or adenocarcinom* or adenoma or metasta*).ti,ab,kf.
2 Cachexia/ or Emaciation/ or Malnutrition/ or Starvation/ or Wasting syndrome/ or 63 432
Thinness/ or Sarcopenia/ or Anorexia/or *Weight Loss/
3 and/1-2 9650
4 ((cachexia or cachexic or anorexia or anorectic or emaciat* or malnutrition or 7231
underweight or starvation* or thiness or leanness or sarcopenia or wasting
syndrome* or wasting disease* or weightloss* or ((appetite* or weight) adj2 (loss
or loosing or losing))) adj4 (neoplasm* or cancer* or tumor* or tumour* or oncol*
or malign* or carcinom* or adenocarcinom* or adenoma or metasta*)).ti,ab,kf.
5 ((cachexia or cachexic or anorexia or anorectic or emaciat* or malnutrition or 4253
underweight or starvation* or thiness or leanness or sarcopenia or wasting
syndrome* or wasting disease* or weightloss* or ((appetite* or weight) adj2 (loss
or loosing or losing))) and (neoplasm* or cancer* or tumor* or tumour* or oncol*
or malign* or carcinom* or adenocarcinom* or adenoma or metasta*)).ti.
6 or/3-5 13924
7 randomized controlled trial.pt. 536 354
8 controlled clinical trial.pt. 94 265
9 randomized.ab. 525 221
10 placebo.ab. 219 320
11 drug therapy.fs. 2 343 029
12 randomly.ab. 360 557
13 trial.ab. 557 904
14 groups.ab. 2 213 680
15 or/7-14 5047 938
16 exp animals/not humans.sh. 4 855 037
17 15 not 16 4 388 865
18 6and 17 4078
19 limit 18 to yr = 1990-Current’ 3812
20 cohort studies/ or follow-up studies/ or longitudinal studies/ or ‘national longitudinal 2 168 707
study of adolescent health’/ or prospective studies/or retrospective studies/
21 (cohort* or longitudinal or prospective* or retrospective*).tw. 2 098 508
22 or/20-21 3012 965
23 and/6,22 3215
24 limit 23 to yr = “1990-Current’ 3139
25 24 not 19 1918
26 19 or 24 5730

Journal of Cachexia, Sarcopenia and Muscle 2024; 15: 816—852
DOI: 10.1002/jcsm.13478



838 L.R. Brown et al.

Embase Classic + Embase 1947 to 1 July 2021
Date searched: 2 June 2021
Search strategy:

# Searches Results

1 exp neoplasm/or (neoplasm* or cancer* or tumor* or tumour* or oncol* or malign* or carcinom* 6 400 926
or adenocarcinom* or adenoma or metasta*).ti,ab,kw.

2 cachexia/ or emaciation/ or *malnutrition/ or starvation/ or wasting syndrome/ or *anorexia/ or 93 608
sarcopenia/or *weight loss/

3 and/1-2 20 654

4 ((cachexia or cachexic or anorexia or anorectic or emaciat* or malnutrition or underweight or 9798

starvation* or thiness or leanness or sarcopenia or wasting syndrome* or wasting disease* or

weightloss* or ((appetite* or weight) adj2 (loss or loosing or losing))) adj3 (neoplasm* or

cancer* or tumor* or tumour* or oncol* or malign* or carcinom* or adenocarcinom* or

adenoma or metasta*)).ti,ab,kw.

5 ((cachexia or cachexic or anorexia or anorectic or emaciat* or malnutrition or underweight or 6437

starvation* or thiness or leanness or sarcopenia or wasting syndrome* or wasting disease* or

weightloss* or ((appetite* or weight) adj2 (loss or loosing or losing))) and (neoplasm* or

cancer* or tumor* or tumour* or oncol* or malign* or carcinom* or adenocarcinom* or

adenoma or metasta*)).ti.

6 or/3-5 24 964

7 Randomized controlled trial/ 666 248

8 Controlled clinical trial/ 463 928

9 random§$.ti,ab. 1691 555

10 randomization/ 91 413

11 intermethod comparison/ 272 763

12 placebo.ti,ab. 330 754

13 (compare or compared or comparison).ti. 571 937

14 ((evaluated or evaluate or evaluating or assessed or assess) and (compare or compared or 2334019
comparing or comparison)).ab.

15 (open adj label).ti,ab. 88 467

16 ((double or single or doubly or singly) adj (blind or blinded or blindly)).ti,ab. 251 401

17 double blind procedure/ 187 924

18 parallel group$1.ti,ab. 27 750

19 (crossover or cross over).ti,ab. 112 863

20 ((assign$ or match or matched or allocation) adj5 (alternate or group$1 or intervention$1 or 359 989
patient$1 or subject$1 or participant$1)).ti,ab.

21 (assigned or allocated).ti,ab. 424 479

22 (controlled adj7 (study or design or trial)).ti,ab. 385 967

23 (volunteer or volunteers).ti,ab. 264 717

24 human experiment/ 550 005

25 trial ti. 340 818

26 or/7-25 5516 795

27 (random$ adj sampl$ adj7 (cross section$ or questionnaire$1 or survey$ or database$1)).ti,ab. 8736

not (comparative study/ or controlled study/or randomi?ed controlled.ti,ab. or randomly
assigned.ti,ab.)

28 Cross-sectional study/not (randomized controlled trial/ or controlled clinical study/ or controlled 273 554
study/or randomi?ed controlled.ti,ab. or control group$1.ti,ab.)

29 (((case adj control$) and random$) not randomi?ed controlled).ti,ab. 18 641

30 (Systematic review not (trial or study)).ti. 179 350

31 (nonrandom$ not random$).ti,ab. 17 184

32 Random field$.ti,ab. 2525

33 (random cluster adj3 sampl$).ti,ab. 1368

34 (review.ab. and review.pt.) not trial.ti. 902 488

35 we searched.ab. and (review.ti. or review.pt.) 37 332

36 update review.ab. 116

37 (databases adj4 searched).ab. 43 700

38 (rat or rats or mouse or mice or swine or porcine or murine or sheep or lambs or pigs or piglets or 1113420

rabbit or rabbits or cat or cats or dog or dogs or cattle or bovine or monkey or monkeys or trout
or marmoset$1).ti. and animal experiment/

39 Animal experiment/not (human experiment/or humany) 2 339504

40 or/27-39 3735626

41 26 not 40 4907 360

42 and/6,41 3904

43 limit 42 to yr = '1990-Current’ 3674

44 limit 43 to conference abstracts 1641

45 43 not 44 2033
(Continues)

Journal of Cachexia, Sarcopenia and Muscle 2024; 15: 816—852
DOI: 10.1002/jcsm.13478



Body weight and composition endpoints in cancer cachexia trials 839
# Searches Results
46 cohort analysis/ or follow up/ or longitudinal study/ or ‘national longitudinal study of adolescent 3499 550
health’/ or prospective study/or retrospective study/
47 ((cohort adj (study or studies)) or cohort analy* or longitudinal).tw. 705 575
48 or/46-47 3722608
49 and/6,48 4417
50 limit 49 to yr = ‘1990-Current’ 4387
51 limit 50 to conference abstracts 1639
52 50 not 51 2748
53 52 not 45 2031
Cochrane Central Register of Controlled Trials
Date searched: 2 June 2021
Search strategy:
# Searches Results
1 [mh Neoplasms] 82 548
2 ((neoplasm* or cancer* or tumor* or tumour* or oncol* or malign* or carcinom* or 232 559
adenocarcinom* or adenoma or metasta*)):ti,ab,kw (Word variations have been searched)
3 #1 or #2 241 300
4 [mh Cachexia] or [mh ~Emaciation] or [mh ~ Malnutrition] or [mh Starvation] or [mh 2665
~ 'Wasting syndrome’] or [mh Thinness] or [mh Sarcopenia] or [mh Anorexia]
5 MeSH descriptor: [Weight Loss] this term only 6360
6 #3 and (#4 or #5) 1017
7 (((cachexia or cachexic or anorexia or anorectic or emaciat* or malnutrition or underweight or 1475
starvation* or thiness or leanness or sarcopenia or ‘wasting syndrom’ or ‘wasting syndromes’
or ‘wasting disease’ or ‘wasting diseases’ or weightloss* or ((appetite* or weight) near/2 (loss
or loosing or losing))) near/3 (neoplasm* or cancer* or tumor* or tumour* or oncol* or
malign* or carcinom* or adenocarcinom* or adenoma or metasta*))):ti,ab,kw
8 (((cachexia or cachexic or anorexia or anorectic or emaciat* or malnutrition or underweight or 758
starvation* or thiness or leanness or sarcopenia or ‘wasting syndrome’ or ‘wasting syndromes’
or ‘wasting disease’ or ‘wasting diseases’ or weightloss* or ((appetite* or weight) near/2 (loss
or loosing or losing))) and (neoplasm* or cancer* or tumor* or tumour* or oncol* or malign*
or carcinom* or adenocarcinom* or adenoma or metasta*))):ti (Word variations have been
searched)
9 #6 or #7 or #8 with Publication Year from 1990 to 2021, in Trials 2345
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