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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 for more than 14 days and use
of a physical function 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-min walking test [eMWT] and short physical performance
battery [SPPB]), clinician 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 European Organi-
sation 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 inter-
ventions were assessed in 21 trials (30%); and exercise-based interventions were assessed in 6 trials (8%). The remaining
six trials (8%) assessed multimodal interventions. Among the objective measures of physical function (assessed as primary
or secondary endpoints), HGS was most commonly examined (33 trials, n = 5081) and demonstrated a statistically signif-
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icant finding in 12 (36%) trials (n = 2091). The 6MWTwas 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 EORTC QLQ-C30 physical function was reported in 25 trials.
HGS is the most commonly used physical function endpoint in cancer cachexia clinical trials. However, heterogeneity in
study design, populations, 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 can-

cer 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.? 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.® 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.® In addition, ECOG-PS
has also been shown to be superior to measures of lean mass
and nutritional intake in terms of survival prediction.*™®

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.” 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.?

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’ (6BMWT), the ‘stair climb power’ (SCP) test and the ‘short
physical performance battery’ (SPPB).°

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.’®
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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 SI). It was registered on the International
Prospective Register of Systematic Reviews (PROSPERO regis-
tration: CRD42022276710) where further detail is available.**

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.™® 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-
fined within 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.*®
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,** 6MWT,* scp,*®
SPPB'” and TUG.™ 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])."

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.®

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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FIGURE 1 PRISMA flowchart.

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

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

85U8017 SUOWILLIOD SAIERID 3|l jdde au) Aq peusenob ake 9 VO ‘8sn J0S9|NI o) ARIq1T8UIIUQ AB]1M UO (SUOTHIPUOD-PUE-SWLBIALIY™AB | 1M ARe.q1 Ul juo//SANLY) SUONIPUOD pue swS | 81 89S *[£202/60/TT] Uo Akeiqiauliuo A8|IM 's9o1AlS ARiq1T 1ON Uopuoabe|0D A1seAIuN AQ TZEET WsDI/Z00T 0T/I0p/W0d" A8 1M Areiq1jpul|uoy/sciy Wouy pspeo|umod ‘0 ‘600906 TZ65SET



1353921906009, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/jcsm.13321 by University College London UCL Library Services, Wiley Online Library on [11/09/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

Physical function endpoints in cachexia trials

(sanunuo)d)

SOH 's109)49
3pis ‘0€1-010
D103 ‘ulwnge ybrem

SOH ‘9DUBIJWINDID WY 3Jed JO piepuels [ensn uibeingould + apiwopljey] buny S 1Dy 8 X 8L0C
SNL "LMIN9 ‘dDS 'SOH |eAIMnS ogede|d Brup [eut dljeaidued scl 104 L wYEIOD  810¢
4d-0€2-010 D1403 VDS-Dd  91ed JO piepuels |ensn [epownnin 323U pue pesH LOE 104 8 opHoHla  81l0¢
ogade|d + 91e}ade qIX023[9> + 9)e}de
Sd-50D23 'SOH WBI_M [o13sabaN |onsabaly PaXIAI 06 104 8 sePleYanoy - 810¢
1MIN9 ‘SOH ssew Apoq uea ogede|d uljploweuy Buny VLl 104 8 geledere)  810¢
LMIA9 ‘13dD
yrbuaiis spsnw Buiuies
LMINQ  ‘ssauanndaye ‘Ajjiqiseaq  aied jo plepuels |ensn 2due)sisal pasinadng dl3ealdued 27 1Dy [« ,UURWISIM - 610
4ddS 9ddS °4ed jO plepueis jensn Bupyiem PaXIAI 14 104 8 oefPY2®NIS  610C
S1s9) poo|q
2uIIN0J ‘uoiIedIPAW Ul
sabueyp ‘subis |ediuld a1espAyoqued + uisyoud
SOH 'SJUDAD 9sJaApY  Judwid|ddns d10jed0s| yum juswaddng punq GS 10y ] couemnel 6102
uoiINu
1MIA9 ‘SDH ssew 9aJj-}e4  3Jed JO pJepuels |ensn |esajuased swoH pPaxIN Yai 1Dy / ,cPUl90  610¢
Asym + Buijesunod
SOH 9|bue aseyd  BuiljpsUNod [euonLINN jeuontiinN PaXIAI 991 104 8 P10 610¢C
44-0€2-010 D1403 0€2-010 D1¥013 ogase|d ludoyded  |eunsajulolisen o 10 L ,£Ueybyaa  0zoe
s91A|0403)9 pue
SjUBWIdJR ddel)
|eAIAINS 93.}-UOI}eIO0LIIdP ‘suiweyinosd yyum
Sd-50D03 "vd-G12-070 D1¥013 buipasy |10 uonuinu jessjusied PaXIA Lil 104 L ,2Ndnog - 0z0¢
DNL ‘SOH ‘dddS d9ddS ©Jed JO plepuels jensn [epownniAl PaXIAI 4] 104 oL 0e?103S  070T
asu Jleyd  ssew Apoq ues| ‘Yibuans
jlem w-00t ‘LMING dpsnw ‘A)jiIqol\  94ed Jo plepuels [ensn 9S12J9X3 ddUR)SISDY d1jealdued o 1Dy / cPWeN 00T
uonexela.i ENBIENC]
4d-0€2-010 D1¥03 s|dniniA dPsnw dAIssaib0ld  dduUe)SISal paseq-aulyde|y PaXIAI 061 104 6 wchoI 00t
suoned1|dwod Jo a5uspidul
'0€2-010 D1403
4d-0€2-010 D1403 ‘snjejs |euoiuinN - 8Jed Jo piepuels |ensn uonuinu _m_%_tt,q Bun 96 104 9 M0 0207
ey}
SOH vDS-Dd  adipe Aiejaip |eisusn jeuonuinu [enplAlpul  Jeulssjulodises 00l 104 8 9zPPUBNOIN - 020
SOH Aujigiseay  aued jo piepuels [ensn [epownniA PaXIAI 014 104 8 < Pe¥slea  0¢o¢
Sd-D023 + SHH uteb 1B |oysabaw + ogadeld uoljeulquios jeqtsH PaXIA Ly 104 8 , husepieqg-lwed  0c0C
uonpuny [edisAyd
JO saunseaw ‘spsnwi
[e3313%s ‘WYBdam '4S ¥DS-Dd
DNl ‘aoueldwod ‘Ayjigises{  9Jed Jo pJepuels [ensn |10 ysiy/buljesunod Aielsiqg punq 0zl 1Dy 6 ednisqaoL 170z
SOH ayaddy ogade|d auidezeuy PaXIAI ocl 104 L Z9MNH 1202
auoseyjlawexap + 9jeade
Sd) ayaddy oqgade|d [013saB3N paxiIN 061 1Dy 9 LMound 1z0z
Buijesunod
4d-0€2-010 D1¥03 0€2-070 DLYO3  2Jed Jo piepueis [ens() jeuonunu |enpiaipul 323U pue pesH 89 104 L 0ZZ¥M Te0t
,2dnsesw uonduny awodino Aewd Jojesedwod UOIUSAID}U| J9dUE) u ubisag Aujend Joyiny  JesA

s|els 9]q1819 Jo sansuaIeRIRYD ASY T 3|qeL

Journal of Cachexia, Sarcopenia and Muscle 2023

DOI: 10.1002/jcsm.13321



1353921906009, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/jcsm.13321 by University College London UCL Library Services, Wiley Online Library on [11/09/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

J. McDonald et al.

(sanunuo))
SJUDAS 3sIanpe ‘A1ajes
'(0€2-070 D1¥03)
91| Jo Aujenb ‘(sjeds aplwopljeyy + ojeyade
SOH 'Sd-D0D3  4S-IS4IN) anbiey ‘yybrop d1e1ede 0415963\ [o13saBaN PaxIAl €6 10Y S UM Z10¢
|eAlInIns ‘asleuuonsanb
149 '0€2-010 D1403 'VId
4d-0€2-070 D103 'SJUIAD dsIaApe IYBIIM ogLse|d suljiuied-1 Jljealdued [4A 104 ol 9oHEN  T10T
Sd-50D3 + SOH 33y ‘ssew Apoq uea] a)ejade |onsabapy [epownniA [e160j028eUAD vel 10Y 8 oOP2BIN 10T
dDS + SOH "LMIN9 ssew Apoq uea] ogase|d wiesoqouy PaXIA 651 12 8 »sd0d  €10T
Sd-50D13 ‘|00l
Bulusalds weybuion
Sd-D0>D3 ‘IINg ‘sniels [euoninN  9Jed JO piepuels |ensn [epownniA [eunssjulolised 879 10Y L oeuelunuig-ejugoq €102
SOH
'4d-0€2-070 D101 $SO| JYBIOA  d4eD JO piepuels [ensn |10 winiys3 3Pau pue pesH S8 104 8 2PHOd 10T
4d-0€2-010 D1H03 W61 aied Jo piepuels jensn |epownnin PaXIAI 19 104 S Udsinod - 10T
4d-0€2-010
D1403 'Sd-D0D3 Ayjiqessioy ‘Ayases uosuedwod asoq Apoqnue euopouoly pPaxIA ¢S |9seyd 8 0oDUOH 7107
SOH ssew Apoq uea og@3e|d uljsioweuy P3IXIA 8 104 L ecePieD  Gl0T
uoIjuUaAIRUL
UMM uoideysiyes
‘OIN44 "¥eul auojed
Ajtep [e301 ‘'0£2-010
D1¥03 'Sd-50D13
4d-0€2-070 D1H013 ‘NG 'ssO| JYBISA\  24ed o piepuels [ens( ueinaIp/ssaulnpulip| PaxIAl €S 10y L gcU®204  §l0¢
uoI3USAIDIUL VA IVEVNEN V]
1MIN9 uonisodwod Apog olh1say1| pakejeg 9[A1s941] S1EIPAWIW| PaxXIA 09 1DY 8 B_NNogmu 910C
LMIAI9 ‘9ddS ‘dDS 'SOH abuey yb1am o aley ogLse|d [ojoputds3 PaXIAI L8 104 ol 9cS¥80D 9107
Adeiayy Juswade|das
4d-0£2-010 D1H013 ybom Apog  sied Jo piepuels |ensn SULIDOX3 dIjealdued J13ealdued /9 1Dy 6 <cO0M  910C
Sd ‘SOH YBIdAN  BuljesSuNod jeuonuINN UoIINU |eJ3}Ud SWOH paxIA 6/ 1Dy / yclZZeAeD 9107
SOH SDH ‘ssew Apoq uean og9de|d ulpJoweuy Bun 6.6 104 8 ePWAL  910C
Sd) ‘SOH SDH ‘ssew Apoq uean ogese|d uljpioweuy Bunq 081l 10Y 8 scewiededel 9102
juswsa|ddns
S A}DIX0} JusWeal]  3Jed JO piepuels |ensn |euonunu [eIQ |eydalo|0D 56 1Dy 9 LDISIeRIZ /102
4d-0€>-010 DL¥03 amadde qyblopn - spidijoydsoyd auleiy llo ysid dleanued €e 1Y L ocPURM  £10T
SOH ‘LMIN9 Aujigiseay  aued jo piepuess jensn [epownniA P3aXIA (474 10y 8 syMIPUIOS  £10T
s|eaw
SOH ‘D013 0€D>-010 D1¥03  24ed Jo plepue)s [ensn you-uyoid o A1aniRQ Bun (0174 104 8 oy0P91 /107
SOH Aiqessjol ‘Ayajes og9de|d uljpJoweuy bun €ls 104 8 MoHND /10T
SOH uteb ybrop ogade|d auneald PaxIAl €9¢ 10Y 8 op10¥er  £10T
4d-0€2-070 D103 1ovvd oqgade|d suojiqeN bun €€ 124 L ,H02InL 8107
LMIN9 ‘SOH 0£2-010 D1¥013
'1d-0€2-070 D103 ‘snjeis yijesy |[eqo|n  aled JO piepuels [ensn |epownnin PaXIAI 89 104 6 »Ao¥sN  810¢
ddInpe
Sd 'LMIN9 |JeuonuInu + 3sIDJaXd
'0€2-010 D1¥03 ‘SOH Ssew 9)PsNwi |e}d9Ys  Ajuo ddIApe [euon NN |ea1sAyd pasiniadng paxIN LE1 1D 6 AUIUS  8L0T
L2Inseaw uonouny swo2ino Arewiid Joyesedwod UOIJUSAISIU| JEBII=p) u ubissq Ayend JOYINy  JesA

(panunuod) T 3|qeL

Journal of Cachexia, Sarcopenia and Muscle 2023

DOI: 10.1002/jcsm.13321



1353921906009, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/jcsm.13321 by University College London UCL Library Services, Wiley Online Library on [11/09/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

Physical function endpoints in cachexia trials

(senunuo))
91e1908
4d-0€2-010 D1407 y6lem ‘anaddy ogade|d auo019)sab0IdAx0IPIN paxiIN - vEL  IDY L ,gSUOWIS 9661
Aypixoy
‘leainans ‘uoissaidsp
‘ABiausd ‘ured ‘sq
UOISUDIXD ‘Sd ‘@¥eiul
Sd pooj ‘ybiam ‘s1addy uosuedwod as0Q 91e190e |0J1sabaN PaxXIA zzl 1Dy 9 05©1d99D 9661
uluolePwW + aled
SdI 4NL ‘sso] 1ybiapn 2J4ed anipoddng anipoddns PaxIA 98 1DY / cg'UOSSIT 9661
SaW021N0 a1e1908
Sd) pauodai-juaned sidnny  94ed JO piepueis [ensn suoJalsaboidAxoipaln PaxXIA (Y44 1Dy 1 »gHON L6661
SdM Sy3eddy ogede|d )e1a08e |043sabaN PaXIA [474 12 9 gOUU0d 30 8661
Sddl ‘@41 Jo Aujenb ‘smyeys (9sop ybiy) (esop moj)
S |euonInu ‘ybIdAA 9)e1908 |0J1sah3N 91e1908 |0J)s3b3IN paxiN /01 1D S ,sBuUleIeD 8661
0£2-010
4d-0€2-010 D1403 D1407 34 40 Ayend ogLse|d )e1a08e |043sabaIN PaXIA SS¢ 12 L gUBWISSM 6661
uajoidnql + 913308
4d-0€2-070 D103 700 ‘uteb b oQgade|d [o13saBaN PaXIA €L 12 L ogUBIINPIN - 6661
|[WS pue d)se} JO SsO|
‘uonuinujew ‘syadde
Sd-50D013 'Sd-D0D3 BB 31D JO piepuels [ensn 91e190€ |0415963IN P3XIAI 00l 154 8 s, HMHI  000¢
S a)naddy ogaseld [epownniA paxiN 09  ID¥ L g 849nIg  €00T
aeju| uvoid
‘ayejul Abiaus ‘0£d-010 ppe Aney
4d-0€2-0710 D1¥03 ‘SdM D1¥03 'Sd juawaiddns [e1Q €-N + uswsa|ddns |e1Q Jljealdued 00¢ 104 8 ,,/uotesd  €00¢
0€2-010 D1¥03 '¥9S-Dd buyjjpsunod
4d-0€2-010 D1¥03 ‘ssew 1ey-9914 JYBIBAL  4ed JO plepuels [ensn jeuoninu aAIsuSU| P3XIAI 09 104 8 o,/bunuss 00z
4d-0€2-010 D1¥03 ‘SOH Wb og9de|d Splwopljeyl Jllealdued 0§ 124 ol ¢,YOPI05  500¢
Buijjesunod
sjuswa|ddns [euonuinu + syuswsa|ddns
4d-0€2-010 D1¥03 ajeul ABI1dUd '¥DS-Hd |euoninN jeuoniinN 323U pue pesH SL 124 L »,025enBY  500C
juswsa|ddns
4d-0€2-010 21403 'S bR ogede|dple >loudejuadesodiy P3IXIAI 81§ 10 8 ¢,U0Jesd  900¢
S "LMIN9 ssew Apoq uea ogese|d qewixijju] Jliealdued 68 12 L 7, YUBWUSPSIM  800¢C
1d-0€2>-010 anbnej 33y
D1Y03 ‘Sd-D0D3 'SOH ‘ssew Apoq uean aldnniA (swue aaly) sjdnniy PaXIA [433 10 L ,uenolueN 0L0¢
poddns [euonuinu
|enpiAipul + Judwiealy
4d-0€2-010 D1¥03 SSO| JYBIDAN  9Jed JO piepueis ensn 910499 buipasy H3d PaxXIAI vEL 104 9 o PPUEIIS 110T
juswsabesnodus
SOH [eAIMINS |euoniinN [epownniA PaXIIN 8G€ 124 8 sotMpleg  110¢
a1e1908
Ayanoe jeoisAyd Ajiep JoJisebaw + qIxod99d
LMIAI9 'SOH ‘ssew Apog uea]  qIx0d3|PD + dUIHUIED-T + suniuied-1 PaXIA 09 104 L goPP3PEIN Z10¢C
L2inseaw uonouny awodno Arewlid Joyesedwod UOIJUSAIBIU| J9dUED) u ubissg Auend Jjoyiny  JesA

(ponuiuod) T 3|qeL

Journal of Cachexia, Sarcopenia and Muscle 2023

DOI: 10.1002/jcsm.13321



J. McDonald et al.

Function measure®

KPS

Appetite, weight, mid-arm KPS
circumference, triceps

skin fold

tolerance to radiation,
Abbreviations: 6MWT, 6-min walking test; BFI, Big Five Inventory; BIA, bioelectrical impedance analysis; BMI, body mass index; CPET, cardiopulmonary exercise test; ECOG-PS, Eastern

Appetite, weight, KPS,
anorexia management

Primary outcome

Comparator
Placebo
Placebo

acetate + prednisolone
Medroxyprogesterone

Intervention
Megestrol
acetate

Cancer
Mixed
Mixed

52
60

RCT
RCT

Quality Design n

Author
Downer®®

Lai®®

Multidimensional Fatigue Symptom Inventory-Short Form; PEG, percutaneous endoscopic gastrostomy; PG-SGA SF, Patient-Generated Subjective Global Assessment Short Form;

Qol, quality of life; RCT, randomized controlled trial; REE, resting energy expenditure; SCP, stair climb power; SPPB, short physical performance battery; TNF, tumour necrosis factor;

FAACT, Functional Assessment of Anorexia/Cachexia Therapy; FFMQ, Five-Facet Mindfulness Questionnaire; HGS, hand grip strength; KPS, Karnofsky Performance Status; MFSI-SF,
TUG, timed up and go test.

Cooperative Oncology Group-Performance Status; EORTC QLQ-C30-PF, European Organisation for the Research and Treatment of Cancer Quality of Life Questionnaires physical function;

“Where functional measure is in bold, this denotes a significant finding.

Table 1 (continued)

Year
1994
1993

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 which mea-
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, 6BMWT, 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, 6BMWT 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.
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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

Both measures Measure 1 Measure 2 Neither measure
Assessing both statistically statistically statistically statistically
Measure 1 Measure 2 measures significant significant significant 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.

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.
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HGS (n =33)

ECOG-PS (n =25)

®
SCP (n=3)

[ ]
SPPB (n=3)

‘EORTC»PF (n=25)
. 6MWT (n = 12)

®
TUG (n=3)

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). 6BMWT, 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.

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 cachexia®® and supports work by Song and co-
workers.®* 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.?

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.?® 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
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function may be dependent on absolute value of the
former.”* 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.>®

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.’® 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.>* 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.®’
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.*®*°

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,*°

which could be changes in lean mass and/or functional capac-
ity vis-a-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,'°* but sarcopenia trials have shifted away
from using it as an endpoint as it is similarly inconsistent or
nonresponsive to interventions.'® Variability in HGS may in
part be due to the lack of standardized protocols.*®® 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.*®* 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).’®® 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.*®®
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.”® It is also clear that HGS has consistency with
ECOG and EORTC-PF both within the clinical trials reviewed
and in the literature more generally.'®” HGS may 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 and may 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
trials>2%8 although HGS has been assessed in a large cohort of
patients with cancer cachexia®®; 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
endpoints'® and are being assessed by the European Medi-
cines Agency.**°

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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