'-) Check for updates

REVIEW
Journal of Cachexia, Sarcopenia and Muscle 2024; 15: 853-867

Published online in Wiley Online Library (wileyonlinelibrary.com) DOI: 10.1002/jcsm.13491

Biomarker endpoints in cancer cachexia clinical trials:
Systematic Review 5 of the cachexia endpoint series

Michael S. Yule®?* (&), Joshua Thompson3, Khachonphat Leesahatsawat®, Mariana S. Sousa®, Stefan D. Anker>®7,
Jann Arends®, Trude R. Balstad®*°, Leo R. Brown™, Asta Bye'>**** Olav Dajani***3, Marie Fallon®*3,
Marianne J. Hjermstad***3, Gunnhild Jakobsen>*®, James McDonald?, Josh McGovern?, Eric J. Roeland"’,

Judith Sayers™?, Richard J.E. Skipworth'?, Inger O. Ottestad*®*°, lain Philips?, Melanie R. Simpson*®, Tora S. Solheim*%*?,
Ola Magne Vagnildhaug'®*®, Donald McMillan3, Barry J.A. Laird>**3, Ross D. Dolan®** & on behalf of

the Cancer Cachexia Endpoints Working Group

1St Columba’s Hospice, Edinburgh, UK; 2Edinburgh Cancer Research Centre, University of Edinburgh, Edinburgh, UK; *Academic Department of Surgery, University of
Glasgow, New Lister Building, Glasgow Royal Infirmary, Glasgow, UK; *Improving Palliative, Aged and Chronic Care through Clinical Research and Translation (IMPACCT),
University of Technology Sydney, Sydney, Australia; *Department of Cardiology (CVK), Berlin Institute of Health Center for Regenerative Therapies (BCRT), Berlin, Germany;
Sinstitute of Heart Diseases, Wroclaw Medical University, Wroclaw, Poland; ’German Centre for Cardiovascular Research (DZHK) partner site Berlin, Charité
Universititsmedizin Berlin, Berlin, Germany; ®Department of Medicine |, Medical Center — University of Freiburg, Faculty of Medicine, University of Freiburg, Freiburg im
Breisgau, Germany; °Department of Clinical Medicine, Clinical Nutrition Research Group, UiT The Arctic University of Norway, Tromsg, Norway; *°Department of Clinical and
Molecular Medicine, Faculty of Medicine and Health Sciences, Norwegian University of Science and Technology, Trondheim, Norway; *Department of Clinical Surgery,
University of Edinburgh, Royal Infirmary of Edinburgh, Edinburgh, UK; **Regional Advisory Unit for Palliative Care, Department of Oncology, Oslo University Hospital, Uni-
versity of Oslo, Oslo, Norway; **European Palliative Care Research Centre, Department of Oncology, Oslo University Hospital and Institute of Clinical Medicine, University of
Oslo, Oslo, Norway; **Department of Nursing and Health Promotion, Faculty of Health Sciences, OsloMet-Oslo Metropolitan University, Oslo, Norway; *>Cancer Clinic, St
Olavs Hospital, Trondheim University Hospital, Trondheim, Norway; **Department of Public Health and Nursing, Faculty of Medicine and Health Sciences, Norwegian
University of Science and Technology, Trondheim, Norway; *’Orgeon Health and Science University, Portland, OR, USA; **Department of Nutrition, Institute of Basic Medical
Sciences, Faculty of Medicine, University of Oslo, Oslo, Norway; *°The Clinical Nutrition Outpatient Clinic, Section of Clinical Nutrition, Department of Clinical Service, Division
of Cancer Medicine, Oslo University Hospital, Oslo, Norway

Abstract

Regulatory agencies require evidence that endpoints correlate with clinical benefit before they can be used to approve
drugs. Biomarkers are often considered surrogate endpoints. In cancer cachexia trials, the measurement of
biomarkers features frequently. The aim of this systematic review was to assess the frequency and diversity of bio-
marker endpoints in cancer cachexia trials. A comprehensive electronic literature search of MEDLINE, Embase and
Cochrane (1990-2023) was completed. Eligible trials met the following criteria: adults (>18 years), prospective design,
more than 40 participants, use of a cachexia intervention for more than 14 days and use of a biomarker(s) as an end-
point. Biomarkers were defined as any objective measure that was assayed from a body fluid, including scoring systems
based on these assays. Routine haematology and biochemistry to monitor intervention toxicity were not considered.
Data extraction was performed using Covidence, and reporting followed PRISMA guidance (PROSPERO:
CRD42022276710). A total of 5975 studies were assessed, of which 52 trials (total participants = 6522) included bio-
markers as endpoints. Most studies (n = 29, 55.7%) included a variety of cancer types. Pharmacological interventions
(n = 27, 51.9%) were most evaluated, followed by nutritional interventions (n = 20, 38.4%). Ninety-nine different bio-
markers were used across the trials, and of these, 96 were assayed from blood. Albumin (n = 29, 55.8%) was assessed
most often, followed by C-reactive protein (n = 22, 42.3%), interleukin-6 (n = 16, 30.8%) and tumour necrosis factor-a
(n = 14, 26.9%), the latter being the only biomarker that was used to guide sample size calculations. Biomarkers were
explicitly listed as a primary outcome in six trials. In total, 12 biomarkers (12.1% of 99) were used in six trials or more.
Insulin-like growth factor binding protein 3 (IGFBP-3) and insulin-like growth factor 1 (IGF-1) levels both increased
significantly in all three trials in which they were both used. This corresponded with a primary outcome, lean body
mass, and was related to the pharmacological mechanism. Biomarkers were predominately used as exploratory
rather than primary endpoints. The most commonly used biomarker, albumin, was limited by its lack of
responsiveness to nutritional intervention. For a biomarker to be responsive to change, it must be related to the
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mechanism of action of the intervention and/or the underlying cachexia process that is modified by the intervention, as
seen with IGFBP-3, IGF-1 and anamorelin. To reach regulatory approval as an endpoint, the relationship between the

biomarker and clinical benefit must be clarified.
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Introduction

Cancer cachexia is a devastating syndrome characterized by in-
flammation, anorexia and involuntary loss of muscle/fat.>™
Treatment options remain limited, and this is in part due to
sub-optimal clinical trial design, including a lack of clarity on
the optimal endpoints to use. Endpoints in cancer cachexia tri-
als can be split into various categories,” often aligned with the
various cachexia definitions.? Yet using different endpoints si-
multaneously in trials can lead to conflicting results. To illus-
trate, the ROMANA trials® found that anamorelin increased
lean body mass but did not improve hand grip strength. There
are multiple reasons why this may have happened, including
endpoint sensitivity, the mechanism of action of the trial drug,
temporal aspects or perhaps mainly population selection. A
post hoc pooled analysis of these trials showed that partici-
pants who had systemic inflammation (measured using
C-reactive protein [CRP] and albumin, combined in the modi-
fied Glasgow prognostic score [mGPS]) had a better response
to anamorelin, both considering lean body mass and hand grip
strength, than those who did not.” Recently, trials examining
ponsegromab,® which targets growth differentiation factor
15 (GDF-15), have used elevated levels of GDF-15 as both an
entry criteria and an exploratory endpoint. These two exam-
ples provide some rationale for the role of biomarkers in can-
cer cachexia clinical trials; however, these are the exception
rather than the rule. Further work in this area is required to
help facilitate future trials.

The US Food and Drug Administration (FDA) states that
endpoints can be either a clinical outcome, known as a direct
measure (such as overall survival), or, in recent years, a surro-
gate endpoint.’ A biomarker is an example of a surrogate
endpoint and is defined as an objective indication of the cur-
rent medical state of an organism.*° For a surrogate endpoint
to lead to the approval of a new drug, the endpoint must
have extensive evidence to support its correlation with clini-
cal benefit,’ and the biomarker must be reliably assessable,
predictive and responsive.** The FDA has approved several
biomarkers to study the outcome of pharmacological inter-
ventions, such as serum insulin-like growth factor 1 (IGF-1)
levels in patients with acromegaly.’> However, to date, no
biomarker assayed from blood or body fluid has been fea-
tured as the primary endpoint for cancer drug approval, but

they have formed part of a composite endpoint.*® In cancer
cachexia, the picture is still less clear as an appraisal of end-
points has not been undertaken. Furthermore, it could be
argued that there is less of a published, demonstrable rela-
tionship between cachexia biomarkers and clinical benefit.

The aim of this systematic review is to explore which bio-
markers have been used in cancer cachexia trials and with
what frequency and diversity.

Methods

This systematic review is reported in accordance with the Pre-
ferred Reporting for Systematic Reviews and Meta-Analyses
(PRISMA) statement.*® The review protocol was prospectively
registered at the International Prospective Register of System-
atic Reviews: PROSPERO (CRD42022276710).*> This system-
atic review is part of a collaboration reviewing different
endpoints in cancer cachexia trials.*®’

Search strategy

A systematic search of the MEDLINE (OVID), Embase (OVID)
and Cochrane Central Register of Controlled Trials databases
was conducted by a senior research librarian (University of
Oslo), and studies from 1 January 1990 to 17 October 2023
were assessed. Search results were synthesized and managed
using the web-based systematic review software ‘Covidence’
(Veritas Health Innovations, Melbourne, Australia), and dupli-
cates were removed. A detailed search strategy is outlined in
Appendix S1.

Study eligibility criteria

Prospective comparative clinical trials that considered an in-
tervention aiming to treat or attenuate the effects of cachexia
in adult patients (>18 years) with cancer were considered for
eligibility. Analysis of a biomarker (defined as an objective
measure assayed from body fluid measured at baseline and
at the end of a trial) was used as an inclusion criterion. Bio-
markers used to evaluate only baseline characteristics were
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not included. All routine haematology and biochemistry
tests that were explicitly stated as being used to measure in-
tervention toxicity/safety were not included. In addition,
routine haematology and biochemistry tests stated to have
been obtained from the participant in the study methodol-
ogy but not reported were also not included. Biomarkers
used to measure the compliance of an intervention were
considered separately. Inclusion was irrespective of the site
of primary malignancy, modality of intervention (e.g., phar-
macological, nutritional and physical exercise) or choice of
comparator. Trials were excluded if they studied fewer than
40 patients and/or if the intervention lasted <14 days. 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 (O. D., T. S. S. and
B. L.). Those selected were subsequently subject to full text
review (R. D., M. S., M. Y. and J. T.). A pre-defined data ex-
traction table was developed (R. D., M. S. and M. Y.) and
pilot-tested before relevant data points were extracted
(M. Y.).

Assessing risk of bias

The methodological quality of each study was independently
assessed by four reviewers (J. S., J. M., O. D. and B. L.) using
the modified Downs and Black checklist.*® This tool assesses
several criteria, including study design, internal and external
validity and responding standards. A total score of 28 is possi-
ble for randomized trials and 25 for non-randomized studies.
Previous investigators®® have classified scores as excellent
(26-28), good (20-25), fair (15—19) and poor (<15).

Data analysis

In assessing the frequency and diversity of biomarkers used in
cachexia intervention trials, study characteristics, participant
details and disease demographics are reported descriptively.
Additionally, the large number and heterogeneous nature of
the trials included meant that a meta-analysis of treatment ef-
fects on each endpoint was not feasible. Visualizations were
conducted using RStudio Version 4.2.2 (R Foundation for Sta-
tistical Computing, Vienna, Austria), with packages including
tidyverse.

Results

Figure 1 details the PRISMA diagram. After the removal of du-
plicates, 7435 records were reviewed by title or abstract (the
abstract was assessed where the title was insufficient),
resulting in 387 records being appraised in full. Following ap-
praisal, 285 records were further excluded, leaving 129 that
were eligible for the systematic review database. Of these,
52 studies analysed biomarker endpoints and thus were eligi-
ble to be included (Figure 1).

Table 1 shows the key characteristics of eligible trials.
There were 52 trials (total participants = 6522), of which 49
(94.2%) were randomized control trials. There was one dose
escalation study** and two®®®® non-randomized trials. Most
studies (n = 29, 55.7%) included multiple cancer types; how-
ever, in trials in which a single cancer was examined, this
was commonly lung (n = 5, 9.6%), head and neck (n =5,
9.6%), gastrointestinal (n = 5, 9.6%) or pancreatic (n = 4,
7.7%). Intention to treat numbers were recorded as sample
size, and these ranged from 40 participants to 518. Eight trials
were international. Single-country trials included Italy (n =5,
9.6%), China (n = 5, 9.6%), Germany (n = 4, 7.7%) and Japan
(n = 4, 7.7%). Pharmacological interventions (n = 27, 51.9%)
were most commonly evaluated, followed by nutritional
(n = 20, 38.4%) and multimodal (n = 6, 11.5%)
interventions. Exercise and lifestyle interventions were not
used in isolation in any of the included trials.

In total, 99 different biomarkers were used across the 52
different trials (see Appendix S2). Ninety-seven of these bio-
markers were assayed from blood. Two (nitrogen and creati-
nine) were assayed from urine in the same trial, dated
1998.%%2 Biomarkers were explicitly listed as a primary out-
come in six trials (11.5%). Two trials®®>® used a biomarker
as part of their entry criteria, and one trial was powered for
a biomarker, tumour necrosis factor-o. (TNF-a).>* Only one
tumour-specific biomarker, prostate-specific antigen (PSA),
was measured across the included trials. It was used in two
trials®®*” and statistically did not change significantly in ei-
ther. Overall, most biomarkers (n = 53, 53.5%) were used only
in one clinical trial.

Figure 2 summarizes the temporal trends in the most com-
monly studied biomarkers in cancer cachexia trials. Albumin
has been used as a biomarker in cancer cachexia trials since
at least 1993 and is still used today. As can be seen, readably
obtainable biomarkers such as albumin, pre-albumin, plate-
lets, creatinine and haemoglobin have been in use since the
1990s. The use of more specific biomarkers, such as IGF-1,
has increased recently.

Figure 3 summarizes the 12 most commonly assessed bio-
markers (used in six or more trials) and the most noteworthy
biomarker, the Glasgow prognostic score (GPS). In total, 50
trials (96.2%) featured at least one of these 12 biomarkers.
Albumin (n =29, 55.8%; 3512 participants) was the most used
biomarker in cancer cachexia trials. Nine of the 29 (31%) trials
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Figure 1 PRISMA diagram.

investigating albumin as a biomarker demonstrated statisti-
cally significant changes in serum levels between intervention
arms. In five of these trials,>*>>3%5%%2 3lbumin increased in
the intervention arms, presumably as a result of less inflam-
mation and/or improved nutritional status. In three studies,
albumin decreased in both the intervention and control arms,
but to a lesser extent in the intervention arms of two
trials?®?® and the control arm of another?® and one study.
In the last of the nine studies with statistically significant
changes reported in albumin, the data or direction were not
presented.®’ Six of these trials studied a nutritional interven-
tion (n = 16, 37.5%), two studied a pharmacological interven-
tion (n = 10, 20%) and one studied a multimodal intervention
(n = 3, 66.6%).

The number of trials demonstrating a statistically signifi-
cant change between intervention arms was comparable for
albumin (9/29, 31%) and pre-albumin (4/11, 36.4%). Follow-

ing albumin, CRP was the next most observed biomarker
(n = 22, 42.3%; 2481 participants). Two of these 22 trials
(9.1%) showed statistically significant decreases in CRP levels
between intervention arms, one in a nutritional intervention
(n = 7, 14.3%) and one in a pharmacological intervention
(n = 10, 10%).

The third most commonly used biomarker was interleukin
(IL)-6 (n = 16, 30.1%; 2101 participants). Statistically signifi-
cant decreases in serum IL-6 levels between intervention
arms were observed only in two trials, and both studied a
pharmacological intervention (2/12, 16.6%). Notably, among
the 12 most used biomarkers, both creatinine (Cr) (0/7, 0%)
and lymphocyte count (0/7, 0%) did not show any statistically
significant changes in any trial.

Another biomarker of note was insulin-like growth factor
binding protein 3 (IGFBP-3), which statistically significantly in-
creased in all three trials in which it was studied. These three
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trials all studied anamorelin, a ghrelin analogue. The same
three trials also observed statistically significant increases in
IGF-1. Nine other biomarkers had a significant change in the
single trial in which they were featured. Six of these
(docosapentaenoic acid [DPA], alpha lipoic acid [ALA],
dihomo-gamma-linolenic acid [DGLA], gamma-linolenic acid
[GLA], linoleic acid [LA] and vitamin D) were studied across
two trials,***® which both featured a nutritional component
to their intervention.

Pro-inflammatory cytokines comprised 6 of the 99 bio-
markers (6.1%). TNF-o statistically significantly changed in
the greatest number of studies (3/14, 12.5% [decreased in
two trials®®>? and increased in one trial*® but to a lesser ex-
tent than control]), followed by decreases in IL-6 levels (2/
16, n = 12.5%). As seen in Figure 3, TNF-a only changed signif-
icantly in studies with a pharmacological intervention, and
this was the same for IL-6. A low percentage of statistically
significant change was also seen in the leucocyte count (de-
creased in 1/11 [9.1%]). IL-8 (n = 2), IL-15 (n = 1), IL-1o
(n = 1) and IL-1B (n = 1) did not change significantly in any
of the trials they featured in.

Three different biomarkers/biomarker scores were calcu-
lated from markers of inflammation: the GPS (n = 5), the neu-
trophil-to-lymphocyte ratio (n = 2) and the platelet-to-lym-
phocyte ratio (n = 1). Only GPS changed significantly
between groups, and this was a decrease in one trial.>* All tri-
als that included GPS used a pharmacological intervention.

Discussion

This is the first systematic review to examine the use of bio-
markers as endpoints in cancer cachexia. Many different bio-
markers (n = 99) have been used across 52 trials, employing
three different interventions (pharmacological, nutritional
and multimodal) in at least seven different tumour types.
The heterogeneity in trial design is evident, and biomarkers
were used as a primary endpoint in six trials, with the remain-
ing being an exploratory endpoint. Only one trial used a bio-
marker to guide power calculations, and 53.1% (n = 52) of
biomarkers were only ever studied once. However, the land-
scape is shifting, and there is a trend towards the use of more
specific biomarkers such as IGF-1 and IL-6. It is not possible to
draw any robust conclusions about the many biomarkers pre-
sented in this review, as they are not featured frequently
enough for patterns to emerge. A comment can be made
on the more frequently assessed biomarkers, and in inter-
preting these findings, statistical significance or lack thereof
does not necessarily mean that the biomarker is not useful.
However, the effectiveness of the intervention, sample size
calculations and sensitivity of the biomarker are all influenc-
ing factors.

Hypoalbuminaemia has long been recognized as a feature
of cancer cachexia,”? and it is therefore expected that albu-
min was the most frequently used biomarker (29/52 trials),
likely due to its dual role as a marker of inflammation and nu-
trition. Significant changes were only seen between trial arms
in one third of the studies examining albumin. Due to the
long half-life of aloumin (approximately 3 weeks), daily pro-
tein intake will have little immediate impact on serum
levels,”® and consequentially, nutritional intervention only
yielded 3 significant results of the 16 studies in which albu-
min was assessed following a nutritional intervention.

In pharmacological interventions, changes in albumin
seemed to be dependent on the intervention. Studies that
were positive used an anti-inflammatory pharmacological
intervention: indomethacin and thalidomide, which act to de-
crease levels of IL-6"*—albumin synthesis is inhibited by IL-
6,”> and this inflammatory mechanism is related to quality
of life.”® These two studies suggest that when albumin is used
as a biomarker in trials in which the inflammatory genesis of
cachexia is targeted via an anti-inflammatory intervention, it
may prove valuable as an endpoint. In contrast, appetite
stimulants increased oral intake but did not increase albumin.

With other biomarkers of the systemic inflammatory
response, no substantial candidates were remarkable.
Twenty-two studies measured CRP as an endpoint, an
acute-phase protein with well-documented prognostic value
in cancer. Of note, in the two trials with statistically sig-
nificant CRP results, both interventions included an
anti-inflammatory component. One studied indomethacin,®?
and the other used a combination of eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA),®® which has been
shown to have anti-inflammatory properties.”” However, six
other trials utilized a nonsteroidal anti-inflammatory drug
(NSAID) (pharmacological = four and multimodal = two)
but did not show significant results. This is in keeping with
a meta-analysis of randomized controlled trials (RCTs) in pa-
tients with rheumatoid arthritis, which showed that NSAIDs
have no effect on CRP levels.”® One of the pharmacological
interventions used a drug that is not known to have any
anti-inflammatory properties (mirtazapine), suggesting that
there is a disconnect between the biomarker chosen to be
studied, the intervention and the cancer cachexia process.
However, recently, the Global Leadership Initiative on Mal-
nutrition consensus group has proposed that confirmation
of inflammation should be guided by clinical judgement
based upon the underlying diagnosis or condition, clinical
signs or CRP.”® Furthermore, given that CRP and its deriva-
tives, including albumin (mGPS and CRP-to-albumin ratio),
are obligatory measurements in randomized clinical cancer
trials,®® used extensively in immunotherapy trials,2®? and
nutritional support will be increasingly given in this context,
it is likely that CRP and its derivatives will become an in-
creasingly important measurement in randomized cancer ca-
chexia clinical trials.
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When considering pro-inflammatory cytokines, relatively
few significant results were seen. A recent systematic
review®® looked at the relationship between cytokines and
symptoms in advanced cancer and found little correlation.
This would suggest that trials need to focus more on measur-
ing biomarkers involved in both the cachexia process and the

intervention they have chosen to use. Other challenges
with these include sampling errors, detection levels, para-
crine/autocrine effects and sample timing.

This disconnect is less evident with regard to IGFBP-3, IGF-
1 and anamorelin. Anamorelin is a ghrelin mimetic and
growth hormone secretagogue that has been shown to
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increase levels of both IGFBP-3 and IGF-1.3% In all three stud-
ies, both IGFBP-3 and IGF-1 levels increased significantly in
the intervention group. However, as mentioned previously,
anamorelin has been shown to improve weight but not hand
grip strength, and it is perhaps function that is arguably going
to make the biggest improvement to the lives of people with
cancer cachexia. If there is no clear correlation with a clinical
benefit (e.g., does reducing CRP lead to increased function),
then a biomarker will not fulfil FDA requirements to become
a surrogate endpoint.

Overall, the reason behind the lack of trials showing signif-
icant improvements in biomarkers in cancer cachexia trials
will be multifactorial. The first is a lack of efficacious treat-
ment for cancer cachexia. The second is that many of the tri-
als featured in this review were carried out across multiple
tumour types. The underlying mechanisms in cancer cachexia
are likely to be different in each cancer type®® (and perhaps
each genotype), and therefore, applying one biomarker or
set of biomarkers to test an intervention across multiple can-
cers is unlikely to show significant results; rather, patient se-
lection may be based on the biomarker.

It is worth noting that in two recent narrative reviews of
biomarkers in cancer cachexia,>®® both discussed using ob-
jective measures of the skeletal muscle wasting process, such
as activin A and myostatin. They also suggested the use of
GDF-15 and parathyroid hormone-related peptide (PTHrP).
Neither of these biomarkers were featured in any of the trials
in this review. The recent results of the first study of
ponsegromab in participants with cancer cachexia® are note-
worthy due to it being the first cancer cachexia trial to admit
patients based on the biomarker GDF-15. However, given that
this trial contained 10 participants, it did not meet the search
criteria for this systematic review. The next phase of the
study is eagerly anticipated.

Strengths and limitations

The strengths of this review include its prospective design
(PROSPERO) and use of broad search criteria encompassing
the last three decades of cancer cachexia trials with data ex-
traction performed by multiple independent reviewers. It is
important to note the limitations of this review. In an effort
to include clinical trials of a high standard, those with a
smaller sample size (n < 40) were excluded; however, addi-
tional information could have been drawn from these trials
and likewise from studies published before 1990. The use of
the modified Downs and Black checklist provided a robust as-
sessment in keeping with the other reviews in this endpoint
series. Very few studies presented data on the association be-
tween the different biomarkers measured. Unless explicitly
stated, it is often difficult to tease out whether authors con-
sidered outcomes as primary, secondary or exploratory.
Therefore, only biomarkers that were explicitly stated as

primary outcomes were highlighted in Table 1, and this may
underrepresent the perceived significance of some bio-
markers. Again, unless explicitly stated, it is difficult to de-
termine if routine biochemistry and haematology were
measured in trials as endpoints or as part of the therapeutic
monitoring process, and as such, the frequency of these bio-
markers as outcomes is likely overstated.

A further limitation of the present review and studies
herein was that the utility of a biomarker to predict those
most likely to respond to an intervention and/or the reactive-
ness of a biomarker to the efficacy of an intervention was not
assessed. Primarily, this was not only because the studies
were rarely powered based on the biomarker being examined
but also because the temporal relationship was not fre-
quently described. This would be important to assess in fu-
ture work, and if paradigms with oncology treatments were
realized (e.g., PSA as both a diagnostic and treatment bio-
marker), this would be an important step for assessing who
is most likely to benefit from a cachexia treatment and also
to measure effectiveness.

Conclusions

In conclusion, this systematic review of 52 cancer cachexia tri-
als found 99 different biomarkers. Biomarkers are predomi-
nately used as exploratory rather than primary endpoints. It
seems reasonable that for a biomarker to be responsive to
change in the context of a cachexia clinical trial, it must be re-
lated to the mechanism of action of the intervention and/or
the underlying cachexia process that is modified by the inter-
vention. Further, to reach regulatory approval, the relation-
ship between the biomarker and clinical benefit must be
clear.

Conflict of interest statement

SDA has received grants and personal fees from Vifor and
Abbott Vascular and personal fees for consultancies, trial
committee work and/or lectures from Actimed, Amgen,
AstraZeneca, Bayer, Boehringer Ingelheim, BioVentrix,
Brahms, Cardiac Dimensions, Cardior, Cordio, CVRx, Cytoki-
netics,  Edwards, Farraday = Pharmaceuticals,  GSK,
HeartKinetics, Impulse Dynamics, Novartis, Occlutech, Pfizer,
Repairon, Sensible Medical, Servier, Vectorious and V-Wave.
He is the co-inventor of two patent applications regarding
MR-proANP (DE 102007010834 and DE 102007022367),
but he does not personally benefit from the related issued
patents. JA has received personal fees from Danone. MF
has received personal fees from Pfizer. MJH has received
funding from CRUK, NIH National Cancer Institute, IASLC In-
ternational Lung Cancer Foundation, Lung Cancer Research

Journal of Cachexia, Sarcopenia and Muscle 2024; 15: 853-867
DOI: 10.1002/jcsm.13491

85UB01 7 SUOWILLIOD AIIERID 8ol [dde ay) Aq peusenob a8 saole YO 8sN JO Sa|n1 10} ARidTaUIIUQ AB]IA UO (SUOTHPUOD-PU-SWLBIALICO" A8 1M ARe.d 1 |Bul Uo//Sdy) SUONIPUOD pue swie | 84} 89S *[5202/70/60] U0 Akeiqiauliuo 48|11 ‘90140 enued yBinquipd ‘ssN Aq T6vET WSI(/200T 0T/I0pwW0d A3 1M Alelq 1 jpul|uoy/Sdiy Wwoiy papeojumod ‘€ ‘¥20Z ‘600906TZ65SET



Biomarker endpoints in cancer cachexia clinical trials

865

Foundation, Rosetrees Trust, UKI NETS and NIHR. MJH has
consulted for and is a member of the Achilles Therapeutics
Scientific Advisory Board and Steering Committee. MJH has
received speaker honoraria from Pfizer, Astex Pharmaceuti-
cals, Oslo Cancer Cluster and Bristol Myers Squibb and is a
co-inventor on a European patent application relating to
methods to detect lung cancer (PCT/US2017/028013). BJAL
has received personal fees for consulting from Artelo,
Actimed, Faraday, Kyona Kirin and Toray. RJES has received
personal fees for consulting from Artelo, Actimed, Faraday

Oncology, Asahi
Mitobridge.

References

. McMillan

. Cederholm T, Jensen GL, Correia MITD,
Gonzalez MC, Fukushima R, Higashiguchi
T, et al. GLIM criteria for the diagnosis of
malnutrition—a consensus report from
the global clinical nutrition community. Clin
Nutr 2019;38:1-9.

. Evans WJ, Morley JE, Argilés J, Bales C,
Baracos V, Guttridge D, et al. Cachexia: a
new definition. Clin Nutr 2008;27:793—799.
. Fearon K, Strasser F, Anker SD, Bosaeus I,
Bruera E, Fainsinger RL, et al. Definition
and classification of cancer cachexia: an in-
ternational consensus. Lancet Oncol 2011;
12:489-495.

DC. An inflammation-based
prognostic score and its role in the
nutrition-based management of patients
with cancer. Proc Nutr Soc 2008;67:
257-262.

. Cao Z, Zhao K, Jose |, Hoogenraad NJ,
Osellame LD. Biomarkers for cancer ca-
chexia: a mini review. Int J Mol Sci 2021;
22:4501.

. Temel JS, Abernethy AP, Currow DC, Friend
J, Duus EM, Yan Y, et al. Anamorelin in pa-
tients with non-small-cell lung cancer and
cachexia (ROMANA 1 and ROMANA 2): re-
sults from two randomised, double-blind,
phase 3 trials. Lancet Oncol 2016;17:
519-531.

. Kaasa S, Laird B, Fallon M, McMillan D,
Skipworth R, Currow D, et al. Eficacy of
anamorelin in advanced non-small cell lung
cancer (NSCLC) patients with anorexia/ca-
chexia and modified Glasgow Prognostic
Score (mGPS) of 2: pooled analysis of two
phase 3 trials. In ESMO 2017, Vol. 28.
Madrid, Spain: Annals of Oncology; 2017.
p v498.

. Crawford J, Calle RA, Collins SM, Weng Y,
Lubaczewski SL, Buckeridge C, et al. A
phase Ib first-in-patient study assessing
the safety, tolerability, pharmacokinetics,
and pharmacodynamics of ponsegromab
in participants with cancer and cachexia.
Clin Cancer Res 2024;30:489-497.

. FDA. Surrogate endpoint resources for
drug and biologic development. Develop-
ment Resources 2018 [23/10/2023]. Avail-
able from: https://www.fda.gov/drugs/de-

10.

11.

12.

13.

14.

15.

16.

17.

18.

velopment-resources/surrogate-endpoint-
resources-drug-and-biologic-development
Strimbu K, Tavel JA. What are biomarkers?
Curr Opin HIV AIDS 2010;5:463—-466.
Anker SD. Endpoints for cancer cachexia
clinical trials. In Z5th International Confer-
ence on Cachexia, Sarcopenia & Muscle
Wasting. Lisbon: SCWD; 2022.

FDA. Table of surrogate endpoints that
were the basis of drug approval or licen-
sure. Development Resources 2022. Avail-
able from: https://www.fda.gov/drugs/de-
velopment-resources/table-surrogate-end-
points-were-basis-drug-approval-or-licen-
surett:~:text=What%20is%20the%20pur-
pose%200f,FDA%20for%20individual%
20development%20programs

FDA. Clinical trial endpoints for the ap-
proval of cancer drugs and biologics. Guid-
ance for Industry 2018. Available from:
https://www.fda.gov/media/71195/
download

Salameh JP, Bossuyt PM, McGrath TA,
Thombs BD, Hyde CJ, Macaskill P, et al.
Preferred reporting items for systematic
review and meta-analysis of diagnostic test
accuracy studies (PRISMA-DTA): explana-
tion, elaboration, and checklist. BMJ 2020;
370:m2632.

Solheim TLB, Skipworth RIJE, Fallon M,
Kaasa S, Dajani O. A systematic literature
review examining endpoints for cancer ca-
chexia trials. PROSPERO CRD42022276710
2022.

McDonald J, Sayers J, Anker SD, Arends J,
Balstad TR, Baracos V, et al. Physical func-
tion endpoints in cancer cachexia clinical
trials: Systematic Review 1 of the cachexia
endpoints series. J Cachexia Sarcopenia
Muscle 2023;14:1932-1948.

Vagnildhaug OM, Balstad TR, Ottestad |,
Bye A, Greil C, Arends J, et al. Appetite
and dietary intake endpoints in cancer ca-
chexia clinical trials: Systematic Review 2
of the cachexia endpoints series. J Cachexia
Sarcopenia Muscle 2024;15:513-535.
Downs SH, Black N. The feasibility of creat-
ing a checklist for the assessment of the
methodological quality both of randomised
and non-randomised studies of health care

19.

20.

21.

22.

23.

24,

25.

26.

and Helsinn. EJR has a consulting/advisory role for Napo,
AIM Specialty Health, Oragenics, BASF, Immuneering, Vector
Kasei,

Heron, Pfizer/EMD Serono and

Online supplementary material

Additional supporting information may be found online in the
Supporting Information section at the end of the article.

interventions. J Epidemiol
Health 1998;52:377-384.
Hooper P, Jutai JW, Strong G, Russell-
Minda E. Age-related macular degenera-
tion and low-vision rehabilitation: a sys-
tematic review. Can J Ophthalmol 2008;
43:180-187.

Chen L, Zhao M, Tan L, Zhang Y. Effects of
five-step nutritional interventions con-
ducted by a multidisciplinary care team
on gastroenteric cancer patients undergo-
ing chemotherapy: a randomized clinical
trial. Nutr Cancer 2023;75:197-206.

Kutz LM, Abel J, Schweizer D, Tribius S,
Krall A, Petersen C, et al. Quality of life,
HPV-status and phase angle predict sur-
vival in head and neck cancer patients
under (chemo)radiotherapy undergoing
nutritional intervention: results from the
prospective randomized HEADNUT-trial.
Radiother Oncol 2022;166:145-153.

Sim E, Kim JM, Lee SM, Chung MJ, Song SY,
Kim ES, et al. The effect of omega-3
enriched oral nutrition supplement on nu-
tritional indices and quality of life in gastro-
intestinal cancer patients: a randomized
clinical trial. Asian Pac J Cancer Prev 2022;
23:485-494.

Ko MH, Song SY, Ha SJ, Lee JY, Yoon SW,
Park JH, et al. Efficacy and safety of
Yukgunja-tang for patients with
cancer-related anorexia: a randomized,
controlled trial, pilot study. Integr Cancer
Ther 2021;20:15347354211019107.

Balstad TR, Brunelli C, Pettersen CH,
Schgnberg SA, Skorpen F, Fallon M, et al.
Power comparisons and clinical meaning
of outcome measures in assessing treat-
ment effect in cancer cachexia: secondary
analysis from a randomized pilot multi-
modal intervention trial. Front Nutr 2020;
7:602775.

Hunter CN, Abdel-Aal HH, Elsherief WA,
Farag DE, Riad NM, Alsirafy SA.
Mirtazapine in cancer-associated anorexia
and cachexia: a double-blind placebo-con-
trolled randomized trial. J Pain Symptom
Manage 2021;62:1207-1215.

Izumi K, lwamoto H, Yaegashi H, Nohara T,
Shigehara K, Kadono Y, et al. Androgen re-

Community

Journal of Cachexia, Sarcopenia and Muscle 2024; 15: 853-867

DOI: 10.1002/jcsm.13491

85UB01 7 SUOWILLIOD AIIERID 8ol [dde ay) Aq peusenob a8 saole YO 8sN JO Sa|n1 10} ARidTaUIIUQ AB]IA UO (SUOTHPUOD-PU-SWLBIALICO" A8 1M ARe.d 1 |Bul Uo//Sdy) SUONIPUOD pue swie | 84} 89S *[5202/70/60] U0 Akeiqiauliuo 48|11 ‘90140 enued yBinquipd ‘ssN Aq T6vET WSI(/200T 0T/I0pwW0d A3 1M Alelq 1 jpul|uoy/Sdiy Wwoiy papeojumod ‘€ ‘¥20Z ‘600906TZ65SET


https://www.fda.gov/drugs/development-resources/surrogate-endpoint-resources-drug-and-biologic-development
https://www.fda.gov/drugs/development-resources/surrogate-endpoint-resources-drug-and-biologic-development
https://www.fda.gov/drugs/development-resources/surrogate-endpoint-resources-drug-and-biologic-development
https://www.fda.gov/drugs/development-resources/table-surrogate-endpoints-were-basis-drug-approval-or-licensure#:~:text=What%20is%20the%20purpose%20of,FDA%20for%20individual%20development%20programs
https://www.fda.gov/drugs/development-resources/table-surrogate-endpoints-were-basis-drug-approval-or-licensure#:~:text=What%20is%20the%20purpose%20of,FDA%20for%20individual%20development%20programs
https://www.fda.gov/drugs/development-resources/table-surrogate-endpoints-were-basis-drug-approval-or-licensure#:~:text=What%20is%20the%20purpose%20of,FDA%20for%20individual%20development%20programs
https://www.fda.gov/drugs/development-resources/table-surrogate-endpoints-were-basis-drug-approval-or-licensure#:~:text=What%20is%20the%20purpose%20of,FDA%20for%20individual%20development%20programs
https://www.fda.gov/drugs/development-resources/table-surrogate-endpoints-were-basis-drug-approval-or-licensure#:~:text=What%20is%20the%20purpose%20of,FDA%20for%20individual%20development%20programs
https://www.fda.gov/drugs/development-resources/table-surrogate-endpoints-were-basis-drug-approval-or-licensure#:~:text=What%20is%20the%20purpose%20of,FDA%20for%20individual%20development%20programs
https://www.fda.gov/media/71195/download
https://www.fda.gov/media/71195/download

866

M.S. Yule et al.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

placement therapy for cancer-related
symptoms in male: result of prospective
randomized trial (ARTFORM study). J
Cachexia Sarcopenia Muscle 2021;12:
831-842.

Movahed S, Seilanian Toussi M, Pahlavani
N, Motlagh AG, Eslami S, Nematy M, et al.
Effects of medical nutrition therapy com-
pared with general nutritional advice on
nutritional status and nutrition-related
complications in esophageal cancer pa-
tients receiving concurrent chemoradia-
tion: a randomized controlled trial. Medi-
terranean Journal of Nutrition and
Metabolism 2020;13:265-276.

QiuY,You J, Wang K, Cao Y, Hu Y, Zhang H,
et al. Effect of whole-course nutrition man-
agement on patients with esophageal can-
cer undergoing concurrent chemoradio-
therapy: a randomized control trial.
Nutrition 2020;69:110558.

Huang S, Piao Y, Cao C, Chen J, Sheng W,
Shu Z, et al. A prospective randomized con-
trolled trial on the value of prophylactic
oral nutritional supplementation in locally
advanced nasopharyngeal carcinoma pa-
tients receiving chemo-radiotherapy. Oral
Oncol 2020;111:105025.

Laviano A, Calder PC, Schols AMWI,
Lonngqvist F, Bech M, Muscaritoli M. Safety
and tolerability of targeted medical nutri-
tion for cachexia in non-small-cell lung can-
cer: a randomized, double-blind, controlled
pilot trial. Nutr Cancer 2020;72:439-450.
Akita H, Takahashi H, Asukai K, Tomokuni A,
Wada H, Marukawa S, et al. The utility of
nutritional supportive care with an
eicosapentaenoic acid (EPA)-enriched nu-
trition agent during pre-operative chemo-
radiotherapy for pancreatic cancer: pro-
spective randomized control study. Clin
Nutr ESPEN 2019;33:148-153.

Katakami N, Uchino J, Yokoyama T, Naito T,
Kondo M, Yamada K, et al. Anamorelin
(ONO-7643) for the treatment of patients
with non-small cell lung cancer and ca-
chexia: results from a randomized, dou-
ble-blind, placebo-controlled, multicenter
study of Japanese patients (ONO-7643-
04). Cancer 2018;124:606—616.

Kouchaki B, Janbabai G, Alipour A, Ala S,
Borhani S, Salehifar E. Randomized
double-blind clinical trial of combined
treatment with megestrol acetate plus
celecoxib versus megestrol acetate alone
in cachexia-anorexia syndrome induced by
Gl cancers. Support Care Cancer 2018;26:
2479-2489.

Bumrungpert A, Pavadhgul P,
Nunthanawanich P, Sirikanchanarod A,
Adulbhan A. Whey protein supplementa-
tion improves nutritional status, glutathi-
one levels, and immune function in cancer
patients: a randomized, double-blind con-
trolled trial. J Med Food 2018;21:612-616.
Xie M, Chen X, Qin S, Bao Y, Bu K, Lu Y.
Clinical study on thalidomide combined
with cinobufagin to treat lung cancer ca-
chexia. J Cancer Res Ther 2018;14:226-232.
Schink K, Herrmann HJ, Schwappacher R,
Meyer J, Orlemann T, Waldmann E, et al. Ef-
fects of whole-body electromyostimulation

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

combined with individualized nutritional
support on body composition in patients
with advanced cancer: a controlled pilot
trial. BMC Cancer 2018;18:886.

Turcott JG, del Rocio Guillen Nufiez M, Flo-
res-Estrada D, Ofiate-Ocafia LF, Zatarain-
Barrén ZL, Barrdon F, et al. The effect of
nabilone on appetite, nutritional status,
and quality of life in lung cancer patients:
a randomized, double-blind clinical trial.
Support Care Cancer 2018;26:3029-3038.
Solheim TS, Laird BJA, Balstad TR, Stene
GB, Bye A, Johns N, et al. A randomized
phase I feasibility trial of a multimodal in-
tervention for the management of ca-
chexia in lung and pancreatic cancer. J Ca-
chexia Sarcopenia Muscle 2017;8:778-788.
Zietarska M, Krawczyk-Lipiec J, Kraj L,
Zaucha R, Matgorzewicz S. Chemotherapy-
related toxicity, nutritional status and qual-
ity of life in precachectic oncologic patients
with, or without, high protein nutritional
support. A prospective, randomized study.
Nutrients 2017;9:1108.

Werner K, Killenberg de Gaudry D, Taylor
LA, Keck T, Unger C, Hopt UT, et al. Dietary
supplementation with n-3-fatty acids in pa-
tients with pancreatic cancer and cachexia:
marine phospholipids versus fish oil—a
randomized controlled double-blind trial.
Lipids Health Dis 2017;16:104.

Takayama K, Katakami N, Yokoyama T,
Atagi S, Yoshimori K, Kagamu H, et al.
Anamorelin (ONO-7643) in Japanese pa-
tients with non-small cell lung cancer and
cachexia: results of a randomized phase 2

trial. Support Care Cancer 2016;24:
3495-3505.
Gavazzi C, Colatruglio S, Valoriani F,

Mazzaferro V, Sabbatini A, Biffi R, et al. Im-
pact of home enteral nutrition in malnour-
ished patients with upper gastrointestinal
cancer: a multicentre randomised clinical
trial. Eur J Cancer 2016;64:107-112.
Garcia JM, Boccia RV, Graham CD, Yan Y,
Duus EM, Allen S, et al. Anamorelin for pa-
tients with cancer cachexia: an integrated
analysis of two phase 2, randomised, pla-
cebo-controlled, double-blind trials. Lancet
Oncol 2015;16:108-116.

Hong DS, Hui D, Bruera E, Janku F, Naing A,
Falchook GS, et al. MABp1, a first-in-class
true human antibody targeting interleu-
kin-1a in refractory cancers: an open-label,
phase 1 dose-escalation and expansion
study. Lancet Oncol 2014;15:656-666.
Poulsen GM, Pedersen LL, @sterlind K,
Baeksgaard L, Andersen JR. Randomized
trial of the effects of individual nutritional
counseling in cancer patients. Clin Nutr
2014,;33:749-753.

Pottel L, Lycke M, Boterberg T, Pottel H,
Goethals L, Duprez F, et al. Echium oil is
not protective against weight loss in head
and neck cancer patients undergoing cura-
tive radio (chemo)therapy: a randomised-
controlled trial. BMC Complement Altern
Med 2014;14:382.

Dobs AS, Boccia RV, Croot CC, Gabrail NY,
Dalton JT, Hancock ML, et al. Effects of
enobosarm on muscle wasting and physical
function in patients with cancer: a double-

48.

49,

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

blind, randomised controlled phase 2 trial.
Lancet Oncol 2013;14:335-345.

Kanat O, Cubukcu E, Avci N, Budak F, Ercan
I, Canhoroz M, et al. Comparison of three
different treatment modalities in the man-
agement of cancer cachexia. Tumori 2013;
99:229-233.

del Fabbro E, Dev R, Hui D, Palmer L,
Bruera E. Effects of melatonin on appetite
and other symptoms in patients with ad-
vanced cancer and cachexia: a double-blind
placebo-controlled trial. J Clin Oncol 2013;
31:1271-1276.

Maccio A, Madeddu C, Gramignano G,
Mulas C, Floris C, Sanna E, et al. A random-
ized phase Ill clinical trial of a combined
treatment for cachexia in patients with gy-
necological cancers: evaluating the impact
on metabolic and inflammatory profiles
and quality of life. Gynecol Oncol 2012;
124:417-425.

Kraft M, Kraft K, Gartner S, Mayerle J,
Simon P, Weber E, et al. L-Carnitine-
supplementation in advanced pancreatic
cancer (CARPAN)—a randomized multicen-
tre trial. Nutr J 2012;11:52.

Wen HS, Li X, Cao YZ, Zhang CC, Yang F, Shi
YM, et al. Clinical studies on the treatment
of cancer cachexia with megestrol acetate
plus thalidomide. Chemotherapy 2012;58:
461-467.

Madeddu C, Dessi M, Panzone F, Serpe R,
Antoni G, Cau MC, et al. Randomized phase
Il clinical trial of a combined treatment
with carnitine + celecoxib + megestrol ace-
tate for patients with cancer-related an-
orexia/cachexia syndrome. Clin Nutr 2012;
31:176-182.

Mantovani G, Maccio A, Madeddu C, Serpe
R, Massa E, Dessi M, et al. Randomized
phase Il clinical trial of five different arms
of treatment in 332 patients with cancer
cachexia. Oncologist 2010;15:200-211.
Fearon KC, Barber MD, Moses AG,
Ahmedzai SH, Taylor GS, Tisdale MJ, et al.
Double-blind, placebo-controlled, random-
ized study of eicosapentaenoic acid diester
in patients with cancer cachexia. J Clin
Oncol 2006;24:3401-3407.

Gongalves Dias MC, de Fatima Nunes
Marucci M, Nadalin W, Waitzberg DL. Nu-
tritional intervention improves the caloric
and proteic ingestion of head and neck
cancer patients under radiotherapy. Nutr
Hosp 2005;20:320-325.

Lundholm K, Daneryd P, Bosaeus |, Kérner
U, Lindholm E. Palliative nutritional inter-
vention in addition to cyclooxygenase and
erythropoietin treatment for patients with
malignant disease: effects on survival, me-
tabolism, and function. Cancer 2004;100:
1967-1977.

Bruera E, Strasser F, Palmer JL, Willey J, Cal-
der K, Amyotte G, et al. Effect of fish oil on
appetite and other symptoms in patients
with advanced cancer and anorexia/ca-
chexia: a double-blind, placebo-controlled
study. J Clin Oncol 2003;21:129-134.

Jatoi A, Yamashita JI, Sloan JA, Novotny PJ,
Windschitl HE, Loprinzi CL. Does megestrol
acetate down-regulate interleukin-6 in pa-
tients with cancer-associated anorexia and

Journal of Cachexia, Sarcopenia and Muscle 2024; 15: 853-867

DOI: 10.1002/jcsm.13491

85UB01 7 SUOWILLIOD AIIERID 8ol [dde ay) Aq peusenob a8 saole YO 8sN JO Sa|n1 10} ARidTaUIIUQ AB]IA UO (SUOTHPUOD-PU-SWLBIALICO" A8 1M ARe.d 1 |Bul Uo//Sdy) SUONIPUOD pue swie | 84} 89S *[5202/70/60] U0 Akeiqiauliuo 48|11 ‘90140 enued yBinquipd ‘ssN Aq T6vET WSI(/200T 0T/I0pwW0d A3 1M Alelq 1 jpul|uoy/Sdiy Wwoiy papeojumod ‘€ ‘¥20Z ‘600906TZ65SET



Biomarker endpoints in cancer cachexia clinical trials

867

60.

61.

62.

63.

64.

65.

66.

67.

68.

weight loss? A North Central Cancer Treat-
ment Group investigation. Support Care
Cancer 2002;10:71-75.

Barber MD, Ross JA, Preston T, Shenkin A,
Fearon KCH. Fish oil-enriched nutritional
supplement attenuates progression of the
acute-phase response in weight-losing pa-
tients with advanced pancreatic cancer. J
Nutr 1999;129:1120-1125.

McMillan DC, Wigmore SJ, Wigmore KCH,
O’Gorman P, Wright CE, McArdle CS. A pro-
spective randomized study of megestrol
acetate and ibuprofen in gastrointestinal
cancer patients with weight loss. Br J Can-
cer 1999;79:495-500.

Daneryd P, Svanberg E, Kérner U, Lindholm
E, Sandstrém R, Brevinge H, et al. Protec-
tion of metabolic and exercise capacity in
unselected weight-losing cancer patients
following treatment with recombinant
erythropoietin: a randomized prospective
study. Cancer Res 1998;58:5374-5379.
Vadell C, Segui MA, Giménez-Arnau JM,
Morales S, Cirera L, Bestit I, et al.
Anticachectic efficacy of megestrol acetate
at different doses and versus placebo in
patients with neoplastic cachexia. Am J Clin
Oncol 1998;21:347-351.

Chen HC, Leung SW, Wang CJ, Sun LM, Fang
FM, Hsu JH. Effect of megestrol acetate and
prepulsid on nutritional improvement in
patients with head and neck cancers under-
going radiotherapy. Radiother Oncol 1997;
43:75-79.

Beller E, Tattersall M, Lumley T, Levi J,
Dalley D, Olver |, et al. Improved quality of
life with megestrol acetate in patients with
endocrine-insensitive advanced cancer: a
randomised placebo-controlled trial. Aus-
tralasian Megestrol Acetate Cooperative
Study Group. Ann Oncol 1997;8:277-283.
Neri B, Garosi VL, Intini C. Effect of
medroxyprogesterone acetate on the qual-
ity of life of the oncologic patient: a multi-
centric cooperative study. Anticancer
Drugs 1997;8:459-465.

Lissoni P, Paolorossi F, Tancini G, Barni S,
Ardizzoia A, Brivio F, et al. Is there a role
for melatonin in the treatment of neoplas-
tic cachexia? Eur J Cancer 1996;32A:
1340-1343.

Loprinzi CL, Michalak JC, Schaid DJ,
Mailliard JA, Athmann LM, Goldberg RM,

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

et al. Phase Ill evaluation of four doses of
megestrol acetate as therapy for patients
with cancer anorexia and/or cachexia. J
Clin Oncol 1993;11:762-767.

Ovesen L, Allingstrup L, Hannibal J,
Mortensen EL, Hansen OP. Effect of dietary
counseling on food intake, body weight, re-
sponse rate, survival, and quality of life in
cancer patients undergoing chemotherapy:
a prospective, randomized study. J Clin
Oncol 1993;11:2043-2049.

Downer S, Joel S, Allbright A, Plant H,
Stubbs L, Talbot D, et al. A double blind
placebo controlled trial of
medroxyprogesterone acetate (MPA) in
cancer cachexia. Br J Cancer 1993;67:
1102-1105.

Feliu J, Gonzalez-Barén M, Berrocal A, Artal
A, Ordédiiez A, Garrido P, et al. Usefulness
of megestrol acetate in cancer cachexia
and anorexia. A placebo-controlled study.
Am J Clin Oncol 1992;15:436-440.

Brenner DA, Buck M, Feitelberg SP,
Chojkier M. Tumor necrosis factor-alpha in-
hibits albumin gene expression in a murine
model of cachexia. J Clin Invest 1990;85:
248-255.

Bharadwaj S, Ginoya S, Tandon P, Gohel
TD, Guirguis J, Vallabh H, et al. Malnutri-
tion: laboratory markers vs nutritional as-
sessment. Gastroenterol Rep (Oxf) 2016;4:
gow013.

Shannon E, Noveck R, Sandoval F, Kamath
B, Kearney M. Thalidomide suppressed
interleukin-6 but not tumor necrosis
factor-alpha in volunteers with experimen-
tal endotoxemia. Trans/ Res 2007;150:
275-280.

Caraceni P, Tufoni M, Bonavita ME. Clinical
use of albumin. Blood Transfus 2013;11:
518-s25.

Laird BJ, Fallon M, Hjermstad MJ, Tuck S,
Kaasa S, Klepstad P, et al. Quality of life in
patients with advanced cancer: differential
association with performance status and
systemic inflammatory response. J Clin
Oncol 2016;34:2769-2775.

Calder PC. Omega-3 polyunsaturated fatty
acids and inflammatory processes: nutri-
tion or pharmacology? Br J Clin Pharmacol
2013;75:645-662.

Tarp S, Bartels EM, Bliddal H, Furst DE,
Boers M, Danneskiold-Samsge B, et al. Ef-

79.

80.

81.

82.

83.

84.

85.

86.

fect of nonsteroidal antiinflammatory
drugs on the C-reactive protein level in
rheumatoid arthritis: a meta-analysis of
randomized controlled trials. Arthritis
Rheum 2012;64:3511-3521.

Cederholm T, Jensen GL, Ballesteros-Pomar
MD, Blaauw R, Correia MI, Cuerda C, et al.
Guidance for assessment of the inflamma-
tion etiologic criterion for the GLIM diag-
nosis of malnutrition: a modified Delphi
approach. Clin Nutr 2023.

ter Veer E, van Rijssen L, Besselink MG,
Mali RMA, Berlin JD, Boeck S, et al.
Consensus statement on mandatory mea-
surements in pancreatic cancer trials
(COMM-PACT) for systemic treatment of
unresectable disease. Lancet Oncol 2018;
19:e151-e160.

Barth DA, Moik F, Steinlechner S, Posch F,
Mayer MC, Sandner AM, et al. Early kinet-
ics of C reactive protein for
cancer-agnostic prediction of therapy re-
sponse and mortality in patients treated
with immune checkpoint inhibitors: a mul-
ticenter cohort study. J Immunother Cancer
2023;11:e007765.

Saal J, Bald T, Eckstein M, Ralser DJ,
Brossart P, Ellinger J, et al. Integration of
on-treatment modified Glasgow prognostic
score (MmGPS) to improve imaging-based
prediction of outcomes in patients with
non-small cell lung cancer on immune
checkpoint inhibition. Lung Cancer 2024;
189:107505.

Paval DR, Patton R, McDonald J, Skipworth
RJE, Gallagher 1), Laird BJ, et al. A system-
atic review examining the relationship be-
tween cytokines and cachexia in incurable
cancer. J Cachexia Sarcopenia Muscle
2022;13:824-838.

Garcia JM, Polvino WJ. Pharmacodynamic
hormonal effects of anamorelin, a novel
oral ghrelin mimetic and growth hormone
secretagogue in  healthy volunteers.
Growth Horm IGF Res 2009;19:267-273.
Porporato PE. Understanding cachexia as a
cancer metabolism syndrome. Oncogenesis
2016;5:€200.

Loumaye A, Thissen JP. Biomarkers of can-
cer cachexia. Clin Biochem 2017;50:
1281-1288.

Journal of Cachexia, Sarcopenia and Muscle 2024; 15: 853-867

DOI: 10.1002/jcsm.13491

85UB01 7 SUOWILLIOD AIIERID 8ol [dde ay) Aq peusenob a8 saole YO 8sN JO Sa|n1 10} ARidTaUIIUQ AB]IA UO (SUOTHPUOD-PU-SWLBIALICO" A8 1M ARe.d 1 |Bul Uo//Sdy) SUONIPUOD pue swie | 84} 89S *[5202/70/60] U0 Akeiqiauliuo 48|11 ‘90140 enued yBinquipd ‘ssN Aq T6vET WSI(/200T 0T/I0pwW0d A3 1M Alelq 1 jpul|uoy/Sdiy Wwoiy papeojumod ‘€ ‘¥20Z ‘600906TZ65SET



	Biomarker endpoints in cancer cachexia clinical trials: Systematic Review 5 of the cachexia endpoint series
	Introduction
	Methods
	Search strategy
	Study eligibility criteria
	Data selection and extraction
	Assessing risk of bias
	Data analysis

	Results
	Discussion
	Strengths and limitations

	Conclusions
	Conflict of interest statement
	References

