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ABSTRACT

Background: In patients receiving anti-cancer treatment, cachexia results in poorer oncological outcomes. However, there is
limited understanding and no systematic review of oncological endpoints in cancer cachexia (CC) trials. This review examines
oncological endpoints in CC clinical trials.

Methods: An electronic literature search of MEDLINE, Embase and Cochrane databases (1990-2023) was performed. Eligibility
criteria comprised participants >18years old; controlled design; >40 participants; and a cachexia intervention for > 14 days.
Trials reporting at least one oncological endpoint were selected for analysis. Data extraction was performed using Covidence and
followed PRISMA guidelines and the review was registered (PROSPERO CRD42022276710).

Results: Fifty-seven trials were eligible, totalling 9743 patients (median: 107, IQR: 173). Twenty-six (46%) trials focussed on a single
tumour site: eight in lung, six in pancreatic, six in head and neck and six in GI cancers. Forty-two (74%) studies included patients with
Stage ITI/IV disease, and 41 (70%) included patients receiving palliative anti-cancer treatment. Ten studies (18%) involved patients on
curative treatment. Twenty-eight (49%) studies used pharmacological interventions, 29 (50%) used oral nutrition, and two (4%) used
enteral or parenteral nutrition. Reported oncological endpoints included overall survival (OS, n=46 trials), progression-free survival
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(PFS, n=7), duration of response (DR, n=1), response rate (RR, n=9), completion of treatment (TC, n=11) and toxicity/adverse

events (AE, n=42). Median OS differed widely from 60 to 3468 days. Of the 46 studies, only three reported a significant positive effect

on survival. Seven trials showed a difference in AE, four in TC, one in PFS and one in RR. Reported significances were unreliable due
to missing adjustments for extensive multiple testing. Only three of the six trials using OS as the primary endpoint reported pre-trial
sample size calculations, but only one recruited the planned number of patients.

Conclusion: In CC trials, oncological endpoints were mostly secondary and only few significant findings have been reported.

Due to heterogeneity in oncological settings, nutritional and metabolic status and interventions, firm conclusions about CC

treatment are not possible. OS and AE are relevant endpoints, but future trials targeting clinically meaningful hazard ratios will

required more homogeneous patient cohorts, adequate pre-trial power analyses and adherence to statistical testing standards.

1 | Introduction

Cancer cachexia is a complex syndrome characterized by an on-
going loss of skeletal muscle mass that cannot be fully reversed
by conventional nutritional support and leads to progressive
functional impairment [1]. Cachexia develops frequently in
patients with advanced cancer and is associated not only with
distressing symptoms and reduced quality of life (QoL) but also
with poor clinical outcomes. Cachexia clinical trials have sought
to improve food intake, body composition (muscle) and physical
function to alleviate symptoms and improve QoL. However, it is
reasonable to question whether anti-cachexia treatments, either
by improving tolerance to anti-cancer treatment or by poten-
tially modifying the tumour response, also might have an effect
on relevant oncological outcomes such as response to cancer
therapy or overall survival (OS).

To answer this question is challenging as progress in cachexia
research has been impeded by the absence of universally ac-
cepted endpoints for interventional cancer cachexia trials.
Endpoints targeted in clinical trials are diverse and belong to
separate domains. Some of these domains have been reviewed
recently, including QoL [2], appetite and dietary intake [3], phys-
ical function [4], body weight and composition [5] and biomark-
ers [6]. Below, we complete this appraisal of cachexia endpoints
by undertaking an analysis of oncological endpoints reported in
randomized cancer cachexia trials.

Oncological endpoints targeted in trials studying patients with
solid tumours or haematological malignancies are heterogeneous,
including overall and milestone survival, endpoints focusing on
the duration of a measurable benefit (progression-free survival
[PFS], time to progression, event-free survival, disease-free sur-
vival, time to treatment failure, time to next treatment, duration
of clinical benefit and duration of response) and endpoints focus-
ing on the rate of a measurable benefit (overall, complete response
and pathological complete response rate (RR), disease control rate
and clinical benefit rate) [7]. We acknowledge that survival is not
only an oncological outcome but also a key cachexia endpoint. It
is also important to assess adverse events (AEs) as endpoints [8],
given they are essential to monitoring safety in clinical trials as
suggested by the European Medicines Agency (EMA). In addition,
in the context of anti-cancer treatments, supportive care measures
have been judged by their effect on anti-cancer treatment dosing.
It is well known that interruptions of anti-cancer treatment, de-
layed treatment or reduction in treatment intensity is associated
with poorer outcome, especially in patients with potentially cur-
able malignancies [9-11].

The main objective of this systematic review was to describe
the frequency and variety of oncological endpoints reported
in cancer cachexia trials. This review includes descriptions of
trial characteristics, interventions, choices and reporting of
oncological endpoints and data quality of reported oncological
endpoints.

2 | Methods

This systematic review is one of six reviews examining different
endpoints in cachexia (physical function, appetite and dietary
intake, QoL, body weight and composition, biomarkers and on-
cological). These reviews shared a common, overall search strat-
egy, and data extraction was done en masse. It was conducted
according to the Preferred Reporting for Systematic Reviews
and Meta-Analyses (PRISMA) statement [12], and it was reg-
istered on the International Prospective Register of Systematic
Reviews (PROSPERO CRD42022276710) where further detail is
available [13].

The search for studies published from 1 January 1990 until 17
October 2023 was conducted by a research librarian (University
of Oslo, NO) using the databases MEDLINE (Ovid), EMBASE
(Ovid) and Cochrane Register of Controlled Trials. A detailed
search strategy is outlined in Appendix 1.

2.1 | Eligibility Criteria

Studies were considered eligible in a first step if they were con-
trolled trials investigating interventions that aimed to treat or
attenuate cachexia in adult patients with cancer. There were
no restrictions in type of intervention (pharmacological, nutri-
tional, exercise, multimodal, etc.) nor type of comparator. To
reduce bias and focus on outcomes with most clinical impact,
studies were excluded if they included fewer than 40 patients
and/or the intervention lasted fewer than 14 days. Eligible trials
were written in English.

2.2 | Data Selection and Extraction

All studies identified were transferred to Covidence software
[14]. Article selection based on titles and abstract was carried
out by three independent reviewers (O.D., B.L. and T.S.S.). Any
uncertainties in assessing the eligibility of the studies were dis-
cussed until a consensus was reached.
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A data extraction table was developed, pilot-tested and refined
before data were extracted from each article by two indepen-
dent authors from the review group. Studies relevant to this sys-
tematic review were then identified from the data by full-text
searches of all eligible trials performed by three independent re-
viewers (O.D., I.P. and J.A.). Finally eligible for this review were
those studies, which assessed at least one oncological endpoint
as defined by Delgado and Guddati [7] or any AEs.

2.3 | 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 10-point Downs and Black checklist
[15] with consensus reached through discussion; a score of 10
indicates a study of the highest quality. Among other criteria,
the tool assesses study design, external and internal validity, es-
timate of variance reporting and whether the outcome is defined
and robust.

2.4 | Data Analysis

Outcomes were reported narratively, describing the variety and
frequencies of the endpoints. In studies where the sample size
was more than 100, raw data on objective measures and corre-
sponding variability of measures were extracted and presented
in keeping with PRISMA guidelines [16].

2.4.1 | Determining Endpoints

For each trial, we determined the primary endpoint(s) by extract-
ing outcomes on which sample size calculations were based and/
or which were declared in the article explicitly to be ‘primary
endpoints’ or some analogue wording (e.g., ‘main outcomes’ and
‘primary aim’). If no primary endpoint could be determined, we
defined ‘major outcomes’ as outcomes, which were reported in
the abstract of the article.

2.5 | Comparing Survival Data

To compare the effects on OS between the trials, data were inter-
converted from survival fractions to median survival times ac-
cording to the exponential model f(t)=h-e ™, where h=hazard
rate, survival fraction S(t)=e™ and median survival =In(2)/h.
Hazard ratios (HR) are the ratios of two hazard rates. Calculation
of sample sizes required to detected differences between two
survival proportions followed customary calculations based on
the normal approximation to the binomial distribution [17, 18].

3 | Results

Figure 1 shows the PRISMA flow chart. After removal of dupli-
cates, 7435 records were reviewed by title (or abstract where the
title was insufficient), resulting in 387 records being appraised
in full. Of these, 57 studies were finally eligible based on assess-
ing at least one oncological endpoint. Of 16 endpoints defined by

Delgado and Guddati 7], the following were found to have been
reported in the analysed trials: OS, PFS, duration of response,
RR and completion of treatment. AEs were assessed by 42 trials
and were the only oncological endpoint in three trials.

Table 1 shows the characteristics of the 57 eligible trials. In
total, they included 9743 patients and the sample size varied
from n=40 to n=979 (median: 107, IQR: 173). The trials were
heterogeneous in terms of intervention, tumour site, tumour
stage, oncological treatment setting and nutritional status. Only
trials of at least 2weeks duration were included; the duration of
the analysed trials varied from 2 to 104 weeks (median 12, IQR
8-12.75weeks).

In summary, 27 trials (47%) were performed in a single tumour
site: lung cancer (ten studies), pancreatic cancer (six studies),
head and neck cancers (six studies), oesophageal and gastric
cancers (three studies) and colorectal cancers (two studies).
Thirty studies included multiple tumour types. Overall, 39
studies (68%) included patients with lung cancer, and 39 studies
included patients with gastrointestinal (GI) cancers. Forty-two
studies (74%) included patients with Stage III-IV disease. Of the
57 studies, nine included only curative settings (16%), five in-
cluded both curative and palliative settings (9%), 13 included pa-
tients receiving palliative anti-cancer treatments (23%), 24 trials
investigated both patients receiving palliative anti-cancer treat-
ments or best supportive care only (42%), and six trials included
only patients receiving best supportive care without any anti-
cancer therapies (10%). Forty-nine per cent of studies included a
pharmacological intervention, 49% included an oral nutrition in-
tervention and 9% an enteral or parenteral nutrition intervention
with four trials (7%) offering a combination of oral plus either
enteral/parenteral or a pharmacological intervention.

Figure 2 shows a balloon plot showing the relationship between
study interventions, endpoints used, sample size and statistical
significance. Six different endpoints were assessed across the 57
studies: OS, PFS, RR, completion of treatment, AE and duration
of response. Only a single study had duration of response as an
endpoint [55] but also reported OS, PFS, RR and AE. One study
reported health-related QoL deterioration-free survival, but this
was considered to be a QoL endpoint, not an oncological one
[63], and was not included here but in the QoL review of this
endpoint series [2].

For each trial, the primary endpoint(s) or if none could be deter-
mined the ‘major outcomes’ are listed in Table 1. Primary end-
points, which served to perform sample size calculations, are
designated by underlining, and major outcomes are placed in
parentheses. Table 1 also lists all oncological endpoints reported
in each study and whether they were studied as primary (‘1’) or
non-primary endpoints (‘2”).

The most common outcome was OS (46/57 trials, 80%), but it
was the primary outcome for only six studies. Three studies
(one as a primary endpoint) reported a significant positive effect
on survival [58,67,68]. AEs were reported in 42/57 (74%) of tri-
als, three using it as a primary endpoint; seven trials presented
significant differences between study arms, but only one as a
primary endpoint [22,60,63,65,69,74,75]. Out of 27 trials study-
ing other endpoints such as PFS, RR, completion of treatment
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FIGURE1 | PRISMA diagram.

and duration of response, six were positive: one for PFS, one for
RR and four for completion of treatment, but none as a primary
endpoint.

There were four studies, which intended to report an oncology
endpoint, but either did not present the data or failed to provide
numerical data for this endpoint [, 64, 66,29,37]. These studies
are highlighted in Table 1.

The 57 trials assessed a total of 115 oncological outcomes, and
of these, 13 trials reported 16 positive outcomes. Only two stud-
ies found a primary endpoint (OS or AE) to be positive [65, 68].
Fifteen positive endpoints were observed in studies involving at
least some patients receiving anti-cancer drug treatment, and
13 occurred in trials in a palliative setting. In terms of inter-
ventions, seven positive endpoints were in the context of a trial
investigating a drug, eight oral nutritional interventions and one
enteral/parenteral nutrition.

Among the 13 studies reporting positive oncological outcomes,
nine [22, 54, 58, 60, 65, 68, 73-75] had positive primary out-
comes. However, only two studies, investigating comprehensive
nutritional support, reported primary oncological endpoints, OS
[68] or AE [65], respectively. The remaining seven studies were
heterogeneous, with three [54, 60, 73] focusing on nutritional
interventions—each with different primary non-oncological
outcomes. The other four [22, 58, 74, 75] studies investigated
separate pharmacological interventions. Due to this variability,

. Wrong study design
(n=54)

. Wrong patient
population (n=37)

. Wrong intervention
(n=13)
Wrong outcomes (n=4)

. Non-English language
(n=1)

Studies without oncological
outcomes (n=72)

drawing any robust conclusion on interactions between oncolog-
ical endpoints and other categories of outcomes is not possible.

31 | OS

The most frequent endpoint reported was OS in 46 of 57 studies
(80%) (Figure 2). Three trials were performed in a curative and
43 in a palliative setting. In 38 studies, anti-cancer treatments
were given, but in eight studies, patients received best support-
ive care only. Sixteen trials explored interventions with oral
nutrients, four with tube feeding or parenteral nutrition and 26
studies with pharmacologic agents.

Of six studies using OS as the primary endpoint
[22,39,44,55,64,68], four had the trial intervention given con-
currently with palliative systemic anti-cancer therapy (SACT)
[22,39,44,,55]. One study involved patients receiving a curative
treatment and one study involved mainly patients receiving best
supportive care. Four trials explored nutritional interventions.
Of these six trials stating that OS was the primary endpoint, one
did not report these results [64], and one trial reported a positive
finding [68]. Of the 40 trials with OS as a secondary endpoints,
two trials showed improved survival in the intervention arm
[58,67], and two trials did not report numerical data [29,66].

Figure 3 shows a network plot demonstrating how different end-
points are related between different trials. OS was assessed in 46
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FIGURE2 | The relationship between interventions and oncology endpoints in cachexia clinical trials.
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FIGURE 3 | Network diagram of the relationship between oncology
endpoints in cachexia trials. AE=adverse event, OS =overall survival,
PFS = progression-free survival, RR =response rate, TC = completion of
treatment.

trials, and of these, 30 also assessed AEs, which were assessed in
42 studies in total. Figure 4 shows the relationship between OS
in the intervention arms versus control arms in the eligible tri-
als. Consistent with the large heterogeneity in disease settings,
trials differed widely with respect to median survival of the in-
cluded patients with data ranging from 60 to 3468 days and were
scattered around the line of identity.

Of the studies using OS as a primary endpoint, three trials re-
ported pre-trial sample size calculations targeting HR of 0.67
[22],0.76 [39] and 0.74 [44]. Two of these trials were stopped pre-
maturely after recruiting 42% [44] or 54% [39] of the planned
patients due to the recommendation of a data review commit-
tee [39] or an insufficient rate of inclusion [44], but Rowland
et al. recruited 97% of the planned sample size [22]. Golan et al.

Overall survival in control and intervention groups in 44 trials

O  Trials with negative outcome
@  Trials with positive outcome
—— Line of identity

1000 +

100 ~

Overall survival. intervention groupo [days ]

100 1000

Overall survival, control group [days]

FIGURE 4 | OS in control and intervention groups of each trial. Of
46 trials targeting OS, two did not report results [46, 75]. Five trials in-
cluded two interventions groups [18, 27, 42, 47, 73], allowing each group
to be compared to the control group. One trial reported 30-day as well
as 6-month survival for the active and control groups, allowing both
comparisons to be plotted [63]. Three trials with positive outcomes are
plotted in black [63, 67, 68]: from lowest to highest OS.

studied the effect of a myostatin-neutralizing antibody [55].
They did not report a pre-trial power analysis but also ended
their trial prematurely due to the decision of an internal assess-
ment committee after noting an imbalance in overall survival
during follow-up in one of two intervention groups [55]; with the
sample size reached, the authors reported a power of 0.74 with a
type I error of 0.20 to detect HR of 0.83 and 0.71 in the low-dose
and high-dose arms, respectively, of their trial. Finally, Bargetzi
et al. reported a secondary analysis of data collected during the
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previously published EFFORT trial [76] but without providing a
power analysis [68].

Three of the 46 trials targeting OS reported significant differ-
ences in survival. Bargetzi et al., in a secondary analysis of pa-
tients with cancer recruited to the EFFORT trial [76], targeted
30-day mortality as the primary endpoint. This trial compared
escalating individualized nutritional support versus standard
care in 506 patients with different tumours in either curative
or palliative settings. Within 30days, in the control group, 50
patients (19.9%) died compared to 36 (14.1%) in the intervention
group, giving an adjusted odds ratio of 0.57 (95% CI 0.35-0.94;
p=0.027). There was no difference between groups in 180-day
mortality, and no reference to multiple secondary analyses
published separately from the same data set was made.

Two smaller trials targeting OS as a secondary endpoint also
reported significant differences between treatment groups.
Xie et al. [58] compared the effect of thalidomide (150mg/
day for 12weeks) in 54 patients with non-small cell lung can-
cer (NSCLC) who also received an Asiatic toad extract (cinob-
ufagin). Patients included had established cachexia and were
not receiving anti-cancer treatment. After a follow-up of more
than 200days, OS was higher in the thalidomide group (59 vs.
30%, p=0.011), corresponding to a median survival of 266 ver-
sus 113days and an impressive HR of 0.42 [58]. Van der Werf
et al. randomized 107 patients with metastatic colorectal cancer
receiving first-line chemotherapy and compared repeated di-
etary counselling to usual care [67]. The intervention resulted in
significantly longer PFS (9.6 vs. 7.6 months, HR =0.79, p =0.039)
and OS (21.7 vs. 16.0months, HR =0.74, p=0.046). The results
of both trials [58,67], however, were compromised by multiple
testing of further secondary endpoints.

Four studies did not find a difference in OS as a primary end-
point. In a mixed group of 358 patients with advanced GI or lung
cancers, Baldwin et al. [39] reported no differences in 1-year
survival after 6weeks of either nutritional counselling, supply-
ing oral nutritional supplements (ONS) with low compliance
or standard of care. Bourdel-Marchasson et al. [44] compared
16 weeks of nutritional counselling to standard of care in 341
patients with advanced cancer or lymphoma and found no dif-
ference in 1-year survival. Rowland et al. [22] explored the role
of megestrol acetate versus placebo given for 16weeks to 243
patients with small cell lung cancer but observed no effect on
lyear survival. Finally, Golan et al. [55] investigated the anti-
myostatin antibody LY2495655 in 125 patients with Stage II-IV
pancreatic cancer given in two different doses (100 and 300 mg)
compared to standard treatment alone without an effect on OS.
Of note, although deaths on study drug and within 30days of
discontinuation were balanced across treatment arms, the study
was discontinued when an interim analysis detected an imbal-
ance in deaths among patients with long-term follow-up. The
highest death rate occurred in patients receiving the 300mg
dose [18].

3.2 | PFS and Duration of Response

PFS is defined as the time from randomization to disease pro-
gression or death from any cause. Seven studies assessed PFS,

none as a primary endpoint [37,22,36,41,42,55,67]. One of these
studies also assessed duration of response [55]; duration of re-
sponse is PFS restricted to patients reaching a complete or par-
tial remission. One trial was performed in a curative setting
and six in a palliative setting. In all seven trials, anti-cancer
treatments were given. Two trials explored an intervention with
nutritional counselling [42,67] with one of them studying coun-
selling in combination with prophylactic placement of an enteral
feeding tube in patients undergoing definitive radiotherapy or
chemoradiotherapy for head and neck cancer [42]. The other five
trials investigated pharmacological agents including megestrol
acetate [22,41], infliximab [36,37] and the anti-myostatin anti-
body LY2495655 [55].

Only Van der Werf et al. [67] reported a positive effect on PFS
(p=0.039). Their study compared the effect of nutritional coun-
selling including optional ONS with usual care in patients with
metastatic colorectal cancer undergoing first-line chemotherapy
[67]. In addition to the primary endpoint of muscle mass, they
reported several secondary endpoints including PFS, OS, treat-
ment intensity and AE but did not adjust their statistical analysis
for multiple testing.

33 | RR

Nine studies reported RR, none as a primary endpoint
[20,22,37,41,44,55,56,61,,65]. One trial was performed in a cu-
rative setting [65] and eight in a palliative setting. In eight of
these trials, anti-cancer treatments were given to all patients,
whereas one was performed in some patients receiving best
supportive care only [41]. Four trials explored interventions
with oral nutrients [20,44,61,,65], and five investigated phar-
macological agents including megestrol acetate [22,41], inflix-
imab [37], anamorelin [56] and the anti-myostatin antibody
LY2495655 [55].

Only one of these studies reported a statistically significant
difference in RR, and this was an unexpected significantly
poorer outcome in the investigational arm [22]. The study
compared the role of megestrol acetate to placebo in patients
receiving chemotherapy for extensive-stage small cell lung
cancer. Primary outcome parameters were QoL and OS, sec-
ondary outcome parameters included, but were not limited to
RR, PFS, AE and body weight. In the megestrol acetate co-
hort, RR was worse (68% vs. 80%, p=0.03); there was a trend
towards poorer OS (8.2 vs. 10.0 months, p =0.49), and a signifi-
cantly higher rate of thromboembolic events was noted (9%
v 2%, p=0.01). There were no statistically significant differ-
ences in baseline patient characteristics. No adjustments were
made for multiple testing.

3.4 | Therapy Interruption/Completion
of Treatment

Eleven studies reported completion of treatment (TC) as an end-
point. Treatment completion rates included rates of treatment
delays, studied in five trials 53,61,64,73,,44], dose reductions
studied in nine trials [44,53,61,64,67,71,73-75] and treatment in-
terruptions in six trials [42,53,54,67,73,74]. One study targeted
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completion of treatment as a primary endpoint [53], but the
other remaining 10 trials used completion of treatment as a
secondary endpoint [42,44,54,61,64,67,71,73-75]. Four trials
were performed in a curative setting [42,54,64,71] and seven
in a palliative setting. In all trials, anti-cancer treatments were
given. Seven trials explored interventions with oral nutrients
[42,44,53,54,61,64,67,73], two with feeding tubes [42,71], and
two trials investigated pharmacologic agents, either mirtazap-
ine [74] or olanzapine [75].

The only study using completion of treatment as a primary
endpoint reported dose reductions, treatment delays as well as
interruptions but observed no differences between groups [53].
Four of the other trials reported significant differences between
study groups. Britton et al. [54] compared standard nutritional
counselling by dietitians to counselling performed by specially
educated oncology dietitians in 307 patients with head and neck
cancers undergoing curative radiotherapy. The primary out-
come of the trial was nutritional status, and several secondary
endpoints were monitored. They observed a significant reduc-
tion in radiotherapy interruptions (p =0.04); however, there was
no adjustment for multiple testing. Huang et al. [64] compared
offering prophylactic ONS to usual care in 114 patients with
head and neck cancers undergoing curative chemoradiotherapy.
The primary outcome was OS, and several secondary endpoints
were monitored. The authors observed a significant reduction
in treatment interruptions (p =0.04); however, there was no ad-
justment for multiple testing. Meng et al. compared nutritional
counselling without offering ONS to counselling plus ONS in
353 patients after gastrectomy for gastric cancer and at risk of
malnutrition [73]. The primary outcomes were body weight and
muscle mass, and several secondary endpoints were reported.
The authors observed a highly significant reduction in the frac-
tion of patients requiring either chemotherapy dose reductions,
treatment delays or treatment interruptions (p=0.004); how-
ever, unfortunately, the authors did not report whether the study
groups differed with respect to the fraction of palliative versus
curative settings and the fraction of patients receiving chemo-
therapy. Finally, Sandhya et al. [75] compared the effect of low-
dose olanzapine versus placebo in 124 newly diagnosed patients
with advanced GI or lung cancers receiving palliative chemo-
therapy. The primary outcomes of appetite and body weight,
both improved in the olanzapine group compared to the placebo
group. Of several secondary endpoints reported, the authors ob-
served a highly significant decrease in the occurrence of che-
motherapy dose reductions (p<0.001). From their results, the
authors suggested that olanzapine may be considered an add-on
therapy in the studied patient category.

3.5 | Treatment Toxicity and AEs

In contrast to other outcomes, toxicities and AEs reported in
cancer cachexia trials comprise a more heterogeneous group of
different outcomes referring to any or a selection of untoward ef-
fects occurring during the clinical trial. Thus, a positive finding
could be one of a larger group of parameters tested. Due to the
often-large number of reported parameters, statistical analysis
would require adaptation to multiple testing, which usually was
lacking in the analysed trials.

Treatment toxicity and AEs were investigated as an endpoint in
42 studies. AEs may be induced by anti-cachexia interventions
or if induced by anti-cancer treatment may be alleviated or pre-
vented by an anti-cachexia intervention. Three of the 42 studies
used AEs as a primary endpoint [53, 61, 65]. One of these trials
monitored AEs induced by the anti-cachexia intervention [61];
the other two studies aimed to decrease radio- or chemotherapy-
induced AEs by an anti-cachexia intervention [53, 65].

Two studies targeting AE as a primary endpoint were nega-
tive [53,61], whereas one study reported a positive effect, albeit
without adjusting for extensive multiple testing [65]. Zietarska
et al. [53] compared ONS versus usual care in 114 patients with
colorectal cancer receiving chemotherapy. Patients differed in
tumour stages II-IV, with 32% having Stage IV disease. AE
were recorded every 4weeks and graded according to CTCAE
v 4.0; no significant effects were detected. Laviano et al. [61]
compared a whey protein-based ONS enriched in fish oil and
25-hydroxyvitamin D3 to a standard ONS in 55 patients with ad-
vanced NSCLC receiving first-line chemotherapy. The primary
outcome were AE occurring during the study as assessed every
3weeks. Assessment and grading of AE were not further spec-
ified, and no statistical analysis was performed. Qiu et al. [65]
randomized 96 patients with newly diagnosed oesophageal can-
cer undergoing definitive chemo-radiotherapy to a personalized
nutrition regime including ONS versus usual care. The primary
outcome was AE as defined by the American Radiation Therapy
Collaboration. The more aggressive nutrition approach led to a
significant decrease in two of several monitored AE, namely, a
reduction in radiation oesophagitis (p =0.029) and skin toxicity
(p=0.015), but no effects on myelosuppression and rate of infec-
tions. The true number of primary endpoints monitored is not
given, and no adjustment for multiple testing is reported.

Of the 39 studies assessing AE as a secondary endpoint, six stud-
ies showed a significant difference in at least one AE (p <0.05).
Thirty-three studies had only negative secondary AE outcomes.

Of the six studies reporting a significant effect on AE, four used
a pharmacological intervention [22, 69, 74, 75], and two used nu-
tritional interventions [60, 63]. Studies by Almeida et al. [74] and
Sandhya et al. [75] reported G3/severe toxicities as a single value,
whereas the other four studies reported occurring AEs sepa-
rately. None of these mentioned adjusting for multiple testing,
such as the inclusion of a Bonferroni correction [22, 60, 63, 69].

3.6 | Compliance

Compliance with the study protocol was assessed in the 28 trials
investigating oral nutritional interventions. Of these, 13 studied
nutritional counselling, and 15 studied an oral nutritional prod-
uct (e.g., ONS and capsule). Compliance of the study investiga-
tors with providing the scheduled intervention was reported in
only four of the studies on nutritional interventions. Patient com-
pliance was reported by 24 of the 28 studies (86%). Fractional
patient compliance was reported by 16 studies, including 14 of
the 15 studies of an oral nutritional product (median 69%, IQR
54 to 77%). Compliance-associated biomarkers were reported by
two studies.
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3.7 | Comparison of Oncological to Traditional
Cachexia Endpoints

To compare the outcome of oncological to more traditional
cachexia endpoints, we queried the endpoints monitored in
the three trials, which reported significant differences in OS,
the most frequently studied oncological endpoint [58,67,68].
Unfortunately, potential inferences are weakened by the facts
that none of these studies was blinded and none provided sta-
tistical adjustment for multiple testing. Bargetzi et al. studied
30-day survival as a primary endpoint in 506 patients with dif-
ferent cancer types and stages comparing escalating care by a
dedicated nutritional support team to usual care without con-
tact with a nutrition team [68]. Thirty-day survival was higher
in the intervention group (p=0.027) as were two of eight sec-
ondary outcomes, QoL assessed by the European Quality of
Life 5 Dimensions Index (p =0.021) and functional outcome
(p=0.021). Van der Werf et al. studied 107 patients with me-
tastasized colorectal cancers undergoing first-line chemo-
therapy and compared dedicated dietetic counselling to usual
care during up to 6 months of treatment [67]. OS and PFS were
among 46 reported outcome measures; both OS (p=0.046)
and PFS (p=0.039) were higher in the intervention group, as
was the change in body weight after two cycles (p =0.045) but
not four cycles of chemotherapy. Xie et al. studied 54 patients
with advanced cancer receiving best supportive care and the
toad extract cinobufagin [58]. The intervention group was
treated with thalidomide for 12weeks, whereas the control
group remained untreated. In addition to OS and AE, several
further outcome parameters were compared at two different
time points, resulting in more than 30 statistical tests. In this
unblinded study, OS was higher in the thalidomide group
(p=0.011), as were the change in body weight (p=0.031),
serum albumin (p=0.01), handgrip strength (p<0.001) and
QoL assessed with the EORTC QLQ-C30 tool (p <0.001).

3.7.1 | Statistical Considerations

Clinical trials usually are powered to detect postulated differ-
ences between study groups in the primary outcome(s), and an
appropriate pre-trial power analysis should be reported [18]. Low
statistical power will resultin missing true effects and at the same
time increasing the ratio of false (Type I error) versus true posi-
tive findings [77, 78]. However, few CC trials studied oncological
outcomes as primary endpoints [22, 39, 44, 53, 55, 61, 64, 65, 68],
and in less than half of these, a pre-trial sample size analysis was
reported [22, 39, 44, 65]. Of these, two trials were terminated
early [39, 44], and only two trials recruited the projected number
of participants [22, 65].

Most trials analysed in this review observed no statistically sig-
nificant changes in oncological outcomes, but the few findings
reported as significant may be unreliable based on the lack of
adjustment for multiple testing. Statistical testing for several
separate outcomes requires adequate adaptation of the testing
level to avoid increasing the probability of a Type I error and
falsely rejecting the null hypothesis. Without such adaptation,
the results of secondary outcomes and multiple testing may
be considered only exploratory. Of the two studies reporting
positive primary oncological outcomes, Qiu et al. reported

improvements by comprehensive nutrition support in radiation-
induced skin toxicity and esophagitis at p levels of 0.015 and
0.029, respectively. However, they reported statistical compar-
isons on more than 20 further outcomes without referring to
multiple testing [65]. Similarly, Bargetzi et al. reported a positive
effect of comprehensive nutritional support on 30-day mortal-
ity at a level of p=0.027 [68] in a secondary analysis of a larger
trial published previously [76]. Currently, more than 15 second-
ary analyses of the same original data set have been published
without presenting a procedure for adjusting the p level for such
multiple testing. Studies reporting significant findings in non-
primary oncological outcome, reported at least four [74] and in
some cases more than twenty [64] or more than thirty further
outcomes [58], each without referring to multiple testing.

4 | Discussion

This review identified 57 randomized cancer cachexia clinical
trials reporting oncological endpoints. OS was reported most
frequently by 46 of the 57 trials, AE by 42 trials, but other end-
points including completion of treatment, RR and PFS were
studied less often, by 11 or fewer trials. A major challenge in
conducting this review and drawing meaningful conclusions
was the significant heterogeneity among the eligible trials. This
variability spanned across treatment intent (curative vs. pallia-
tive), cancer therapy type and efficacy, cachexia interventions
and the potential interaction between cancer therapy and ca-
chexia outcomes. Further, some of the populations studied may
have had refractory cachexia and/or were dying from general
debility. As a result, any observed effects on survival or other
oncological endpoints, whether positive or negative, must be in-
terpreted with caution.

Oncological endpoints are used to assess the benefits and harms
of cancer treatments and encompass a variety of measures ac-
cepted in oncological trials. These endpoints include measure-
ments of OS, evaluation of tumour response (e.g., objective RR,
pathological complete response and clinical benefit rate) and du-
ration of tumour control (e.g., PFS, time to progression, disease-
free survival and median survival). They also cover treatment
completion and AE. However, not all of these endpoints were
reported in the trials included in this review. Some oncological
endpoints are accepted as clinical endpoints, whereas others are
surrogate endpoints. Clinical endpoints represent direct clini-
cal benefit and should generally take precedence over surrogate
endpoints when planning a cancer cachexia trial. Additionally,
not every endpoint is relevant in all stages of cancer, with dif-
ferent choices potentially better suited to patients in the neoad-
juvant, curative, early or late palliative settings. Guidance from
the Food and Drug Administration (FDA), echoed by others,
supports that oncological endpoints include OS, disease-free
survival, response evaluation and patient reported outcomes,
among others [7,79].

OS is a key cachexia endpoint, but it has also been accepted as a
‘gold standard’ for primary endpoints in oncological trials and is
a key endpoint in oncology clinical trials supported by both the
FDA [80], EMA [81] and others [7]. However, especially in cura-
tive settings, it may require long follow-up; if OS is longer than
an intervention, other factors including subsequent treatments
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may dilute an expected effect [82]. OS may be a reasonable
endpoint for investigating anti-cachexia treatments that aim to
support body composition and metabolism. By directly enhanc-
ing resilience and survival, and indirectly improving outcomes
through increased tolerance to and effectiveness of anti-cancer
therapies, OS becomes a valuable measure. Trials involving sub-
jects with advanced cancer and an expected survival of less than
lyear might be well suited to employ OS as a primary or sec-
ondary endpoint, provided that the sample size is appropriately
adjusted. In this review, OS was an endpoint in 46 of the 57 trials
analysed, yet it was chosen as a primary endpoint in only six
trials.

As malnutrition may be a relevant factor impairing response
to immuno-oncology therapies [83, 84], it appears especially
interesting to study anti-cachexia treatments in these settings.
Thus, if OS were deemed an appropriate endpoint for cancer ca-
chexia trials, reducing sample size will require either increasing
the effect sizes by selecting more potent interventions or decid-
edly reducing the heterogeneity among the study participants.
Important options to reduce heterogeneity would be to limit trial
participation to one or few cancer entities, disease stages and
treatment settings with similar prognosis.

PFS is a surrogate endpoint primarily used in advanced and
metastatic cancer settings. It offers the advantage of requiring a
much shorter follow-up period and is not confounded by subse-
quent treatments. Although PFS allows patients in oncological
trials to switch to the investigational agent upon progression
[85], this is not relevant in trials investigating anti-cachexia
interventions. PFS is appropriate only in trials involving anti-
cancer treatments, where its outcome reflects the indirect ef-
fects of anti-cachexia interventions.

Defining progression in the context of PFS is challenging due
to the increasing variety of available anti-cancer treatments
and the complexity of treatment responses. For example,
immunotherapy requires specific guidelines to assess pro-
gression because of the diverse patterns of response and pro-
gression [86]. Additionally, PFS is not necessarily a reliable
proxy for OS or QoL. A recent large meta-analysis of 91 onco-
logical studies found that only half supported an association
between PFS and OS, with a third of the positive studies lack-
ing data to substantiate their conclusions [87]. Furthermore, a
meta-analysis of 38 randomized clinical trials involving 13979
patients by Kovic et al. found no association between PFS and
QoL [88].

Common sense suggests that anti-cachexia therapies, like other
supportive treatments, would more probably improve tolerance
to an anti-cancer agent rather than enhance its efficacy. Thus,
monitoring the completion rates of planned anti-cancer dos-
ing might be a more appropriate endpoint to study than PFS.
On the other hand, endpoints such as PFS could help control
for confounding factors that impact cachexia when alternative
endpoints are being assessed. Cachexia typically improves with
cancer regression and worsens with cancer progression; there-
fore, the effects of an anti-cachexia intervention are influenced
by the direction and degree of tumour activity. Consequently, a
cachexia trial should include the status of the cancer during the
intervention to avoid the severe risk of observing effects that are

solely due to changes in tumour control. Following this logic,
PFS may be a valid option for stratifying responses to an anti-
cachexia intervention.

Objective RR has been accepted as a good measure of anti-
tumour activity. RR should be determined by a rigorous meth-
odology (e.g., RECIST) [89] and is most appropriately used in
neoadjuvant settings. RR does have some drawbacks in the on-
cological setting by not detecting stable disease and not differen-
tiating between complete and partial responses. Similar to PFS,
because it is a measure of tumour activity, RR is not an ideal
outcome in cachexia trials. However, like PFS, RR may be a
tool to stratify results in cachexia trials based on cancer activity
during the trial. Nine of 54 studies used RR as a secondary, but
none as a primary endpoint. No study used RR for stratification
of results. Only one of the 9 studies was performed in a curative
setting, and, interestingly, one trial was performed without con-
curring anti-cancer treatment.

Monitoring treatment completion rates for planned anti-cancer
therapy helps assess the impact of anti-cachexia interventions
on the tolerability of these treatments. An effective anti-cachexia
intervention should improve, or at least not reduce, the tolerabil-
ity of anti-cancer agents, allowing for the completion of planned
treatments. This principle applies not only to chemotherapy [90]
but also immunotherapy where presence of cachexia has a neg-
ative impact on treatment efficacy in both NSCLC [91, 92] and
gastrointestinal malignancy [93].

Using completion of treatment as an endpoint is crucial in neo-
adjuvant and adjuvant cancer treatments, where substandard
dosing can decrease RR and OS. We found 11 trials reporting on
dose modifications and treatment intervals of anti-cancer ther-
apies, including three of five trials focused on head and neck
cancer. Definitive radio- or radiochemotherapy for this disease
is complex and toxic, delivered over several weeks. Delays or
missed days of radiotherapy can affect outcomes, making timely
treatment delivery essential.

The benefit of supportive interventions in cancer patients can be
seen in the reduction of harm from anti-cancer therapies. This
is particularly crucial for patients suffering from malnutrition,
which causes nutritional and metabolic deficiencies [94-96].
AEs, which are any untoward medical occurrences during an
intervention, should be assessed in all randomized trials [8, 97].
In cancer cachexia trials, some AEs might be caused by the anti-
cachexia treatment, but the treatment might also improve the
tolerance of anti-cancer therapies, thereby reducing the same
or other AEs. In many cases, it is difficult to ascertain the true
cause or causes of the occurrence or severity of an AE, and mon-
itoring usually did not include the suspected causes. To address
these important questions, the only option in this review was
to compare the rates and severity of AE in the intervention and
control arms.

AEs include a wide range of symptoms, laboratory abnormal-
ities and organ function disruptions, making comprehensive
statistical analysis challenging. AEs are listed and graded in
standardized documents like the CTCAE [98]. However, doc-
umentation and reporting of AEs in clinical drug interven-
tion trials generally varies greatly among trials, from detailed
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descriptions in the methods to no mention at all [99]. Reports
may range from extensive documentation of all possible dis-
turbances to limited reports of prespecified or spontaneously
occurring events. Statistical analysis is often hindered by in-
consistent data collection, multiple testing and inadequate
power [99].

In our analysis, 42 trials reported data on AEs, making them the
second most frequently used oncological endpoint. As observed
for other clinical trials, the collection, analysis and reporting
of AEs were inconsistent, often limited by multiple testing and
mostly being observed as non-primary outcomes [99]. Most
trials reported only a few selected AEs, sometimes limited to
high-severity grades, often referring to CTCAE Versions 3 and
4. Choosing AEs as an endpoint in cancer cachexia trials, which
include anti-cancer therapies, is valid, as reporting AEs is man-
datory in randomized trials. Reducing AEs can improve QoL,
tolerance of anti-cancer therapy and possibly clinical outcomes.
For meaningful statistical analysis, it is important to focus on
pre-selected AEs and adjust for multiple testing.

4.1 | Significant Findings in Cancer
Cachexia Trials

Upon reviewing the eligible trials, some reported statistically
significant oncology outcomes. However, these findings are
difficult to interpret with confidence due to several limitations.
These limitations include among others large within-trial het-
erogeneities of study participants, inattention to confounding
factors, lack of efficacy of the cachexia therapy, selecting out-
comes as non-primary endpoints, lack of sample size calculation
for primary outcomes and multiple testing. As a result, confi-
dence in the validity of the reported statistical significance as
well as the lack of it is low.

As OS is a key endpoint in cachexia as well as in oncology tri-
als, trying to predict sample sizes in future CC studies targeting
OS may benefit from recent oncology trial designs, for example,
performed in patients with NSCLC. In studies comparing OS,
HR between 0.7 and 0.8 are frequently targeted in trials per-
formed in patients with NSCLC, either undergoing neoadjuvant
combined chemo-/immuno-oncology therapy (HR 0.70) [100],
receiving first-line chemo-/immuno-oncology therapy in the
metastatic setting (HR 0.76) [101], receiving palliative first-line
tyrosine kinase inhibitor treatment (HR 0.72) [102] or receiving
second-line palliative chemotherapy for progressive disease (HR
0.75) [103]. These HR are similar to those targeted in the here
reviewed CC trials using OS as a primary endpoint by Rowland
et al. [22] (HR 0.67), Baldwin et al. (HR 0.76) [39] and Bourdel-
Marchsson et al. (HR 0.74) [44].

Assuming a Type I error of 0.05 and a Type II error of 0.20 and
aiming to detect differences in OS corresponding to HR of 0.70,
0.75 or 0.80 will require observing some 250, 380 or 630 deaths
[104]. The sample size necessary to observe these events will de-
pend on the mean survival of the control group, the follow-up
time and the censoring rate. Choosing a follow-up of twice the
mean survival time and assuming a drop-out rate of 30% will re-
quire a total sample size of some 450, 680 or 1100 patients [104].
Shorter follow-up and higher drop-out rates will demand higher

sample sizes, whereas smaller HR will require less patients.
Stratification may prevent Type I error and improve power for
small trials of less than 400 patients and may have an important
effect for active control equivalence trials, but not for superiority
trials [105].

Although the attempt to examine oncology outcomes is laudable,
many critical considerations for determining outcomes in cancer
research are often ignored in studies on cancer cachexia. For ex-
ample, sufficient follow-up for OS is frequently lacking, and the
effects of subsequent treatments on survival outcomes are not
adequately accounted for. Non-cancer deaths, which can skew
survival data, are also commonly overlooked. Additionally, there
is a potential for bias in the assessment of disease-free or event-
free survival, particularly in open-label studies. Radiological
assessments of objective and complete response rates often lack
consistency, underscoring the importance of central reviews
and ensuring that reviewers are blinded to study treatments.
Moreover, there are varying definitions of surrogate endpoints,
such as disease-free survival and PFS, which can complicate in-
terpretation. Symptom endpoints, or patient-reported outcomes,
present further challenges due to a lack of blinding, the risk of
assessment bias—especially in open-label studies—unvalidated
instruments and inconsistent definitions. Symptom data are also
prone to missing information and insufficiently frequent assess-
ments. To address this, data collection for multiple symptom
endpoints should be planned prospectively, with attention to
hypothesis testing and necessary statistical adjustments speci-
fied in the study protocol. Unfortunately, these issues are almost
universally overlooked in cachexia clinical trials. Two notable
trials may serve as prototypes for addressing some of these chal-
lenges in cancer cachexia research. Temel et al. [48] studied ana-
morelin in a single tumour type—NSCLC—whereas Sandhya
et al. [75] focused on a limited number of cancers, specifically in
patients starting their first cycle of chemotherapy. By adopting
these approaches, which control for potential confounding fac-
tors, the assessment of oncological outcomes may become more
reliable and meaningful.

Future cachexia trials with oncology endpoints should pri-
oritize focusing on a single tumour type, ideally at the same
stage and undergoing the same cancer treatment. These stud-
ies should also be appropriately powered to ensure reliable re-
sults. Additionally, detailed and objective measures, such as
body composition analysis, should be used to accurately as-
sess the various aspects of cachexia. This approach will help
minimize confounding factors and provide more meaning-
ful insights into the impact of cachexia treatments on cancer
outcomes.

The impact of anti-cachexia treatments on cancer therapies is of
considerable interest, as improving cachexia could theoretically
enhance tolerance to cancer treatments or, by modifying tumour
response, influence treatment outcomes and OS. However, ex-
amining this relationship robustly without the influence of con-
founding factors is challenging. Even when focusing on a single
tumour type, the effects of different chemotherapy regimens can
vary. For example, Klassen et al. studied various chemotherapy
regimens for pancreatic cancer and found that their effects on
muscle and fat differed significantly [106]. Additionally, fac-
tors such as tumour response and baseline BMI also affected
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changes in muscle and fat. This complexity suggests that rigor-
ously assessing oncological outcomes in cachexia clinical trials
remains challenging.

4.2 | Strengths and Limitations

The strengths of this review include its rigorous methodology,
such as the adoption of a prospective design (PROSPERO) and
a thorough literature search covering the last three decades of
cachexia trials. A robust strategy was used for appraisal and data
extraction, involving multiple independent reviewers. The re-
view utilized a validated quality appraisal tool (modified Downs
and Black scale) and presented data to highlight the variety of
studies using different oncological endpoints. The multinational
and multi-professional collaboration of experts ensured diverse
inputs when evaluating the multidimensional condition of can-
cer cachexia.

However, the review has key limitations, including significant
heterogeneity in patient populations, tumour types, definitions
of cachexia and the various anti-cancer and anti-cachexia inter-
ventions. The different endpoints included in this review add
to this heterogeneity. Although all analysed trials focused on
assessing the outcomes of anti-cachexia interventions, they did
not compare different endpoints. This heterogeneity prevented
a detailed assessment of the relationship between different end-
points, making it impossible to identify an ‘ideal’ oncological
endpoint from the data. Nevertheless, the accumulated evidence
from exploring oncological endpoints in depth can help guide
the design of future cachexia trials.

5 | Conclusions

Nutritional and metabolic endpoints, such as weight and muscle
mass, are crucial in cancer cachexia trials. However, cachexia
causes reduced survival and inferior deliverance of anti-cancer
treatment, and an effective cachexia treatment could conse-
quently improve several standard oncological outcomes. Hence
AE, completion of treatment and OS are clinically relevant end-
points, perhaps especially for patients undergoing anti-cancer
treatments.

Trials with oncology endpoints should prioritize focusing on a
single tumour type, ideally at the same stage and undergoing the
same cancer treatment. These studies should also be appropri-
ately powered to ensure reliable results. Additionally, detailed
and objective measures, such as body composition analysis,
should be used to accurately assess the various aspects of ca-
chexia. This approach will help minimize confounding factors
and provide more meaningful insights into the impact of ca-
chexia treatments on cancer outcomes.
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Appendix

Literature Search Strategy

1. Documentation on the literature search for “‘What is the optimal endpoint to evaluate effect of interventions aiming to treat cancer cachexia?’

The following databases were searched

Number of retrieved
references for cohort/lon-

Database Number of retrieved references for trials gitudinal studies
Medline (Ovid) 3812 1918

Embase (Ovid) 2033 2031

Cochrane Central 1923

Register of Con-

trolled Trials

Number of 8166 3949

references before
de-duplication

Number of 5998 3190
references after
de-duplication

All searches were done 02 June 2021 by Gunn Kleven, Senior librarian at the Library of Medicine and Science, University of Oslo. These were
then updated to cover the period from 2 June 2023until 17 October 2023 using the same search strategy as in the previous (until 1 June 2023).

Number of hours spent: 34
Ovid MEDLINE(R) ALL 1946 to 17 October 17

Date searched: 2 June and updated 17 October 2023 search strategy:

# Searches Results

1 exp Neoplasms/or (neoplasm* or cancer* or tumor* or tumour* or oncol* or malign* or carci- 4606655
nom* or adenocarcinom* or adenoma or metasta*).ti,ab,kf.

2 Cachexia/ or Emaciation/ or Malnutrition/ or Starvation/ or Wasting syndrome/ or Thinness/ 63432
or Sarcopenia/ or Anorexia/or *Weight Loss/

3 and/1-2 9650

4 ((cachexia or cachexic or anorexia or anorectic or emaciat* or malnutrition or underweightor 7231
starvation® or thiness or leanness or sarcopenia or wasting syndrome* or wasting disease* or
weightloss* or ((appetite* or weight) adj2 (loss or loosing or losing))) adj4 (neoplasm* or can-
cer* or tumor* or tumour* or oncol* or malign* or carcinom* or adenocarcinom* or adenoma
or metasta*)).ti,ab,kf.

5 ((cachexia or cachexic or anorexia or anorectic or emaciat* or malnutrition or underweight or 4253
starvation® or thiness or leanness or sarcopenia or wasting syndrome* or wasting disease* or
weightloss* or ((appetite* or weight) adj2 (loss or loosing or losing))) and (neoplasm* or can-
cer* or tumor* or tumour* or oncol* or malign* or carcinom* or adenocarcinom* or adenoma
or metasta*)).ti.

6 or/3-5 13924

7 randomized controlled trial.pt. 536354
8 controlled clinical trial.pt. 94265

9 randomized.ab. 525221
10 placebo.ab. 219320
11 drug therapy.fs. 2343029
12 randomly.ab. 360557
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# Searches Results

13 trial.ab. 557904
14 groups.ab. 2213680
15 or/7-14 5047938
16 exp animals/not humans.sh. 4855037
17 15 not 16 4388865
18 6and 17 4078

19 limit 18 to yr = “1990-Current” 3812

20 cohort studies/ or follow-up studies/ or longitudinal studies/ or “national longitudinal study 2168707

of adolescent health”/ or prospective studies/or retrospective studies/

21 (cohort* or longitudinal or prospective* or retrospective*).tw. 2098508
22 or/20-21 3012965
23 and/6,22 3215
24 limit 23 to yr=“1990-Current” 3139
25 24 not 19 1918
26 19 or 24 5730

Embase Classic + Embase 1946 to October 17, 2023

Date searched: 2 June and updated 17 October 2023 search strategy:

# Searches Results

1 exp neoplasm/or (neoplasm* or cancer* or tumor* or tumour* or oncol* or malign* or carci- 6400926
nom* or adenocarcinom* or adenoma or metasta*).ti,ab,kw.

2 cachexia/ or emaciation/ or *malnutrition/ or starvation/ or wasting syndrome/ or *anorexia/ 93608
or sarcopenia/or *weight loss/

3 and/1-2 20654

4 ((cachexia or cachexic or anorexia or anorectic or emaciat* or malnutrition or underweight or 9798
starvation* or thiness or leanness or sarcopenia or wasting syndrome* or wasting disease* or
weightloss* or ((appetite* or weight) adj2 (loss or loosing or losing))) adj3 (neoplasm* or can-
cer* or tumor* or tumour* or oncol* or malign* or carcinom* or adenocarcinom* or adenoma
or metasta*)).ti,ab,kw.

5 ((cachexia or cachexic or anorexia or anorectic or emaciat* or malnutrition or underweight or 6437
starvation* or thiness or leanness or sarcopenia or wasting syndrome* or wasting disease* or
weightloss* or ((appetite* or weight) adj2 (loss or loosing or losing))) and (neoplasm* or can-
cer* or tumor* or tumour* or oncol* or malign* or carcinom* or adenocarcinom* or adenoma
or metasta*)).ti.

6 or/3-5 24964

7 Randomized controlled trial/ 666248
8 Controlled clinical trial/ 463928
9 random$.ti,ab. 1691555
10 randomization/ 91413
11  intermethod comparison/ 272763
12 placebo.ti,ab. 330754
13 (compare or compared or comparison).ti. 571937

14 ((evaluated or evaluate or evaluating or assessed or assess) and (compare or compared or com- 2334019
paring or comparison)).ab.
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# Searches Results

15  (open adj label).ti,ab. 88467

16  ((double or single or doubly or singly) adj (blind or blinded or blindly)).ti,ab. 251401

17  double blind procedure/ 187924

18  parallel group$1.ti,ab. 27750

19 (crossover or cross over).ti,ab. 112863

20  ((assign$ or match or matched or allocation) adj5 (alternate or group$1 or intervention$1 or 359989
patient$1 or subject$1 or participant$1)).ti,ab.

21 (assigned or allocated).ti,ab. 424479

22 (controlled adj7 (study or design or trial)).ti,ab. 385967

23 (volunteer or volunteers).ti,ab. 264717

24 human experiment/ 550005

25 trial.ti. 340818

26 or/7-25 5516795

27  (random$ adj sampl$ adj7 (cross section$ or questionnaire$1 or survey$ or database$1)). 8736
ti,ab. not (comparative study/ or controlled study/or randomi?ed controlled.ti,ab. or randomly
assigned.ti,ab.)

28 Cross-sectional study/not (randomized controlled trial/ or controlled clinical study/ or con- 273554
trolled study/or randomi?ed controlled.ti,ab. or control group$1.ti,ab.)

29 (((case adj control$) and random$) not randomi?ed controlled).ti,ab. 18641

30 (Systematic review not (trial or study)).ti. 179350

31 (nonrandom$ not random$).ti,ab. 17184

32 Random field$.ti,ab. 2525

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

34  (review.ab. and review.pt.) not trial.ti. 902488

35  we searched.ab. and (review.ti. or review.pt.) 37332

36  update review.ab. 116

37 (databases adj4 searched).ab. 43700

38  (rator rats or mouse or mice or swine or porcine or murine or sheep or lambs or pigs or piglets 1113420
or rabbit or rabbits or cat or cats or dog or dogs or cattle or bovine or monkey or monkeys or
trout or marmoset$1).ti. and animal experiment/

39  Animal experiment/not (human experiment/or human/) 2339504

40 or/27-39 3735626

41 26 not 40 4907360

42 and/6,41 3904

43 limit 42 to yr=%1990 -Current” 3674

44 limit 43 to conference abstracts 1641

45 43 not44 2033

46  cohort analysis/ or follow up/ or longitudinal study/ or “national longitudinal study of adoles- 3499550
cent health”/ or prospective study/or retrospective study/

47 ((cohort adj (study or studies)) or cohort analy* or longitudinal).tw. 705575

48 or/46-47 3722608

49  and/6,48 4417
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# Searches Results

50  limit 49 to yr="“1990-Current” 4387
51 limit 50 to conference abstracts 1639
52 50 not 51 2748
53 52 not 45 2031

Cochrane Central Register of Controlled Trials

Date searched: 02 June and updated 17 October 2023

Search Strategy:
#1 [mh Neoplasms] 82548
#2 ((neoplasm* or cancer* or tumor* or tumour* or oncol* or malign* or carcinom* or adenocar- 232559

cinom* or adenoma or metasta*)):ti,ab,kw (Word variations have been searched)
#3 #1 or #2 241300

#4 [mh Cachexia] or [mh ~"Emaciation] or [mh ~Malnutrition] or [mh Starvation| or [mh"“Wast- 2665
ing syndrome”] or [mh Thinness] or [mh Sarcopenia] or [mh Anorexia]

#5 MeSH descriptor: [Weight Loss] this term only 6360
#6 #3 and (#4 or #5) 1017
#7 (((cachexia or cachexic or anorexia or anorectic or emaciat* or malnutrition or underweight 1475

or starvation* or thiness or leanness or sarcopenia or “wasting syndrome” or “wasting syn-
dromes” or “wasting disease” or “wasting diseases” or weightloss* or ((appetite* or weight)
near/2 (loss or loosing or losing))) near/3 (neoplasm* or cancer* or tumor* or tumour* or
oncol* or malign* or carcinom* or adenocarcinom* or adenoma or metasta*))):ti,ab,kw

#8 (((cachexia or cachexic or anorexia or anorectic or emaciat* or malnutrition or underweight 758
or starvation* or thiness or leanness or sarcopenia or “wasting syndrome” or “wasting syn-
dromes” or “wasting disease” or “wasting diseases” or weightloss* or ((appetite* or weight)
near/2 (loss or loosing or losing))) and (neoplasm* or cancer* or tumour* or tumour* or
oncol* or malign* or carcinom* or adenocarcinom* or adenoma or metasta*))):ti (Word varia-
tions have been searched)

#9 #6 or #7 or #8 with Publication Year from 1990 to 2021, in Trials 2345
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