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Abstract Background Cachexia is a detrimental multifactorial syndrome that has been strongly associated 
with cancer. A  growing body of data concerning its management is being generated from the 
ongoing advances of experimental cancer cachexia research. This study aimed to delineate the 
broad landscape of cancer cachexia research, by comprehensively presenting the treatment 
interventions and targets of cancer cachexia during the past decade.

Methods A systematic literature search was performed in Medline and Scopus databases from 
January to April 2023. Articles were considered eligible if they described any type of intervention 
in tumor-bearing rodents to study the effect on prevention or treatment of cancer cachexia. The 
corresponding signaling and metabolic pathways that were targeted by these interventions were 
documented.

Results A total of 271 articles were considered eligible for our study. Of these, 176 studies 
pertained to pharmaceutical interventions with 100 corresponding targets, 58 studies pertained 
to nutritional interventions with 60 corresponding targets, and 37 studies pertained to exercise 
interventions with 60 corresponding targets.

Conclusions The continuous evolution of cancer cachexia research has provided a plethora 
of disease targets and corresponding treatment interventions. Moving forward, the available 
management strategies should be refined and clinical research should efficiently capitalize on the 
robust experimental evidence.
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Introduction

Cachexia is a multifactorial syndrome, characterized by an 
ongoing loss of skeletal muscle mass (with or without loss of fat 
mass), leading to progressive functional impairment [1]. This 
condition has been strongly associated with cancer, and has 
been noted to occur in up to 80% of cases, depending on the 
cancer type [2]. Cancer cachexia has been described as the main 
contributor to more than 30% of cancer patients’ deaths [3], 
while this number is predicted to rise in the years to come [4]. 
Furthermore, cancer cachexia has been associated with negative 
effects on several aspects of patients’ quality of life, including 
depression, anxiety, physical function, role function, cognition, 
as well as emotional and social function [5].

The detrimental effects of cancer cachexia have sparked growing 
enthusiasm in the research community regarding interventions for 
disease prevention and treatment. Cancer cachexia is defined by 
a plethora of mediators, signaling and metabolic pathways [6,7]. 
Understanding these complex mechanisms can facilitate the 
development of management strategies for this muscle condition. 

aDepartment of Medical Oncology, School of Medicine, University 
of Ioannina, Greece (Panagiotis Filis); bDepartment of Hygiene and 
Epidemiology, School of Medicine, University of Ioannina, Greece 
(Panagiotis Filis); cDepartment of Physiology, School of Medicine, 
University of Ioannina, Greece (Dimitrios Peschos, Yannis V. 
Simos, Christianna Zachariou, Dimitrios Stagikas, Konstantinos I. 
Tsamis); dMedical School, University of Ioannina, Greece (Nikolaos 
Filis)

Conflict of Interest: None

Correspondence to: Panagiotis Filis, MD, MSc, Department of Hygiene 
and Epidemiology, University of Ioannina School of Medicine, Stavrou 
Niarchou Avenue, 45110, Ioannina, Greece, email: png.filis@gmail.com

Received 7 May 2024; accepted 7 August 2024;  
published online 20 October 2024

DOI: https://doi.org/10.20524/aog.2024.0918

This is an open access journal, and articles are distributed under 
the terms of the Creative Commons Attribution-NonCommercial-
ShareAlike 4.0 License, which allows others to remix, tweak, and 
build upon the work non-commercially, as long as appropriate 
credit is given and the new creations are licensed under the identical 
terms



2 P. Filis et al

Annals of Gastroenterology 37 

Currently, the treatment arsenal for cancer cachexia consists of 3 
broad categories, including pharmaceutical [8], nutritional [9], 
and exercise interventions [10]. However, only a limited number of 
these interventions have been approved as part of the management 
guidelines [11,12].

The pathways that regulate skeletal muscle homeostasis have 
been described in detail (Fig. 1) [13]. Experimental research 
into cancer cachexia has been rapidly evolving with a view to 
providing novel interventions that target these pathways of 
interest. Accurate documentation of results is considered of 
paramount importance, as a prelude to the implementation 
of innovative treatment strategies in clinical trials, and 
ultimately their introduction into clinical practice [14]. 
Therefore, this study aimed to delineate the broad landscape of 
cancer cachexia research, by comprehensively presenting the 
treatment interventions and corresponding targets of cancer 
cachexia during the past decade. Through this work we have 
attempted to construct a robust scientific base, so as to inform 
researchers regarding the recent advances in preclinical 
cachexia treatment, as well as to facilitate the application of 
this knowledge in refining future research protocols.

Materials and methods

Search strategy

This study is reported in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) reporting guideline (Supplementary Table 1) [15]. 
Prior to the project initiation, a study protocol was drafted 
to predefine the study aim, as well as the search and data 
extraction strategies. A  systematic literature search was 
performed in Medline and Scopus databases from January 
to April 2023. The search string consisted of the following 
keywords: “cancer”, “tumor”, “cachexia”, “rodents”, “rat”, “mice”. 
Articles were screened initially by 2 independent investigators 
(PF, NF), on the basis of title and abstract, and the final decision 
for inclusion of potentially eligible studies was made after full-
text evaluation. Discrepancies were resolved by consensus. The 
reference lists of included studies and recently published topic-
related review articles were screened to minimize the risk of 
information loss and validate the overall search strategy.

Inclusion criteria

Studies that aimed to prevent or treat cancer cachexia in 
preclinical tumor models were considered eligible for this 
review. Eligibility criteria included the following: (a) study 
population, tumor-bearing rats or mice; (b) intervention, any 
type of pharmaceutical, nutritional or exercise intervention; 
and (c) outcome, prevention or treatment of cancer cachexia. 
Studies that were performed on tumor cells, did not include 
cancer-induced cachexia models or were not published in the 
English language were excluded from our review.
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Figure 1 The anabolic and catabolic pathways that regulate skeletal muscle homeostasis. The dashed lines indicate inhibited pathways.
Figure from “Cancer cachexia: molecular mechanisms and treatment strategies”, by T. Setiawan et al., J Hematol Oncol, 2023;16:54, https://doi.org/10.1186/
s13045-023-01454-0. Creative Commons Attribution 4.0 International License, http://creativecommons.org/licenses/by/4.0/. No changes were made to the figure
GH, growth hormone; IGF1R, IGF1 receptor; IR, insulin receptor; BMP, bone morphogenetic protein; BMPRII, BMP receptor II; AR, androgen receptor; 
ActRIIb, activin type II receptor; AngII, angiotensin II; AT1R, type 1 angiotensin II receptors; IL-6R, interleukin 6 receptor; IL1bR, IL1b receptor; 
TNFaR, tumor necrosis alpha receptor; PIF, proteolysis-inducing factor; PIFR, proteolysis-inducing factor receptor; GR, glucocorticoid receptor; ROS, 
reactive oxygen species; UPS, ubiquitin (Ub)-proteasome system; ALS, autophagy-lysosome system.
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Data extraction

Data extraction was performed by 2 investigators (DS, CZ). 
The data extraction form contained the following information: 
first author, year of publication, tumor type, cell line, animal 
model, intervention, intervention category (pharmaceutical, 
nutritional, exercise), mechanism through which the 
intervention affects cachexia, and results of its use in cachexia. 
A third author (DP) was involved when clarifications regarding 
the data extraction were required.

Results

The review flow chart is depicted in Fig.  2. A  total of 
3650 articles were screened in the form of title and abstract, 
following deduplication of the results that were generated 
from the Medline (n=1717) and Scopus (n=2710) database 
searches. After the initial title–abstract screening, a total of 
297 articles were retrieved for full-text evaluation. Finally, 271 
articles were considered eligible for our study. Details of the 
included studies classified by type of intervention can be found 
in Supplementary Table 2.

Of these 271 studies, 176 pertained to pharmaceutical 
interventions with 100 corresponding targets (Fig.  3), 
58 pertained to nutritional interventions with 60 
corresponding targets (Fig. 4), and 37 pertained to exercise 
interventions with 60 corresponding targets (Fig.  5). 
Table  1 presents the interventions that showed positive 
results in animal models, organized per targeted pathways, 
during the last 10 years.

Discussion

The rapidly evolving landscape of cancer cachexia research 
has uncovered a plethora of disease targets and corresponding 
treatment interventions. In this review, a systematic assessment 
of the literature allowed for a comprehensive presentation of 
the cancer cachexia advances throughout the past decade. The 
arsenal of therapeutic strategies consists of pharmaceutical, 
nutritional and exercise interventions. The knowledge of the 
available intervention–target couplings can inform evidence-
based decision making with a view to the design of future study 
protocols.

The ubiquitin proteasome system (UPS) has served as one 
of the most utilized targets for cancer cachexia treatments. The 
UPS is the main protein degradation system in eukaryotic cells, 
marking myofibrillar proteins and other short-lived proteins 
with polyubiquitin chains and transferring them to the 26S 
proteasome for degradation [16-18]. Activation of the UPS 
in skeletal muscle leads to the degradation of structural and 
contractile proteins, resulting in atrophy and decreased muscle 
function [19]. Accumulating evidence highlights the critical 
role of dysregulated ubiquitin ligases in processes associated 
with the initiation and progression of cancer [20], while UPS 
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Figure 2 Review flow chart

inhibitors have been continuously gaining ground as a part 
of the arsenal for cancer therapy. Several studies have now 
proposed that one of the most essential factors involved in the 
induction of muscle wasting in cancer cachexia is upregulation 
of the UPS pathway [21,22].

The function of the UPS is enabled by an enzymatic 
cascade, which consists of the ubiquitin-activating enzyme 
(UAE or E1), the ubiquitin-conjugating enzyme (UBC or E2), 
and the ubiquitin ligase (E3) [18,23]. The E3 ligase muscle-
specific RING finger protein-1 (MuRF1) and muscular 
atrophy fbox-1 protein (MAFbx/Atrogin-1) constitute the 
2 key ligases that identify muscle proteins, in order to be 
degraded by the UPS in skeletal muscle [24]. MuRF1 and 
Atrogin-1 are regulated by a variety of signaling pathways, 
including NF-κB, interleukin (IL)-6, and the p38 MAPK 
pathway [25,26]. Since MURF1 and Atrogin-1 directly 
control protein degradations that lead to cachexia, it has been 
suggested that their inhibition has the potential to preserve 
protein levels and maintain muscle mass without unwanted 
side-effects [27]. Indeed, through our systematic review of 
the literature, we have found that MURF1 and Atrogin-1, as 
well as corresponding regulatory signaling pathways such 
as IL-6, NF-κB and MAPK, have all been consistently used 
as targets of therapeutic modalities employed in cancer 
cachexia research.

Apart from the UPS, another signaling pathway that serves 
as an essential contributor to skeletal muscle degradation is 
the autophagy lysosomal pathway. Autophagy is a crucial 
process, which serves in the selective elimination of damaged 
organelles and degradation of misfolded proteins [28]. Acting 
as sensors, mTOR and AMP-activated protein kinase (AMPK) 
are pivotal regulators of autophagy, crucial for maintaining 
cellular energy balance [29,30]. The role of autophagy in 
mediating skeletal muscle wasting and cachexia progression 
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Figure 3 Targets of pharmaceutical interventions for cancer cachexia. Data stem from 176 studies on pharmaceutical interventions. Up and down 
arrows demonstrate upregulation/activation and downregulation/inhibition, respectively

Nutritional/Supplement Interventions (n=58 studies)
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Figure 4 Targets of nutritional interventions for cancer cachexia. 
Data stem from 58 studies on nutritional/supplement interventions. 
Up and down arrows demonstrate upregulation/activation and 
downregulation/inhibition, respectively

Physical activity Interventions (n=37 studies)
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Figure 5 Targets of physical activity interventions for cancer cachexia. 
Data stem from 37 studies on exercise interventions. Up and down 
arrows demonstrate upregulation/activation and downregulation/
inhibition, respectively

has garnered increasing interest [21,22]. Accumulating 
evidence indicates a significant upregulation of autophagy 
during cancer cachexia [31]. FOXO3, identified as the 
main transcription factor inducing autophagy, regulates 
the expression of key autophagy genes such as LC3 and 
Bnip3 [32]. Activation of FOXO3 stimulates autophagic 
lysosomal pathways by attenuating the IGF1/PI3K/AKT 
signaling pathway via mTOR and transcriptional-dependent 
mechanisms [32]. Additionally, oxidative stress has been 
linked to the induction of ATG7 expression in the autophagic 
lysosomal pathway, which was associated with the p38 MAPK 
pathway in another study [26].

In general, increased oxidative stress contributes to 
mechanisms that favor protein breakdown over protein 

synthesis through increased ubiquitin proteasome activity, 
mitochondrial dysfunction and dysregulation of autophagy, 
thus making it a potential target for cachexia treatment [33]. 
Damage to mitochondria by pro-oxidant species triggers 
a cascade of events, including increased production of 
reactive oxygen species and induction of mitophagy, 
ultimately impacting mitochondrial abundance in muscle 
tissue [34,35]. Given that mitochondria play a crucial role 
in producing the energy required for muscle contraction, 
disruptions in their equilibrium detrimentally affect 
muscle function. Notably, studies have reported alterations 
in the mitochondrial ultrastructure in the skeletal muscle 
of Lewis lung carcinoma and colon-26 carcinoma hosts, 
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Table 1 The interventions used for the most common targets of cancer cachexia throughout the past decade

Targets List of interventions

Ubiquitin proteasome 
system

Disulfiram, adalimumab, anti-RANKL antibodies, zoledronic acid, 2-deoxy-D-glucose, Ghrelin, GHSR-1a, rucaparib, 
Nilotinib, Myomed-205 and -946, Pantoprazole, jianpijiedu (MJPJD), Bortezomib, Erythropoietin, Aliskiren, carfilzomib and 
z-VAD-fmk, leucine & Ca-β-hydroxy-β-methylbutyrate, bortezomib, MG132 proteasome inhibitor, Curcumin, Creatine, 
Leucine-rich diet, Resistance training

Autophagy Ghrelin, GHSR-1a, rucaparib, Nilotinib, Withaferin A, TLR7/8 agonist R848, Myomed-205 and -946, Aliskiren, Megestrol 
acetate, Creatine, Resistance training, Aerobic running, Moderate exercise training (mild intensity aerobic exercise-increased 
resistance)

MuRF1 Ginsenoside Rd, Saikosaponin D, alvespimycin, Δ9-tetrahydrocannabinol, EXT418, MAOI (harmine-hydrochloride), 
Gintonin, MDP, Follistatin mRNA encapsulated in lipid nanoparticles, HMGB1 (glycyrrhizin), 17ß-estradiol, Clodronate 
liposome, Cryptotanshinone, sActRIIB/Fc, Lithium chloride, Matrine (alkaloid), Calpain inhibitors, jianpijiedu (MJPJD), 
Baoyuan (BYJD) decoction, AR-42, MG132 proteasome inhibitor, Parthenolide, Quercetin, Coix seed oil

Atrogin-1 Ginsenoside Rd, Saikosaponin D, alvespimycin, Δ9-tetrahydrocannabinol, EXT418, Gintonin, MDP, Follistatin mRNA 
encapsulated in lipid nanoparticles, HMGB1, Clodronate liposome, Cryptotanshinone, AG and UnAG, sActRIIB/Fc, Lithium 
chloride, Calpain inhibitors, jianpijiedu (MJPJD), Valproic acid, Baoyuan (BYJD) decoction, AR-42, Acylated and unacylated 
ghrelin, Quercetin, L-carnitine, Leucine-rich diet, mild exercise training and EPO administration, endurance training 

STAT3 Ginsenoside Rd, Saikosaponin D, Cryptotanshinone, adalimumab, Atractylenolide I, Alantolactone, 2-deoxy-D-glucose, 
Clodronate, liposome, AR-42 plus SARM co-administration, ACVR2B, Leucine-rich diet, Resistance training, Eccentric 
contractions

ROS Ginsenoside Rd, Gintonin, Baoyuan Jiedu decoction, Clodronate liposome, Myomed-205 and -946, Formoterol, Aliskiren, 
Febuxostat, Aerobic training, Moderate exercise training (mild intensity aerobic exercise-likely increased resistance), 
Resistance exercise training (RET) prior tumor implantation

Mitochondria Ginsenoside Rd, MitoQ, Ghrelin and GHSR-1a, Baoyuan Jiedu decoction, iNOS inhibitor, 17ß-estradiol, ACVR2B/Fc, SS-31, 
Myomed-205 and -946, Trimetazidine (TMZ), Vector plasmid for Mfn2 overexpression, Β-Carotene, Curcumin, Naringenin 
(flavonoid) diet, Iron, Eccentric contractions, Aerobic exercise 

TNF-α anti-GDF15 antibody, Gintonin, adalimumab, Alantolactone, HMGB1, Butanolic fraction of V. tucanorum, iNOS inhibitor, 
olaparib, AG and UnAG, Withaferin A, jianpijiedu (MJPJD), Pterocarpanquinone LQB-118 hybrid, infliximab, MG132, 
Parthenolide, Coix seed oil, Aerobic interval training and selenium nanoparticles treatment, high-intense Resistance exercise 

NF-κB anti-GDF15 antibody, Gintonin, adalimumab, anti-RANKL antibodies, zoledronic acid, Alantolactone, HMGB1, Withaferin 
A, MT-102, Bortezomib, Pterocarpanquinone LQB-118 hybrid, Baicalin (flavonoid), sulfasalazine, Compound A, Resveratrol, 
Curcumin, carnosol, Coix seed oil, Ajoene garlic extract, Morin (3,5,7,2′,4’-pentahydroxyflavone) – flavonoid, endurance 
training 

Akt ARA 284, adalimumab, S-oxprenolol, Fuzheng Xiaoai Decoction 1, AG and UnAG, MT-102, Matrine (alkaloid), Selumetinib, 
L-carnitine, carnosol, Morin (3,5,7,2′,4’-pentahydroxyflavone) – flavonoid, Aerobic exercise training

IL-6 EXT418, adalimumab, MDP, Atractylenolide I, Alantolactone, HMGB1, Butanolic fraction of V. tucanorum, iNOS inhibitor, 
Clodronate, liposome, Withaferin A, Histone deacetylase inhibitor (HDACi) AR-42 plus SARM co-administration, 
Selumetinib, jianpijiedu (MJPJD), Sipjeondaebo-tang (SJDBT), AR-42, Tocilizumab (MR16-1 rodent analog), MG132, 
Naringenin (flavonoid) diet, Arctii Fructus, Coix seed oil, Resistance training, Aerobic training

mTOR Fuzheng Xiaoai Decoction 1 (FZXAD1), iNOS inhibitor, MT-102, Matrine (alkaloid), ACVR2B , Selumetinib , Acylated and 
unacylated ghrelin, Leucine-rich diet, Aerobic exercise, High-frequency electric stimulation on Tibialis anterior muscle

Protein synthesis Pyrrolidine dithiocarbamate, iNOS inhibitor, ACVR2B/Fc, soluble myostatin receptor ActRIIB (sActRIIB), Formoterol, 
L-carnitine, Ajoene garlic extract, Eccentric contractions

FOXO3 Acylated and unacylated ghrelin, Matrine (alkaloid), pan-(BET)-BRD4 protein inhibitor (+)-JQ1, Resveratrol, Curcumin, 
L-carnitine, Aerobic exercise 

RAS Combination of carfilzomib (CFZ) and z-VAD-fmk, Perindopril (ACE-inhibitor), MEK162/buparlisib (PI3K/Akt inhibitor), 
Aliskiren (renin inhibitor)

Ghrelin receptor Anamorelin, ActRIIB-Fc, Z-505 hydrochloride (Z-505), HM01, synthetic Anamorelin HCl (ANAM), Ghrelin

Lipolysis Insulin and glutamine dipeptide, Atractylenolide I, erythropoietin, Β-Carotene, Piceatannol, EPA-enriched phospholipids 
(EPA-PL)

IL-1 MAOI (harmine-hydrochloride), iNOS inhibitor, Clodronate liposome, jianpijiedu (MJPJD), Aerobic training

MSTN Ginsenoside Rd, alvespimycin, ARA 284, Gintonin, Peptide-2, sActRIIB/Fc, Curcumin

(Contd...)
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Table 1(Continued)

Targets List of interventions

Myogenin Trimetazidine, sulfasalazine, bortezomib, MAPK inhibitors (U0126), Curcumin, 30% caloric restriction, Vitamin D, resistance 
training

FOXO1 Follistatin mRNA encapsulated in lipid nanoparticles, TLR7/8 agonist R848, MT-102, AR-42

TGF-β1 SB505124, Anti- TGF-β antibody 1D11.16.8, Aerobic exercise training 

PPAR-γ Pioglitazone, L-carnitine, etomoxir, GW9662, Rosiglitazone, imidapril alone

TGF-β/Smad2 MID-35 (myostatin inhibitory D-peptide-35), Anamorelin, ActRIIB-Fc , Adalimumab

IFN-γ anti-GDF15 antibody, Withaferin A

Sirt1/AMPK Atractylodin, 17ß-estradiol

p38/MAPK ARA 284 (EPO derived peptide), Omeprazol

CD8+T cells Δ9-tetrahydrocannabinol, TLR7/8 agonist R848

PARP-1/2 Rucaparib. Olaparib

IL6/STAT3 Histone deacetylase inhibitor (HDACi) AR-42+SARM co-administration, Adalimumab, Alantolactone, Quercetin

PI3K Adalimumab, MT-102 (β-adrenergic receptor action), MEK162/buparlisib

EGFR erlotinib

MAPK/ERK Erlotinib, Fuzheng Xiaoai Decoction 1 (FZXAD1) (mixture of traditional chinese medicines), MAPK (U0126) inhibitor

Glycolysis Amiloride, Atractylenolide I, 2-deoxy-D-glucose

Ketone body oxidation Amiloride, 2-deoxy-D-glucose

p38 MAPK p38a MAPK inhibitors, Nilotinib, Trimetazidine (TMZ)

mTORC1 17ß-estradiol, Aerobic exercise training, Eccentric contractions

MyoD Withaferin A, Trimetazidine (TMZ)

IL-6/AMPK/FoxO3 pan-(BET)-BRD4 protein inhibitor (+)-JQ1, Acylated (AG) and unacylated (UnAG) ghrelin

JAK2/STAT3 pantoprazole (orally), Jak2 inhibitor AG490, Ajoene garlic extract

MEK/ERK MEK162/buparlisib, Selumetinib

AMPK Ampk-stabilizing peptide (ACIP), Arctii Fructus (AF)

TWEAK Anti-Fn14 antibodies, Endurance training 

Adiponectin Pioglitazone (PGZ), Aerobic exercise (treadmill running), Progressive aerobic training

GLP-1 Exendin-4, Sipjeondaebo-tang (SJDBT)

which can be attributed to mitochondrial dysfunction [36]. 
Furthermore, there is evidence of heightened mitophagy 
activity in cachectic skeletal muscle [37]. These structural 
changes often coincide with reductions in oxidative 
capacity, as indicated by alterations in the activity of key 
enzymes such as succinate dehydrogenase and pyruvate 
dehydrogenase, both vital for the tricarboxylic acid cycle. 
Additionally, the modulation of pyruvate dehydrogenase 
kinase-4, which is involved in regulating cellular energy 
metabolism, contributes to these metabolic shifts [38]. 
Collectively, these alterations drive a transition from 
oxidative to glycolytic muscle fiber composition in cachectic 
tumor hosts compared to healthy controls, playing a role in 
the accumulation of intramuscular fat observed in cachectic 
mice [39].

Aside from these catabolic mechanisms, the anabolic 
pathways that are responsible for muscle growth stimulation, 
as well as the accumulation of proteins and organelles in the 
cytoplasm, should not be neglected. The mechanistic target 
of rapamycin (mTOR) serves as a pivotal factor in growth 
regulation and functions as a key regulator of nutrient 
and stress responses [40]. It comprises mTOR complex 1 
(mTORC1) and mTOR complex 2 (mTORC2): mTORC1 
primarily oversees anabolic processes, including protein 
synthesis, ribosomal and mitochondrial biogenesis, while 
mTORC2 is involved in maintaining glucose and lipid 
homeostasis [40]. mTORC1 plays a critical role in metabolic 
balance by activating 4E-BP1, which subsequently triggers 
the expression of FGF21 and enhances the translation of 
peroxisome proliferator-activated receptor γ coactivator-1α 
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(PGC-1α), thus promoting mitochondrial biogenesis and 
oxidative function [40,41]. Studies indicate that in cancer 
cachexia, increased IL-6 levels suppress mTORC1 activation 
by stimulating AMPK [42]. Additionally, activation 
of the mTOR pathway via insulin-like growth factor-1 
(IGF1) is diminished in tumor-bearing mice with cancer 
cachexia [43]. Insulin and IGF1 initiate a phosphorylation 
cascade involving key regulators crucial for skeletal muscle 
growth, differentiation and homeostasis [44]. In the context 
of cancer cachexia, insulin resistance is associated with 
reduced glucose tolerance and insulin sensitivity, leading to 
decreased glucose uptake [45]. Insulin resistance correlates 
with diminished phosphorylation of P13K and Akt, which 
normally inhibits the release of FoxO and caspase-3, thus 
allowing for increased proteolytic activity [46].

Through this review, we additionally demonstrate the 
potential of nonpharmacological interventions to regulate 
a plethora of signaling pathways for cancer cachexia, 
highlighting that interest in these targets should not be 
monopolized by drug treatments. Exercise interventions 
have already been reported to positively affect and control 
systemic inflammation, induce protein synthesis when Akt/
mTORC1 signaling is disrupted, or during systemic IL-6 
overexpression, by improving mTORC1 signaling, promote 
the expression of several mitochondrial proteins, such as 
PGC-1α, mitochondrial transcription factor A and nuclear 
respiratory factor. This can lead to improved muscle oxidative 
capacity, and can also regulate hypogonadism by influencing 
circulating sex hormones and promoting androgen receptor 
expression [42,47]. Nutritional support in cancer cachexia 
targets the restoration of energy balance and prevention of net 
protein breakdown, all while avoiding stimulation of tumor 
growth or interference with anti-tumor treatments [48]. 
Achieving a net positive protein balance involves selecting 
nutrients that counteract catabolic signals and promote 
anabolic pathways [49]. Towards fostering an anabolic 
environment, it is essential to ensure adequate caloric intake 
and nutrient composition, since without sufficient nutrient 
availability, even the most potent anabolic signals may fail to 
maintain muscle mass or induce muscle growth [50].

The main drawback of this study was the broad scope of 
the review, which resulted in a high number of screened and 
consequently included articles. We attempted to solve this 
matter by limiting our search to include only studies from 
the last decade. To avoid critical loss of information, we also 
screened the reference lists of included studies, as well as the 
reference list of cachexia-related recently published reviews. 
Moreover, in view of the large number quantity of data, we 
chose to focus specifically on presenting intervention–target 
relationships.

In this study, we presented the therapeutic interventions 
and targets of cancer cachexia research throughout the 
last decade. Moving forward, research should aim towards 
refining the already available treatment strategies, while also 
attempting to address the gaps in the literature. Utilization 
and assessment of combined treatment strategies, as well as 
comparative research protocols, are essential requirements for 
future studies.

Summary Box

What is already known:

•	 Cachexia	is	a	detrimental	multifactorial	syndrome,	
which has been strongly associated with cancer

•	 Experimental	 research	 into	 cancer	 cachexia	 is	
continuously evolving in order to provide novel 
therapeutic approaches

•	 A	 systematic	 documentation	 of	 treatment	
interventions and corresponding targets of cancer 
cachexia research would serve as an essential 
addition in the literature

What the new findings are:

•	 Over	the	past	decade,	a	grand	total	of	271	research	
articles exploring interventions for treating cancer 
cachexia have been published

•	 A	total	of	176	studies	 focused	on	pharmaceutical	
interventions, encompassing 100 corresponding 
targets; 58 studies delved into nutritional 
interventions, targeting 60 pathways; and 37 
studies centered on exercise interventions, also 
targeting 60 pathways

•	 A	thorough	exploration	of	the	advances	in	cancer	
cachexia research holds the potential to refine 
existing treatment interventions and address 
critical gaps in our understanding
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Supplementary Table 1 PRISMA checklist

Section and Topic Item # Checklist item Location where 
item is reported 

TITLE P1

Title 1 Identify the report as a systematic review.

ABSTRACT 

Abstract 2 See the PRISMA 2020 for Abstracts checklist. P3

INTRODUCTION 

Rationale 3 Describe the rationale for the review in the context of existing knowledge. P4-5

Objectives 4 Provide an explicit statement of the objective(s) or question(s) the review addresses. P5

METHODS 

Eligibility criteria 5 Specify the inclusion and exclusion criteria for the review and how studies were grouped 
for the syntheses.

P5-6

Information sources 6 Specify all databases, registers, websites, organisations, reference lists and other sources 
searched or consulted to identify studies. Specify the date when each source was last 
searched or consulted.

P5-6

Search strategy 7 Present the full search strategies for all databases, registers and websites, including any 
filters and limits used.

P5

Selection process 8 Specify the methods used to decide whether a study met the inclusion criteria of the 
review, including how many reviewers screened each record and each report retrieved, 
whether they worked independently, and if applicable, details of automation tools used 
in the process.

P5-6

Data collection 
process 

9 Specify the methods used to collect data from reports, including how many reviewers 
collected data from each report, whether they worked independently, any processes 
for obtaining or confirming data from study investigators, and if applicable, details of 
automation tools used in the process.

P5-6

Data items 10a List and define all outcomes for which data were sought. Specify whether all results 
that were compatible with each outcome domain in each study were sought (e.g. for all 
measures, time points, analyses), and if not, the methods used to decide which results 
to collect.

P5-6

10b List and define all other variables for which data were sought (e.g. participant and 
intervention characteristics, funding sources). Describe any assumptions made about 
any missing or unclear information.

P5-6

Study risk of bias 
assessment

11 Specify the methods used to assess risk of bias in the included studies, including details 
of the tool(s) used, how many reviewers assessed each study and whether they worked 
independently, and if applicable, details of automation tools used in the process.

na

Effect measures 12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in 
the synthesis or presentation of results.

na

Synthesis methods 13a Describe the processes used to decide which studies were eligible for each synthesis  
(e.g. tabulating the study intervention characteristics and comparing against the 
planned groups for each synthesis (item #5)).

na

13b Describe any methods required to prepare the data for presentation or synthesis, such as 
handling of missing summary statistics, or data conversions.

na

13c Describe any methods used to tabulate or visually display results of individual studies 
and syntheses.

na

13d Describe any methods used to synthesize results and provide a rationale for the 
choice(s). If meta-analysis was performed, describe the model(s), method(s) to identify 
the presence and extent of statistical heterogeneity, and software package(s) used.

na

13e Describe any methods used to explore possible causes of heterogeneity among study 
results (e.g. subgroup analysis, meta-regression).

na

(Contd...)
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item is reported 

13f Describe any sensitivity analyses conducted to assess robustness of the synthesized 
results.

na

Reporting bias 
assessment

14 Describe any methods used to assess risk of bias due to missing results in a synthesis 
(arising from reporting biases).

na

Certainty assessment 15 Describe any methods used to assess certainty (or confidence) in the body of evidence 
for an outcome.

na

RESULTS 

Study selection 16a Describe the results of the search and selection process, from the number of records 
identified in the search to the number of studies included in the review, ideally using a 
flow diagram.

P6-7

16b Cite studies that might appear to meet the inclusion criteria, but which were excluded, 
and explain why they were excluded.

P6-7

Study characteristics 17 Cite each included study and present its characteristics. P6-7

Risk of bias in studies 18 Present assessments of risk of bias for each included study. na

Results of individual 
studies 

19 For all outcomes, present, for each study: (a) summary statistics for each group (where 
appropriate) and (b) an effect estimate and its precision (e.g. confidence/credible 
interval), ideally using structured tables or plots.

na

Results of syntheses 20a For each synthesis, briefly summarise the characteristics and risk of bias among 
contributing studies.

Sup Table 2

20b Present results of all statistical syntheses conducted. If meta-analysis was done, present for 
each the summary estimate and its precision (e.g. confidence/credible interval) and measures 
of statistical heterogeneity. If comparing groups, describe the direction of the effect.

na

20c Present results of all investigations of possible causes of heterogeneity among study results. na

20d Present results of all sensitivity analyses conducted to assess the robustness of the 
synthesized results.

na

Reporting biases 21 Present assessments of risk of bias due to missing results (arising from reporting biases) 
for each synthesis assessed.

na

Certainty of evidence 22 Present assessments of certainty (or confidence) in the body of evidence for each 
outcome assessed.

na

DISCUSSION 

Discussion 23a Provide a general interpretation of the results in the context of other evidence. P7

23b Discuss any limitations of the evidence included in the review. P11

23c Discuss any limitations of the review processes used. P11

23d Discuss implications of the results for practice, policy, and future research. P8-11

OTHER INFORMATION

Registration and 
protocol

24a Provide registration information for the review, including register name and registration 
number, or state that the review was not registered.

24b Indicate where the review protocol can be accessed, or state that a protocol was not 
prepared.

24c Describe and explain any amendments to information provided at registration or in the 
protocol.

Support 25 Describe sources of financial or non-financial support for the review, and the role of the 
funders or sponsors in the review.

P1

Competing interests 26 Declare any competing interests of review authors. P1

Availability of data, 
code and other 
materials

27 Report which of the following are publicly available and where they can be found: 
template data collection forms; data extracted from included studies; data used for all 
analyses; analytic code; any other materials used in the review.

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting 
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