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Definition and diagnosis of cachexia

Cachexia is a complex metabolic syndrome that 
threatens patients’ lives. It is characterized by weight 
loss and muscle wasting with or without fat loss. The 
pathophysiological characteristics of cachexia include 
weight loss, anorexia, inflammation, insulin resistance, 
muscle protein breakdown, and fat decomposition [1–2]. 
Cachexia is most commonly seen in various chronic 
consumptive diseases, such as chronic obstructive 
pulmonary disease, rheumatoid arthritis, chronic kidney 
disease, chronic heart failure, AIDS, and malignant 
tumors [3–8]. Cancer cachexia, also known as cancer 
anorexia cachexia syndrome (CACS), has an incidence 
rate of approximately 50%–80% in patients with various 
types of cancer. Of all cancer types, the incidence rate 
of cachexia is the highest in pancreatic cancer and upper 
gastrointestinal cancer patients (> 80%), followed by lung 
and colon cancers, wherein approximately 50%–60% of 
patients develop cachexia [9–10]. Among the different causes 
of death, cachexia is responsible for 20%–40% of deaths in 

cancer patients [11–12]. Many previous studies have shown 
that cachexia not only reduces the efficacy of antitumor 
therapies and increases treatment-related toxicity and 
adverse effects but also increases the symptom burden 
in patients, reduces their quality of life, and ultimately 
shortens their survival time [13–17].

Despite the complex and diverse mechanisms involved 
in the development of cachexia, a precise and standardized 
definition for cachexia is still lacking. Moreover, the 
identification, diagnosis, and treatment of cachexia are 
often neglected in the clinical setting [18–19]. In a consensus 
meeting held in Washington D.C. in 2006, experts unified 
the definition of cachexia: a complex metabolic syndrome 
associated with underlying illness and characterized by 
loss of muscle with or without loss of fat mass [20]. In 2011, 
the international expert consensus set the diagnostic 
criteria for cachexia: a patient is diagnosed with cachexia 
if in the past 6 months, weight loss was greater than 5% 
or 2% in individuals with body mass index (BMI) of less 
than 20 kg/m2 or those with sarcopenia [21]. This definition 
has since become widely accepted and adopted by a 
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number of clinical studies on cachexia [22–24].

Molecular mechanism of cachexia

Muscle wasting is one of the important features of 
cancer cachexia, and its pathophysiology is characterized 
by an imbalance in the synthesis and degradation 
of muscle proteins. Currently known cytokines and 
molecular mechanisms involved in cachexia-induced 
muscle wasting are summarized below.

Systemic inflammation
Systemic inflammation is the main mechanism 

leading to muscle wasting and fatigue in patients with 
cachexia [25]. Early studies on the mechanism of cachexia 
have principally focused on inflammation. The pro-
inflammatory factors produced by the body or the 
tumor, including TNF-α, IL-1, and IL-6, are closely 
related to muscle wasting in cancer cachexia [26–28]. Many 
studies have shown significantly increased inflammatory 
markers in the blood of cachectic animal models and 
patients [29–32]. Earlier studies have considered TNF-α as 
a major factor that induces cachexia. It has been shown 
to cause muscle protein breakdown and muscle atrophy 
in animal experiments [33–34]. TNF-α and IL-1 induce 
cachexia through the activation of IKK complexes, which 
leads to the phosphorylation of the IκBa protein and the 
release of NF-κB. This activates the muscle-degrading 
factors MuRF1 and Atrogin-1, resulting in protein loss 
and muscle atrophy [35–36]. IL-6 induces cachexia through 
binding to IL-6 receptors, which activate the downstream 
JAK-STAT pathway. Animal experiments have shown 
that STAT3 can cause muscle fiber atrophy and that the 
IL-6/JAK-STAT3 pathway is closely related to skeletal 
muscle atrophy [37].

Ubiquitin proteasome pathway (UPP)
The UPP is an important pathway for muscle 

degradation in cachexia [38–39]. The majority of muscle 
proteins, particularly muscle fibers, are degraded by the 
UPP. The degradation is generally divided into two steps: 
the substrate protein is first covalently bound to different 
types of ubiquitin molecules and is then degraded by the 
26S protease. The process of protein ubiquitination is 
usually regulated by three enzymes: ubiquitin-activating 
enzyme (E1), ubiquitin-conjugating enzyme (E2), and 
ubiquitin ligase (E3) [40]. Atrogin-1 and MuRF-1 are two 
important E3 ubiquitin ligases. A marked increase in the 
expression of Atrogin-1 and MuRF-1 has been observed in 
cachexia, and their expression is correlated with muscle 
atrophy [41–42]. Many animal experiments have shown that 
cancer cachexia can significantly increase the activity 
of the ubiquitin proteasome system (UPS), resulting in 
increased expression of Atrogin-1 and MuRF-1 [43–45].

PI3-K/Akt/mTOR pathway
The IGF-1 signaling pathway is an important pathway 

involved in muscle anabolism. Studies have shown that 
the IGF1/Akt pathway can inhibit protein degradation 
and promote muscle growth [46–47]. In addition, binding of 
IGF1 to the receptor can activate the PI3K/Akt signaling 
pathway. This activates mTOR and phosphorylates its 
effector targets S6K1 and 4E-BP, which in turn promote 
muscle formation [48–49]. Akt can also translocate FoxO 
proteins (FoxO1, FoxO3, and FoxO4) from the nucleus 
to the cytoplasm, leading to their phosphorylation 
and inactivation. Activated FoxO proteins can act as 
transcription factors and regulate autophagy, which 
promotes the ubiquitin-mediated degradation of muscle 
cells [50–52]. IGF-1 expression is significantly reduced in 
animal models of cancer cachexia, and supplementation 
with low-dose IGF-1 can reduce muscle atrophy and 
weight loss. However, anti-IGF-1 treatment has not been 
shown to exacerbate muscle atrophy in cancer patients 
[45, 53–54].

TGF-β/SMAD pathway
The TGF-β superfamily is another factor that has been 

recently found to be associated with muscle atrophy in 
cachexia. The most representative family members are 
activin A and myostatin [55]. Activin A is implicated in 
many physiological functions, including erythrocyte 
formation, cell growth, differentiation, and immune 
response [56]. Myostatin, also known as GDF8, is an 
important negative regulator of muscle growth and is 
secreted by muscle cells. Its deletion and mutation are 
associated with the pathological condition of muscle 
hypertrophy [57–58]. Both activin A and myostatin activate 
type I receptors by binding to the ActRIIB receptor on 
the surface of muscle cell membranes (ALK4 or ALK7 is 
an activin A type I receptor, while ALK5 or ALK7 is a 
myostatin type I receptor). The activated type I receptors, 
in turn, phosphorylate the SMAD complexes (SMAD2, 
SMAD3, and SMAD4) and cause muscle atrophy by 
regulating transcriptional responses [59–60]. Myostatin and 
activin A can also activate FoxO3 by suppressing Akt 
activity, which in turn upregulates MuRF-1, Atrogin-1, 
and autophagy-related genes, leading to the breakdown 
of muscle protein [61]. It has been observed in animal 
experiments that elevated activin A expression is 
associated with muscle wasting in cachexia. In addition, 
the inhibition of activin A can reduce muscle wasting 
and improve muscle function. The levels of activin 
A in the blood of patients with cancer cachexia have 
also been shown to be significantly elevated [62–64]. The 
myostatin/activin A/SMAD pathway may be present 
early in cachexia. A study on patients with early stage 
gastric cancer detected increased expression of myostatin 
in patients’ muscles prior to their significant weight loss. 
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This suggested that myostatin might be a marker for 
early-stage cachexia [65]. However, studies on myostatin 
and muscle atrophy have reported inconsistent results. 
Some studies have shown that the increased expression of 
myostatin in muscles is associated with cancer cachexia-
induced muscle atrophy, and the inactivation of the 
myostatin gene can inhibit muscle atrophy and tumor 
growth. By contrast, some studies have shown that the 
expression of myostatin in the serum is not associated 
with muscle loss [66–70].

GDF-15, also known as macrophage migration 
inhibitory factor 1, is another member of the TGF-β 
superfamily. Its hematologic level is significantly elevated 
in inflammation, cancers, and cardiovascular diseases [71]. 
Many studies have shown the increased expression of 
plasma GDF-15 in cancer patients, which is associated 
with their poor prognosis [72–74]. At the same time, GDF-
15 levels are correlated with appetite. An increase in 
GDF-15 levels in the blood leads to a decreased appetite, 
which in turn causes weight loss [75]. The overexpression 
of GDF-15 in the muscles of experimental animals causes 
muscle atrophy; therefore, GDF-15 may directly promote 
skeletal muscle atrophy. In cancer patients, the high 
expression of GDF-15 is associated with weight loss and 
muscle loss; however, no correlation between GDF-15 
and the appetite of patients has been observed [76].

Autophagy-lysosome pathway
Autophagy is a normal, ubiquitous catabolic process 

that degrades cytoplasmic components through 
lysosomes, and this process also occurs in skeletal muscles. 
When occurring properly, autophagy can help regulate 
the function of skeletal muscles and control skeletal 
movement and muscle metabolism. However, excessive 
activation of or deficiency in the autophagy function can 
result in muscle wasting and reduced muscle function 
[77–80]. Some studies using animal models of cachexia have 
shown that autophagy is significantly activated in the 
muscles of mice with cachexia [81]. The activation of the 
autophagy pathway has also been observed in the muscle 
or blood of patients with cancer cachexia, and autophagy 
is found to be significantly associated with muscle 
wasting and weight loss [82–84]. It is speculated that aerobic 
exercise and megestrol acetate may relieve the symptoms 
of cachexia-induced muscle atrophy by suppressing 
the excessive activation of autophagy and restoring the 
balance of muscle metabolism [85–86].

Staging and diagnosis of cachexia

The international expert consensus of cachexia [21] has 
divided the development and progression of cachexia 
into three consecutive phases: precachexia, cachexia, and 
refractory cachexia. Patients with precachexia usually 

present with clinical or metabolic symptoms, including 
anorexia and impaired glucose tolerance, accompanied by 
weight loss of ≤ 5%. A patient enters the cachexia phase if 
weight loss exceeds 5% or 2% for patients with BMI of less 
than 20 kg/m2 or those with sarcopenia. Weight loss may 
occur under the influence of factors such as tumor type 
and stage, systemic inflammation, reduced food intake, 
and ineffective antitumor therapy. In refractory cachexia, 
the patient is usually at the end stage of cancer, with a 
performance status score of 3–4. The tumor progresses 
rapidly and is unresponsive to antitumor therapy, and 
the patient has an expected survival time of less than 3 
months. Although the international expert consensus has 
set the definitions and descriptions for cachexia stages, 
to date, widely accepted criteria for staging cachexia are 
still lacking. In addition, staging of cachexia is crucial for 
treatment selection and prognosis of patients.

In 2009, Bozzetti F et al [87] classified cachexia into 
precachexia and cachexia based on the presence of 
10% weight loss. They further classified the disease 
into asymptomatic precachexia (stage I), symptomatic 
precachexia (stage II), asymptomatic cachexia (stage 
III), and symptomatic cachexia (stage IV) based on the 
presence of anorexia, fatigue, or early satiation. This 
staging methodology preceded the development of the 
diagnostic criteria for cachexia by the international 
expert consensus and hence adopted a 10% weight 
loss as a diagnostic criterion. Furthermore, it lacks a 
diagnostic criterion for refractory cachexia. In 2011, 
Argiles JM et al developed a new tool for staging cachexia 
(CASCO) [88]. It included five major diagnostic indicators: 
body weight and muscle changes, inflammation/
metabolic disturbances/immunosuppression and related 
parameters, physical performance, nutritional status, and 
quality of life. The total score of the scale is 100 points. 
It divides cachexia into mild (0–25 points), moderate 
(26–50 points), severe (51–75 points), and terminal phase 
(76–100 points). However, the scoring table contains 
a large number of questionnaires and metabolic and 
immunologic parameters. Its complexity and high cost 
limit its widespread use in clinical settings. Vigano A 
et al subsequently introduced a novel definition for 
staging cancer cachexia (CCS) [89] that comprehensively 
determined cachexia stages based on parameters such as 
inflammatory indicators, anorexia, weight loss, physical 
performance, and grip strength. However, their staging 
criteria failed to properly distinguish patients with 
precachexia and cachexia. In 2014, Blum D et al conducted 
a validation study on the international expert consensus 
on cachexia [90], in which patients were classified into 
different cachexia stages according to the degree of weight 
loss: patients with weight change (± 1 kg) or weight gain 
were classified as no cachexia; patients with weight loss 
> 1 kg but < 5% were classified as precachexia; patients 
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with weight loss > 5% or patients with a BMI < 20 kg/
m2 and weight loss > 2% were classified as cachexia; and 
patients with a BMI < 23 kg/m2 with weight loss > 15% 
or those with a BMI < 27 kg/m2 and weight loss > 20% 
were classified as refractory cachexia. However, weight 
loss alone cannot properly reflect the status of cachexia 
in patients. In addition, it cannot distinguish between 
patients without cachexia and those with precachexia. In 
2016, Vigano AA et al optimized previous CCS criteria 
and developed a simple, clinically applicable system 
for staging of cachexia. Five indicators were used for 
staging and diagnosing cachexia, including abnormal 
biochemical parameters, reduced food intake, moderate 
weight loss, severe weight loss, and reduced performance 
status [91]. Although this staging system is simpler to use 
than the previous CCS criteria, as it eliminates the need 
to fill out questionnaires and measure grip strengths, it 
still cannot effectively distinguish between patients with 
precachexia and those with cachexia. Similarly, in 2017, 
Argiles JM et al validated and simplified the previously 
developed CASCO cachexia staging criteria into a new set 
of cachexia staging criteria (miniCASCO) [92]. Although 
miniCASCO is more convenient than CASCO, it still 
requires a large number of questionnaires and parameter 
testing such as that for IL-6 and ROS. Therefore, it is 
not suitable for rapid clinical diagnosis. Furthermore, its 
effectiveness has not been verified in clinical settings. 
Our research group recently developed a cachexia staging 
score (CSS) [93], which included five components for 
evaluation: weight loss, a questionnaire for sarcopenia 
SARC-F, performance status, appetite loss, and abnormal 
hematologic parameters. The total score was 12 points, 
of which 0–2 points were classified as non-cachexia, 3–4 
points as precachexia, 5–8 points as cachexia, and 9–12 
points as refractory cachexia. The simple design and 
low cost of this scoring tool facilitate its rapid clinical 
application. Its effectiveness has also been verified using 
various clinical parameters, including patients’ body 
weight loss, BMI, muscle mass and function, proportion 
of sarcopenia cases, symptom burden, quality of life, and 
survival time. These results indicate that the scoring tool 
performs well in distinguishing patients with different 
stages of cachexia.

Advances in the treatment of cachexia

With the extensive research on the molecular 
mechanism of cachexia in recent years, significant progress 
has been made in the treatment of cachexia. Many novel 
drugs have shown therapeutic prospects for cachexia. As 
the mechanism underlying the development of cachexia 
is complex and diverse, a single treatment approach can 
hardly achieve satisfactory results. Therefore, cancer 
cachexia is best treated with comprehensive multimodal 

therapies. This section provides a summary of the main 
treatment approaches for cancer cachexia.

Nutrition support therapy

Weight loss and malnutrition are the most common 
signs of cancer cachexia that can adversely affect patients’ 
clinical outcomes. Therefore, it is necessary to perform 
appropriate nutritional screening for cancer patients. 
Additionally, the advantages and disadvantages of 
nutritional intervention need to be weighed and properly 
balanced [94]. In clinical practice, nutrition support therapy 
is usually the most considered treatment for patients 
with cachexia. However, with deeper understanding of 
cachexia, we now realize that nutrition support therapy 
may not be applicable to all patients with cachexia. 
In addition, nutrition support therapy alone cannot 
completely alleviate patients’ symptoms of cachexia. The 
international expert consensus on cachexia has pointed 
out that nutrition support therapy may not be beneficial 
to patients with refractory cachexia [21]. Therefore, 
guidelines in the United States do not recommend the 
routine use of nutrition support therapy in cancer patients 
receiving chemotherapy or minor surgery. According to 
the guidelines, nutrition support therapy should only be 
considered in patients who are unable to absorb adequate 
nutrients due to functional impairment [95]. Among the 
various nutritional supplements, n-3 polyunsaturated 
fatty acids have been shown by many studies to be 
beneficial to cancer patients, and they can increase 
their weight and improve their quality of life [96–98]. In 
addition, L-carnitine has been shown to alleviate fatigue 
while improving the nutritional status of cancer patients. 
However, other studies have obtained contrasting results 
[99–102]. Therefore, the use of nutritional supplements in 
patients with cachexia remains inconclusive.

Appetite stimulants

Appetite stimulants commonly used in patients with 
cancer cachexia include hormones and progesterone [2]. A 
systematic review has revealed that while hormones and 
progesterone drugs are recommended for the treatment 
of anorexia in cancer patients, there are uncertainties 
regarding their appropriate dose, timing, and treatment 
duration [103]. Hormonal drugs are often used as appetite 
stimulants to improve appetite, increase caloric intake, 
control pain, alleviate fatigue, and reduce nausea and 
vomiting of cancer patients [104–105]. Various hormonal 
drugs exert similar appetite-stimulating effects. The 
commonly used hormonal drugs include prednisone 
and dexamethasone. Studies have shown that 5 mg of 
prednisone administered orally three times per day and 
3–6 mg of dexamethasone administered orally per day 
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can significantly increase patients’ appetite compared 
with placebo [106]. However, hormonal drugs can only 
increase the appetite of patients for a short period of time; 
they cannot truly increase the weight of patients [107–108]. 
In addition, as hormone therapy is associated with many 
adverse effects that can negatively affect the patient’s 
quality of life, the dosing and timing of hormonal drugs 
require careful monitoring [109].

The most common progesterone used clinically 
as appetite stimulants include megestrol acetate and 
medroxyprogesterone acetate. The appetite-stimulating 
effects of megestrol acetate are similar to those of 
dexamethasone. Several clinical studies have shown 
that megestrol acetate can significantly improve 
the appetite of cancer patients while having milder 
adverse effects compared with dexamethasone [110–112]. 
Medroxyprogesterone can also increase the appetite 
of cancer patients and increase their body weights. 
However, the increase is limited to adipose tissue, not 
muscle tissue [113–116].

Thalidomide

Thalidomide possesses immunomodulatory and anti-
inflammatory effects. Hence, it can reduce the level of 
inflammatory factors (TNF-α and IL-6) in the blood, 
thereby inhibiting the NF-κB pathway and reducing 
cachexia [117–118]. Studies have shown that thalidomide 
has a positive therapeutic effect on cancer cachexia. 
However, some studies have reported that patients treated 
with thalidomide do not show a significant decrease 
in symptom severity and inflammatory parameters 
compared with the placebo groups. Therefore, the 
effectiveness of thalidomide for treating cancer cachexia 
will need to be confirmed by data collected from large-
cohort randomized controlled trials [119–123].

Selective COX-2 inhibitors

Selective COX-2 inhibitors are anti-inflammatory 
drugs that can be used for the treatment of cachexia [124]. 
Phase II clinical studies have shown that when used in 
combination with other drugs, celecoxib can significantly 
increase the lean body mass, grip strength, quality of life, 
and performance status of cancer patients. It can also 
reduce the level of TNF-α in the blood and does not cause 
grade 3–4 adverse reactions [125–126]. However, the latest 
research shows that when used in combination with 
megestrol acetate, celecoxib cannot further enhance its 
efficacy in the treatment of cachexia [127].

TNF-α inhibitors

As TNF-α plays an important role in the development 
and progression of cachexia, therapeutic drugs that inhibit 
TNF-α may be beneficial for the treatment of cachexia [128–

129]. It has been shown in animal experiments that TNF-α 
inhibitors significantly increase the appetite and body 
weight of tumor-bearing mice. Infliximab is a human and 
mouse chimeric monoclonal antibody that specifically 
blocks TNF-α. However, multiple phase II clinical studies 
have shown that infliximab fails to alleviate muscle 
atrophy or improve the quality of life of patients compared 
with the controls [130–133]. The above findings suggest that 
the mechanism underlying the development of cachexia 
can be diverse. Therefore, a single treatment modality can 
hardly produce satisfactory results, and the treatment of 
cachexia requires comprehensive multimodal therapies. 
Moreover, a phase II/III randomized controlled study 
on infliximab in lung cancer patients was prematurely 
terminated due to a significant reduction in quality of life 
in the treatment group.

In addition to TNF-α receptors, fibroblast growth 
factor-inducible 14 (Fn14), a receptor for TWEAK, is 
also a member of the TNF receptor superfamily. Fn14 
has been shown to be related to the mechanism of cancer 
cachexia development [134–136]. Monoclonal antibodies 
against Fn14 have been shown to alleviate symptoms 
of cachexia and prolong survival in mice, whereas anti-
TWEAK antibodies have no therapeutic effects on the 
Fn14-induced cachexia, suggesting that there may be 
another unknown ligand for Fn14 [137].

IL-6 receptor inhibitor

ALD518 is a humanized monoclonal antibody with 
high affinity toward IL-6. It is used in the treatment 
of anemia, cachexia, and asthenia [26, 138]. In a phase I 
clinical study, ALD518 has been shown to improve grip 
strength and fatigue in patients with advanced tumors 
[139]. A subsequent phase II randomized controlled trial 
in patients with advanced non-small-cell lung cancer 
(NSCLC) showed that compared with the control group, 
ALD518 significantly reduced body weight loss, alleviated 
lung symptoms, and improved fatigue and anemia in 
the treatment group [140–142]. These results indicate that 
ALD518 is safe and well tolerated. It may serve as a 
potential therapeutic drug to improve anemia, fatigue, 
and cancer-associated cachexia. However, its efficacy 
needs to be further confirmed in large cohorts and phase 
III randomized controlled clinical trials.
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Ghrelin receptor agonist

Ghrelin is a newly discovered growth hormone-
releasing peptide that is primarily synthesized in the 
stomach. It can regulate the release of growth hormone, 
stimulate appetite, inhibit the production of pro-
inflammatory factors, and regulate energy fluxes in an 
organism [143–144]. Studies in animal models of cachexia and 
human patients with cancer cachexia have shown that 
ghrelin can significantly increase food intake and body 
weight in mice or patients with cancer cachexia [145–146]. 
The recently developed anamorelin is an oral ghrelin 
receptor agonist. It has been shown in preclinical studies 
that the administration of 10 or 30 mg/kg of anamorelin 
in mice can significantly stimulate appetite and increase 
food intake and body weight [147]. Two subsequent phase 
II clinical studies showed that continuous administration 
of anamorelin for 12 weeks significantly increased the 
lean body mass of patients with cachexia [148]. The results 
of two phase III randomized controlled clinical trials 
in patients with NSCLC (ROMANA1 and ROMANA2) 
showed that anamorelin significantly increased the lean 
body mass of patients with cancer cachexia, but not 
their grip strength and muscle function [149]. In a related 
phase III safety extension study, the use of anamorelin 
was extended to 24 weeks. The results showed that 
anamorelin was well tolerated. Additionally, anamorelin 
significantly increased the patients’ body weights and 
reduced their symptom burden [150]. A recently completed 
randomized controlled clinical study of anamorelin in 
Japan also showed that it could increase the lean body 
mass in patients and alleviate symptoms such as anorexia; 
however, muscle function was not enhanced [151]. Many 
meta-analyses and systematic reviews also showed that 
anamorelin significantly improved the appetite and lean 
body mass of patients with cancer cachexia, but did 
not affect their grip strength and overall survival [152– 

153]. Despite these findings, anamorelin is still currently 
considered a new option for the treatment of cancer 
cachexia. Phase III clinical studies of anamorelin in 
Chinese patients with cancer cachexia are currently 
ongoing.

ActRIIB antagonists

Many studies have shown that levels of activin A and 
myostatin are significantly elevated in patients with 
cancer cachexia [55, 154]. The inhibition of the myostatin/
activin A signaling pathway in mouse models of cancer 
cachexia can increase muscle volume and improve 
physical performance and muscle function [63, 155–156]. 
ActRIIB antagonists are inhibitors of the SMAD2/3 
pathway, which is mediated by both myostatin and 
activin A. They can significantly reduce muscle atrophy 

and prolong survival in animal experiments, but have no 
effect on the levels of inflammatory factors in the blood 

[29]. Another myostatin-specific antibody, PF-134, has also 
been confirmed to reduce tumor-induced muscle atrophy 
and impaired muscle function in animal experiments. 
However, a clinical study on PF-134 was terminated 
due to oral bleeding and epistaxis that occurred during 
the trial [157]. LY2495655 is another myostatin-specific 
antibody that has been shown in clinical studies to 
alleviate muscle atrophy and improve grip strength and 
muscle function in patients with cancer cachexia. Phase 
II/III clinical studies on LY2495655 are ongoing [158].

Summary
With our increasing understanding of cancer cachexia 

in recent years, significant progress has been made in the 
diagnosis and treatment of cachexia. The international 
expert consensus has set clear definitions for cancer 
cachexia that are gradually becoming the accepted 
diagnostic standards. The staging criteria for cachexia 
are also continually being refined. Additionally, with 
the extensive research on the molecular mechanism 
of cachexia, there have been more promising targeted 
therapeutic drugs for cachexia. However, the mechanism 
underlying the development of cachexia is complex and 
diverse, and a single treatment modality will hardly 
produce satisfactory results. Many challenges remain in 
the diagnosis and treatment of cancer cachexia: How can 
we improve the screening of patients with cancer cachexia 
in clinics? What are the markers of the development 
and progression of cachexia? How can we optimize the 
staging and diagnosis of patients with cachexia? What are 
the appropriate multimodal treatment plans for cancer 
patients with different stages of cachexia? Future research 
should focus on finding solutions to these issues.

Conflicts of interest
The authors indicated no potential conflicts of interest.

References

1. Fearon KC, Glass DJ, Guttridge DC. Cancer cachexia: mediators, 
signaling, and metabolic pathways. Cell Metab, 2012, 16: 153–166.

2. Inui A. Cancer anorexia-cachexia syndrome: current issues in 
research and management. CA Cancer J Clin, 2002, 52: 72–91.

3. Cohen S, Nathan JA, Goldberg AL. Muscle wasting in disease: 
molecular mechanisms and promising therapies. Nat Rev Drug 
Discov, 2015, 14: 58–74.

4. von Haehling S, Ebner N, Dos Santos MR, et al. Muscle wasting 
and cachexia in heart failure: mechanisms and therapies. Nat Rev 
Cardiol, 2017, 14: 323–341.

5. Agusti AG, Sauleda J, Miralles C, et al. Skeletal muscle apoptosis 
and weight loss in chronic obstructive pulmonary disease. Am J 
Respir Crit Care Med, 2002, 166: 485–489.

6. Mak RH, Ikizler AT, Kovesdy CP, et al. Wasting in chronic kidney 



139Oncol Transl Med, August 2018, Vol. 4, No. 4

disease. J Cachexia Sarcopenia Muscle, 2011, 2: 9–25.
7. Koretz RL. Weight loss in acquired immunodeficiency syndrome: 

wasting or wanting not? Gastroenterology, 1996, 110: 1316–1317.
8. Kerekes G, Nurmohamed MT, Gonzalez-Gay MA, et al. Rheumatoid 

arthritis and metabolic syndrome. Nat Rev Rheumatol, 2014, 10: 
691–696.

9. Mondello P, Mian M, Aloisi C, et al. Cancer cachexia syndrome: 
pathogenesis, diagnosis, and new therapeutic options. Nutr Cancer, 
2015, 67: 12–26.

10. Teunissen SC, Wesker W, Kruitwagen C, et al. Symptom prevalence 
in patients with incurable cancer: a systematic review. J Pain 
Symptom Manage, 2007, 34: 94–104.

11. Loberg RD, Bradley DA, Tomlins SA, et al. The lethal phenotype of 
cancer: the molecular basis of death due to malignancy. CA Cancer J 
Clin, 2007, 57: 225–241.

12. Argiles JM, Busquets S, Stemmler B, et al. Cancer cachexia: 
understanding the molecular basis. Nat Rev Cancer, 2014, 14: 754–
762.

13. Prado CM, Baracos VE, McCargar LJ, et al. Sarcopenia as a 
determinant of chemotherapy toxicity and time to tumor progression 
in metastatic breast cancer patients receiving capecitabine treatment. 
Clin Cancer Res, 2009, 15: 2920–2026.

14. Go SI, Park MJ, Song HN, et al. Prognostic impact of sarcopenia 
in patients with diffuse large B-cell lymphoma treated with rituximab 
plus cyclophosphamide, doxorubicin, vincristine, and prednisone. J 
Cachexia Sarcopenia Muscle, 2016, 7: 567–576.

15. Fearon KC, Voss AC, Hustead DS, et al. Definition of cancer 
cachexia: effect of weight loss, reduced food intake, and systemic 
inflammation on functional status and prognosis. Am J Clin Nutr, 
2006, 83: 1345–1350.

16. Takayama K, Atagi S, Imamura F, et al. Quality of life and survival 
survey of cancer cachexia in advanced non-small cell lung cancer 
patients-Japan nutrition and QOL survey in patients with advanced 
non-small cell lung cancer study. Support Care Cancer, 2016, 24: 
3473–3480.

17. Zhou T, Yang K, Thapa S, et al. Differences in symptom burden 
among cancer patients with different stages of cachexia. J Pain 
Symptom Manage, 2017, 53: 919–926.

18. Lainscak M, Filippatos GS, Gheorghiade M, et al. Cachexia: common, 
deadly, with an urgent need for precise definition and new therapies. 
Am J Cardiol, 2008, 101: 8E–10E.

19. Springer J, von Haehling S, Anker SD. The need for a standardized 
definition for cachexia in chronic illness. Nat Clin Pract Endocrinol 
Metab, 2006, 2: 416–417.

20. Evans WJ, Morley JE, Argiles J, et al. Cachexia: a new definition. Clin 
Nutr, 2008, 27: 793–799.

21. Fearon K, Strasser F, Anker SD, et al. Definition and classification 
of cancer cachexia: an international consensus. Lancet Oncol, 2011, 
12: 489–495.

22. Narasimhan A, Greiner R, Bathe OF, et al. Differentially expressed 
alternatively spliced genes in skeletal muscle from cancer patients 
with cachexia. J Cachexia Sarcopenia Muscle, 2018, 9: 60–70.

23. Batista ML Jr., Henriques FS, Neves RX, et al. Cachexia-associated 
adipose tissue morphological rearrangement in gastrointestinal 
cancer patients. J Cachexia Sarcopenia Muscle, 2016, 7: 37–47.

24. Prokopchuk O, Grunwald B, Nitsche U, et al. Elevated systemic 
levels of the matrix metalloproteinase inhibitor TIMP-1 correlate with 
clinical markers of cachexia in patients with chronic pancreatitis and 
pancreatic cancer. BMC Cancer, 2018, 18: 128.

25. Argiles JM. The 2015 ESPEN Sir David Cuthbertson lecture: 

Inflammation as the driving force of muscle wasting in cancer. Clin 
Nutr, 2017, 36: 798–803.

26. Narsale AA, Carson JA. Role of interleukin-6 in cachexia: therapeutic 
implications. Curr Opin Support Palliat Care, 2014, 8: 321–327.

27. Patel HJ, Patel BM. TNF-alpha and cancer cachexia: Molecular 
insights and clinical implications. Life Sci, 2017, 170: 56–63.

28. Moldawer LL, Copeland EM, 3rd. Proinflammatory cytokines, 
nutritional support, and the cachexia syndrome: interactions and 
therapeutic options. Cancer, 1997, 79: 1828–1839.

29. Zhou X, Wang JL, Lu J, et al. Reversal of cancer cachexia and 
muscle wasting by ActRIIB antagonism leads to prolonged survival. 
Cell, 2010, 142: 531–543.

30. Tessitore L, Costelli P, Baccino FM. Humoral mediation for cachexia 
in tumour-bearing rats. Br J Cancer, 1993, 67: 15–23.

31. Chen JL, Walton KL, Qian H, et al. Differential effects of IL6 and 
activin A in the development of cancer-associated cachexia. Cancer 
Res, 2016, 76: 5372–5382.

32. Moses AG, Maingay J, Sangster K, et al. Pro-inflammatory cytokine 
release by peripheral blood mononuclear cells from patients with 
advanced pancreatic cancer: relationship to acute phase response 
and survival. Oncol Rep, 2009, 21: 1091–1095.

33. Li YP, Reid MB. NF-kappaB mediates the protein loss induced by 
TNF-alpha in differentiated skeletal muscle myotubes. Am J Physiol 
Regul Integr Comp Physiol, 2000, 279: R1165–1170.

34. Garcia-Martinez C, Lopez-Soriano FJ, Argiles JM. Acute treatment 
with tumour necrosis factor-alpha induces changes in protein 
metabolism in rat skeletal muscle. Mol Cell Biochem, 1993, 125: 
11–18.

35. Cai D, Frantz JD, Tawa NE, Jr., et al. IKKbeta/NF-kappaB activation 
causes severe muscle wasting in mice. Cell, 2004, 119: 285–298.

36. Li YP, Schwartz RJ, Waddell ID, et al. Skeletal muscle myocytes 
undergo protein loss and reactive oxygen-mediated NF-kappaB 
activation in response to tumor necrosis factor alpha. FASEB J, 1998, 
12: 871–880.

37. Bonetto A, Aydogdu T, Jin X, et al. JAK/STAT3 pathway inhibition 
blocks skeletal muscle wasting downstream of IL-6 and in 
experimental cancer cachexia. Am J Physiol Endocrinol Metab, 2012, 
303: E410–421.

38. Khal J, Hine AV, Fearon KC, et al. Increased expression of proteasome 
subunits in skeletal muscle of cancer patients with weight loss. Int J 
Biochem Cell Biol, 2005, 37: 2196–2206.

39. Temparis S, Asensi M, Taillandier D, et al. Increased ATP-ubiquitin-
dependent proteolysis in skeletal muscles of tumor-bearing rats. 
Cancer Res, 1994, 54: 5568–5573.

40. Sakuma K, Aoi W, Yamaguchi A. Molecular mechanism of sarcopenia 
and cachexia: recent research advances. Pflugers Arch, 2017, 469: 
573–591.

41. Rom O, Reznick AZ. The role of E3 ubiquitin-ligases MuRF-1 and 
MAFbx in loss of skeletal muscle mass. Free Radic Biol Med, 2016, 
98: 218–230.

42. Yuan L, Han J, Meng Q, et al. Muscle-specific E3 ubiquitin ligases are 
involved in muscle atrophy of cancer cachexia: an in vitro and in vivo 
study. Oncol Rep, 2015, 33: 2261–2268.

43. Bossola M, Muscaritoli M, Costelli P, et al. Increased muscle 
proteasome activity correlates with disease severity in gastric cancer 
patients. Ann Surg, 2003, 237: 384–389.

44. Khal J, Wyke SM, Russell ST, et al. Expression of the ubiquitin-
proteasome pathway and muscle loss in experimental cancer 
cachexia. Br J Cancer, 2005, 93: 774–780.

45. Costelli P, Muscaritoli M, Bossola M, et al. IGF-1 is downregulated 



140  http://otm.tjh.com.cn

in experimental cancer cachexia. Am J Physiol Regul Integr Comp 
Physiol, 2006, 291: R674–683.

46. Sacheck JM, Ohtsuka A, McLary SC, et al. IGF-I stimulates muscle 
growth by suppressing protein breakdown and expression of 
atrophy-related ubiquitin ligases, atrogin-1 and MuRF1. Am J Physiol 
Endocrinol Metab, 2004, 287: E591–601.

47. Rommel C, Bodine SC, Clarke BA, et al. Mediation of IGF-1-induced 
skeletal myotube hypertrophy by PI(3)K/Akt/mTOR and PI(3)K/Akt/
GSK3 pathways. Nat Cell Biol, 2001, 3: 1009–1013.

48. Latres E, Amini AR, Amini AA, et al. Insulin-like growth factor-1 
(IGF-1) inversely regulates atrophy-induced genes via the 
phosphatidylinositol 3-kinase/Akt/mammalian target of rapamycin 
(PI3K/Akt/mTOR) pathway. J Biol Chem, 2005, 280: 2737–2744.

49. Ohanna M, Sobering AK, Lapointe T, et al. Atrophy of S6K1(-/-) 
skeletal muscle cells reveals distinct mTOR effectors for cell cycle 
and size control. Nat Cell Biol, 2005, 7: 286–294.

50. Calnan DR, Brunet A. The FoxO code. Oncogene, 2008, 27: 2276–
2288.

51. Sanchez AM, Candau RB, Bernardi H. FoxO transcription factors: 
their roles in the maintenance of skeletal muscle homeostasis. Cell 
Mol Life Sci, 2014, 71: 1657–1671.

52. Milan G, Romanello V, Pescatore F, et al. Regulation of autophagy 
and the ubiquitin-proteasome system by the FoxO transcriptional 
network during muscle atrophy. Nat Commun, 2015, 6: 6670.

53. Schmidt K, von Haehling S, Doehner W, et al. IGF-1 treatment 
reduces weight loss and improves outcome in a rat model of cancer 
cachexia. J Cachexia Sarcopenia Muscle, 2011, 2: 105–109.

54. Fogelman DR, Holmes H, Mohammed K, et al. Does IGFR1 inhibition 
result in increased muscle mass loss in patients undergoing treatment 
for pancreatic cancer? J Cachexia Sarcopenia Muscle, 2014, 5: 307–
313.

55. Loumaye A, de Barsy M, Nachit M, et al. Role of Activin A and 
myostatin in human cancer cachexia. J Clin Endocrinol Metab, 2015, 
100: 2030–2038.

56. Chen YG, Wang Q, Lin SL, et al. Activin signaling and its role in 
regulation of cell proliferation, apoptosis, and carcinogenesis. Exp 
Biol Med (Maywood), 2006, 231: 534–544.

57. McPherron AC, Lawler AM, Lee SJ. Regulation of skeletal muscle 
mass in mice by a new TGF-beta superfamily member. Nature, 1997, 
387: 83–90.

58. Schuelke M, Wagner KR, Stolz LE, et al. Myostatin mutation 
associated with gross muscle hypertrophy in a child. N Engl J Med, 
2004, 350: 2682–2688.

59. Sartori R, Milan G, Patron M, et al. Smad2 and 3 transcription factors 
control muscle mass in adulthood. Am J Physiol Cell Physiol, 2009, 
296: C1248–1257.

60. Trendelenburg AU, Meyer A, Rohner D, et al. Myostatin reduces Akt/
TORC1/p70S6K signaling, inhibiting myoblast differentiation and 
myotube size. Am J Physiol Cell Physiol, 2009, 296: C1258–1270.

61. Sartori R, Gregorevic P, Sandri M. TGFbeta and BMP signaling in 
skeletal muscle: potential significance for muscle-related disease. 
Trends Endocrinol Metab, 2014, 25: 464–471.

62. Chen JL, Walton KL, Winbanks CE, et al. Elevated expression of 
activins promotes muscle wasting and cachexia. FASEB J, 2014, 28: 
1711–1723.

63. Hatakeyama S, Summermatter S, Jourdain M, et al. ActRII blockade 
protects mice from cancer cachexia and prolongs survival in the 
presence of anti-cancer treatments. Skelet Muscle, 2016, 6: 26.

64. Togashi Y, Kogita A, Sakamoto H, et al. Activin signal promotes cancer 
progression and is involved in cachexia in a subset of pancreatic 

cancer. Cancer Lett, 2015, 356: 819–827.
65. Aversa Z, Bonetto A, Penna F, et al. Changes in myostatin signaling 

in non-weight-losing cancer patients. Ann Surg Oncol, 2012, 19: 
1350–1356.

66. Durieux AC, Amirouche A, Banzet S, et al. Ectopic expression of 
myostatin induces atrophy of adult skeletal muscle by decreasing 
muscle gene expression. Endocrinology, 2007, 148: 3140–3147.

67. Zimmers TA, Davies MV, Koniaris LG, et al. Induction of cachexia 
in mice by systemically administered myostatin. Science, 2002, 296: 
1486–1488.

68. Costelli P, Muscaritoli M, Bonetto A, et al. Muscle myostatin signalling 
is enhanced in experimental cancer cachexia. Eur J Clin Invest, 2008, 
38: 531–538.

69. Ratkevicius A, Joyson A, Selmer I, et al. Serum concentrations of 
myostatin and myostatin-interacting proteins do not differ between 
young and sarcopenic elderly men. J Gerontol A Biol Sci Med Sci, 
2011, 66: 620–626.

70. Gallot YS, Durieux AC, Castells J, et al. Myostatin gene inactivation 
prevents skeletal muscle wasting in cancer. Cancer Res, 2014, 74: 
7344–7356.

71. Breit SN, Johnen H, Cook AD, et al. The TGF-beta superfamily 
cytokine, MIC-1/GDF15: a pleotrophic cytokine with roles in 
inflammation, cancer and metabolism. Growth Factors, 2011, 29: 
187–195.

72. Lerner L, Hayes TG, Tao N, et al. Plasma growth differentiation factor 
15 is associated with weight loss and mortality in cancer patients. J 
Cachexia Sarcopenia Muscle, 2015, 6: 317–324.

73. Welsh JB, Sapinoso LM, Kern SG, et al. Large-scale delineation 
of secreted protein biomarkers overexpressed in cancer tissue and 
serum. Proc Natl Acad Sci U S A, 2003, 100: 3410–3415.

74. Weide B, Schafer T, Martens A, et al. High GDF-15 serum levels 
independently correlate with poorer overall survival of patients with 
tumor-free stage III and unresectable stage IV melanoma. J Invest 
Dermatol, 2016, 136: 2444–2452.

75. Johnen H, Lin S, Kuffner T, et al. Tumor-induced anorexia and weight 
loss are mediated by the TGF-beta superfamily cytokine MIC-1. Nat 
Med, 2007, 13: 1333–1340.

76. Lerner L, Tao J, Liu Q, et al. MAP3K11/GDF15 axis is a critical driver 
of cancer cachexia. J Cachexia Sarcopenia Muscle, 2016, 7: 467–
482.

77. Neel BA, Lin Y, Pessin JE. Skeletal muscle autophagy: a new 
metabolic regulator. Trends Endocrinol Metab, 2013, 24: 635–643.

78. Sandri M. New findings of lysosomal proteolysis in skeletal muscle. 
Curr Opin Clin Nutr Metab Care, 2011, 14: 223–229.

79. Masiero E, Agatea L, Mammucari C, et al. Autophagy is required to 
maintain muscle mass. Cell Metab, 2009, 10: 507–515.

80. Penna F, Costamagna D, Pin F, et al. Autophagic degradation 
contributes to muscle wasting in cancer cachexia. Am J Pathol, 2013, 
182: 1367–1378.

81. Chacon-Cabrera A, Fermoselle C, Urtreger AJ, et al. Pharmacological 
strategies in lung cancer-induced cachexia: effects on muscle 
proteolysis, autophagy, structure, and weakness. J Cell Physiol, 
2014, 229: 1660–1672.

82. Aversa Z, Pin F, Lucia S, et al. Autophagy is induced in the skeletal 
muscle of cachectic cancer patients. Sci Rep, 2016, 6: 30340.

83. Pettersen K, Andersen S, Degen S, et al. Cancer cachexia associates 
with a systemic autophagy-inducing activity mimicked by cancer cell-
derived IL-6 trans-signaling. Sci Rep, 2017, 7: 2046.

84. Tardif N, Klaude M, Lundell L, et al. Autophagic-lysosomal pathway 
is the main proteolytic system modified in the skeletal muscle of 



141Oncol Transl Med, August 2018, Vol. 4, No. 4

esophageal cancer patients. Am J Clin Nutr, 2013, 98: 1485–1492.
85. Pigna E, Berardi E, Aulino P, et al. Aerobic exercise and 

pharmacological treatments counteract cachexia by modulating 
autophagy in colon cancer. Sci Rep, 2016, 6: 26991.

86. Musolino V, Palus S, Tschirner A, et al. Megestrol acetate 
improves cardiac function in a model of cancer cachexia-induced 
cardiomyopathy by autophagic modulation. J Cachexia Sarcopenia 
Muscle, 2016, 7: 555–566.

87. Bozzetti F, Mariani L. Defining and classifying cancer cachexia: a 
proposal by the SCRINIO Working Group. JPEN J Parenter Enteral 
Nutr, 2009, 33: 361–367.

88. Argiles JM, Lopez-Soriano FJ, Toledo M, et al. The cachexia score 
(CASCO): a new tool for staging cachectic cancer patients. J 
Cachexia Sarcopenia Muscle, 2011, 2: 87–93.

89. Vigano A, Del Fabbro E, Bruera E, et al. The cachexia clinic: from 
staging to managing nutritional and functional problems in advanced 
cancer patients. Crit Rev Oncog, 2012, 17: 293–303.

90. Blum D, Stene GB, Solheim TS, et al. Validation of the Consensus-
Definition for Cancer Cachexia and evaluation of a classification 
model--a study based on data from an international multicentre 
project (EPCRC-CSA). Ann Oncol, 2014, 25: 1635–1642.

91. Vigano AA, Morais JA, Ciutto L, et al. Use of routinely available 
clinical, nutritional, and functional criteria to classify cachexia in 
advanced cancer patients. Clin Nutr, 2017, 36: 1378–1390.

92. Argiles JM, Betancourt A, Guardia-Olmos J, et al. Validation of the 
CAchexia SCOre (CASCO). Staging cancer patients: the use of 
miniCASCO as a simplified tool. Front Physiol, 2017, 8: 92.

93. Zhou T, Wang B, Liu H, et al. Development and validation of a 
clinically applicable score to classify cachexia stages in advanced 
cancer patients. J Cachexia Sarcopenia Muscle, 2018, 9: 306–314.

94. Arends J, Bachmann P, Baracos V, et al. ESPEN guidelines on 
nutrition in cancer patients. Clin Nutr, 2017, 36: 11–48.

95. August DA, Huhmann MB, American Society for P, et al. clinical 
guidelines: nutrition support therapy during adult anticancer treatment 
and in hematopoietic cell transplantation. JPEN J Parenter Enteral 
Nutr, 2009, 33: 472–500.

96. Fearon KC, Von Meyenfeldt MF, Moses AG, et al. Effect of a protein 
and energy dense N-3 fatty acid enriched oral supplement on loss of 
weight and lean tissue in cancer cachexia: a randomised double blind 
trial. Gut, 2003, 52: 1479–1486.

97. Ma YJ, Yu J, Xiao J, et al. The consumption of omega-3 
polyunsaturated fatty acids improves clinical outcomes and prognosis 
in pancreatic cancer patients: a systematic evaluation. Nutr Cancer, 
2015, 67: 112–118.

98. Nabavi SF, Bilotto S, Russo GL, et al. Omega-3 polyunsaturated 
fatty acids and cancer: lessons learned from clinical trials. Cancer 
Metastasis Rev, 2015, 34: 359–380.

99. Mochamat, Cuhls H, Marinova M, et al. A systematic review on 
the role of vitamins, minerals, proteins, and other supplements for 
the treatment of cachexia in cancer: a European Palliative Care 
Research Centre cachexia project. J Cachexia Sarcopenia Muscle, 
2017, 8: 25–39.

100. Maccio A, Madeddu C, Gramignano G, et al. A randomized phase III 
clinical trial of a combined treatment for cachexia in patients with 
gynecological cancers: evaluating the impact on metabolic and 
inflammatory profiles and quality of life. Gynecol Oncol, 2012, 124: 
417–425.

101. Cruciani RA, Zhang JJ, Manola J, et al. L-carnitine supplementation 
for the management of fatigue in patients with cancer: an eastern 
cooperative oncology group phase III, randomized, double-blind, 

placebo-controlled trial. J Clin Oncol, 2012, 30: 3864–3869.
102. Pooyandjoo M, Nouhi M, Shab-Bidar S, et al. The effect of (L-)carnitine 

on weight loss in adults: a systematic review and meta-analysis of 
randomized controlled trials. Obes Rev, 2016, 17: 970–976.

103. Yavuzsen T, Davis MP, Walsh D, et al. Systematic review of the 
treatment of cancer-associated anorexia and weight loss. J Clin 
Oncol, 2005, 23: 8500–8511.

104. Matsuo N, Morita T, Matsuda Y, et al. Predictors of responses 
to corticosteroids for anorexia in advanced cancer patients: a 
multicenter prospective observational study. Support Care Cancer, 
2017, 25: 41–50.

105. Paulsen O, Klepstad P, Rosland JH, et al. Efficacy of methylprednisolone 
on pain, fatigue, and appetite loss in patients with advanced cancer 
using opioids: a randomized, placebo-controlled, double-blind trial. J 
Clin Oncol, 2014, 32: 3221–3228.

106. Barber MD, Ross JA, Fearon KC. Cancer cachexia. Surg Oncol, 1999, 
8: 133–141.

107. Sarcev T, Secen N, Sabo A, et al. Influence of dexamethasone on 
appetite and body weight in lung cancer patients. Med Pregl, 2008, 
61: 571–575.

108. Melstrom LG, Melstrom KA, Jr., Ding XZ, et al. Mechanisms of skeletal 
muscle degradation and its therapy in cancer cachexia. Histol 
Histopathol, 2007, 22: 805–814.

109. Demoor-Goldschmidt C, Raynard B. How can we integrate nutritional 
support in medical oncology?. Bull Cancer, 2009, 96: 665–675.

110. Jatoi A, Windschitl HE, Loprinzi CL, et al. Dronabinol versus megestrol 
acetate versus combination therapy for cancer-associated anorexia: 
a North Central Cancer Treatment Group study. J Clin Oncol, 2002, 
20: 567–573.

111. Loprinzi CL, Kugler JW, Sloan JA, et al. Randomized comparison of 
megestrol acetate versus dexamethasone versus fluoxymesterone 
for the treatment of cancer anorexia/cachexia. J Clin Oncol, 1999, 
17: 3299–3306.

112. Loprinzi CL, Michalak JC, Schaid DJ, et al. Phase III evaluation of 
four doses of megestrol acetate as therapy for patients with cancer 
anorexia and/or cachexia. J Clin Oncol, 1993, 11: 762–767.

113. Downer S, Joel S, Allbright A, et al. A double blind placebo controlled 
trial of medroxyprogesterone acetate (MPA) in cancer cachexia. Br J 
Cancer, 1993, 67: 1102–1105.

114. Simons JP, Schols AM, Hoefnagels JM, et al. Effects of 
medroxyprogesterone acetate on food intake, body composition, and 
resting energy expenditure in patients with advanced, nonhormone-
sensitive cancer: a randomized, placebo-controlled trial. Cancer, 
1998, 82: 553–560.

115. Maltoni M, Nanni O, Scarpi E, et al. High-dose progestins for the 
treatment of cancer anorexia-cachexia syndrome: a systematic 
review of randomised clinical trials. Ann Oncol, 2001, 12: 289–300.

116. Madeddu C, Maccio A, Panzone F, et al. Medroxyprogesterone 
acetate in the management of cancer cachexia. Expert Opin 
Pharmacother, 2009, 10: 1359–1366.

117. Keifer JA, Guttridge DC, Ashburner BP, et al. Inhibition of NF-kappa 
B activity by thalidomide through suppression of IkappaB kinase 
activity. J Biol Chem, 2001, 276: 22382–22387.

118. Jin SH, Kim TI, Han DS, et al. Thalidomide suppresses the interleukin 
1beta-induced NFkappaB signaling pathway in colon cancer cells. 
Ann N Y Acad Sci, 2002, 973: 414–418.

119. Davis M, Lasheen W, Walsh D, et al. A Phase II dose titration study 
of thalidomide for cancer-associated anorexia. J Pain Symptom 
Manage, 2012, 43: 78–86.

120. Wilkes EA, Freeman JG. Thalidomide: an effective anabolic agent in 



142  http://otm.tjh.com.cn

gastrointestinal cancer cachexia. Aliment Pharmacol Ther, 2006, 23: 
445–447.

121. Gordon JN, Trebble TM, Ellis RD, et al. Thalidomide in the treatment 
of cancer cachexia: a randomised placebo controlled trial. Gut, 2005, 
54: 540–545.

122. Yennurajalingam S, Willey JS, Palmer JL, et al. The role of thalidomide 
and placebo for the treatment of cancer-related anorexia-cachexia 
symptoms: results of a double-blind placebo-controlled randomized 
study. J Palliat Med, 2012, 15: 1059–1064.

123. Reid J, Mills M, Cantwell M, et al. Thalidomide for managing cancer 
cachexia. Cochrane Database Syst Rev, 2012, 18: CD008664.

124. Reid J, Hughes CM, Murray LJ, et al. Non-steroidal anti-inflammatory 
drugs for the treatment of cancer cachexia: a systematic review. 
Palliat Med, 2013, 27: 295–303.

125. Mantovani G, Maccio A, Madeddu C, et al. Phase II nonrandomized 
study of the efficacy and safety of COX-2 inhibitor celecoxib on 
patients with cancer cachexia. J Mol Med (Berl), 2010, 88: 85–92.

126. Mantovani G, Maccio A, Madeddu C, et al. A phase II study with 
antioxidants, both in the diet and supplemented, pharmaconutritional 
support, progestagen, and anti-cyclooxygenase-2 showing efficacy 
and safety in patients with cancer-related anorexia/cachexia and 
oxidative stress. Cancer Epidemiol Biomarkers Prev, 2006, 15: 
1030–1034.

127. Kouchaki B, Janbabai G, Alipour A, et al. Randomized double-blind 
clinical trial of combined treatment with megestrol acetate plus 
celecoxib versus megestrol acetate alone in cachexia-anorexia 
syndrome induced by GI cancers. Support Care Cancer, 2018, 26: 
2479–2489.

128. Ramamoorthy S, Donohue M, Buck M. Decreased Jun-D and 
myogenin expression in muscle wasting of human cachexia. Am J 
Physiol Endocrinol Metab, 2009, 297: E392–401.

129. Argiles JM, Lopez-Soriano FJ. Catabolic proinflammatory cytokines. 
Curr Opin Clin Nutr Metab Care, 1998, 1: 245–251.

130. Wiedenmann B, Malfertheiner P, Friess H, et al. A multicenter, phase II 
study of infliximab plus gemcitabine in pancreatic cancer cachexia. J 
Support Oncol, 2008, 6: 18–25.

131. Jatoi A, Ritter HL, Dueck A, et al. A placebo-controlled, double-blind 
trial of infliximab for cancer-associated weight loss in elderly and/or 
poor performance non-small cell lung cancer patients (N01C9). Lung 
Cancer, 2010, 68: 234–239.

132. Gueta I, Altman A, Shoenfeld Y. The effect of blocking TNF-alpha in 
patients with cancer-related cachexia and anorexia. Harefuah, 2010, 
149: 512–550.

133. Jatoi A, Dakhil SR, Nguyen PL, et al. A placebo-controlled double 
blind trial of etanercept for the cancer anorexia/weight loss syndrome: 
results from N00C1 from the North Central Cancer Treatment Group. 
Cancer, 2007, 110: 1396–1403.

134. Johnston AJ, Hoogenraad NJ. Fn14: a new player in cancer-induced 
cachexia. Curr Opin Clin Nutr Metab Care, 2016, 19: 316–318.

135. Kumar A, Bhatnagar S, Paul PK. TWEAK and TRAF6 regulate skeletal 
muscle atrophy. Curr Opin Clin Nutr Metab Care, 2012, 15: 233–239.

136. Mittal A, Bhatnagar S, Kumar A, et al. The TWEAK-Fn14 system is a 
critical regulator of denervation-induced skeletal muscle atrophy in 
mice. J Cell Biol, 2010, 188: 833–849.

137. Johnston AJ, Murphy KT, Jenkinson L, et al. Targeting of Fn14 
Prevents Cancer-Induced Cachexia and Prolongs Survival. Cell, 
2015, 162: 1365–1378.

138. Ma JD, Heavey SF, Revta C, et al. Novel investigational biologics for 
the treatment of cancer cachexia. Expert Opin Biol Ther, 2014, 14: 
1113–1120.

139. Clarke SJ SJ, Gebbie C, Sweeney C, et al. A phase I, 
pharmacokinetic(PK), and preliminary efficacy assessment of 
ALD518, a humanized anti-IL-6 antibody in patients with advanced 
cancer. J Clin Oncol, 2009, 27: 15s (suppl; abstr 3025).

140. Rigas JR SM, Orlov SV, Milovanovic B, et al. Effect of ALD518, a 
humanized anti-IL-6 antibody, on lean body mass loss and symptoms 
in patients with advanced non-small cell lung cancer (NSCLC): results 
of a phase II randomized, double-blind safety and efficacy trial. J Clin 
Oncol, 2010, 28: 15s, 2010 (suppl; abstr 7622).

141. Schuster M RJ, Orlov SV, Milovanovic B, et al. ALD518, a humanized 
anti-IL-6 antibody, treats anemia in patients with advanced non-small 
cell lung cancer (NSCLC): results of a phase II, randomized, double-
blind, placebo-controlled trial. J Clin Oncol, 2010, 28: 15s, 2010 
(suppl; abstr 7631).

142. Bayliss TJ, Smith JT, Schuster M, et al. A humanized anti-IL-6 antibody 
(ALD518) in non-small cell lung cancer. Expert Opin Biol Ther, 2011, 
11: 1663–1668.

143. Takaya K, Ariyasu H, Kanamoto N, et al. Ghrelin strongly stimulates 
growth hormone release in humans. J Clin Endocrinol Metab, 2000, 
85: 4908–4911.

144. Korbonits M, Goldstone AP, Gueorguiev M, et al. Ghrelin--a hormone 
with multiple functions. Front Neuroendocrinol, 2004, 25: 27–68.

145. DeBoer MD, Zhu XX, Levasseur P, et al. Ghrelin treatment causes 
increased food intake and retention of lean body mass in a rat model 
of cancer cachexia. Endocrinology, 2007, 148: 3004–3012.

146. Neary NM, Small CJ, Wren AM, et al. Ghrelin increases energy intake 
in cancer patients with impaired appetite: acute, randomized, placebo-
controlled trial. J Clin Endocrinol Metab, 2004, 89: 2832–2836.

147. Pietra C, Takeda Y, Tazawa-Ogata N, et al. Anamorelin HCl (ONO-
7643), a novel ghrelin receptor agonist, for the treatment of cancer 
anorexia-cachexia syndrome: preclinical profile. J Cachexia 
Sarcopenia Muscle, 2014, 5: 329–337.

148. Garcia JM, Boccia RV, Graham CD, et al. Anamorelin for patients with 
cancer cachexia: an integrated analysis of two phase 2, randomised, 
placebo-controlled, double-blind trials. Lancet Oncol, 2015, 16: 108–
116.

149. emel JS, Abernethy AP, Currow DC, et al. Anamorelin in patients with 
non-small-cell lung cancer and cachexia (ROMANA 1 and ROMANA 
2): results from two randomised, double-blind, phase 3 trials. Lancet 
Oncol, 2016, 17: 519–531.

150. Currow D, Temel JS, Abernethy A, et al. ROMANA 3: a phase 3 safety 
extension study of anamorelin in advanced non-small-cell lung cancer 
(NSCLC) patients with cachexia. Ann Oncol, 2017, 28: 1949–1956.

151. Katakami N, Uchino J, Yokoyama T, et al. Anamorelin (ONO-7643) 
for the treatment of patients with non-small cell lung cancer and 
cachexia: Results from a randomized, double-blind, placebo-
controlled, multicenter study of Japanese patients (ONO-7643-04). 
Cancer, 2018, 124: 606–616.

152. Bai Y, Hu Y, Zhao Y, et al. Anamorelin for cancer anorexia-cachexia 
syndrome: a systematic review and meta-analysis. Support Care 
Cancer, 2017, 25: 1651–1659.

153. Nishie K, Yamamoto S, Nagata C, et al. Anamorelin for advanced non-
small-cell lung cancer with cachexia: Systematic review and meta-
analysis. Lung Cancer, 2017, 112: 25–34.

154. Padrao AI, Oliveira P, Vitorino R, et al. Bladder cancer-induced skeletal 
muscle wasting: disclosing the role of mitochondria plasticity. Int J 
Biochem Cell Biol, 2013, 45: 1399–1409.

155. Busquets S, Toledo M, Orpi M, et al. Myostatin blockage using actRIIB 
antagonism in mice bearing the Lewis lung carcinoma results in 
the improvement of muscle wasting and physical performance. J 



143Oncol Transl Med, August 2018, Vol. 4, No. 4

Cachexia Sarcopenia Muscle, 2012, 3: 37–43.
156. Benny Klimek ME, Aydogdu T, Link MJ, et al. Acute inhibition of 

myostatin-family proteins preserves skeletal muscle in mouse models 
of cancer cachexia. Biochem Biophys Res Commun, 2010, 391: 
1548–1554.

157. Murphy KT, Chee A, Gleeson BG, et al. Antibody-directed myostatin 
inhibition enhances muscle mass and function in tumor-bearing mice. 
Am J Physiol Regul Integr Comp Physiol, 2011, 301: R716–726.

158. Jameson GS VHD, Weiss GJ, Richards DA, et al. Safety of the 
antimyostatin monoclonal antibody LY2495655 in healthy subjects 
and patients with advanced cancer. J Clin Oncol, 2012, (suppl; abstr 
2516).

DOI 10.1007/s10330-018-0279-9
Cite this article as: Zhou T, Yu SY. Advances in the diagnosis and 
treatment of patients with cancer cachexia. Oncol Transl Med, 2018, 4: 
133–143.


