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Body wasting in the context of chronic illness is associated with reduced quality of life and impaired
survival. Recent clinical trials have investigated different approaches to improve patients’ skeletal muscle
mass and strength, exercise capacity, and survival in the context of cachexia and body wasting, many of
them in patients with cancer. The aim of this article was to summarize clinical trials published over the
past 2 years. Therapeutic approaches discussed include appetite stimulants, such as megestrol acetate,
L-carnitine, or melatonin, anti-inﬂammatory drugs, such as thalidomide, pentoxyphylline, or a monoclonal antibody against interleukin-1a as well as ghrelin and the ghrelin agonist anamorelin; nutritional
support, and anabolics, such as enobosarm and testosterone.
Ó 2014 AMDA e The Society for Post-Acute and Long-Term Care Medicine. Published by Elsevier Inc. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).

Changes in body composition that occur with chronic diseases are
usually considered unwanted and are associated with loss of skeletal
muscle mass, fat mass, or both.1,2 The loss of lean and fat tissue may
in turn be associated with weight loss. Such involuntary weight loss
has been termed cachexia. Much confusion exists with regard to the
different terminology.3 A recent consensus deﬁnition suggests to
diagnose cachexia when there is loss of more than 5% of body weight
over 12 months or less in the presence of a chronic illness such as
heart failure, chronic obstructive pulmonary disease (COPD), chronic
kidney disease, or cancer,4 altogether providing the basis for an
estimated 9 million subjects being affected by cachexia in industrialized countries alone.5 The mere loss of skeletal muscle mass in the
limbs that exceeds 2 SDs of the mean of a healthy young reference
population has been termed sarcopenia.6e8 Some researchers have
suggested to restrict the use of the term sarcopenia to apparently
healthy elderly subjects who lose muscle mass as a consequence of
the aging process. In the context of chronic illness, the terms muscle
wasting, myopenia, or even muscle wasting disease have been used
or proposed.9,10 In contrast to cachexia, sarcopenia and muscle
wasting are not usually associated with weight loss, but with reduced
exercise capacity and reduced quality of life.11 Although the development of cachexia is mostly associated with impaired survival, the

development of sarcopenia can be associated with poor survival as
well. The 2 conditions have seen much attention in recent years: ﬁrst,
with regard to their deﬁnition4,6; second, with regard to their
pathophysiology12e14; and third, with regard to their treatment.15,16
In fact, pathophysiological pathways of the 2 clinical entities can,
but do not necessarily have to, overlap. For clinicians actively
involved in the care of patients at risk of cachexia or muscle wasting
(ie, surgeons, oncologists, nephrologists, cardiologists, and many
more), the available terms often create more confusion than help,
making the diagnosis of cachexia and muscle wasting a rarity.17 This
is unfortunate, in particular because both require medical attention,
and treatment approaches are currently under way that will hopefully enable physicians to maintain their patients’ muscle mass and
body weight and therefore their ability to maintain activities of daily
living for longer than is currently possible. The aim of this article was
to highlight clinical intervention trials that have been published over
the past 2 years with the primary purpose of treating cachexia.
Studies that have shown beneﬁcial results in animal experiments
only using approaches such as myostatin blockade,18 use of green
tea,19 ursodeoxycholic acid,20 or inhibition of nuclear factor-kB21 are
not discussed.
Appetite Stimulants
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Loss of appetite appears in many patients with cancer, which is
not only frequent, but also associated with poor prognosis and
reduced quality of life. The origin of appetite loss has been deemed
multifactorial, and a recent study failed to show a genetic association
of appetite loss in patients with cancer.22 However, overexpression of
proinﬂammatory cytokines, such as interleukin (IL)-1, IL-6, tumor
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necrosis factor, or interferon-g, as well as macrophage inhibitory
cytokine-1/growth differentiation factor 15 (MIC-1/GDF-15) appear to
be involved.23,24 Activation of these factors has effects on peripheral
(lipolysis, proteolysis, insulin resistance) as well as on central pathways (hypothalamic appetite regulation).23,25 Megestrol acetate, a
synthetic, orally active derivative of the hormone progesterone, was
originally synthesized in 1963 as a contraceptive drug.26 Beginning in
1967, it was used in the treatment of breast cancer. Beginning in 1993,
it was approved in the United States and in several European countries for the treatment of the anorexia-cachexia syndrome.26 It has
recently been argued that the use of megestrol acetate also may be
helpful in patients with muscle wasting without weight loss.15
Wen et al27 recently studied 102 patients with cancer-related
anorexia/cachexia syndrome who were randomly assigned to
receive, for 8 weeks, either a combination therapy of oral megestrol
acetate at a dosage of 160 mg twice daily plus oral thalidomide 50 mg
twice daily or megestrol acetate 160 mg twice daily alone (all studies
discussed in the text are summarized in Table 1). Patients in either
group showed an increase in their appetite score (both P < .03). The
increase in body weight and the improvement in quality of life were
more pronounced in the group that received combination therapy
than in the group on megestrol acetate alone. Serum values of IL-6
and tumour necrosis factor decreased only in the combination therapy group, just as handgrip strength was only improved in this
group.27 Another small study28 used a combination therapy of oral
formoterol (80 mg/d) and megestrol acetate tablets (480 mg/d) for up
to 8 weeks in 13 patients with advanced malignancy and involuntary
weight loss. Six of 7 patients who completed the study showed an
improvement in muscle size and muscle function as assessed using
quadriceps strength and magnetic resonance imaging. In fact, quadriceps volume increased signiﬁcantly (P < .02); in addition, there was
a trend toward an increase in the patients’ quadriceps and handgrip
strength.28
Just as with thalidomide, several workers have tried to enhance
the effects of megestrol acetate on appetite using different approaches. L-carnitine, for example, plays a central role in fatty acid
metabolism and possesses antioxidant and anti-inﬂammatory properties.29 Madeddu et al30 randomized 60 patients with advanced
cancer at any site and weight loss of at least 5% to receive either Lcarnitine 4 g per day plus celecoxib 300 mg per day or the same
regimen plus megestrol acetate 320 mg per day. After 4 months of
treatment, no signiﬁcant difference was noted between the 2 treatments with regard to an increase in lean body mass, total daily
physical activity, handgrip strength, or 6-minute walk distance.
However, when the 2 arms were analyzed separately, signiﬁcant increases were noted in each arm for lean body mass (by about 2.5 kg,
both P < .04) and 6-minute walk distance (approximately 50 m, both
P < .04). No change was noted for physical activity or grip strength.
Resting energy expenditure decreased signiﬁcantly in both groups.
Body weight was increased in the group that received megestrol
acetate only (from 54.7  10.8 to 57.2  11.8 kg, P ¼ .05).
L-carnitine on its own also has been successfully used in 72 patients with advanced pancreatic cancer as part of a prospective,
multicenter, placebo-controlled, randomized, and double-blinded
trial.31 Patients received oral L-carnitine at a dose of 4 g or placebo.
At study entry, patients reported a mean weight loss of 12.0  2.5 kg.
During 12 weeks of treatment, body mass index increased by
3.4%  1.4% under L-carnitine and decreased by 1.5%  1.4% in controls (P < .05). Likewise, body fat and body cell mass increased in the
L-carnitine group only.
The appetite stimulant megestrol acetate also has been successfully used in children. Cuvelier et al32 randomized, in a double-blind
fashion, 26 children to receive an oral suspension of megestrol acetate (7.5 mg/kg/d) or placebo for 90 days. Patients enrolled into the
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study were younger than 18 years of age and presented with weight
loss of 5% or more secondary to cancer and/or cancer treatment.
Children on megestrol acetate experienced an average weight gain
of þ19.7% compared with a mean weight loss of 1.2% in the placebo
group (P ¼ .003).32 All patients in the megestrol acetate group
developed at least one undetectable early morning serum cortisol
level during the study; this occurred only in 1 patient on placebo.
Severe adrenal suppression was reported in 2 patients on megestrol
acetate. Other adverse effects were not different between this and the
placebo group.32
Melatonin has been shown to improve appetite in animal experiments. 33 Del Fabbro et al 34 performed a randomized, placebocontrolled trial in patients with advanced lung or gastrointestinal
cancer. Unfortunately, the trial was stopped early for futility. This
result came as a surprise, because the dosage used in this trial, oral
melatonin 20 mg at night, was similar to that used in previous trials
and is much higher than that used for conditions such as jet lag
(typically 0.5e5.0 mg). A total of 73 patients were enrolled, but it was
stopped after 48 subjects had ﬁnished the study, because an interim
analysis showed that the intervention was unlikely to be of signiﬁcant
beneﬁt. In fact, none of the assessed end points improved: the Edmonton Symptom Assessment Scale (ESAS), the Functional Assessment of Cancer Illness TherapyeFatigue (FACIT-F), or the Functional
Assessment of Anorexia/Cachexia Therapy (FAACT) scores. Also, there
was no change in body weight to suggest any beneﬁt of melatonin
over placebo (all P > .15).34
Inﬂammation
Inﬂammatory processes have been shown to maintain the
wasting process in cachexia. Hong et al35 used a novel approach to
target inﬂammation and its consequences in patients with advanced
cancer. For this purpose, they designed a dose-escalation and
expansion approach using a ﬁrst-in-class monoclonal antibody
(MABp1) cloned from a human being that targets IL-1a. The ﬁrst,
dose-escalation part of the study identiﬁed an optimal intravenous
dose of 3.75 mg/kg every 2 weeks. Using this dose, the following
phase II study was performed. In the 42 patients in this open-label,
uncontrolled study, median plasma IL-6 concentrations decreased
from baseline to week 8 (P ¼ .08). Of the 34 patients who were restaged, 1 patient had a partial response and 10 had stable disease.
Among 30 patients with an assessment of body composition, lean
mass increased signiﬁcantly by 1.02  2.24 kg (P ¼ .02). Overall, the
drug was well tolerated.35
Two recent interventional studies used thalidomide to treat
cachexia. Unfortunately, thalidomide is a drug associated with tragedy, because a single dose can induce malformation of the unborn in
pregnant women.36 Despite these effects, it has been rediscovered for
its anti-inﬂammatory properties, and reports dating back more than
20 years have demonstrated successful treatment of erythema nodosum leprosum.37 Yennurajalingam et al38 studied 31 patients with
advanced cancer with weight loss of more than 5% in the previous
6 months who also reported anorexia and fatigue. Patients were, in a
double-blinded fashion, randomized to receive 100 mg thalidomide
daily (n ¼ 15) or placebo for a comparatively short duration of
14 days. Only 21 patients completed the study. Statistically signiﬁcant
decreases were noted for fat mass (median: e1.5 kg, P ¼ .03) and fatfree mass (e4.8 kg, P ¼ .024) after 14 days of treatment with
thalidomide. Some changes with regard to cytokine levels were noted
as well; however, no effect was noted for the ESAS, FAACT, the FACITF, the Hospital Anxiety Depression Scale, or the Pittsburgh Sleep
Quality Index. Another small phase II trial was conducted by Davis
et al39 using 50 mg of thalidomide administered orally at bedtime;
however, this trial was uncontrolled and unblinded. Nonresponders
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Table 1
Cachexia Intervention Trials Published Between 2012 and 2014

Cancer

COPD and cachexia

Maintenance dialysis with
hypoalbuminemia

226

33

93 (74)

35 (33)

31 (21)

Cancer with weight loss 5%

Cancer

52 (42)

73 (48)

26 children

72 (26)

60

13 (7)

102 (93)

No. of Patients*

Cancer

Cancer with weight loss 5%

Cancer with weight loss 5%

Advanced pancreatic cancer

Cancer with weight loss of 5%

Cancer

Cancer with loss of 5%
of body weight

Disease

12 wk

3 wk

16 wk

14 d

14 d

8 wk

28 d

90 d

12 wk

4 mo

8 wk

8 wk

Duration

(2)
(1)
(2)
(3)

Placebo
Anamorelin 50 mg/d po
Anamorelin 100 mg/d po
Placebo

(1) Ghrelin 2 mg/kg IV twice daily

(2) Placebo
Thalidomide 50 mg po at bedtime,
uptitrated to 100 or 200 mg po at
bedtime in nonresponders
(1) One can of nutritional support plus 1
can of anti-inﬂammatory,
antioxidant nutrition plus
pentoxyphylline 400 mg 3 times
weekly po
(2) One can of nutritional support plus 1
can of anti-inﬂammatory,
antioxidant nutrition plus placebo
(3) Two cans of nutritional placebo plus
pentoxyphylline 400 mg 3 times
weekly po
(4) Two cans of nutritional placebo plus
placebo tablet

(1) Thalidomide 100 mg/d po

Monoclonal anti-interleukin-1a
antibody (MABp1) 3.75 mg/kg IV

(2) Placebo
(1) Melatonin 20 mg at bedtime po
(2) Placebo

(2) Placebo
(1) Megestrol acetate suspension
7.5 mg/kg/d po

(1) L-carnitine 4 g/d po plus celecoxib
300 mg/d po
(2) L-carnitine 4 g/d po plus celecoxib
300 mg/d po plus megestrol acetate
320 mg/d po
(1) L-carnitine 4 g/d po

(1) Megestrol acetate 160 mg twice
daily po plus thalidomide 50 mg
twice daily po
(2) Megestrol acetate 160 mg twice
daily po
Formoterol 80 mg/d po plus megestrol
acetate 480 mg/d po

Intervention Groups

Increase in 6-minute walk distance
after 7 wk.
No effect after 7 wk.
Weight loss.
Weight gain.
Weight loss.

No change.

Signiﬁcant increases in serum albumin
levels.

Decrease in serum interleukin-6,
increase lean body mass, partial
response in 1 of 34, stable disease in
10 of 34 patients.
Decrease and fat mass and fat-free
mass.
No effect.
Improvments in appetite, insomnia, and
quality of life.

Weight gain due to increases in body
cell mass and body fat.
No effect.
Increases in body weight, body mass
index, and mid upper arm
circumference.
Weight loss.
Terminated early for futility.

Six responders with an increase in
quadriceps volume; trend for
increases in quadriceps and hand grip
strength.
Increases in lean body mass and
6-minute walk distance. No
signiﬁcant difference between
the 2 groups.

Increases in body weight and appetite.

Increases in body weight, quality of life,
appetite, and grip strength.

Main Results
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Increase in total lean mass and stair
climb power.
No effect.
Increase in lean body mass.
No effect.
No signiﬁcant effect on quality of life.

Enobosarm 1 mg/d po
Enobosarm 3 mg/d po
Placebo
Enobosarm 3 mg/d po
Placebo
Injection of testosterone 150 or
200 mg every 14 d IM
(2) Placebo
(1) Espindolol 2.5 mg twice daily po
(2) Espindolol 10 mg twice daily po

(3) Placebo

16 wk

Ghrelin

Stewart Coats
et al 201480

IM, intramuscular; IV, intravenous; po, per os.
*Number of patients enrolled and, in parentheses, number of patients in ﬁnal analysis.

87
Cancer with weight
loss 5%
Multicenter, randomized, placebocontrolled, double-blind

4 wk
29
Cancer
Del Fabbro et al 2013

76

Crawford et al 201475

Multicenter, randomized, placebocontrolled, double-blind
Single-center, randomized, placebocontrolled, double-blind

Cancer

641

5 mo

(1)
(2)
(3)
(1)
(2)
(1)
Up to 113 d
159 (100)
Cancer with weight
loss 2%
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with regard to appetite were uptitrated every 2 weeks to 100 mg,
then to 200 mg once daily. Of 33 patients with active cancer and loss
of appetite as assessed using a numerical rating scale, 64% showed
improved appetite. In addition, patients’ insomnia and quality of life
categorical scale values increased signiﬁcantly.
Wasting plays a major role not only in patients with cancer, but
also in patients with chronic kidney disease.40 Rattanasompattikul
et al41 randomized 93 patients on maintenance dialysis in a doubleblind fashion to 1 of 4 groups, receiving either (1) 1 can of nutritional support and 1 can of an anti-inﬂammatory, antioxidant
nutrition along with 1 tablet of pentoxyphylline (400 mg, 3 times
weekly), which is known to possess anti-inﬂammatory properties as
well; (2) 2 cans of active nutrition as described before plus a placebo
tablet; (3) 2 cans of nutritional placebo plus a pentoxyphylline tablet;
(4) 2 cans of nutritional placebo plus 1 placebo tablet. At inclusion, all
patients had been hypoalbuminemic for at least the previous
3 months, deﬁned as serum albumin values lower than 4 g/dL. After
16 weeks of treatment, signiﬁcant increases in serum albumin were
found after all 3 interventions, but not in the placebo group. None of
the groups showed a signiﬁcant decline in the inﬂammatory markers
C-reactive protein, IL-1b, or IL-6.41

Increase in hand grip strength.
Increase in lean and fat mass and in
hand grip strength.
No effect.

Weight gain, increase in appetite.
Weight loss.
16
Garcia et al 201364

Multicenter, randomized, placebocontrolled, double-blind
Enobosarm and other anabolics
Dobs et al 201374
Multicenter, randomized, placebocontrolled, double-blind

Cancer

3d

(1) Anamorelin 50 mg/d po
(2) Placebo
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Ghrelin is a 28-amino acid peptide hormone mostly produced in
the stomach, but also in other gastrointestinal tissues.11,42 It induces
the release of growth hormone from the pituitary gland and stimulates food intake.43,44 Ghrelin also inhibits the production of the
proinﬂammatory cytokines IL-1a, IL-6, and tumor necrosis factor, but
induces the anti-inﬂammatory cytokine IL-10.45 Overall, the metabolic changes induced by ghrelin lead to an increase in body weight
and body fat mass, but also in lean tissue mass, the latter possibly
mediated by a reduction in myostatin plasma levels. Even though
gender-speciﬁc differences have been reported in men and
women,46,47 overall ghrelin plasma levels have been shown to be
decreased in obesity and elevated in cachexia. In addition, ghrelin has
been suggested to link nutrition and reproduction, because animal
experiments have shown that ghrelin administration leads to inhibitory responses in the secretion of luteinizing hormone and testosterone, thus potentially contributing to hypogonadism.48
Ghrelin administration has therapeutic appeal for its anabolic
activities,49 and ghrelin plasma levels have been assessed in several
observational studies of cachexia in chronic diseases.50e52 Ghrelin
agonists, such as anamorelin, carry potential in the treatment of
cachexia as they mimic a natural ligand for the growth hormone
secretagogue receptor and thus stimulate food intake and appetite.53
Starting in 2004, a small number of interventional studies have used
oral, intravenous, or subcutaneous ghrelin administration45 for the
treatment of wasting in chronic heart failure,54 COPD,55 cancer,56e58
or end-stage renal disease.59,60 The most recent additions to the
ghrelin intervention portfolio have been performed in COPD and
cancer. Miki et al61 performed a multicenter, randomized, doubleblind, controlled trial including 33 cachectic patients with COPD
who were randomly assigned to receive placebo or intravenous
ghrelin at a dose of 2 mg/kg of body weight twice daily for 3 weeks.
Patients on ghrelin treatment displayed an increase in their 6-minute
walking distance after 3 weeks (placebo [m  SE]: þ35  12 m vs
ghrelin: þ40  17 m, both P < .05 vs baseline) that was maintained
out to 7 weeks (placebo: þ47  17 m [P < .05 vs baseline] vs
ghrelin: þ18  11 m). No change was noted in the patients’ peak
oxygen consumption value. Unfortunately, the beneﬁcial ﬁndings on
patients’ 6-minute walk distance could not be pathophysiologically
explained, as there were no changes noted in body weight, total lean
mass, serum IL-6, tumor necrosis factor, or hand grip strength.
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More promising results were obtained in a clinical trial in 226
patients with stage 3 or 4 nonesmall cell lung cancer who received
anamorelin in an international, randomized, double-blind, 12-week
phase II study.62 Patients were randomized to placebo (n ¼ 76) or
oral anamorelin 50 mg (n ¼ 76) or 100 mg (n ¼ 73) per day. A
beneﬁcial effect on body weight was observed as early as 1 week
after anamorelin treatment initiation. Over 12 weeks, the group
that received 100 mg anamorelin gained on average 0.14 kg
compared with baseline, whereas mean losses of 0.3 kg and 1.32 kg
occurred in the 50-mg and placebo group (P ¼ .0005). No effect was
noted on hand-grip strength or survival. The larger ROMANA 2
phase III trial that included 495 patients with nonesmall cell lung
cancer was recently ﬁnished, but results have not been reported so
far.63 Garcia et al64 performed a multicenter, double-blind, placebocontrolled crossover trial that evaluated the effects of anamorelin
in 16 cachectic patients with different cancers. Patients were
randomly assigned to receive oral anamorelin at a dosage of 50 mg
per day or placebo for 3 days. Compared with placebo, treatment
with anamorelin induced signiﬁcant increases in body weight
(placebo: e0.33 kg vs anamorelin: þ 0.77 kg, P ¼ .02), appetite
(P < .02), and serum levels of growth hormone and insulin-like
growth factor-1.
Enobosarm and Other Anabolics
Anabolic steroids have been effectively used to treat muscle
wasting65,66; for example, in chronic heart failure where almost 20%
of patients are affected by this problem.67 In patients with heart
failure, low levels of circulating anabolic hormones are associated
with poor outcomes.68,69 The problem with the administration of
anabolic steroids is that their risks often outweigh their potential
beneﬁts. Selective androgen receptor modulators (SARMs) belong to a
relatively new class of therapeutics currently under development that
possesses anabolic properties without adverse effects on prostate,
skin, or hair, frequently associated with testosterone treatment.70,71
Enobosarm, an orally bioavailable nonsteroidal SARM with tissuespeciﬁc anabolic and androgenic activity, has shown improvements
in lean mass and physical function in healthy younger as well as in
healthy elderly men and postmenopausal women.72 The latter study
was published in 2011, highlighting a large unmet clinical need.1
Recently, collagen VI fragment has been suggested as a marker of
anabolic response that could be useful in patients treated with
SARMs.73
Dobs et al74 conducted a randomized, double-blind, placebocontrolled phase II trial to assess the efﬁcacy and safety of enobosarm
in 159 male and postmenopausal female patients with cancer who
had lost at least 2% of body weight in the 6 months before randomization. Patients were randomized to receive oral enobosarm at a
dosage of 1 (n ¼ 53) or 3 mg (n ¼ 54) or placebo (n ¼ 52) once daily
for up to 113 days at centers in the United States or Argentina. The
primary end point was deﬁned as the change in total lean body mass
from baseline as assessed by dual-energy X-ray absorptiometry
(DEXA). After study termination, signiﬁcant increases in total lean
mass were noted in both enobosarm groups (enobosarm 1 mg: median 1.5 kg, range e2.1 to 12.6, P ¼ .001 vs baseline, enobosarm 3 mg:
1.0 kg, e4.8 to 11.5, P ¼ .046). The study drug was well tolerated.
POWER (Prevention and treatment Of muscle Wasting in patients
with cancER) was a double-blind, randomized, placebo-controlled
phase III trial of enobosarm 3 mg once daily that aimed to assess
lean body mass and physical function after treatment. Preliminary
results were recently presented in abstract form.75 A total of 641
patients with stage 3 or 4 nonesmall cell lung cancer were randomized into 1 of 2 trials at initiation of ﬁrst-line chemotherapy
(platinum plus taxane or platinum plus nontaxane) plus add-on,

consisting of either enobosarm or placebo for 5 months. The study’s
coprimary end points, as assessed after 84 days of treatment, were
physical function response assessed by stair-climb power and
lean body mass as measured by DEXA. Compared with placebo,
enobosarm treatment was associated with an increase in the stairclimb power and the lean body mass in the platinum plus taxane
treatment arm, whereas in the platinum plus nontaxane arm,
there was only a signiﬁcant increase in the patients’ lean body mass
(all P < .02).
Using intramuscular testosterone replacement, Del Fabbro et al76
performed a randomized, double-blind, placebo-controlled trial
in 29 patients with advanced cancer, low bioavailable testosterone,
and a fatigue score higher than 3 of 10 on the ESAS. Unfortunately,
4 weeks of treatment did not change patients’ FACIT score values
in the testosterone group (n ¼ 13, administered every 2 weeks)
as compared with the placebo group (n ¼ 16). Improvements
were noted in the testosterone group with regard to the Sexual
Desire Inventory score (P ¼ .05) and the patients’ performance
status (P ¼ .02). The authors therefore concluded that “four weeks
of intramuscular testosterone replacement in hypogonadal male
patients with advanced cancer did not signiﬁcantly improve quality
of life.”76
Another novel anabolic agent has recently been tested in a randomized, double-blind, controlled trial. MT-102, also known as
espindolol, is a novel anabolic/catabolic transforming agent that appears to possess 3 potential pharmacological targets in cancer
cachexia: (1) reduced catabolism through nonselective b-blockade,
(2) reduced fatigue and thermogenesis through central 5-HT1a
antagonism, and (3) increased anabolism through partial b-2 receptor
agonism.77 Animal experiments in 19-month-old male Wistar Han
rats have shown that espindolol can abolish the effects of agingassociated body and muscle wasting.78 Indeed, although placebotreated animals progressively lost body weight, lean and fat mass,
espindolol-treated animals showed increases in all these parameters
without affecting cardiac function. Key regulators of muscle catabolism showed reduced expression under espindolol treatment.
Another animal study showed that the beneﬁcial effects of espindolol
on wasting were more pronounced than those of other betablockers.79 The ACT-ONE trial was designed to test whether MT-102
(espindolol) will positively impact the rate of change of body
weight in cancer cachexia. The trial’s preliminary results were
recently published in abstract form.80,81 It enrolled a total of 87 patients with nonesmall cell lung cancer or colorectal cancer from 17
centers who were in stage 3 or 4 of the disease. Patients were randomized in a 3:1:2 fashion to 1 of 2 doses of espindolol (10.0 or
2.5 mg twice daily) or placebo and treated for 16 weeks. Only the
higher dose of espindolol improved lean and fat mass. Hand grip
strength increased signiﬁcantly after 16 weeks in the low-dose and
high-dose treatment groups, but stair climbing power and 6-minute
walking distance did not.
Conclusions
Muscle wasting and cachexia remain great challenges in clinical
practice. Clinical trials in this ﬁeld remain small, and most are
undertaken in oncology patients. Much research has focused on
appetite stimulation (mostly using megestrol acetate), antiinﬂammatory pathways, and anabolics. Ghrelin has shown some
potential in clinical trials as has enobosarm. Results of the POWER
trial with enobosarm, one of the few large-scale trials to improve
muscle mass and function in patients with advanced cancer, are
eagerly awaited. In addition, results of the ACT-ONE trial using
the anabolic/catabolic transforming agent espindolol have shown
promising results.

S. von Haehling, S.D. Anker / JAMDA 15 (2014) 866e872

Acknowledgments
This paper is also published in parallel in International Journal of
Cardiology.

References
1. von Haehling S, Anker SD. Cachexia vs obesity: Where is the real unmet clinical
need? J Cachexia Sarcopenia Muscle 2013;4:245e246.
2. Vaughan VC, Martin P, Lewandowski PA. Cancer cachexia: Impact, mechanisms
and emerging treatments. J Cachexia Sarcopenia Muscle 2013;4:95e109.
3. von Haehling S, Anker SD. Cachexia as a major underestimated and unmet
medical need: Facts and numbers. J Cachexia Sarcopenia Muscle 2010;1:1e5.
4. Evans WJ, Morley JE, Argilés J, et al. Cachexia: A new deﬁnition. Clin Nutr 2008;
27:793e799.
5. Farkas J, von Haehling S, Kalantar-Zadeh K, et al. Cachexia as a major public
health problem: Frequent, costly, and deadly. J Cachexia Sarcopenia Muscle
2013;4:173e178.
6. Morley JE, Abbatecola AM, Argiles JM, et al. Society on Sarcopenia, Cachexia and
Wasting Disorders Trialist Workshop. Sarcopenia with limited mobility: An
international consensus. J Am Med Dir Assoc 2011;12:403e409.
7. von Haehling S, Morley JE, Anker SD. From muscle wasting to sarcopenia and
myopenia: Update 2012. J Cachexia Sarcopenia Muscle 2012;3:213e217.
8. Alchin DR. Sarcopenia: Describing rather than deﬁning a condition. J Cachexia
Sarcopenia Muscle; August 5, 2014. http://dx.doi.org/10.1007/s13539-0140156-8 [Epub ahead of print].
9. Fearon K, Evans WJ, Anker SD. Myopeniada new universal term for muscle
wasting. J Cachexia Sarcopenia Muscle 2011;2:1e3.
10. Anker SD, Coats AJ, Morley JE, et al. Muscle wasting disease: A proposal for a
new disease classiﬁcation. J Cachexia Sarcopenia Muscle 2014;5:1e3.
11. Sakuma K, Yamaguchi A. Sarcopenia and cachexia: The adaptations of negative
regulators of skeletal muscle mass. J Cachexia Sarcopenia Muscle 2012;3:
77e94.
12. Ormsbee MJ, Prado CM, Ilich JZ, et al. Osteosarcopenic obesity: The role of bone,
muscle, and fat on health. Cachexia Sarcopenia Muscle 2014;5:183e192.
13. Pedroso FE, Spalding PB, Cheung MC, et al. Inﬂammation, organomegaly, and
muscle wasting despite hyperphagia in a mouse model of burn cachexia.
J Cachexia Sarcopenia Muscle 2012;3:199e211.
14. Ferraro E, Molinari F, Berghella L. Molecular control of neuromuscular junction
development. J Cachexia Sarcopenia Muscle 2012;3:199e211.
15. Morley JE, von Haehling S, Anker SD. Are we closer to having drugs to treat
muscle wasting disease? J Cachexia Sarcopenia Muscle 2014;5:83e87.
16. Malafarina V, Uriz-Otano F, Iniesta R, Gil-Guerrero L. Effectiveness of nutritional supplementation on muscle mass in treatment of sarcopenia in old age:
A systematic review. J Am Med Dir Assoc 2013;14:10e17.
17. von Haehling S, Lainscak M, Springer J, Anker SD. Cardiac cachexia: A systematic overview. Pharmacol Ther 2009;121:227e252.
18. Busquets S, Toledo M, Orpí 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 Cachexia Sarcopenia Muscle 2012;
3:37e43.
19. Mirza KA, Pereira SL, Edens NK, Tisdale MJ. Attenuation of muscle wasting in
murine C2/C12 myotubes by epigallocatechin-3-gallate. J Cachexia Sarcopenia
Muscle; March 20, 2014. http://dx.doi.org/10.1007/s13539-014-0139-9 [Epub
ahead of print].
20. Tschirner A, von Haehling S, Palus S, et al. Ursodeoxycholic acid treatment
in a rat model of cancer cachexia. J Cachexia Sarcopenia Muscle 2012;3:
31e36.
21. Der-Torossian H, Wysong A, Shadfar S, et al. Metabolic derangements in the
gastrocnemius and the effect of Compound A therapy in a murine model of
cancer cachexia. J Cachexia Sarcopenia Muscle 2013;4:145e155.
22. Solheim TS, Fayers PM, Fladvad T, et al. European Palliative Care Research
Collaborative (EPCRC) and the European Pharmacogenetic Study (EPOS). Is
there a genetic cause of appetite loss? An explorative study in 1,853 cancer
patients. J Cachexia Sarcopenia Muscle 2012;3:191e198.
23. Tan CR, Yaffee PM, Jamil LH, et al. Pancreatic cancer cachexia: A review of
mechanisms and therapeutics. Front Physiol 2014;5:88.
24. Tsai VW, Husaini Y, Manandhar R, et al. Anorexia/cachexia of chronic diseases:
A role for the TGF-b family cytokine MIC-1/GDF15. J Cachexia Sarcopenia
Muscle 2012;3:239e243.
25. Soenen S, Chapman IM. Body weight, anorexia, and undernutrition in older
people. J Am Med Dir Assoc 2013;14:642e648.
26. Argilés JM, Anguera A, Stemmler B. A new look at an old drug for the treatment
of cancer cachexia: Megestrol acetate. Clin Nutr 2013;32:319e324.
27. Wen HS, Li X, Cao YZ, et al. Clinical studies on the treatment of cancer cachexia
with megestrol acetate plus thalidomide. Chemotherapy 2012;58:461e467.
28. Greig CA, Johns N, Gray C, et al. Phase I/II trial of formoterol fumarate combined
with megestrol acetate in cachectic patients with advanced malignancy. Support Care Cancer 2014;22:1269e1275.
29. Silvério R, Laviano A, Rossi Fanelli F, Seelaender M. L-carnitine and cancer
cachexia: Clinical and experimental aspects. J Cachexia Sarcopenia Muscle
2011;2:37e44.

871

30. Madeddu C, Dessì M, Panzone F, et al. Randomized phase III clinical trial of a
combined treatment with carnitine þ celecoxib  megestrol acetate for patients with cancer-related anorexia/cachexia syndrome. Clin Nutr 2012;31:
176e182.
31. Kraft M, Kraft K, Gärtner S, et al. L-Carnitine-supplementation in advanced
pancreatic cancer (CARPAN)dA randomized multicentre trial. Nutr J 2012;11:
52.
32. Cuvelier GD, Baker TJ, Peddie EF, et al. A randomized, double-blind, placebocontrolled clinical trial of megestrol acetate as an appetite stimulant in children
with weight loss due to cancer and/or cancer therapy. Pediatr Blood Cancer
2014;61:672e679.
33. Raghavendra V, Kulkarni SK. Melatonin reversal of DOI-induced hypophagia in
rats: Possible mechanism by suppressing 5-HT(2A) receptor-mediated activation of HPA axis. Brain Res 2000;860:112e118.
34. Del Fabbro F, Dev R, Hui D, et al. Effects of melatonin on appetite and other
symptoms in patients with advanced cancer and cachexia: A double-blind
placebo-controlled trial. J Clin Oncol 2013;31:1271e1276.
35. Hong DS, Hui D, Bruera E, et al. MABp1, a ﬁrst-in-class true human antibody
targeting IL-1a in refractory cancers: An open-label, phase 1 dose-escalation
and expansion study. Lancet Oncol 2014;15:656e666.
36. Eriksson T, Bjorkman S, Hoglund P. Clinical pharmacology of thalidomide. Eur J
Clin Pharmacol 2001;57:365e376.
37. Sampaio EP, Kaplan G, Miranda A, et al. The inﬂuence of thalidomide on the
clinical and immunologic manifestation of erythema nodosum leprosum.
J Infect Dis 1993;168:408e414.
38. 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 Care
2012;15:1059e1064.
39. 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:
78e86.
40. Mak RH, Ikizler AT, Kovesdy CP, et al. Wasting in chronic kidney disease.
J Cachexia Sarcopenia Muscle 2011;2:9e25.
41. Rattanasompattikul M, Molnar MZ, Lee ML, et al. Anti-inﬂammatory and antioxidative nutrition in hypoalbuminemic dialysis patients (AIONID) study: Results of the pilot-feasibility, double-blind, randomized, placebo-controlled trial.
J Cachexia Sarcopenia Muscle 2013;4:247e257.
42. von Haehling Steinbeck L, Doehner W, et al. Muscle wasting in heart failure: An
overview. Int J Biochem Cell Biol 2013;45:2257e2265.
43. Jarkovska Z, Krsek M, Rosicka M, Marek J. Endocrine and metabolic activities of
a recently isolated peptide hormone ghrelin, an endogenous ligand of the
growth hormone secretagogue receptor. Endocr Regul 2004;38:80e86.
44. Fanzani A, Conraads VM, Penna F, Martinet W. Molecular and cellular mechanisms of skeletal muscle atrophy: An update. J Cachexia Sarcopenia Muscle
2012;3:163e179.
45. Akamizu T, Kangawa K. Ghrelin for cachexia. J Cachexia Sarcopenia Muscle
2010;1:169e176.
46. Wolf I, Sadetzki S, Kanety H, et al. Adiponectin, ghrelin, and leptin in
cancer cachexia in breast and colon cancer patients. Cancer 2006;106:
966e973.
47. Norman K, Stobäus N, Reiß J, et al. Effect of sexual dimorphism on muscle
strength in cachexia. J Cachexia Sarcopenia Muscle 2012;3:111e116.
48. Burney BO, Garcia JM. Hypogonadism in male cancer patients. J Cachexia
Sarcopenia Muscle 2012;3:149e155.
49. Lenk K, Palus S, Schur R, et al. Effect of ghrelin and its analogues, BIM-28131
and BIM-28125, on the expression of myostatin in a rat heart failure model.
J Cachexia Sarcopenia Muscle 2013;4:63e69.
50. Knops M, Werner CG, Scherbakov N, et al. Investigation of changes in body
composition, metabolic proﬁle and skeletal muscle functional capacity in
ischemic stroke patients: The rationale and design of the Body Size in Stroke
Study (BoSSS). J Cachexia Sarcopenia Muscle 2013;4:199e207.
51. Legakis I, Stathopoulos J, Matzouridis T, Stathopoulos GP. Decreased plasma
ghrelin levels in patients with advanced cancer and weight loss in comparison
to healthy individuals. Anticancer Res 2009;29:3949e3952.
52. Barao K, Silva TD, Osorio GA, et al. The behaviour of the peptides leptin and
ghrelin, PYY, NPY, CART and MSH in gastric cancer patients. J Cachexia Sarcopenia Muscle 2012;3:281e301.
53. Coats AJ. Research on cachexia, sarcopenia and skeletal muscle in cardiology.
J Cachexia Sarcopenia Muscle 2012;3:219e223.
54. Nagaya N, Moriya J, Yasumura Y, et al. Effects of ghrelin administration on left
ventricular function, exercise capacity, and muscle wasting in patients with
chronic heart failure. Circulation 2004;110:3674e3679.
55. Nagaya N, Itoh T, Murakami S, et al. Treatment of cachexia with ghrelin in
patients with COPD. Chest 2005;128:1187e1193.
56. Garcia JM, Graham C, Kumor KWP. A phase II, randomized, placebo-controlled,
double blind study of the efﬁcacy and safety of RC-1291 for the treatment of
cancer-cachexia [abstract]. J Clin Oncol 2007;25:S25.
57. 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;89:2832e2836.
58. Strasser F, Lutz TA, Maeder MT, et al. Safety, tolerability and pharmacokinetics
of intravenous ghrelin for cancer-related anorexia/cachexia: A randomised,
placebo-controlled, double-blind, double-crossover study. Br J Cancer 2008;98:
300e308.

872

S. von Haehling, S.D. Anker / JAMDA 15 (2014) 866e872

59. Wynne K, Giannitsopoulou K, Small CJ, et al. Subcutaneous ghrelin enhances
acute food intake in malnourished patients who receive maintenance peritoneal dialysis: a randomized, placebo-controlled trial. J Am Soc Nephrol 2005;
16:2111e2118.
60. Ashby DR, Ford HE, Wynne KJ, et al. Sustained appetite improvement in
malnourished dialysis patients by daily ghrelin treatment. Kidney Int 2009;76:
199e206.
61. Miki K, Maekura R, Nagaya N, et al. Ghrelin treatment of cachectic patients with
chronic obstructive pulmonary disease: A multicenter, randomized, doubleblind, placebo-controlled trial. PLoS One 2012;7:e35708.
62. Temel J, Bondarde S, Jain M, et al. Efﬁcacy and safety results from a phase II
study of anamorelin HCl, a ghrelin receptor agonist, in NSCLC patients (Abstract
5e01). J Cachexia Sarcopenia Muscle 2013;4:295e343.
63. Abernethy A, Temel J, Currow D, et al. Anamorelin HCl for the treatment of
anorexia-cachexia in lung cancer: Study design and baseline characteristics of
patients in the phase III clinical trial ROMANA 2 (HT-ANAM-302). J Cachexia
Sarcopenia Muscle 2013;4:295e343 (Abstract 5e02).
64. Garcia JM, Friend J, Allen S. Therapeutic potential of anamorelin, a novel, oral
ghrelin mimetic, in patients with cancer-related cachexia: a multicenter, randomized, double-blind, crossover, pilot study. Support Care Cancer 2013;21:
129e137.
65. Caminiti G, Volterrani M, Iellamo F, et al. Effect of long-acting testosterone
treatment on functional exercise capacity, skeletal muscle performance, insulin
resistance, and baroreﬂex sensitivity in elderly patients with chronic heart
failure: A double-blind, placebo-controlled, randomized study. J Am Coll Cardiol 2009;54:919e927.
66. Iellamo F, Volterrani M, Caminiti G, et al. Testosterone therapy in women with
chronic heart failure: A pilot double-blind, randomized, placebo-controlled
study. J Am Coll Cardiol 2010;56:1310e1316.
67. Fülster S, Tacke M, Sandek A, et al. Muscle wasting in patients with chronic
heart failure: Results from the studies investigating co-morbidities aggravating
heart failure (SICA-HF). Eur Heart J 2013;34:512e519.
68. Anker SD, Chua TP, Ponikowski P, et al. Hormonal changes and catabolic/
anabolic imbalance in chronic heart failure and their importance for cardiac
cachexia. Circulation 1997;96:526e534.
69. Jankowska EA, Rozentryt P, Ponikowska B, et al. Circulating estradiol and
mortality in men with systolic chronic heart failure. JAMA 2009;301:
1892e1901.
70. Ebner N, Werner CG, Doehner W, et al. Recent developments in the treatment
of cachexia: Highlights from the 6th Cachexia Conference. J Cachexia Sarcopenia Muscle 2012;3:45e50.

71. Ebner N, Springer J, Kalantar-Zadeh K, et al. Mechanism and novel therapeutic
approaches to wasting in chronic disease. Maturitas 2013;75:199e206.
72. Dalton JT, Barnette KG, Bohl CE, et al. The selective androgen receptor modulator GTx-024 (enobosarm) improves lean body mass and physical function in
healthy elderly men and postmenopausal women: Results of a double-blind,
placebo-controlled phase II trial. J Cachexia Sarcopenia Muscle 2011;2:
153e161.
73. Nedergaard A, Sun S, Karsdal MA, et al. Type VI collagen turnover-related peptidesdnovel serological biomarkers of muscle mass and anabolic response to
loading in young men. J Cachexia Sarcopenia Muscle 2013;4:267e275.
74. Dobs AS, Boccia RV, Croot CC, et al. Effects of enobosarm on muscle wasting and
physical function in patients with cancer: A double-blind, randomised
controlled phase 2 trial. Lancet Oncol 2013;14:335e345.
75. Crawford J, Dalton JT, Hancock ML, et al. Enobosarm, a selective androgen receptor modulator (SARM), increases lean body mass (LBM) in advanced nonsmall cell lung cancer patients in two pivotal, international Phase 3 trials.
J Cachexia Sarcopenia Muscle 2014;5:35e78 (Abstract 5e15).
76. Del Fabbro E, Garcia JM, Dev R, et al. Testosterone replacement for fatigue
in hypogonadal ambulatory males with advanced cancer: A preliminary
double-blind placebo-controlled trial. Support Care Cancer 2013;21:
2599e2607.
77. Stewart Coats AJ, Srinivasan V, Surendran J, et al. on behalf of the ACT-ONE Trial
Investigators. The ACT-ONE trial, a multicentre, randomised, double-blind,
placebo-controlled, dose-ﬁnding study of the anabolic/catabolic transforming
agent, MT-102 in subjects with cachexia related to stage III and IV non-small
cell lung cancer and colorectal cancer: Study design. J Cachexia Sarcopenia
Muscle 2011;24:201e207.
78. Pötsch MS, Tschirner A, Palus S, et al. The anabolic catabolic transforming agent
(ACTA) espindolol increases muscle mass and decreases fat mass in old rats.
J Cachexia Sarcopenia Muscle 2014;52:149e158.
79. Palus S, Hartmann K, Braun T, et al. Beta-blocker for the treatment of cancer
cachexia: are they all equal? J Cachexia Sarcopenia Muscle 2014;5:35e78
(Abstract 4e19).
80. Stewart Coats AJ, Fuang HG, Prabhash K, et al, for and on behalf of the ACT-ONE
study group. Espindolol for the treatment and prevention of cachexia in patients
with stage III/IV non-small cell lung cancer or colorectal cancer (ACT-ONE):
randomised, double-blind, placebo-controlled, international multi-centre phase
II study. J Cachexia Sarcopenia Muscle 2014;5:35e78 (Abstract 5e19).
81. Ebner N, Steinbeck L, Doehner W, et al. Highlights from the 7th Cachexia
Conference: Muscle wasting pathophysiological detection and novel treatment
strategies. J Cachexia Sarcopenia Muscle 2014;5:27e34.

