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Abstract: Cancer cachexia is a debilitating and multifactorial metabolic condition that is highly prevalent

among advanced cancer patients. Currently there are limited effective pharmacological treatment options for

the management of cancer cachexia. In recent years, there is an increasing attention on the use of ghrelin-

receptor agonists in the treatment of cancer cachexia. In this perspective, we discuss recent clinical trials that

have evaluated the efficacy and safety of ghrelin-receptor agonist, anamorelin for the treatment of anorexia

cancer cachexia syndrome and its potential role of anamorelin in clinical care in advanced cancer patients.
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Introduction: cancer cachexia

Cancer cachexia is a debilitating and multifactorial
metabolic condition that is highly prevalent among cancer
patients with advanced disease. The incidence of cancer
cachexia ranges between 50% to 80%, and varies according
to the tumor type (1). Clinical presentations of cancer
cachexia include disproportionate and excessive weight
loss (primarily the skeletal muscle and body fat), asthenia,
anemia and fatigue (2). This is a particular issue of concern
to cancer patients, as evidence has shown that the presence
of cachexia is strongly associated with poor survival and
outcomes (3-5). Furthermore, cancer cachexia can directly
impair patients’ functional capacity and quality of life, and
also cause undesirable psychosocial distress to both patients
and their caregivers (6-8).

In this review, recent clinical trials that have evaluated
the efficacy and safety of anamorelin (ANAM) were
identified from PubMed. The following search terms were

» o«

used: “cancer”, “cancer cachexia”, “anamorelin”, “ONO-

7643” and “RC-1291”.
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Current pharmacological treatment options

Currently, orexigenic agents remain a major cornerstone
in the treatment of cachexia by stimulating appetite to
increase energy intake. Among the various orexigenic
agents, dexamethasone and progesterone analogs, such
as megestrol acetate, are the only agents with proven
clinical benefits (9-13). Although these orexigenic agents
can help to increase food intake, none of these drugs are
able to substantially improve lean body mass (LBM),
survival and quality of life (9-13). Besides the orexigenic
agents, there are limited evidence to support the use of
other agents of different therapeutic classes, such as the
anabolic agents and cytokine and metabolic inhibitors
(eicosapentaenoic acid and thalidomide), in the treatment
of cancer cachexia. Since the mechanisms underlying cancer
cachexia are highly complex, and implicate multiple organs
and metabolic pathways, it has been widely recognized that
the treatment of cancer cachexia should be a multimodal
approach involving various targeted interventions (2,14).
Hence, combination therapy involving various agents, such

Transl Cancer Res 2016;5(53):S491-S496


https://crossmark.crossref.org/dialog/?doi=10.21037/tcr.2016.09.10

$492

as L-carnitine, NSAIDs and megestrol acetate, has been
evaluated for the treatment of cancer cachexia (15-18).
Even though the results are promising, the effectiveness of
these combination therapies remains inconclusive due to
a lack of replication. Evidently, there are limited effective
pharmacological therapies available for the treatment of
cancer cachexia.

In recent years, there is an increasing attention on the
use of ghrelin-receptor agonists in the treatment of cancer
cachexia. Ghrelin is a short chain amino acid that is a
natural ligand of the growth hormone (GH) secretagogue
receptor (19). It is produced primarily by the oxyntic
mucosa in the stomach and increases during periods of
fasting or under conditions associated with negative energy
balance, such as starvation or anorexia (20). Physiological
functions of ghrelin include stimulation of appetite and
GH secretion, and regulation of energy balance by down-
regulating thermogenesis (21-24). Most importantly, ghrelin
also possesses anti-inflammatory property by acting as a
counter-regulating signal. It inhibits the production of
pro-inflammatory cytokines, such as IL-6 and TNF-o, by
downregulating leptin-induced expression of the cytokines,
as well as the expression of cytokines by monocytes and T
cells (25). Since systemic inflammation is a hallmark of cancer
cachexia, the anti-inflammatory property of ghrelin would
prove to be beneficial in the treatment of cachexia (25). In
addition, ghrelin can promote adipose tissue growth through
the activation of lipogenic pathways and stimulate insulin-like
growth factor 1 (IGF-1) production, which is essential for the
regulation of skeletal muscle mass (26). There is also evidence
to suggest that ghrelin could prevent muscle atrophy (27).

In view of ghrelin’s ability to target the multiple
inflammatory and metabolic pathways associated with
cancer cachexia, it is evident that ghrelin is a promising
therapeutic agent, and studies have investigated the use
of ghrelin infusion in the treatment of cancer cachexia.
While there are promising data to support the therapeutic
role of ghrelin in cachexia, the short half-life and the
need for intravenous infusion have limited its role in the
clinical setting. As such, researchers have switched to the
development of orally-available ghrelin agonists.

Anamorelin: clinical efficacy in phase | and Il trials

Anamorelin HCL (ANAM) (ONO-7643; RC-1291) is a
potent and highly selective novel ghrelin receptor agonist.
ANAM has a much longer half-life than ghrelin (7 hours vs.
15 minutes), and hence it is suitable for development as an
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oral agent.

"Two phase I studies were conducted to establish the
maximum tolerable dose, as well as to evaluate the efficacy and
safety profile of ANAM. In the study conducted by Kumor
et al., ANAM was shown to induce a significant increase in
appetite and food intake at doses of 25 and 50 mg than the
placebo (28). In a separate phase I trial, it was observed
that the change in body weight from baseline increased
significantly at daily doses of 50 and 75 mg when compared
with the placebo-treated group (29). For both studies,
ANAM was generally well-tolerated with no dose-limiting
adverse effects.

The clinical efficacy of ANAM was further evaluated in a
number of phase II trials. Details on these studies have been
extensively discussed in a recent review by Garcia er a/. (30).
In general, ANAM is shown to significantly increase
body weight, LBM, and improve symptom burden and
overall quality of life. Marked improvement in the levels
of biomarkers, such as GH and insulin-growth factor 1,
was observed. An update to the review by Garcia et al. is
a recent phase II study conducted in Japanese patients
with stage III/IV non-small cell lung cancer (NSCLC)
and cachexia (31). Consistent with the data of previous
phase II trials, Japanese patients on 100 mg daily dose of
ANAM exhibited significant improvement in LBM from
baseline than the placebo group at week 12 (P=0.03). The
least square mean change in LBM were 1.15 kg (SE: 0.31)
and 0.55 kg (SE: 0.29) in the 100 mg ANAM and placebo
arms respectively. However, no significant difference in
handgrip strength test result was observed between both
arms. In addition to the LBM, patients treated with 100 mg
ANAM showed substantial improvement in the quality of
life (P=0.01), performance status (P=0.04) and total body
weight (P<0.01) at week 12. With regards to the serum
biomarkers, levels of IGF1 (P<0.01), IGF binding protein
3 (P<0.01) and prealbumin (P=0.02) increased significantly
in patients taking 100 mg ANAM than placebo. Findings
of these phase II trials suggest that ANAM has similar
efficacy in both Caucasian and Asian cancer patients with
cachexia. Across all the phase II trials, conflicting data exists
regarding the efficacy of ANAM in the handgrip strength
test. Overall, ANAM was well-tolerated with most adverse
effects being mild in nature.

Phase lll trials: ROMANA 1 and ROMANA 2

Based on the promising results from the phase II trials, two
pivotal phase III trials, namely ROMANA 1 and ROMANA
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2 were conducted and the results of both trials were
published recently (32).

ROMANA 1 (NCT01387269) and ROMANA 2
(NCT01387282) were two international, double-blind,
placebo-controlled, randomized phase III trials to evaluate
the efficacy and safety of ANAM in patients with advanced
NSCLC. Patients were randomized (2:1) to either 100 mg
ANAM or placebo, given once daily orally for 12 weeks.
Co-primary endpoints were changes in LBM and handgrip
strength over 12 weeks from baseline. Secondary endpoints
included the change from baseline over 12 weeks in total
body weight and symptoms of anorexia and fatigue as
assessed using the functional assessment of cancer therapy
(FACT) measurement system anorexia-cachexia and fatigue
scales. Survival analysis was also performed to evaluate the
overall 1 year survival between the two arms. Treatment-
related adverse events were graded according to the
National Cancer Institute Common Terminology Criteria
for Adverse Events version 4.

A total of 484 and 495 patients were enrolled into the
ROMANA 1 and ROMANA 2 trials respectively, with
majority of the patients being Caucasians. In both trials,
LBM was significantly increased in the ANAM arm as
compared to the placebo arm (P<0.0001). In ROMANA 1,
the median change in LBM was 0.99 kg (95% CI: 0.61 to
1.36) in the ANAM arm and -0.47 kg (95% CI: -1.00 to 0.21)
in the placebo arm. For ROMANA 2, the median change in
LBM was 0.65 kg (95% CI: 0.38 to 0.91) in the ANAM arm
and -0.98 (95% CI: -1.49 to -0.41) in the placebo arm. With
regards to the handgrip strength test, no statistical differences
were observed between the study arms in both trials.

For the secondary endpoints, the change in mean
body weight and mean anorexia-cachexia scale score
over 12 weeks from baseline were statistically significantly
higher in the ANAM arm than the placebo arm (P<0.001).
Although there was a substantial improvement in the mean
change fatigue score in the ANAM arm as compared to the
placebo arm at week 9 (P=0.033) and week 12 (P=0.024)
of the ROMANA 1 trial, the change in fatigue scores from
baseline did not differ significantly between the treatment
arms over the entire study period in both trials (P>0.05).

A pooled overall survival analysis at 1 year showed no
significant difference between the two treatment arms
(hazard ratio: 1.06; 95% CI: 0.89 to 1.26; P=0.47). Median
survival over 1 year was 8.90 months (95% CI: 8.3 to 9.8)
and 9.17 months (95% CI: 7.9 to 11.0) for the ANAM
and placebo arms respectively. It must be emphasized that
both trials were not designed and powered to establish the
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survival benefits of ANAM.

Opverall, ANAM was well tolerated in both trials with no
treatment-related deaths, and safety profiles were comparable
between the treatment arms. The most common grade 1 or 2
adverse events were hyperglycemia (4%) and nausea (2.5%).
Incidence of grade 3 and 4 adverse events was low (~2%)
in each trial. The number of patients who discontinued
for ANAM-related treatment emergent adverse events
was 21/320 (7%) and 13/330 (4%) in ROMANA 1 and
ROMANA 2, respectively. No dose reductions were
observed for patients in both trials.

Potential role of anamorelin in clinical care in
advanced cancer patients

In cancer patients with advanced disease, the main
treatment goals are to reduce suffering and to improve the
quality of life for both patients and their family, as well as to
help patients to live longer and well for as long as they can.
Cancer cachexia is an undesirable syndrome that severely
compromises patients’ quality of life and daily functioning.
It is associated with poor performance status and reduced
survival, all of which contribute to worsen the quality of life
and functional status of cancer patients.

The ROMANA 1 and ROMANA 2 trials have
successfully demonstrated the clinical efficacy and short
term safety of ANAM in stage III/IV NSCLC patients with
cachexia (32). Indubitably, the compelling results confirm
that ANAM is an effective class of drugs for the treatment
of cancer cachexia, and the study has the potential to be
practice changing, particularly in the absence of an effective
intervention. However, there are some considerations to be
taken into account when assessing the clinical impact of the
ROMANA trials.

Both trials have established the effectiveness of ANAM
in terms of increasing LBM, fat mass and total body weight,
however there are limited studies to suggest whether
the improvement in body compositions would translate
to better functional status and quality of life. Although
the FACT anorexia-cachexia and fatigue scales were
incorporated in both trials as secondary endpoints, the
quality of life outcomes, such as the physical and social well-
being domains, were not explicitly reported. Information
gleaned from these quality of life domains is necessary for
evaluating the impact of ANAM on patients’ emotional,
functional, physical and social well-being. This information
would give us a deeper insight into the impact of ANAM
on patients’ functional status and quality of life. Traditional
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clinical studies focus solely on the clinical indicators and
outcomes of new therapeutics, and the humanistic outcomes
(functional status and quality of life) are either neglected
or treated as secondary endpoints (in which studies may
not be sufficiently powered for these secondary endpoints).
Therefore, it is imperative that humanistic outcomes should
be coupled with clinical outcomes as co-primary endpoints
when evaluating the efficacy of ANAM, particularly when
the current trials failed to demonstrate any direct benefits
to patients on palliative care.

The discordance between LBM and handgrip strength
in the ROMANA trials is congruous with findings of earlier
phase II studies (30,31). Since sarcopenia is an important
prognostic factor in oncology, the improvement in LBM is
a desired therapeutic outcome (33). However, the increase
in skeletal muscle mass does not translate to improvement
in physical function, and this cast doubts on the suitability
of handgrip strength test as a measure of functional strength
among patients with cancer cachexia. It must be highlighted
that muscles mass is not the major determinant of muscle
strength and other factors, such as muscle composition and
fatty infiltration of muscle, are important considerations
as well (34). Taken together, the poor correlation between
muscle mass and handgrip strength test underscores the
need for alternative measures of muscle strength in clinical
trials of cancer cachexia. Future trials could consider the
use of a combination of muscle strength tests, such as the
elbow flexor strength testing and 30-second chair stand test,
or utilize the 6-minute walk test to assess patients’ physical
functional capacity (35,36).

While the short-term safety profile of ANAM is
remarkable based on the results of the preliminary and
phase 3 trials, the long-term effects could not be ascertained
due to a lack of extended follow up in the ROMANA trials.
Evidently, clinical trials with longer follow-up period are
required to examine the long term benefits and risks of
ANAM (37).

Identifying a subset of cancer patients who will derive
the most benefit from the use of ANAM would be clinically
useful. A pooled efficacy data analysis of the ROMANA
trials was conducted to investigate the effectiveness of
ANAM in patients at risk of malnutrition (body mass
index <20 kg/m’). Comparing to the placebo, the increase
in LBM was comparable in ANAM-treated patients with
low BMI and those with normal/high BMI. However,
ANAM-treated patients with low BMI had a significant
improvement in their anorexia-cachexia and fatigue
symptom burden. Findings of this study suggest that
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patients who are at higher risk of malnutrition experience
greater symptom relief when treated with ANAM. This
evidence supports the use of ANAM in cancer patients with
BMI less than 20 kg/m’.

Another symptom significantly associated with cancer
cachexia is cancer related fatigue (38). As such, the
treatment of cancer cachexia with ANAM is expected to
result in an improvement in fatigue status. In addition,
given the strong causal link between inflammation and
cancer-related fatigue, ANAM is a potential therapeutic
agent for fatigue by inhibiting the production of pro-
inflammatory cytokines (39,40). Interestingly, fatigue status
did not improve significantly over the entire study period in
both trials, but ANAM was found to improve fatigue level
at week 9 and 12 of the study period in ROMANA I but
not in ROMANA II. Since fatigue is a complex symptom
that could be influenced by numerous intrinsic and extrinsic
factors, such as disease burden and the use of chemotherapy,
the failure to account for these factors may confound the
results (41). Regardless, the negative results should not
undermine the efficacy of ANAM in improving fatigue
symptom, as the ROMANA trials may not be sufficiently
powered to detect changes in fatigue status. Furthermore,
symptom cluster of fatigue, depression and pain have been
established in advanced cancer patients with cachexia,
hence accentuating the therapeutic potential of ANAM in
the treatment of fatigue and its associated symptoms (42).
As such, future studies should be conducted in a well-
characterized population to investigate the efficacy of
ANAM in the treatment of fatigue.

In conclusion, among NSCLC patients with cachexia,
ANAM is proven to be an effective therapeutic agent in the
treatment of cancer cachexia. The improvement in LBM
and anorexia-cachexia symptom burden is compelling,
however more work is required to firmly ascertain the
therapeutic role of ANAM in the clinical setting. Future
research should investigate the survival benefits of ANAM,
as well as its impact on patients’ quality of life and daily
functioning. A head to head comparision between ANAM
and the orexigenic agents would further clarify the
therapeutic position of ANAM in the management of cancer
cachexia in advanced cancer patients. Nevertheless, based
on existing evidence, ANAM represents a safe and effective
option for advanced cancer patients with cancer cachexia.

Acknowledgments

Funding: None.

Transl Cancer Res 2016;5(53):S491-5496



Translational Cancer Research, Vol 5, Suppl 3 September 2016

Footnote

Provenance and Peer Review: This article was commissioned
and reviewed by the Section Editor Yue-Can Zeng,
MD, PhD (Associate Professor, Department of Medical
Oncology, Cancer Center, Shengjing Hospital of China
Medical University, Shenyang, China).

Conflicts of Interest: All authors have completed the ICMJE
uniform disclosure form (available at http://dx.doi.
org/10.21037/tcr.2016.09.10). The authors have no conflicts
of interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. von Haehling S, Anker SD. Cachexia as major
underestimated unmet medical need: facts and numbers.
IntJ Cardiol 2012;161:121-3.

2. Argilés JM, Busquets S, Stemmler B, et al. Cancer
cachexia: understanding the molecular basis. Nat Rev
Cancer 2014;14:754-62.

3. Reuben DB, Mor V, Hiris ]. Clinical symptoms and length
of survival in patients with terminal cancer. Arch Intern
Med 1988;148:1586-91.

4. Dewys WD, Begg C, Lavin PT; et al. Prognostic effect
of weight loss prior to chemotherapy in cancer patients.
Eastern Cooperative Oncology Group. Am ] Med
1980;69:491-7.

5. Martin L, Birdsell L, Macdonald N, et al. Cancer cachexia
in the age of obesity: skeletal muscle depletion is a
powerful prognostic factor, independent of body mass
index. ] Clin Oncol 2013;31:1539-47.

6. Del Rio MI, Shand B, Bonati P, et al. Hydration

© Translational Cancer Research. All rights reserved.

10.

11.

12.

13.

14.

15.

16.

17.

tcr.amegroups.com

$495

and nutrition at the end of life: a systematic review

of emotional impact, perceptions, and decision-

making among patients, family, and health care staff.
Psychooncology 2012;21:913-21.

Oberholzer R, Hopkinson JB, Baumann K, et al.
Psychosocial effects of cancer cachexia: a systematic
literature search and qualitative analysis. ] Pain Symptom
Manage 2013;46:77-95.

Rhondali W, Chisholm GB, Daneshmand M, et al.
Association between body image dissatisfaction and
weight loss among patients with advanced cancer and their
caregivers: a preliminary report. ] Pain Symptom Manage
2013;45:1039-49.

Loprinzi CL, Ellison NM, Schaid DJ, et al. Controlled trial
of megestrol acetate for the treatment of cancer anorexia
and cachexia. ] Natl Cancer Inst 1990;82:1127-32.
Yavuzsen T, Davis MP, Walsh D, et al. Systematic review
of the treatment of cancer-associated anorexia and weight
loss. J Clin Oncol 2005;23:8500-11.

Ruiz Garcia V, Lépez-Briz E, Carbonell Sanchis R,

et al. Megestrol acetate for treatment of anorexia-
cachexia syndrome. Cochrane Database Syst Rev
2013;(3):CD004310.

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;17:3299-306.
Loprinzi CL, Jatoi A. Pharmacologic management of
cancer anorexia/cachexia. Waltham, MA. Accessed on
June 10, 2016. Available online: http://www.uptodate.com/
contents/pharmacologic-management-of-cancer-anorexia-
cachexia

Fearon KC, Glass DJ, Guttridge DC. Cancer cachexia:
mediators, signaling, and metabolic pathways. Cell Metab
2012;16:153-66.

Mantovani G, Maccio A, Madeddu C, et al. Randomized
phase III clinical trial of five different arms of treatment
in 332 patients with cancer cachexia. Oncologist
2010;15:200-11.

McMillan DC, Wigmore SJ, Fearon KC, et al. A
prospective randomized study of megestrol acetate and
ibuprofen in gastrointestinal cancer patients with weight
loss. Br J Cancer 1999;79:495-500.

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;124:417-25.

Transl Cancer Res 2016;5(53):S491-5496


http://dx.doi.org/10.21037/tcr.2016.09.10
http://dx.doi.org/10.21037/tcr.2016.09.10
https://creativecommons.org/licenses/by-nc-nd/4.0/

S496

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Madeddu C, Dessi M, Panzone F, et al. Randomized
phase III clinical trial of a combined treatment with
carnitine + celecoxib + megestrol acetate for patients with
cancer-related anorexia/cachexia syndrome. Clin Nutr
2012;31:176-82.

Davenport AP, Bonner T, Foord SM, et al. International
Union of Pharmacology. LVI. Ghrelin receptor
nomenclature, distribution, and function. Pharmacol Rev
2005;57:541-6.

Asakawa A, Inui A, Kaga T, et al. Ghrelin is an appetite-
stimulatory signal from stomach with structural resemblance
to motilin. Gastroenterology 2001;120:337-45.

Kojima M, Kangawa K. Ghrelin: structure and function.
Physiol Rev 2005;85:495-522.

van der Lely AJ, Tschop M, Heiman ML, et al. Biological,
physiological, pathophysiological, and pharmacological
aspects of ghrelin. Endocr Rev 2004;25:426-57.

Takaya K, Ariyasu H, Kanamoto N, et al. Ghrelin strongly
stimulates growth hormone release in humans. J Clin
Endocrinol Metab 2000;85:4908-11.

Yasuda T, Masaki T, Kakuma T, et al. Centrally
administered ghrelin suppresses sympathetic nerve
activity in brown adipose tissue of rats. Neurosci Lett
2003;349:75-8.

Dixit VD, Schaffer EM, Pyle RS, et al. Ghrelin inhibits
leptin- and activation-induced proinflammatory cytokine
expression by human monocytes and T cells. J Clin Invest
2004;114:57-66.

Cowley MA, Smith RG, Diano S, et al. The distribution
and mechanism of action of ghrelin in the CNS
demonstrates a novel hypothalamic circuit regulating
energy homeostasis. Neuron 2003;37:649-61.

Chen JA, Splenser A, Guillory B, et al. Ghrelin

prevents tumour- and cisplatin-induced muscle wasting:
characterization of multiple mechanisms involved. J
Cachexia Sarcopenia Muscle 2015;6:132-43.

Kumor K, Polvino W. Biologic activity of RC-1291, a
novel oral ghrelin mimetic for cancer anorexia/cachexia:
results from a phase I randomized, double-blind, placebo-
controlled trial in healthy volunteer. Support Care Cancer
2006;14:538-687. Abstract 503-009.

Garcia JM, Polvino WJ. Effect on body weight and safety
of RC-1291, a novel, orally available ghrelin mimetic

and growth hormone secretagogue: results of a phase I,
randomized, placebo-controlled, multiple-dose study in
healthy volunteers. Oncologist 2007;12:594-600.

Zhang H, Garcia JM. Anamorelin hydrochloride for the
treatment of cancer-anorexia-cachexia in NSCLC. Expert
Opin Pharmacother 2015;16:1245-53.

© Translational Cancer Research. All rights reserved.

31.

32.

33.

34.

36.

37.

38.

39.

40.

41.

42.

Ng et al. Potential role of anamorelin for cancer cachexia

Takayama K, Katakami N, Yokoyama T, et al. Anamorelin
(ONO-7643) in Japanese patients with non-small cell lung
cancer and cachexia: results of a randomized phase 2 trial.
Support Care Cancer 2016;24:3495-505.

Temel 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;17:519-31.

Shachar SS, Williams GR, Muss HB, et al. Prognostic value
of sarcopenia in adults with solid tumours: A meta-analysis
and systematic review. Eur ] Cancer 2016;57:58-67.

Visser M, Goodpaster BH, Kritchevsky SB, et al. Muscle
mass, muscle strength, and muscle fat infiltration as
predictors of incident mobility limitations in well-
functioning older persons. ] Gerontol A Biol Sci Med Sci
2005;60:324-33.

. Cawthon PM. Assessment of Lean Mass and Physical

Performance in Sarcopenia. J Clin Densitom
2015;18:467-71.

Du H, Newton PJ, Salamonson Y, et al. A review of the
six-minute walk test: its implication as a self-administered
assessment tool. Eur J Cardiovasc Nurs 2009;8:2-8.
Christopoulos PE, Msaouel P, Koutsilieris M. The role of
the insulin-like growth factor-1 system in breast cancer.
Mol Cancer 2015;14:43.

Alesi ER, del Fabbro E. Opportunities for targeting the
fatigue-anorexia-cachexia symptom cluster. Cancer J
2014;20:325-9.

Bower JE, Lamkin DM. Inflammation and cancer-related
fatigue: mechanisms, contributing factors, and treatment
implications. Brain Behav Immun 2013;30 Suppl:S48-57.
Bower JE. Cancer-related fatigue: links with inflammation
in cancer patients and survivors. Brain Behav Immun
2007;21:863-71.

Bower JE. Cancer-related fatigue--mechanisms,

risk factors, and treatments. Nat Rev Clin Oncol
2014;11:597-609.

Laird BJ, Scott AC, Colvin LA, et al. Pain, depression, and
fatigue as a symptom cluster in advanced cancer. J Pain
Symptom Manage 2011;42:1-11.

Cite this article as: Ng TR, Bruera E, Yennurajalingam S.

Pharmacological management update: clinical significance

of anamorelin clinical trials for the treatment of cancer

cachexia in advanced cancer patients. Transl Cancer Res

2016;5(53):S491-5496. doi: 10.21037/tcr.2016.09.10

tcr.amegroups.com

Transl Cancer Res 2016;5(53):S491-5496



