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Cancercachexia: getting to the heart of the matter
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This editorial refers to ‘Prevention of liver cancer cachexia-
induced cardiac wasting and heart failure’, by J. Springer

In his Principles and Practices of Medicine, written over 100 years ago,
William Osler described cachexia in stomach cancer as ‘progressive
emaciation’ and ‘loss of strength disproportionate to loss of weight’.1

Today, cachexia is further defined as a multifactorial syndrome char-
acterized by an ongoing loss of skeletal muscle mass that cannot be
reversed by conventional nutritional support, leading to progressive
functional impairment.2 Although the prevalence and severity vary
across cancer types, cachexia occurs in the majority of patients
with advanced oncological disease and is responsible for � 20% of
cancer deaths.3,4 The negative impact on functional capacity, quality
of life, cancer treatment response, and prognosis in the oncology
setting emphasizes the clinical importance of cachexia. Despite
reductions in overall lean mass, most previous work has focused
on the loss of skeletal muscle. Few studies have assessed effects of
cachexia on non-skeletal muscle types, such as the myocardium.
Also, whereas pre-clinical models have been developed to elucidate
the underlying effects of cancer cachexia on skeletal muscle, there
remains a paucity of human data to inform the development of effect-
ive therapies.5

Although there is clear evidence that cancer therapy can negatively
impact cardiacmuscle function,6 it is less clear if tumour growth alone
is sufficient to cause either cardiac atrophy (similar to skeletal muscle
wasting) or cardiac dysfunction. Springer and colleagues now add to a
growing body of literature suggesting that tumours can lead specific-
ally to atrophy and dysfunction of cardiac tissue.7 Furthermore, they
show that these effects are mitigated by treatment with either biso-
prolol (a b1 selective beta-blocker) or spirinolactone (an aldoster-
one antagonist).

The authors use a rat hepatoma model, which promotes acute
global cachexia, to evaluate local effects on the heart. The loss of
body weight is reflected in individual organs including the heart, charac-
terized by a decrease in cardiac mass and contractility, and is associated
with death over 2 weeks. Interestingly, treatment with bisoprolol and
spironolactone—but not with the angiotensin-converting enzyme in-
hibitor imidapril—attenuated body weight reduction, loss of fat and

and dysfunction. The authors provide data implicating cardiac necro-
sis, apoptosis, and autophagy in the pathogenesis of cachectic hearts,
with bisoprolol and spironolactone having a preferential effect on
markers of apoptosis but not on markers associated with autophagy.
Further, the authors present evidence of dysregulation of multiple
anabolic and catabolic pathways contributing to cardiac atrophy
and dysfunction in the hearts of tumour-bearing rats, with bisoprolol
and spironolactone differentially modulating these pathways. Finally,
the authors perform correlative studies in humans, using autopsy
samples of patients with non-small cell lung cancer and colorectal
cancer with or without cachexia. In these studies, there was evidence
of reduced left ventricular thickness among patients with cachexia.
Interestingly, all cancer patients studied demonstrated evidence of
adverse cardiac remodelling, including fibrosis, independent of
co-existing cachexia.

The authors are to be lauded for a well-conducted study with
detailed cardiac investigations performed in both rat and human
models of cancer cachexia. As ever, good studies raise additional
interesting questions. First, acute atrophy affects all organs examined,
including all skeletal muscle groups, white and brown adipose tissue,
and the liver; this observation of such multiorgan atrophy raises the
possibility that dysfunction of these other organs and not the
tumour itself contributes to cardiac dysfunction. Second, it remains
uncertain whether bisoprolol or spironolactone can actually
reverse rather than merely attenuate cardiac atrophy in this model,
similar to the reversal of cancer-induced skeletal muscle and
cardiac atrophy achieved via pharmacological manipulation of the
ubiquitin–proteosome pathway in tumour-bearing mice.8 Third,
data on whether these agents had any effect on tumour growth in
this rat model, which in turn may attenuate cardiac atrophy, are not
presented; beta-blockers have been reported to reduce breast
cancer proliferation,9,10 and so direct tumour effects of cardiopro-
tectiveagents cannot be ruled out. Finally whereas the many signalling
pathways studied and their varying responses to bisoprolol and spir-
onolactone treatment are intriguing, further studies are needed to
assess the precise signalling pathways that directly cause cardiac
atrophy with in vitro and in vivo functional validation.

Mechanisms underlying skeletal muscle atrophy associated with
cancer cachexia have previously received more attention, and this
previous work may offer insights into the mechanisms contributing
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to cardiac atrophy (see Figure 1). Alterations involving a multitude of
neural, proinflammatory, anabolic, and catabolic mediators have
been implicated in murine models of cancer-induced skeletal muscle
atrophy.5 Increased protein degradation, resulting from activation of
catabolic ubiquitin–proteosome pathway or autophagy/lysosomal
pathways, interacts with suppressed protein synthesis to produce
skeletal muscle atrophy in these models. The extent to which the dis-
tinct yet overlapping phenotypic states of cachexia-induced skeletal
muscle and cardiac atrophyare due to separate orcommon pathways
requires clarification. Mechanistic overlap with models of cardiac
atrophy from non-cancer aetiologies such as prolonged bedrest or
mechanical unloading with a ventricular assist device should also be
considered.11 Because the research to date has largely focused on
skeletal muscle atrophy, the investigative focus by Springer and col-
leagues on cardiac atrophy, and its attenuation, is particularly
welcome.

The translational value of animal models of cancer cachexia
requires consideration. The acute onset and rapid progression of
cachexia in the rat hepatoma model used by Springer et al. is not ne-
cessarily analogous to the chronic wasting observed in humans with
cancer cachexia.5 Furthermore, these models are unable to reflect
the clinical complexity of oncology patients, who often present
with significant age-related concomitant co-morbidities and prior,
as well as concurrent, treatment with cytotoxic therapies. The inabil-
ity to evaluate fully the role of such complexities in the development
of cardiac atrophy and dysfunction in cancer states using animal
models limits meaningful extrapolation of pre-clinical findings.
Springer et al. present human data limited to cross-sectional blood
levels of aldosterone, cortisol, renin, and brain natriuretic peptide

among cancer patients compared with controls, as well as post-
mortem cardiac examination and histological data, without descrip-
tion of potentially confounding pre-morbid cancer therapies.7 In
the absence of more detailed supportive human data, it is possible
that Springer et al. have elegantly described the mechanisms of inev-
itable cardiac demise that are part of the terminal cancer process, or
effects of anticancer therapy, which can be attenuated by certain
medications while offering little or no symptomatic gain for patients.
Findings from small clinical trials of treatments aimed at attenuating
skeletal muscle loss in cancer cachexia have been mixed, and there
are currently no treatments specifically approved for cancer cach-
exia. Therapies directed against proinflammatory cytokines impli-
cated in muscle atrophy have achieved little or no success in the
clinical setting; results of treatments with low dose insulin therapy
or androgen therapy have been similarly disappointing.12–15 Accord-
ingly, studies specifically investigating therapies for ameliorating
cancer-induced cardiac atrophy and cardiac function in humans are
lacking. There also remains the need to determine whether the bio-
chemical disarray reported by Springer et al. exists in cardiac atrophy
associated with human cancers. Ultimately, clinical trials are also
needed to assess the symptomatic and prognostic impact of attempts
to treat cancer-induced cardiac atrophy with medications such as al-
dosterone antagonists or beta-blockers. Ideally, sufficient mechanis-
tic overlap underlying skeletal muscle and cardiac atrophy exists such
that a common effective therapy is plausible.

Although necessary, conducting well-designed clinical trials to
identify therapies for the growing population of cancer patients
‘at risk’ for cardiac cachexia will prove challenging. Quantifying the
contribution of cardiac atrophy to patients’ overall burden of

Figure1 Proposed model illustrating themultifactorial aetiologyof cardiacand skeletalmuscle atrophy in patients with cancercachexia. The inter-
playing pathways leading to cardiac and skeletal muscle atrophy outlined in this figure are non-exhaustive and remain incompletely delineated. IGF-1,
insulin-like growth factor-1; IL, interleukin; LVEF, left ventricular ejection fraction; TNF-a, tumour necrosis factor-a.
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symptoms and clinical signs in advanced cancer is difficult, especially
when multiple potential culprits are present. Different pathways
dominate pathogenesis at different stages of cachexia-induced skel-
etal muscle atrophy; for example, the ubiquitin–proteosome
pathway has been implicated in later stages of the disease process
compared with lysosomal pathways.16 Thus, the timing of treatments
targeting different mechanistic pathways may need to be considered.
Furthermore, clinical research involving patients in the terminal
stages of cancer is ethically sensitive. Although endpoints such as
echocardiographic measures of cardiac function and cardiac bio-
marker trends will be informative, primary outcomes should focus
on symptomatic relief and quality of life measures for this patient
cohort. Survival gains will need to be carefully adjusted for quality
of life during any additional life years.

Overall, the interesting findings of Springer et al. underscore the
expanding role for the subspecialty of cardio-oncology, which has
to date focused on prevention or management of cancer
treatment-related cardiomyopathy. This recent work by Springer
et al. has highlighted the need also to consider cardiac effects of
cancer itself and identifies avenues for translational research with po-
tentially wider clinical impact. As a young field, cardio-oncology con-
tinues to evolve.
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