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Abstract

Aims Cachexia is a severe complication of cancer that adversely affects the course of the disease and is associated with high
rates of mortality. Patients with cancer manifest symptoms, such as fatigue, shortness of breath, and impaired exercise tolerance,
which are clinical signs of chronic heart failure. The aim of this study was to evaluate cardiac muscle wasting in cancer individuals.
Methods and results We retrospectively analysed 177 individuals who died of cancer, including 58 lung, 60 pancreatic, and
59 gastrointestinal (GI) cancers, and 42 cancer-free controls who died of other, non-cardiovascular reasons. Cancer cachexia
(CC) was defined based on clinical and/or pathological diagnosis, body mass index (BMI) <20.0 kg/m2 and/or oedema-free
body weight loss of 5.0% during the previous year or less. The pathology reports were analysed for BMI, heart weight
(HW), and left and right ventricular wall thicknesses (LVWT and RVWT, respectively). The analysis of clinical data included
recording of biochemical parameters and medication data of study patients. CC was detected in 54 (30.5%) subjects.
Individuals with CC had a significantly lower HW than non-cachectic subjects (363.1 ± 86.2 vs. 447.0 ± 128.9 g, P < 0.001)
and control group (412.9 ± 75.8 g, P < 0.05). BMI correlated with HW in cases with GI cancer (r = 0.44, P < 0.001), lung cancer
(r = 0.53, P < 0.0001), and pancreatic cancer (r = 0.39, P < 0.01).
Conclusions Body weight loss in individuals with lung, pancreatic, and GI cancers is accompanied by a decrease in HW. In
patients with CC who receive cancer treatment, screening for cardiac muscle wasting may have clinical importance.
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Introduction

Cancer cachexia (CC) is a multifactorial paraneoplastic
syndrome characterized by anorexia, body weight loss, and
loss of adipose tissue and skeletal muscle.1 Its prevalence
ranges from 50 to 80% in cancer patients,2 and remarkably
about 20% of cancer-related mortalities derive from cachexia
rather than direct tumour burden.3 The progression of the
disease varies between cancer types, with cachexia being
more prevalent within pancreatic, colon, or non-small-cell
lung malignancies.4 Patients with pancreatic or gastric cancer
experience the highest frequency of weight loss, where
patients can lose up to 30% of their pre-illness weight.5 This
wasting condition also lowers responsiveness to

chemotherapy and radiotherapy and increases the risk of
postoperative complications6 contributing to poor prognosis
and a depreciating quality of life.7

The pathogenesis of CC includes anorexia, inflammation,
metabolic disturbances, and enhanced muscle proteolysis.6

The loss of skeletal muscle mass results from a decrease in
protein synthesis, an increase in protein degradation, or a
combination of both.8 Muscle hypercatabolism depends on
the activation of calcium-dependent proteases, on calpains,
and on the hyperactivation of the ATP-ubiquitin-dependent
proteolytic pathways.9,10 Muscle wasting is the most important
phenotypic feature of CC and the principal cause of function
impairment, fatigue, and respiratory complications.11 The loss
of muscle tissue and fat mass leads to weight loss, which is
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strongly associated with poor outcomes from the earliest
disease stages through to advanced cancer.12 Systemic
inflammation also plays a significant role in cachexia-associated
wasting. Pro-inflammatory cytokines, including interleukin (IL)-1,
IL-6, and tumour necrosis factor alpha (TNF-α) induce
myofibrillar breakdown by activation of the ubiquitin
proteasome pathway, via nuclear transcription factor kappa B
(NF-κB)-dependent and NF-κB-independent mechanisms.13–15

Cytokine-mediated release of cortisol and adrenergic hormones
can also lead to increased fat oxidation and fat atrophy, insulin
resistance, hypermetabolism, anaemia, and fatigue.13 In
addition, tumour-derived catabolic factors, such as lipid-
mobilizing factor and proteolysis-inducing factor may play a role
in the development of cancer anorexia and cachexia by acting
directly on adipose tissue and skeletal muscle, without affecting
food intake.16

The mechanisms of skeletal muscle wasting in CC have
been extensively described in previous studies.5,15 The theory
on whether the process of weight loss is accompanied by a
loss of cardiac muscle tissue has not been studied in detail
previously. Therefore, the aim of the study was to assess
whether weight loss in cancer patients is also accompanied
by tissue loss of the heart muscle.

Methods

Study population

We retrospectively analysed 177 deceased cancer individuals
who were treated and died from lung, pancreatic, and
gastrointestinal (GI) tumours at Charité Medical School from
2002 to 2009. The individuals were randomly chosen from
pathology reports at the Virchow Institute of Pathology of
Charité Campus Mitte, between October 2009 and January
2010. Individuals who died of cancer but had also reported
cardiovascular (CV) disease prior to developing cancer were
excluded from this analysis. Forty-two cases that had no
medical history of CV disease and cancer were selected as
the control group. The control patients did not have any
chronic disease that could have caused the development of
cachexia. The causes of death of control individuals were
sepsis (only if death occurred within 3 days), multiorgan
failure, cerebral coma, acute peritonitis, intracerebral
haemorrhage, acute necrotizing pancreatitis, pulmonary
artery thromboembolism, coagulopathy due to acute liver
failure (acute necrotizing hepatitis), sun stroke, aspiration
pneumonia, spleen abscess, and traumatic brain injury.

Assessment of pathology data

The pathology reports of cancer cases were examined for the
type of cancer, tumour localization and classification, the

presence of metastases, and body weight data. The body
weight data were carefully recorded by physicians in medical
reports of cancer patients upon their admission to different
divisions and during treatment at the Charité University
Hospital. The weight and height data were recorded upon
death, and body mass index (BMI = weight/height2) was
calculated. CC was defined based on clinical and/or
pathological diagnosis, BMI < 20.0 kg/m2, and/or at least a
5.0% loss of oedema-free body weight during the previous
12 months or less.17 Based on these criteria, all cancer cases
were divided into cachectic and non-cachectic groups.
Cardiac dimensions, including heart weight (HW), relative
HW, left ventricular wall thickness (LVWT), and right
ventricular wall thickness (RVWT), were obtained. The
relative HW was calculated by the formula HW/body
weight × 100%. The presence of CV and other co-morbidities
was recorded from pathology reports of study cases.

Assessment of clinical data

The hospital online system of the Charité Medical School was
used to obtain medical reports of individuals who were
selected at the Virchow Institute of Pathology. Two control
cases were excluded due to the previous history of cancer
and systemic lupus erythematosus. Themedical reports of eight
control cases were not available in the hospital database. The
body weight data, recorded upon admission to the hospital,
laboratory parameters, and medication data were recruited
from medical reports. The dynamics of body weight change
were taken from medical reports to document weight loss.

Biochemical parameters

Standard laboratory data were recorded from medical reports
to reveal the presence of biochemical abnormalities, including
full blood count, plasma levels of protein and albumin,
inflammatory markers, such as C-reactive protein, liver
enzymes, alanine aminotransferase, aspartate amino-
transferase, as well as renal function indicators (creatinine
and urea) �4 ± 1 weeks before the death of cancer cases and
upon the last hospital admission for control subjects. It was
impossible to obtain the data at equal time to death across
all groups because the clinical data for control subjects were
only available for the last hospital admission, from a week to
several months before death. The missing biochemical
parameters were not determined during laboratory tests.

Drug treatment

The analysis of medication data included the recording of
cancer treatment and CV drug therapy of study individuals,
which were completely available in hospital medical reports

Cardiac wasting in cancer 459

ESC Heart Failure 2017; 4: 458–467
DOI: 10.1002/ehf2.12184



of study individuals. The treatment data were collected from
medical reports �4 ± 1 weeks, �6 ± 1 months, and
�12 ± 1 months before death of cancer subjects to evaluate
the course of treatment over a year. The treatment received
by cancer patients included chemotherapy, radiation
treatment, and combined radiochemotherapy. The CV drugs
received by all study individuals were also recorded, including
angiotensin-converting enzyme inhibitors, angiotensin receptor
blockers, beta-blockers, Ca-channel blockers, diuretics, and
cardiac glycosides. The CV therapy data for control subjects
were collected upon last hospital admission.

Statistical analysis

Numeric values were presented as mean ± standard deviation.
Unpaired Student’s t-test, ANOVA with Fisher’s post hoc test,
and χ2 test were used as appropriate. The Kolmogorov–
Smirnov test assessed normal distribution. Normally
distributed data were analysed by one-way ANOVA followed
by Tukey’s test, while data without normal distribution by
Kruskal–Wallis test. The correlation analysis was performed
by Pearson’s two-tailed correlation method. A P value ≤0.05
was considered statistically significant. Standard statistical
software packages, SPSS 16.0 and StatView 5.0 (SAS Institute,
Cary, NC) were used to perform statistical analysis.

Results

We studied 58 lung cancer, 60 pancreatic cancer, 59 GI cancer,
and 42 control subjects. The study included 135 male (61.6%)
and 84 female cases. The age of all individuals ranged from
21 to 95 years (mean: 62.9 ± 12.4 years). Cases were subdivided
according to whether or not CC was present, and a total of 54
(30.5%) subjects met these criteria. Individuals with CC were
predominately men and were of similar age as non-cachectic
subjects (P = 0.74, Table 2). Baseline characteristics of study
cases are shown in Tables 1 and 2.

From all 177 cancer individuals, in only 72 (40.7%) patients
were premorbid weight data obtained, whereas in 45
(25.4%), 28 (15.8%), 13 (7.3%), and 11 (6.2%) patients, two,
three, four, and five body weight measurements were
recorded, respectively. The body weight data were available
for a few weeks to a year before death for the majority of
cancer patients and a few years before death for some cancer
patients.

The BMI values were significantly lower in cachectic
individuals than in non-cachectic subjects for three cancer
types (all P< 0.01), as well as compared with the control group
(all P < 0.001, Table 1). The HW of cachectic cases with lung
and GI cancers were significantly lower compared with that
of non-cachectic subjects (both P < 0.05, Table 1). The HW of
control group cases was significantly lower than that of the GI Ta
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non-cachectic group (P < 0.05, Table 1). The LVWT was higher
in GI non-cachectic individuals than in the control group
(P< 0.05), whereas the RVWT was lower in GI cachectic group
than in the control subjects (P < 0.05, Table 1). The relative
HW, LVWT, and RVWT did not differ between cachectic and
non-cachectic cases for each cancer type (Table 1).

The cachectic, non-cachectic, and control groups contained
a higher proportion of men than women. The cachectic group
contained the same number of women as the control group
(n = 18) but less than the non-cachectic group (n = 48). The
cachectic group had a twice higher proportion of men than
women (36/18) (see Supporting Information, Table S1).

The HW of cachectic individuals was lower than that of
non-cachectic (363.1 ± 86.2 vs. 447.0 ± 128.9 g, P < 0.001;
Figure 1A) and control groups (vs. 412.9 ± 75.8 g, P < 0.05;
Figure 1A). The relative HW was higher in cases with cachexia
than in control subjects (0.57 ± 0.15 vs. 0.50 ± 0.11%,
P < 0.05; Figure 1B). The LVWT was higher in non-cachectic
group than in controls (14.8 ± 2.6 vs. 13.9 ± 1.8 mm,
P < 0.05; Figure 1C). No difference was detected in terms of
LVWT and RVWT between cachectic and non-cachectic groups.

Correlation analyses

In all study cases, we detected a weak and significant
correlation between BMI and HW for cachectic (r = 0.36,
P < 0.01), non-cachectic (r = 0.33, P < 0.001), and control
groups (r = 0.40, P < 0.05) (Figure 2A–C). The linear
regression analysis for each cancer type revealed
intermediate and significant correlations between BMI and

HW for individuals with GI cancer (r = 0.44, P < 0.001), lung
cancer (r = 0.53, P < 0.0001), and pancreatic cancer (r = 0.39,
P < 0.01) (Figure 3A–C). The BMI positively correlated with
LVWT and RVWT (r = 0.32, P < 0.05 and r = 0.34, P < 0.05,
respectively) in cases with GI cancer. A similar correlation
was observed between BMI and LVWT in individuals with
lung cancer (r = 0.29, P < 0.05) (see Table S1). No significant
correlation was observed between BMI and RVWT in cases
with lung cancer, as well as LVWT and RVWT in cases with
pancreatic cancer. The association of BMI with relative HW
was also weak and insignificant for three cancer types (see
Table S2).

Clinical characteristics of study cohorts

Baseline biochemical parameters for 177 cancer and 32
control cases are shown in Table 2. We have observed
abnormal laboratory data characterized by increased C-
reactive protein levels (>5.0 mg/L), anaemia
(haemoglobin < 12 g/dL), and hypoalbuminaemia (<3.2 g/dL)
in cachectic and non-cachectic subjects, but these parameters
did not differ significantly between the two groups (Table 2).

Cardiovascular medication

The medication data of all study cases is listed in Table S3.
We detected significant differences between all cancer and

control subjects with regard to received CV drugs. In particular,
the treatment with beta-blockers (26.6 vs. 53.1%, P < 0.01),

Table 2 Baseline biochemical data of cachectic, non-cachectic, and control cases

Control cases (n = 32) Cachectic cases (n = 54) Non-cachectic cases (n = 123)

Age (years) 56.3 ± 15.8 64.7 ± 10.8** 63.9 ± 16.1**
Sex (M/W) 24/18 36/18 75/48
BMI (kg/m2) 28.41 ± 5.86 21.81 ± 4.03*** 27.82 ± 5.60†††

Sodium (mmol/L) 138.17 ± 6.58 (28) 134.12 ± 5.08 (40)* 136.21 ± 5.36 (61)
Potassium (mmol/L) 4.13 ± 0.65 (29) 3.99 ± 0.57 (40) 4.1 ± 0.62 (63)
Creatinine (mg/dL) 1.52 ± 1.15 (31) 1.04 ± 0.97 (44)## 1.18 ± 0.90 (78)
Urea (mg/dL) 72.32 ± 53.11 (31) 52.6 ± 31.6 (34) 65.6 ± 58.87 (61)
Uric acid (mg/dL) 5.56 ± 4.81 (8) 4.57 ± 3.58 (13) 6.41 ± 3.06 (15)
Bilirubin total (mg/dL) 2.43 ± 5.86 (24) 3.62 ± 5.18 (24) 2.57 ± 3.89 (55)
Albumin (g/dL) 2.38 ± 0.82 (22) 2.95 ± 0.62 (22)* 3.14 ± 0.67 (34)***
Protein (g/dL) 4.93 ± 1.46 (24) 6.78 ± 1.03 (20)*** 6.08 ± 1.27 (40)**
C-reactive protein (mg/L) 12.72 ± 12.05 (29) 10.08 ± 7.35 (34) 8.35 ± 7.34 (61)
Alanine transaminase (U/L) 408.36 ± 1295.23 (28) 41.37 ± 37.7 (38) 106.79 ± 334.6 (61)
Aspartate transaminase (U/L) 770.62 ± 2488.11 (26) 72.7 ± 95.79 (40) 96.82 ± 130.78 (62)
Thyroid-stimulating hormone (mU/L) 1.23 ± 1.20 (20) 1.59 ± 1.39 (16) 1.19 ± 1.18 (27)
Haemoglobin (g/dL) 10.78 ± 2.60 (32) 10.73 ± 1.97 (45) 11.05 ± 1.90 (76)
Haematocrit (L/L) 0.33 ± 0.071 (32) 0.32 ± 0.06 (45) 0.34 ± 0.052 (76)
Erythrocytes (pL�1) 3.58 ± 0.71 (32) 3.64 ± 0.69 (45) 3.76 ± 0.63 (76)
Leucocytes (nL�1) 14.62 ± 13.99 (32) 11.46 ± 6.12 (45) 11.07 ± 5.44 (76)
Thrombocytes (nL�1) 166.78 ± 109.59 (32) 297.84 ± 176.1 (45)** 258.18 ± 151.12 (76)*
Red blood cell distribution width (%) 15.66 ± 3.50 (31) 15.94 ± 2.35 (20)# 17.1 ± 2.98 (29)
Gamma-glutamyl transferase (U/L) 132.96 ± 200.00 (24) 216.8 ± 251.09 (18) 324.4 ± 239.91 (18)*

P values refer to ANOVA between three groups. All data are presented as mean ± SD.
*P < 0.05, **P < 0.01, ***P < 0.001 vs. controls, rest = non-significant; #P < 0.05, ##P < 0.01 between cachectic, non-cachectic, and
control groups (Kruskal–Wallis test); †††P < 0.001 cachectic vs. non-cachectic groups.
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Ca-channel blockers (10.7 vs. 28.1%, P < 0.01), diuretics (32.2
vs. 81.2%, P < 0.0001), glycosides (7.9 vs. 21.9%, P < 0.05),
and glucocorticosteroids (26.6 vs. 78.1%, P < 0.0001) was
significantly different between the two groups.

The cachectic and non-cachectic cases differed from the
control group with regard to treatment with beta-blockers
(both P < 0.05), Ca-channel blockers (P < 0.05), diuretics
(P < 0.0001), glucocorticosteroids (P < 0.0001), and α1-
receptor antagonist (P < 0.05). The treatment with
glycosides and non-steroidal anti-inflammatory drugs was
significantly different between the cachectic and control
groups (both P < 0.01). No difference was detected between
these groups with regard to individuals’ CV medication (see
Table S3).

From all 177 cancer individuals, coronary artery disease
was detected in 65 (36.7%), arterial hypertension in 18
(10.2%), heart failure (HF) in 36 (20.3%), pulmonary artery
thromboembolism in 20 (11.3%), myocardial infarction in 16
(9.03%), and infective endocarditis in 5 (2.82%) cases.

Cancer treatment

The chemotherapy and radiation treatment of cancer cases is
summarized in Table 3 and in Table S4.

The number of cachectic individuals was significantly
higher compared with non-cachectic subjects with regard to
overall chemotherapy (81.5 vs. 42.3%, P < 0.0001),
radiotherapy (33.3 vs. 17.1%; P < 0.05), as well as combined
radiochemotherapy treatment (29.6 vs. 13.0%; P < 0.01,
Table 3).

The number of cachectic cases who received chemotherapy
was prevalent over non-cachectic subjects for each drug class,
in particular with regard to treatment with topoisomerase
inhibitors (20.4 vs. 7.3%, P < 0.05), nucleoside metabolic
inhibitors (44.4 vs. 21.9%, P < 0.01), platinum-based drugs
(55.6 vs. 14.6%, P < 0.0001), taxanes (14.8 vs. 3.3%,
P < 0.01), anthracycline topoisomerase inhibitors (9.3 vs.
2.4%, P < 0.05), and somatostatin analogue (5.6 vs. 0.8%,
P = 0.05) (see Table S4).

Discussion

We have shown in this retrospective study that the reduction
of HW was observed in individuals who developed CC
independent of cancer type. The HW of cachectic patients with
lung, pancreatic, and GI cancers was lower compared to that of
non-cachectic and control subjects. The same was true for all
cachectic cases where the HW was significantly reduced

Figure 1 Distribution of (A) heart weight, (B) relative (Rel.) heart weight, (C) left ventricular (LV) wall thickness, and (D) right ventricular (RV) wall
thickness in cachectic and non-cachectic individuals vs. controls.
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compared with non-cachectic and control groups. The number
of men was prevalent in cachectic and non-cachectic groups.
Therefore, the lower HWs in the cachectic group were not
due to female sex but were the result of wasting in cachexia.

The progressive decrease in body weight of cancer
individuals was accompanied by wasting of cardiac muscle.
This was represented by a weak and significant correlation
between BMI and HW of cachectic and non-cachectic
subjects. The association of BMI with HW was stronger and
significant for cases with lung, pancreatic, and GI cancers.
Moreover, we showed a correlation of BMI with LVWT and
RVWT in individuals with GI cancer and with LVWT in cases
with lung cancer.

The diagnosis of patients with CC was primarily made at
the beginning stages of the disease when these patients
could not have managed to develop a substantial weight loss.
In contrast, the majority of non-cachectic patients (63.4%)
was diagnosed at the later stages of the disease (from 1 to
6 months before death), and/or they died early after the
original manifestation of the disease. In case of late diagnosis,
these patients could have supposedly developed weight loss
prior to hospitalization. However, the body weight data
before admission to the hospital were not available, so it
was impossible to get an idea about the dynamics of previous
weight loss. Although the diagnosis of cancer was made late
in most non-cachectic patients, the decrease in body weight

after hospitalization until death was not significant enough
(<5.0%) so that these patients could be considered cachectic.
One of the reasons could be that they died early due to
complications arising from cancer. The earliest possible body
weight data were recorded from medical reports to
document weight loss in cancer patients during hospital
treatment.

The analysis of laboratory data of cancer individuals
revealed increased C-reactive protein levels, anaemia, and
hypoalbuminaemia, which corresponded to the clinical
definition of cachexia. However, the laboratory parameters
were not significantly different between cachectic and non-
cachectic groups.

The hypothesis on whether cardiac wasting develops in
cancer patients is still controversial. In support of this theory
speaks the evidence that patients with CC manifest
symptoms, such as fatigue, shortness of breath, and impaired
exercise capacity, that are typical clinical signs of chronic
HF.18 This hypothesis was originally tested in a number of
animal studies. In previous studies by Springer et al.,18–20

cardiac function was assessed in the AH-130 hepatoma rat
model of CC. The loss of body weight in tumour-bearing rats
was accompanied by a reduction in absolute HW, left
ventricular (LV) mass and cardiac contractility, as assessed
by LV ejection fraction (LVEF) and LV fractional
shortening.18,20 The authors found progressive fibrosis in

Figure 2 Simple regression analysis of body mass index (BMI) and heart weight for (A) cancer cachectic, (B) non-cachectic, and (C) control cases.
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the hearts of tumour-bearing rats. They showed that the loss
of LV mass was higher (>50%) than the loss of lean mass
(~35%), indicating that the heart is more susceptible to
catabolic stimuli than skeletal muscle.20 They observed a
reduction in HW, LVWT, and cardiac and perivascular fibrosis
in patients who died of cancer irrespective of cachexia.
Hence, the process of cardiac remodelling seems somewhat
similar in a rat model and cancer patients who died as a
result of CC.

In studies by Tian et al.,21,22 the effect of CC on heart
function and cardiac muscle structure was investigated in
male CD2F1 mice inoculated with colon-26 adenocarcinoma
cells. Heart function as measured by fractional shortening
in vivo using transthoracic echocardiography, heart rate, and
cardiac wall thickness were significantly reduced compared
to those of control mice. The authors also found cardiac
fibrosis in tumour-bearing mice and disrupted myocardial

structure as revealed by transmission electron microscopy.
Cardiac atrophy in mice with CC was manifested by a
decreased amount of cardiac myofibrillar proteins, myosin
heavy chain (MHC), and troponin I; increased protein
ubiquitination; and alteration in the composition of protein
levels of MHC as revealed by a decrease in MHCα (adult
isoform) and increase in MHCβ (foetal isoform), which is
known to be associated with HF. Tian et al.21 observed a gene
expression pattern for cardiac remodelling in cachectic mice,
including increased brain natriuretic peptide and c-Fos and
decreased peroxisome proliferator-activated receptor alpha
and its responsive gene carnitine palmitoyltransferase 1 beta.

In a similar study by Xu et al., the expression of biomarkers
of protein degradation was increased in the hearts of female
CD2F1 mice with colon-26 tumour, which caused systolic
dysfunction and reduction in diastolic posterior wall thickness
as assessed by echocardiography.23 The heart muscle was

Table 3 The distribution of anticancer treatment of study cases

Cancer treatment All cancer cases (n = 177) Cachectic cases (n = 54) Non-cachectic cases (n = 123) P valuea

Chemotherapy, n (%) 96 (54.2) 44 (81.5) 52 (42.3) 0.000001
Radiotherapy, n (%) 39 (22.0) 18 (33.3) 21 (17.1) <0.05
Radiochemotherapy, n (%) 32 (18.1) 16 (29.6) 16 (13.0) <0.01

aχ2 P values between cachectic and non-cachectic groups.

Figure 3 Simple regression analysis of body mass index (BMI) and heart weight for individuals with (A) gastrointestinal (GI) cancer, (B) lung cancer, and
(C) pancreatic cancer.
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affected by tumour growth, and cardiomyocyte function was
impaired during cellular contraction and relaxation. Cramer
et al.24 reported that the determinants of CV function were
impaired in colorectal cancer patients independent of
chemotherapy, as assessed by a reduction in exercise
capacity, LVEF, lean mass, and heart rate variability compared
with the control group.

It has been postulated that CC leads to cardiac atrophy and
HF, which by itself can result in cardiac cachexia contributing
to the severity of the disease.25 The presence of co-morbidities
and chemotherapy treatment are considered important factors
that can contribute to myocardial dysfunction in cachectic
patients. Cardiotoxic chemotherapy may additionally result in
cardiac dysfunction and HF in some cancer patients.25 In this
case, the impairment of cardiac function results from both
cachexia and cardiotoxicity induced by chemotherapy.
Radiation therapy, which is also frequently used in the
treatment of cancer, has cardiotoxic effects and can potentially
compound the cardiotoxicity of chemotherapeutic agents.26

The clinical manifestations of cardiotoxicity vary depending
on the type of chemotherapeutic drug used. Congestive HF
and LV dysfunction are associated with use of anthracyclines,
a cumulative-dose reaction, in those with previous cardiac
diseases and after mediastinal irradiation.27 Cardiotoxicity has
also been reported after 5-fluorouracil administration,28 which
may induce myocardial ischaemia and electrocardiogram
alteration of the repolarization phase.29 Antimicrotubule
molecules, such as vinca alkaloids or taxanes, may produce
cardiac HF, rhythm and conduction disturbances, and
ischaemia.27 However, the most characteristic side effect of
chronic cardiotoxicity is asymptomatic systolic and/or diastolic
LV dysfunction resulting in severe congestive cardiomyopathy
that may eventually lead to death.30

In our study, the majority of patients with CC had increased
length of survival after cancer diagnosis and managed to
develop cachexia as a result of malignancy. As expected, more
cachectic patients received chemotherapy and radiation
treatment compared with the non-cachectic group. However,
in some of these patients, cachexia developed faster due to
the rapid progression of the disease and a significant weight
loss over a relatively short time interval. This category of
patients did not manage to receive a long-term cancer
treatment. It is reasonable to assume that survival in cachectic
patients had increased due to a systematic treatment over at
least a year, which could have affected cardiac function. In
contrast, non-cachectic patients received therapy for a shorter
time, and more than half of them (52.03%) did not receive
treatment at all, mostly due to the late diagnosis of cancer
(70.3%), and died earlier before developing CC. Therefore, the
side effects of treatment and tumour on cardiac function could
not be so profound.

The cancer patients were mostly hospitalized for receiving
cycles of chemotherapy and/or radiation treatment for
cancer. In between cancer treatment, the minority of them

was hospitalized in other clinical divisions due to
decompensation of accompanying conditions, such as CV
diseases. Acute illnesses were rare in cancer patients, and
the loss of body weight caused by them was not significant
enough so that it could have affected the extent of weight
loss caused by cancer in these patients.

Since cachectic patients have been described as more
susceptible to anticancer agent-induced toxicity,31 this could
have resulted in a more extensive cardiotoxic damage of the
heart in addition to cachexia-induced myocardial dysfunction.
In our study, this was revealed by more pronounced cardiac
wasting and reduction in ventricular wall thickness in cachectic
individuals compared with non-cachectic and control subjects.
Unfortunately, diagnostic tests, such as echocardiography and
magnetic resonance imaging, were not available for cancer
cases, which could have provided information about the
dynamics of cardiac structural and functional alterations over
the course of treatment.

The cancer individuals were of old age (>60 years) and had
minor CV co-morbidities, which could have additionally
contributed to the impairment of myocardial function in cancer
patients. It has been reported that CV risk factors, as well as
pre-existing HF, can strengthen cardiac susceptibility against
cachexia and increase the rate of cardiac cachexia.25 We
observed significant differences between cancer cases and
healthy controls with regard to treatment with CV drugs. The
percentage of medications received by control patients was
significantly higher compared with those received by cachectic
and non-cachectic subjects. This was due to the fact that most
of the control patients received symptomatic treatment with
CV drugs and steroids during the last hospital treatment about
a month before death, which could not have a profound effect
on cardiac function. On the contrary, cancer patients received a
long-term drug therapy for accompanying heart disease, which
could have also protected cardiac damage due to developing
CC. The cachectic and non-cachectic individuals did not differ
with regard to treatment with CV medication.

The findings of the present study suggest that CC is
associated with cardiac muscle wasting, which can contribute
to disease symptoms, compromise the clinical status, and
increase the mortality of patients. This creates a necessity for
a continuous assessment of cardiac function in cancer patients,
particularly those with various co-morbidities and risk factors
whose quality of life could be significantly compromised if their
heart condition remained untreated.25 However, considering a
large variation in normal values for cardiac function and size in
cancer patients, it will be difficult to identify changes in these
parameters during chemotherapy. In certain clinical situations,
the decrease in cardiac size is not always associated with the
development of myocardial dysfunction. This phenomenon
was described in a study that included doxorubicin-treated
childhood survivors who developed restrictive cardiomyopathy
more than 15 years after exposure to cancer treatment.
Although LVEF was normal, LV mass and cavity size have
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decreased, leading to the development of a ‘Grinch syndrome’
in these patients.32

The results of previous animal studies have shown that
several therapies, including NF-κB inhibitors, activin receptor
antagonists, and β2-adrenoceptor agonists, have been effective
in attenuating cardiac cachexia in preclinical cancermodels.33–35

In particular, medications used in the treatment of HF, such as
spironolactone, bisoprolol, and simvastatin, reduced the wasting
of skeletal muscle and LV mass, attenuated cardiac dysfunction,
and myocardial fibrosis, as well as improved survival in animals
with CC.20,36 The beneficial effects of exercise training for
treating skeletal and cardiac muscle cachexia in cancer still need
to be resolved.37 It can be assumed that a multimodal approach,
including nutritional support, pharmacological intervention, and
exercise training, will lead to the best therapeutic outcomes.37,38

Future clinical investigations should be directed to the study of
the efficacy of these interventions in preserving cardiac function
in a human model of CC and evaluation of clinical relevance of
cardiac structural and functional alterations in the prognosis of
cancer.

Conclusions

The results of the study have shown that body weight loss in
individuals with lung, pancreatic, and GI cancers is
accompanied by wasting of cardiac muscle. Literature data
show that cardiac dysfunction in preclinical cancer models
is associated with myocardial fibrosis, atrophy, and altered
ultrastructure. Patients with CC should undergo diagnostic
screening for cardiac muscle wasting while receiving
chemotherapy and radiation treatment. Further research

needs to discover novel treatment options to prevent cardiac
cachexia, improve quality of life, and enhance survival for
patients with cancer.
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