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Abstract

Purpose Emerging biomarkers of cancer cachexia and their roles in sarcopenia and prognosis are poorly understood. Base-
line assessments of anthropometrics, sarcopenia, cachexia status and biomarkers of cachexia were measured in patients
with advanced cancer and healthy controls. Thereafter, relationships of the biomarkers with cachexia and sarcopenia were
explored.

Methods A prospective case—control design was used, including 40 patients with advanced cancer and 40 gender, age-
matched controls. Bioelectrical impedance [skeletal muscle index (SMI)] and hand dynamometry [hand grip strength (HGS)]
assessed sarcopenia and a validated tool classified cancer cachexia. Albumin, lymphocyte and platelet counts, haemoglobin,
C-reactive protein (CRP), pro-inflammatory cytokines/chemokines and citrullinated histone H3 (H3Cit) were measured.
Results Patients had significantly lower SMI (6.67 kg/m? versus 7.67 kg/m?, p= <0.01) and HGS (24.42 kg versus 29.62 kg)
compared to controls, with 43% being sarcopenic. Significant differences were found for albumin, lymphocyte and platelet
counts, haemoglobin, CRP, and tumour necrosis factor o (TNFa), (p <0.01). Interleukin (IL)-6 (p <0.04), IL-8 (p=0.02),
neutrophil/lymphocyte ratio (NLR), p =0.02, platelet/lymphocyte (PLR) ratio, p <0.01 and systemic immune inflamma-
tory index (SII), p <0.01 differed significantly. No difference was observed for CXC motif chemokine ligand 5 [CXCLS or
epithelial neutrophil-activating peptide 78 (ENA78)] or H3Cit. Albumin and haemoglobin correlated negatively with total
protein, skeletal muscle mass and SMI (all p <0.01). The presence of sarcopenia associated significantly with albumin,
haemoglobin and CRP.

Conclusion Significant relationships and differences of haemoglobin, CRP and albumin supports future use of these biomark-
ers in cancer cachexia. CXCL5 and H3Cit as valuable biomarkers in cancer cachexia remains to be defined.
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Introduction

Cancer cachexia is defined as a multi-factorial and complex

metabolic syndrome (Ryan et al. 2016) characterized by an

53 Melanie Lipshitz ongoing loss of skeletal muscle mass (with or without func-

melanielevydietician@ gmail.com tional impairment) that cannot be fully reversed by conven-

tional nutritional support and leads to progressive functional
impairment (Srdic et al. 2016).

Cachexia involves many different metabolic pathways and
is typified by systemic inflammation, ongoing weight loss
and reductions of adipose tissue and skeletal muscle. Meta-
bolically, cachexia does not support anabolism, but rather
propagates catabolism and ultimately compromises energy
balance (Peixoto et al. 2020). This catabolism manifests not
only as depleting skeletal muscle mass but may also affect
major organs directly.
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The term sarcopenia is typically used to define an age-
related decrease in muscle mass that is characterized by
a reduction in muscle mass resulting in a loss of strength,
functional impairments and disability (Jones et al. 2009).
However, cancer cachexia and sarcopenia often overlap,
especially in older patients, where cachexia presents with
weight loss and sarcopenia presents with the loss of skel-
etal muscle (Peixoto et al. 2020). Secondary sarcopenia
is defined as the lean body mass reduction that occurs
as a result of acute and chronic disease states including
cancer, infections, chronic organ failure, immobilization,
and disability (Suetta 2019). The differentiation of primary
and secondary sarcopenia or their respective overlaps may
be especially challenging if an elderly sample is being
studied. Sarcopenia is accepted as an integral element of
cancer cachexia and has been widely accepted to play a
pivotal role in clinical assessments, identified by an ongo-
ing reduction of skeletal muscle mass, muscle strength,
and physical performance (Srdic et al. 2016).

Advanced cachexia may only become apparent when
there is a gross loss of skeletal muscle and when the
opportunity for nutritional intervention has passed (Fearon
et al. 2013). Optimal responses to nutrition therapy occur
when the disease is stable and life expectancy exceeds
3 months (Fiala et al. 2016). Therefore, proper diagnosis
and staging of cachexia assists clinicians to ensure goal-
directed treatment (Argilés et al. 2019). However, defining
cachexia is challenging due to the multitude of methods
employed to define cachexia. Pre-cachexia, cachexia, and
refractory cachexia classifications defined by a cachexia
staging score (CSS) tool (incorporating weight loss, sar-
copenia, performance status, appetite and abnormal bio-
chemistry), is optimal for complete and comprehensive
cachexia staging (Dev 2018).

The abundance of methods used to measure and define
cachexia, makes meaningful comparisons between stud-
ies challenging. Less detailed definitions of cachexia use
cut-offs of either involuntary weight loss > 10% or a BMI
of <18 kg/m2 (Dev 2018). However, recommendations
support that when weight loss exceeds 5%, the risk of mor-
tality is greatly increased, necessitating the need for more
sensitive criteria, over and above weight loss and BMI
alone, to identify patients that are still in the early stages
of cachexia (Bruggeman 2016). Broadening cachexia
assessments to include questionnaires of anorexia, body
composition analysis, markers of inflammation, rest-
ing energy expenditure (REE) and physical performance
should be integrated to optimize cachexia definitions and
to ultimately hinder the progression of malnutrition (Dev
2018). Additionally, factors inclusive of gender, ethnicity,
socioeconomic factors and the underlying primary diag-
nosis should be considered to minimize the challenges in
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controlling for confounding differences in the assessment
of cachexia (Montalvo et al. 2018; Olaechea et al. 2023).

Sarcopenia assessment using either handgrip strength
(HGS) or skeletal muscle mass (SMM) plays a pivotal role
in the clinical evaluation of cachexia (Srdic et al. 2016),
where SMM specifically, is an independent prognosticator
of mortality and survival in cancer cachexia (Loumaye and
Thissen 2017).

Systemic inflammation, (a hallmark of cancer cachexia)
(Aoyagi et al. 2015), is mediated by inflammatory cytokines
and underlies the pathogenesis of cachexia (Fearon et al.
2013). Cytokines drive decreased appetite, increased muscle
breakdown and energy expenditure (Loumaye and Thissen
2017). Biomarkers that identify cancer cachexia in the early
stages may predict progression, and outcomes and guide
clinicians to develop early interventions (Mondello et al.
2014). However, clinically effective and reliable biomarkers
for cachexia diagnosis are lacking (Ohmori 2019), therefore,
ongoing research to determine the ideal biomarker of cancer
cachexia is necessary (Loumaye and Thissen 2017).

Cytokines that have been shown to impact on nutritional
status in cachexia include C-reactive protein (CRP), tumour
necrosis factor o (TNFa), interleukin (IL)-6 and IL-8 by
triggering muscle wasting (Miyamoto et al. 2016) and neg-
atively impacting survival in cancer (Lerner et al. 2015).
Furthermore, these biomarkers promote tumour progression,
proliferation and survival of malignant cells (Paczek et al.
2020).

Cytokines, as a result of the inflammatory response, are
the mediators of the cachexia process: they alter macronu-
trient metabolism, depress appetite and initiate the acute
phase protein (APP) response. Furthermore, the inflam-
matory cytokines initiate metabolic pathways that increase
the release of enzymes that trigger muscle protein turnover
(Ryan et al. 2016). Cytokines also play an important role
in causing secondary nutrition impact symptoms (S-NIS)
including early satiation, constipation, depression and
uncontrolled nausea and vomiting (Dev 2018) and may act
by driving a systemic suppression of the immune system
(Brocco et al. 2019).

Notwithstanding, that APPs and cytokines mediate
inflammation peripherally in cancer cachexia, centrally,
hypothalamic inflammation results in a stimulation of the
hypothalamic—pituitary—adrenal axis, resulting in the release
of glucocorticoids. This results in lipolysis and skeletal
muscle catabolism, therefore, directly contributing to the
metabolic aberrations and compromised nutritional status
of cachexia (Peixoto et al. 2020).

Many cancer patients are treated only when a significant
amount of weight loss is detected, or when the patients suffer
from limitations in their daily living activities and a com-
promised quality of life. Testing of biomarkers of the can-
cer cachexia process may, therefore, serve to detect early
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changes before any clinical manifestations arise, facilitat-
ing treatment and, possibly, improving prognosis (Argilés
et al. 2019). An improved understanding of the molecular
mechanisms and role of these cachectic potentiators in driv-
ing cachexia shows promise in discovering new therapeutic
targets and to ultimately improve the treatment of cancer
cachexia (Miyamoto et al. 2016).

Although TNF«x has been accepted as a mediator of can-
cer cachexia for many years, TNFa inhibitors (both a recom-
binant fusion protein of TNFa type II receptor which blocks
TNFa activity or a recombinant anti-TNFa antibody) have
not demonstrated meaningful clinical benefits with respect
to reductions in muscle wasting or restorations of lean body
mass (Miyamoto et al. 2016). However, tumour necrosis
factor receptor-associated factor 6 (TRAF6) which is a
TNFa receptor adapter protein that is up-regulated during
atrophy and has been found to be over expressed in muscle
from gastric cancer patients and when inhibited has shown
reductions in skeletal muscle wasting (Porporato 2016).

ALDS518, a humanized monoclonal antibody that binds
with high affinity to human IL-6, is being refined for the
treatment of anaemia, cachexia, and fatigue. A phase I study
of nine patients with advanced cancer has reported statis-
tically meaningful differences in hand grip strength and
fatigue after ALD518 administration, albeit with a small
sample size (Miyamoto et al. 2016) and others have shown
a reversal of anorexia, fatigue, and anaemia, but no signifi-
cant effect on the loss of lean body mass in weight-losing
lung cancer patients (Fearon 2012). This is supported in the
research done by Ohmori et al. where IL-6 was not found
to be correlated to SMI (Ohmori 2019). The clinical signifi-
cance of IL-6 is well established in predicting survival in
advanced cancer, however, the relationship between elevated
circulating IL-6 levels and weight loss in cancer patients
remains inconsistent in the literature and the association
between IL-6 and the low muscularity is poorly researched
(Loumaye et al. 2017), supporting the search for reliable
markers in this regard.

Hou et al. investigated several cytokines including IL-6,
IL-1, TNFa together with IL-8 in patients with advanced
pancreatic cancer. Their results indicated that IL-8 levels are
critical to the development of cancer cachexia. They found
that IL-8 expression was positively correlated to tumour size
and also correlated with both increased levels of sarcopenia
and weight loss (Hou et al. 2018). Weight loss alone, was
used as a defining factor of cachexia but no differences were
evaluated or reported with respect to patients categorized as
pre-cachexia, cachexia or refractory cachexia. Using a more
detailed definition of cancer cachexia may have produced
improved accuracy of predicting survival and prognosis
using IL-8 as a biomarker.

CXC motif chemokine ligand 5 (CXCL5) and citrulli-
nated histone H3 (H3Cit) are emerging biomarkers whose

roles in cancer cachexia are mostly undetermined. CXCL5
is shown to be elevated in various types of malignancies and
is associated with metastasis (Hu et al 2018). Cancer-associ-
ated inflammation, neutrophil activation, and the release of
H3Cit have been found to be linked to cachexia progression,
where patients with metastatic spread present with markedly
raised H3Cit levels compared to healthy individuals (Thalin
et al. 2018). To date, no research has been conducted to
determine if there are relationships between CXCLS5 and
H3Cit to skeletal muscle breakdown and sarcopenia.

There appears to be paucity in the literature on the roles
of CXCLS5 and H3Cit in cancer cachexia, specifically per-
taining to nutrition-related indices. Therefore, a comprehen-
sive cancer cachexia assessment, investigating relationships
of emerging and previously investigated biomarkers with
nutritional status is warranted (Argilés et al. 2019) to opti-
mise cancer cachexia management. The primary objectives
of the current study were to identify relationships between
emerging biomarkers of cancer cachexia, sarcopenia status
and cachexia status in patients with advanced cancer.

Methods
Study population

Forty patients with advanced-stage 4 malignancies (multiple
diagnoses, in different stages of chemotherapy treatment)
and 40 healthy age and gender-matched controls, using pur-
posive sampling, were included in a prospective case—con-
trol design. One-way ANOVA calculations achieved a 90%
power (effect size of 0.52). A hypothesis test of equal means
defined a significance level of 5%.

All participants were adults older than 18 years. Con-
founding conditions that excluded eligibility were severe or
chronic illnesses of the liver, chronic kidney disease, inflam-
matory gastrointestinal tract disorders (ulcerative colitis,
Crohn’s disease), severe chronic obstructive lung disease,
congestive heart failure, insulin-dependent diabetes mellitus,
active uncontrolled infection, neuromuscular disorders with
hemiplegia, and rheumatoid arthritis affecting the hands, and
patients that did not consent to take part in the study. Control
participants were volunteers—self-reported to be healthy
and not taking any chronic medications pertaining to the
relevant exclusions.

Anthropometric parameters

Anthropometric parameters, including weight and height,
were measured, and body mass index (BMI) was calcu-
lated. Body composition analysis was assessed using the
InBody120 (Gangnam-gu, Seoul, South Korea) that yielded
SMM, total body protein and skeletal muscle index (SMI).
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Sarcopenia was defined by SMI using accepted cut-offs
[<7.23 kg per square meter (kg/m?) for males and <5.67 kg/
m? for females] (Chen et al. 2020). Handgrip strength, meas-
ured in kg, used the Saechan dynamometer (Sachan Corpora-
tion, Gyeongsangam, South Korea). Prescribed guidelines
for HGS testing (subjects were asked to perform a maximal
contraction for a few seconds using the non-dominant hand)
was assessed and sarcopenia defined by cut-offs of < 18 kg
for females and <28 kg for males (Chen et al. 2020). A
five-factor cachexia score staging tool [including percent-
age weight loss in past 6 months; strength, assistance with
walking, rise from a chair, climb stairs and falls (SARC-F);
Eastern Cooperative Oncology Group performance status
assessment (ECOGQG); appetite loss; abnormal biochemis-
try (white blood cell count > 10X 10°/L, albumin < 35 g/L,
haemoglobin < 10 mg/dL] was used to classify cachexia (no
cachexia, pre-cachexia, cachexia and refractory cachexia)
(Zhou 2018).

Sample collection, processing, and storage

Ten millilitres of blood were drawn per blood collection
tube from each participant, where one ethylene diamine tetra
acetic acid (EDTA)-containing tube was used for full blood
count analysis, one serum separator tube (SST) was used
for serum albumin determinations and one ethylene diamine
tetra acetic acid (EDTA)-containing tube for the investiga-
tional markers (CRP, TNFa, IL-6, IL-8, CXCL5 and H3Cit).
Blood samples for investigational markers (CRP, IL-6, IL-8,
TNFa, H3Cit and CXCL5) were processed within 4 h of col-
lection and the plasma fraction was aliquoted and stored at
-80°C (ThermoFisher Scientific Inc., Waltham, MA, USA)
until use.

Measurement of biomarkers

Biomarkers investigated included albumin, haemoglobin
(Hb), white blood cell count (WBC) including circulating
neutrophils, lymphocytes and platelets, CRP, IL-6, IL-8,
TNFa, CXCLS5, and H3Cit. Neutrophil to lymphocyte ratio
(NLR), platelet to lymphocyte ratio (PLR) and the systemic
immune inflammation index (SII) were calculated. Routine
biomarkers (albumin, haemoglobin, neutrophil, lymphocyte
and platelet counts) were analysed by Lancet Laboratories©,
Johannesburg, South Africa, on the day of collection and
standardized reference ranges were taken as the accepted
ranges used by commercial pathology laboratories.
Tumour necrosis factor o, IL-6 and IL-8 concentra-
tions were measured using a MILLIPLEX Map Cytokine/
Chemokine kit (Merck KgaA, Darmstadt, Germany) and
CXCLS5 levels were determined using an Invitrogen Pro-
cartaPlex Multiplex suspension-bead array assay (Thermo
Fisher Scientific, Inc.). The assays were conducted according
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to the manufacturer’s instructions and a Bio-Plex suspen-
sion array reader (Bio-Rad Laboratories Inc., Hercules, CA,
USA) together with Bio-Plex Manager software 6.0 was
used for bead acquisition and analysis of median fluores-
cence intensity. The results are reported as picograms(pg)/
millilitre(mL).

Levels of H3Cit were measured using the Clonel1D3
enzyme-linked immunosorbent assay (ELISA) kit (Cay-
man Chemical Co., Ann Arbor, MI, USA) (Kit 2018). The
method was followed as outlined by the manufacturer and
the optical density for each sample was measured at 450 nm
(nm) using a PowerWaveX spectrophotometer (BioTek Inc.,
Winooski, VT, USA). The results are presented as nano-
grams (ng)/mL.

C-reactive protein levels were determined using the Car-
dioPhase hsCRP test kit (Siemens Healthcare Diagnostics,
Midrand, Johannesburg, South Africa) and analysed using
the Attelica 630N nephelometer (Siemens, MU, Germany).
The CRP concentrations are reported as milligrams (mg)/
Litre (L).

Statistical analysis

Data Science Workbench, Version 14. MicroSoft Excel was
used to capture the data, which was imported to STATIS-
TICA 13, TIBCO Software Inc. (2020) for statistical analy-
ses. Summary statistics and descriptive statistics were used
to describe the variables. Medians or means were used as
the measures of a central location for ordinal and continuous
responses and quartiles and standard deviations as indicators
of spread, respectively. Correlation between two continu-
ous variables was measured with the Pearson correlation,
or Spearman correlation. The relationship between discrete
variables was investigated with contingency tables and chi-
square tests.

Continuous variables were compared between the two
groups using analysis of variance (ANOVA) or equivalently
pooled ¢ tests. If the variances of the two groups differed
significantly, the Welch test was used. If the residuals from
ANOVA were not normally distributed, the Mann—Whitney
test was used as the non-parametric equivalent of the pooled
f test.

For investigational markers and the measures of inflam-
mation, where there are no formal accepted reference val-
ues, cut-offs yielded from receiver operating characteristic
(ROC) curve analysis were applied to test for significance.

Ethical clearance

Ethics approval was granted by the Stellenbosch Univer-
sity Health Research Ethics Committee (HREC) (Approval
number S19/10/223). All participants gave written informed
consent to participate in the study.
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Results
Description of participants

No significant difference for age (p =0.95) was found
between the age- and gender-matched patient and control
individuals. Approximately 70% of the participants were
above the age of 60 years, with a mean age of 64.03 years
(+12.63), ranging from 30 to 88 years old. The partici-
pants were predominantly male (65% versus 35% females).
The multiple diagnoses for patients included 16 differ-
ent diagnoses as summarized in Fig. 1, with 33% of the
patients presenting with various mixed diagnoses, 20%
with lung cancer, 15% with colon cancer and 10% with
rectal cancer as the primary diagnoses.

Baseline anthropometrics

Anthropometric analyses yielded striking differences
between patient and control individuals. The compromised
nutritional status of the patients was evident in the signifi-
cant differences for weight, BMI, protein, SMM, SMI and
HGS, as shown in Table 1.

When analysing the BMI of the participants, 70% of the
patients were classified as normal weight, overweight or
obese. 73% (29 patients) reported weight loss greater than
10% in the past 6 months and were therefore classified as
having severe weight loss, while 25% (10 patients) were
classified as having significant weight loss (weight loss

Rectal
Breast

Lung Colon
Stomach Mesothelioma
Melanoma Mixed Diagnoses

Fig. 1 Schematic representation of the distribution of primary diag-
noses of patients

Table 1 Summary of measured anthropometric variables

Measurement Patients Controls p-value
Weight (kg)

Whole sample 68.46 (£16.13) 81.18(x13.12) <0.01

Males 74.70 (= 15.00) 85.37(x12.82) <0.01

Females 56.87 (x11.20) 73.40(£9.99) <0.01
Body Mass Index (kg/

m?)

Whole Sample 24.00 (£4.50) 28.46(£3.74) <0.01

Males 25.16 (£4.25) 28.59 (£3.81) <0.01

Females 21.84 (£4.25) 28.20(x£3.72) <0.01
% Weight loss

Patients total 16.15 (£ 8.40)

Male patients 14.50 (£6.70)

Female patients 19.21 (£ 10.49)

Protein (kg)

Whole sample 9.43 (£2.26) 10.68 (+2.06) 0.01

Males 10.53 (£1.96)  11.73 (+1.65) 0.01

Females 7.37 (£0.96) 8.75 (x1.17) 0.03
Skeletal muscle mass

(kg)

Whole sample 26.45 (£6.84) 30.27 (£6.21) 0.01

Males 29.81 (£5.93) 33.40(x4.97) <0.01

Females 20.22 (£2.93) 2445 (x3.52) 0.02
Skeletal muscle index

(kg/m?)

Whole sample 6.67 (+1.34) 7.67 (1.08) <0.01

Males 7.36 (+1.06) 8.20(+0.81) <0.01

Females 5.38 (x0.73) 6.68 (+0.78)  <0.01
Hand grip strength (kg)

Whole sample 24.42 (£9.53)  29.62 (£8.45) 0.01

Males 27.38 (£9.31) 3398 (£6.12) <0.01

Females 18.92 (£7.47) 21.52 (x5.79) 0.36

greater than 5%). Only 2.5% (1 patient reported no weight
loss in the past 6 months (Gibson 2005).

According to defined cut-offs for sarcopenia, the male
patients (SMI at 7.36(+ 1.06) kg/mz) did not present with
sarcopenia, notwithstanding that for males the SMI was
significantly different for patients and control participants,
(p <0.01). Female patients, however, were defined as sar-
copenic according to prescribed cut-offs with a mean SMI
of 5.38 (+0.73) kg/m>.

With respect to HGS, the patients showed significantly
lower muscle strength (p =0.01) than the control individ-
uals. Analysing the genders separately, HGS scores for
male patients were significantly lower compared to con-
trol participants (p < 0.01), while for females, HGS meas-
urements did not differ significantly (p =0.36). Accord-
ing to accepted cut-offs for the definition of sarcopenia,
female patients were not classified as sarcopenic, however,
male patients were defined as sarcopenic according to the
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cut-offs for HGS with the observed mean HGS for males
being 27.38 (+9.31) kg.

Sarcopenia, according to SMI and HGS, was further ana-
lysed in the context of the presence or absence of sarcope-
nia for each participant according to the given cut-offs. The
patients had approximately four times the incidence of sar-
copenia according to SMI [42.5% (n=17) for patients versus
10% (n=4) for controls], p <0.001. For males, 30.8% (n=2_8)
of patients compared to 11.5% (n=3) of controls presented
with sarcopenia (p =0.085) and for females, 64.2% (n=9)
of the patients compared to 7.1% (n=1) of the control indi-
viduals were identified with sarcopenia (p <0.001). Com-
paratively, the frequency of sarcopenia was approximately
four times greater when assessing sarcopenia using HGS
[60% (n=24) versus the controls 15% (n=06), p<0.001].
For males, 65.4% (n=17) of patients versus 15.4% (n=4) of

Sarcopenia Status of Males
using SMI (p=0.085)

Sarcopenia ENo Sarcopenia

23
18

7
Zw

Cases Controls

Sarcopenia Status of Males
using HGS (p<0.001)

Sarcopenia M No Sarcopenia

36

23

7
ﬁh

Cases Controls

controls were defined as being sarcopenic, p <0.001, while
for females, 50% (n=7) versus 14.3% (n=2) of control
participants were sarcopenic, p =0.039. These results are
depicted in Fig. 2.

With respect to total protein and SMM, significantly
more female participants had values below the World Health
Organisation’s (WHO) reference ranges (WHO Global
Data Base), the levels of significance being p <0.001 and
p=0.004, respectively. Ninety-three per cent (n=13) of the
patients, as opposed to 21% (n=3) of the controls, were
found to have a total protein below the WHO reference
range, with SMM showing a similar trend, these results
being 86% (n=12) and 21% (n=3) for patient and control
individuals, respectively. Similarly, for males, significantly
more patient than control participants were below the WHO
reference ranges when assessing total protein levels (n=17

Sarcopenia Status of Females using
SMI (p<0.001)

Sarcopenia  H No Sarcopenia

13

%
2
2

Controls

Sarcopenia Status of Females using
HGS (p=0.039)

Sarcopenia B No Sarcopenia
38

33

7
g
R

Cases

4
N
7

Controls

Fig.2 Presence of sarcopenia according to skeletal muscle index (SMI) and handgrip strength (HGS)
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for patients versus n=35 for controls, p=0.001) and SMM
(n=17 for patients versus n=>5 for controls, p <0.001). The
results of the protein and SMM assessments are represented
in Fig. 3.

Cachexia staging

For cachexia scoring, mean CSS were significantly differ-
ent for patient and control participants (p <0.01). None
of the control individuals were classified as cachectic.
Grouping cachexia and refractory cachexia, 78% of the
patients (n=31), presented with both cachexia and refrac-
tory cachexia. Analysing genders separately, 73% of male
patients and 86% of female patients were in the cachexia
scoring classification categories of “cachexia” and “refrac-
tory cachexia”, according to the cachexia grading as defined

Male Protein Status (p=0.001)

H Above WHO Ref Range @ Below WHO Ref Range

25
21
3 20
= 17
=
% 15
@
€ 10 3
2 5
5 N
0
Cases Controls

Males SMM (p<0.001)

B Above WHO Ref Range O Below WHO Ref Range

25
21

8 20 17
©
2 15
[5)
3 10 9
£ 5
- ||

0

Cases Controls

by the cachexia scoring tool applied. Only 22.5% (n=9) of
the patients presented with pre-cachexia. The results of the
cachexia assessments are depicted in Fig. 4.

Biomarker assessment

All biomarkers without described and accepted cut-off val-
ues were assessed using ROC analysis and their respective
area under curve (AUC) values were used for statistical anal-
ysis. Results of the ROC analysis are tabulated in Table 2.
For the patients, the mean values for albumin, WBC,
neutrophils, lymphocytes, and platelets were all within the
given reference ranges, but were significantly different from
the matched control participants; however, the mean Hb for
the patients was below the reference value at 12.38 g per
decilitre (g/dL). These results are summarized in Table 3.

Female Protein Status (p<0.001)

B Above WHO Ref Range O Below WHO Ref Range

14 13
8 12 11
©
€ 10
()]
('8
% 8
g 6
£ a 3
2 ) 1

0 [ |

Cases Controls

Females SMM (p<0.001)

B Above WHO Ref Range @ Below WHO Ref Range

14

12

w 12 11
9
©
e 10
$ s
S
E 6
€ 4 3
] 2
5

. 1

Cases Controls

Fig.3 Protein and skeletal muscle mass (SMM) comparing cases to controls. WHO World Health Organization (“WHO: Global Database on

Body Mass Index”)
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Cachexia Categories for Patients
and Controls

H Cases M@ Controls

r 78 %

24

o
§
§
\

7
L B me
Refractory
Cachexia

o

No Cachexia Pre-cachexia Cachexia

(a)

Cachexia Staging for Patients:
Males vs Females

o Males Females

7
I 2

Pre-cachexia

Cachexia

Refractory
Cachexia

(b)

Fig.4 Number of patients and control individuals in the cachexia categories: Patients versus controls (a) and male versus female patients (b)

Table2 Summary of receiver operating characteristic (ROC) curves
ranking

Rank Continuous AUC Sensitivity (%) Specificity (%)
variable
1 PLR 0.84 80.00 87.50
2 CRP 0.80 80.00 80.00
3 TNFa 0.79 75.00 72.50
4 NLR 0.73 70.00 75.00
5 SII 0.72 62.50 82.50
6 IL-8 0.65 60.00 67.50
7 IL-6 0.64 82.50 55.00
8 CXCL5 0.59 67.50 57.50
9 H3Cit 0.56 65.00 55.00

AUC area under curve, H3Cit citrullinated histone H3, CXCL5 C-X-C
motif chemokine ligand 5, CRP C-reactive protein, /L-6 Interleu-
kin-6, IL-8 Interleukin-8, NLR neutrophil to lymphocyte ratio, PLR
platelet to lymphocyte ratio (PLR), SII Systemic Immune Inflamma-
tion Index, TNFa Tumour necrosis factor alpha

Markers of inflammation, including NLR, PLR and SII
showed significant differences between patient and con-
trol individuals. Furthermore, in the case of the NLR and
PLR values, these results were significantly greater than
the reference cut-off’s with SII showing borderline signifi-
cance to the reference values. These results are indicative
of the metabolic signs and symptoms of advanced cachexia,
in which routine markers of inflammation were elevated,
while nutritional blood markers were low compared to the
healthy, matched control participants. In the case of CRP,
TNFa, IL-6, IL-8, CXCL5 and H3Cit, the results observed
with the patients differed significantly from the ROC curve
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reference cut-offs. The results of the biomarker analyses are
shown in Table 3.

Relationships of biomarkers to nutritional status
and cachexia

Sarcopenia and body composition

Correlation investigations revealed that the presence or
absence of sarcopenia (defined by SMI cut-offs) was sig-
nificantly related to albumin (p =0.003), Hb (p =0.008)
and TNFa (p=0.036) using continuous variables, depicted
graphically in Fig. 5. Sarcopenia was also significantly cor-
related with weight (p <0.001) and percentage weight loss
(p=0.034) for the patients.

Using cut-offs for biomarkers and categories for presence
or absence of sarcopenia, the results showed that only CRP
was significantly associated with the presence or absence of
sarcopenia (p =0.01). However, when the cut-off for sarco-
penia was analysed by ANOVA in relation to the continuous
variables of the biomarkers, the results showed that sarco-
penia correlated significantly with albumin (p <0.01), Hb
(»<0.01), TNFa (p=0.02) and CRP (p <0.01).

Total body protein was significantly correlated with Hb
(p<0.001) and albumin (p =0.002). Both SMI and SMM
were significantly related with WBC, albumin and Hb, but
no significant relationships were found with any of the other
routine markers, markers of inflammation or investigational
markers. With respect to total protein and SMM in relation
to the continuous variables, significance was found with
albumin, Hb and TNFa for both parameters, with signifi-
cance determined at p < (.01 for all three.
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Table 3 Blood marker analysis

Marker Reference ranges Patients mean (+SD) Controls mean (+SD) p-value for Signifi- p-value for Significance
cance (Patients versus (Patients versus Reference
Controls) Constant)

Albumin (g/L) 35-50 39.66 (+6.41) 46.99 (+2.21) p<0.01

WBC x 10°/L 4.0-12.0 7.89 (+6.34) 7.07 (£1.87) p=0.42

Neutrophils x 10%L  2.0-7.5 5.43 (£5.60) 4.40 (= 1.65) p=0.27

Lymphocytes x 10°/L  1.0-4.0 1.45 (+0.73) 2.04 (+0.60) p<0.01

Platelets x 10%/L 150450 300.34 (+155.32) 231.00 (+55.15) p<0.01

Haemoglobin (g/dL) 13.8-18.8 12.38 (+2.04) 15.13 (+0.92) p<0.01

NLR 2.73% 4.85 (£6.59) 2.31 (x£1.10) p=0.02 p=0.008

PLR 148.82% 232.90 (+119.70) 119.18 (+34.63) p<0.01 p<0.001

SIt 791.96° 1387.35 (1866.47) 543.54 (+301.74) p<0.01 p=0.051

CRP (mg/L) 2.775 31.65 (+56.54) 2.78 (£6.72) p<0.01 p=0.002

TNFa (pg/mL) 20.745 43.52 (+£52.77) 15.69 (+13.51) p<0.01 p=0.009

IL-6 (pg/mL) 4.39 41.13 (+6.87) 35.64 (+69.07) p=0.04 p<0.001

IL-8 (pg/mL) 9.175 33.08 (+59.90) 29.85 (+81.53) p=0.02 p=0.023

CXCLS5 (pg/mL) 42.28 91.37(+140.30) 61.74 (£59.01) p=0.22 p=0.033

H3Cit (ng/mL) 1.295 2.38(+2.88) 2.38 (£6.72) p=0.99 p=0.023

H3Cit citrullinated Histone H3, CXCL5 C-X-C motif chemokine ligand 5, /L-6 Interleukin-6, /L-8 Interleukin-8, NLR neutrophil to lymphocyte
ratio, PLR platelet to lymphocyte ratio, S/ systemic immune inflammation index, CRP C-reactive protein, TNFa tumour necrosis factor alpha,

WBC white blood cell count
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Fig.5 Relationships of albumin, haemoglobin (Hb) and tumour necrosis factor alpha (TNFa) to sarcopenia (n=17) or no sarcopenia (n=23) as
defined by skeletal muscle index (SMI). Hb Haemoglobin, TNFa Tumour necrosis factor alpha

Analysis of biomarkers categorized as being either
“above” or “below” the cut-offs as per the ROC curves and
total body protein and SMM as either “above” or “below”
the WHO midpoint reference point, NLR (p =0.04), PLR
(p=0.01), TNFa (p=0.01) and H3Cit (p =0.04) were
found to show significant associations with total pro-
tein, while for SMM, significant associations with PLR
(p=0.02) and TNFa (p =0.02) were found.

Hand grip strength

Both albumin (p <0.01, »=0.45) and Hb (p <0.001,
r=0.44) correlated significantly with HGS, but no signifi-
cant relationships were demonstrated between HGS and any
of the other biomarkers investigated. For nominal compari-
sons of HGS to cut-offs of biomarkers, no significant dif-
ferences were found for HGS with any of the biomarkers.
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However, when HGS categories were compared to continu-
ous variables for biomarker described cut-offs, significances
were observed with respect to PLR, TNFa, and CRP. These
results are presented in Fig. 6.

Cachexia status

Regarding CSS scores, positive significant relationships
were found for NLR, PLR, SII, TNFa, IL-6, IL-8 and CRP.
Significant negative relationships were shown for albumin,
Hb and lymphocyte counts. No significance was observed
with neutrophils, platelets, WBC, CXCL5 or H3Cit. When
relationships were investigated for cachexia categories,

HGS Compared to PLR
Current effect: F(1, 78)=5.4633, p=0.02 Mann-Whitney U p=0.03
Vertical bars denote 0.95 confidence intervals
260

240
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200

o
-1 180
o
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140
120
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Sarcopenia No Sarcopenia
HGS Compared to CRP
Current effect: F(1, 78)=8.9172, p=<0.01 Mann-Whitney U p=0.01
Vertical bars denote 0.95 confidence intervals
60
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o
o 20
o

-20

Sarcopenia No Sarcopenia

Fig. 6 Significant relationships of platelet to lymphocyte ratio (PLR),
tumour necrosis factor alpha (TNFa), and C-reactive protein (CRP)
to the presence or absence of sarcopenia as defined by hand grip
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CSS scores were grouped into two sub-groups: “cach”
(cachexia present) and “none” (cachexia absent). Cachexia
and refractory cachexia were grouped as “with” cachexia,
and no-cachexia and pre-cachexia were grouped as “with-
out”. Analysis was completed using two approaches. Firstly,
CSS categories were investigated according to the continu-
ous values for biomarkers (where significance was found for
albumin, lymphocytes, NLR, Hb, platelets, PLR, SII, TNFa,
and CRP) as shown in Fig. 7. Secondly, categories of CSS
were compared with biomarkers using nominal variables
with respect to the reference constants for each biomarker.
Significant differences between CSS categories were found
for all investigational markers except CXCLS5 and H3Cit.

HGS Compared to TNFa

Current effect: F(1, 78)=4.3264, p=0.04 Mann-Whitney U p=0.06
Vertical bars denote 0.95 confidence intervals

TNFa

Sarcopenia No Sarcopenia

strength (HGS) (n=80). CRP C-reactive protein, HGS hand grip
strength, PLR platelet to lymphocyte ratio, TNFa tumour necrosis
factor alpha
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Fig.7 (continued)

Discussion

Cancer cachexia alone may account for more than 20% of
deaths in patients. Cachexia is present in 15 to 40% of can-
cer patients affecting approximately 80% of patients with
advanced illness (Mondello et al. 2014). In the current study,
60% of the patients presented with cachexia, 17.5% with
refractory cachexia and 9.5% with pre-cachexia results that
are consistent with those described in the literature and
therefore, the metabolic derangements associated with can-
cer cachexia were expected to be present.

Ideal cachexia scoring should include facets of inflam-
mation, weight loss, sarcopenia and appetite for optimal
classification (Zhou et al. 2018), and not percentage weight
loss and BMI exclusively (Crawford 2019). Cachexia stag-
ing identifies periods of stability, where the potential for
reversal of muscle loss (even 90 days preceding death)
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(Prado et al. 2013) is possible and detects patients who
may respond to nutritional intervention during this “win-
dow”, enabling nutritional and medical goal-directed treat-
ment, that is, interventions affecting prognosis versus pal-
liative care (Ozorio et al. 2017).

Sarcopenia, measured by bioelectrical impedance anal-
ysis (BIA) identifies patients with, or at risk of, devel-
oping cachexia (Crawford 2019). The presence of sarco-
penia observed in this group of patients (42% for SMI
versus 60% for HGS) would place them at greater risk for
cachexia. BMI showed that 35% of the patients were over-
weight and 10% were obese, therefore, masking the under-
lying sarcopenia. Sarcopenia, independently, is prognostic
for lower survival in obese patients with cancer (Martin
et al. 2015), therefore, its assessment is crucial for a thor-
ough nutritional assessment.
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Haemoglobin (Hb) and serum albumin have been exten-
sively investigated as biomarkers of malnutrition in cancer
patients (Martin et al. 2015; Bullock et al. 2020; Knight et al.
2004). Decreased serum albumin reflects lean tissue loss,
an increased systemic inflammatory response and may be
a negative prognostic factor for survival in various primary
cancer diagnoses (Bullock et al. 2020). The significantly
lower albumin value of the patients versus that of the con-
trols’, is suggestive of the advanced nature of the cachexia in
this study. Additionally, the significantly higher presence of
anaemia where, 78% of the patients were anaemic, is similar
to that described in the literature (30-90% of patients are
anaemic). The significantly lower Hb in this study renders
Hb a reliable biomarker, indicative of the extent of inflam-
mation and cachexia, that may be caused by a plethora of
factors (Madeddu et al. 2018).

Neutrophils, lymphocytes and platelets play a role in sys-
temic inflammation, where their respective ratios, provide
valuable insights regarding prognosis, staging and metas-
tasis (Yang et al. 2018). Elevated blood neutrophil counts
and reduced lymphocyte counts are typical in inflammation
(Dupré and Malik 2018). The results in the current study
did not reflect this: neutrophil levels were not raised in the
cases; however, lymphocyte counts were significantly lower,
in keeping with the presence of inflammation. Numerous
factors may affect neutrophil counts, including blood vol-
ume, ethnicity, age, extent of disease, treatment status with
administration of chemotherapy drugs and smoking status,
some of which were not controlled for in this study (Wu
et al. 2020).

Platelets may promote tumour growth and metasta-
sis (Gianazza et al. 2020) and may also predict survival
in cancer cachexia. Wang et al. showed that a platelet
count> 261 x 10°/L was associated with a reduced overall
survival (Wang et al. 2020). Comparatively, the mean plate-
let count of the patients in this study was 300 x 10°/L, indi-
cating advanced cachexia and disease, supporting emerging
data on the diagnostic potential of platelet counts in cancer
cachexia (Haemmerle et al. 2018).

Increased NLR and PLR are correlated with a decreased
overall survival and cancer-specific survival (Dupré and
Malik 2018) and a raised SII may indicate a poor prognosis
in various malignancies (Hu et al. 2014), being potentially
more reliable than NLR and PLR (Hirahara et al. 2020).
NLR, PLR and SII were all significantly higher for the
patients compared to the controls in this study further sup-
porting the evidence of the advanced nature of the disease.

For the patients, investigational markers (CRP, IL-6,
IL-8 and TNFa) all were significantly higher in relation
to the reference values obtained for ROC curve analysis.
These results underpin the protein depletion evident in
the patients, with these biomarkers driving the nutritional
deterioration. Tumour necrosis factor alpha plays a role

in muscle protein breakdown, raised IL-6 affects muscle
mass (Carson and Baltgalvis 2010), and an overexpression
of IL-8 is correlated with metastases and advanced disease
(Alfaro et al. 2017)—synonymous with a reduced nutri-
tional status. Associations of these cytokines to sarcope-
nia is central to cachexia management in the early stages,
guiding clinicians to direct treatment plans as aggres-
sive or palliative (Paczek et al. 2020), dependent on how
advanced the disease is as reflected by the biomarkers.

Research that documents raised CXCLS5 levels may be
questionable due to inconsistencies in its measurement
(Binwu 2018), challenging the reliability of CXCLS as a
prognostic marker for cancer (Hu et al. 2018). Plausible
explanations for differences found in the reporting levels
of CXCLS5 levels include: measurement of tissue samples
versus serum levels; biomarker measurement in periph-
eral circulation versus blood surrounding the tumour sam-
ples; tumour stage [CXCLS5 levels are dependent on stages
and not tumour size or mass (Lim and Chung 2015)]; the
extent of metastasis when measurement occurred (Hu et al.
2018); small sample sizes (Lee et al. 2018). These areas
of inconsistency are not standardized across all literature,
questioning the prognostic value of CXCLS5 expression
in cancer patients. These confounding variables empha-
size the need for larger and more clearly standardized
research approaches for the investigations of CXCLS. The
aforementioned factors may account for the absence of
increased CXCL5 found in the patients compared to the
control individuals and “poor performance” of CXCLS5 in
the ROC curve analysis (AUC 0.59) encountered in the
current study.

Additionally, the timing and trajectory of the metastatic
process in which the blood samples were collected may be
relevant. Reports show that when CXCLS5 and IL-8 are con-
currently depleted, there is a synergistic effect on metasta-
sis, where metastatic activity is increased (Lopez-Lago et al.
2013). Therefore, the rise and fall of CXCLS5 and IL-8 may
impact results depending on the respective trajectories of the
metastatic process. The flux and interplay between biomark-
ers is not completely understood.

The significantly raised IL-8 and “normal” CXCLS5 levels
found in the patients in this study could be an indication that
the environment was not conducive for enhanced metastatic
activity. Potentially, results may have been different if the
samples were taken a few weeks earlier or later. This raises
the question of the timing in measuring these biomarkers,
i.e., in isolation or as consecutive samples at defined time
intervals. Biomarker levels could possibly rise and fall in
“waves” and “cycles” dependently or independently to drive
metastasis, impacting the reliability of these cytokines as
cachexia indicators and furthermore, making objective com-
parisons of the relationships of these markers to sarcopenia
between studies challenging.
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The results of H3Cit in this study also differed from those
reported in the literature. No notable difference was found
between patients and control participants, and the AUC
for ROC curve analysis was 0.56. In contrast, others have
reported raised (three-fold) H3Cit levels in cancer patients
(Thalin et al. 2018). This difference may be explained by
several factors: choice of methodology used for analysis
(serum versus colorectal mucus samples) and single diag-
nosis as opposed to mixed diagnoses (Loktionov et al. 2019).
Furthermore, other studies reported that approximately 20%
of cancer patients displayed neutrophil counts of more than
double the upper reference limit (Thalin et al. 2018), which
was not the case in the current study, possibly explained by
differences in stages of chemotherapy of the patients. Neu-
trophil activation and neutrophil extracellular trap (NET)
formation is a probable source of circulating H3Cit in cancer
patients (Thalin et al. 2018), perhaps the “normal” levels
of circulating H3Cit found in this study are related to the
“normal” neutrophil counts shown.

Lack of standardization in cut-offs and reference values
further complicates comparisons. Some studies use a cut-off
at the 75th percentile (Grilz et al. 2019), but omit ROC curve
analysis, while others report high AUC results (0.884) for
H3Cit, where H3Cit was investigated as part of the peptidy-
larginine deiminase 4 (PAD4) complex, inclusive of other
markers (Loktionov et al. 2019). Additionally, currently used
ELISAs are not standardised for H3Cit measurement (Thélin
et al. 2020). These inconsistencies in the measurement and
reporting may explain why the outcomes in this study differ
from those reported in the literature.

Patient selection may also impact H3Cit outcomes. Stud-
ies reporting raised H3Cit focussed primarily on patients in
the early stages of their disease (Grilz et al. 2019; Loktionov
et al. 2019), therefore, questioning the extent of metastatic
disease and presence of cachexia (Thalin et al. 2018). The
presence of cachexia in 60% of the patients in the current
study may account for the differences shown in this study.
Furthermore, H3Cit levels are elevated in diagnoses includ-
ing strokes, COVID-19 and aortic stenosis. Studies reporting
raised H3Cit did not exclude these conditions (Thélin 2018),
which too may confound results. Therefore, specific guide-
lines for future research regarding exclusions for measure-
ment of H3Cit, requires clarification.

“Resistance” and “tolerance” are terms used to describe
the underlying physiology and metabolic changes of cancer
cachexia stages (Maccio et al. 2021). The resistance phase
is an initiation of the immune response to target tumour or
cancer cells, accompanied by inflammation. The tolerance
phase aims to mitigate the damage caused by the resistance
phase. The progression from resistance to tolerance and flux
between these phases is not clearly defined, driven by factors
that are not fully understood and may impact on the meas-
urements of biomarkers. Therefore, markers that indicate
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the extent of resistance versus tolerance phases are required
before attempting to understand the role of biomarkers that
drive metastasis and cachexia. These considerations remain
largely unknown complicating standardisation for future
research.

Both albumin and Hb showed significant relationships
to HGS and protein status, where lower biomarkers levels
related significantly to lower HGS, total protein, SMM,
and SMI. Additionally, albumin was significantly associ-
ated with the presence or absence of sarcopenia. Haemo-
globin was shown to be reliable in predicting malnutrition,
and conversely sarcopenia was indicative of the presence of
anaemia. Similarly, Wang et al. reported significantly lower
albumin levels (p <0.001) in the presence of sarcopenia in
patients with advanced cancer (Wang et al. 2020).

Neither NLR, PLR nor SII were found to show significant
associations with sarcopenia in the current study using SMI.
Similarly, Laing et al. failed to show a significant relation-
ship between NLR (p =0.630) or PLR (p =0.529) to sarco-
penia, but did show significance for the association of the
lymphocyte to monocyte ratio (LMR), p =0.007 with sarco-
penia (Liang et al. 2021). However, other studies have shown
NLR (p=0.011), lymphocyte count (p =0.002) (Kim et al.
2016), and PLR (p <0.001) (Chen 2018) (Lin et al. 2018) to
be significantly associated with sarcopenia. In the current
study, using ROC curve cut-offs to categorize participants
for nominal statistical analysis, PLR was significantly cor-
related with total protein and SMM. No significance was
found for NLR and SII using these parameters.

Using nominal category cut-offs, HGS was significantly
associated with PLR, but no significance was shown for
NLR or SII. Chen et al. showed no significance for HGS
with NLR or PLR in their study, even though the same
method for the cut-offs for HGS were applied, potentially
due to the low AUC score for these biomarkers that was evi-
dent in their trial (Chen et al. 2020). Linking inflammation
to cachexia status remains inconsistent, possibly attributed
to the multiple definitions used to define cancer cachexia or
the cuts-offs applied for statistical analysis.

Cut-offs of 10 mg/L for CRP in cancer cachexia typi-
cally yield significant relationships of CRP with a reduced
lean mass and an increased loss of lean mass (Cordeiro et al.
2020). The current study found no significant associations
of CRP with total protein, SMM or SMI; however, CRP
was significantly related to sarcopenia and to HGS using the
cut-off from the ROC curve analysis for CRP (2.775 mg/l).
Perhaps this more “stringent” cut-off that was used from the
ROC curve analysis, may explain why no significance was
shown for CRP to total protein, SMM or SMI in this study.

For IL-6, and TNF«, the literature supports relation-
ships of these markers with anorexia and skeletal mus-
cle breakdown (Kim et al. 2016). While significantly
raised IL-6 (p <0.0001), TNFa (p <0.0001), and CRP
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(p <0.0001) in malnourished and at-risk for malnutrition
patients with colorectal cancer using the mini-nutrition
assessment score (MNA) has been reported (Daniele et al.
2017), in gastric and lung cancer patients, IL-6 failed to
predict weight loss and sarcopenia, even as its concen-
tration increased. The authors suggested that IL-6 may
be more valuable in the early stages of cancer cachexia
with increased acute phase proteins causing tissue wast-
ing (Scheede-Bergdahl et al. 2012). In the current study,
significant associations of IL-6 to malnutrition were only
found using ROC curve cut-offs for the biomarker and
categories for the malnutrition assessment. Similarly,
applying cut-offs for total protein and SMM, TNFa was
the only biomarker found to be significantly associated
with protein status, sarcopenia and with the presence or
absence of sarcopenia. Furthermore, significant relation-
ships were observed for both IL-6 and TNFa with HGS.
In contrast, other research yielded no meaningful relation-
ships between anthropometric measurements and IL-6
when using continuous variables for statistical analyses
(Srdic et al. 2016). These differences indicate that stage
of disease or statistical methods applied may be factors
affecting outcomes and interpretation of results.

Cachexia and sarcopenia definitions may impact out-
comes in correlating these measurements to IL-8. Whilst,
higher levels of IL-8 have positively correlated with weight
loss and sarcopenia in pancreatic cancer [percentage weight
loss to define cachexia (>5%) and computed tomography
(CT) images for the diagnosis of sarcopenia] (Hou et al.
2018), the current study found that IL-8 was only signifi-
cantly related with CSS categories, but not with sarcopenia,
HGS, or protein status, potentially explained by differences
in cachexia and sarcopenia definitions employed.

The literature supports significantly raised CRP
(»=0.020) and IL-6 (p =0.040) for patients with cachexia
compared to non-cachectic patients (Srdic et al. 2016). Simi-
larly, using CSS scores, the current study found cachexia
to be significantly related to CRP, IL-6, IL-8 and TNFa.
All relationships were positive, indicating that as inflam-
mation increased, the cachexia status deteriorated. Notwith-
standing the poor ROC curve outcomes, H3Cit was signifi-
cantly related to total protein when cut-offs for protein were
applied, showing promise for future investigations for the
use of H3Cit in cancer cachexia.

Relationships between CXCLS and H3Cit to sarcopenia,
anthropometric indices and cachexia are unexplored, with
this study pioneering an attempt to find relationships in this
regard. In this context, CXCLS5 and H3Cit are considered
relatively new and less well-described biomarkers for cancer
cachexia. Inconsistencies in their respective measurements,
and how they are integrated into research, requires stand-
ardization to enable the potential roles of these emerging
biomarkers to be better interpreted from future research.

Although CXCLS and H3Cit were not found to be reliable
markers in cancer cachexia or with respect to their relation-
ships to sarcopenia, this study introduces the paradigm of
improving current knowledge of the relationships between
the less understood biomarkers of advanced cancer cachexia.
For future research, more clearly defined patient groups,
with regard to stage of disease, primary diagnosis, presence
of metastases, and including a comprehensive cachexia
assessment and staging will produce more meaningful com-
parisons amongst studies and ensure goal-directed treatment
for prognosis in cancer cachexia. The current study had lim-
iting components including multiple different primary diag-
noses of cases, the relatively small sample size to allow for
powerful statistical analyses of smaller groups within the
total sample and the diverse cancer treatment that cases were
receiving. However, the value of this type of research coveys
a message to the broader cachexia research community, to
continue investigations to better understand emerging bio-
markers, their measurement, together with sarcopenia and
cachexia in more uniformly standardized settings.
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