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A questionnaire for eating-related distress in
patients with cancer cachexia: Preliminary
findings of reliability and validity analysis
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Background
Cancer cachexia is one of causes of anorexia and
reduced food intake in patients with advanced can-
cer. It is linked to deteriorations in quality of life and
survival. A large number of patients have not only
physical symptoms and disorders, but also psycho-
social distress due to cancer cachexia. Eating-related
distress is one type of psychosocial distress, and the
alleviation of eating-related distress is a key issue in
palliative and supportive care. However, there have
been no validated tools for measuring eating-related
distress among patients with advanced cancer. The
aim of the present study is to investigate the poten-
tial measurement properties of a questionnaire for
eating-related distress.

Methods
A questionnaire survey was conducted. An explor-
atory factor analysis for factorial validity was per-
formed, and Cronbach’s a for internal consistency
was calculated. Patients were categorized into two
groups using the international consensus of cancer
cachexia classification. The total scores of each
factor and all items were calculated, and compar-
isons were performed for known-group validity.
Statistical correlation analysis for concurrent
validity, convergent validity, and discriminant
validity was performed using Pearson’s product
moment correlation coefficient.

Results
In the study, 140 out of 147 patients responded.
Three factors were identified as follows: (factor 1)
difficulties in coping with eating problems, (factor
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2) eating-related distress, and (factor 3) conflict-
related distress between patients and family mem-
bers. The values of Cronbach’s a were 0.90, 0.89, and
0.86, respectively. Patients were classified into two
groups: Non-cachexia/Pre-cachexia (n¼57) and
Cachexia/Refractory cachexia (n¼83). There were
significant differences in the total scores of each
factor and all items: (factor 1) 7.5 vs. 11.0,
p<0.001; (factor 2) 8.0 vs. 13.0, p<0.001; (factor
3) 5.0 vs. 10.0, p<0.001; (all items) 20.0 vs. 35.0,
p<0.001, respectively. The total scores of each fac-
tor and all items significantly correlated with the
Edmonton Symptom Assessment System-revised
and the nutrition impact symptoms: 0.62
(p<0.001) and 0.63 (p<0.001), respectively. Scal-
ing success rates were 100% in factor 1, 2, and 3.

Conclusion
The questionnaire appears to be useful in patients
with cancer cachexia.

Colon carcinoma (C26) conditioned medium

alters the b2-adrenergic response in skeletal
muscle: possible role in cancer cachexia-
induced muscle wasting

Elia Angelino�1,2, Nicolò Formaggio2,3, Valeria Mal-
acarne1,2, Michele Ferrara2, Sara Clerici2, Suvham
Barua1, Daniela Talarico2, Andrea Graziani1,2.
1 Department of Molecular Biotechnology & Health
Sciences, University of Torino. 2 Division of Experi-
mental Oncology, Università Vita-Salute San Raf-
faele, Milano. 3 Current address: Institute of
Oncology Research, Oncology Institute of Southern
Switzerland, Bellinzona, Switzerland

Cancer-associated cachexia consists in a severe loss of
skeletal muscle mass and functionality and affects
most of the cancer patients. Tumor communicates
with the host tissues through the induction of several
cytokines, such as Tumor Necrosis Factor a (TNFa),
Interferon g (IFNg), Leukemia Inhibitory Factor (LIF),
and Interleukin 6 (IL-6), leading to increased energy
expenditure and negative energy balance.

The Gas-coupled b2-adrenergic receptor (b2AR)
is a major regulator of skeletal muscle metabolism in
both physiological and pathological conditions
through the activation of the cAMP/PKA/CREB axis
and consequent induction of several genes, includ-
ing PGC-1a, thus counteracting protein degrada-
tion, regulating neuromuscular junction (NMJ)
maintenance and mitochondrial biogenesis.
rved. www.supportiveandpalliativecare.com
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Skeletal muscles of cachectic mice display
impairment of oxidative metabolism, defective neu-
romuscular junction integrity, and muscle atrophy,
suggesting the presence of dysfunctional adrenergic
responsiveness in this tissue. Indeed, the adrenergic-
dependent PGC-1a induction is attenuated in
C2C12 myotubes and myoblasts pre-treated with
the colon carcinoma (C26) tumor conditioned
medium (TCM). Consistently, C2C12 myoblast cell
exposure to C26 TCM attenuates the adrenergic-
dependent activation of the cAMP/PKA/CREB axis.
Since the expression of PDE4B phosphodiesterase is
increased in C26 TCM-treated C2C12 and in skeletal
muscle of cachectic mice, we raise the hypothesis
that it may mediate skeletal muscle adrenergic resis-
tance. Indeed, treatment with the phosphodiester-
ase PDE4 inhibitor rolipram restores adrenergic
signaling in C2C12 exposed to C26 TCM, suggesting
that PDE4B could mediate an adrenergic resistance
state in skeletal muscle during cancer cachexia.

Dietary Walnuts Effect on the Gut Micro-

biome of Cachectic Tumor-Bearing Rats

Schuman Chang1, Brittany Lorenzen1, William G.
Hartman1, Michael J.Keenan2, Ryan Page2, Eugene
Blanchard IV1, Meng Luo1, Christopher Taylor1,
Lauri O. Byerley�1
1 Louisiana State University Health Sciences Center,
New Orleans, LA. 2 Louisiana State University
AgCenter, Baton Rouge, LA

Cachexia is often associated with a cancer diagnosis
however, to date, there are no medical interventions
available to reverse cachexia. Alleviating cancer-
induced cachexia could increase the likelihood of
favorable outcomes, therefore our lab focuses on diet
as a potential therapy to slow the development of
cancer cachexia. Several studies have investigated the
relationship between the gut microbiome and can-
cer-induced cachexia. We showed that walnuts pro-
mote probiotic gut bacteria in non-tumor-bearing
rats. The goal of this study was to test the hypothesis
that dietary walnut consumption could alter the gut
microbiome of cachectic tumor-bearing animals.
Fecal samples from Fisher 344 rats bearing one of
two cachectic promoting transplantable tumor lines
(Ward colon carcinoma and MCA sarcoma) were
collected after the animals had developed cachexia.
Two non-tumor-bearing, control groups were
matched to the tumor-bearing animals: one group
ad lib fed (n¼33) and the second group (n¼33)
calorically paired to the tumor-bearing rats so they
developed cachexia without the tumor. Both non-
tumor-bearing groups were sham-operated. The
tumor-bearing and non-tumor-bearing groups were
2 www.supportiveandpalliativecare.com
fed one of two semi-purified diets: walnut diet (11%
by weight ground walnuts) and control diet (protein,
fat, carbohydrate, and fiber in the walnuts were
matched). Diets were fed three weeks before subcuta-
neous tumor implantation and were continued until
sacrifice. Fecal bacteria species were identified using
16sRNA microbiome analysis. Benjamini-Hochberg
false detection rate was used to determine statistical
differences. No difference in alpha diversity among
the cachectic tumor-bearing and both non-tumor-
bearing control groups was observed. The relative
abundance of R flavefaciens and T Turicibacter were
significantly increased in the non-tumor-bearing
cachectic animals compared to the cachectic
tumor-bearing animals. Adding walnuts to the diet
promoted greater alpha diversity and significantly
increased the relative abundance of T Turicibacter
and R Oscillospira, but these changes were not con-
ferred to the walnut-fed tumor-bearing animals. Also,
tumor growth and development of cachexia were not
altered by dietary walnuts. In summary, adding wal-
nuts to the diet of the cachectic tumor-bearing rats
did not significantly alter the gut microbiome or slow
the development of cachexia, suggesting the effects
of bearing a tumor are not easily overcome by diet.

The acute myeloid leukemia ‘7R3’ chemo-

therapy induction regimen induces cachexia
and impairs physical activity in healthy mice

Dean G Campelj1,2�, Craig A Goodman2,3, Alan
Hayes1,2,4, Emma Rybalka1,2.
1 Institute for Health and Sport, Victoria University,
Melbourne, Victoria, Australia. 2 Australian Institute
for Musculoskeletal Science (AIMSS), Victoria Uni-
versity, St Albans, Victoria, Australia. 3 Centre for
Muscle Research (CMR), Department of Physiology,
The University of Melbourne, Parkville, Victoria,
Australia. 4 Department of Medicine - Western
Health, Melbourne Medical School, The University
of Melbourne, Melbourne, Victoria, Australia

Patients with haematological malignancies includ-
ing acute myeloid leukemia (AML) are susceptible to
cachexia, muscle wasting and reduced physical
activity (1). The leading intervention against acute
myeloid leukemia (AML) is the ‘7þ3’ chemotherapy
induction regimen (CIR) using cytarabine and
anthracycline, respectively, to induce remission.
Although effective against AML, CIR also impacts
healthy tissues such as skeletal muscle which may
independently drive cachexia. Recently, clinical
studies have highlighted the importance of main-
taining body mass and composition in the AML
setting, where positive treatment outcomes, patient
suitability for curative allograft therapy and lower
Volume 14 � Number 00 � Month 2021
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mortality rates are associated with higher lean mass
pre- and post-CIR (2). We aimed to investigate the
effect of the AML ‘7þ3’ CIR on body composition
indices and physical activity.

12-week old male Balb/C mice (n¼40) received
the CIR via intraperitoneal injections with daunoru-
bicin (1.7 mg/kg) administered from days 1–3 and
cytarabine (33.2 mg/kg) administered from days 1–7.
The control group (VEH) received a 0.9% saline vehi-
cle. Animals were housed in Promethion1metabolic
cages for the 7 day treatment period, where running
wheels were either locked and animals were consid-
ered sedentary (SED) or were unlocked and animals
were considered active (ACT).

CIR administration induced cachexia, irrespec-
tive of activity status, where body mass was reduced
by �12% from pre-treatment. Lean and fat mass
were reduced by CIR administration, while fat mass
loss was exacerbated in active VEH and CIR-treated
compared to their sedentary controls. CIR adminis-
tration reduced muscle and organ mass irrespective
of activity status. Physical activity and energy
expenditure were reduced in both sedentary and
active CIR-treated mice.

Our study demonstrates that the AML ‘7þ3’ CIR
induces cachexia, as observed through the loss of body
mass and body composition indices, and voluntary
physical activity. As such, further research is required
to investigate the underlying mechanisms and evalu-
ate potential therapeutic strategies to protect against
cachexia induction from the AML ‘7þ3’ CIR.

References
1. Fukushima et al., Eur J Cancer Care (Engl); 2019.
2. Nakamura et al., Ann Hematol; 2019.

Single-cell expression landscape of cachexia-

inducing factors in pancreatic cancers
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Cancer cachexia is a syndrome characterized by skel-
etal muscle wasting, leading to a significant weight
loss that impacts patient morbidity and survival. The
action of cachexia-inducing factors (CIFs) secreted by
1751-4258 Copyright � 2021 Wolters Kluwer Health, Inc. All rights rese
cancer cells and cells within the tumor microenvi-
ronment contributes to muscle wasting. Pancreatic
ductal adenocarcinoma (PDAC), the cancer type with
the highest cachexia prevalence, demonstrates 5–
20% neoplastic cellularity and high leukocyte infil-
tration. However, it remains unclear which cell types
in PDAC (cancer cells or cells of the tumor microen-
vironment) produce these CIFs. Besides, the extent to
which these cells express CIFs needs further analyses.
Our objective was to profile tumor-infiltrating
immune cells and comprehensively characterize
the single-cell expression landscape of CIFs in PDAC.
We first used gene expression profiles to assess
immune cell type abundance from bulk PDAC and
normal tissues (n¼150 and n¼165, respectively)
using digital cytometry (CibersortX). We then deter-
mined the gene expression profile of 36 CIFs in
57,530 pancreatic cells using single-cell RNA
sequencing (scRNA-Seq) data from PDAC and nor-
mal-like pancreatic tissues (n¼27 and n¼14, respec-
tively). We also used scRNA-Seq data to analyze the
expression profile of genes encoding secreted pro-
teins. The reads were processed using the Cell Ranger
pipeline, and the data from raw counts were proc-
essed using the Seurat package in R. Next, cell clusters
and marker genes were visualized using tSNE and
UMAP dimensional reduction plots. We found that
low purity tumors present high infiltration rates of
CD8þ T cells (p<0.0001), which may contribute to
cachexia development. The expression profiles of
CIFs revealed IL8, IL18, and IL1B highly and specifi-
cally expressed by macrophages and CD40LG by T
cells, whereas all cell types expressed CCL2, VGFA,
and TGFB1. Except for fibroblasts, all cell types upreg-
ulate secretome genes involved in proteolysis, which
may ultimately contribute to the worse outcomes in
PDAC patients with cachexia. Our results represent a
biological dimension of tumor-infiltrating immune
cells and identify a cell-type-specific expression pro-
file of secreted elements, including CIFs that are
potentially useful to explain why PDAC patients
are more prone to develop cachexia.

Creatine supplementation attenuate muscle

atrophy in Walker-256 tumor-bearing rats
without change tumor microenvironment

Paola Cella�1, Patrı́cia Chimin1, Poliana Marinello1,
José Duarte2, Rubens Cecchini1, Flávia Guarnier1,
Rafael Deminice1.
1 State University of Londrina, Londrina, Brazil; 2

University of Porto, Porto, Portugal

Background
The creatine/creatine kinase system plays a key role in
cellular energy buffering and transport in skeletal
rved. www.supportiveandpalliativecare.com 3
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muscle. Studies have demonstrated that creatine defi-
cient muscle (creatine free diet or creatine transporta-
tion and synthesis knockout mice) are characterized
by muscle atrophy, decreased force production,
decreased ATP content and mitochondrial dysfunc-
tion. In contrast, creatine supplementation has dem-
onstrated to reducing body mass loss in diseases
characterized by muscle wasting disorders such as
Duchenne dystrophy, myasthenia gravis, amyotro-
phic lateral sclerosis and immobilizations. However,
the protective effects of creatine supplementation in
cancer cachexia and its possible interaction with
tumors are poorly investigated. The aim of this study
was to analyze the effect of creatine supplementation
on muscle and tumor microenvironment.

Methods
Thirty-two male Wistar rats were randomly allocated
in one of three groups (n¼8): control (C), tumor-
bearing (T) and tumor-bearing supplemented with
creatine (TCr). Creatine (8 g/L) was added in drinking
water for TCr group for 21 days. Tumor Walker-256
cells (7.0�107 cells in 0.5 ml of PBS) were implanted
in T and TCr groups after 11 days of experiment. At
the end of 21 days, animals were weighed, anesthe-
tized, euthanized for tissue analyses.

Results
Tumor growth promoted weight loss and muscle
atrophy. In addition, tumor-bearing rats presented
increased plasma inflammatory cytokines levels (1.5
TNF-a and 3.5 IL-6 fold higher than C group), muscle
lipid peroxidation and increase protein expression of
murf-1(�49%) and atrogin-1(�38%) compared to C
group. Creatine supplementation protected tumor-
bearing rats against body weight loss and skeletal
muscle atrophy. This protection was accompanied
by attenuated plasma inflammatory cytokine levels
(�39% TNF-a, �60% IL-6; TxTCr) and protein con-
tent of murf-1 and atrogin-1 (�57% for both; TxTCr).
Creatine supplementation did not accelerate tumor
growth or increased tumor size. The Scarff-Bloom-
Richardson histological grade analysis demonstrated
that the tumors presented no changes in tubule
formation, nuclear pleomorphism or in mitotic rates
between creatine supplemented and non-supple-
mented groups. Also, creatine supplementation did
not change apoptosis, cell proliferation, thickness of
tumor capsule and collagen deposition.

Conclusion
Creatine supplementation mitigates cancer-
induced cachexia characteristics such as body
weight loss and muscle atrophy by attenuating per-
sistent inflammation and decreasing proteolysis sig-
naling. Importantly, creatine supplementation is
4 www.supportiveandpalliativecare.com
safe because did not change tumor Walker-256
parameters of aggressiveness.

SRF-mediated mechanotransduction is

essential for the response to exercise in can-
cer patients and animal models

Medhi Hassani1,2,3, Alexandra Baccam1,2,3, Alexan-
dra Benoni1,2,3, Caterina Gargano2,4, Gabriela Salim
de Castro5, Joana Alves, Sara Chiappalupi6,3, Viviana
Moresi1,3, Sergio Adamo1,3, Francesca Riuzzi6,3,
Guglielmo Sorci6,3, Maurizio Muscaritoli7, Marilia
Seelaender5,8, Zhigang Xue2, Zhenlin Li2, Onnik
Agbulut2, Dario Coletti1,2,3�

1 Department of Anatomical, Histological, Forensic
and Orthopedic Sciences, Sapienza University of Rome,
Rome, Italy 2 CNRS UMR 8256, INSERM ERL U1164,
Biological Adaptation and Aging B2A, Sorbonne Uni-
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Exercise training is employed as an anti-cachexia
treatment in clinical trials, due to its capacity to
regulate both the metabolic disturbances and the
severe muscle wasting which characterize cachexia.
Most of the molecular mechanisms underlying exer-
cise beneficial effects are still unknown. Serum
Response Factor (SRF) is a transcription factor of
pivotal importance for muscle homeostasis, acting
as a mechanosensor depending on muscle contrac-
tion. We show that cancer patients have reduced SRF
activity associated to cachexia, but exercise
increases SRF expression even in this condition,
likely favoring the rescue of SRF transcriptional
activity. To address this issue, we exploited a pre-
clinical model of cancer cachexia (C26-bearing
mice), with a subset of the mice exercised by wheel
running. We found that exercise rescues SRF expres-
sion in a dose-dependent manner, while also coun-
teracting cachexia. Furthermore, exercise has no
longer effect in SRF-KO mice showing that SRF is
necessary for exercise effectiveness. SRF transcrip-
tional activity promotes the expression of several
target genes, including pro-myogenic factors as well
as IL-6 and IL-4. The latter is sufficient to counter-
act the negative effects of tumor-derived factors on
muscle cells. We also show that exercise promotes
the downregulation of Pax7 and, thus, the
Volume 14 � Number 00 � Month 2021
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incorporation of nuclei in muscle fibers. Finally,
we show in vitro that the purely mechanical stimu-
lation of myotubes mimics exercise (including SRF
activation, IL-4 secretion and myoblast incorpo-
ration into myotubes) being sufficient to counter-
act the negative effects of tumor-derived factors.
Our findings highlight a model whereby the
mechanical stimulation of the musculature,
through the essential activation of the SRF path-
way, has paracrine/endocrine effects, consisting of
IL-6 and IL-4 secretion by the muscle itself. These
two cytokines have multiple, positive effects on
both the muscle fibers (or myotubes, in vitro) and
the activated myoblasts: protein degradation is
diminished in the muscle fibers, whilst myoblast
are recruited to the muscle fibers contributing to
maintain muscle homeostasis in the presence of
cachectic factors. We propose the importance of
the mechanical stimulation, induced by exercise
or other means, for the regulation of muscle
homeostasis and we propose that IL-4 treatment
may mimic the beneficial effects of exercise.
Prevalence of Low Testosterone in Pancre-
atic Ductal Adenocarcinoma Patients
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Chan2,3, Erin E. Talbert2,5
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USA; 4University of Iowa, Department of Urology,
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Background
Patients with pancreatic ductal adenocarcinoma
(PDA) have a poor prognosis and commonly experi-
ence the cachexia wasting syndrome. In males,
symptoms of testosterone deficiency are similar to
those reported with cachexia, including fatigue,
weakness, and decreased lean muscle mass. Despite
the similarity in symptoms, a recent retrospective
review of 1,566 male pancreatic cancer patients
identified only 2.2% who had undergone serum
testing for testosterone deficiency.

Methods
Serum samples collected from 2012–2020 were
obtained from a cohort of 89 male PDA patients
enrolled in an institutional prospective biospecimen
repository at a National Cancer Institute-designated
1751-4258 Copyright � 2021 Wolters Kluwer Health, Inc. All rights rese
comprehensive cancer center. Demographic and
clinicopathologic variables were abstracted from
the medical record and total testosterone was mea-
sured by ELISA. Per the American Urological Associa-
tion guidelines, low testosterone was defined
<300ng/dL. Comparisons between groups were
made by Chi-squared or Fisher’s exact tests for cate-
gorical variables and Wilcoxon rank sum tests were
used to compare continuous variables.

Results
The majority of patients (69.7%) had documented
complaints consistent with low testosterone in their
medical records prior to their serum draw, with
fatigue and/or weakness the most common symp-
tom (61.8%). Forty-four of 89 patients (49.4%) were
found to have testosterone levels <300 ng/dL.

Patients with low serum testosterone were not
more likely to report any symptom of low testoster-
one (low: 77.3%, normal: 62.2%, p¼0.12) or more
likely to have documented fatigue or weakness (low:
65.9%, normal: 57.8%, p¼0.43). Patients with low
serum testosterone were of similar age (low median:
66, normal median: 65, p¼0.67) and were no more
likely to be obese (low: 43.2%, normal: 33.3%,
p¼0.34), have diabetes (low: 47.7%, normal:
37.8%, p¼0.34), or have heart disease (low:
63.6%, normal: 77.8%, p¼0.14). For the 49 patients
with an Eastern Cooperative Oncology Group score,
there was no difference between groups (p¼0.57).

Conclusion
Patients with PDA are rarely screened for low testos-
terone despite commonly reporting symptoms
associated with testosterone deficiency. Because tes-
tosterone replacement therapy may improve symp-
tom burden, male pancreatic cancer patients with
symptoms consistent with low testosterone should
be screened. Testing should be conducted without
regard to age or other conditions, as increased likeli-
hood of low testosterone was not evidenced.
Modeling Clearance of Immune Checkpoint
Inhibitors as a Potential Biomarker for Drug
Resistance in Murine Models of Cancer
Cachexia

Alyssa Castillo1, Trang Vu1, Samuel K. Kulp1, Zhi-
liang Xie1, Min Chen1, Sophia G. Liva1, Justin
Thomas1, Bryan Remaily1, Travis Costa2, Thomas
A. Mace3,4, Dwight H. Owen3,4, Mitch A. Phelps1,4,
and Christopher C. Coss�1,4

1The Ohio State University, College of Pharmacy,
2College of Engineering, 3College of Medicine, and
4Comprehensive Cancer Center, USA
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Immune checkpoint inhibitors (ICIs) made a dra-
matic entrance to the clinical scene, demonstrating
remarkable activity in patients with a variety of solid
tumor malignancies over the past decade. Despite
these advances, only a subset of patients treated
achieve durable responses from therapy. Clinical
pharmacology data published over the past few years
has revealed high baseline clearance of the ICI mono-
clonal antibody (mAb) therapies, though not neces-
sarily decreased drug exposure, and stable or
increasing ICI clearance over time are associated with
shorter overall survival. Notably, high mAb clearance
and shorter survival are also associated with classical
clinical features of cancer cachexia. As these relation-
ships linking ICI mAb clearance, cancer cachexia,
and response represent a potential key to understand-
ing resistance to ICI therapy, we sought to determine
if the observed increase in ICI mAb clearance in
patients could be replicated in immune competent
murine models of cancer wasting. Our results dem-
onstrate cachectic mice with both Lewis lung carci-
noma (LLC) and colon-26 (C26) allografted tumors
do in fact display altered pharmacokinetics of anti-
PD1 mAbs. Furthermore, FcRn, the neonatal Fc recep-
tor responsible for prolonging circulation of endoge-
nous IgG species and therapeutic IgG mAbs, is
downregulated in cachectic tissues. Population phar-
macokinetic modelling supports FcRN suppression as
a possible mechanism for increased mAb catabolic
clearance in cachectic mice. Notably, proper FcRn
function in specific immune cell subsets is required
for robust anti-tumor T-cell response, supporting a
possible mechanistic link between cachexia-medi-
ated changes in mAb pharmacokinetics and reduced
patient response to ICI therapy. These data demon-
strate the potential utility of immune competent
murine tumor models for studying mechanisms link-
ing cachexia, ICI clearance and ICI response. Evalua-
tion of the impact of cachexia burden and efficacy in
these mouse models is ongoing.

Lewis Lung Carcinoma Tumor Growth Rate

Is Associated with Early Onset Metabolic and
Activity Dysfunction in Male Mice

Brittany R. Counts�, Jessica L, Halle and James
A. Carson
University of Tennessee Health Science Center,
Memphis TN, USA

Background
Cachexia induces systemic metabolic disruptions
involving the feeding and fasting response. While
the Lewis lung carcinoma (LLC) model is widely
used to study cancer cachexia, there is considerable
heterogeneity in the cachexia exhibited, and many
6 www.supportiveandpalliativecare.com
published studies report only pre- or mild cachexia.
However, gaps remain in our understanding of
what drives the LLC induced cachexia heterogeneity
and how this is linked to disrupted whole body
metabolism.

Purpose
We examined the effect of tumor growth and size on
cachexia development and associated metabolic dys-
function in a large cohort of LLC injected male mice.

Methods
Male C57BL/6J (12 wks. age) were injected with
1�106 LLC cells (n¼28) or PBS (n¼23) subcutane-
ously in the right flank for 25–28 days. Tumor
volume and body weight was measured every 5 days
throughout the study to calculate growth rate. Fif-
teen days post tumor inoculation, a subset of mice
(PBS n¼10, LLC n¼11) were individually housed in
metabolic cages for 5 days.

Results
We report a wide range of tumor mass at the end of
the study (N¼28; 0.39–5.48 g), which coincided
with a large variation in bodyweight loss (�20% to
6.2%).Mice with high growth rate large tumors (HLT)
(n¼10) exhibited significantly greater bodyweight
loss (�7.8%), decreased muscle mass (�17%) and fat
mass (�42%) compared to low growth rate small
tumors (LST) (n¼9). Tumor mass was associated with
early (day 15) decreases in cage activity (r¼�0.865).
Metabolically, pre-cachectic mice demonstrated glu-
cose intolerance, and dark cycle carbohydrate oxida-
tion (r¼0.701) and respiratory exchange ratio (RER,
r¼0.632) values that were significantly associated
with body weight loss at the end of the study. Prior
to differences in tumor growth, HLT mice exhibited
decreased cage activity (�43%) and increased lipid
oxidation (53%) compared to LST.

Discussion
LLC-induced cachexia is linked to tumor growth
rate and mass, which is associated with an early
disruption to systemic metabolism and decreased
physical activity. Low growth rate small tumors do
not develop cachexia, thus the tumor growth rate is
likely contributing to the cachectic environment.

Acknowledgements: NCI R01-CA121249

TIMP1 is a biomarker for cachexia in mice

with lung cancer

Ezequiel Dantas�, Andre Lima Queiroz, Shakti Ram-
samooj, Marcus Goncalves
Division of Endocrinology, Weill Department of Med-
icine, Weill Cornell Medicine, New York, NY, USA
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The cancer-associated cachexia syndrome (CACS)
is a systemic metabolic syndrome featuring body
weight loss due to skeletal muscle and white adi-
pose tissue wasting. It is suffered by up to 80% of
advanced cancer patients, and it is directly respon-
sible for 20% of cancer deaths. In non-small cell
lung cancer (NSCLC), approximately 30% to 80%
of patients with early and advanced-stage disease
are affected. In spite of the large number of
patients with cancer suffering from CACS, and
all the morbidities associated with it, there is no
FDA approved treatment nor early detection bio-
marker. We have previously identified LSL-
KrasG12D/þ; Lkb1f/f (KL) genetically engineered
mice as a suitable model for human CACS. KL
mice spontaneously develop aggressive lung ade-
nocarcinoma following intranasal administration
of adenovirus containing Cre recombinase. In
order to identify factors that predispose to CACS,
we performed RNA sequencing on tumors
removed from KL mice with or without CACS.
We found that the expression of TIMP1 was greatly
increased in CACS as compared to the non-CACS
(NCACS) mice (CACS vs NCACS, p-value <0.03).
We verified that this increase in gene expression
corresponded to an increase in protein concentra-
tion in tumor lysates and serum at the time of
euthanasia (CACS vs NCACS, p¼0.028 and
p¼0.0017 for tumor and serum respectively). In
the serum, the amount of TIMP1 significantly
correlated with weight loss (R2¼0.2, p¼0.001).
Next, we collected serum from KL mice 5 weeks after
induction, a time when tumors have developed but
no weight loss has occurred in any mice. There was a
significant linear relationship (R2¼0.56, p¼0.01)
between the level of TIMP1 at this early time point
and the degree of weight loss at endpoint. Lastly, we
mined a publicly available human database (TCGA)
and found that high expression of TIMP1 correlates
with decreased survival in humans with NSCLC (5
year survival, high vs low expression, 29% vs 46%
respectively, p-score¼0.0086). We conclude that
TIMP1 is a biomarker of CACS in KL mice and future
studies are needed to validate this finding in humans
with NSCLC.
Resistance training’s ability to prevent can-

cer-induced muscle atrophy extends beyond
anabolic stimulus

Rafael Deminice1�, Camila S. Padilha1, Paola S.
Cella1, Patrı́cia Chimin1, Fabrı́cio A. Voltarelli2, Poli-
ana C. Marinello1, Mayra Tardelli de Jesus Testa1,
Philippe B. Guirro1, José A. R. Duarte3, Rubens Cec-
chini1, Flávia A. Guarnier1
1751-4258 Copyright � 2021 Wolters Kluwer Health, Inc. All rights rese
1 State University of Londrina, Londrina, PR, Brazil.2

Federal University of Mato Grosso, Cuiabá, Brazil,3

University of Porto, CIAFEL, Faculty of Sport,
Porto, Portugal

Background
Among several therapeutic approaches, resistance
training (RT) has emerging as a useful tool to coun-
teract cancer-induced cachexia. We and other
groups have previously demonstrated RT prevent
the loss of muscle mass and function in rodents
and humans with cancer cachexia. In healthy ani-
mals and humans, RT is a potent stimulator of
protein synthesis for muscle hypertrophy because
it can evoke the activation mTORC1 signaling, a
primary regulator of muscle protein synthesis.
Moreover, the mechanisms by which RT protects
skeletal muscles to wasting during cancer are still
poorly known. The aim of this study is to determine
the contribution of RT-mediated mTORC1 signaling
activation in cancer cachexia-induced muscle loss.

Methods
Muscle atrophy was induced by Walker-256 tumor
cell injection in rats that were exposed or not to a RT
protocol (ladder climbing). The role of anabolic stim-
ulation by RT was investigated by using a mTORC1
inhibitor (rapamycin) in tumor-bearing rats. Skeletal
muscle cross sectional area was evaluated for atro-
phy/hypertrophy determination. Components of
mTORC1 and ubiquitin-proteasome pathway were
assessed by qRT-PCR or immunoblotting.

Results
RT prevented muscle atrophy and impaired strength
in tumor-bearing rats. In healthy rats, RT promoted
anabolic stimulus by increasing phosphorylation of
p70S6K (a downstream MTORC1 target) and muscle
hypertrophy. However, RT promoted no changes in
p70S6K/phospho-p70S6K ratio while prevented
muscle atrophy in tumor-bearing rats. In addition,
rapamycin treatment did not preclude preventive
RT effect on muscle atrophy of tumor-bearing rats.
Therefore, we hypothesized that the ability of RT to
prevent cancer-induced muscle atrophy is indepen-
dently of mTORC1/p70S6K activation. Indeed, our
data demonstrated that the preventive effect of RT
on cancer cachexia-induced muscle atrophy was
associated with its capacity to attenuate persistent
inflammation, muscle oxidative damage, and pro-
teolysis signaling.

Conclusion
The preventive role of RT on cancer-induced muscle
atrophy extends beyond the anabolic stimulus. The
attenuation of persistent inflammation, muscle
rved. www.supportiveandpalliativecare.com 7
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oxidative damage, and proteolysis play a key role in
RT counteracting muscle atrophy during cancer.

A Machine Learning study of cachectic and

non-cachectic patients undergoing a physi-
cal exercise protocol

Natasha Fioretto Aguero�1, Gabriela Salim de Cas-
tro2, Estefania Simões2, Joanna Correia-lima2,
Renata de Castro2, Emı́dio Matos2, Raquel Galvão2,
Marı́lia Seelaender2-3, Alexandre Alarcon do Passo
Suaide1

1Instituto de Fı́sica da Universidade de São Paulo;
2Instituto de Ciências Biomédicas da Universidade
de São Paulo; 3Laboratório de Investigação Médica -
LIM26, Faculdade de Medicina da Universidade de
São Paulo

Machine learning is a method of artificial intelli-
gence in which the computer learns from experience,
without explicit programming. The applications of
this computational method are currently on the rise,
especially in healthcare, due to the high predictive
power. In this study, we applied an unsupervised
learning algorithm, k-means, to a biochemical data-
base of 443 patients with and without cancer-related
cachexia. With only four features (hemoglobin, albu-
min, cholesterol and CRP serum levels) and no infor-
mation about weight, this algorithm created two
groups: one with the characteristics of cachexia
(CC group) such as lower levels of hemoglobin
(11.5�2.5 g/dL) and albumin (3.13�0.76 mg/dL),
and higher CRP (10.4�3.6 mg/L); the other group
mainly contained non-cachecticpatients (CONTROL
group). The program was able to identify cachectic
patients with a 65.6% recall. With this well-estab-
lished model, we characterized a different database of
36 patients who underwent a physical exercise pro-
tocol for six weeks; biochemical values were obtained
three times at different moments during exercise
training. We aimed at detecting clinical changes
across protocol time. For that, we tracked down
changes in group classification of those patients over
time and changes in a numerical value, the score,
which could show where the patient’s biochemical
levels fell between the CC and CONTROL groups. The
more negative the score, nearer the patient was to the
CC group; more positive scores meant being closer to
CONTROL values. We concluded that this database
contained few cachectic patients, which did not
allow us to observe general trends: our program
found only 5 to 7 patients who could fit in the CC
group at any given time of the protocol. Scores per
group (CC, CONTROL and also for cancer-bearing
patients) did not show a clear trend change in time.
8 www.supportiveandpalliativecare.com
There is, however, the possibility of conducting indi-
vidual case studies of physical exercise protocols for
those patients who have demonstrated some changes
over these6 weeks: three patients initially classified as
cachectic changed to the CONTROL group over the
course of the study.
Investigating the role of FFA1 receptor in
cancer-associated cachexia
�Raquel D.S. Freitas1,2, Thaı́s C. Muradás1,3, Ana
Paula Dagnino1,3, Samuel Greggio4, Gianina T.
Venturin4, Jaderson C. da Costa2,4, Maria M.
Campos1,2,3,5

1Centro de Pesquisa em Toxicologia e Farmacologia
– Escola de Ciências da Saúde e da Vida – PUCRS;
2Centro de Pesquisas em Biologia Molecular e Fun-
cional – Instituto Nacional de Ciência e Tecnologia
em Tuberculose – Escola de Ciências da Saúde e da
Vida – PUCRS; 3Programa de Pós-Graduação em
Medicina e Ciências da Saúde – Escola de Medicina
– PUCRS; 4Instituto do Cérebro do Rio Grande do
Sul; 5Programa de Pós-Graduação em Odontologia –
Escola de Ciências da Saúde – PUCRS

Background
Free fatty acid (FFA) receptors FFA1 and FFA4 are
promising pharmacological targets for metabolic
diseases; nevertheless, their role in cancer cachexia
(CC) remains unknown. Herein, the participation of
FFA1 receptors in the Lewis lung carcinoma (LLC)
mouse model of CC was assessed.

Methods
LLC cells (5�106/100 mL of phosphate-buffered
saline; PBS), or the same volume of PBS, were
injected subcutaneously into the right flank of
C57BL/6jUnib male mice (20–15 g; 8–10 weeks
old; n¼8/group). Tumor-free control þ PBS; LLC
þ PBS; LLCþGW9508 8 mg/kg (FFA1 agonist; dosed
every other day; subcutaneously) were evaluated for
locomotor activity, motor coordination, and grip
strength at 21 days. Afterward, mice were eutha-
nized and epididymal (epWAT), retroperitoneal
(rWAT), and interscapular (isWAT) adipose tissue,
gastrocnemius, and tumor mass were collected for
further analysis. The serum was collected to evaluate
leptin levels. Immunohistochemistry assay was per-
formed to assess FFA1 immunopositivity in isWAT
and epWAT. Western blot was performed to detect
UCP-1 protein expression in epWAT. Brain glucose
uptake was assessed by microPET scanning analysis,
through [18F]-FDG intravenous administration. The
local Ethics Committee (PUCRS/CEUA 7164)
approved the experimental protocols.
Volume 14 � Number 00 � Month 2021
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Results
GW9508 treatment rescued cachexia-related behav-
ioral impairments, tumor mass, and overall fat loss.
The isWAT, epWAT, and rWAT adipocyte area did
not differ among experimental groups; nevertheless,
GW9508 increased the frequency of smaller adipo-
cytes compared to the LLC-group. The treatment
with GW9508 increased serum leptin levels in CC
mice. LLC-cachectic mice displayed an increased
FFA1 immunopositivity in isWAT, but not in
epWAT. LLC implantation decreased UCP-1 expres-
sion in epWAT, but GW9508 failed to restore this
parameter. Of note, LLC-cachectic mice displayed
an impairment of brain glucose uptake, which was
restored by GW9508 in the striatum, cortex, left
hypothalamus, thalamus, superior colliculus, and
right inferior colliculus.

Conclusion
The FFA1 receptors possibly participate in periph-
eral and central CC alterations. It is tempting to
suggest that FFA1 receptor modulation is a promis-
ing pharmacological tool for CC management.
Financial Support: CAPES, CNPq, PUCRSINFRA
#01.11.0014-00.

Tumor microenvironment metabolic regula-

tion through physical training and modula-
tion of antitumor immune response in
patients

Renata Goncalves, Joanna Lima, José Alexandre
Barbuto, Marilia Seelaender
Universidade de São Paulo, São Paulo, Brazil

A promising cancer treatment is immunotherapy,
which stimulates the patient’s immune system to
fight the disease. However, the hostility of the tumor
microenvironment, characterized by hypoxic
regions and immunosuppression, proves to be a chal-
lenge for that therapy. Aerobic exercise exerts multi-
ple l effects both upon the host’s blood vessels and
also in the heart and skeletal muscle of patients with
ischemic disease. Thus, the hypothesis that exercise
can significantly modulate vascular function a and
the physiology of solid tumors as well as increase
immunotherapy responsiveness is consistent. We
investigated whether exercise training could lead
to metabolic regulation of the tumor microenviron-
ment, hence modulating antitumor immune
response in cancer patients. Twenty-two treatmet
naive gastrointestinal cancer patients were divided
into sedentary and exercised groups. The exercised
group was submitted to a six week, 150 min/week,
progressive treadmill protocol. Tumor biopsies from
sedentary and exercised patients were collected
1751-4258 Copyright � 2021 Wolters Kluwer Health, Inc. All rights rese
during surgery. Unpublished data shows that physi-
cal exercise modulate pro-inflammatory cytokine
expression in the tumor microenvironment in
cachetic cancer patients, as shown by IFNg mRNA
expression (p¼0.0005) and IL1b mRNA expression
(p¼0.0237). IHC analyses in adenocarcinomas biop-
sies from sedentary and trained patients show that
exercise increases angioneogenesis markers in peri-
tumoral sites (healthy mucosa inside tumor micro-
environment), demonstrated by increased a-smooth
muscle actin, CD31, CD34 (P¼0.007235,
P¼0.008061, and P¼0.008854, respectively), but
not in intra-tumoral sites (tumor cells in the mucosa).
These preliminary results indicate that physical train-
ing may affect the susceptibility to the antitumor
immune response through modulation solid tumor
microenvironment.

Loss of REDD1 prevents chemotherapy-

induced muscle atrophy and weakness in
mice

Brian Hain�, Haifang Xu, David Waning
The Pennsylvania State University College of Medi-
cine, Hershey, PA, USA

Carboplatin, a platinum-based chemotherapy used
clinically to reduce solid tumors, causes an array of
side-effects including muscle atrophy and muscle dys-
function. REDD1 (regulated in DNA damage and
development 1) is a stress-response protein that
represses signaling through the mTOR protein kinase
in complex 1 (mTORC1) to block protein synthesis.
Our previous work demonstrated that carboplatin-
induced muscle wasting and muscle dysfunction
occurred in as little as 7 days. In this study, we showed
that REDD1 mRNA expression was increased in skele-
tal muscle of carboplatin-treated mice. To measure the
direct effect of carboplatin on muscle cells, C2C12
myotubes were treated with 100 mM carboplatin. Car-
boplatin decreased myotube diameter in as little as
24hours with progressive atrophy through 48hours.
REDD1 mRNA expression also increased significantly
12hours after carboplatin treatment in C2C12 myo-
tubes. Using genetically modified global REDD1
knockout mice (REDD1-/-), we have shown that car-
boplatin-induced loss of muscle mass and muscle
dysfunction were prevented in mice lacking REDD1.
8-week old female wild-type and REDD1-/- mice were
injected with carboplatin (100mg/kg) or vehicle and
euthanized 7 days later. Wild-type mice lost signifi-
cant body weight and muscle mass after carboplatin
treatment compared to vehicle treated animals. Body
weight and muscle mass were maintained in REDD1-/-

mice treated with carboplatin. Additionally, carbopla-
tin caused a decrease in forelimb grip strength and
rved. www.supportiveandpalliativecare.com 9
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skeletal muscle dysfunction (EDL specific force) which
wasprevented inREDD1-/- mice.BecauseREDD1 inter-
feres with protein synthesis through mTORC1 signal-
ing, we analyzed protein translation via puromycin
uptake assay in skeletal muscle. Puromycin incorpo-
ration was decreased in muscles from REDD1þ/þmice
and not changed in muscle from REDD1-/- mice
treated with carboplatin compared to vehicle. Our
data provides in vivo evidence that REDD1 plays a
vital role in chemotherapy-induced muscle atrophy
and muscle dysfunction through the regulation of
protein synthesis pathways.
Lasting Effects of Folfox Chemotherapy on
Whole Body Fatigue and Metabolic Function
in Mice

Jessica L. Halle�, Brittany R. Counts, and James
A. Carson
Integrative Muscle Biology Laboratory, Division of
Rehabilitation Sciences, College of Health Profes-
sions, University of Tennessee Health Science Cen-
ter, Memphis TN, USA

Background
While chemotherapy is a first line treatment to
mitigate cancer progression, it can also induce mus-
cle atrophy weakness, and whole body metabolic
dysfunction. There is growing evidence that adverse
effects of chemotherapy extend beyond acute tox-
icities and can lead to lasting dysfunction, which
serves to reduce patient health and life quality. Due
to supra-physiological drug dosing, non-physiolog-
ical treatment regimens and drug specific effects,
gaps still remain in our mechanistic understanding
of long-term metabolic and functional declines
associated with chemotherapy.

Purpose
We examined the lasting effects of Folfox chemo-
therapy after repeated cycles of treatment on whole
body fatigue and metabolic function in mice.

Methods
Male and female C57BL/6J mice (B6; N¼30), at
12 weeks of age, were injected with four cycles (1
cycle¼1 injection every other week) of Folfox (FOL;
5-Fluroracil 30 mg/kg, Oxaliplatin 6 mg/kg, and Leu-
covorin 90 mg/kg) or phosphate buffered saline
(PBS; 100ul). Mice were placed in metabolic cages
for 5 days, 4wks post the 4th cycle. To establish
lasting effects of FOL (recovery period), mice were
sacrificed 4wks (n¼14) or 10wks (n¼16) after the
4th cycle. Run to fatigue was examined pre and 4 days
prior to sacrifice. Gastrocnemius muscle was used
for protein analysis.
10 www.supportiveandpalliativecare.com
Results
Four cycles of Folfox chemotherapy attenuated
body weight gain (PBS:6.1%, FOL:�0.7%) during
the treatment period, with no changes in food
intake. However, 4 and 10 wks. post chemotherapy
body weight changes were not different in PBS and
FOL mice. FOL decreased treadmill run time to
fatigue at 4 wks. (�23%) and 10wks (�39%) after
the last chemotherapy treatment. Cage activity was
reduced by FOL 4wks post chemotherapy. Metaboli-
cally, systemic carbohydrate oxidation was greater
in FOL mice 4wks post, and glucose intolerance was
present in FOL mice 10wks post chemotherapy.
Muscle AMPK phosphorylation (p¼0.038) was
induced in FOL mice 4wks post chemotherapy.

Conclusion
Repeated cycles of FOL chemotherapy can induce
lasting deficits in physical function and altered sys-
temic and muscle metabolism in mice.

Acknowledgements: NCI R21-CA231131
The Association of Cachexia with Head &
Neck Cancer Burden and Pathologic Features

Alexander Jones�, Leah Novinger, Marelle Rukes,
Vincent Campiti, Kyle Davis, Andrea Bonetto,
Michael Moore, Jessica Yesensky
Indiana University School of Medicine, Indianapo-
lis, United States

Background
Head and neck cancer (HNC) is frequently associ-
ated with cachexia, characterized by involuntary
weight loss, sarcopenia, and malnutrition. In HNC
patients, dysphagia and anorexia from obstructive
aerodigestive tumors propagates cachexia even fur-
ther. However, the impact of pathologic features
and burden of HNC on cachexia has yet to be
investigated. We therefore hypothesize that larger,
more aggressive tumors impose greater cachexia
severity in HNC patients.

Methods
A single-institution, retrospective study of adult
patients undergoing surgical resection of head and
neck carcinoma from 2014–2017 was performed.
Patients without 30-day preoperative abdominal
CT imaging for skeletal muscle index (SMI, cm2/
m2) measurements were excluded. Patient demo-
graphics, comorbidities, nutrition data, and cancer
pathology reports were collected. Cachexia was
defined as unintentional weight loss >5% over
6 months or >2% with BMI <20 kg/m2. Statistical
analyses were performed using 2-sided one-way
Volume 14 � Number 00 � Month 2021
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Welch’s ANOVA or Pearson’s x2 tests. Significance
was determined at p <0.05.

Results
The cohort included 125 predominantly white
(92.0%), male (75.2%) HNC patients age
59.9�11.5 years. Sixty-seven (53.6%) patients had
cachexia, twenty (16.0%) of whom were severe
(weight loss �15%). Patients with severe cachexia
had larger tumors (5.5�2.1 cm, p¼0.021) than
patients with mild-to-moderate cachexia (weight
loss 5–14.9%; 4.9�2.1 cm) or no cachexia
(4.1�1.9 cm). Worsening cachexia severity was also
associated with lower SMI (p¼0.004), BMI
(p¼0.002), and serum albumin (p¼0.011). There
was no statistically significant difference between
cachexia groups comparing patient age, comorbid-
ities, tumor grade, depth of invasion, nodal metas-
tases, extranodal extension, cancer stage, perineural
invasion, or lymphovascular invasion.

Conclusion
Tumor burden of HNC patients, but not adverse
pathologic features, is associated with greater
cachexia severity. Identifying pro-cachectic markers
produced by larger tumors could provide a molecu-
lar target for anti-cachexia therapies and improve
cancer patient outcomes.
Poor nutritional status and increased symp-
tom burden is related to inflammation, but
not hypogonadism, in cancer cachexia

Popi Kasvis � 1,2,4 Leonard Rosenthall 3 Robert D.
Kilgour 1,4 Antonio Vigano 1,2

1 McGill Nutrition and Performance Laboratory
(MNUPAL), Suite 105B, Place Vendome, 5252 de
Maisonneuve Blvd West, Montreal, Quebec, H4A
3S5, Canada 2 Supportive and Palliative Care Divi-
sion, McGill University Health Centre, 1001 Decarie
Boulevard, Montreal, Quebec, H4A 3J1, Canada 3

Department of Radiology, McGill University Health
Centre, 1650 Cedar Ave., Montreal, Quebec, H3G
1A4, Canada 4 Department of Health, Kinesiology,
and Applied Physiology, Concordia University, The
Richard J. Renaud Science Complex, Room SP-165–
17, 7141 Sherbrooke Street West, Montreal, Quebec,
H4B 1R6, Canada

Background
Hypogonadism is common in men with advanced
cancer. It is unclear if the hypogonadic condition in
cancer cachexia leads to a greater negative impact
on body composition, strength, function, symp-
toms, nutritional status and distress.
1751-4258 Copyright � 2021 Wolters Kluwer Health, Inc. All rights rese
Methods
This is a cross-sectional, retrospective study of
cachectic men referred to a cancer rehabilitation
program. Calculated bioavailable testosterone and
total testosterone were used to identify hypogonad-
ism; patients were classified as hypogonadic or
eugonadic based on previously reported cut-offs
for each biomarker. Cancer cachexia was deter-
mined using a validated classification system,
which includes assessment of c-reactive protein.
Anthropometric data including height, weight,
body mass index and body composition using
dual-energy X-ray absorptiometry was collected.
The revised Edmonton Symptom Assessment
System, the abridged Patient-Generated Subjective
Global Assessment and the Distress Thermometer
were completed. Strength was measured via
handgrip dynamometry and dynamic function
assessed by the six-minute walk test and a sit-
to-stand test. Cohen’s kappa was used to determine
agreement between the two biomarkers. Student’s
t-test and robust multiple regression analysis
were used to determine relationships for each
parameter between hypogonadic and eugonadic
patients.

Results
Androgen deficiency was identified in 71% of the
men based on total testosterone and 61% based on
calculated bioavailable testosterone. Although a
strong correlation was demonstrated (r¼0.730,
p<0.01), there was only moderate agreement
between the two biomarkers in classifying eugona-
dal and hypogonadal patients (k¼0.5). There was no
difference between hypogonadic and eugonadic
men, in terms of body composition, strength, func-
tion, symptoms, nutritional status or measures of
health-related quality of life, irrespective of bio-
markers used to identify hypogonadism. Only
fatigue was independently associated with calcu-
lated bioavailable testosterone (B¼�0.50,
p<0.05). A direct and significant (p<0.05) relation-
ship between c-reactive protein and nausea, depres-
sion, appetite, wellbeing and shortness of breath, as
well as nutritional status (p<0.01) was found, irre-
spective of testosterone levels.

Conclusion
With the exception of fatigue, our results suggest
that the presence of inflammation and not hypo-
gonadism, is related to symptom burden and poor
nutritional status in cancer cachexia. In this condi-
tion, testosterone replacement therapy may help
primarily with relieving cancer-related fatigue.
rved. www.supportiveandpalliativecare.com 11
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Low bone mass is associated with cachexia in

advanced cancer patients

Robert D. Kilgour1,2�, Leonard Rosenthall3, Popi
Kasvis1,4, Antonio Vigano1,4

1McGill Nutrition and Performance Laboratory
(MNUPAL), Suite 105B, Place Vendome, 5252 de
Maisonneuve Blvd West, Montreal, Quebec, H4A
3S5, Canada, 2Department of Health, Kinesiology
and Applied Physiology, Concordia University, The
Richard J. Renaud Science Complex, Room SP-165–
17, 7141 Sherbrooke Street West, Montreal Quebec,
H4B 1R6, Canada, 3Department of Radiology,
McGill University Health Centre, 1650 Cedar
Ave., Montreal, Quebec, H3G 1A4, Canada, 4Sup-
portive and Palliative Care Division, McGill Univer-
sity Health Centre, 1001 Decarie Boulevard,
Montreal, Quebec, H4A 3J1, Canada.

Background
Although decreases in body composition are hall-
mark features of cancer cachexia, less is known
about skeletal bone health and its link with muscle
mass in this population. This study was designed to
determine if differences exist in femoral neck (FN)
and total hip (TH) t-scores between cachectic and
non-cachectic cancer patients. In addition, we
explored the relationship between bone mineral
density (FN and TH t-scores) and appendicular skel-
etal muscle index (ASMI).

Methods
A retrospective sample (n¼266) of male and female
cancer patients with a variety of different cancer
primaries were placed into cachectic (C; n¼97) and
non-cachectic (NC; n¼169) groups. Bone mineral
density measurements (FN and TH t-scores) and
ASMI were measured using dual energy x-ray absorp-
tiometry. Comparisons were made between groups
with respect to FN and TH t-scores and their rela-
tionship with ASMI.

Results
Patients in the C group were older (61.5�11.6 vs
65.4�12.7 years; p¼0.012), and had significantly
lower body weight (62.6�14.7 vs 76.6�19.2 kg,
p<0.001) and body mass index BMI (22.2�4.4 vs
28.0�6.0 kg/m2, p<0.001) than the NC group.
ASMI (C, 5.65�1.06 vs NC, 6.44�1.17 kg/m2,
p<0.001), fat index (C, 6.04�3.38 vs NC,
8.86�4.77 kg/m2, p<0.001), and BMI (C,
21.7�4.1 vs NC, 25.9�6.1 kg/m2, p<0.001) were
different between groups. The FN t-scores in the C
group were significantly less than those values in the
NC (C; �1.376�1.201 vs NC, �0.984�1.122,
p¼0.011). A similar association was observed with
the TH t-scores (C; �1.097�1.201vs NC,
12 www.supportiveandpalliativecare.com
�0.537�1.206, p<0.003). The FN t-scores in those
below the ASMI cut-offs (7.26 kg/m2 for males and
5.45 kg/m2 for women) were significantly worse
than in those with normal ASMI (FN above,
�0.953�1.082 vs FN below, �1.233�1.204,
p¼0.05). Multiple regression analyses showed that
BMI was a significant independent predictor of FN
(p¼0.014) and TH t-scores (p¼0.0004).

Conclusion
Cachectic patients possess more compromised mea-
sures of bone health than non-cachectic patients.
Patients with ASMI scores below the standard cut-
offs also displayed poorer FN and TH t-scores than
those above the cut-off. Weight bearing exercise and
nutritional interventions should be targeted at
maintaining not only bone mineral density but also
muscle mass in cachectic cancer patients.
Integrated tumor-cells secretome and wast-
ing adipose-tissue membranome in LLC mice:
A transcriptomic approach to explore ligand-
receptor interactions in cancer cachexia

José Thalles Lacerda1, Sarah Santiloni Cury2, Robson
Francisco Carvalho2, Miguel L Batista Jr3,4

1Department of Physiology at Bioscience Institute,
University of São Paulo, USP, São Paulo, Brazil.
2Department of Structural and Functional Biology,
Institute of Biosciences, São Paulo State University,
UNESP, Botucatu, SP, Brazil. 3Department of Inte-
grated Biotechnology, University of Mogi das Cruzes,
São Paulo, Brazil. 4Department of Biochemistry, Bos-
ton University School of Medicine, Boston, MA, USA.

Cancer-induced muscle and adipose tissue (AT)
wasting, which commonly occurs in cancer
cachexia, impairs patient quality of life and survival.
Research on the underlying mechanism of AT
remodeling in cancer cachexia is essential to iden-
tify mediators and treatment options for this syn-
drome. Animal models that simulate cachexia in
humans have predominantly utilized implanted
tumor cell lines, such as Lewis Lung Carcinoma
(LLC). These cells are implanted subcutaneously
into experimental animals and allowed to grow
until overt symptoms of cachexia develop. How-
ever, the potential interactions between ligands
secreted by LLC cells (secretome) with cellular mem-
brane receptors (membranome) from major
cachexia target tissues, such as AT, need further
analysis. We built a pipeline to predict secretome-
membranome interactions based on transcriptome
data. We also investigate the ligand-receptor rela-
tionships between LLC cells and cachectic ATs using
in silico predictions and public databases. The
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expression of genes coding secreted proteins was
compared between LLC and distal respiratory epi-
thelial (MLE12) cell lines. SignalP 5.0, UniprotKB
(term: ‘‘secreted’’) and Gene Ontology Cellular
Compartments (term: ‘‘extracellular region’’) iden-
tified 350 deregulated genes predicted to encode
secreted proteins. The expression of genes coding
cellular membrane proteins was compared between
cachectic and non-cachectic ATs. UniprotKB (term:
‘‘cell membrane’’) and Gene Ontology Cellular
Compartments (term: ‘‘plasma membrane’’) identi-
fied 593 deregulated genes predicted to encode cel-
lular membrane proteins. Using STRING DB 11.0 for
protein-protein interaction network analysis (active
interaction sources: experiments and databases),
1493 ligand-receptor interactions were mapped
between 278 secreted proteins from LLC with 284
cellular membrane proteins from cachectic AT. Of
these, the interaction of Parathyroid hormone-
related protein (PTHLH) and the cell surface recep-
tor PTH1R may trigger a pathway related to AT
wasting in cachexia. Additional interactions were
involved in the induction of positive chemotaxis,
positive regulation of inflammatory response, and
adipocytokine signaling pathways. In conclusion,
our transcriptome-based pipeline identified ligand-
receptor interactions in cancer cachexia, which may
help to drive new experimental approaches and
insights into the pathogenesis of the syndrome.

The inflammatory potential of adipose mes-

enchymal stem cells in cancer cachexia

Ariene Murari�1,2, Joyce de Cassia Rosa de Jesus1,2,
Raquel Galvão Figueredo2, Thainá Vilella2, Katrin
Radloff2, Ana Flavia Marçal Pessoa1,2, Estefanı́a
Simões Fernández2, Joanna Darck Carola Correia
Lima2, Paulo Sérgio Martins de Alcantara3, Flávio
Tokeshi3, José PinhataOtoch1,3, Marı́lia Seelaender1,2

1Department of Surgery (LIM26), Faculdade de
Medicina; 2Cancer Metabolism Research Group,
Institute of Biomedical Sciences, Brazil; 3University
Hospital, University of São Paulo, São Paulo, Brazil.

Background
Cachexia is a co-morbidity of cancer, which is asso-
ciated with loss of lean mass, adipose tissue and
inflammation. Cachectic patients show worsened
prognosis, while no treatment to date exists that
counteracts the many symptoms of this syndrome.
Adipose tissue(AT) is a contributor to cachexia-
related inflammation. Aim: To analyze the genes
involved with inflammatory pathways and secre-
tion of pro-inflammatory cytokines in adipose mes-
enchymal stem cells (MSCs) that may have a role in
cancer cachexia.
1751-4258 Copyright � 2021 Wolters Kluwer Health, Inc. All rights rese
Methods
Colorectal cancer patients, with (CC), or without
(WSC) cachexia, and without cancer-submitted to
hernia operation (Ct). MSCs were isolated from
biopsies of subcutaneous AT obtained in surgery.
The MSCs were characterise by flow cytometry. The
cells were plated in DMEM, supplemented with
different stimuli: 15% fetal bovine serum (FBS), or
15% FBS plus 50 mL/mL IL6, or 15% FBS plus 100 mL/
mL TNFa. The cells were maintained in culture for
24 hours. The cellular expression of the gene was
analyzed by RT-PCR; the medium was collected and
the cytokines quantified.

Results
MSCs showed positive labelling for CD73, CD90 and
CD105 surface antibodies and a negative result for
CD11b. MSCs showed no difference in gene expres-
sion between the groups. Evaluation of different
stimuli within the same group, those incubated with
TNFa showed greater activation of the p50 gene
involved in the inflammatory pathway, compared
those stimulated with IL6 and FBS, in all groups
studied Ct(p¼0.040), WSC(p¼0.002) and
CC(p¼0.010). Analysis of the incubation medium
from the MSCs within the same group showed that
the cells stimulated with TNFa exhibited greater
secretion of the inflammatory cytokines MCP-1
and IL6, than the MSCs stimulated with IL6 and
FBS, in the WSC(MCP-1, p¼0.0004; IL6, p<0.0001)
and CC(MCP-1, p¼0.0002; IL6, p¼0.0014). The
different stimuli did not provoke changes in cyto-
kine secretion in stem cells obtained from the adi-
pose tissue of the control group.

Conclusion
Ourresults demonstrate thatMSCs displayan inflam-
matory phenotype characterized by increased expres-
sion of p50 gene in all studied groups, and secretion
ofpro-inflammatory cytokines in WSC and CC,when
stimulated with TNFa. This cytokine seems to con-
tribute to the adipose tissue MSCs role in maintaining
an inflammatory environment related to cachexia.
Gemcitabineandnab-paclitaxelreducetumor
burden and preserve muscle and cardiac func-
tions in murine model of PDAC cachexia
Ashok Narasimhan1�, Xiaoling Zhong1, Daenique
H. A. Jengelley2, Joshua R. Huot1, Meijing Wang1,
Joseph E Rupert1, Andrew R Young1, Andrea Bone-
tto1,3,4,5,6, Yunlong Liu6,7,8,9,11, Leonidas G Konia-
ris1,8,10,11, Teresa A. Zimmers1,2,3,4,5,6,8,10,11

More than 85% of patients with pancreatic ductal
adenocarcinoma (PDAC) suffer from cachexia. Pre-
vious studies have shown that chemotherapy leads to
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loss of muscle mass and function in different cancers.
Gemcitabine combined with nab paclitaxel (GnP) are
FDA-approved first-line treatment options for
patients with locally advanced or metastatic PDAC.
However, its effect on the musculoskeletal system has
not been evaluated. Our objective was to test the
effect of GnP in the progression of PDAC cachexia.
12-week old C57BL/6J male mice were either ortho-
topically implanted with KPC32908 tumor cells
(KPC, 50,000 cells) or received a sham surgery. The
mice were administered with either vehicle or GnP
(KPCþGnP, 120 mg/kg of gemcitabine and 10 mg/kg
of nab-paclitaxel on Day 4 and Day 10 post tumor cell
implantation). To assess muscle and heart function,
in vivo muscle force test and echocardiography were
performed a day prior to euthanasia (Day 14). To
determine muscle and cardiac gene expression
changes, RNA sequencing was performed on the gas-
trocnemius and the heart. The tumor burden was
reduced by 61% in KPCþGnP compared to KPC-
vehicle. KPC-vehicle exhibited reduced
gastrocnemius (�15%), quadriceps (�18%), and
tibialis anterior (�20%) mass, while the muscles were
preserved in the KPCþGnP group. While a significant
decrease in plantarflexion force was observed in the
KPC-vehicle group, it remained unchanged in
KPCþGnP. Echocardiography showed a decrease in
left ventricular mass, increased ejection fraction and
fractional shortening in the KPC-vehicle group. How-
ever, no changes in cardiac function were observed in
the KPCþGnP group. Skeletal muscle genes were
enriched for muscle atrophy (Foxo1, Trim63,
Fbxo32), hypoxia (Ednra, Lama4, Tfrc), inflamma-
tion (Il7, Tgfb1), and endoplasmic reticulum stress
(Atf4, Ddit3). In cardiac muscle, the representative
functions include cardiomyocyte differentiation
(Bmp4, Bmp5, Gata4), and cardiac hypertrophy sig-
naling (Gata4, Fgfr3, Atp2a3). The expression pattern
of these genes was reversed in both the tissues in
KPCþGnP vs KPC-vehicle comparison, suggesting
that GnP preserved muscle and heart. To comprehen-
sively understand the effect of GnP in the musculo-
skeletal system, bone analysis is currently in progress.
Taken together, our data shows that GnP has a pro-
tective effect on muscle and heart in experimental
PDAC cachexia.

Unfavorable impact of decreased muscle

quality on the efficacy of immunotherapy
for advanced non-small cell lung cancer

Naoya Nishioka, Tateaki Naito�, Akifumi Notsu,
Keita Mori, Hiroaki Kodama, Eriko Miyawaki, Taichi
Miyawaki, Nobuaki Mamesaya, Haruki Kobayashi,
Shota Omori, Kazushige Wakuda, Akira Ono,
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Hirotsugu Kenmotsu, Haruyasu Murakami, Koichi
Takayama, Toshiaki Takahashi
Division of Thoracic Oncology, Shizuoka Cancer
Center, 1007 Shimo-Nagakubo, Nagaizumi-Cho,
Sunto-Gun, Shizuoka Pref. 411–8777, Japan

Background
Quantitative skeletal muscle mass loss has the
potential to predict the therapeutic effect of
immune checkpoint inhibitor. This study aimed
to assess the impact of muscular quality on the
abovementioned outcomes.

Methods
This study retrospectively reviewed the medical
records of advanced non-small cell lung cancer
(NSCLC) patients who had received PD-1/PD-L1 inhib-
itor monotherapy between March 2016 and
February 2018. High muscle quality was stipulated
as a skeletal muscle density �41 and �33 Hounsfield
units in patientswith a bodymass index (BMI)<25kg/
m2 and �25kg/m2, respectively, as assessed using
lumbar computed tomography images. High muscle
quantity was stipulated as a lumbar skeletal muscle
index �41cm2/m2 in women, �43cm2/m2 in men
with a BMI <25kg/m2, and �53cm2/m2 in men with
a BMI �25kg/m2. We evaluated the associations of
these muscular parameters with the overall response
rate (ORR) and progression-free survival (PFS).

Results
Out of 156 patients, 80 (51.3%) and 47 (30.1%)
showed low muscle quality and quantity, respec-
tively. Patients with high muscle quality showed
higher ORR (35.0 vs. 15.8%, p<0.05) and longer
PFS durations (median, 4.5 vs. 2.0 months, p<0.05)
than those with low muscle quality. There were no
noted differences in the ORR or PFS between
patients with high and low muscle quantities.

Conclusion
Lumbar skeletal muscle quality has the potential to
predict the therapeutic effect of PD-1/PD-L1 inhibi-
tor monotherapy in advanced NSCLC patients.
Lipocalin 2 as a mediator of cachexia-
anorexia

Brennan Olson1,2�, Xinxia Zhu1, Mason A Norgard1,
Peter Levasseur1, John T Butler1,2, Abigail Buenafe1,
Kevin G Burfeind1,2, Katherine A Michaelis1,2, Jared
Edwards1, Stephanie M Krasnow1, Aaron J Gross-
berg3,4,5, and Daniel L Marks1,4,6

1. Papé Family Pediatric Research Institute, Oregon
Health & Science University, Portland, OR USA
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2. Medical Scientist Training Program, Oregon
Health & Science University, Portland, OR USA
3. Department of Radiation Medicine, Oregon
Health & Science University, Portland, OR USA
4. Brenden-Colson Center for Pancreatic Care, Oregon
Health and & Science University Portland, OR USA
5. Cancer Early Detection Advanced Research Cen-
ter, Knight Cancer Institute, Oregon Health & Sci-
ence University, Portland, OR USA
6. Knight Cancer Institute, Oregon Health & Science
University, Portland, OR USA

Illness behaviors and metabolic disturbances are com-
monly observed in patients with cancer and fre-
quently lead to cachexia, a devastating metabolic
syndrome that significantly reduces patients’ quality
of life, ability to tolerate treatment, and ultimate
survival. Cancer cachexia imposes a significant caloric
deficit to patients through a synergistic decrease in
energy consumption and increase in resting energy
expenditure. Thus, identification of molecular targets
that improve caloric intake, or mitigate energy wast-
ing, is paramount in improving outcomes for patients
with cachexia. Recently, the pleotropic molecule Lip-
ocalin 2 (LCN2) was identified as a physiologic medi-
ator of appetite. However, it remains unknown if this
molecule influences energy balance during cancer-
associated cachexia. We identify LCN2 as a potent
pathologic mediator of cachexia-anorexia through
its recently identified actions on the melanocortin 4
receptor in the mediobasal hypothalamus. We show
that LCN2 is robustly upregulated in numerous
murine models of pancreatic cancer cachexia, and
its expression is closely associated with reduced food
consumption and lean mass loss. Lipocalin 2 knock-
out mice are protected from cachexia-anorexia, and
melanocortin 4 receptor antagonism improves feed-
ing behaviors during cachexia. Using pair-feeding
paradigms, we demonstrate that LCN2 improves lean
muscle mass through improved food consumption
alone. Finally, we observe that LCN2 is upregulated
in humans during pancreatic cancer and is associated
lean mass wasting and increased mortality. Together,
we show that LCN2 is robustly upregulated during
pancreatic cancer cachexia, readily crosses the blood-
brain barrier, and binds to its recently identified recep-
tor to mediate appetite suppression and concomitant
lean mass wasting.

Cancer-associated cachexia impacts liver

morphology

Silvio P Gomes1,2�, Daniela C Goncalves5, Bruno
Cogliati2, Gabriela S de Castro1, Tais H Sasahara2,
Ivanir S Pires1, Flavio Tokeshi3, Paulo S Alcântara3,
José P Otoch3,4, Marilia Seelaender1,4.
1751-4258 Copyright � 2021 Wolters Kluwer Health, Inc. All rights rese
1 Cancer Metabolism Research Group, Instituto de
Ciências Biomédicas; 2 Faculdade de Medicina Vet-
erinária e Zootecnia, Departamento de Cirurgia; 3

Hospital Universitário; 4 Faculdade de Medicina,
Departamento de Cirurgia; LIM26 HC, Universidade
de São Paulo, 5 Universidade Federal de São Paulo
Instituto de Biociências.

Background
Cachexia is highly prevalent among patients with
cancer and associated with poor prognosis. This
syndrome is characterized by continuous weight
loss and systemic inflammation. The liver is a cen-
tral organ in the control of metabolism and very
likely to play a major role in this paraneoplastic
syndrome. We aimed to characterize the morpho-
logical alterations in the liver of patients with can-
cer-associated cachexia.

Methods
Colorectal cancer patients enrolled after signing the
informed consent. Subjects submitted to cholecys-
tectomy were included in the Control group (n¼5–
7). Patients with cancer, without cachexia were
included in the weigh-stable cancer group (WSC,
n¼4–9) and patients with cancer cachexia, in the
cachetic cancer group (CC, n¼13). Hepatic biopsies
were obtained during surgery. Samples were fixed in
paraformaldehyde and embedded into paraffin, fol-
lowed by staining with hematoxylin and eosin, and
Mallory Trichrome Connective Tissue dye. Samples
were also submitted to transmission electron micros-
copy analysis, protein quantification of inflamma-
tory markers by Multiplex technology and, gene
expression assessment by qPCR. One-way analysis
of variance and Kruskal-Wallis test were employed
for parametric and non-parametric data, respectively.
The significance level was set at p<0.05.

Results
CC presented higher hepatic lipid content demon-
strated by the higher abundance of lipid droplets
observed under light and electron microscopy, as
compared to the Control and WSC groups. More-
over, higher collagen content was observed in the
liver of CC patients. Protein content of IL-1a and IL-
8 and gene expression of FABP1 were higher in WSC
(p<0.05). Liver FABP1 mRNA was higher in WSC,
compared with the two other groups (p<0.05).

Conclusion
Cancer cachexia is characterized by hepatic lipid
accumulation and fibrosis, possibly associated with
the disruption of organ functions.
rved. www.supportiveandpalliativecare.com 15



CE: Swati; SPC/1501ABS; Total nos of Pages: 25;

SPC 1501ABS

Abstracts
Cancer cachexia associated muscle NADR
depletion can be rescued by blocking activin
receptor ligands in a murine experimental
model

Pöllänen N1�, Penna F2, Nissinen TA3, Hentilä J3,
Euro L4, Lautaoja JH3, Ballarò R2, Soliymani R5,
Baumann M5, Ritvos O6, Lalowski M5, Pirinen E1,
Hulmi JJ3,6

1 Research Program for Clinical and Molecular
Metabolism, Faculty of Medicine, University of Hel-
sinki, Helsinki, Finland
2 Department of Clinical and Biological Sciences,
University of Turin, Turin, Italy
3 Faculty of Sport and Health Sciences, Neuromus-
cular Research Center, University of Jyväskylä,
Jyväskylä, Finland
4 Stem Cells and Metabolism Research Program,
Faculty of Medicine, University of Helsinki,
Helsinki, Finland.
5 Meilahti Clinical Proteomics Core Facility, HiLIFE,
Faculty of Medicine, Biochemistry and Develop-
mental biology, University of Helsinki, Helsinki,
Finland
6 Department of Physiology, Faculty of Medicine,
University of Helsinki, Helsinki, Finland

Background
Cancer cachexia and muscle loss are associated with
increased morbidity and mortality. In preclinical
animal models, blocking the activin receptor
(ACVR) ligands improved survival and prevented
cancer cachexia without an effect on tumour
growth. The underlying mechanisms are poorly
understood. Our study aimed to identify cancer
cachexia and soluble ACVR (sACVR) administra-
tion-evoked changes in muscle proteome and in
NADþ metabolism.

Methods
Healthy and C26 tumour-bearing (TB) mice were
treated with recombinant sACVR. The sACVR or PBS
control were administered either i) prophylactically
prior to the tumour formation, ii) by continued
administration before and after tumour inoculation,
or iii) as a treatment modality after tumour forma-
tion. Muscles were analyzed by quantitative proteo-
mics with further examination of mitochondria-
related parameters.

Results
Muscle proteomics from TB cachectic mice revealed
increased acute phase response and a downregulated
signature for mitochondrial oxidative phosphoryla-
tion (OXPHOS). Supporting these findings, histo-
chemical in situ analysis revealed that the
percentage of muscle fibres endowed with high
16 www.supportiveandpalliativecare.com
mitochondrial complex II, succinate dehydroge-
nase, activity was significantly reduced in TB-mice.
As nicotinamide adenine dinucleotide (NADþ) is
crucial for mitochondrial oxidative metabolism
and biogenesis, we further examined NADþ metab-
olites and the expression of NADþ biosynthetic
genes in muscle. Cachectic muscle showed NADþ

deficiency and dysregulated NADþ biosynthesis pos-
sibly due to downregulation of the salvage pathway
gene, nicotinamide riboside kinase 2. Interestingly,
the continued sACVR administration before and
after tumour formation rescued most of the
observed disturbances in the OXPHOS proteome
and NADþ metabolism. Importantly, sACVR treat-
ment after cancer inoculation also displayed ability
to normalize muscle NADþ homeostasis.

Conclusion
We present evidence on disturbed muscle OXPHOS
proteome and NADþ homeostasis in murine cancer
cachexia, which are partially rescued upon treat-
ment with a blocker of activin receptor ligands.
These findings reveal a previously unknown con-
nection between cancer-induced cachexia and
NADþmetabolism and point out putative new treat-
ment therapies, such as NADþ boosters, for cancer
cachexia.
The pancreatic tumor organoid secretome
impairs the smooth muscle cell contractile
phenotype

Rianne D.W. Vaes1, Annemarie A. van Bijnen1, Ste-
ven W.M. Olde Damink1,2, Sander S. Rensen�1
1 Department of Surgery and NUTRIM School of
Nutrition and Translational Research in Metabo-
lism, Maastricht University, Maastricht, The
Netherlands
2 Department of General, Visceral and Transplanta-
tion Surgery, RWTH University Hospital Aachen,
Aachen, Germany

Background
Patients with pancreatic cancer often suffer from
gastrointestinal symptoms which may be the conse-
quence of underlying gastrointestinal motility prob-
lems. Although muscle loss in cachectic pancreatic
cancer patients is most obvious in skeletal muscle,
these clinical symptoms as well as our recent analy-
sis of intestinal smooth muscle characteristics in
cachectic patients suggest that cachexia manifests
itself also in smooth muscle, a tissue responsible for
contraction of the gastrointestinal tract. We
hypothesized that tumor cells from pancreatic can-
cer patients secrete factors that directly affect the
smooth muscle cell (SMC) contractile phenotype.
Volume 14 � Number 00 � Month 2021
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Methods
Human visceral SMCs with a contractile phenotype
were exposed to the tumor secretome of 3D pancreatic
tumor organoid cultures. Markers of muscle atrophy,
contractile proteins, and proliferation were analyzed
by qPCR and Western blot. SMC proliferation and
migration were monitored by live cell imaging. Fur-
thermore, SMC proliferation was assessed by Ki-67
immunohistochemistry of the intestinal smooth mus-
culature of twenty-two pancreatic cancer patients
with either a low or high L3 skeletal muscle mass index
(SMI) as assessed by CT-scan analysis.

Results
CM from pancreatic tumor organoids of cachectic
patients did not affect expression of Atrogin-1, a key
E3-ubiquitin ligase that is involved in skeletal mus-
cle atrophy. Nevertheless, exposure to organoid CM
caused reduced protein levels of a-smooth muscle
actin (1.7-fold; p<0.001) and smooth muscle pro-
tein 22-a (2.8-fold; p<0.001), two key proteins
involved in SMC contraction. Moreover, g-smooth
muscle actin mRNA expression was significantly
reduced (1.5-fold; p<0.001). Concurrently, expres-
sion of S100A4, a protein associated with SMC pro-
liferation, was increased (1.4-fold, p<0.001). SMCs
exposed to organoid CM showed a markedly
reduced doubling time (control: 36.2 h vs. organoid
CM: 29.9 h, p<0.001). In line with this, a higher
percentage of Ki67 positive nuclei was found in the
intestinal smooth musculature of pancreatic cancer
patients with a low L3-SMI compared to those with a
high L3-SMI (8.7�2.1% vs. 6.4�3.2% (p¼0.047),
respectively).

Conclusion
Pancreatic tumor organoids secrete factors that
diminish the contractile SMC phenotype. In vivo,
this may impair the contractile functionality of the
intestinal smooth musculature and contribute to
frequently reported gastrointestinal symptoms in
cachectic cancer patients.
Heterogeneous gene expression of NLRP3
inflammasome pathway in the subcutaneous
and peritumoral adipose tissue in patients
with cancer cachexia

Joyce de Cassia Rosa de Jesus�1,2, Ariene Murari
Soares de Pinho1,2, Raquel Galvão Figueiredo2,
Katrin Radloff2, José César Rosa-Neto3, Paulo S. M.
Alcântara4, Flavio Tokeshi4, Linda Maximiano4, José
P. Otoch1,4, Marilia Seelaender1,2

1 Department of Surgery (LIM26), Faculdade de
Medicina (FMUSP)
1751-4258 Copyright � 2021 Wolters Kluwer Health, Inc. All rights rese
2 Cancer Metabolism Research Group
3 Immunometabolism Laboratory, Institute of
Biomedical Sciences
4 University Hospital, University of São Paulo, São
Paulo, Brazil

Background
Cachexia is a complex and highly debilitating
metabolic syndrome that accompanies cancer
and compromises several organs, including the
adipose tissue. Inflammation is one of its hall-
marks and in the presence of cancer cachexia,
inflammatory pathways are activated. The NLRP3
inflammasome contributes to the maintenance of
homeostasis and the organization of the immune
response. Aim: To analyse the activation of genes
of NLRP3 inflammasome in the subcutaneous
(ScAT) and peritumoral visceral (mesenteric) adi-
pose tissue (PAT) in patients with and without
cancer cachexia.

Methods
Surgical patients with colorectal cancer who signed
the informed consent form were divided into weight
stable (WSC) and cachectic cancer (CC) groups.
After surgery, adipose tissue explants were distrib-
uted in 12-well culture plates, with approximately
500 mg per well and incubated in 500 ml of DMEM
containing 10% SFB, supplemented or not with
lipopolysaccharide (LPS, 1 mg/ml), in atmosphere
of 10% CO2 at 378C for 24 h. Total RNA was
extracted, and the cDNA, obtained. The gene expres-
sion was analysed with RT-PCR.

Results
For the 2 depots compared in WSC we found that
mRNA expression of NLRP3, caspase-1 and IL-1b was
not different disregard of previous incubation with
LPS. IL-18 showed no significant difference in ScAT
in the absence of LPS while exhibiting diminished
expression in PAT, compared to ScAT. In the CC
group, the expression of NLRP3 was reduced in PAT,
as compared with ScAT, in both incubation condi-
tions (absence/presence of LPS). The expression of
caspase-1 was decreased in PAT, compared to ScAT
in the absence of LPS and there was no significant
difference between the 2 tissues in the presence of
LPS. There was no significant difference regarding
IL-1b between deposits in the absence of LPS. This
cytokine expression was reduced in PAT, when com-
pared to ScAT, after incubation with LPS. There was
no significant difference of IL-18 expression
between the 2 tissues in the absence of LPS stimulus
and this parameter was diminished in PAT, com-
pared to ScAT, after LPS stimulation.
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Conclusion
Our results demonstrate that the expression of
NLRP3 inflammasome components is decreased in
the peritumoral adipose tissue, when compared to
subcutaneous tissue in cachectic patients, with pos-
sible consequences to adipose-immune-tumour
interaction modulation.
Serum markers of muscle catabolism are
associated with decreased functional recov-
ery and independence in cancer patients
requiring inpatient rehabilitation

Ishan Roy�, Kevin Huang, Akash Bhakta, Emily Mar-
quez, Jacqueline Spangenberg, Prakash Jayabalan
Shirley Ryan AbilityLab (formerly known as Reha-
bilitation Institute of Chicago); Department of Phys-
ical Medicine and Rehabilitation, Northwestern
University, Chicago, Illinois, USA

Background
Cancer patients admitted to inpatient rehabilita-
tion facilities (IRFs) using Centers for Medicare
and Medicaid Services criteria, by definition, have
had significant change in physical function lead-
ing to lack of independence in activities of daily
living. However, the impact of cachexia or muscle
wasting in this debilitated population of cancer
patients has not been previously investigated
in IRFs.

Objective
To characterize the incidence of cancer-associated
cachexia or muscle wasting syndrome in our IRF
and determine its relationship with physical func-
tion. Secondarily, we investigated if any specific
pre rehabilitation factors were associated with
cachexia.

Methods
This retrospective cohort study of 330 admissions
to our IRF included subjects admitted to oncologic
rehabilitation services and excluded pediatric sub-
jects. 3 target cohorts were selected using weight-
or serum based markers of cachexia syndrome/
muscle catabolism: chronic weight loss (>5% body
weight loss in 6 months), serum creatinine
<0.60 mg/dL, and serum albumin <3.5 g/dL. 30
pre rehabilitation factors were collected, including
cancer type/stage/progression and acute care
events. Rehabilitation outcomes included the 18
item Functional Independence Measure scale(FIM,
including motor and cognitive sub scores), grip
strength (GS), 6-minute walk test distan-
ce(6MWT), and post-rehabilitation discharge dis-
position.
18 www.supportiveandpalliativecare.com
Results
Amongst cancer patients at our IRF, the incidence of
chronic weight loss was 58%, low creatinine was
35%, and low albumin was 65%. In a multivariate
analysis examining functional outcomes during
rehabilitation, low creatinine and low albumin were
independently associated with negative motor and
cognitive FIM changes respectively (p¼0.003,
p<0.001). While no marker was significantly asso-
ciated with changes in GS or 6MWT, low creatinine
and low albumin were associated with increased
odds of returning to acute care (OR¼2.0, p¼0.02)
and requiring home-based services after discharge
respectively (OR¼14.5, p¼0.001). A univariate
screen of the 30 pre-rehabilitation factors found
11 significant associations with the target cohorts
but detected no independent associations in a mul-
tivariate model, suggesting no specific sub-popula-
tion was uniquely susceptible to cachexia.

Conclusion
Cachexia and muscle wasting syndrome impacts a
significant fraction of cancer patients requiring
inpatient rehabilitation. In this functionally debili-
tated cancer population, serum markers of muscle
catabolism, rather than weight loss, were indepen-
dently associated with poor functional recovery and
decreased independence at discharge.

Skeletal Muscle Regeneration is Impaired in

Patients with Cancer-Associated Cachexia

Gabriela S de Castro1�, Estefania Simões1, Joanna
Correia-Lima1, Silvio Pires Gomes1,2, Ivanir O.
Pires1, Flávio Tokeshi3, Paulo S Alcantara3, Dario
Coletti4, José P Otoch3,5, Marilia Seelaender1,5

1 Cancer Metabolism Research Group, Instituto de
Ciencias Biomedicas; 2 Faculdade de Medicina Vet-
erinaria; 3 Hospital Universitario; 5 Department of
Surgery, Faculdade de Medicina and LIM26 HC,
Universidade de Sao Paulo, São Paulo, Brazil; 4

Department of Anatomical, Histological, Forensic
and Orthopedic Sciences, Sapienza University of
Rome, Rome, Italy.

Background
Cancer-associated cachexia is defined by loss of skele-
tal muscle mass with or without body fat loss. Skeletal
muscle regenerative processes appear to be dysregu-
lated in cancer cachexia, with increased muscle pro-
genitor cell proliferation and hampered myogenic
potential, resulting from systemic inflammation, as
shown in both animal models and patients. Pax7 and
myogenic factor 5 (Myf5) are transcription factors
expressed by proliferating satellite cells. Increased
expression of these genes indicates higher satellite cell
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content. We aimed at evaluating skeletal muscle Pax7
and Myf5 mRNA expression and its correlation with
markers of systemic inflammation in patients with
cancer-associated cachexia.

Methods
Patients with gastric, colon and rectal cancer were
recruited after signature of the informed consent
form. Blood and anthropometric parameters were
obtained before surgery for tumor resection, during
which rectus abdominis muscle biopsies were col-
lected. Patients with cancer cachexia were allocated
in the Cachectic Cancer group (CC, n¼16) and
compared to patients of the Weight-Stable Cancer
group (WSC, n¼10). Serum C-reactive protein
(CRP), interleukin (IL) -6, tumor necrosis factor
(TNF) a, and albumin concentration was measured
using commercial kits. Hemoglobin was collected
from the patients’ medical records. Muscle mRNA
was extracted and real time qPCR was performed,
using specific primers for Pax7, Myf5 and GAPDH
(housekeeping gene), and results were calculated by
the comparative 2�DDCT method. Statistical analy-
sis was performed using Student’s T-test or Mann-
Whitney test and Spearman correlation coefficient.

Results
Pax7 and Myf5 muscle gene expression was higher
(p¼0.02 and p¼0.0009, respectively) in CC, who
also presented weight loss (p<0.0001), higher
serum CPR (p¼0.0009), IL-6 (p¼0.006), TNFa

(p¼0.0183) and lower hemoglobin (p¼0.0063),
as well as higher CRP/albumin ratio compared to
WSC. In CC, Pax7 gene expression was associated
with weight loss (rs¼0.58, p¼0.02), CRP/albumin
ratio (rs¼0.67, p¼0.001) and serum IL-6 (rs¼0.65,
p¼0.03); Myf5 gene expression was correlated with
serum IL-6 (r¼0.67, p¼0.02). No correlations
among the same parameters were observed for WSC.

Conclusion
Muscle regeneration is dysregulated in the skeletal
muscle of cachectic cancer patients and this is
strongly associated with circulating inflammatory
factors, which are increased in the weigh-losing
patients. Our findings highlight the importance of
controlling inflammation in cachexia.
A new predictive model classifies cachexia in
lung cancer patients for the characterization
of the cellular composition in the tumor
microenvironment

Sarah S Cury1�, Diogo de Moraes1, Paula P Freire2,
Jakeline S Oliveira1, Érica N Hasimoto3, Miguel L
Batista Jr4, Robson F Carvalho1
1751-4258 Copyright � 2021 Wolters Kluwer Health, Inc. All rights rese
1 Department of Structural and Functional Biology,
Institute of Biosciences, São Paulo State University
(UNESP), Botucatu, São Paulo, Brazil
2 Department of Immunology, Biomedical Sciences
Institute, São Paulo University (USP), São
Paulo, Brazil
3 Department of Surgery and Orthopedics, Faculty
of Medicine, São Paulo State University (UNESP),
Botucatu, São Paulo, Brazil
4 Biochemistry Department, Boston University
School of Medicine, Boston, MA

Cachexia is a syndrome found in lung cancer
patients. It is defined by a loss of muscle mass, with
consequent involuntary weight loss, leading to a
patient’s functional impairment due to physiologi-
cal, metabolic, and immunological alterations.
Tumor-derived cytokines play a crucial role in the
development of metabolic abnormalities that result
in loss of muscle function and mass in cachexia.
However, the cellular and molecular composition of
the tumor microenvironment (TME) from cachectic
patients with non-small cell lung cancer (NSCLC) is
unknown. We classified patients with low muscle
mass and decreased survival rates (cachectic
patients) using machine learning to characterize
the transcriptional profile of the secretome and
the cellular immune fraction in the TME. We used
computed tomographies from The Cancer Imaging
Archive database (collection NSCLC-Radiogenom-
ics, N¼211) to characterize NSCLC patients’ mus-
cularity. Cachexia predictive analyses based on
machine learning were performed by the Classifica-
tion and Regression Tree (CART) and Cutoff Finder
packages to select the potentially cachectic patients
based on the pectoralis muscle area (PMA), and
clinical and survival data. RNA-seq data were ana-
lyzed using the BioJupies tool to identify tumor
differentially expressed genes (DEG) between low-
to high-muscularity patients. Genes encoding
secreted proteins were filtered based on the Human
Protein Atlas database. CART showed that lower
PMA is more associated with high death-risk than
tumor stage. Cutoff Finder selected a muscularity
cutoff that separated low- and high-muscularity
patients according to death risk (male: <34 mm2,
female: <22;mm2). We found 90 and 41 up- and
down-regulated secretome genes in low-muscularity
patients (n¼9), respectively, compared with high-
muscularity patients (n¼37). Enrichment analysis
of the DEG demonstrated leukocyte chemotaxis,
cytokine/chemokine activity, and T cell activation
as the most enriched terms in low-muscularity
patients. We also found the cachexia-inducing fac-
tors IL6, IFNG, LIF, and CSF3 as highly expressed in
low-muscularity patients. Digital cytometry based
rved. www.supportiveandpalliativecare.com 19



CE: Swati; SPC/1501ABS; Total nos of Pages: 25;

SPC 1501ABS

Abstracts
on DEG (CIBERSORTx) revealed that these patients
also presented high proportions of CD8þT cells.
Taken together, the predictive machine learning
model identified patients with lower muscle mass
and worse survival, who showed a TME with an
inflammatory profile and high expression of
cachexia-inducing biomarkers.
Neuronal morphology and neuroglia com-
promised in cancer cachexia: a post-mortem
neuropathological study
Estefanı́a Simoes1, M.M. Esiri4, Marilia See-
laender1,2,3, G.C. DeLuca4

1 Cancer Metabolism Research Group, University of
São Paulo, Brazil
2 Faculdade de Medicina, University of São Paulo,
Brazil.
3 LIM 26, Hospital das Clı́nicas of the University of
São Paulo, São Paulo, Brazil;
4 Academic Unit of Neuropathology, Nuffield
Department of Clinical Neurosciences, University
of Oxford, Oxford, UK.

Background
Cancer cachexia is a multifactorial syndrome whose
aetiology remains elusive. Systemic inflammation
which characterises the syndrome leads to central
nervous system (CNS) dysregulation and neuroin-
flammation, with impact on neural circuits control-
ling feeding behaviour and body composition. The
inflammatory markers sensed by the CNS activate
and sensitise the microglia and the CNS-infiltrating
immune cells mediating neuroinflammatory
responses. However, little is known about how
microglia activation and perpetuation of neuroin-
flammation act in CNS impairment.

Aim To elucidate neuronal morphology and
central immune cell profile in the central nervous
system of cachectic patients.

Methods
Samples from autopsies of cancer patients were
divided into: weight stable cancer (WSC, n¼6)
and cachectic cancer (CC, n¼10), following the
criteria proposed by Evans et al. 2008. Age- and
sex-matched non-neurologic controls (CONTROL,
n¼10) were available for study. Post-mortem sec-
tions of the hypothalamus, amygdala, and basal
ganglia were stained with H&E and immunolabelled
for microglia/macrophages counting (Iba1 and
CD68) and with astrocyte (GFAP) markers. Basic
regional neuropathological analyses and quantita-
tive expression were performed for comparisons
between cachexia and weight stable groups, using
the Qupath Software.
20 www.supportiveandpalliativecare.com
Results
Qualitatively, H&E sections from CC showed neu-
rons with shrunken cytoplasm, and dark, sometimes
pyknotic nuclei in the amygdala, hypothalamus and
putamen. Quantitatively, cachectic patients showed
increased neuronal density in the amygdala
(p¼0.024) and hypothalamus (p¼0.063), while
WSC patients demonstrated increased neuronal den-
sity in the hypothalamus (p¼0.051), both compared
with controls. Moreover, the immune cell profile was
also different in CC, with increased hypothalamic
microglia (Iba1) (p¼0.0465) and higher CD68/Iba1
ratio in the caudate (p¼0.036) than shown by WSC,
suggesting increased lysosomal and phagocytic activ-
ity. GFAP was increased in CC Caudate (vs. WSC,
p¼0.038) and hypothalamus (vs. CONT, p¼0.029).

Conclusion
Post-mortem cachectic patient brain tissue (hypo-
thalamus, amygdala and basal ganglia) showed
abnormal neuronal morphology, neuronal density,
microglia/macrophage burden and astrocyte profile
disruption. These affected brain areas play a key role
in the development of metabolic and behavioural
derangements. The novel findings add to the knowl-
edge on the physiology of the cachectic brain and
describe neuropathological alterations related with
the syndrome, which may in the future contribute
to possible cachexia treatment strategies.

Dietary naringenin preserves muscle

strength but not body weight in a mouse
model of cancer cachexia

Deena Snoke1� Yuko Nishikawa, MS2�; Rachel M.
Cole, MS, RD1; Ai Ni, MS PhD3; Austin Angelotti1;
Yael Vodovotz, PhD1, Martha A. Belury, RD, PhD4

1 Interdisciplinary PhD Program in Nutrition, The
Graduate School, The Ohio State University, Colum-
bus, OH, USA; 2 Department of Food Science and
Technology, College of Food, Agricultural, and
Environmental Sciences, The Ohio State University,
Columbus, OH, USA; 3Division of Biostatistics, Col-
lege of Public Health, The Ohio State University,
Columbus, OH, USA; 4 Department of Human Sci-
ences, College of Education and Human Ecology,
The Ohio State University, Columbus, OH, USA

Cancer cachexia is characterized by loss of skeletal
muscle that results in functional impairment
impacting quality of life and overall survival. There
is a need to identify therapeutic treatments that can
target skeletal muscle and improve quality of life in
patients suffering from the disease. Naringenin is a
flavonoid most commonly found in citrus fruits and
tomatoes that has a wide range of positive effects in
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pre-clinical models including improving insulin-
mediated metabolism while reducing inflammatory
and tumor growth. These observations suggest that
naringenin supplementation during the progression
of cancer cachexia may attenuate metabolic distur-
bances driving increased energy expenditure and
body wasting. Therefore, we hypothesized that a
diet supplemented with naringenin would prevent
the progression of cancer cachexia by inhibiting
body weight loss, improving insulin sensitivity,
and decreasing inflammation in a mouse model of
cancer cachexia. The Colon 26 (C-26) mouse model
was used to study the effect of 2 wt% dietary nar-
ingenin on the pathogenesis of cancer cachexia. We
examined the effects of dietary naringenin on
changes of food intake, body weight, body compo-
sition, muscle function, insulin tolerance, and
inflammatory status. Naringenin-fed tumor-bearing
mice exhibited body weight loss and decreased food
intake earlier than tumor-bearing mice fed control
diets. Surprisingly, dietary naringenin was protec-
tive against loss of muscle strength and attenuated
the onset of insulin resistance and markers of
inflammation compared to tumor-bearing mice
fed a control diet. Supplementation of diet with
naringenin improved multiple aspects of metabolic
disturbances and inflammation during cancer
cachexia progression in [C-26 tumor-bearing] mice.
These findings affirm a strong link between inflam-
mation and insulin resistance as drivers of the pro-
gression of cancer cachexia and provide us with
further understanding of how dysregulated metab-
olism impacts the loss of muscle strength and mass.
Through its anti-inflammatory properties, dietary
naringenin may be a useful phytotherapeutic tool
to improve quality of life and attenuate the progres-
sion of cancer cachexia.

Appetite-related distress experienced in the

final 60 days of life: A prospective, consecu-
tive cohort study of an Australian palliative
care population

Mariana S. Sousa1, Walter Davis2, Megan Blan-
chard3, Valentina Razmovski-Naumovski1,4, Meera
Agar1, Barbara Davison3, David Currow1

1 IMPACCT, Faculty of Health, University of Tech-
nology Sydney, Sydney, NSW, Australia
2 Centre for Applied Statistics in Health, Australian
Health Services Research Institute, University of
Wollongong, NSW, Australia
3 Palliative Care Outcomes Collaboration (PCOC),
Australian Health Services Research Institute
(AHSRI), University of Wollongong, New South
Wales, Australia
1751-4258 Copyright � 2021 Wolters Kluwer Health, Inc. All rights rese
4 South Western Sydney Clinical School, UNSW-
Medicine, University of New South Wales Sydney,
Australia

Background
Despite the high prevalence of symptom burden
throughout the illness trajectory of palliative care
patients, reports on appetite-related distress as
patients approach death have been limited. Improv-
ing our understanding of the patterns and longitu-
dinal trajectory of appetite-related distress
experienced in the last 60 days of life can help guide
treatment recommendations and identify opportu-
nities for improvement in symptom management.

Methods
A consecutive cohort of 116,604 patients who died
in the care of specialist palliative care services par-
ticipating in the Australian national Palliative Care
Outcomes Collaboration (PCOC) was evaluated. Set-
tings comprised of community-based (outpatient
clinics and home, including residential aged care
facilities) and inpatient (direct care, consultative)
services. A total of 501,104 appetite distress data
points were included in the analysis. Patient-
reported distress from appetite was assessed using
the Symptom Assessment Scale (SAS), and compared
with patient’s level of functioning using Australian
Karnofsky Performance Scale (AKPS).

Results
Diagnostic cohorts included cancer (75%), end-
stage organ failure (11%), neuro-degenerative dis-
ease (4%), dementia (3%) and other non-cancer
(7%). The characteristics of patients in each cohort
demonstrated expected differences in age with the
cancer cohort the youngest (m¼71.8�13.4) and
the dementia cohort the oldest (m¼85.4�8.5).
Daily mean SAS appetite scores prior to death did
not vary greatly by diagnosis. The reporting of mild
to severe appetite problems ranged from 5% to 27%
across levels of function (AKPS). While higher
patients’ functional status (AKPS) scores were asso-
ciated with fewer appetite problems, the relation-
ship was not clear when patients deteriorated.
Moderate to severe appetite-related distress was
associated with the presence of other symptom-
related distress such as nausea-, bowel- and pain-
related distress.

Conclusion
Appetite distress is prevalent in all cohorts and is
relatively stable in patients receiving palliative care
in the last 60 days of life. Early interventions target-
ing nausea and bowel-related distress for more
rved. www.supportiveandpalliativecare.com 21
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functional patients should be explored to investi-
gate if it reduces appetite distress late in life.
Ovarian cancer ascites-induced skeletal mus-
cle cell wasting in vitro correlates to clinical
muscle measures of the patient

Jorne Ubachs�1,2,3,4, Wouter van de Worp4,5, Rianne
Vaes3,4, Kenneth Pasmans4,8, Ramon Langen4,5,
Ruth Meex4,8, Sandrina Lambrechts1,2, Toon Van
Gorp6, Roy Kruitwagen1,2, Steven W.M. Olde Dam-
ink3,4,7, Sander S. Rensen3,4

1 Department of Obstetrics and Gynecology, Maas-
trichtUniversity MedicalCentre, P.O. box5800,6202
AZ, Maastricht, the Netherlands. 2 GROW - School for
Oncology and Developmental Biology, Maastricht
University, P.O. box 616, 6200 MD, Maastricht, the
Netherlands. 3 Department of Surgery, Maastricht
University Medical Centre, P.O. box 6202 AZ Maas-
tricht, the Netherlands. 4 NUTRIM, school of Nutri-
tion and Translational Research in Metabolism,
Maastricht University, P.O. box 616, 6200 MD, Maas-
tricht, the Netherlands. 5 Department of Pulmonol-
ogy, Maastricht University, P.O. box 616, 6200 MD,
Maastricht, the Netherlands. 6 Department of Obstet-
rics and Gynecology, Division of Gynecological
Oncology, University Hospitals Leuven, Leuven Can-
cer Institute, Herestraat 49, 3000 Leuven, Belgium. 7

Department of General, Visceral- and Transplanta-
tion Surgery, RWTH Aachen University, Germany. 8

Department of Human Biology, Maastricht Univer-
sity P.O. Box 616, 6200 MD Maastricht, Netherlands.

Background
Cachexia-associated skeletal muscle wasting or
‘sarcopenia’ is highly prevalent in ovarian cancer,
and contributes to poor outcome. Drivers of
cachexia-associated sarcopenia in ovarian cancer
remain elusive, underscoring the need for novel
and better models to identify tumor factors induc-
ing sarcopenia. We aimed to assess whether factors
present in ascites of sarcopenic versus non-sarco-
penic ovarian cancer patients differentially affect
protein metabolism in skeletal muscle cells, and to
determine if these effects are correlated to
cachexia-related patient characteristics.

Methods
Fifteen patients with an ovarian mass and ascites
underwent extensive physical screening focusing on
cachexia-related parameters. Patients were diag-
nosed with malignant (n¼12) or benign disease
(n¼3). Based on CT-based body composition imag-
ing, six cancer patients were classified as sarcopenic
and six were not; the three patients with a benign
22 www.supportiveandpalliativecare.com
condition served as an additional non-sarcopenic
control group. Ascites was collected and used for in
vitro exposure of C2C12 myotubes and direct meas-
urements of protein synthesis and breakdown by
radioactive isotope tracing, qPCR-based analysis of
atrophy-related gene expression, and NF-kB activity
reporter assays.

Results
C2C12 protein synthesis was lower after exposure to
ascites from sarcopenic patients (sarcopenia
3.1�0.1 nmol/h/mg protein vs. non-sarcopenia
5.5�0.2 nmol/h/mg protein, p<0.01), and protein
breakdown rates tended to be higher (sarcopenia
31.2�5.2% vs. non-sarcopenia 20.9�1.9%,
p¼0.08). Ascites did not affect MuRF-1, Atrogin-1,
or REDD1 expression of C2C12 myotubes, but NF-kB
activity was specifically increased in cells exposed to
ascites from sarcopenic patients (sarcopenia
2.2�0.4 vs. non-sarcopenia 1.2�0.2, p¼0.01). Pro-
tein synthesis and breakdown correlated with NF-kB
activity (rs¼�0.60, p¼0.03 and rs¼0.67, p¼0.01,
respectively). The skeletal muscle index of the asci-
tes donors was correlated to both in vitro protein
synthesis (rs¼0.70, p¼0.005) and protein break-
down rates (rs¼�0.57, p¼0.04).

Conclusion
Ascites of sarcopenic ovarian cancer patients indu-
ces pronounced skeletal muscle protein metabolism
changes in C2C12 cells that correlate with clinical
muscle measures of the patient and are characteris-
tic of cachexia. The use of ascites offers a new
experimental tool to study the impact of both
tumor-derived and systemic factors in various
cachexia model systems, enabling identification of
novel drivers of tissue wasting in ovarian cancer.
Evaluation of an interdisciplinary Cachexia
and Nutrition Support Clinic - the patient
and carers perspective

Vanessa C Vaughan1�, Meg Harrison2,3, Anna
Dowd3, Peter Eastman1,3, Peter Martin1,2

1 School of Medicine, Deakin University, Waurn
Ponds, Victoria, Australia;
2 Barwon Health Cachexia & Nutrition Support
Service, Barwon Health, Geelong, Victoria,
Australia;
3 Palliative Care Department, Barwon Health, North
Geelong, Victoria, Australia

Background
The Barwon Health Cachexia & Nutrition Support
Service is an outpatient clinic focused on improving
Volume 14 � Number 00 � Month 2021



CE: Swati; SPC/1501ABS; Total nos of Pages: 25;

SPC 1501ABS

Abstracts
clinical outcomes and quality of life for patients
with or at high risk of cancer cachexia. Patients
see an interdisciplinary team, incorporating a phy-
sician, physiotherapist, dietician and nurse practi-
tioner concurrently. This study aimed to evaluate
the patient and carer perspective of the service.

Methods
In 2016/17, semi-structured interviews were con-
ducted with 12 patients and 9 carers. Interviews
focused on two broad themes: 1) recounting mem-
ories and experience of the Cachexia & Nutrition
Support Clinic, and 2) describing their ideal expe-
rience or expectation of a cachexia-specific support
service. All interviews were recorded and tran-
scribed verbatim. Thematic analysis was supple-
mented with data from reviews of the patient
and carer literature.

Results
Analysis generated four superordinate themes that
reflected the complex dynamics of the clinic expe-
rience. Themes were the following: improved com-
munication regarding health literacy/education for
patients and carers, empowerment through person-
centred care, evolution of perception of value, and
importance of the interdisciplinary team-based
approach. Generally, patients and carers reported
overall positive experiences with the clinic, particu-
larly with regard to improved communication and
empowerment of the patient.

Conclusion
Findings confirmed that a cachexia-specific service
was viewed as having a positive impact on quality of
life and outcomes by patients and carers. A patient-
centred and individualised approach by the inter-
disciplinary team in particular were of importance
to those interviewed. These insights are a critical
step in the development of recommendations for
future clinical management of cancer cachexia.
Effectiveness of Medical Cannabis to
improve appetite in cancer patients: data
from the Quebec Cannabis Registry

MariaLuisa Vigano�1, Popi Kasvis2,3, Michelle
Canac-Marquis4, Antonio Vigano2,5

1Faculty of Science, McGill University, 2Division of
Supportive and Palliative Care, McGill University
Health Center, 3Department of Health, Kinesiology
and Applied Physiology, Concordia University,
4Research Institute of the McGill University Health
Centre, 5Department of Oncology, McGill Univer-
sity Health Centre, Montreal, Canada
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Background
Through a pharmacovigilance and population-
based study, the Quebec Cannabis Registry
(QCR) was launched to evaluate the safety and
effectiveness of medical cannabis (MC) in over
3000 patients followed between 2015 and 2019.
Our aim was to determine MC’s effectiveness to
relieve anorexia in the 358 cancer patients
included in the QCR.

Methods
Cancer patients in the QCR with anorexia (revised
Edmonton Symptom Assessment System (ESAS-r)
appetite score of �4; 10¼worst appetite) prior to
starting MC (visit 1), were included. For this cohort,
changes in appetite scores were compared across
follow-up visits 2 (3 months) and 3 (6 months),
controlling for age, sex, route of administration
(inhaled vs oral) and chemovars (THC-rich,
THC:CBD-balanced, CBD-rich).

Results
Eighty-one cancer patients (59.1�15.0 y, 52%
female) had a mean appetite score of 6.5�2.0 at
baseline (visit 1). Half of the patients (50.6%) were
prescribed oral products (cannabis oil) and 44.4%
received THC:CBD-balanced chemovars. Significant
improvement (p<0.0001) in appetite was found
between visits 1, 2 and 3 (6.5�2.0, 3.8�3.4,
3.4�3.2) (Figure 1) and 74% of patients experienced
a clinically significant improvement (�1) in ESAS-r
appetite score by visit 2. Inhaled and oral products,
along with THC-rich and THC:CBD-balanced che-
movars were associated with significant improve-
ments in appetite.

Conclusion
MC appears to have a positive outcome in helping
to reduce anorexia in cancer patients. This benefi-
cial outcome be effective in reducing anorexia in
cancer patients. Its effectiveness is consistent with
both oral and inhaled routes of MC administration
and primarily associated with products containing
THC.

Skeletal Muscle Resident Mast Cells as a

Potential Novel Biomarker for Cancer-Asso-
ciated Cachexia

Brooke Widner�, Matthew Eber, Sun Park,
Yusuke Shiozawa
Wake Forest University Health Sciences, Winston-
Salem, NC, United States

Roughly half of all cancer patients develop cancer-
associated cachexia, leading to severe decreases in:
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skeletal muscle mass, muscle function, and overall
quality of life [1]. Inflammation is a key promoter in
the characteristic muscle degradation of cachexia
[2]. Consequently, inflammatory immune cells and
their upregulation within the skeletal muscle may
serve as useful biomarkers for cachexia develop-
ment. This project examines skeletal muscle resi-
dent mast cells, a type of innate immune cell, as a
potential novel biomarker for cancer-associated
cachexia. Gene set enrichment analysis (GSEA) of
immune cell signatures in a publicly available
patient cohort (accession: GSE34111), showed
enrichment of innate immunity and mast cell sig-
natures in the skeletal muscle of cachectic upper
gastrointestinal patients (patients losing 7% of their
body weight) compared to healthy controls [3–6].
Conversely, gene signatures for adaptive immunity,
macrophages, and neutrophils did not show enrich-
ment. The Lewis Lung Carcinoma (LL/2) cell line
was used to induce a cachexia phenotype in C57BL/
6 mice following subcutaneous injection. Tumor
bearing mice were stratified based on percentage
of body mass lost at harvest into two groups: (i)
mice losing less than 10% or (ii) mice losing 10% or
more [LL/2 (10%	)] of their baseline body mass. The
gastrocnemius (GA), extensor digitorum longus
(EDL), and tibialis anterior (TA) muscles from LL/2
(10% 	) mice had higher mRNA levels of the
TRIM63 and FBXO32 genes, commonly upregulated
in cachexia. Likewise, muscle cross sections of the
GA and TA showed shifts in fiber size distribution
toward increased percentages of smaller muscle fibers
compared to control. Toluidine blue staining
revealed a higher number of activated degranulating
mast cells in the TA and EDL of the LL/2 (10%	) mice
compared to control. LL/2 conditioned media (CM)
added to cultures of murine bone marrow derived
mast cells (BMMCs) in vitro induced activation of
BMMCs to secrete IL-6, as measured with an ELISA
at 24 h post treatment. Activated BMMC CM in turn
decreased differentiated C2C12 murine myotube
diameter respective to the control. Collectively, these
data indicate that skeletal muscle resident mast cells
may promote muscle atrophy and serve as a novel
biomarker for cancer-associated cachexia.

Increased sensitivity to systemic inflamma-

tion leads to elevated MMP-9 expression in
mouse cachectic muscle

Richard Yongue�,1, Emily Walker1, and Shuichi
Sato1,2

1 School of Kinesiology, 2 New Iberia Research Cen-
ter, the University of Louisiana at Lafayette, Lafay-
ette, LA, USA
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Background
Cancer cachexia is associated with skeletal muscle
loss and function, which linked to patients’ survival,
quality of life, and the response to chemotherapy.
The extracellular matrix (ECM) is the scaffolding
framework for skeletal muscle and plays an essential
role in tissue development and maintenance. Matrix
metalloproteinase 9 (MMP-9) is a family of enzymes
that can degrade type IV collagen, a component of
the basal membrane in the ECM. While the change
of MMP-9 expressions has been reported in muscle-
atrophy conditions, the difference is not fully
explored in cancer cachexia. The purpose of this
study was to determine whether cachectic muscle
shows increased levels of MMP-9 expression.

Methods
Male wild-type (WT, n¼5) and ApcMin/þ (Min, n¼6)
mice were used in this study. At approximately 5-
month of age, both groups of mice were sacrificed to
collect quadriceps muscles. qRT-PCR and Western
blot analyses were performed to examine the
inflammatory status and MMP-9 expression in the
tissues. Unpaired t-test was used for statistical anal-
ysis, and the level of significance was set at p<0.05.

Results
Min mice showed smaller quadriceps weights by 39%
compared toWTmice.ThemRNA levelsofTNF-a and
TWEAK were comparable, but those of TNFR1 (2.1-
fold) and Fn14 (4.2-fold), the receptor for TNF-a and
TWEAK, respectively, were higher in Min mice. The
transcriptional level of CD68, indicative of M1 mac-
rophages activation, was elevated in the cachectic
muscle. Western blot analysis showed that Min mice
had a trend towards increasing the level of p38 acti-
vation (p¼0.073) and significantly elevated the level
of JNK activation by 2.1-fold. MMP-9 protein expres-
sion was increased by 2-fold in Min mice.

Conclusion
These data suggest that cancer-induced systemic
inflammation increased the sensitivity to proin-
flammatory cytokines, resulting in increased
MMP-9 expression and subsequent ECM degrada-
tion in cachectic muscle. This project is supported
by the Louisiana Board of Regents Support Fund
(LEQSF(2017–20)-RD-A-22) to SS.

Molecular mechanisms underlying the sex

differences in pancreatic cancer-associated
cachexia phenotypes

Xiaoling Zhong1,6�, Ashok Narasimhan1, Jianguo
Liu1, Jun Wan2,7, Sheng Liu2, Yunlong Liu2,3,6,7,8,
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Background
Cachexia frequently develops in patients with pan-
creatic ductal adenocarcinoma (PDAC) and con-
tributes to cancer deaths. Sex differences have
been observed in cancer cachexia with male
patients generally having higher prevalence of
cachexia, greater weight loss or muscle wasting,
and worse outcomes compared to female patients.
However, the underlying molecular mechanisms
are far less addressed, while mechanistic under-
standing of the differences may improve treatment
in both sexes.

Objective
We sought to assess sex differences in cachexia
phenotypes and therapeutic effects as well as the
molecular mechanisms using a genetic mouse
model of PDAC. Design: Males and females were
evaluated for tumor and cachexia initiation and
progress and ACVR2B/Fc therapeutic effects. The
collected muscles were subjected to molecular and
transcriptome/proteome analyses.

Results
Males with PDAC experienced earlier cachexia and
were more responsive to ACVR2B/Fc. PDAC
1751-4258 Copyright � 2021 Wolters Kluwer Health, Inc. All rights rese
induced muscle metabolic alterations at the protein
level including increase in 4E-BP1 and STAT3 phos-
phorylation to a higher degree in males. RNAseq
revealed dysregulation of many genes including
upregulated muscle-specific E3 ligases, downregu-
lated myosin heavy chains, and inhibited canonical
pathways in male early PDAC-cachexia but fewer
alterations in female counterpart. ACVR2B/Fc pre-
vented many of these alterations in males but not
females. IPA predicted sex-specific alterations of
upstream transcription regulators and muscle func-
tion. Muscle proteome revealed inhibited mito-
chondrial function in males. TCGA query
revealed high tumor INHBA correlating with mor-
tality in men. Endogenous ACVR2B-binding com-
petitor or inhibitors of the activin family ligand
were upregulated in the muscle of female PDAC
mice and the inhibitors were also more abundantly
expressed in women, thus blocking the activin
pathway and rendering females to display less
responsive to ACVR2B/Fc.

Conclusion
PDAC-associated cachexia displays sex-specific
phenotypes and molecular alterations. Early alter-
ations in the metabolic pathways are responsible
for the early cachexia-onset in males. Activin
mediates early PDAC-induced cachexia in males
while this pathway is blocked in females due to
upregulation of the ACVR2B/Fc-binding competi-
tor and inhibitors of the activin family ligand. This
antagonizing mechanism in females partly
accounts for the late cachexia-onset and less
response to ACVR2B/Fc therapy. As such, anti-
cachexia interventions might require sex-
specific approaches.
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