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Abstract

Background Cancer-related weight loss is associated with increased inflammation and decreased survival. The novel
inflammatory mediator growth differentiation factor (GDF)15 is associated with poor prognosis in cancer but its role in
cancer-related weight loss (C-WL) remains unclear. Our objective was to measure GDF15 in plasma samples of cancer subjects
and controls and establish its association with other inflammatory markers and clinical outcomes.

Methods We measured body weight, appetite, plasma GDF15, and other inflammatory markers in men with cancer-related
weight loss (C-WL, n = 58), weight stable patients with cancer (C-WS, n = 72), and non-cancer controls (Co, n = 59) matched by
age and pre-illness body mass index. In a subset of patients we also measured handgrip strength, appendicular lean body mass
(aLBM), Eastern Cooperative Oncology Group (ECOG), and Karnofsky performance scores.

Results GDF15, interleukin (IL)-6 and IL-8 were increased in C-WL versus other groups. IL-1 receptor antagonist, IL-4,
interferon–gamma, tumour necrosis factor alpha, and vascular endothelial growth factor A were increased in C-WL versus
C-WS, and Activin A was significantly downregulated in Co versus other groups. C-WL patients had lower handgrip strength, aLBM,
and fat mass, and Eastern Cooperative Oncology Group and Karnofsky performance scores were lower in both cancer groups.
GDF15, IL-6, and IL-8 significantly correlated with weight loss; GDF15 negatively correlated with aLBM, handgrip strength, and
fat mass. IL-8 and Activin A negatively correlated with aLBM and fat mass. GDF15 and IL-8 predicted survival adjusting for
stage and weight change (Cox regression P< 0.001 for both).

Conclusion GDF15 and other inflammatory markers are associated with weight loss, decreased aLBM and strength, and poor
survival in patients with cancer. GDF15 may serve as a prognostic indicator in cancer patients and is being evaluated as a
potential therapeutic target for cancer-related weight loss.
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Introduction

Over 1.5 million individuals in the USA are diagnosed with
cancer each year. Energy metabolism is usually affected in
this population, leading to an involuntary decrease in body
weight because of fat and muscle loss known as cachexia.
This condition eventually is present in up to 80% of patients
with advanced cancer and is associated with decreased
response to therapy, quality of life, and survival.1–3 Weight

loss related to cancer has been associated with increased
inflammation. Moreover, inflammation has been directly im-
plicated in all components of cachexia including weight loss,
decreased food intake, increased muscle proteolysis, in-
creased adipose tissue lipolysis, and energy expenditure.4–6

The novel inflammatory marker growth differentiation
factor 15 (GDF15), also known as macrophage inhibitory
cytokine-1, is a cytokine member of the transforming growth
factor beta family. This factor circulates in plasma at

OR IG INAL ART ICLE
Journal of Cachexia, Sarcopenia and Muscle 2015; 6: 317–324
Published online 30 April 2015 in Wiley Online Library (wileyonlinelibrary.com) DOI: 10.1002/jcsm.12033

Published 2015. This is a US Government work and is in the public domain in the USA. This is an open access article under the terms of the Creative Commons Attribution-
NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no
modifications or adaptations are made.



detectable concentrations in healthy individuals but is signif-
icantly elevated in cancer.7 More recently, it has been postu-
lated to play a role in the development of cancer-related
weight loss (C-WL). In animal models, GDF15 was shown to
induce anorexia, fat, and lean body mass loss.8 While its role
in human cancer is not yet understood, some but not all stud-
ies report an association between GDF15 levels and weight
loss and poor prognosis and decreased survival.9,10

There is an ongoing search for anabolic, catabolic, and
anti-catabolic circulating biomarkers that would aid in estab-
lishing the diagnosis and prognosis in patients at risk or with
ongoing C-WL. In this study, we aim at determining the asso-
ciation, if any, between circulating levels of a panel of cyto-
kines, including GDF15, with body weight, lean and fat mass
(FM), muscle strength, performance status, and survival in a
cross-sectional study of patients with cancer with and with-
out weight loss and a non-cancer control group.

Materials and methods

Study design

This study was performed at the Michael E. DeBakey VA
Medical Center (MEDVAMC) in Houston, TX. The protocol
was approved by the Institutional Review Boards of Baylor
College of Medicine and MEDVAMC. Patients were recruited
from November 2006 to August 2010 from the MEDVAMC.
All clinical investigations were conducted in accordance with
the guidelines in The Declaration of Helsinki. This was a cross-
sectional study of male patients with cancer with and without
significant weight loss (greater than 5% over the previous 6
months), and male non-cancer controls matched by age and
body mass index to the two cancer groups. The study also
had a retrospective follow-up component when information
was gathered from the electronic medical records to collect
survival data. Subjects were followed until November 2011
or until death, whichever occurred first (median: 1485 days).
The Social Security Death Index11 and medical record were
used to enter date of death.

Eligibility criteria

Subjects were ≥18 years old and provided written informed
consent. The study included (1) individuals with cancer, ex-
cluding non-melanoma skin cancer and cancer-related weight
loss (C-WL, n = 58); (2) individuals with cancer, excluding non-
melanoma skin cancer, without weight loss [cancer-weight
stable (C-WS), n = 72]; and (3) weight-stable subjects without
cancer (controls, Co, n = 59). Exclusion criteria included East-
ern Cooperative Oncology Group (ECOG) score>2, body mass
index >35 (because of a weight limitation of the dual-energy
x-ray absorptiometry scanner), history of congestive heart

failure, active infections, or other inflammatory conditions as-
sociated with weight loss, evidence of ascites or clinically sig-
nificant oedema, use of anabolic agents, appetite stimulants
(including corticosteroids other than dexamethasone at the
time of IV chemotherapy administrations), alcohol abuse,
tube feeding or parenteral nutrition in the prior three months,
participation in a clinical trial with investigational agents
within one month prior to recruitment, and use of androgens
or anti-androgens. None of the cancer subjects were receiving
curative chemotherapy.

Study measures

Body weight changes were assessed using weights recorded in
the electronic medical records 12months before enrolment
(baseline), 6months before enrolment, or at the time of enrol-
ment in the study. Subjects were weighed on a calibrated scale,
and appetite was assessed by the previously validated Ander-
son Symptom Assessment Scale visual analogue scale.12,13

In a subset of subjects (34 C-WL, 36 C-WS and 40 Co), the fol-
lowing outcomes were also measured: Functional assessment
was performed by previously validated ECOG, Karnofsky perfor-
mance scale (KPS), and Functional Assessment of Chronic Illness
Therapy-Fatigue (FACIT-F) questionnaires.14 All questionnaires
except ECOG were adjusted during data analysis so that the
lowest number meant worst symptoms and the highest num-
ber meant no symptoms at all. Lean body mass (LBM) and
FMweremeasured by dual-energy x-ray absorptiometry (Lunar
Prodigy DF+ 14333, Software 6.7v, GE). Grip strength was
assessed with a hand-held dynamometer (Jamar Hydraulic
Dynamometer, model #5030J1, J.A. Preston Corp., Clifton, NJ,
USA). Some of these results have been reported previously.15

The following markers were measured in an early morning
fasting plasma samples: Activin A, eotaxin, fibroblast growth
factor basic (FGFb), granulocyte-colony stimulating factor
(G-CSF), GDF15, granulocyte-macrophage colony-stimulating
factor (GM-CSF), interferon gamma, interleukin (IL)-10, IL-
12p70, IL-13, IL-15, IL-17, IL-1β, IL-1 receptor a (IL-1Ra), IL-2,
IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, interferon gamma-induced
protein 10 (IP-10 or CXCL10), monocyte chemotactic protein
1 (MCP-1 or CCL2), macrophage inflammatory protein-1 al-
pha (MIP-1α or CCL3), macrophage inflammatory protein-1
beta (MIP-1β or CCL4), platelet-derived growth factor B
(PDGF-bb), regulated on activation, normal T cell expressed
and secreted (RANTES or CCL5), tumour necrosis factor alpha
(TNF-α), and vascular endothelial growth factor A (VEGFA).
Individual enzyme-linked immunosorbent assay kits were
used for measurements of GDF15 and Activin A (R&D Sys-
tems, Minneapolis, MN, USA). The rest of the cytokines were
measured using Bio-Plex Pro™ Human Cytokine 27-Plex Assay
from Bio-Rad® (Luminex®, magnetic beads, Bio-Rad, Hercules,
CA, USA) and analysed by using the Bio-Plex Manager 2.0
software (all from Bio-Rad Laboratories). Albumin and highly
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sensitive C-reactive protein (hs-CRP) were also measured as
we previously published.15 All procedures were carried out
according to the manufacturer’s instructions. Because no
normal values have been established for these analytes and
our sample is too small to establish such values, information
is presented using mean ± SD or SEM or quartiles.

Statistical analysis

SPSS v17.00 (SPSS Inc., Chicago, IL, USA) and R v2.14.1 (http://
www.r-project.org/) were used for statistical analysis. Vari-
ables were summarized descriptively by group using N, mean
and standard error for normally distributed continuous
variables, by median and interquartile range for non-normally
distributed variables, and by frequencies (%) for nominal or
ordinal variables. A three-group (controls vs C-WL vs C-WS)
analysis of variance was used to analyse normally distributed
continuous variables, and non-parametric tests were used
for variables non-normally distributed. Data from analytes
were converted to categorical variables (detectable vs non-
detectable) when more than 25% of samples were below
the level of detection for the assay (eotaxin, G-CSF, GM-CSF,
IL-10, IL-12p70, IL-13, IL-15, IL-17, IL-1β, IL-2, IL-5, IL-7, and
MIP-1α). Statistical comparisons for these categorical vari-
ables were performed using the chi-squared test. For multiple
comparisons, the Dunn’s test was used. P values ≤0.05 were
considered statistically significant. It was anticipated that
cancer stage may be highly associated with C-WL and survival.
The association between GDF15 and other cytokines and
C-WL and survival was measured by a logistic regression
model or Cox proportional hazards model to determine which
variables, in addition to cancer stage, were significant
predictors of C-WL and mortality. The measure of association
was given by the P value. Pearson’s correlations, or non-
parametric Spearman’s correlation when the data were not
normally distributed, were obtained between continuous
variables. See supplemental data for more information.

Results

Subjects were all male with similar body weights 12months
before entering the study. Subjects in the C-WS group were
slightly older than in the other two groups, although this
was probably not clinically relevant. As expected, C-WL
subjects had significantly lower body weight and had experi-
enced a significant degree of weight loss over the previous 6
and 12months compared with non-cancer controls and to
subjects with cancer and without weight loss (Table 1). There
were no significant differences in ethnicity or rate of
comorbidities between groups but controls had a lower rate
of exposure to opioids compared with the other groups, as
expected. There were no significant differences regarding
diagnosis, stage, opioid, or chemotherapy use between the

Table 1 Baseline characteristics

Characteristics Controls

Cancer
weight
stable

Cancer
weight
loss P value

No. of subjects 59 72 58
Age in years 63.2 0.025
Mean 9.5 66.8 £ 63.1
SD 9.6 7.6

Race (n (%)) 0.21
Caucasian 38 (64) 50 (69) 45 (78)
African American 14 (24) 14 (19) 12 (21)
Hispanic 7 (12) 6 (8) 1 (2)
Asian 2 (3)

Body weight 12months
before enrolment (kg)

0.37

Mean 91.4 87.8 89.7
SD 13 14.4 15.4

Enrolment body weight (kg) <0.001
Mean 90.9** 87.1 ** 78.2
SD 12.6 15.3 13.6

Weight change 6months
prior to enrolment (%)

<0.001

Mean �0.38 ** 0.31 **�11.7
SD 3.1 4.2 7.3

Weight change 12months
prior to enrolment (%)

<0.001

Mean �0.41 ** �0.99 **�12.5
SD 4.1 4.9 7.1

Comorbidities (n (%))
Diabetes 13 (22) 24 (33) 11 (19) 0.19
COPD 3 (5) 4 (6) 8 (14) 0.19
Opioid use (n (%)) 2 (3) £ 12 (18) 18 (31) 0.002
Cancer type (n (%)) 0.2
Lung 20 (28) 21 (36)
GI 13 (18) 14 (24)
GU 16 (22) 6 (10)
Head and neck 1 (1) 3 (5)
Other 22 (31) 14 (25)

Stage † (n (%)) 0.06
I 12 (17) 2 (3)
II 10 (14) 13 (22)
III 19 (26) 18 (31)
IV 24 (33) 23 (40)

Chemotherapy regimen (n (%)) 0.57
Platinum-based 16 (22) 17 (29)
Taxanes 7 (10) 6 (10)
5-Fluorouracil 9 (13) 11 (19)
Doxorubicin 2 (3) 2 (3)
Tyrosine kinase inhibitor 4 (6) 3 (5)

aLBM (kg) 0.01
Mean 18.5* 17.6 16.2
SD 2.89 3.3 3.2

FM (kg) <0.001
Mean 29.9** 25.9 21.6
SD 7.22 7.7 7.45

HGS (kg) 0.04
Mean 140 151* 115
SD 68 45 65

ASAS appetite (1–10) 0.32
Mean 5.72 5.7 5.23
SD 1.45 1.72 2.51

*P< 0.05 compared with C-WL; £ P< 0.05 compared with other
groups. **P< 0.001 compared with C-WL; § P< 0.001 compared
with controls. †Staging performed only for solid tumours. COPD,
chronic obstructive pulmonary disease; GI, gastrointestinal
tumours; GU, genito-urinary tumours; aLBM, appendicular lean
body mass; FM, fat mass; HGS, handgrip strength; and ASAS,
Anderson symptoms assessment scale.
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two cancer groups, although C-WL subjects trended to have
more advanced stage disease. Analysis in a subset of patients
showed that C-WL subjects had lower grip strength, aLBM,
FM, and appetite scores compared with the other groups,
although differences were not significant for the latter vari-
able, as we have described previously.15 Also, and as previ-
ously described, weight losing when compared with weight
stable cancer patients and non-cancer controls had lower
albumin (3.4 ± 0.1, 3.8 ± 0.07 and 3.9 ± 0.04 g/dL, respectively,
P< 0.001) and higher hs-CRP levels (3.5 ± 1.1, 1.76 ± 0.8 and
0.49 ± 0.1mg/dL, respectively P< 0.03).15

GDF15 and other inflammatory markers are
increased in cancer-related weight loss

Levels of GDF15, IL-6, and IL-8 were significantly increased
in C-WL versus other groups (Figure 1). Activin A was signif-
icantly elevated in both cancer groups compared with

controls. IL-1Ra, IL-4, INF γ, TNFα, and VEGFA were also
elevated in C-WL, but the difference only reached signifi-
cance when compared with C-WS. Among the inflammatory
cytokines whose presence was not detectable in more than
a quarter of the samples tested, IL-10, IL-12p70, and IL-17
were significantly elevated in C-WL compared with the
two other groups (Table 2). Other cytokine pairs with
significant differences were also noted: increased G-CSF in
C-WS versus other groups, increased IL-7 in C-WL versus
C-WS, and increased MIP-1α in C-WL versus Co. There were
no significant differences between groups in eotaxin, fibro-
blast growth factor basic, GM-CSF, IL-13, IL-15, IL-1β, IL-2,
IL-5, IL-9, IP-10, MCP-1, MIP-1β, PDGFbb, and RANTES
levels (data not shown). Exposure to radiation therapy
has been associated with acute (4 h after exposure) eleva-
tions in GDF15 mRNA levels.16 In our cohort, only one sub-
ject in the cancer-weight stable group was receiving
radiation therapy at the time of enrolment, although it
had not been exposed to radiation 24 h before enrolment;
48 other subjects had a history of past exposure (more
than 1month before enrolment) to radiation therapy.
Moreover, there was no difference in GDF15 levels or in
other cytokine levels between subjects exposed and those
unexposed to radiation therapy (data not shown).

Figure 1 Upregulated cytokine levels in weight losing patients with cancer. Data are represented as box plots (median and quartiles). Circulating
levels of cytokines in control patients (Co), weight stable cancer patients (C-WS), and weight losing cancer patients (C-WL). Non-parametric one-
way ANOVA Kruskal–Wallis test and multiple comparisons test Dunn’s *P< 0.05, **P< 0.01, ***P< 0.001.

Table 2 Increased presence of inflammatory cytokines in weight losing
cancer patients

Cytokine

Co
(% of samples

detected)

C-WS
(% of samples

detected)

C-WL
(% of samples

detected)

IL-10 25 26 45**,***
IL-12p70 56 53 76**,***
IL-17 47 46 67**,***
MIP-1α 12 17 29**
IL-7 39 31 57****
G-CSF 49 75* 69***

Chi-square test.
*P< 0.01 compared Co to C-WS.
**P< 0.05 compared Co to C-WL.
***P< 0.05 compared C-WS to C-WL.
****P< 0.01 compared C-WS to C-WL.

Table 3 Correlations between inflammatory markers and clinical
measures

aLBM Fat Mass Grip

GDF15 �0.34 (p< 0.001) �0.25 (p=0.012) �0.29 (p=0.003)
IL-8 �0.27 (p=0.006) �0.30 (p=0.002) �0.17 (p=0.075)
Activin A �0.30 (p=0.002) �0.22 (p=0.028) �0.16 (p=0.105)

Correlation analyses performed by Pearson’s correlation or
Spearman’s correlation when data were not normally distributed.
aLBM, appendicular lean body mass.
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Association between GDF15 and other
inflammatory markers and clinical parameters in
cancer subjects

Levels of GDF15 correlated positively with those of IL-6, IL-
1Ra, IL-2, IL-4, IL-9, IL-10, IP-10, INFγ, IP-10, MCP-1, MIP-1α,
MIP-1β, TNFα, VEGFA, and Activin A in patients with cancer.
Also, GDF15, IL-6, IL-8, and IL-1ra levels significantly correlated
with 6month weight loss (see Supporting Information, Table
S1). GDF15 negatively correlated with aLBM, handgrip
strength, and FM. IL-8 and Activin A negatively correlated with
aLBM and FM (Table 3). There was no association between
GDF15 and appetite scores as measured by the Anderson
Symptom Assessment Scale (not shown). Performance status
as measured by ECOG was positively correlated with Activin A
and negatively correlated with IL-2; KPS was negatively corre-
lated with Activin A and positively correlated with IL-2; regard-
ing FACIT-F scores, physical domain scores were negatively
correlated with GDF15 (Table S2). The association between
hs-CRP and albumin and other clinical parameters has been re-
ported previously.15

Subset analyses in lung cancer subjects

Subset analyses were performed with data from patients
with lung cancer, the largest group of patients available by

cancer diagnosis. Sample size was too small in other tumour
types to conduct these statistical analyses. In this subset,
multivariate logistic regression was used to evaluate the
association between the cytokine levels and C-WL after
adjusting for tumour stage. GDF15, VEGFA, MIP-1β, IL-12,
PDGFbb, RANTES, and IL-6 were significantly associated with
weight loss in patients with lung cancer (Table 4). In order to
perform a multivariate logistic regression analysis, cytokines
were removed from further analyses when the Pearson cor-
relation coefficients were greater than 0.5. Activin A, IL-6,
and IL-8 were strongly correlated among themselves;
RANTES, IL-8, VEGFA, and PDGFbb were also strongly corre-
lated with each other (Table S3). Therefore, only GDF15, IL-6,
PDGFbb, MIP-1β, and IL-12 were included for further analysis.
Of the five cytokines subjected to multivariate logistic

Table 4 Association between weight loss and cytokines in the lung can-
cer patient subset (21 C-WL, 20 C-WS)

Analyte Beta P value

GDF15 �1.0685 0.0088
VEGF �0.5251 0.0105
MIP-1b �1.3202 0.0155
IL-12 �0.3602 0.0157
PDGFb �0.4887 0.0209
RANTES �0.6513 0.0240
IL-6 �0.4336 0.0319
IL-8 �0.6927 0.0600
FGFb �0.5923 0.0648
TNFα �0.2418 0.0800
Activin A �0.6078 0.1170
IFNγ �0.3372 0.1511
IL-1Ra �0.3811 0.1658
IL-10 �0.2030 0.1917
IL-4 �0.4575 0.1980
MCP-1 �0.4698 0.2250
IL-17 �0.1479 0.2475
IL-7 �0.1550 0.2812
IL-13 �0.2052 0.3183
IL-9 �0.1237 0.3198
GM-CSF �0.1127 0.3567
IL-5 �0.1584 0.5462
Eotaxin �0.0547 0.5926
IL-15 0.1127 0.5998
MIP-1α �0.1140 0.6071
G-CSF �0.0563 0.6540
IL-2 �0.0651 0.7981
IP-10 0.0422 0.9068
IL-1b �0.0177 0.9529

Multivariate logistic regression analysis adjusting by tumour stage
was used. Beta represents the association coefficient estimate.

Figure 2 Kaplan–Meier survival curves according to GDF15 quartiles
(ng/mL, A) and to IL-8 quartiles (pg/mL, B).

A

B
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regression analysis adjusted by tumour stage, GDF15 was iden-
tified as the only predictor of weight loss (Table S4).

Survival analysis

Survival analysis showed that GDF15 and IL-8 predicted
survival after adjusting for stage and weight change (Cox
regression P< 0.001 for both). Cancer diagnosis per se was
not a significant predictor of survival in this model (not
shown). Kaplan–Meier analysis by GDF15 and IL-8 quartiles
showed that lower GDF15 and IL-8 levels were associated
with better survival (P< 0.05 for both; Figure 2), while
conversely, the highest quartile was associated with the
poorest survival.

Discussion

Several lines of evidence suggest a prognostic link between
weight loss and cancer. For example, weight loss and anorexia
were reported to be associated with poor prognosis and
worse survival in cancer and other chronic conditions in
several studies.17,18 Others have shown that both weight loss
and anorexia are associated with greater mortality in patients
with terminal cancer.19 Despite the enormous burden on
patients, cancer-related anorexia and weight loss are often
undiagnosed and remain untreated. Also, inflammatory
markers are thought to play a role in the development of
these symptoms, and the prognostic value of some of these
markers has been examined before.20–23

The transforming growth factor beta family of cytokines has
recently been identified as a potential therapeutic target for
C-WL, given that it is one of the key regulators of lean body
mass and body weight. A novel member of this family known
as macrophage inhibitory cytokine-1/GDF15, originally identi-
fied as a key regulator of macrophage activation, was shown
to induce anorexia and weight loss in mice bearing tumours
over-expressing GDF15. Moreover, these effects were neutralized
by administration of monoclonal antibodies targeting GDF15.8

In humans, the role of GDF15 is still controversial, with
some studies reporting an association with weight loss
and survival in patients with prostate cancer while other
studies reporting an association between GDF15 and other
inflammatory markers but not with nutritional status or
survival in patients with gastrointestinal tumours.9,10 The
purpose of this study was to further characterize the role
of GDF15 and other inflammatory markers in humans with
cancer with and without weight loss compared with non-
cancer controls and to establish the association between
these markers and clinically relevant outcomes including
body composition, body weight, muscle strength, and over-
all survival.

In this study, circulating levels of GDF15 were signifi-
cantly increased in patients with cancer with weight loss
compared with patients with cancer without weight loss
and non-cancer controls. Moreover, GDF15 levels were as-
sociated with weight loss, decreased FM, muscle mass,
strength, physical performance scores, and survival in pa-
tients with cancer. This is very relevant because LBM loss
is a negative and independent prognostic factor in patients
with cancer18 and decreased grip strength is associated
with poor survival in this population.24 Lean body mass in
the extremities (also known as appendicular LBM or aLBM)
is a good surrogate for muscle mass, given that most of the
lean tissue in this area is skeletal muscle,25 unlike the lean
body mass in the trunk that includes a large amount of
non-skeletal lean tissue such as liver, gastrointestinal tract,
and heart. Although causality cannot be inferred from the
current study, these associations between GDF15 levels,
muscle mass, and strength and survival suggest that it
could be used as a prognostic biomarker in this setting as
others have previously proposed.26

GDF15 has been postulated to play a role in cancer-
induced weight loss by inducing anorexia in animal models;
hence, it is intriguing that appetite scores were not associ-
ated with GDF15 levels in our study in spite of the clear as-
sociation with other parameters that are clinically relevant
such as LBM, body weight, and survival. Our study was
not set up to answer this question but it is possible that
the acute effect of GDF15 on appetite demonstrated in ro-
dents is not maintained chronically or that other factors in-
herent to patients with cancer (i.e. administration of
chemotherapy and opioids) interfere with this association.
More studies will be needed to explore this issue in more
depth.

The association between GDF15 and decreased aLBM, FM,
and grip strength in patients with cancer suggests that this
molecule may be involved in the regulation of body com-
position and muscle function in this setting. Although the
mechanism cannot be elucidated from this study, several
hypotheses could explain these findings. GDF15 has been
proposed to cause anorexia through a direct effect on the hy-
pothalamus, at least in rodents.8 Also, other members of the
transforming growth factor beta receptor superfamily such as
myostatin or Activin A directly regulate muscle mass by pro-
moting proteolysis and decreasing protein synthesis.27–29

Whether GDF15 shares the same pathways in muscle remains
to be determined and should be the focus of future studies.

In rodent models, Activin A induces weight loss and inhibi-
tion of the Activin receptor type IIB in skeletal muscle
reverses the phenotype and increases survival.28 However,
data in humans of the potential role of Activin A in this
setting are lacking. Here, we report that circulating levels of
Activin A were increased in patients with cancer with weight
loss and that it correlated with LBM, FM, and performance
status scores. This is consistent with the notion that in

322 L. Lerner et al.

Journal of Cachexia, Sarcopenia and Muscle 2015; 6: 317–324
DOI: 10.1002/jcsm.12033



addition to GDF15, plasma Activin A levels may also be used
as a biomarker of cachexia in humans and may serve to guide
future therapeutic interventions. The association between
Activin A and LBM also supports the concept that the cellular
target of this pathway is skeletal muscle.

Several other pro-inflammatory cytokines including IL-6,
TNF-α, and IL-1β have been associated with cachexia and
anorexia in both humans and rodents3,20,30 but the role of
IL-8 in C-WL is less well characterized. In our cohort, IL-8
was associated not only with aLBM and FM but also with
survival. To our knowledge, this is the most comprehensive
characterization of the associations between IL-8 and other
clinical parameters in this setting. Given that genetic poly-
morphisms of IL-8 have been associated with an increased
risk for C-WL31 and that in-vitro studies have shown that
IL-8 induces the synthesis of hepatic inflammatory mediators,32

it is tempting to think that there is a causal relationship be-
tween IL-8 induction and the aforementioned outcomes.
More studies will be needed to test this hypothesis. IL-2 was
not different between groups, but it correlated well
with better ECOG and KPS. The role of IL-2 in cancer
cachexia is not well established, but it is reportedly an
anti-inflammatory cytokine.33 Larger and more mechanistic
studies will be needed to determine the relevance of this
association.

There are several strengths to this study. The patients
were all males and fairly homogeneous with regards to
comorbidities. This is, to our knowledge, the most compre-
hensive report of clinically relevant outcomes in C-WL such
as aLBM, grip strength, survival, and GDF15 levels. The inclu-
sion of non-terminally ill patients in this study allowed us to
explore the role of these variables in a wider variety of cancer
patients. The extended length of time given to follow-up for
this cohort of patients provided additional strength to the
resulting survival analysis.

This study also presented certain limitations. Its relatively
small sample size and the heterogeneity of the samples with
regards to tumour type or stage may have limited the power
of the study to find additional, potentially significant differ-
ences among its various outcomes. Nevertheless, a post hoc
analysis limited to the most common tumour type-lung can-
cer also showed an association between GDF15 and weight
loss even after adjusting for tumour stage. Unfortunately,
the sample size for other cancer diagnoses was too small to
perform statistical analyses and to establish if these
biomarkers predict weight loss in other settings.

The study was performed at the Veterans Affairs Medical
Center in Houston, and the population at this institution is
>95% male. Hence, only men were included in the study,
and these results may not be immediately applicable to a
female population. Moreover, levels in circulation may not
reflect tissue action in the target organs (i.e. hypothalamus,
adipose tissue, or muscle), and the potential effects of GDF15
on muscle proteolysis were not evaluated. Nevertheless, these

limitations do not diminish the significant conclusions derived
from the present study.

In summary, we show here that GDF15 and other inflam-
matory markers are associated with weight loss, decreased
muscle mass, and strength and poor survival in patients with
cancer. If larger human studies confirm these findings, GDF15
may potentially serve as a prognostic indicator in patients
with cancer. GDF-15 is also being evaluated as a potential
therapeutic target for the treatment of C-WL.34,35
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