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and therapeutic target for cancer-associated weight loss
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Abstract. Growth differentiating factor-15 (GDF-15), also
known as macrophage inhibiting factor-1, is a member of the
transforming growth factor-p superfamily, which has been
implicated in cancer-associated weight loss. The present
study investigated the association between cancer-associated
weight loss and plasma GDF-15 concentration, as well as
other biomarkers, in patients with metastatic lung or exocrine
pancreatic cancer. A total of 218 patients were enrolled over a
1-year period. The patient cohort included 152 patients with
incurable lung cancer and 66 patients with incurable pancre-
atic cancer. Of the 218 patients, 98 (45%) reported >5% weight
loss, 62 (28%) reported <5% weight loss and 58 (27%) reported
no weight loss in the 6 months prior to diagnosis. In lung
cancer patients, higher circulating GDF-15 levels were signifi-
cantly associated with weight loss; lung cancer patients who
reported >5% weight loss (n=56) were found to exhibit twice
the circulating concentration of GDF-15 compared with those
that exhibited no weight loss (n=48) (P<0.0001). Additional
mediators, including Activin A, interleukin (IL)-12, vascular
endothelial growth factor A, IL-1 receptor o, eotaxin and
platelet derived growth factor-BB, were also associated with
weight loss; however, the associations were not as strong. In
pancreatic cancer patients, no association between GDF-15
levels and weight loss was identified. However, higher circu-
lating GDF-15 levels were consistently associated with poor
survival in univariate [hazard ratio (HR), 1.13; 95% confidence
interval (CI), 1.02-1.23; P=0.016] and multivariate [HR, 1.1;
95% CI, 1.02-1.24; P=0.03] analysis, respectively. Thus,
GDF-15 requires further study as a biomarker and potential
therapeutic target in cancer-associated weight loss, particu-
larly in lung cancer patients.
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Introduction

Cancer-associated weight loss occurs in 60-80% of patients
with incurable cancer and leads to debility and shortened
survival (1). This weight loss is the result of poor oral intake
and changes in basal metabolism; however, by contrast to
starvation, it is irreversible with caloric supplementation (1).
Previous studies have also demonstrated that this weight loss
is refractory to pharmacological interventions (2,3). Although
multiple biological mediators, including pro-inflammatory
cytokines, neuroendocrine hormones, lipid-mobilizing factors
and alterations in intermediary metabolism, have been impli-
cated in the pathobiology of cancer-associated weight loss, it
is hypothesized that numerous key mediators remain unidenti-
fied and uncharacterized at present (4). The identification of
certain key mediators may present potential therapeutic targets
and lead to the development of drugs that improve outcomes
in cancer patients exhibiting weight loss and may also provide
biomarkers to assess the early outcomes of future palliative
trials.

Growth differentiating factor-15 (GDF-15), also known
as macrophage inhibiting factor-1, is a member of the trans-
forming growth factor-f§ superfamily that is involved in
myocyte remodeling, cardiovascular disease, dysfunctional
erythropoiesis, general weight loss and early carcinogen-
esis (5-7). At least three clinical studies have identified an
association between GDF-15 and cancer-associated weight
loss (8-10). Firstly, Johnen et al (8) examined GDF-15 levels in
36 prostate cancer patients with and without weight loss and
observed that circulating GDF-15 concentrations were signifi-
cantly higher in patients that exhibited weight loss. Secondly,
Vigano et al (9) examined 207 cancer patients and observed
that serum GDF-15 levels were directly correlated with worse
Patient-Generated Subjective Global Assessment scores.
When evaluated by quartile, higher serum GDF-15 levels were
also associated with poor survival. Thirdly, Lerner et al (10)
preliminarily examined 62 cancer patients with weight loss,
72 cancer patients with no weight loss and 64 non-cancer
patients and reported that serum GDF-15 concentrations in
cancer patients with weight loss were significantly higher than
patients with no weight loss and non-cancer patients (P<0.001).
Similarly, GDF-15 concentration was significantly and
inversely correlated with lean body mass (P<0.001) and grip
strength (P=0.007) (10). These data suggest that GDF-15 may
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be a relevant biomarker in patients with cancer-associated
weight loss and thus, investigation of GDF-15 as a therapeutic
target must be considered.

The present study investigated the association between
GDF-15 levels and weight loss in patients with incurable
cancer. By contrast to previous studies, this study aimed to
incorporate the consensus definition of cancer-associated
weight loss as described by Fearon et al (11). In addition, the
present study focused specifically on patients with incurable
lung cancer and exocrine pancreatic cancer using a relatively
large sample size in comparison to previous studies. The
larger sample size was selected in order to reduce heteroge-
neity within the study population, thereby enabling reliable
evaluation of the association between circulating GDF-15
concentration and survival. Furthermore, the present study
analyzed additional inflammatory markers and potential
mediators of cancer-associated weight loss with the aim of
providing benchmark data that might put findings related to
GDF-15 in greater clinical context. Overall, the aim of the
present study was to further explore GDF-15 as a biomarker
for cancer-associated weight loss and to identify a potential
therapeutic target to palliate cancer-associated weight loss.

Materials and methods

Patient eligibility. The study was approved by the Institutional
Review Board at the Mayo Clinic (Rochester, MN, USA).
Patients that met the following eligibility criteria were
selected for study enrollment: i) =18 years of age; ii) able
and willing to provide informed consent; iii) diagnosed with
incurable cancer of the lung or exocrine pancreas; iv) no
chemotherapy administered in the 7 days prior to enrollment;
and v) no peripheral edema or abdominal ascites.

Patient enrollment and follow up. A study coordinator
identified eligible patients and subsequently obtained written
consent. A total of 218 patients were enrolled, including
152 patients with incurable lung cancer and 66 patients with
incurable pancreatic cancer. Patients provided information
regarding weight loss in the 6 months prior to enrollment and
blood samples were obtained from each patient. The patients
were classified into the following groups: >5% weight loss;
<5% weight loss; and no weight loss (11).

The medical records of all patients were reviewed for
demographic data and other relevant clinical information.
Patients were followed-up until the date of mortality or last
follow-up with censoring.

Handling and assaying blood samples. Plasma samples were
assigned a unique code with no clinically identifying infor-
mation. Samples were centrifuged for separation of plasma,
which was stored at -80°C prior to use. All samples were
sent to AVEO Pharmaceuticals (Cambridge, MA, USA) for
subsequent analyses.

Biomarkers were measured in a blinded manner; patient
clinical data, including degree of weight loss, were unavail-
able to laboratory staff. Individual ELISA kits (R&D Systems,
Inc., Minneapolis, MN, USA) were used to measure GDF-15
and Activin A concentration. The concentrations of the
remaining markers were measured using the Bio-Plex Pro™
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Table I. Patient demographics of 218 patients enrolled in the
study.

Characteristic n (%)

Median age, years 66 (range, 21-89)

Gender
Male 124 (57)
Female 94 (43)
Cancer type
Lung 152 (70)
Pancreatic 66 (30)
Degree of weight loss
>5% 98 (45)
<5% 62 (28)
None 58 (27)

Human Cytokine 27-Plex Assay (Bio-Rad Laboratories,
Hercules, CA, USA) and analyzed using Bio-Plex Manager
2.0 software (Bio-Rad Laboratories).

The following biomarkers were assayed: GDF-15,
Activin A, eotaxin, fibroblast growth factor basic, granu-
locyte colony stimulating factor, granulocyte-macrophage
colony-stimulating factor, interferon-y (IFN-v), interleukin
(IL)-10, IL-12 p70, IL-13, IL-17, IL-1 receptor o (IL-1Ra),
IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IFN-y-induced
protein-10 (IP-10), monocyte chemotactic protein-1,
macrophage inflammatory protein-la (MIP-1a), MIP-1§,
platelet-derived growth factor-BB (PDGF-BB), regulated on
activation, normal T cell expressed and secreted (RANTES),
tumor necrosis factor-a, and vascular endothelial growth
factor A (VEGFA). These markers were selected as they
have previously been implicated in cancer-associated weight
loss or inflammation.

Statistical analysis. All data analyses were performed using
R (version 3.1) statistical software (https://www.r-project.
org/). Data are summarized descriptively. As all analyses
were considered hypothesis-generating, no adjustments were
made for multiple testing; however, all analyses primarily
focused on GDF-15. The Wilcoxon rank sum test was used to
compare the concentration of GDF-15 and other biomarkers
according to the degree of weight loss exhibited by patients.
A Cox Proportional Hazards Model was constructed to
examine the prognostic significance of circulating GDF-15
levels and clinical parameters in univariate and multivariate
analyses. P<0.05 was considered to indicate a statistically
significant difference.

Results

Patient demographics. A total of 218 patients were enrolled
during a l-year period. A total of 152 patients exhibited
incurable lung cancer and 66 patients exhibited incurable
pancreatic cancer. Overall, 98 (45%) patients reported >5%
weight loss, 62 (28%) patients reported <5% weight loss and
58 (27%) reported no weight loss. Patient demographics are
shown in Table I.
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Table II. Median biomarker plasma concentrations in 152 lung cancer patients exhibiting various degrees of weight loss.
Median biomarker Median biomarker Median biomarker
concentration (pg/ml) concentration (pg/ml) concentration (pg/ml)
No weight >5% No weight <5% <5% >5%
loss group weight loss loss group weight loss weight loss weight loss

Biomarker (n=48) group (n=56)  P-value (n=48) group (n=48) P-value  group (n=48)  group (n=56) P-value
GDF15 1000 2000 <0.0001 1000 2000 0.006 2000 2000 0.929
Activin A 317 702 0.002 318 540 0.008 540 702 0.224
IL-12 p70 43 84 0.011 43 47 0.679 47 84 0.038
VEGFA 33 55 0.025 33 36 0.623 36 55 0.069
IL-1Ra 288 597 0.035 288 340 0.588 340 597 0.117
Eotaxin 52 88 0.038 52 77 0.07 77 88 0.576
PDGF-BB 294 444 0.04 294 332 0.525 332 444 0.177
IL-10 29 71 0.052 29 29 0.972 29 71 0.054
IL-7 19 29 0.058 19 19 0.878 19 29 0.081
IL-6 23 39 0.064 23 26 0.651 26 40 0.141
IL-2 36 64 0.072 36 39 0.776 39 64 0.139
TNF-a 99 154 0.105 99 99 0.994 99 154 0.114
IL-17 143 215 0.110 143 139 0.882 139 215 0.119
G-CSF 160 212 0.116 160 175 0.652 175 212 0.382
IL-13 28 39 0.117 28 25 0.529 25 39 0.040
IL-8 79 124 0.120 79 69 0.456 69 124 0.067
MIP-1a 11 14 0.131 11 10 0.399 10 14 0.047
IFN-y 199 282 0.161 199 177 0.536 177 282 0.088
IL-4 8 10 0.192 8 7 0.514 7 10 0.105
IL-5 24 33 0.227 24 25 0.849 25 33 0.349
FGFb 110 130 0.331 110 98 0.435 98 130 0.149
GM-CSF 69 82 0.346 69 56 0.158 56 82 0.066
MIP-1§ 139 97 0.375 139 83 0.238 83 97 0.299
MCP-1 97 115 0.380 97 83 0.261 83 115 0.136
IL-9 23 30 0.407 23 18 0.434 18 30 0.082
IP-10 285 312 0.443 286 281 0.861 281 312 0.273
RANTES 13895 13798 0.976 13895 8938 0.057 8938 13799 0.059

For RANTES, IL-2, IL-5 and IL-7 the sample size was smaller than the values stated due to assay detection issues. GDF-15, growth differenti-
ating factor-15; IL, interleukin; VEGFA, vascular endothelial growth factor A; IL-1Ra, interleukin-1 receptor a; PDGF-BB, platelet-derived growth
factor-BB; TNF-a, tumor necrosis factor-a; G-CSF, granulocyte colony-stimulating factor; MIP-1a, macrophage inflammatory protein-1o; IFN-vy,
interferon-y; FGFb, basic fibroblast growth factor; GM-CSF, granulocyte-macrophage colony-stimulating factor; MIP-1f, macrophage inflammatory
protein-1; MCP-1, monocyte chemoattractant protein-1; IP-10, interferon-y-induced protein-10; RANTES, regulated on activation, normal T cell

expressed and secreted.

Association between weight loss and the concentration of
GDF-15 and other biomarkers. Among the 152 lung cancer
patients, statistically significant differences in GDF-15,
Activin A, IL-12, VEGFA, IL-1Ra, eotaxin and PDGF-BB
levels were observed between those who exhibited no weight
loss and those who reported weight loss of >5% (Table II),
whereby increased weight loss was associated with higher
concentrations of the circulating biomarkers. Upon
comparison of lung cancer patients with no weight loss and
those exhibiting weight loss of <5%, statistically significant
differences in levels of GDF-15 and Activin A were identi-
fied between the groups, whereby higher concentrations of
GDF-15 and Activin A were identified in the <5% weight loss
group compared with the no weight loss group (P=0.006 and
P=0.008, respectively). Notably, significantly higher circu-
lating IL-12 and IL-13 concentrations were identified in the

>5% weight loss group when compared with the <5% weight
loss group (P=0.038 and P=0.040, respectively; Table II).

In pancreatic cancer patients, differences in biomarker
concentrations between the groups were less evident. Only
statistically significant differences in levels of the IP-10
biomarker were identified between the different weight loss
groups. Specifically, patients in the >5% weight loss group
exhibited significantly higher circulating concentrations of
IP-10 compared with patients that exhibited no weight loss
(P=0.035; Table I1I).

Higher GDF-15 concentration is associated with poor
survival and increased weight loss. Univariate and
multivariate analyses revealed that higher circulating
concentrations of GDF-15 were associated with worse
survival. Furthermore, higher circulating concentrations
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Table III. Median biomarker plasma concentrations in 66 pancreatic cancer patients exhibiting various degrees of weight loss.

Median Median Median
biomarker biomarker biomarker
concentration (pg/ml) concentration (pg/ml) concentration (pg/ml)
No weight ~ >5% weight No weight  <5% weight <5% weight  >5% weight
loss group loss group loss group loss group loss group loss group
Biomarker (n=48) (n=56) P-value (n=48) (n=48) P-value (n=48) (n=56) P-value
IP-10 263 471 0.035 263 406 0.072 406 471 0.551
PDGF-BB 262 404 0.324 262 380 0.518 380 404 0.881
IL-17 143 242 0.363 143 178 0.729 178 242 0.487
IL-13 35 24 0.368 35 31 0.769 31 24 0.539
Activin A 637 888 0.391 637 725 0.780 725 888 0.464
RANTES 9806 12526 0431 9806 9101 0.796 9101 12526 0.317
IL-5 62 28 0.495 62 24 0.457 24 28 0.551
GDF-15 2000 2000 0.504 2000 3000 0.196 3000 2000 0.405
MCP-1 126 86 0.508 126 84 0.492 84 86 0.936
IFN-y 309 193 0.571 309 199 0.592 199 193 0.906
IL-6 58 34 0.604 58 31 0.563 31 34 0.762
Eotaxin 69 88 0.626 69 75 0.883 75 88 0.592
IL-8 130 98 0.680 130 84 0.551 84 98 0.604
IL-7 32 25 0.745 32 19 0.558 19 25 0.232
IL-1Ra 558 419 0.759 558 285 0.543 285 419 0.305
IL-4 9 8 0.775 9 8 0.853 8 8 0.819
IL-9 26 30 0.818 26 25 0.961 25 30 0.614
MIP-1p3 120 111 0.828 120 122 0.961 122 111 0.782
TNF-a 155 132 0.832 155 111 0.679 111 132 0.556
FGFb 112 122 0.852 112 110 0.979 110 122 0.693
IL-12 p70 114 133 0.861 114 61 0.559 61 133 0.248
G-CSF 233 257 0.874 233 189 0.759 189 257 0.385
MIP-1a 15 14 0.895 15 12 0.741 12 14 0.695
VEGFA 55 60 0915 55 55 0.995 55 60 0.844
IL-10 55 51 0.933 55 40 0.702 40 51 0.391
IL-2 56 53 0.939 56 41 0.685 41 53 0.526
GM-CSF 83 81 0.976 83 56 0.455 56 81 0.127

For RANTES, IL-2, IL-5 and IL-7 the sample size was smaller than that stated due to assay detection issues. IP-10, interferon-y-induced protein-10;
PDGF-BB, platelet-derived growth factor-BB; IL, interleukin; RANTES, regulated on activation, normal T cell expressed and secreted; GDF-15,
growth differentiating factor-15; MCP-1, monocyte chemoattractant protein-1; IFN-y, interferon-y; IL-1Ra., interleukin-1 receptor a; MIP-1f, macro-
phage inflammatory protein-1f3; TNF-a, tumor necrosis factor-a; FGFb, basic fibroblast growth factor; G-CSF, granulocyte colony-stimulating factor;
MIP-1a, macrophage inflammatory protein-1a; VEGFA, vascular endothelial growth factor A; GM-CSF, granulocyte-macrophage colony-stimulating
factor.

Table I'V. Univariate and multivariate survival analyses of GDF-15 levels and clinical variables.

Univariate analysis Multivariate analysis
Hazard ratio Hazard ratio

Variable* (95% CI) P-value (95% CI) P-value
GDF-15 level 1.13 (1.02-1.23) 0.016 1.13 (1.02-1.24) 0.03
Age 1.00 (0.99-1.02) 0.622 0.99 (0.98-1.01) 0.71
Gender 0.78 (0.56-1.09) 0.15 0.79 (0.57-1.12) 0.19
Cancer type 1.16 (0.81-1.64) 041 0.96 (0.66-1.38) 0.84
Weight loss 0.6 (0.43-0.83) 0.0026 0.62 (0.45-0.87) 0.006

*The reference group for each variable included higher GDF-15 level, older age, lung cancer, male gender and <5% weight loss (includes patients with
no weight loss), respectively. GDF-15, growth differentiating factor-15; CI, confidence interval.
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of GDF-15 were also associated with increased weight loss
(Table IV).

Discussion

The present translational study focused on cancer-associated
weight loss in patients with incurable lung or pancreatic cancer
and aimed to investigate the association between this and the
biomarker GDF-15. The results revealed that higher GDF-15
concentrations were significantly associated with weight loss
in incurable lung cancer patients. Furthermore, in lung cancer
patients increased weight loss was associated with higher
concentrations of the circulating biomarkers, Activin A, IL-12,
VEGFA, IL-1Ra, eotaxin and PDGF-BB. Notably, no signifi-
cant differences were identified between GDF-15 concentration
and weight loss in pancreas cancer patients; however, this may
be due to the smaller sample size of pancreatic cancer patients
included in the study. Furthermore, in univariate and multivar-
iate analyses, GDF-15 level was significantly associated with
poor survival. Following adjustments for weight loss and other
clinical variables, high circulating concentrations of GDF-15
were significantly associated with shorter survival. These
findings suggest that GDF-15 is involved in cancer-associated
weight loss, particularly in lung cancer patients, and that it may
serve as either a marker or future therapeutic target to prevent
weight loss and its adverse effects in cancer patients.
Furthermore, the findings of the present study are consis-
tent with a number of previous studies. Three previous studies
have reported significant associations between this biomarker
and weight loss and/or survival (8-10). The aforementioned
studies and the present study have collectively provided
clinical and laboratory data from >500 cancer patients. These
data consistently indicate that GDF-15 is associated with
cancer-associated weight loss. Johnen ez al (8) reported that
weight-losing, tumor-bearing mice that had been treated with
an antibody to GDF-15 demonstrated reversal of their weight
loss (8). Similarly, Lerner et al (12) also investigated weight
loss reversal using a human fibrosarcoma xenograft murine
model known to exhibit high levels of circulating GDF-15 and
tissue wasting. In this model, the administration of a human-
ized antibody, AV-380, resulted in the reversal of weight loss
and restoration of normal body composition. Taken together,
these studies indicate that the association between GDF-15 and
weight loss is significant and thus, may be important clinically.
The aim of the present study was to further characterize
GDF-15 as abiomarker and to assess therapeutic targets to palliate
cancer-associated weight loss; however, with regard to the latter,
the complexity of the pathobiology of cancer-associated weight
loss and the relative lack of specificity of GDF-15 with regard
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to a specific disease entity must be considered (6). However,
the data obtained in the present study are compelling and
the clinical requirement for well-designed clinical trials is
high. Thus, future clinical trials that investigate GDF-15 as
a biomarker and assess the therapeutic function of GDF-15
modulation in the palliation of cancer-associated weight loss
are required.
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