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Analysis of circulating adipokines in patients newly
diagnosed with solid cancer: Associations with
measures of adiposity and tumor characteristics
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Abstract. The development and progression of cancer is
a complex and multifactorial process and the global preva-
lence of obesity is markedly increasing. A number of studies
have made an association between obesity and increased
rates of epithelial tumors. Obesity is associated with altered
adipokine levels, potentially contributing to the process of
tumor development and metastasis. In the current study, the
associations between circulating adipokines and measures of
adiposity and tumor characteristics among patients diagnosed
with solid malignancies were examined at the time of presen-
tation, and following the administration of chemotherapy. A
total of 30 patients with cancer and matched healthy controls
were enrolled in the present study. Plasma adipokine levels of
hepatocyte growth factor (HGF), adiponectin and leptin were
determined using commercially available ELISA kits. At
baseline, plasma HGF, adiponectin and leptin levels were not
significantly different between patients with cancer and the
healthy controls. Circulating HGF levels were significantly
associated with the stage of cancer at diagnosis (P=0.044),
but lacked a significant association with lymph node status
(P=0.194). Plasma adiponectin and leptin levels were not
significantly associated with tumor characteristics at the
time of diagnosis. Only leptin was positively correlated with
the body mass index of patients with cancer (P<0.001). No
significant correlations were detected between the evaluated
adipokines and measures of visceral obesity, as determined
by waist circumference and the waist-hip ratio at presenta-
tion. Following administration of chemotherapy, adiponectin
was the only adipokine evaluated in the current study that
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exhibited a significant difference, when compared with
baseline plasma levels (P=0.013), and a significant positive
correlation between baseline and follow-up circulating levels
(P=0.002) among patients with cancer. In addition, there were
no significant inter-correlations between circulating adipo-
kines at baseline level and during follow-up in patients with
cancer. Collectively, the findings of the current study suggest
a lack of diagnostic roles for the adipokines investigated
and no significant association with measures of adiposity.
Adiponectin may be a potential adipokine to measure in
patients with cancer, in order to further assess its prognostic
and predictive potential.

Introduction

Cancer is a major public health problem and is a leading cause
of mortality worldwide (1). Annual cancer cases are predicted
to rise from 14 million in 2012 to 22 million within the next
two decades (2). In Jordan, there has been a notable increase
in the incidence and burden of cancer and, according to the
most recent report from the Jordan National Cancer Registry,
the number of new cancer cases diagnosed among Jordanians
increased by ~46% from 2000-2012 (3). The most common
types of cancer among Jordanian patients were breast,
colorectal, lung, lymphoma and urinary bladder cancer (3). At
present, epidemiological and experimental evidence suggests
an association between obesity and increased risk of several
types of cancer (4,5).

Obesity is defined as an excess accumulation of adipose
tissue in the body (6). According to the World Health
Organization (WHO), the accepted classification of obesity
for epidemiological purposes defines overweight individuals
as having a body mass index (BMI) of =25 kg/m?* and obese
subjects as having BMI of =30 (7). Globally, >1.9 billion
adults were overweight and, of these, >600 million were obese
in 2014 (6). At present, ~5% of cancer cases may be directly
associated with patients being overweight (8). In addition to
increasing the likelihood of developing cancer, obesity has also
been associated with increased cancer mortality (4). A number
of underlying mechanisms may mediate obesity-induced
carcinogenesis, including insulin resistance, increased inflam-
mation and altered adipokine secretion (5,8,9).

Adiponectin and leptin are adipokines that are exclu-
sively secreted by adipose tissue (10). Obesity is associated
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with reduced circulating levels of secreted adiponectin
and increased circulating levels of leptin (11). A number of
studies have focused on major adipokines in association with
the risk of solid tumors (12-14). However, few studies have
evaluated the correlations between circulating adipokine
levels and the tumor characteristics of patients at the time
of diagnosis. Hepatocyte growth factor (HGF) and its tyro-
sine kinase receptor, c-Met, have been associated with the
majority of human cancer types, and their expression levels
frequently correlate with poor prognosis and the presence of
metastases (15,16). Previous studies have revealed that HGF
is secreted by adipose tissue and that its circulating levels are
elevated in obese individuals (9,17). Although a number of
studies have demonstrated that HGF is an important factor
in solid tumor progression and metastasis, the interplay
between HGF and common adipokines, in terms of adiposity
and the tumor characteristics of patients with cancer at the
time of presentation, remains to be elucidated.

Obesity contributes to an increased risk of cancer develop-
ment, and it is established that adiposity alters the levels of
adipokines secreted, which promotes cancer proliferation and
dissemination (18). However, the association between the circu-
lating levels of adipokines in patients with cancer at the time
of diagnosis has yet to be characterized. In addition, the asso-
ciations between certain adipokines and measures of adiposity
among patients with cancer require further study. Therefore, the
purpose of the current study was to assess plasma adipokine
levels in a sample of patients diagnosed with solid tumors, and
to further assess changes to baseline levels following the admin-
istration of chemotherapy. The present study also assessed the
correlations between the circulating levels of selected adipo-
kines and the tumor characteristics and measures of adiposity at
the time of diagnosis among patients with cancer.

Materials and methods

Patients and study design. Patients with a diagnosis of solid
malignancy (described below) were recruited prospectively
from the Oncology Clinic at King Abdullah University
Hospital (KAUH; Ar Ramtha, Jordan) between June 2014
and December 2015. Types of solid cancers diagnosed
among patients in this study included colorectal, breast, lung,
testicular and gastric. The study population was composed
of adult patients (>18 years) who had a first-time diagnosis
of solid malignancy. The diagnosis of malignancy was
performed using histopathological analysis of resected tumor,
biopsy or cytology specimens at the pathology department
of KAUH. The stage of the diagnosed tumors was deter-
mined according to the tumor-node-metastasis classification
system (19). Newly diagnosed patients with cancer who were
receiving neoadjuvant chemotherapy or radiation therapy
at time of the current study were not eligible to participate.
The study sample was matched to healthy volunteers based
on age, gender and BMI. Healthy volunteers were recruited
from individuals who attended KAUH as visitors or for other
purposes. All patients provided written informed consent
prior to their participation in the study. The study was
approved by the Institutional Review Board at KAUH and
the Jordan University of Science and Technology (research
number 20140057).
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Data collection and tumor characteristics. All the relevant
data for eligible patients was collected through a detailed
review of medical records and retrieval of patient informa-
tion from electronic databases at the time of the diagnosis
of malignancy. Tumor data for patients was extracted from
relevant pathology reports issued by KAUH. Anthropometric
measurements for body weight (kg), height (cm), waist
(cm) and hip (cm) circumferences were obtained for all
subjects according to the WHO recommendations (20).
Visceral obesity was evaluated using measurements of waist
circumference and the waist-hip ratio, which was calculated
by dividing the waist circumference by the hip circumfer-
ence (18). BMI was calculated using the standard method,
in which weight in kilograms is divided by the square of
the height in meters (7). Patients were divided into groups
based on their obesity classifications (7). WHO defines
BMI classes as follows: Underweight (<18.5 kg/m?), normal
(18.5-24.99 kg/m?), overweight (=25.00 kg/m?) and obese
(=30.00 kg/m?) (7).

Collection and processing of biological samples. Blood
samples for the studied adipokines were obtained at baseline
level and after two months of chemotherapy administra-
tion for patients with cancer. Baseline blood samples were
collected from eligible patients following a diagnosis of solid
malignancy and prior to surgical intervention or the admin-
istration of chemotherapy or radiation. The second blood
sample was collected after eight weeks of administrating of
the assigned chemotherapy (21). This time point represents
an adequate trial of chemotherapy, and clinical assessment
of patients can be considered at this stage for future deci-
sion-making (21). The interval between the two time points
of blood sampling in the current study was hypothesized to
be sufficiently long for the detection of any alterations in the
circulating levels of target adipokines. Blood samples for all
patients were obtained by venipuncture of an antecubital vein
of the forearm. Blood samples were collected in EDTA tubes
(Greiner Bio-One GmbH, Kremsmiinster, Austria) and were
processed within two h of collection. Plasma samples were
prepared by double centrifugations at 3000 x g for 15 min
each at room temperature (22). Plasma aliquots were stored
at -80°C until analysis.

Adipokine analysis. Plasma concentrations of adipokines
were measured using ELISA kits (Quantikine® or DuoSet®
ELISA kits; R&D Systems, Inc., Minneapolis, MN, USA),
according to the manufacturer's protocol. Analysis was
performed to measure plasma levels of human HGF
(#DHGO00), adiponectin (#DRP300), and leptin (#DY398-05).
The assay sensitivity was 40 pg/ml for HGF, 0.891 ng/ml
for adiponectin and 31.2 pg/ml for leptin. Plasma samples
were diluted 1:200 for the quantification of adiponectin. A
standard concentration curve was produced for each ELISA
plate with the manufacturer's control solution and used to
calculate plasma concentrations in the samples assayed.
Plasma samples were thawed at 37°C immediately prior to
analysis. During sample analysis, researchers were blinded
to the sample anthropometric and clinical data. All samples
were analyzed in duplicate, and a fresh aliquot was used for
each analysis with no prior freeze-thaw cycles.



1976

Statistical analysis. Data analysis was performed using
SPSS version 21.0 (IBM SPSS, Armonk, NY, USA). As the
continuous variables were not normally distributed, non-para-
metric statistical tests were applied. Continuous variables
were presented as medians and interquartile ranges (IQRs)
expressed by the 25th and 75th percentiles. Categorical
variables were presented as the frequency and percentages.
In order to compare between two groups, the Mann-Whitney
U test was applied for independent groups and the Wilcoxon
signed rank test was used for paired data. Kruskal-Wallis
analysis of variance was used to compare multiple indepen-
dent groups when indicated. To compare categorical variables
between groups, Pearson's y* test of independence was used. To
assess correlations between continuous variables, Spearman's
correlation test was applied. All P-values were two-sided at a
value of 0.05. Boxplots are non-parametric representations of
continuous data. In this type of graph, the median is presented
as a vertical line and the IQR spans from the lower to the
upper edge of the box. The whiskers above and below the box
represent non-outlying maximum and minimum data points,
respectively (23). P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Study population. A total of 32 plasma samples were collected
from patients with cancer at the baseline level, and 2 patients
subsequently requested to withdraw their consent and not
participate in the study. Therefore, 30 samples were available
for final analysis. In total, 16 patients with cancer provided
blood samples after 8 weeks of chemotherapy (16/30). Certain
patients were unable to provide follow-up samples due to
succumbing to mortality prior to the assigned time for the
second blood withdrawal and/or due to alterations in sched-
uled chemotherapeutic treatments for various reasons.

The demographic, anthropometric and adipokine char-
acteristics of the study population. The demographic and
anthropometric characteristics for patients with cancer (n=30)
and their matched healthy controls (n=30) are presented in
Table I. The median age for patients with cancer was 47 years
(IQR, 38.8-57.5), and the median age for healthy controls was
45 years (IQR, 38.8-56.5). The median BMI for patients with
cancer was 26.5 kg/m? (IQR, 22.4-31.4). The median waist
circumference and waist-hip ratio among cancer patients at
the time of diagnosis were 95 cm and 0.91, respectively. There
were no significant differences in all reported anthropometric
measurements of general and abdominal obesity between
patients with cancer and healthy controls (Table I). In addition,
there were no significant differences in the baseline circulating
plasma concentrations of HGF, adiponectin and leptin between
patients with cancer and healthy controls (Table I).

Analysis of baseline adipokines for patients with cancer.
Table II presents an analysis of baseline adipokine levels and
tumor characteristics for patients with cancer. The majority
of patients had a diagnosis of colorectal carcinoma (43.3%).
Other patients (33.3%) were diagnosed with breast cancer.
Other types of solid malignancies diagnosed included lung,
gastric and testicular cancer. In total, 70% of patients had
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advanced-stage disease (stage III and IV) at the time of
diagnosis, and the majority of patients had lymph-node
involvement (75%) and received surgical intervention
following the diagnosis of malignancy (80%). All patients
received adjuvant chemotherapy, whereas only four patients
received adjuvant radiotherapy. An analysis of baseline
adipokine levels among patients with cancer revealed a
significant difference in leptin plasma levels according to
the type of carcinoma diagnosed (P=0.004; Table II). The
median plasma levels of HGF and adiponectin were not
significantly different among the tumor types analyzed in
this study (P=0.840 and P=0.483 for HGF and adiponectin,
respectively). Baseline HGF plasma levels differed signifi-
cantly between patients diagnosed with early-stage disease,
as compared with advanced-stage disease (P=0.044). The
median HGF plasma levels were higher for patients who
presented with advanced-stage disease (median, 797.30; IQR,
628.40-958.67 pg/ml) compared with early-stage disease
(median, 674.90; IQR, 493.68-742.90 pg/ml). Furthermore,
baseline plasma levels of HGF were significantly lower
in patients receiving surgical treatment compared with
those who were not candidates for surgical interventions
(P=0.038). There were no significant differences in baseline
adipokine plasma levels between patients with cancer who
had lymph-node involvement at the time of diagnosis, and
those who had lymph-node negative disease (Table II).

Correlation analysis of baseline adipokine levels with
anthropometric parameters of patients with cancer. The
correlations between baseline adipokine levels and anthro-
pometric measurements among patients with cancer are
presented in Table III. There was a significant positive
correlation between plasma HGF levels and age at diagnosis
(p=0.432; P=0.017). In addition, a significant positive corre-
lation was detected between plasma leptin levels and the
BMI of patients at the time of diagnosis (p=0.657; P<0.001;
Table I1T). However, baseline HGF and adiponectin plasma
concentrations were not significantly associated with the
BMI of patients (Table III). Plasma HGF, adiponectin and
leptin levels were not significantly correlated with waist
circumference or waist-hip ratio among patients with
cancer at the baseline level (Table IIT). Additional multiple
comparison analysis revealed a significant difference in
the median leptin plasma concentration among the various
BMI categories of patients with cancer (P=0.002; Fig. 1).
In this regard, median plasma levels of leptin at diagnosis
were significantly higher for obese cancer patients compared
with patients who were of normal weights (P=0.002; Fig. 1).
However, no significant difference was detected in median
plasma HGF and adiponectin levels between normal, over-
weight and obese patients at baseline (Fig. 1). Notably, there
were no significant correlations between the baseline levels
of the evaluated adipokines (Table III).

Alterations in circulating adipokines following chemo-
therapy in patients with cancer. In order to investigate the
changes in the blood profile levels of evaluated adipokines
in patients with cancer following an adequate trial of chemo-
therapy, a second blood sample was collected after eight
weeks of administration and then analyzed for the adipokines
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Table I. Demographic, anthropometric and basal adipokine characteristics of study groups (n=60).

1977

Variable Healthy controls (n=30) Patients with cancer (n=30) P-value
Age, years 45 (38.75-56.5) 47 (38.75-57.5) 0.569
Waist, cm 87 (78-109) 95 (86.3-103.8) 0.312
Waist-hip ratio 0.91 (0.82-0.99) 0.91 (0.85-0.96) 0.886
BMI, kg/m? 28.52 (24.33-34.76) 26.5(22.4-314) 0.110
HGF, pg/ml 729.98 (620.13-886.90) 721.66 (558.43-850.59) 0.894
Adiponectin, ng/ml 5,152.03 (3,364.09-7,293.30) 5,695.63 (39,94.04-7,680.45) 0.340
Leptin, pg/ml 25,349.74 (21,355.73-29,139.97) 22,741.41 (20,622.14-29,669.79) 0.679
Gender 1.000

Male 16 (53.3) 16 (53.3)

Female 14 (46.7) 14 (46.7)
Marital status 0.431

Single 4(13.3) 2(6.7)

Married 26 (86.7) 27 (90.0)

Divorced 0(0.0) 1(3.3)
Education 0.001*

Uneducated 2(6.7) 10 (33.3)

High school 17 (56.7) 8(26.7)

Diploma 0(0.0) 6 (20.0)

College graduate 11 (36.7) 6 (20.0)
Smoking 0.016*

Never 16 (53.3) 14 (46.7)

Past 1(3.3) 9 (30.0)

Current 13 (43.3) 7(23.3)
Family history of cancer 0.01*
in first-degree relatives

Present 10 (33.3) 20 (66.7)

Absent 20 (66.7) 10 (33.3)

“P<0.05. Data are presented as the median (25th-75th percentile) for continuous variables and as the frequency (%) for categorical variables.

BMI, body mass index; HGF, hepatocyte growth factor.

of interest. Notably, the plasma levels of all evaluated adipo-
kines were increased following chemotherapy (Table IV).
However, a significant alteration in the median plasma levels
between baseline and follow-up was observed for adiponectin
only (P=0.013). The median adiponectin plasma levels were
significantly increased by 22.87% to 6,998.37 ng/ml (IQR,
4749.21-10,647.22) at follow-up among patients with cancer
(Table IV). The median HGF and leptin plasma levels did
not differ significantly between the baseline and follow-up
samples (P=0.93 and P=0.223 for HGF and leptin levels,
respectively; Table V). The results of Spearman's correlation
analysis revealed a significant positive correlation between
baseline and follow-up adiponectin levels (p=0.706; P=0.002).
However, no significant correlation was detected between the
levels of HGF and leptin at baseline and at follow-up among
patients with cancer (p=0.365, P=0.165 for HGF; p=0.144,
P=0.594 for leptin). Further analysis revealed no significant
correlation between the evaluated adipokines at follow-up.
Subgroup analysis to examine whether the levels of adipo-
kines at follow-up predicted the patient response to therapy
was not performed due to the small sample size (n=16).

Discussion

The current study assessed the circulating levels of selected
adipokines in a series of patients newly diagnosed with
solid malignancy, in order to define their correlation with
tumor characteristics and measures of adiposity. The results
demonstrated that the levels of circulating HGF, adiponectin
and leptin included in the present study did not vary between
patients with cancer and the healthy controls at the time of
diagnosis. In addition, the evaluated adipokines did not corre-
late with each other at baseline or following chemotherapy
among patients with cancer. The plasma levels of HGF were
significantly higher in patients with advanced-stage disease;
however, none of the circulating adipokines evaluated in
the present study were associated with lymph node status.
There was no significant difference in HGF and leptin levels
between baseline and follow-up among patients with cancer.
However, follow-up adiponectin levels differed significantly
from the baseline levels, demonstrating a positive correlation.
With the exception of leptin plasma levels, which exhibited a
positive association with BMI, the evaluated adipokines did



1978

ONCOLOGY LETTERS 13: 1974-1982, 2017

Table II. Adipokines and tumor characteristics of patients with cancer at baseline (n=30).

HGF, pg/ml Adiponectin, ng/ml Leptin, pg/ml

Tumor

characteristic Median IQR Median IQR Median IQR

Tumor type (no. of patients)
Colorectal (13) 687.81  548.66-871.77  5,695.63 3.892.57-8,048.04 21,192.70 19.481.00-23,638.00
Breast (10) 77557  638.06-912.65 5,792.86 5,058.33-7,956.21 30,240.40 25,105.20-52,610.00
Other (7) 71391  648.85-836.69 4954.11 3,605.30-7,388.97 2249690 19,888.50-2,9017.7
P-value 0.840 0.483 0.004*

Stage (no. of patients)
Early (I and II) (9) 67490  493.68-74290 5210.12 4307.43-7,138.86 29,506.80 22,659.90-31055.50
Advanced (Il and IV) (21) 79730  628.40-958.67 5,.891.02 3,838.95-7,702.83 22,496.90 19,888.50-26,735.40
P-value 0.044* 0.803 0.081

Lymph-node involvement

(no. of patients)®
Positive (21) 73584  584.04-890.17 5,695.63 3,838.95-7,332.77 22,82290 19,888.50-29,588.30
Negative (7) 697.00  499.00-756.40 543026 4,602.96-8,582.09 28,039.60 22,659.90-30,974.00
P-value 0.194 0.614 0441

Surgical procedure

(no. of patients)
Yes (24) 70481  546.31-799.56  5,695.63 4,112.60-7,562.70 23,638.00 20,948.20-30,770.20
None (6) 101643 697.65-1,64032 6,171.56 3,766.51-8,603.78 21,763.30 19,847.80-23,352.70
P-value 0.038* 0.959 0.120

1P<0.05 was considered statistically significant. "Two patients were missing from analysis. HGF, hepatocyte growth factor; IQR, interquartile

range.
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Figure 1. Baseline plasma levels of adipokines among patients with cancer according to BMI (n=30). Boxplots represent median plasma levels of HGF,
adiponectin and leptin among patients with cancer at the time of diagnosis, stratified based on BMI. The boxes represent the 25th and 75th percentiles, whereas
the bars represent minimum and maximum values. The x-axis represents the groupings of patients with cancer according to BMI, and the y-axis represents
plasma concentration of relative adipokines at the time of diagnosis. 'P<0.05, between BMI groups, according to Kruskal-Wallis analysis of variance. HGF,
hepatocyte growth factor. BMI, body mass index.
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Table III. Correlation analysis of baseline adipokine levels with the anthropometric characteristics of patients with cancer (n=30).

HGF, pg/ml Adiponectin, ng/ml Leptin, pg/ml
Anthropometric
characteristic ) P-value ) P-value ) P-value
Age, years 0432 0017 -0.144 0.447 0.079 0.680
BMI, kg/m? 0.072 0.704 0.019 0.921 0.657 <0.001*
Waist, cm -0.093 0.666 -0.211 0.323 0.118 0.582
Waist-hip ratio 0.164 0.443 -0.182 0.394 0.194 0.363
HGF, pg/ml - - 0.019 0.921 -0.081 0.669
Adiponectin, ng/ml 0.019 0.921 - - 0.066 0.729
Leptin, pg/ml -0.081 0.669 0.066 0.729 - -

“P<0.05 was considered statistically significant. BMI, body mass index; HGF, hepatocyte growth factor; p, spearman's rank correlation coef-

ficient.

Table IV. Variations in HGF, adiponectin and leptin titers following chemotherapy administration in patients with cancer (n=16).

HGEF, pg/ml Adiponectin, ng/ml Leptin, pg/ml
Time point Median IQR Median IQR Median IQR
Baseline 721.66 558.43-850.59  5695.63 3,994.04-7,680.45 2274141 20,622.14-29,669.79
Follow-up 829.12 651.92-1219.27 6998.37 4,749.21-10,647.22 23,067.45 20,255.34-29,343.75
Percentage change vs. baseline 14.890 22.870 1.430
P-value 0.930 0.013* 0.223

“P<0.05 was considered statistically significant. HGF, hepatocyte growth factor; IQR, interquartile range.

not correlate significantly with anthropometric parameters or
the measures of general and visceral obesity assessed in the
current study.

The development and progression of cancer is hypothesized
to be a complex and multi-factorial process (5). Obesity is a
global health problem associated with a variety of metabolic
diseases (24) and, at present, obesity is an established risk
factor for epithelial tumors (25-27). Obesity is characterized
as an excess of adipose tissue and defined by a BMI =30 kg/m?
according to the WHO criteria (7). Additional measures of
body fat include waist circumference and the waist-hip ratio,
which are important for the evaluation of abdominal/visceral
obesity, an additional marker of increased obesity-associated
morbidity (20). Abdominal fat mass may vary considerably
within a narrow range of total body fat and BMI (20). Previous
studies focusing on populations that reside in the Middle
East have determined cut-off points for waist circumfer-
ence and waist-hip ratio that are similar to those suggested
for Europeans (20,28,29). According to the WHO, a waist
circumference of >94 cm in men and >80 cm in women is asso-
ciated with increased risk of metabolic complications (20). A
waist-hip ratio of =0.90 cm in males and =0.85 cm in females is
also associated with an increased risk of metabolic complica-
tions (20). Previous epidemiological and clinical data revealed
that obesity is associated with increased rates of colorectal,
breast, renal and endometrial cancer, as well as several other
types of solid malignancy (24,25). In addition, numerous

studies have reported an association between visceral obesity
and an increased risk of solid cancer and mortality (30-33). In
the current study, baseline plasma adipokine levels measured
in patients with cancer did not significantly differ from those
of healthy controls. This finding suggests a lack of diagnostic
potential for the adipokines HGF, adiponectin and leptin in
this cohort of patients with solid cancer.

At present, it is well established that adipose tissue is a
metabolically active endocrine organ that produces and
secretes a wide range of hormones, cytokines and inflam-
matory molecules (4,10,11,17,26,34). Adipokines refer to
substances secreted from adipose tissue (10,11,17,35) and
the obese state alters the physiological functions of adipose
tissue, leading to differing adipokine secretion and influencing
the levels and functions of a variety of adipokines (25,35).
Adiponectin and leptin are abundant adipokines secreted by
adipose tissue (10,11,17,26). Leptin has been the focus of a
number of studies as a potential mediator of obesity-associated
cancer (36,37). Leptin actions are mediated through the trans-
membrane leptin receptor, ObR (38-40). Signaling pathways
activated by leptin include the cytokine Janus kinase/signal
transducer and activator of transcription (STAT), phos-
phoinositide 3-kinase (PI3K) and mitogen-activated protein
kinase (MAPK) signaling cascades (11,38-41). In addition,
leptin increases the expression levels of vascular endothelial
growth factor, promoting endothelial cell proliferation and
migration (42). Collectively, these signaling pathways increase



1980

cancer cell proliferation, motility and overall cancer progres-
sion (25). Previous studies revealed that circulating leptin
levels positively correlate with adiposity (11,38). Concordant
with these findings, the results of the current study revealed
that plasma leptin levels were positively correlated with BMI
among patients with cancer. However, leptin levels did not
exhibit a significant correlation with measured parameters
of visceral obesity (waist circumference and waist-hip ratio).
Although leptin levels are increased in the obese state, clinical
studies providing correlations between circulating leptin levels
and risk or prognosis among patients with cancer revealed
conflicting results (43-46). In the present study, median plasma
leptin levels exhibited differences based on tumor type. This
suggests that leptin may serve as a potential prognostic or
predictive marker for certain types of tumor, but not for others.
However, leptin levels were not associated with tumor stage or
Iymph node status in the present study.

In human serum, adiponectin exists as a low molecular
weight trimer, intermediate molecular weight hexamer and
high molecular weight multimer (47). Adiponectin activity is
mediated through its seven transmembrane receptors,including
AdipoR1 and AdipoR2 (48). Adiponectin functions via the
5' adenosine monophosphate-activated protein kinase
(AMPK), mammalian target of rapamycin (mTOR),
PI3K/protein kinase B (Akt), MAPK, STAT, nuclear factor
kB (NF-kB) and the sphingolipid metabolic signaling path-
ways (11,47). At present, the results from certain studies
support the hypothesis of a protective effect for adiponectin
in cancer, through its antiproliferative and apoptosis-inducing
activities (49,50). Previous studies have revealed that
plasma adiponectin concentrations correlate inversely with
BMI (50-52). However, in the present study, the results did
not reveal a significant association between plasma levels of
adiponectin and BMI among patients with cancer. Although
adiponectin plasma levels were inversely correlated with
measures of visceral obesity, this correlation did not reach
statistical significance in the present study. In addition, there
were no significant correlations between adiponectin plasma
levels and the assessed tumor characteristics in patients.
However, adiponectin was the only adipokine in the current
study that exhibited a significant alteration in patients with
cancer, following the adequate administration of chemo-
therapy. Despite the low number of subjects in the present
study, these findings may suggest that adiponectin is a poten-
tial adipokine to evaluate during the follow-up of patients with
cancer, in order to further investigate the correlation between
its plasma levels and patient response to treatment.

Although a number of studies have focused on key adipo-
kines, such as adiponectin and leptin (18,53), a number of other
candidate adipokines have been investigated with regard to
adiposity and cancer (12,54). The results of previous studies
revealed that HGF is expressed and secreted by adipocytes,
qualifying it as an adipokine (9,17,55). HGF is an angiogenic
growth factor that, when bound to its receptor c-Met, promotes
cancer cell proliferation, migration, invasion and metastasis in
numerous types of solid human tumors (56,57). The biological
functions of the HGF/c-Met axis are mediated through a
variety of downstream effectors, including the RAS-MAPK
and PI3K/Akt/NF-kB signaling pathways (58,59). Circulating
HGF levels have been observed to be elevated in obese
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individuals, compared with those in individuals of a normal
body weight (9,26,34,60). In the present study, no associa-
tion was detected between HGF levels and BMI or measures
of visceral obesity in patients with cancer. However,
Faber et al (61) revealed that visceral adipose tissue was signif-
icantly associated with circulating levels of HGF, irrespective
of BMI. The current study demonstrated that increased HGF
levels were associated with advanced age among patients,
and plasma HGF levels were significantly higher in patients
with cancer with advanced-stage disease, compared with
patients presenting with early-stage disease. In this regard, the
circulating levels of HGF may be considered to evaluate the
grade of malignancy and degree of invasiveness, particularly
in patients whose disease state is not able to be determined
effectively with the use of more reliable blood markers. The
results of the present study revealed no correlation between
the plasma levels of HGF and those of leptin and adiponectin
among patients with cancer.

In the present study, the interval between plasma samples
was relatively long (eight weeks). Although this time point
may provide a sufficient duration to detect alterations in
circulating adipokine levels, it is possible that early changes
in adipokine levels may have been missed in the current
study. However, a marked change in the plasma concentration
of adiponectin was detected in certain patients. This primary
finding may suggest that adiponectin levels are the most
sensitive to chemotherapy; therefore, further investigations
are required to assess the prognostic and predictive potential
of this adipokine.

Although, to the best of our knowledge, this study is
the first of its type among Jordanian patients with cancer,
previous evaluations of the prognostic and predictive
roles of circulating adipokines have been conducted.
Karapanagiotou er al (62) investigated the significance of
serum adipokines as diagnostic and prognostic markers in
patients with advanced non-small cell lung cancer (NSCLC).
Data from the current study are concordant with the results
obtained by this previous study, which revealed that serum
leptin and adiponectin levels at the time of diagnosis did
not differ significantly between patients with NSCLC and
healthy controls. Although baseline serum leptin levels were
significantly associated with increased BMI among patients
with lung cancer, adiponectin levels lacked a significant
correlation with BMI (62), concordant with the data from
the current study. Additionally, consistent with the results
of the current study, Karapanagiotou et al (62) also reported
increased serum levels of leptin and adiponectin following an
adequate trial of chemotherapy. Although beyond the scope
of this study, Karapanagiotou et al (62) revealed a lack of
prognostic value for the assessed adipokines in patients with
advanced NSCLC. Concordant with these findings, a recent
study by Slomian et al (63) revealed a significant increase
in circulating levels of leptin and adiponectin in a cohort
of patients with advanced colorectal cancer who required
palliative chemotherapy.

The current study had certain limitations, including the low
number of patients enrolled and the lack of follow-up blood
sampling. The limited sample size available hindered further
subgroup analysis and sample stratification. In addition, due to
the relatively small sample size of the present study, particular
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associations may not have reached the required significance
level.

In conclusion, the circulating levels of a number of
adipokines have been previously investigated in patients
with cancer; however, the current study provides additional
insights into the variations in adipokine levels over time,
their intercorrelations and the associations of these adipo-
kines with general measures of adiposity in patients with
cancer. To the best of our knowledge, this is the first study to
assess the correlations between circulating adipokine levels
and disease characteristics and adiposity measures among
Jordanian patients with cancer at the time of diagnosis. The
findings in the current study revealed no correlation between
patient HGF, adiponectin and leptin plasma levels at the time
of diagnosis or following chemotherapy. Circulating leptin
levels were positively associated with BMI. However, none
of the measured adipokines were associated with visceral
obesity, as determined by waist circumference and waist-hip
ratio. Plasma adipokine levels increased following chemo-
therapy administration; however the levels of adiponectin
may be the most reliably altered, and this adipokine requires
further evaluation for its potential role as a prognostic
marker. In addition, further studies are required to clarify the
associations between adipokines and solid tumor burden, and
examine how adipokine levels are altered upon the adminis-
tration of systemic therapy. The use of circulating adipokines
as markers to stratify patients and monitor responses to
therapy may warrant further investigation. Evaluation of
specific adipokine levels may be useful in epidemiological
studies, and may improve the methods of characterizing
disease risk and response to therapy among overweight and
obese individuals.
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