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ABSTRACT

INTRODUCTION: Cancer cachexia is one of the most frequent effects of malignancy, is often associated with poor prognosis, and may
account for up to 20% of cancer deaths. The aim of our study was to evaluate the relationship of cancer cachexia and serum levels of resis-
tin and leptin in patients with advanced non-small cell lung cancer.

METHODS: A total of 67 chemotherapy-naive patients with advanced-stage non—-small cell cancer and a control group containing 20 healthy
individuals without a known chronic disease were enrolled in this study. All individuals in the control group were age and sex matched. Demo-
graphic, anthropometric, laboratory data and serum levels of adipokines were measured for 2 groups. Progression-free survival and overall
survival were estimated using the Kaplan-Meier method. Survival among various factors was calculated using the log-rank test.

RESULTS: Patients presented significantly higher serum resistin (P=.0001) and lower serum leptin levels (P=.025) than the control group.
Lower serum levels of leptin were correlated with overall survival (P=.011).

CONCLUSIONS: Serum leptin and resistin levels play key role as proinflammatory cytokines in lung cancer and cancer cachexia; however,

their use as diagnostic or prognostic markers is not possible yet, and further large-scale studies are required to confirm our findings.
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Introduction

Currently, cancer is the second leading cause of death follow-
ing cardiac diseases. Despite recent developments in tumor
biology and genetics, an effective treatment method for a
great deal of advanced cancer types has not yet been devel-
oped. Cancer treatment and improvement of the quality of
life or sustained well-being during palliative treatment con-
stitute the basis of treatment strategies. In this context, the
most important approach is to provide nutritional support for
these patients.

Although cachexia is used in the meaning of fasting or severe
disease-related weight loss in the literature, it, indeed, defines
the conditions with a body mass index (BMI) <20kg/m?.
Recently, it is defined as >5% weight loss accompanied by
hypercatabolic state within the past 6 months during the course
of life-threatening diseases such as cancer.! One of the most
frequent problems in advanced-stage cancers is cachexia. Lung
cancer and gastrointestinal system (GIS) cancers are the 2 most
common tumors causing cancer cachexia.? Cachexia has major
effects on mortality and by itself is a cause of death in at least
20% of the patients.3 Cachexia index is a novel index for patients
with lung cancer to assess the survival and quality of life.*

The pathogenesis of cachexia in patients with cancer has
not been exactly clarified, yet. Apart from the hypercatabolic
process, it is thought to be related to tumor itself and some
factors produced by the body. Inflammatory process and
associated secretion of cytokines, such as tumor necrosis
factor-a (TNF-a), interleukin 1 (IL-1), interleukin 6 (IL-
6), and IFN-y, are thought to be responsible for this hyper-
catabolic process.” Furthermore, food intake and energy
balance are regulated by some mediators affecting arcuate
nucleus in the hypothalamus, and leptin and resistin are
among these mediators.

In recent years, the importance of adipose tissue is empha-
sized in several studies related to cancer cachexia.® The major
function of adipose tissue is to provide energy deposition.
Adipose tissue also secretes bioactive peptides called adi-
pokines. Adiponectin, leptin, and resistin are among the well-
known adipokines. When leptin binds the receptors, feeding
behavior is regulated, metabolism rate is arranged, sympathetic
nervous system is activated, angiogenesis is stimulated, ther-
mogenesis increases, and ultimately cellular growth and prolif-
eration develop.” Resistin is a polypeptide rich in cysteine.? It
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is termed as resistin as the protein causes insulin resistance
(IR). The relation between resistin and inflammation and the
stimulating effects of nuclear transcription factors demon-
strate that these adipokine levels may be partially effective in
cancer development or its course. The potential role of resistin
and leptin in non-small cell cancer (NSCLC) and their influ-
ence on cancer progression and cachexia syndrome are not
entirely explained. Increasing recent evidence suggests the
involvement of resistin in a variety of numerous inflammatory
and autoimmune processes, such as atherosclerosis, steatosis,
rheumatic diseases, inflammatory bowel diseases, asthma, and
cancer.” In vitro studies suggest that resistin is capable of
inducing endothelial cell proliferation and promoting angio-
genesis by upregulating vascular endothelial growth factor
expression.” Previous studies have demonstrated a link
between many cancer types and resistin; however, there is still
a limited number of data on this subject.®

In this study, we aimed to investigate the role of serum lep-
tin and resistin levels in the pathogenesis of cancer cachexia to
evaluate whether these peptides are effective in predicting
cachexia and to investigate their effects on the quality of life of
the patients.

Materials and Methods
Study population

A total of 67 chemotherapy-naive patients who were admit-
ted to Medical Oncology Department for the first time and
were pathologically diagnosed as NSCLC were evaluated. A
written informed consent was obtained from each partici-
pant. The study protocol was approved by the Medical
Ethics Committee of Pamukkale University Medical Faculty
(no: 02/date: February 24, 2009). The study was conducted
in accordance with the principles of the Declaration of
Helsinki.

The patients at advanced stage (stage IIIB and stage IV)
whose performance status (PS) was 0, 1, 2 according to the
World Health Organization classification were included in the
study. The patients whose PS was 3 and worse on admission,
those with cranial metastasis or suspicion of cranial metastass,
patients aged 80years and above, those at early stage (I, II, and
IITA), those who were unwilling to give a written informed
consent, and those who refused to answer the questionnaire
were excluded from the study.

The control group consisted of a total of 20 healthy indi-
viduals without a known chronic disease. All individuals in the
control group were age and sex matched.

Age, sex, and anthropometric measurements of the patient
and the control groups, type of tumor, treatment, and pre-
treatment performances of the patients were recorded. The
presence of weight loss at the time of diagnosis was ques-
tioned. Weight loss at the time of diagnosis was defined as a

weight loss of more than 10% within the past 6 months.
Cachexia was defined as a BMI <20.

Biochemical analysis

Blood samples were taken before treatment in the patient
group, and blood samples were taken between 08:00 and
09:00 aMm following an 8- to 12-hour fasting in the control
group. A complete blood count was measured using the
CELL-DYN 3700 Systems and CELL-DYN Sapphire
device. Albumin, C-reactive protein (CRP), lactate dehydro-
genase, ferritin, glucose, insulin, and cortisol were measured
with Roche/Hitachi Cobas ¢ Systems, e 601 Module device.
For the analysis of IR, the homeostasis model assessment
(HOMA-IR) tool which provides practical examination of
B-cell function and IR using fasting glucose and insulin levels
was used. It was calculated as fasting insulin value (pIU/
mL) x fasting glucose level (mg/dL)/405. In healthy individu-
als, HOMA value is lower than 2.7, whereas values above 2.7
indicate IR.11

Furthermore, 6 mL of venous blood samples was taken from
both the patient and control groups, for leptin and resistin
analysis, were transferred to vacuumed tubes, and were centri-
fuged at 15000 rpm for 10 minutes. Serum was, then, separated
and stored in a deep freezer at -70°C. It was measured by
enzyme-linked immunosorbent assay (ELISA) (Digital and
Analog System, DAS, Palombara Sabina, Italy). The ELISAs
were performed by the Human Resistin and Human Leptin
ELISA kits obtained from Merck Millipore Corporation.
The cut-off values of leptin and resistin were calculated using
an automatic program. The cut-off values for leptin and resis-
tin were 5.5 and 4.9ng/mL, respectively. The values at and
below this value were evaluated as low, and the values above
this value were evaluated as high.

ﬂnt/yropomel‘ric measurements

Height, weight, waist circumference, hip circumference, arm
circumference, and triceps thickness were measured before
treatment in the patient group and on admission in the control
group. Height and weight measurements were performed on
an empty stomach in height-scale and calibrated weight-scale
device by a single investigator. The BMI was calculated accord-
ing to the following formula: weight (kg)/height? (m?). A BMI
value between 20 and 24.9kg/m? was defined as normal,
whereas BMI values above 25kg/m? were defined as over-
weight and obese.!? For the waist circumference, the narrowest
diameter between the costal arch and anterior posterior (supe-
rior) iliac spinous process was measured by tape and recorded.
For the hip circumference, the widest diameter through gluteus
maximus at the back and symphysis pubis on the front was
measured and recorded. The waist/hip ratio was calculated
(normal value is <0.95cm in men and <0.80cm in women).!2
The arm circumference was measured at the midpoint between
olecranon and acromion. Values below 18 cm in women and
below 20 cm in men were accepted as pathological values.!® For
the evaluation of subcutaneous fat tissue, triceps thickness was
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Table 1. A comparison of the patient and the control groups (mean+SD).

PATIENT (N=67)

Age,y 62.9+8.7
Age (below 55/above 55) 18/49

Sex (female/male) 5/62
Weight, kg 70.07+12.8
Weight loss (yes/no) 42/25
Smoking (yes/no) 54/13

BMI, kg/m? 254+49
Waist circumference, cm 89.4+11.6
Hip circumference, cm 95.5+7.8
Triceps thickness, mm 1.9+0.8
Arm circumference, cm 26.4+3.7
Hemoglobin, g/dL 12.8+1.7
Albumin, g/dL 41+0.4
CRP, mg/dL 5.7+6.1
LDH, IU/L 411.9+108.1
Leptin, ng/mL 8.5+1.6
Resistin, ng/mL 6.3+1.9

CONTROL (N=20) P VALUE
63.1£6.2 .988
2/18 169
4/16 .202
80.6+10.8 .002*
0/20 .042*
0/20 .027*
27.2+2.9 .078
98.2+7.6 .0001*

104.2+5.4 .0001*

3.6+0.5 .0001*
32.2+2.2 .0001*
14.5+1.0 .0001*

4.4+0.3 .014*

0.3+0.1 .0001*

1941 +71 .015*
12.8+2.4 .025*

4.4+0.5 .0001*

Abbreviations: BMI, body mass index; CRP, C-reactive protein; LDH, lactate dehydrogenase; n, number of patients; SD, standard deviation.

Results of Mann-Whitney U test.
*P <.05 indicates statistical significance.

measured at the midpoint of the distance between olecranon
and acromion in the unused arm 3 times using a special caliper
device, and the mean value was obtained. This value below
10mm in men and 13 mm in women was accepted as nutri-
tional deficiency.!3

Statistical analysis

Statistical analysis was performed using SPSS version 16.0,
for Windows software (SPSS Inc., Chicago, IL, USA). The
%2 square and Mann-Whitney U tests were used to compare
characteristics of the patient and control groups. The
Spearman and Pearson correlation tests were used for correla-
tion analysis. The Kaplan-Meier plot was used for overall
survival (OS) and progression-free survival (PFS) and time-
survival curves. Logistic regression analysis was conducted to
analyze factors affecting survival and progression. P<.05 was
considered statistically significant with a confidence interval

(CI) of 95%.

Results

The patient and control groups were compared in terms of age,
sex, anthropometric measurements, biochemical values, and
serum leptin and resistin values (Table 1).

We described a correlation between BMI and serum lep-
tin levels with Pearson correlation test (P<.01). However,
there was no correlation between serum resistin levels and
BMI (P=.18).

The increase in resistin levels was found to be statistically
significant in the patient group (P=.0001). Further analysis
among the patient group indicated that leptin levels were sig-
nificantly lower compared with controls (P=.025). The fre-
quency distribution of leptin and resistin in the patient and
control groups is shown in Table 2.

Of the 67 patients included in the study, 42 patients (62.7%)
had weight loss at the time of diagnosis. The characteristics of
the patients with and without weight loss at the time of diag-
nosis were compared (Table 3).

Although resistin levels were higher in patients who had
weight loss at the time of diagnosis, it did not reach statistical
significance (P=.054). In addition, leptin levels were lower in
patients who had weight loss at the time of diagnosis, indicating
statistical significance (P=.044). Of the 42 patients who had
weight loss at the time of diagnosis, progression was seen in 23
patients (54.8%) and exitus was seen in 25 patients (59.5%).

Leptin levels were 5.3-fold higher in obese patients
(P=.002) and 5-fold higher in patients with IR (P=.02). Other
remarkable findings are demonstrated in Table 4.
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Table 2. Frequency distribution of leptin and resistin in the patient and control groups.

PATIENT

Leptin Low (<5.5ng/mL)

High (>5.5ng/mL)

Resistin Low (<4.9ng/mL)

High (>4.9ng/mL)

Results of %2 test.
*P <.05 indicates statistical significance.

CONTROL
7 X2=4.357
P=.037*
13
15 ©=17.53
P=.0001*
5

Table 3. Characteristics of patients with and without weight loss at the time of diagnosis (mean+SD).

PATIENTS WITHOUT WEIGHT LOSS (N=25)

Sex (female/male) 0/25
Age, y 60.8+1.4
Histologic type (A/S/O) 6/18/1
Smoking (present) 19
Albumin, g/dL 4.2+0.0
Leptin, ng/mL 10.7+£2.5
Resistin, ng/mL 5.6+0.2
Patient status (exitus/alive) 15/10

PATIENTS WITH WEIGHT LOSS (N=42) P VALUE
5/37 .073
64.2+1.4 139
9/26/7 .299

35 .539
4.0+0.0 .027*
7.2+21 .044*
6.7+0.3 .054
25/17 .969

Abbreviations: A, adenocarcinoma; CT, chemotherapy; O, other; S, squamous cell carcinoma.

Results of Mann-Whitney test.
*P <.05 indicates statistical significance.

Table 4. Patients’ clinical features and high serum leptin/resistin level
relations.

HIGH LEPTIN LEVELS (NO. P VALUE
OF PATIENTS)
Sex (female/male) 20 5 .006*
Cachexia (x) 24 1 .04*
Comorbidity (+) 29 11 .034*
Smoking () 9 16 .007*
Anemia (+) 21 4 .004~
HIGH RESISTIN LEVELS P VALUE
(NO. OF PATIENTS)
Sex (female/male) 48 2 .08
CRP, mg/dL 46 4 .09

Abbreviation: CRP, C-reactive protein.
Results of the Fisher exact test.
*P <.05 indicates statistical significance.

Of the 67 patients, progression developed in 33 patients
(49.25%). The median PFS rate was 50.7% with a median PFS
of 60weeks (95% CI: 49.2-70.7). A total of 50% of the patients

had progression within a year. The median OS rate was 40.3%,
and median OS was 40weeks (95% CI: 10.5-69.4). One-year
and 2-year survivals in patients were 45% and 19%, respectively.
Only low levels of leptin was found to be a statistically signifi-
cant factor which affected OS (6.4-fold, P=.011) (Figure 1).

Discussion

In this study, we investigated the correlation between leptin
and resistin levels and nutritional status and disease progres-
sion in patients with advanced-stage NSCLC. We believe that
these findings would make a contribution to the literature by
assessment of adipokine levels, presentation of nutritional sta-
tus, and assessment of the length of life.

More than 90% of the patients with lung cancer define
complaints at the time of admission. In a previous study, it was
reported that only 6% of the patients with lung cancer were
without complaints, 27% had complaints related to primary
tumor, 27% had nonspecific systemic complaints, such as loss
of appetite and weight loss, and 32% had complaints suggest-
ing metastasis.# In this study, according to the medical history
and nutritional status, 92.5% of the patients had complaints at
the time of admission. The most common complaint was
weight loss, followed by sputum production. However, in the
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Figure 1. Kaplan-Meier overall survival curve of serum leptin levels.

previous studies, the most common complaint was dyspnea,
tollowed by hemoptysis.1415

In our study, BMI, waist circumference, hip circumference,
arm circumference, triceps thickness, hemoglobin, and albu-
min values in the patient group were found to be lower, com-
pared with the control group, due to the catabolic process, as
expected in patients with cancer. We found that others were
significant, except BMI.

Although there is no widely adopted definition of cancer
cachexia at the present time, the main symptoms are weight
loss and anorexia. However, there is a consensus for the defini-
tion of weight loss and the terminology used in the studies,
namely, weight change within the past 6 months.!® In this
study, the presence of weight loss of more than 10% within the
past 6 months was defined as weight loss. The patients with
weight loss constituted 62.7% of all patients in our study.

Furthermore, waist circumference, hip circumference,
waist/hip ratio, triceps thickness, arm circumference, BMI,
and albumin and hemoglobin levels were lower in patients
who had weight loss at the time of diagnosis. Consistent with
our study results, a previous study found a correlation between
weight loss and low albumin and hemoglobin levels in
patients with NSCLC.”

Leptin is produced more in subcutaneous fat tissue, com-
pared with the visceral fat tissue, and leptin levels have best
positive correlation with BMI and body fat ratio.!® In this
study, leptin level was found to be lower in patients with
cachexia. Leptin level was lower in patients with low BMI
and other anthropometric measurements. In our study, leptin
levels were lower in the patient group and in patients with
weight loss at the time of diagnosis and higher in patients
with BMI >25.

In the previous report presented by Wolf et al,’” it is found
that plasma leptin levels were gender dependent, and signifi-
cantly lower levels were found in cachectic women than among
cachectic men. However, their sample size was very small with
only 6 cachectic men and 12 cachectic women. Our study sam-
ple is also small. In our noncachectic patient group, there are 25

men and no woman. Our cachectic patient group consists of 5
women and 37 men. Further large-scale studies are required to
confirm gender differences.

Although the correlation between leptin levels and cancer
and cancer cachexia differs according to cancer types, it has not
been clearly established, yet. Leptin levels were found to be
lower in patients with colon?®?! and gastric cancers,?! whereas
they were higher in those with breast?? and ovarian cancers.??
In a previous study including 76 patients with advanced-stage
NSCLC and 30 healthy controls, BMI and serum leptin levels
were found to be significantly lower in the patient group,?*
consistent with our results. As acute-phase response, including
anorexia, hypercatabolism, and some cytokines, plays role in
the pathogenesis of cancer and cancer cachexia, we can suggest
that increased leptin levels can also have a role in the pathogen-
esis. It has been explained by leptin OB gene overexpression by
proinflammatory cytokine, TNF-o, and IL-1 which are
involved in the pathophysiology of cancer cachexia. However,
although acute-phase reactants (CRP, ferritin, platelets)
increased in the aforementioned study, as in our study, leptin
levels did not increase in contrast to this hypothesis. These
results demonstrate that although cytokines such as TNF-a,
IL-6,and IL-2 were unable to be evaluated in this study, leptin
production seems not to be induced with inflammatory pro-
cess, and leptin levels strongly show a correlation with adipose
tissues. Albumin, BMI, and other anthropometric measure-
ments, which are the indicators of nutritional status and loss of
adipose tissue, have a positive correlation with leptin, which
can be considered as evidence. Increased acute-phase reactants
can be correlated with low leptin levels and poor nutritional
status. Therefore, leptin can be regarded as a marker of nutri-
tional status, rather than an acute-phase reactant. This hypoth-
esis has been supported in previous studies related to chronic
obstructive lung disease and chronic heart failure, which also
have a course with cachexia.25:26

In a previous study including 20 NSCLC patients with
weight loss and 13 healthy controls, leptin values were found to
be significantly lower in the patient group. In the aforemen-
tioned study, weight loss, IL-6, and CRP were not associated
with leptin values.?” Adipokine productions were normal and
might be included in the pathogenesis both by its role in abnor-
mal fat metabolism and by its role in systemic inflammatory
response. In another study, leptin level was found to be signifi-
cantly lower in cachexic patients with GIS cancer, and low lep-
tin levels were correlated with both loss of adipose tissue and
increased inflammatory cytokines.?®

In a previous study including 101 patients with advanced-
stage NSCLC (76 patients without weight loss and 25
patients with weight loss) and 51 healthy controls, leptin lev-
els at the time of admission were found to be significantly
lower in the patient group and in patients with weight loss.?’
When leptin levels were remeasured at the end of the third
and sixth cycles of chemotherapy, these levels were found to
increase significantly. Furthermore, leptin levels were found
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to be higher during relapses. However, leptin levels in patients
who were responsive to chemotherapy were not found to be
different from the other group. In addition, there was no cor-
relation between leptin levels at the time of diagnosis and OS
and time to disease progression. Although a significant cor-
relation was not found with the time to disease progression,
the individuals with weight loss and poor performance were
prone to poor survival.

In another study conducted in patients with NSCLC,
leptin levels were found to be significantly higher during the
early period and significantly lower in advanced stage.303!
As leptin has proliferative and antiapoptotic effects, the
correlation between leptin or its receptors and colorectal
carcinoma,? breast cancer,3? and melanoma3* has been dem-
onstrated in many in vivo studies and in vitro cancer cell
cultures.3! In addition, leptin receptor expressions in breast,
ovary, bladder, endometrium, and hepatocellular cancer cells
have been in the in vivo setting.33> In these studies,
increased leptin levels were attributed to its proliferative
properties. Furthermore, it has been suggested that leptin
secretion secondary to weight loss during early period might
have increased as a compensatory response. Although the
number of studies on NSCLC is limited in the literature,
increased expression and polymorphism of leptin gene were
associated with lung cancer risk in a molecular study.3¢

Moreover, it has been suggested that resistin has a media-
tor role in the regulation of metabolism, particularly glucose
homeostasis, and it has a regulator role in adipogenesis and a
modulator role in inflammation process.3” Cell population
producing and expressing resistin in human beings are periph-
eral blood mononuclear cells, macrophages, and bone marrow
cells.3” In vitro macrophage stimulation and administration of
exogenous endotoxin result in increased resistin production.
As a result, it was found that higher resistin levels were pre-
sent in sepsis and other inflammatory diseases.3%% It is
thought that the role of resistin in this process is that it plays
a role in systemic inflammatory response through a potent
reciprocal interaction with cytokines such as TNF-a, IL-6,
and IL-10 which play a role in the regulation of systemic
inflammatory response, angiogenesis, cellular proliferation,
differentiation, and migration.3’

There are limited number of studies investigating the rela-
tionship between resistin and cancer.’ In this study, resistin
level was found to be higher in the patient group and male
patients. Although resistin level was higher in patients with
weight loss at the time of diagnosis, it did not reach statistical
significance. In a previous study including 41 patients with
breast cancer and 43 healthy controls, resistin levels were found
to be significantly higher in the patient group.*! Similar to this
study, resistin levels were found to be significantly higher in the
NSCLC patient group.?? Therefore, we concluded that
increased resistin levels not only originated from adipose tissue,
but it could be also related to monocyte activation during the
inflammatory process. In this study, a correlation between

resistin and age, sex, BMI, stage of the disease, OS, and time to
disease progression was unable to be identified. In addition, in
the aforementioned study, increased resistin levels were corre-
lated with poor performance, and the resistin levels in patients
with weight loss at the time of diagnosis were significantly
higher.?’ In this study, we can attribute high resistin levels in
patients with weight loss at the time of diagnosis without any
significance to the small sample size. High resistin values in
patients with weight loss at the time of diagnosis demonstrate
that resistin can play a role in hypercatabolic process. In this
study, median PFS time was shorter in patients with high resis-
tin levels; however, no effect on progression and survival was
shown.

In conclusion, leptin and resistin measurements were done
only at the time of diagnosis. The median PFS was shorter in
patients with high leptin values; however, it did not reach statis-
tical significance. Although median OS was higher in patients
with low leptin levels, it was significant. The leptin and resistin
ELISA kits which we applied in our study contain only 96
plates. Our sample was a total of 87 individuals (67 patients and
20 controls), and we spared the rest 9 plates as misapplications.
The small sample size and lack of measurements at the end of
the chemotherapy might have led to these results. Our study
results demonstrates that resistin levels were found to be higher
in patients with high CRP levels, which is an important proin-
flammatory cytokine in cancer and cancer cachexia; however, its
use as a diagnostic or prognostic marker is not yet possible, and
turther large-scale studies are required to confirm our findings.
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