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Abstract
Introduction: Ovarian cancer is most frequently detected in the advanced stage. Although its pathogenesis is not fully elucidated, it 
is assumed that body susceptibility and hormonal disorders are responsible. The role of some cytokines as predictors in the treatment 
process is still investigated. The aim of the study was to determine the relationship of adiponectin and leptin with the disease severity 
and response to chemotherapy.
Material and methods: Forty-three ovarian cancer patients were treated by systemic treatment. Patients received 5–7 cycles of chemo-
therapy — paclitaxel/carboplatin with or without bevacizumab. Using standard ELISA kits before and after chemotherapy, adiponectin 
and leptin concentrations were determined in the blood serum.
Results: The average adiponectin concentration before chemotherapy was found to be 8.83 ± 3.19 μg/ml, as compared to 10.37 ± 4.18 μg/ml 
(increase by 17.44%, p < 0.001) after treatment. Mean pre-treatment leptin concentration was 16.89 ± 15.54 ng /ml, and 21.77 ± 14.69 ng/ml  
after chemotherapy (increase by 28.89%, p < 0.01). A positive correlation was found between leptin concentration and age and BMI. There 
was no relationship of the disease severity with the response to treatment and the concentration of the adipokines. The leptin/adiponectin 
ratio (L/A) before treatment correlated with better response to chemotherapy.
Conclusions: Adiponectin and leptin did not correlate with the stage of ovarian cancer and response to chemotherapy. The L/A ratio may 
be considered a predictor of clinical response to treatment. (Endokrynol Pol 2019; 70 (1): 57–63)
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Streszczenie
Wprowadzenie: Rak jajnika wykrywany jest najczęściej w zaawansowanym stadium choroby. Jego patogeneza nie jest w pełni poznana, ale 
przyjmuje się, że odpowiedzialna jest za to podatność organizmu oraz zaburzenia hormonalne. Stale badana jest również rola niektórych 
cytokin jako czynników predykcyjnych w procesie leczenia. Celem pracy było określenie zależności pomiędzy stężeniem adiponektyny 
i leptyny a stopniem zaawansowania choroby oraz odpowiedzią na stosowaną chemioterapię.
Materiał i metody: Grupa badana składała się z 43 pacjentek leczonych systemowo z powodu raka jajnika. Po zakwalifikowaniu do le-
czenia pacjentki otrzymały chemioterapię: 5–7 cykli według schematu paklitaksel/karboplatyna bez bewacyzumabu lub z nim. Używając 
standardowych zestawów ELISA, przed chemioterapii i po niej oznaczono w surowicy krwi stężenie adiponektyny oraz leptyny. 
Wyniki: Stwierdzono, że średnie stężenie adiponektyny przed chemoterapią wynosiło 8,83 ± 3,19 µg/ml, natomiast po zakończeniu 
leczenia — 10,37 ± 4,18 µg/ml (wzrost o 17,44%; p < 0,001). Średnie stężenie leptyny przed leczeniem wynosiło 16,89 ± 15,54 ng/ml, na-
tomiast po nim — 21,77 ± 14,69 ng/ml (wzrost o 28,89%; p < 0,01). Wykazano dodatnią korelację pomiędzy stężeniem leptyny a wiekiem 
i wskaźnikiem masy ciała (BMI). Nie stwierdzono zależności pomiędzy stopniem zaawansowania choroby oraz odpowiedzią na leczenie 
a stężeniem badanych adipokin. Stwierdzono, że im mniejsza jest wartość wskaźnika leptyna/adiponektyna (L/A) przed leczeniem, tym 
lepszą uzyskuje się odpowiedź na zastosowaną chemioterapię.
Wnioski: Adiponektyna i leptyna analizowane oddzielnie nie korelują ze stopniem zaawansowania raka jajnika oraz odpowiedzią na 
chemioterapię, natomiast wartość wskaźnika L/A może być uważana jako czynnik predykcyjny odpowiedzi klinicznej na zastosowane 
leczenie. (Endokrynol Pol 2019; 70 (1): 57–63)
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Grzegorz Słomian, Oncological Ward, Independent Public Health Care Unit, Voivodeship Specialised Hospital No. 3, Energetyków 46, 
44–200 Rybnik, Poland; e-mail: 11gs66@wp.pl



58

PR
A

C
E 

O
RY

G
IN

A
LN

E

Selected cytokines in ovarian cancer patients	 Grzegorz Słomian et al.

colorectal cancer subjected to palliative chemotherapy 
resulting in disease stabilisation (SD) or partial response 
(PR), the levels of adiponectin (which exert anti-inflam-
matory effects) are increased, and the levels of visfatin 
and resistin (considered to exacerbate angiogenesis and 
proliferation of tumour cells) are decreased [17]. 

In the available literature, no similar observation has 
been made in patients with ovarian cancer. Therefore, 
the aim of the study was to examine the relationship 
of the concentrations of adiponectin and leptin with 
the stage of ovarian cancer and response to the chemo-
therapy used.

Material and methods

The study group consisted of 43 patients treated for 
ovarian cancer in the Oncology Department with the 
Haematology Subunit of Provincial Specialist Hospital 
No. 3 in Rybnik. Before chemotherapy, basic labora-
tory and imaging investigations were performed on 
patients to assess the disease severity and to qualify for 
treatment. In addition, 2.5 ml of blood were collected 
before and after chemotherapy completion, in which 
adiponectin and leptin levels were determined using 
standard ELISA kits. Patients received 5–7 cycles of 
chemotherapy with paclitaxel/carboplatin or paclitax-
el/carboplatin with bevacizumab (paclitaxel 175 mg/m2, 
carboplatin AUC 5–6, bevacizumab 15 mg/kg). The 
criteria for inclusion in the study were: 

—— histopathologically confirmed ovarian cancer;
—— indications for chemotherapy;
—— 18 to 80 years of age;
—— written informed consent for participation in the 
study. 
Exclusion criteria included lack of consent to par-

ticipate in the study. After explaining the purpose 
and principles of the study, all individuals gave their 
informed and voluntary consent to be included in 
the study. The study was approved by the Bioethical 
Committee of the Medical University of Silesia, Kato-
wice (No. KNW/022/KB1/69/12). The concentrations of 
adiponectin and leptin were determined in the blood 
serum obtained by collecting whole blood from the 
cubital veins in the morning on an empty stomach. 
After blood centrifugation at 1000 × g for 15 min at 
+4°C, the obtained serum was separated into labelled 
Eppendorf test tubes and frozen at –45°C until as-
sayed. Adiponectin and leptin concentrations were 
determined by the immunoenzymatic method using 
Human Adiponectin ELISA kits (BioVendor, Czech 
Republic) and Human Leptin ELISA (BioVendor, Czech 
Republic). The determinations were performed in ac-
cordance with the manufacturer’s protocol. The levels 
of adiponectin and leptin were determined on the basis 

Introduction 

Ovarian cancer is a malignant tumour that develops 
mainly in peri- and postmenopausal women. Statistical 
data show an increase in the incidence of ovarian cancer, 
which varies depending on geographical regions, races, 
ethnic groups, economic development, and economic 
status of the society. On a global scale, age-standardised 
disease rates per 100,000 women vary from 11 in Eu-
rope, through eight in the USA, to five in selected areas 
of Africa or four in South America (Brazil) (http://cdn.
intechopen.com). Unfortunately, ovarian cancer is most 
frequently detected in the advanced stage (III and IV ac-
cording to the FIGO classification), which significantly 
reduces the chance of a complete cure. The five-year 
survival rate for patients in the first stage of the disease 
is 70–80%, while in stage IV it is only 15–20% [1].

The causes of ovarian cancer are not fully under-
stood. However, it is assumed that the most important 
known factors that increase its risk include genetic 
predisposition, white race, nulliparity, infertility, and 
high-fat diet. The association of obesity with the risk 
of developing ovarian cancer is studied [2].

Experimental animal studies and clinical observations 
have shown that adipose tissue is no longer treated as 
an energy storage. Adipocytes have been shown to be ca-
pable of synthesising and releasing a series of biologically 
active substances exerting auto-, para-, and endocrine 
effects. Among many of them, leptin, adiponectin, resis-
tin, visfatin, and others are mentioned [3]. Interestingly, 
previous studies on adipokines have focused mainly on 
aspects related to diabetes, obesity, metabolic syndrome, 
cardiomyopathy, anorexia nervosa, eating disorders, or 
tendency for atherogenesis [4–9]. 

Recent reports, however, have indicated the involve-
ment of these substances in the aetiopathogenesis of 
cancer, mainly breast cancer, less frequently ovarian, 
colorectal, gastric and prostate cancers, and others. This 
direction of research was inspired by the detection of 
the relationship between obesity and increased inci-
dence of breast and colorectal cancer [10–12].

Using in vitro techniques, it was found that leptin 
may increase the proliferation and growth of ovarian 
cancer cell lines, activate the MAP kinase signalling 
pathway and inhibit tumour cell apoptosis [13]. Adi-
ponectin exhibits opposite effects [14]. It is also sug-
gested that the loss of leptin production capacity by 
tumour cells and reduced receptor expression for this 
protein with a simultaneous increased expression of 
adiponectin and its receptor may be related to cancer 
invasion potential [15]. Others have shown that low 
adiponectin levels in breast cancer patients are corre-
lated with the occurrence of subsequent breast cancer 
[16]. We have previously shown that in patients with 
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of a standard curve prepared for a series of dilutions 
available in the set of standards. Absorbance measure-
ments in the tested samples were carried out using 
a Mindray MW-12A camera at 450 nm. The sensitivity 
of the kit for adiponectin was 26 ng/ml; intra-serial and 
inter-serial errors were below 3.9–5.9% and 6.3–7.0%, 
respectively. Kit sensitivity for leptin was 0.2 ng/ml; 
intra-serial and inter-serial errors were 4.2–7.6% and 
4.4–6.7%, respectively.

Statistical analysis was performed in the Statistica 
12 and MS Excel 2013 programs. The values calculated 
for quantitative variables are presented as the arith-
metic mean with standard deviation (SD), median, or 
percentage. Statistical analysis was carried out with 
Kruskal-Wallis test. The Spearman test was used to 
assess the correlation. Statistical significance was con-
sidered at p < 0.05.

Results

A total of 43 people aged 36 to 81 years (median 62 years) 
took part in the study. The average body weight was 
65.91 ± 13.66 kg, while the height was 158.55 ± 6.25 cm. 

Body mass index (BMI) was 26.22 ± 5.31 kg/m2. The av-
erage adiponectin concentration before chemotherapy 
was found to be 8.83 ± 3.19 μg/ml, as compared to 
10.37 ± 4.18 μg/ml after treatment (increase by 17.44%, 
p < 0.001). Mean pre-treatment leptin concentration 
was 16.89 ± 15.54 ng/ml, compared to 21.77 ± 14.69 
ng/ml after treatment (increase by 28.89%, p < 0.01) 
(Tab. I–II). After 5-7 cycles of chemotherapy, the disease 
was stable (SD) in 26% of the patients, partial response 
(PR) was observed in 30%, and complete remission 
(CR) in 8%. Progressive disease (PD) was noted in 9% 
of the patients, and patients who underwent adjuvant 
chemotherapy accounted for 26% (Fig. 1). A positive 
correlation was found between leptin concentration 
and age and BMI. Such a relationship was not observed 
in relation to leptin. The severity of the disease (FIGO 
classification) showed no correlation with the Ca 
125 marker, response to the treatment used, and the 
concentration of adipokines tested (Tab. III, Fig. 2–5). 
A statistically significant correlation was found between 
the L/A ratio (before treatment) and treatment effects, 
i.e. the lower the rate the better the clinical response. 
Such dependence was not observed after chemotherapy 

Table. I. Patients characteristics and adiponectin, and leptin levels (n = 43)
Tabela. I. Charakterystyka pacjentów oraz stężenia adiponektyny i leptyny (n = 43)

n Mean 
value

Median 
value Min. Max. 25th quartile 

value
75th quartile 

value SD

Age [years] 43 59.44 62.00 36.00 81.00 51.00 66.00 10.37

Weight [kg] 43 65.91 67.00 44.00 100.50 54.50 73.00 13.66

Height [cm] 43 158.55 160.00 142.00 169.00 154.00 163.00 6.25

BMI [kg/m2] 43 26.22 25.97 16.51 41.83 23.04 29.09 5.31

Adiponectin 
[µg/ml]

Before (I) 43 8.83 7.98 2.84 23.27 7.38 9.80 3.19

After (II) 43 10.37 9.47 3.76 26.71 7.51 12.34 4.18

Subtraction (II–I) 43 1.54 1.49 0.92 3.44 0.13 2.54 0.99

Leptin  
[ng/ml]

Before (I) 43 16.89 10.31 1.36 57.69 4.25 30.05 15.54

After (II) 43 21.77 18.85 1.38 57.07 7.35 34.70 14.69

Subtraction (II–I) 43 4.87 8.54 0.02 –0.62 3.10 4.65 –0.85

SD — standard deviation; BMI — body mass index

Table II. Adiponectin and leptin plasma level in patients before and chemotherapy treatment (n=43)
Tabela II. Stężenie adiponektyny i leptyny w osoczu u chorych przed chemioterapią i po zakończeniu leczenia (n = 43)

Before 
chemotherapy

After  
chemotherapy Change 

(%)

Before 
chemotherapy

After 
chemotherapy

p value W
ilcoxon  

signed-rank test

Mean 
value SD Mean 

value SD Median Median

Adiponectin [µg/ml] 8.83 3.19 10.37 4.18 17.44 7.98 9.47 < 0.001

Leptin [ng/ml] 16.89 15.54 21.77 14.69 28.89 10.31 18.85 < 0.01

SD — standard deviation
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termination (Table IV). To exclude the impact of BMI 
on the conclusions that have been drawn from the 
L/A ratio and treatment response, additional statistics 
were performed, i.e. clinical responses were indepen-
dent variables and BMI was a dependent variable. We 
showed no differences between examined groups of 
patients (Kruskal-Wallis test; H = 4.516; p = 0.341), 
which means that BMI was not a factor that affected 
the L/A ratio and the treatment output.

Discussion

Previous studies indicate that the decreased serum con-
centration of adiponectin and elevated concentration of 
leptin are characteristic of obesity and associated with 
a higher risk of endometrial cancer and breast cancer 
[18]. In the case of ovarian tumours, the findings are 
ambiguous. Tessitore et al. [19] found increased levels 
of leptin and its mRNA in patients with ovarian cancer, 

which was accompanied by elevated levels of FSH. The 
authors suggest that leptin can stimulate the production 
of sex hormones, whose role in the formation of female 
genital cancers is proven. The obtained results contrast 
with those reported by other authors who failed to 
find a significant difference in the concentration of 
leptin between patients with ovarian cancer and the 
control group (women with mild adnexal lesions) [20]. 
However, Jin et al. [21] analysed the concentrations of 
adiponectin and leptin in 52 patients with ovarian can-
cer, referring the results to the control group (50 women 
with mild disorders of the reproductive organs). They 
showed that both adiponectin and leptin concentra-
tions in patients with ovarian cancer were significantly 
lower than in healthy subjects, i.e. 8.25 vs. 11.44 μg/mL 
and 7.09 vs. 15.4 ng/mL, respectively. Interestingly, they 
also showed that there was no relationship between the 

Adjuvant; 26%

PD; 9%

CR; 9%

PR; 30%

SD; 26%

Figure 1. Clinical response to chemotherapy (n = 43): 
CR — complete response; PR — partial response; SD — stable 
disease; PD — progression disease
Rycina 1. Odpowiedź kliniczna na chemioterapię (n = 43); 
CR — odpowiedź całkowita; PR — odpowiedź częściowa;  
SD — stabilizacja choroby; PD — progresja choroby

Table III. Leptin and adiponectin plasma level in patients according to age, BMI, FIGO staging, and CEA (n=43)
Table III. Stężenie adiponektyny i leptyny w osoczu u chorych w zależności od wieku, BMI, zaawansowania wg FIGO 
oraz CEA (n = 43)

Chemotherapy
Age BMI FIGO staging CEA  

(before CHTH)
CEA  

(after CHTH)

R Spearm
an

R p value R p value R p value R p value R p value

Adiponectin [µg/
ml]

Before –0.103 0.508 –0.234 0.131 0.066 0.673 –0.580 0.708 – –

After 0.022 0.890 –0.005 0.974 –0.040 0.798 – – –0.259 0.093

Leptin [ng/ml]
Before 0.301 < 0.05 0.491 < 0.05 –0.172 0.269 –0.121 0.437 – –

After 0.335 < 0.05 0.563 < 0.05 –0.011 0.942 – – –0.038 0.804

CHTH — chemothetrapy; BMI — bod mass index; FIGO — The International Federation of Gynecology and Obstetrics; CEA — carcinoembryonic antigen
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Figure 2. Adiponectin level before chemotherapy and clinical 
response (n = 43). CR — complete response; PR — partial 
response; SD — stable disease; PD — progression disease
Rycina 2. Stężenie adiponektyny przed chemotherapią i odpowiedź 
kliniczna (n = 43). CR — odpowiedź całkowita; PR — odpowiedź 
częściowa; SD — stabilizacja choroby; PD — progresja choroby
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concentration of adipokines and the disease severity 
(according to the FIGO classification), which is in line 
with the results of the current study. Others in a cohort 
study of patients with ovarian cancer concluded that 
leptin positively correlated with BMI, although no such 
correlation was noted for adiponectin (as in the cur-
rent study). Using Kaplan-Meyer survival curves, the 

authors cited showed that patients with low leptin/adi-
ponectin (L/A) ratio had statistically longer survival 
times (57 months) than those with higher L/A ratio 
(49 months) [22]. In the present study we found a sta-
tistically significant correlation between the L/A ratio 
(before treatment) and the effects of treatment, i.e. the 
lower the ratio, the better the clinical response. Such 
a correlation was not observed after chemotherapy 
termination. Grabowski [23], who recruited 70 patients 
to his study, 42 with ovarian cancer and 28 with mild 
adnexal lesions (control), observed lower levels of leptin 
in patients with ovarian cancer than in the control 
group. The analysis in the group of patients with ovar-
ian cancer showed that the mean leptin concentration 
was significantly higher in patients with lower stages 
of advancement, i.e. stage I and II as compared to stage 
III and IV. These results contrast with our current find-
ings, which revealed no correlation between the disease 
severity and leptin concentration (similar results were 
obtained by Jin et al. [21]). Worthy of note is also the 
disproportion in the number of study subjects in groups 
(statistical limitations) — in our study patients with 
I and II FIGO accounted only for 12% (five women), 
whereas in the study conducted by Grabowski it 
amounted to 29% (12 women). Interestingly, Grabowski 
also observed that leptin concentration significantly in-
creased after termination of treatment (chemotherapy), 
from 11.725 ± 10.497 ng/ml to 17.940 ± 11.193 ng/ml 
(increase by 53%), which is consistent with the results 
of our research (16.89 ± 15.54 ng/ml vs. 21.77 ± 14.69, 
an increase of 29%). Previously, we also showed that in 
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Figure 3. Leptin level before chemotherapy and clinical response 
(n = 43). CR — complete response; PR — partial response;  
SD — stable disease; PD — progression disease
Rycina 3. Stężenie leptyny przed chemotherapią i odpowiedź 
kliniczna (n = 43). CR — odpowiedź całkowita; PR — odpowiedź 
częściowa; SD — stabilizacja choroby; PD — progresja choroby

Figure 5. Leptin level after chemotherapy and clinical response 
(n = 43). CR — complete response; PR — partial response;  
SD — stable disease; PD — progression disease
Rycina 5. Stężenie leptyny po chemotherapią i odpowiedź 
kliniczna (n = 43). CR — odpowiedź całkowita; PR — odpowiedź 
częściowa; SD — stabilizacja choroby; PD — progresja choroby
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Figure 4. Adiponectin level after chemotherapy and clinical 
response (n = 43). CR — complete response; PR — partial 
response; SD — stable disease; PD — progression disease
Rycina 4. Stężenie adiponektyny po chemotherapii i odpowiedź 
kliniczna (n = 43). CR — odpowiedź całkowita; PR — odpowiedź 
częściowa; SD — stabilizacja choroby; PD — progresja choroby
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patients with colorectal cancer the levels of adiponec-
tin and leptin increased, although this applied only to 
patients with partial response (PR) and stable disease 
(SD), but not to patients with progressive disease (PD) 
[24]. While the increase in adiponectin levels seems to 
be beneficial because it is believed to have antiprolifera-
tive and anti-angiogenic properties [25–27], the increase 
in leptin may be difficult to interpret. It is known that 
leptin binds to specific leptin receptors (LEPR), which 
leads to the activation of signalling pathways of MAP 
kinases (p38 and ERK1/2) and JAK/STAT pathways [28]. 
As mentioned in the introduction, in vitro models have 
shown that leptin may increase the proliferation and 
growth of ovarian cancer cell lines, activate the MAP 
kinase signalling pathway, and inhibit tumour cell 
apoptosis [13]. The clinical references for these studies 
are the observations made by Kumar et al. [29], who 
did not find differences in survival between patients 
with high and low leptin expression or high and low 
LEPR expression in tumour tissue. However, patients 
who had higher (more than median) co-expression of 
leptin and LEPR (in tumour tissue) had significantly 
shorter survival. Therefore, when determining the 
role of adipokines in the process of neoplasia, tumour 
microenvironment should be looked at more closely, 
whereas serum adipokines (in cancer patients) should 
be assessed rather in the aspect of the impact of pro-
inflammatory cytokines (secreted by tumour tissue, 
e.g. TNF, interleukin-1, interleukin-6) on the body’s 
metabolism and hormonal activity of adipose tissue 
[30]. It seems that tumour mass reduction under the 
influence of chemotherapy results in reduced release 
of various proinflammatory cytokines, which can also 
change the endocrine function of adipose tissue, includ-
ing the secretion of adipokines.

Conclusions

Adiponectin and leptin analysed separately do not 
correlate with the stage of ovarian cancer and response 
to chemotherapy. However, the L/A ratio may be con-
sidered a predictor of clinical response to treatment. 
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