
Summary
Introduction. There is a need for the development of new biomarkers for diagnosis and prognosis of ovarian cancer, which can ideally serve 
as targets for new therapeutic modalities and individualization of treatment. The objectives of this study were to determine the prognostic 
significance of the neutrophil/lymphocyte ratio in the peripheral blood of patients with ovarian cancer and tumor staging, and to associate 
this marker with the immune expression of a panel of cytokines.
Methods. The study included 24 patients with malignant ovarian neoplasia treated at the Pelvic Mass Outpatient Clinic of the Clinical Hos-
pital of the Federal University of Triângulo Mineiro. The neutrophil/lymphocyte ratio was calculated as the absolute number of neutrophils 
divided by the absolute number of lymphocytes. Expression of the cytokines was evaluated by the immunohistochemistry method (IL2, IL5, 
IL6, IL8, IL10 and TNF-R1). Fisher’s statistical test was used for the comparisons of immunohistochemical expression with the neutrophil/
lymphocyte ratio, and the unpaired T-Test was used in the analysis of the association of this ratio with tumor staging.
Results. A neutrophil/lymphocyte ratio > 2.6 was significantly higher in the more advanced stages (II-IV) of malignant ovarian neoplasia 
(p = 0.0098). In addition, this ratio > 2.6 was associated with IL2 stromal immunostaining (1-3) (p = 0.0472). 
Conclusion. Stromal IL-2 is associated with higher a neutrophil/lymphocyte ratio, suggesting a worse prognosis in ovarian cancer and its 
role in tumor immunology; a neutrophil/lymphocyte ratio > 2.6 is associated with more advanced stages of malignant ovarian neoplasia.
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Introduction

Ovarian cancer is one of the types of gynecological 
tumors that cause the most deaths worldwide, pre-
senting a law overall survival rate. It is an insidious dis-
ease and is commonly diagnosed in more advanced 
stages 1. The American Cancer Society estimates that 
about 22,440 women will have a new diagnosis of 
the disease in the United States by 2017, and about 
14,080 will die of disease 2 3.
Ovarian cancer has a strong association with inflam-
mation, and it is well known that inflammation is as-
sociated with different stages of tumor development, 
including initiation, promotion, malignant conversion, 
invasion and metastasis appear to be regulated by cy-

tokines  4 5. Therefore, several systemic inflammatory 
markers may have potential applications in the predic-
tion of poor prognosis 6-8.
In recent years, laboratory quantification of systemic 
inflammatory response markers such as C-reactive 
protein (CRP), absolute leukocyte count, neutrophil/
lymphocyte ratio (NLR) and platelet/lymphocyte ra-
tio (RPL) were introduced as prognostic factors in 
patients with various types of malignant neoplasms, 
including ovarian cancer 9. Studies involving the neu-
trophil/lymphocyte (NLR) ratio as an inflammatory 
marker have shown favorable results, suggesting that 
it can be used as a significant predictor of malignancy 
for solid tumors originating from various tissues 10.
There is a need for the development of new biomark-
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ers for diagnosis and prognosis of ovarian cancer, 
which can ideally serve as targets for new therapeutic 
modalities and individualization of treatment 11.
The objectives of this study were to determine the 
prognostic significance of NLR in ovarian cancer pa-
tients, and to verify the stromal expression of cyto-
kines (IL2, IL5, IL6, IL8, IL10 and TNF-R1) in malig-
nant ovarian neoplasia.

Materials and methods

We prospectively evaluated 24 patients with malignant 
ovarian neoplasia treated at the Pelvic Mass Ambula-
tory of the Discipline of Gynecology and Obstetrics/
Oncology Research Institute (IPON), Federal Univer-
sity of Triângulo Mineiro - UFTM, submitted to surgical 
treatment according to established criteria, from 2009 
to December 2013 and with subsequent histological 
diagnosis of epithelial ovarian cancer confirmed by 
the pathologist. The criteria for exploratory laparotomy 
were: anechoic cysts with a maximum diameter of 
less than 7.0 cm and persistence of alteration for more 
than 6 months and normal tumor markers; altered tu-
mor markers; anechoic cysts with a maximum diam-
eter greater than or equal to 7.0 cm; ovarian masses 
with solid contents, presence of intracystic vegetation, 
thick septa, 2 or more fine septa; Color Doppler with 
resistance index less than or equal to 0.4 12 13.
The study was analyzed and approved by the Re-
search Ethics Committee of the Federal University of 
Triângulo Mineiro. Written informed consent was ob-
tained from each patient or their family members.
The inclusion criterion was the postoperative diagnosis 
of primary malignant epithelial ovarian neoplasm by the 
anatomic-pathological paraffin. Exclusion criteria were 
torsion of the adnexal pedicle, malignant secondary 
ovarian neoplasia (metastasis), antineoplastic treat-
ment prior to surgery (Chemotherapy), and relapse.
The anatomopathological study was carried out by 
the Special Pathology Discipline (UFTM) in paraffin-
embedded sections, and the cases were reviewed by 
an observer of the Special Pathology discipline, in or-
der to choose the best cuts for immunohistochemical 
study. The anatomopathological evaluation and the 
tumor staging of the cases were performed according 
to the International Federation of Gynaecology and 
Obstetrics (FIGO) criteria 14.

ImmunohIstochemIstry

We performed an immunohistochemical study of the 
cytokines (IL2, IL5, IL6, IL8, IL10 and TNF-R1) and 
its reading in the stromal compartment of malignant 
epithelial ovarian neoplasms, as detailed below.

The specimens obtained by surgical resection were 
processed in paraffin and reviewed by an experi-
enced pathologist. The selected cases were submit-
ted to new cuts (4 μm) on silanized slides (ATPS - 
Silano, Sigma® A3648), using the Novolink™ Polymer 
Detection System. The slides were kept in a green-
house (56 °C, 24 h) and then dewaxed (3xylol baths, 
5 min each) and dehydrated (three baths of absolute 
alcohol and one 80% alcohol bath, 10 sec each). Af-
ter, the slides remained in the bath (PBS, pH 7.2, 5 
min) for hydration.
Recovery of the antigens was then performed. The 
slides were placed in cytology tubes containing 10 
mM citrate buffer (pH 6.0) or Tris-EDTA, as directed by 
the manufacturer, and placed into a Pascal pan, which 
was quenched with distilled water to the limit indicated 
for 30 minutes at a temperature of 100 °C. Next, the 
tubes were removed from inside the pan and placed 
on the bench for its cooling.
To neutralize the endogenous peroxidase the Peroxi-
dase Blocker was used for 5 minutes. Washed in PBS 
for 5 minutes. Incubated with Protein Blocker for 5 min-
utes. The slides were washed with PBS for 5 minutes. 
The sections were incubated overnight at 4°C with a 
primary antibody.
The primary antibodies used were IL-2 Antibody (H-
133; Rabbit polyclonal IgG; sc-7896; Lote #H0811; 
Santa Cruz Biotechnology, Inc.; Dallas, Texas), IL 5 
Antibody (H-85; Rabbit policlonal IgG; sc-7887; Lote 
D0708; Santa Cruz Biotechnology, Inc.; Dallas, Tex-
as), NLC-L-IL-6 Antibody (Mouse Monoclonal; Lote 
L155309; Leica Biosystems Nussloch; Nussloch, Ger-
many), IL-8 RB (E-2) Antibody; Mouse Monoclonal 
IgG; sc-7304; Lote F1510; Santa Cruz Biotechnology, 
Inc.; Dallas, Texas), IL 10 Antibody (Polyclonal; Lote 
11042807; cat nº  250713; ABBIOTEC; San Diego), 
p-TNF-R1 (ser 274) Antibody (Rabbit policlonal IgG; 
Lote B0509; sc-130220; Santa Cruz Biotechnology, 
Inc.; Dallas, Texas).
After overnight incubation at 4° C with specific anti-
body, the slides were placed at room temperature (15 
min), washed (PBS) for 5 minutes and dried. Incu-
bated with Primary Powder for 30 minutes. Washed in 
PBS for 5 minutes. Incubated with Novolink™ Polymer 
for 30 minutes. Washed in PBS for 5 minutes.
After washing in PBS, the slides were developed by 
chromogen solution (Diaminobenzidine-DAB) for 5 
min. Following this, the slides were washed (running 
water) and counterstained in Harris hematoxylin. Fi-
nally, the slides were immersed in 3 baths of absolute 
alcohol (10 seconds each), to remove excess water, 
1 xylene bath phenicate and 3 xylol baths (5 minutes 
each). The coverslips were added on the blades with 
entellan for further analysis.
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Positive and negative controls were used. Two observ-
ers evaluated the slides. The intensity of immunostain-
ing in the stroma was subjectively assessed using 0 
to 3: 0 (no labeling), 1 (weak labeling), 2 (moderate 
labeling), 3 (strong labeling) 15.

neutrophIl/lymphocyte ratIo

The absolute values of neutrophils and lymphocytes 
were collected from the preoperative hemogram. NLR 
values were obtained by dividing the absolute number 
of neutrophils by the absolute number of lymphocytes. 
It was used as a cutoff value for this relationship 2.6, 
based on previous studies in patients with ovarian epi-
thelial cancer 6 16 17.

statIstIcal analysIs

The data were analyzed with GraphPad Prism soft-
ware. Unpaired T-test was used to compare NLR and 
tumor staging, and Fisher’s exact test was used to com-
pare the cytokines and NLR immunostaining. In the im-
munohistochemical study, agreement among the three 
observers was performed through kappa: κ < 0.4: weak 
agreement; 0.4 ≤  κ < 0.8: moderate agreement; 0, 8 ≤  
κ < 1, 0: strong agreement; κ = 1.0: perfect agreement 18. 
Differences were considered significant at p < 0.05. All 
discordant cases were reevaluated, and the result was 
defined by consensus. Fisher’s exact test was used, 
with a level of significance lower than 0.05.

Results

The mean age of the patients analyzed was 48.3 
(±  14.4) years. The histological diagnosis of the 
24 cases of malignant ovarian neoplasms was: 9 
(37.5%) borderline mucinous tumors, 8 (33.3%) se-
rous cystadenocarcinomas, 2 (8.3%) mucinous cys-
tadenocarcinoma, 1 (4.2%) borderline serous tumor, 
2 (8.3%) adenocarcinomas, 1 (4, 2%) clear cell car-
cinoma and 1 (4.2%) endometrioid adenocarcinoma 
(Tab. I).
In relation to the staging 14, 12 (50.0%) had staging I, 
1 (4.2%) staging II, 9 (37.5%) staging III and 2 (8.3%) 
staging IV. Regarding tumor grade 14, they were clas-
sified in 1, 2 or 3, according to the cell differentiation. 
Ten (41.7%) patients had histological grade 1, 10 
(41.7%) had histological grade 2, and 4 patients had 
histological grade 3 (16.6%).
NLR  >  2.6 was significantly higher in the more ad-
vanced stages (II-IV) of malignant ovarian neoplasia 
(p = 0.0098) compared to stage I (Fig. 1). In addition, 
NLR  >  2.6 had association with stromal expression 
(staining 1-3) of IL2 compared to immunolabeling 0 
(p = 0.0472) (Tab. II).

There was no statistical significance in relation at oth-
er cytokines studied. NLR > 2.6 there was no associ-
ation with stromal expression (staining 1-3) compared 
to immunolabeling 0 of IL6 (p = 0.1049), IL5, IL8, IL10 
and TNF-R1 (p = 1.0000).

Tab. I. Histological diagnosis and histological grade (FIGO) 

of the malignant and borderline ovarian neoplasms (Raspolini 
et al., 2007) 4.

Malignant and borderline 
ovarian neoplasms 

(n = 24)
n %

Borderline mucinous tumors
Grade 1 = 9 (100%)

9 37.5

Serous cystadenocarcinoma
Grade 2 = 7 (87.5%)
Grade 3 = 1 (12.5%)

8 33.3

Mucinous cystadenocarcinoma
Grade 2 = 2 (100%)

2 8.3

Adenocarcinoma
Grade 2 = 1 (50%)
Grade 3 = 1 (50%)

2 8.3

Endometrioid adenocarcinoma
Grade 3 = 1 (100%)

1 4.2

Clearcell carcinoma
Grade 3 = 1 (100%)

1 4.2

Borderline serous tumor
Grade 1 = 1 (100%)

1 4.2

Tab. II. Association of stromal IL-2 immunostaining with 
NLR.

IL-2 staining 
0

IL-2 staining 
1, 2, 3

NLR > 2, 6 (n = 11) 2 (18.2%) 9 (81.8%)*
NLR ≤  2, 6 (n = 13) 8 (61.5%) 5 (38.5%)

Fisher’s exact test, *p = 0.0472.

Fig. 1. Association of NLR > 2.6 with stages II-IV of ovarian 
epithelial cancer (p = 0.0098).
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Discussion

Ovarian cancer is associated a low survival rate, and 
high morbidity and mortality. This is mainly due to late 
diagnosis and ineffective screening methods. New 
strategies need to be identified to define new prog-
nostic factors for ovarian neoplasia 19.
Prognostic factors defined by correlation with survival 
generally reflect the extent of disease (stage), intrin-
sic tumor biology (type and histologic grade), and the 
patient’s ability to tolerate treatment for the disease 20.
Inflammatory biomarkers of peripheral blood, such as 
the neutrophil/lymphocyte ratio, have been used as 
prognostic markers in solid tumors, including as ovar-
ian tumors 6 9.
Inflammation has been recognized as one of the hall-
marks of almost all human cancers. The tumor-related 
inflammatory microenvironment could facilitate tumor 
growth and metastasis by sustained proliferation, in-
hibiting apoptosis, inducing the epithelial-mesenchy-
mal transition, initiating angiogenesis and suppressing 
host anti-tumor immunity. For epithelial ovarian cancer, 
epidemiological studies have revealed pelvic inflam-
matory diseases may increase risk, while inflamma-
tion caused by incessant ovulation remains one of the 
well-accepted hypotheses of its carcinogenesis 6. It is 
possible to identify an important relation in neutrophil 
and lymphocyte counts and the risk of patients regard-
ing the complications and poor prognosis in malignant 
ovarian diseases. This immunological understanding 
allows new therapies, with prognostic evaluation and 
improvement in patients’ quality of life 8.
In the study by Li et al. (2017)  6, preoperative NLR 
was elevated in ovarian epithelial cancer, and was sig-
nificantly associated with characteristics of high tumor 
burden and advanced stages of the disease. Also, two 
independent studies with colorectal cancer added evi-
dence to this hypothesis. Chenet al. (2015) 21 indicated 
that an NLR > 5 was associated with poor prognosis 
in metastatic colorectal cancer and was correlated 
with increased expression of inflammatory cytokines, 
such as interleukin 6 (IL-6), IL-8, IL-2, HGF, macro-
phage colony stimulating factor (M-CSF), and epider-
mal vascular growth factor (VEGF). In our study, when 
comparing peripheral blood RLN in patients with ma-
lignant ovarian neoplasia and its tumor staging, the 
NLR > 2.6 is associated with more advanced stages 
of malignant ovarian neoplasia (p = 0.0098).
The presence of high levels of IL-2 receptors has been 
found in the serum of patients with various types of 
solid tumors 22 23. In malignant ovarian neoplasia, an 
increase in IL-2 receptor concentrations can be found 
in more advanced stages and may play a role in pre-
dicting the risk of recurrence 24. Serum IL-2 receptor 

levels have been found to be significantly elevated in 
ovarian cancer patients compared to benign gyneco-
logical tumors and healthy patients, and may reflect 
the status of the immune system and the severity of 
the disease, being a possible marker of prognosis 25. 
Jammal et al. (2016) 26 demonstrated stronger IL-2 im-
munostaining in malignant neoplasms compared to 
benign ovarian neoplasms, and there was a strong 
immunostaining relationship with histological grade 3 
in malignant ovarian neoplasms. Our findings are con-
sistent with these studies; stromal immunoexpression 
of IL-2 (1-3) was associated with NLR > 2.6.
There was no statistical significance in relation at oth-
er cytokines studied. It is important to note that there is 
a heterogeneous response of the cytokine expression 
profile, in these pathways may reflect underlying differ-
ences in stroma biology and inflammatory response 
intrinsic to the various sites 27.
The main limitation of the study is the small sample 
of patients. Other studies with a larger number of pa-
tients are needed to clarify the role of IL-2 and other 
cytokines in the prognosis and progression of ovarian 
cancer.

Conclusion

Stromal IL-2 is associated with a high  neutrophil/lym-
phocyte ratio, suggesting poorer prognosis in ovarian 
cancer and its role in tumor immunology; a neutrophil/
lymphocyte ratio  >  2.6 is associated with more ad-
vanced stages of malignant ovarian neoplasia.
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