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Abstract
Purpose InXammatory cells can both suppress and stimu-
late tumor growth, and the inXuence of inXammatory cells
on clinical outcome has been the focus of many studies.
The purpose of this study was to evaluate the eVectiveness
of the neutrophil to lymphocyte ratio (NLR), a measure of
the systemic inXammatory response, as an additional dis-
criminative biomarker in epithelial ovarian cancer and to
determine whether it predicts survival and recurrence.
Methods We studied 192 patients with epithelial ovarian
cancer, 173 with benign ovarian tumors, 229 with benign
gynecologic disease, and 405 healthy controls. Serum CA125
levels and leukocyte counts according to subtypes were
recorded prior to treatment in all study subjects. In epithelial
ovarian cancer, the diagnostic usefulness of NLR, in combina-
tion with CA125, was evaluated. The correlation between
NLR and overall and disease-free survival was analyzed using
both univariate and multivariate analyses adjusting for the
known prognostic factors (age, stage, cell type, and grade).
Results Preoperative NLR in ovarian cancer subjects
(mean 6.02) was signiWcantly higher than that in benign
ovarian tumor subjects (mean 2.57), benign gynecologic

disease subjects (mean 2.55), and healthy controls (mean
1.98) (P < 0.001). The sensitivity and speciWcity of NLR in
detecting ovarian cancer was 66.1% (95% CI, 59.52–
72.68%) and 82.7% (95% CI, 79.02–86.38%), respectively
(cutoV value: 2.60). In early stage ovarian cancer, CA125
was not elevated in 19 out of 49 patients. Seven (36.8%) of
these 19 patients were NLR positive. On Cox multivariate
analysis, NLR positive, stage III/IV, and older age were
independent poor prognostic factors, and being NLR posi-
tive was the most powerful predictive variable (Hazard
Ratio = 8.42 [95% CI: 1.09–64.84], P = 0.041).
Conclusions Our Wndings provide evidence for the asso-
ciation between NLR and epithelial ovarian cancer. Preop-
erative NLR, in combination with CA125, may represent a
simple and cost-eVective method of identifying ovarian
cancers, and an elevated NLR may predict an adverse out-
come in ovarian cancer.
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Introduction

Ovarian cancer is the most lethal gynecological cancer
worldwide. Because early stage disease is often asymptom-
atic, the majority of cases present late [1] when little can be
done to cure the disease. However, when discovered in
early stage, either due to fortuity or presence of symptoms,
prognosis is usually excellent, with 5-year survival exceed-
ing 90% [2]. If screening programs using eVective tests per-
formed at regular intervals could identify ovarian cancer in
its early stages, a relatively simple operation would be suY-
cient to treat most ovarian cancer patients.
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Currently, clinicians rely on a combination of serum
CA125 levels and imaging to diagnose ovarian cancer in
patients. However, due to the low sensitivity of CA125 test-
ing and the cost ineVectiveness of imaging studies, the cur-
rently used tests are not adequate for early detection [3].
Thus, there is an urgent need for new ovarian cancer bio-
markers that could improve sensitivity for the early detec-
tion of ovarian cancer. The ideal test would detect ovarian
cancer when it is at an early stage, at low volume, and prior
to occurrence of any symptoms.

Numerous ovarian cancer serum biomarkers have been
identiWed by both genomic and proteomic approaches and
evaluated alone or in combination with CA125 [4–6]. How-
ever, any biomarker or combination of biomarkers has not
yet been determined to be ideal. Given that no biomarker
has been found to surpass CA125 as an diagnostic marker
of ovarian cancer in the last 40 years, together with the new
technologies available for biomarker discovery, Wnding
new markers that can increase the sensitivity of CA125 by a
combination of hematologic, inXammatory, or immuno-
logic markers is warranted [7].

Assessment of the inXammatory response to the tumor
may be easier and more cost-eVective in clinical practice.
Recently the role that the immune system plays in disease
cessation or progression has been examined [8], and
hematological markers including leukocytes have been
proposed as both a diagnostic and prognostic factor in a
variety of cancers. The systemic inXammatory response
features changes in the relative levels of circulating leu-
kocytes; the well-recognized neutrophilia is accompanied
by a relative lymphocytopenia [9]. The neutophil to lym-
phocyte ratio (NLR) has been suggested as a simple index
of systemic inXammatory response in critically ill patients
[10].

In this study, we investigated the correlation between
preoperative diVerential leukocyte counts (neutrophils,
lymphocytes, monocytes, eosinophils, and basophils) and
clinical characteristics in epithelial ovarian cancer and
were able to determine the eVectiveness of the neutrophil
to lymphocyte ratio (NLR) as an additional discriminative
marker and prognostic predictor for epithelial ovarian
cancer.

Materials and methods

Study subjects

This study was carried out in accordance with the ethical
standards of the Helsinki Declaration and was approved
by the Institute of Review Boards (IRBs) of Yongdong
Severance and Severance Hospital (IRB project # 3-2008-
0001). Five hundred ninety-four patients who underwent

elective surgery at the Department of Obstetrics and
Gynecology, Yongdong Severance Hospital and Sever-
ance Hospital between January 2003 and June 2006 were
retrospectively included in this study. One hundred
ninety-two women with primary epithelial ovarian cancer
and complete clinical and pathological information docu-
mented at the time of surgery were selected. One hundred
seventy-three patients had benign ovarian tumors, and 229
patients had benign gynecologic disease. Of the individu-
als with ovarian tumors, 45 (19.7%) had serous cystade-
noma, 40 (7.5%) had mucinous cystadenoma, 68 (29.7%)
had mature teratoma, and 20 (9.7%) had hemorrhagic cor-
pus luteal cysts. Of those with gynecological disease, 69
had endometriosis, 39 had adenomyosis, and 121 had lei-
omyoma. All ovarian cancer patients were surgically
staged according to the International Federation of Gyne-
cology and Obstetrics (FIGO) staging system. All stage I/
II ovarian cancer patients had pelvic and para-aortic
lymph node dissection according to the National Compre-
hensive Cancer Network (NCCN) clinical practice guide-
lines. Control groups (n = 405) consisted of health check
examinees at Yongdong Severance Hospital and showed
no history of cancer or gynecologic disease and no abnor-
malities in laboratory examinations or gynecologic
sonography.

Clinical and laboratory data collection

For all study subjects, leukocyte diVerential counts and
CA125 levels were recorded at primary diagnosis up to
1 week prior to operation. Leukocyte diVerential counts
were analyzed by ADVIA 120/2120 Hematology system
(Bayer HealthCare, Diagnostics Division, Tarrytown, NY,
USA) and CA125 levels were measured with CA125 II
ECLIA (electrochemiluminescence immunoassay) on the
Roche/Hitachi Modular Analytics E170 (Roche Diagnos-
tics, Tokyo, Japan). Age, stage, grade, and cell types were
recorded for all ovarian cancer patients. The NLR was deW-
ned as the absolute neutrophil count divided by the absolute
lymphocyte count. For the healthy controls, the NLR was
calculated from the full blood count performed as part of a
health-check examination. For patients who underwent an
operation, the NLR was calculated from the full blood
count routinely performed the day before operation. Their
overall survival and disease-free survival times were
recorded. Overall survival was deWned as the time from
diagnosis to death; disease-free survival was calculated as
the time interval between diagnosis and recurrence. Recur-
rence status was determined using computerized tomogra-
phy (CT), positron emission tomography (PET), and serum
CA125. Non-recurrence was classiWed as cure with no
detectable disease or stable disease with no evidence of
progression.
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Statistical analysis

Data were summarized with the number of observations, the
mean § SD, and the 95% conWdence intervals (CIs) for the
mean. Correlation between the tumor marker levels and clin-
icopathologic variables was analyzed using �2 test. Compari-
sons of NLR and serum CA125 levels among the four groups
of subjects were analyzed using ANOVA post hoc tests.
Receiver operating characteristics (ROC) analysis was used
for speciWcity and sensitivity estimates. The resulting area
under the curve (AUC) indicates the average sensitivity of a
marker over the entire ROC curve. The diagnostic values of
NLR and CA125 were evaluated and the optimal cutoV val-
ues of each were determined. A ROC analysis was plotted to
investigate the optimal cutoV values that maximized the sum
of sensitivity and speciWcity and the sensitivity and speciWc-
ity of NLR were compared with those of CA125.

Kaplan–Meier survival analysis was used to determine
the univariate relationship of NLR and CA125 with overall
and disease-free survival times. The log rank test was
utilized to examine the signiWcance of the diVerences of
survival distributions between groups. Subsequently,
multivariate analysis with Cox proportional hazards regres-
sion was performed to determine which biomarkers predict
disease-free and overall survival after having adjusted for
the eVects of known prognostic factors (age, FIGO-stage,
grade, cell type). Generally, for all analyses a P < 0.05 was
considered signiWcant. All analyses were performed using
SPSS version 12.0 (SPSS Inc., Chicago, IL, USA).

Results

Leukocyte diVerential counts in study groups

Leukocyte diVerential counts were analyzed in 192 patients
with ovarian cancer, 173 patients with benign ovarian
tumor, 229 patients with benign gynecologic disease, and

405 healthy controls according to subtypes (Table 1). The
mean ages were 51.8 § 12.9 years for ovarian cancer
patients, 41.1 § 14.6 years for benign ovarian tumor
patients, 41.2 § 9.9 years for benign gynecologic disease
patients, and 44.6 § 12.5 years for healthy controls. Except
for the lymphocytes (Spearman r = ¡0.10, P = 0.001), the
leukocyte diVerential counts did not correlate with the age
of patients but was similar in all age groups. The mean neu-
trophil and monocyte diVerential counts (P < 0.001 and
0.001, respectively), in ovarian cancer patients were signiW-
cantly higher than those of other groups. The mean lym-
phocyte (P < 0.001), eosinophil (P = 0.003), and basophil
(P < 0.001) diVerential counts in ovarian cancer were sig-
niWcantly lower than those of other groups. Within ovarian
cancer patients, neutrophil counts positively correlated with
increasing tumor stage (P = 0.029) and tumor grade
(P = 0.026), and lymphocyte counts inversely correlated
with tumor stage (P = 0.023). Additionally, the diVerence
in monocyte counts between subgroups of benign gyneco-
logic disease were statistically signiWcant (P = 0.042)
(Table 2).

Because the neutrophil and lymphocyte diVerential
counts in ovarian cancer patients were signiWcantly diVer-
ent from those of benign ovarian tumor and benign gyneco-
logic disease patients, we calculated NLR and evaluated the
diagnostic and prognostic signiWcance of NLR and corre-
late it with the tumor stage and grade. We compared the
preoperative CA125 level and NLR in all study groups
(Fig. 1). The mean values of CA125 and NLR in ovarian
cancer patients were signiWcantly higher than those of the
other study groups (P < 0.001). NLR did not correlate with
the age of study subjects (Spearman r = 0.04, P = 0.21).

Diagnostic signiWcance of NLR along with CA125 
in ovarian cancer

Statistical tests of NLR and leukocyte diVerential counts
between healthy controls and ovarian cancer patients of

Table 1 Mean counts of leukocyte subsets in study subjects

a Cells/�l
b, c There is no statistically signiWcant diVerence in leukocyte diVerential counts between the groups with the same symbol
d Probability of a diVerence between the mean leukocytes diVerential counts of ovarian cancer and benign ovarian tumor, benign gynecologic
disease, or healthy controls, via ANOVA test

Meana § SD

Neutrophil Lymphocyte Monocyte Eosinophil Basophil

Ovarian cancer (n = 192) 5,776.7 § 3,328.9 1,449.0 § 669.1 343.3 § 158.3 117.2 § 124.9c 34.8 § 31.2b

Benign ovarian tumor (n = 173) 4,430.5 § 2,508.2b 1,928.2 § 579.6b 283.4 § 110.9b 138.1 § 111.6b,c 39.3 § 28.0b,c

Benign gynecologic disease (n = 229) 4,232.5 § 2,182.2b 1,864.9 § 576.4b 290.4 § 97.4b 154.1 § 133.4b 36.1 § 21.2b

Healthy (n = 405) 3,595.7 § 1,263.9 1951.1 § 588.1b 271.8 § 89.5b 160.4 § 159.4b 45.0 § 22.2c

P valued < 0.001 < 0.001 < 0.001 0.003 < 0.001
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diVerent subgroups according to the tumor stage were per-
formed (Table 3). To further compare the utility of NLR
and leukocyte diVerential counts in predicting ovarian can-
cer, we also analyzed the ROC curve. The areas under
curve (AUC) for NLR in all ovarian cancer and early stage
ovarian cancer were 0.776 and 0.731, respectively. To cate-
gorize patients as NLR positive or negative, an optimal
cutoV value that maximized the sum of sensitivity and spec-
iWcity in the ROC curve was used. In the case of CA125, a
Wxed cutoV value of 35 U/ml was used for analysis of diag-
nostic power. In all ovarian cancers, NLR yielded a sensi-
tivity of 66.1% (95% CI, 59.52–72.68%) and a speciWcity
of 82.7% (95% CI, 79.02–86.38%) at a cutoV value of 2.60.
At cutoV value of 2.61, NLR yielded a sensitivity of 56.2%
(95% CI, 42.31–70.09%) and a corresponding speciWcity
of 84.2% (95% CI, 80.65–87.75%) in early stage ovarian
cancer.

We next assessed the diagnostic signiWcance of NLR
along with CA125 for predicting early stage ovarian cancer.

In early stage ovarian cancer (n = 49), CA125 was elevated
in 30 (61.2%) out of 49 patients, while NLR was elevated
in 27 (55.1%) patients. Of the 19 patients who showed a
false negative for CA125, 7 patients (36.8%) were NLR
positive (Fig. 2).

Prognostic signiWcance of NLR in ovarian cancer

Clinicopathologic and outcome information and marker
values for CA125 and NLR were available for 192 ovarian
cancer patients who were monitored for survival and recur-
rence. The mean follow up time was 20.9 months. Twenty
patients (10.4%) died within this period, 48 (25.0%) sur-
vived but suVered recurrence, and 124 (64.6%) showed no
evidence of disease after treatment. In the recurrent patients
group, the mean time to recurrence after initial treatment
was 9.7 months.

Kaplan–Meier estimates of survival for patients with
diVerent NLR levels are shown in Fig. 3. The overall

Table 2 Clinicopathologic characteristics associated with leukocyte subsets

a Cells/�l
b Probability of a diVerence between the mean leukocytes diVerential counts, via ANOVA test

Meana § SD

Neutrophil Lymphocyte Monocyte Eosinophil Basophil

Ovarian cancer (n = 192)

Cell type Pb = 0.616 P = 0.993 P = 0.833 P = 0.889 P = 0.319

Serous (n = 131) 5,628.8 § 3,323.6 1,441.6 § 676.9 343.2 § 164.0 114.2 § 130.1 34.6 § 28.3

Mucinous (n = 19) 6,897.0 § 3,796.5 1,506.3 § 714.7 366.2 § 107.4 125.7 § 121.1 46.6 § 57.5

Endometrioid (n = 12) 5,338.8 § 1,902.1 1,427.5 § 497.9 348.8 § 105.4 151.6 § 130.9 36.4 § 26.9

Clear cell (n = 13) 6,015.2 § 2,339.8 1,416.1 § 626.8 355.2 § 132.8 109.9 § 108.0 32.2 § 20.5

Others (n = 17) 5,791.2 § 4,227.0 1,482.3 § 757.6 305.0 § 211.0 111.8 § 103.0 24.4 § 16.4

Stage P = 0.029 P = 0.023 P = 0.057 P = 0.868 P = 0.739

I/II (n = 59) 5,676.5 § 3,314.9 1,646.6 § 677.8 337.3 § 126.3 114.3 § 98.7 33.3 § 30.2

III/IV (n = 125) 6,013.5 § 3,344.1 1,364.4 § 657.7 354.2 § 169.8 119.9 § 138.7 36.0 § 32.2

Recurrence (n = 8) 2,817.1 § 1,463.6 1,315.0 § 519.6 217.7 § 143.4 97.6 § 63.4 29.0 § 23.5

Grade P = 0.026 P = 0.675 P = 0.415 P = 0.568 P = 0.530

1 (n = 31) 7,269.3 § 3,941 1,373.0 § 566.3 367.45 § 111.99 106.04 § 83.13 29.5 § 26.5

2/3 (n = 109) 5,477.5 § 2,845.1 1,427.3 § 641.01 346.09 § 165.17 117.6 § 136.01 33.4 § 30.3

Benign ovarian tumor (n = 173)

Histologic type P = 0.384 P = 0.411 P = 0.902 P = 0.894 P = 0.479

Serous (n = 45) 4,299.9 § 3,206.4 1,827.6 § 619.2 285.3 § 150.1 141.9 § 109.7 35.3 § 17.9

Mucinous (n = 40) 4,484.3 § 2,226.8 1,892.5 § 529.5 295.1 § 116.0 145.6 § 145.5 38.8 § 22.0

Dermoid (n = 68) 4,416.5 § 1,694.4 2,040.6 § 609.1 276.2 § 79.6 126.0 § 91.5 44.6 § 39.9

Corpus luteal cyst (n = 20) 4,122.7 § 1,883.4 1,931.3 § 506.6 273.3 § 66.6 139.9 § 76.9 36.5 § 21.7

Benign gynecologic disease (n = 229)

Histologic type P = 0.140 P = 0.090 P = 0.042 P = 0.520 P = 0.100

Endometriosis (n = 69) 4,632.8 § 2,560.1 1,957.2 § 616.9 291.2 § 95.4 166.0 § 135.7 39.4 § 22.0

Adenomyosis (n = 39) 3,823.9 § 1,884.8 1,704.1 § 601.0 256.0 § 75.2 135.5 § 128.0 30.3 § 18.1

Myoma (n = 121) 4,135.8 § 2,013.2 1,864.1 § 536.5 301.0 § 102.8 153.4 § 134.2 36.0 § 21.4
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survival and disease-free survival rates for NLR positive
patients (>2.60) were signiWcantly lower than the survival
rates of NLR negative patients (P = 0.034, 0.014, respec-
tively). A Cox univariate proportional hazards analysis
showed that patients with a positive NLR (P = 0.004), stage
III/IV (P = 0.041), older age (P = 0.001), and low lympho-
cyte (P = 0.008) and eosinophil counts (P = 0.040) were of
prognostic signiWcance for poor overall survival (Table 4).
On multivariate analysis, a positive NLR, stage III/IV, and
older age were independent poor prognostic factors, and a
positive NLR was the most powerful predictive variable in
both the univariate (Hazard Ratio = 6.05 [95% CI: 1.77–

20.71], P = 0.004) and multivariate analyses (Hazard
Ratio = 8.42 [95% CI: 1.09–64.84], P = 0.041).

Discussion

Ovarian cancer is often fatal simply because it is not dis-
covered until it is in the late stages. Therefore, the incentive
for early detection is enormous. Microarrays are ideally
positioned to provide data on potential biomarkers for early
detection, and indeed, a number of such genes have been
identiWed. Since the ultimate aim is a non-invasive test,

Fig. 1 CA125 levels and NLR in ovarian cancer, benign ovarian tumor, benign gynecologic disease, and healthy control patients. CA125 levels
and NLR in ovarian cancer were signiWcantly higher than those in benign ovarian tumor, benign gynecologic disease, and healthy controls

Table 3 Diagnostic sensitivity 
and speciWcity of CA125, NLR, 
and leukocyte subsets in ovarian 
cancer

CA125 NLR Neutrophil Lymphocyte Monocyte Eosinophil Basophil

All ovarian cancer (n = 192)

AUC 0.919 0.776 0.742 0.716 0.658 0.628 0.679

Sensitivity 0.808 0.661 0.614 0.532 0.598 0.474 0.396

SpeciWcity 0.965 0.827 0.819 0.823 0.671 0.778 0.909

CutoVa 35b 2.60 4,684 1,440 299 65 20

Early stage ovarian cancer (n = 49)

AUC 0.835 0.731 0.730 0.616 0.685 0.631 0.705

Sensitivity 0.581 0.562 0.571 0.449 0.653 0.449 0.509

SpeciWcity 0.964 0.842 0.832 0.761 0.676 0.869 0.901

CutoVa 35b 2.61 4,748 1,535 300 50 20

a CutoV value that maximized 
the sum of sensitivity and speci-
Wcity in the ROC curve
b Fixed cutoV value of 35 U/ml 
was used for CA125
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focusing on upregulated genes encoding transmembrane
receptors and secreted proteins is crucial. Unfortunately,
none of these potential biomarkers is observed in 100% of
ovarian cancer patient samples tested, and all are frequently
expressed to some degree in non-malignant conditions,
compromising the prospect of any potential assay’s speci-

Wcity and sensitivity. This is a major problem, given the
need for an inexpensive assay as a routine screening proce-
dure.

Chronic inXammation has become a recognized risk
factor for epithelial-derived malignancies [11, 12]. Chronic
inXammation can be caused by infection, autoimmune

Fig. 2 Composite analysis 
of NLR (y-axis) and CA125 
(x-axis) levels in patients with 
early stage ovarian cancer (Wlled 
circle) and healthy controls 
(open diamond). The dotted 
lines indicate the optimal cutoV 
value (2.61) of NLR that maxi-
mize the sum of sensitivity and 
speciWcity and cutoV value of 
CA125 (35 U/ml)

Fig. 3 Kaplan–Meier overall survival (P = 0.034) and disease-free survival curves (P = 0.014) for patients with ovarian cancer. NLR positive
(>2.60), n = 124, dotted line; NLR negative (·2.60), n = 68, broken line
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disease, malignant and benign tumors, or other pathologies
and results in the inWltration of inXammatory cells at speciWc
sites in the body. InXammation is thought to contribute to
the development and progression of various cancers, includ-
ing lung [13], breast [14], gastrointestinal [11, 12, 15], ovar-
ian [16], prostate [17], skin [18], and liver cancers [19].

It is only been in the past decade, however, that the com-
plexities of the tumor inXammatory microenvironment
and the host’s response to tumor induced inXammatory
pathways have begun to be understood, resulting in an
improved ability to prevent and treat malignancy. Elevated
markers of inXammation, especially elevated C-reactive
protein (CRP), have been used as prognostic tools in
patients undergoing curative resection for primary colorec-
tal tumors [20, 21]. In our study, analyses of leukocyte
subtypes in ovarian cancer revealed signiWcantly higher
neutrophil and monocyte counts and signiWcantly lower
lymphocyte, eosinophil, and basophil counts as compared
to the benign and control groups.

The explanation for the association between elevated
neutrophil or monocyte counts and progression of tumors
is not fully understood. The new paradigm in tumor immu-

nology states that the tumor microenvironment can educate
and control invading leukocytes to promote angiogenesis,
viability, motility, and invasion [22–25]. Tumor-associated
macrophages in particular, which arise from blood mono-
cytes, seem to play a crucial role in this interaction [26].
Neutrophils represent 50–60% of total leukocytes and their
cytoplasm is rich in granules with high toxic potential
against various types of tumor cells. Additionally, neutoph-
ils express membrane receptors necessary for the recogni-
tion and elimination of microorganisms and tumor cells
[27].

The low lymphocyte count observed here may possibly
be related to the existence of a primary immunodeWciency
at the start of ovarian cancer. Reduction of total lympho-
cyte counts and lymphocyte function within the periphery
seems to be associated with a poorer outcome in a variety
of tumors including breast [28], renal [29], pancreatic [30],
and ovarian cancers [31]. Both eosinophil and basophil
counts were signiWcantly lower in the ovarian cancer
patient group as compared to the benign disease and control
patient groups. It is not clear whether eosinophils are indic-
ative of a better immunologic response against tumors.
Several studies have suggested that eosinophils may play a
major role in the complex anticancer activity of the immune
system activated by interleukin-2 administration [32]. Our
Wndings are in contrast to the increased eosinophil counts in
patients with other malignancies [33], and might be a phe-
nomenon associated with ovarian cancer, speciWcally. Sev-
eral in vitro studies have demonstrated that the incidence of
tumors and metastases was inversely correlated with the
number of blood basophils. The same was found for hista-
mine produced by the basophils [34]. A low basophil count
therefore would have a detrimental eVect in patients with
cancer.

A further preoperative marker, an elevated NLR, has
also been linked with clinical outcome in patients with pri-
mary colorectal carcinoma [35]. Our study demonstrates
that preoperative NLR in combination with CA125 is a use-
ful discriminative marker for epithelial ovarian cancer. The
AUC for NLR (0.77 § 0.04) was larger than those of other
leukocyte subsets, and the mean NLR in ovarian cancer
was signiWcantly higher than those of the other study
groups. In benign ovarian tumor and benign gynecologic
disease patients, immune system surveillance might not be
required and therefore the value of NLR is not elevated. It
is important to consider that the majority of pelvic masses
(80%) are benign with cystic, solid, or mixed characteris-
tics and have a favorable prognosis, while only 20% are
malignant tumors [36]. Considering that most benign
tumors are found in women of fertile age, the preservation
of the ovary is important. However, accurate diagnosis of
the suspicious mass, whether malignant or benign, is often
diYcult. Our results showed that NLR is elevated in the

Table 4 Univariate and multivariate analyses of the associations
between prognostic variables and overall survival in 192 cases of ovar-
ian cancer

a ConWdence interval
b Not signiWcant

Overall survival hazard ratio (95% CIa), P value

Univariate analysis Multivariate 
analysis

CA125 positive NSb NS

NLR positive 6.05 (1.77–20.71), 0.004 8.42 (1.09–64.84), 
0.041

Neutrophil NS NS

Lymphocyte 0.99 (0.99–1.00), 0.008 NS

Monocyte NS NS

Eosinophil 0.99 (0.98–1.00), 0.040 NS

Basophil NS NS

Age 1.06 (1.02–1.10), 0.001 1.08 (1.03–1.13), 
0.001

Stage

Stage I/II Reference Reference

Stage III/IV 4.60 (1.06–19.87), 0.041 6.09 (1.03–36.00), 
0.046

Grade

Grade 1 Reference Reference

Grade 2/3 NS NS

Cell type

Serous Reference Reference

Others NS NS
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sera from ovarian cancer patients but not that from benign
ovarian tumor or benign gynecologic disease patients. In
benign ovarian tumor patients, 97 (56.1%) of 173 patients
were CA125 negative and NLR negative. CA125 was ele-
vated in 35 (20.2%) out of 173 patients and of these 35
patients, 22 (62.9%) were NLR negative and 13 were NLR
positive (cutoV value: 2.60) (data not shown). Low NLR
levels in patients with pelvic masses indicate the likelihood
of a benign mass, while elevation of either marker could
suggest a malignancy and would warrant a more thorough
diagnostic procedures and faster treatment of the patient.

As more biomarkers are discovered and validated, eVorts
will focus on combined use of multiple serum tumor mark-
ers. Although NLR cannot provide all of the necessary
information for optimal ovarian cancer diagnosis, our
results suggest that it could complement CA125, especially
in early stage ovarian cancer. Moreover, NLR can be calcu-
lated from data that are already routinely available. It does
not require any additional expenditure.

Several possible reasons exist to explain the association
between elevated NLR and poor prognosis. The immune
response of host to tumor is lymphocyte dependent.
Patients with elevated NLR have a relative lymphocytope-
nia and, as a result, may exhibit a poorer lymphocyte-medi-
ated immune response to malignancy, thereby worsening
their prognosis and increasing the potential for the tumor to
recur. Alternatively, circulating neutrophils have been
shown to contain and secrete the vast majority of circulat-
ing VEGF, a pro-angiogenic factor that is thought to play
an integral role in tumor development [37, 38].

Multivariate analysis in our study showed that increas-
ing age, advanced FIGO-stage, and elevated NLR value at
primary diagnosis are prognostic indicators of poor out-
come in ovarian cancer. The survival of patients depends
on tumor stage and age, but it is also aVected by the NLR
value, suggesting that the immune system plays an impor-
tant role in ovarian cancer immunosurveillance. We there-
fore believe that the restoration of immunocompetence
and nutritional status might be useful aids in ameliorating
the prognosis of patients with ovarian cancer. The ability
to successfully predict poor prognosis in ovarian cancer
patients using NLR would be valuable in directing both
pre-and postoperative therapies in order to improve prog-
nosis.

The prognostic signiWcance of preoperative serum
CA125 level remains controversial in the literature.
Although some publications have described an association
between CA125 serum levels and the stage and histology of
tumors [39, 40], only a few studies have demonstrated an
association of CA125 with prognosis in epithelial ovarian
cancer. Paramasivam et al. reported preoperative serum
CA125 of more than 30 U/mL was signiWcantly associated
with impaired survival (Hazard Ratio = 2.40 [95% CI:

1.26–4.59], P = 0.028) in stage I epithelial ovarian cancer
[41]. In our study, using Cox multivariate analysis, preop-
erative CA125 level had no independent prognostic signiW-
cance. The diVerent results of these several studies could be
explained by diVerent mixtures of tumor types and grades,
and diVerent residual tumor status.

In conclusion, we have documented changes in preoper-
ative NLR in some women with ovarian cancer. Many
patients with ovarian cancer have a signiWcantly elevated
NLR indicating that NLR measurement could become the
part of the routine diagnosis of early stage ovarian cancer.
In addition, the patients with an elevated NLR at diagnosis
had signiWcantly worse overall survival rates. Preoperative
NLR measurement in such patients may provide a simple
method of identifying patients with a poorer prognosis and
aid in guiding treatment eVectively.
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