MOLECULAR AND CLINICAL ONCOLOGY 3: 317-321, 2015

Differentiation between benign and malignant ovarian masses
in the preoperative period using neutrophil-to-lymphocyte
and platelet-to-lymphocyte ratios
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Abstract. The aim of this study was to evaluate the asso-
ciation between preoperative neutrophil-to-lymphocyte ratio
(NLR) and platelet-to-lymphocyte ratio (PLR) and the patho-
logical diagnosis of adnexal masses. The predictive effect of
inflammatory markers on epithelial ovarian cancer was also
investigated. The present study included a total of 306 patients
with adnexal masses who underwent surgical resection and the
diagnosis was based on pathological investigation. The patients
were divided into six groups based on their pathological find-
ings and compared with respect to their NLR and PLR values.
We used receiver-operating characteristic curves to calculate
optimal cut-off values for NLR and PLR to predict ovarian
cancer preoperatively. Patients with ovarian cancer exhib-
ited significantly higher NLR and PLR values (P<0.05 and
P<0.001, respectively). The multivariate analysis demonstrated
that higher NLR and PLR values predicted ovarian cancer at
the cut-off value of 3.35, sensitivity of 55% and specificity
of 81% for NLR [95% confidence interval (CI): 0.544-0.752,
P<0.05] and at the cut-off value of 572.9, sensitivity of 100%
and specificity of 0.38% for PLR (95% CI: 0.192-0.381,
P=0.001). Therefore, preoperative NLR and PLR values may
help identify ovarian cancer in patients with adnexal masses.

Introduction

Ovarian cancer is the fifth leading cause of cancer-related
mortality among women and the most lethal gynecological
malignancy worldwide (1). Ovarian cancer has a fairly poor
prognosis due to the advance stage of the disease at the time
of diagnosis (2,3) and the survival rates of the patients have
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remained constant for decades due to this reason. There
are no sensitive and specific markers for epithelial ovarian
cancer, since the early stages of this disease are completely
asymptomatic (4). In addition, it is very difficult to distinguish
benign ovarian lesions from ovarian cancer preoperatively. It
was previously demonstrated that inflammation is the main
contributor to the development and spread of cancer in the
human body (5,6). Inflammatory response against tumor cells
may lead to irreversible DNA damage by inhibiting apoptosis
of the ovarian cancer cells and triggering angiogenesis. This
process has been shown to allow the tumor to grow constantly,
invade the nearby tissue and subsequently spread to other sites
in the body (5-7). Furthermore, growth factors released from
platelets, such as platelet-derived growth factor, transforming
growth factor (3 and vascular endothelial growth factor, may
also contribute to the growth and the development of the
tumor (8,9). Thrombocytosis is also associated with poor prog-
nosis due to the increase in the number of platelets, leading
to the increase in the growth factors released from these
cells (10).

Preoperative inflammatory markers, such as neutro-
phil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte
ratio (PLR), have been the subject of numerous studies on
cancer (11-14) and it has been proven that inflammatory
markers may reach significant levels in the blood in different
types of cancer (15,16). Therefore, it was hypothesized that
these aforementioned preoperative inflammatory markers,
which are known to be cost-effective and universally accepted,
may help distinguish between malignant and benign ovarian
tumors prior to undergoing surgery. The aim of this study was
to determine inflammatory markers with a high predictive rate
in order to differentiate between benign vs. malignant ovarian
masses during the preoperative period.

Patients and methods

Patients. This retrospective comparative study included
306 patients with adnexal pathology. All the participants
underwent surgical operation due to adnexal masses between
January, 2007 and December, 2013 and their diagnosis was
confirmed by pathological assessment. The study protocol was
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approved by the Ethics Committee of Ankara Ataturk Training
and Research Hospital. Subsequently, the demographic and
clinicopathological characteristics of patients with adnexal
masses were investigated and recorded. The preoperative
complete blood count values of patients were also measured
and recorded for this study.

Adnexal mass classification and staging. The patients were
divided into six different groups based on their pathological
diagnosis of adnexal masses [72 patients with simple ovarian
cysts, 66 with ovarian endometrioma, 42 with dermoid cysts,
79 with benign ovarian tumors (serous cystadenoma, mucinous
cystadenoma), 40 with ovarian epithelial cancer and 7 with
borderline ovarian tumors]. The type and stage of epithelial
ovarian cancer were classified using the TNM system and the
guideline of the National Cancer Institute of the USA (17).
Since almost all the patients with ovarian epithelial cancer
exhibited advanced-stage disease (stage IIlc or IV), we were
unable to further classify ovarian cancer into subgroups based
on stage. Dermoid cysts were classified as a different group
from benign ovarian tumors, due to their easily recognizable
and distinguishable ultrasound images or magnetic resonance
imaging characteristics.

Preoperative assessment and patient classification. The
preoperative complete blood count (CBC) parameters of the
patients, such as white blood cell count, hemoglobin (Hgb),
hematocrit, neutrophil count, lymphocyte count, monocyte
count, NLR, platelet count, PLR, red cell distribution width
(RDW), platelet distribution width (PDW) and mean platelet
volume, were recorded and evaluated for each of the six afore-
mentioned groups. Subsequently, all the patients were classified
into two groups based on the diagnosis of ovarian cancer or
lack thereof and a group-wise comparison was performed with
respect to CBC parameters to detect any differences.

Statistical analysis. The recommended cut-off value of the
preoperative variables that predict ovarian cancer was estab-
lished using receiver operating characteristic (ROC) curve
analyses. The optimal cut-off value of the NLR, PLR and
RDW was based on the most prominent point on the ROC
curve for sensitivity and specificity. The normality of distribu-
tion for variables was assessed using the Shapiro-Wilk test.
Data are presented as means + SD for continuous variables
with normal distribution and as median and interquartile range
for continuous variables without normal distribution. To assess
the differences in variables among groups, the Kruskal-Wallis
test was used, followed by evaluation with the Mann-Whitney
U test for multiple comparisons. The resulting P-values were
corrected according to the Bonferroni method. ROC curves
were used for the sensitivity and specificity of defined vari-
ables, such as NLR and PLR, to distinguish ovarian cancer
from benign lesions. The area under the curve (AUC) and
95% confidence intervals for defined variables were estimated.
In addition to calculating the sensitivity and the specificity
of the aforementioned variables, the positive and negative
predictive values of these parameters were also calculated for
distinguishing ovarian cancer. All the statistical analyses were
performed using the Statistical Package for Social Sciences
software, version 21.0 (IBM Corp. Released 2012. IBM
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SPSS Statistics for Windows, Armonk, NY, USA). A P-value
of <0.05 was considered to indicate statistically significant
differences.

Results

Comparison of specified variables with defined groups. In
the present study, the median age (IQR) for the groups was
distributed as 46 (25) years for the simple ovarian cyst group,
39 (14) years for the endometrioma group, 36.50 (22) years for
the dermoid cyst group, 51 (20) years for the benign ovarian
tumor group, 63.50 (23) years for the ovarian epithelial cancer
group and 61 (26) years for the borderline ovarian tumor group.
The comparison of specified variables with defined groups in
this study is shown in Table I.

The median NLR values were calculated as 2.09 (1.42)
for the simple ovarian cyst group, 2.33 (1.56) for the endo-
metrioma group, 2.01 (0.95) for the dermoid cyst group, 2.25
(1.26) for the benign ovarian tumor group, 3.54 (2.41) for the
ovarian epithelial cancer group and 2.34 (0.92) for the border-
line ovarian tumor group (Table I). The differences in NLR
values among defined groups were found to be statistically
significant (y*=12.217, P<0.05). The differences in PLR values
among groups were also found to be statistically significant
in this study (x*>=21.649, P=0.001). The median PLR values
were found to be 125.89 (72.55), 140.22 (65.8), 134.4 (59.8),
128.08 (78.5), 198.87 (145.7) and 134.80 (73.7), in the order
of the abovementioned groups (Table I). Although the PLR
values were the lowest in the simple ovarian cyst group [125.89
(72.55)], they were found to be the highest in the ovarian
epithelial cancer group [198.87 (145.7)]. PLR was calculated
as 128.08 (78.5) for the benign ovarian tumor group, which
was considerably different from the ovarian cancer group.

Briefly, NLR, Hgb, Hct, PDW and PLR were found to
be significantly different among the six groups (P=0.032,
P=0.003,P=0.011,P=0.04 and P=0.001, respectively) (Table I).

Comparison of variables exhibiting between-group differ-
ences. The individual significance of the difference in the
aforementioned variables between two groups is presented in
Table II. The statistically significant differences between the
ovarian cancer and the other groups were obtained, in terms
of defined variables (Table II). There were significant differ-
ences between the benign ovarian tumor group and the ovarian
epithelial cancer group regarding NLR (P<0.05), Hgb (P<0.05)
and PLR (P<0.001) values. The Hgb, Hct, and PLR values
differed between the dermoid cyst and the ovarian epithelial
cancer groups (P=0.007, P<0.05 and P<0.05, respectively)
(Table II). The only variable that was found to be statistically
significant between the ovarian cancer and the remaining
groups was Hgb (P<0.05).

Comparison of defined variables between the benign tumor
and the ovarian cancer groups. There were significant differ-
ences in the NLR values between the ovarian cancer and the
benign tumor groups in this study [3.54 (2.41) vs. 2.25 (1.26);
P<0.05]. Similarly, the median PLR value was found to be
statistically different between the ovarian cancer and the
benign tumor groups [198.87 (145.71) and 128.08 (78.56),
respectively; P<0.001] (Table I1I).



Table I. Comparison of specified variables with defined groups.

Statistics

Groups

P-value

XZ

Dermoid cyst Benign tumor Ovarian cancer Borderline tumor
median (IQR)

Endometrioma

Simple ovarian cyst

median (IQR) median (IQR)

median (IQR)

median (IQR)

median (IQR)

Variables

NS

0.032

2.069
12.217
17.772
14919

8.02 (3.41)

234 (0.92)
14.30 (1.80)
39.20 (5.50)
13.50 (3.00)
10.30 (1.80)
11.90 (2.90)

7.57 (2.25)
134.80 (73.7)

7.83 (2.79)

225 (1.26)
12.80 (2.00)
37.90 (5.60)
14.05 (1.65)
10.30 (2.40)
14.40 (3.65)

128.08 (78.5)

6.76 (3.58)

2.01 (0.95)
13.05 (1.53)
3845 (4.43)
14.10 (2.00)
10.50 (1.42)
13.35 (4.53)
134.4 (59.8)
273.0 (90.5)

36.50 (22)

7.60 (3.27)

7.60 (2.76)
2.09 (1.42)
12.90 (3.00)
37.90 (7.30)
13.70 (1.90)
10.40 (1.55)
13.40 (4.60)

125.89 (72.55)

264.00 (92.00)

WBC (K/ul)
NLR

3.54 (2.41)
11.70 (2.25)
34.80 (5.35)
1425 (3.52)

233 (1.56)
12.70 (1.65)
37.55 (5.65)
13.60 (2.43)
10.10 (1.80)
13.10 (4.15)

140.22 (65.8)

0.003

Hgb (g/dl)
HCT (%)

0.011

NS

5.267
5.267
17.422
21.649
10.196
65.468

RDW (%)
MPV (fl)

NS
0.004

0.001

9.90 (1.70)
12.60 (5.60)
198.87 (145.7)

301.00 (95.7)
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PDW (fl)
PLR

0.070
<0.000

337.00 (78.0)

271.00 (94.0)

275.00 (91.2)

PLT (K/ul)

61 (26)

63.50 (23)

51 (20)

46 (25) 39 (14)

Age (years)

NS, not significant; WBC, white blood cell count; NLR, neutrophil-to-lymphocyte ratio; Hgb, hemoglobin; HCT, hematocrit; RDW, red blood cell distribution width; MPV, mean platelet volume; PDW,

platelet distribution width; PLR, platelet-to-lymphocyte ratio; PLT, platelet; IQR, interquartile range.

ROC curve analyses. ROC curve analyses were performed to
calculate the cut-off value of the variables. The recommended
cut-off value of NLR in terms of predicting ovarian cancer
was found to be 3.35 [sensitivity, 55%; specificity, 81%; posi-
tive predictive value (PPV), 30.98%; and negative predictive
value (NPV), 92.07%] (Table IV). The AUC was 0.648+0.053
(95% CI: 0.544-0.752) (P=0.003).

The recommended cut-off value for PLR was defined as
572.9 regarding identifying ovarian cancer preoperatively
(sensitivity, 100%; specificity, 0.38%; PPV, 13.46%; and
NPV, 100%) (Table IV). The AUC for PLR was 0.286+0.048
(95% CI: 0.192-0.381) (P<0.001). In the ROC analysis,
performed based on the presence or absence of ovarian cancer,
the AUC was found to be statistically significant for NLR and
PLR values (AUCy z=0.64 and AUC,, z=0.28) (P=0.003 and
P<0.001, respectively).

Discussion

The present study included a total of 306 patients with adnexal
masses and clearly demonstrated that preoperative NLR and
PLR values were significantly higher in the ovarian cancer
group compared to to those in the benign ovarian tumor group.
The Hgb values were found to be the lowest in the ovarian
cancer group in this study. This finding may be associated with
the catabolic state of cancer. Since distinguishing between
benign ovarian tumors (serous cystadenoma, mucinous
cystadenoma) and epithelial ovarian cancer preoperatively
is almost impossible, this significant finding may change the
way the clinicians approach patients with adnexal masses. The
recommended cut-off value of NLR in terms of predicting
ovarian cancer was set at 3.35, with a sensitivity of 55% and
a specificity of 81% in the ROC analysis. The optimal cut-off
value for the PLR values was also calculated to be 572.9, with
a sensitivity of 100% for identifying ovarian cancer during the
preoperative period.

The association of preoperative NLR and PLR values
with various cancer types has been the subject of numerous
studies (12-15). All those studies also demonstrated that there
is a significant correlation between preoperative NLR, PLR
values and cancer stage, prognosis and response to treatment.

Absenger et al (16) demonstrated that patients with NLR >4
exhibited a longer median time-to-recurrence compared to
patients with NLR =<4 during the treatment of colon cancer.
In this study, increased NLR values were found to be signifi-
cantly associated with shorter time-to-recurrence (P=0.001) in
patients with stage II and III colon cancer. Furthermore, the
study of Watanabe et al (18), evaluating the close association
between inflammatory markers and ovarian cancer, revealed
that preoperative inflammatory marker levels increase with
disease progression. All these findings prove that there is a
strong association of inflammation and immunosuppression
with the natural immunity of cancer. Patients with advanced
cancer usually exhibit increased neutrophil and decreased
lymphocyte levels in the blood, allowing us to use NLR as
one of the easiest and most effective markers of chronic
inflammation and associated immune suppression in these
patients (19,20). Another study demonstrated that high serum
inflammatory marker levels are an adverse prognostic factor for
ovarian cancer (21). A previous study by Asher ef al (22) clearly
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Table II. Comparison of variables exhibiting between-group differences among the six groups.

NLR Hgb HCT PDW PLR
Type of tumor P-value P-value P-value P-value P-value
Dermoid cyst-benign tumor NS NS NS NS NS
Dermoid cyst-simple cyst NS NS NS NS NS
Dermoid cyst-endometrioma NS NS NS NS NS
Dermoid cyst-borderline tumor NS NS NS NS NS
Dermoid cyst-ovarian cancer NS 0.007 <0.05 NS <0.05
Benign tumor-simple cyst NS NS NS NS NS
Benign tumor-endometrioma NS NS NS NS NS
Benign tumor-borderine tumor NS NS NS <0.05 NS
Benign tumor-ovarian cancer <0.05 <0.05 NS NS <0.001
Simple cyst-endometrioma NS NS NS NS NS
Simple cyst-borderline tumor NS NS NS NS NS
Simple cyst-ovarian cancer NS <0.05 <0.05 NS 0.001
Endometrioma-borderline tumor NS NS NS NS NS
Endometrioma-ovarian cancer NS NS NS NS <0.05
Borderline tumor-ovarian cancer NS <0.05 NS NS NS

NS, not significant; NLR, neutrophil-to-lymphocyte ratio; Hgb, hemoglobin; HCT, hematocrit; PDW, platelet distribution width; PLR,
platelet-to-lymphocyte ratio.

Table III. Comparison of defined variables between the benign tumor and the ovarian cancer groups.

Variables Benign tumor, median (IQR) Ovarian cancer, median (IQR) Z P-value
WBC (K/ul) 7.83 (2.79) 7.57 (2.25) 0453 NS
NLR 2.25 (1.26) 3.54 (241) 3.259 0.002
HGB (g/dl) 12.80 (2.00) 11.70 (2.25) 3.141 0.002
HCT (%) 37.90 (5.60) 34.80 (5.35) 2.734 0.006
PDW (fl) 14.40 (3.65) 12.60 (5.60) 2.873 0.004
PLR 128.08 (78.56) 198.87 (145.71) 4213 <0.001

WBC, white blood cell count; NLR, neutrophil-to-lymphocyte ratio; HGB, hemoglobin; HCT, hematocrit; RDW, red blood cell distribution
width; MPV, mean platelet volume; PDW, platelet distribution width; PLR, platelet-to-lymphocyte ratio; PLT, platelet; IQR, interquartile range;
NS, not significant.

Table I'V. Area under the receiver operating characteristic curve and cut-off values of NLR and PLR.

Variables Cut-off AUC = SE 95% CI P-value  Sensitivity (%)  Specificity (%) PPV (%) NPV (%)
NLR 3.35 0.648+0.053  0.544-0.752 0.003 55.00 81.00 30.98 92.07
PLR 572.9 0.286+0.048  0.192-0.381  <0.001 100.00 0.38 13.46 100.0

NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; AUC, area under the curve; SE, standard error; CI, confidence
interval; PPV, positive predictive value; NPV, negative predictive value.

demonstrated the association between NLR and PLR values  a PLR of <300 was 37.4 months (95% CI: 26.1-48.7), in those
and the prognosis of ovarian cancer. In that study, Asher e al  with a PLR of >300 it was 14.5 months (95% CI: 11.7-17.2)
observed that a high preoperative PLR value was significantly ~ (P=0.03). Based on those findings, they concluded that PLR
associated with a poor survival rate among epithelial ovarian ~ may be a novel independent prognostic marker in patients with
cancer cases. While the median overall survival in patients with ~ ovarian cancer (22).
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Cho et al (23) investigated the diagnostic value of NLR
in epithelial ovarian cancer cases and found that preop-
erative NLR in ovarian cancer patients (mean, 6.02) was
significantly higher compared to that in benign ovarian tumor
patients (mean, 2.57), benign gynecological disease patients
(mean, 2.55) and healthy controls (mean, 1.98) (P<0.001) (20).
Furthermore, they found the sensitivity and specificity of NLR
in detecting ovarian cancer were 66.1% (95% CI: 59.52-72.68%)
and 82.7% (95% CI: 79.02-86.38%), respectively (cut-off
value, 2.60). In the present study, we reached results similar
to those of the aforementioned study. In the present study,
the median value of NLR was found to be 3.54 (2.41) in the
ovarian cancer group, 2.09 (1.42) in the simple ovarian cyst
group, 2.33 (1.56) in the endometrioma group and 2.25 (1.26)
in the benign ovarian tumor group. The differences among
groups were statistically significant (P<0.05). The sensitivity
and specificity of NLR in detecting ovarian cancer, however,
were found to be 55 and 81%, respectively (cut-off value of
NLR, 3.35; 95% CI: 54.4-75.2%). These findings were very
similar to those of Cho et al (23). Another study demonstrated
that high NLR values were closely associated with advanced
cancer stage (24). Since the number of patients with ovarian
cancer was limited and all the patients had advanced-stage
disease, we were unable to evaluate the association between
NLR, PLR and cancer stage. In addition, the limited number of
patients with borderline ovarian tumors was the main limita-
tion of this study, whereas our most significant finding was that
malignant ovarian lesions may be distinguished from benign
lesions using preoperative NLR and PLR values.

In conclusion, NLR and PLR are effective inflammatory
markers in terms of predicting epithelial ovarian cancer
preoperatively. These two cost-efeective and readily available
markers may be used to support the diagnosis of ovarian
cancer prior to undergoing surgery.
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