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Purpose

We compared the predictive and prognostic values of leukocyte differential counts, systemic
inflammatory (SIR) markers and cancer antigen 125 (CA-125) levels, and identified the
most useful marker in patients with ovarian clear cell carcinoma (OCCC).

Materials and Methods

The study included 109 patients with OCCC who did not have any inflammatory conditions
except endometriosis, and underwent primary debulking surgery between 1997 and 2012.
Leukocyte differential counts (neutrophil, lymphocyte, monocyte, eosinophil, basophil, and
platelet), SIR markers including neutrophil to lymphocyte ratio (NLR), monocyte to lympho-
cyte ratio (MLR), and platelet to lymphocyte ratio (PLR), and CA-125 levels were estimated
to select potential markers for clinical outcomes.

Results

Among potential markers (neutrophil, monocyte, platelet, NLR, MLR, PLR, and CA-125 levels)
selected by stepwise comparison, CA-125 levels were best at predicting advanced stage
disease, suboptimal debulking and platinum-resistance (cut-off values, > 46.5, > 11.45,
and > 66.4 U/mL; accuracies, 69.4%, 78.7%, and 68.5%) while PLR > 205.4 predicted non-
complete response (CR; accuracy, 71.6%) most accurately. Moreover, PLR < 205.4 was an
independent factor for the reduced risk of non-CR (adjusted odds ratio, 0.17; 95% confi-
dence interval [CI], 0.04 to 0.69), and NLR < 2.8 was a favorable factor for improved
progression-free survival (PFS; adjusted hazard ratio, 0.49; 95% Cl, 0.25 to 0.99) despite
lack of a marker for overall survival among the potential markers.

Conclusion

CA-125 levels may be the most useful marker for predicting advanced-stage disease.
Suboptimal debulking and platinum-resistance, and PLR and NLR may be most effective to
predict non-CR and PFS in patients with OCCC.
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Introduction

Ovarian clear cell carcinoma (OCCC) is the fourth most
common of histologic types of epithelial ovarian cancer
(EOC). OCCC prognosis is similar to other histologic types
in early-stage disease but it has the worst prognosis in
advanced stage disease [1]. In general, about two-thirds of
patients with EOC including OCCC have advanced stage
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disease at diagnosis because the disease is typically symp-
tomless and there is no effective screening method [2], result-
ing in 5-year survival of 18.6% in patients with advanced-
stage disease [1]. To monitor tumor response and confirm
relapse in patients with EOC, cancer antigen 125 (CA-125)
levels are a highly useful surrogate in the clinical setting [3].

However, the prognostic value of CA-125 levels is less
clear in OCCC. A limited number of studies found that
CA-125 levels were lower in OCCC than in other histologic
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types, and did not reflect clinical outcomes of patients with
OCCC [4,5]. To overcome these limitations, there is a grow-
ing interest in systemic inflammatory response (SIR) markers
such as leukocyte differential counts to predict clinical out-
comes in patients with EOC, because various types of malig-
nancy are associated with systemic inflammation, which may
contribute to secondary hematologic abnormalities [6,7]. SIR
markers, including neutrophil to lymphocyte ratio (NLR),
monocyte to lymphocyte ratio (MLR), and platelet to lym-
phocyte ratio (PLR), may be useful to predict clinical out-
comes in patients with EOC [8,9]. Nevertheless, most
pertinent studies included different histologic types of EOC,
while there is a lack of studies where the efficacy of SIR
markers was investigated in patients with OCCC. Thus, we
conducted the current study to compare the predictive and
prognostic values among leukocyte differential counts, SIR
markers and CA-125 levels, and thereby to identify the most
useful marker in patients with OCCC.

Materials and Methods

1. Study population

We collected clinico-pathologic data from a database of
EOC registered from Seoul National University Hospital and
Seoul National University Bundang Hospital between
February 1997 and December 2012. The Institutional Review
Board at our institution approved the current study, and the
informed consent requirement was waived because the
current study was conducted by a retrospective medical
record review.

We included only patients with OCCC who underwent
primary debulking surgery. Leukocyte differential counts
including neutrophil, lymphocyte, monocyte, platelet,
basophil, and eosinophil, SIR markers such as NLR, MLR,
and PLR, CA-125 levels were measured within one week
before staging laparotomy. However, patients with any
inflammatory conditions or other malignancies that could
affect the results of laboratory tests were excluded, except
endometriosis proved by biopsy. Clinico-pathologic data col-
lected included age, International Federation of Gynecology
and Obstetrics (FIGO) stage, endometriosis, extent of debulk-
ing surgery, regimen and cycles of adjuvant chemotherapy,
leukocyte differential counts, SIR markers, CA-125 levels,
tumor response, platinum-resistance, progression-free
survival (PFS), and overall survival (OS).

2. Data extraction

Leukocyte differential counts were estimated 1 week prior
to surgery (SYSMEX XE-2100, TOA Medical Electronics,
Kobe, Japan), and CA-125 levels were measured at the same
time using a radioimmunoassay kit (Fujirebio Diagnostics,
Malvern, PA). Optimal debulking was defined as a residual
tumor < 1 cm in a maximal diameter, and complete response
(CR) was defined as the disappearance of all tumor burdens
for at least 4 weeks with normalization of CA-125 levels. PFS
was calculated as the time elapsed from the date of comple-
tion of primary treatment to the date of clinically proven
recurrence, and platinum-resistance was defined as PFS less
than 6 months. OS was defined as the length of time from the
date of surgery to the date of cancer-related death or the end
of study.

3. Statistical analysis

We compared leukocyte differential counts, SIR markers
and CA-125 levels based on clinico-pathologic characteristics
using Student’s t test and Mann-Whitney U test in patients
with OCCC, and selected potential markers associated with
the clinico-pathologic characteristics among them. We calcu-
lated the best cut-off values of potential markers based on
the receiver operating characteristic (ROC) curve, and
assessed the sensitivity (SN), specificity (SP), positive predic-
tive value (PPV), negative predictive value (NPV), and accu-
racy to identify the best marker for predicting clinical out-
comes.

Next, we investigated the best prognostic factors among
the potential markers for tumor response and survival in the
patients. To this end, we performed logistic regression and
Cox’s proportional hazard analyses, and calculated odds
ratio (OR), hazard ratio (HR) and 95% confidence interval
(CI). Statistical analyses were performed with SPSS ver. 19.0
(SPSS Inc., Chicago, IL). We rejected null hypotheses of no
difference if p-values were less than 0.05, or, equivalently, if
the 95% Cls of risk point estimates excluded 1.

Results

1. Patient characteristics

One hundred and nine patients with OCCC were included,
and Table 1 shows their clinico-pathologic characteristics.
The median age was 53 years (range, 30 to 86 years), and the
median duration of follow-up was 46 months (range, 6.1 to
192.9 months). One hundred and one patients (92.6%) had
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Table 1. Clinico-pathologic characteristics of 109 patients
with ovarian clear cell carcinoma

Age (yr)

<54 57 (52.3)

>54 52 (47.7)
FIGO stage

I-II 68 (62.4)

-1V 41 (37.5)
Histology

Pure 101 (92.6)

Mixed 8(7.4)
Endometriosis

No 62 (56.9)

Yes 47 (43.1)
Optimal debulking

No 95 (87.2)

Yes 14 (12.8)
Regimen of chemotherapy

No 6 (5.5)

Non-taxane and platinum 17 (15.6)

Taxane and platinum 86 (78.9)
Cycles of chemotherapy

<6 93 (85.3)

6-9 16 (14.7)
Platinum-resistance

No 89 (81.7)

Yes 20 (18.3)
Tumor response

Non-CR 20 (18.3)

CR 89 (81.7)

FIGO, International Federation of Gynecology and Obstet-
rics; CR, complete response.

pure OCCC, whereas, of those with mixed OCCC, three
(2.8%) had endometrioid and serous types, three (2.8%)
endometrioid type, and two (1.8%) serous type in addition
to clear cell carcinoma. After primary treatment, 89 patients
(81.7%) showed CR while four (3.7%) demonstrated partial
response, two (1.8%) had stable disease, and 14 (12.8%)
suffered disease progression.

2. Prediction

When we compared leukocyte differential counts, SIR
markers and CA-125 levels based on clinico-pathologic char-
acteristics, neutrophila, monocytosis, thrombocytosis,
elevated NLR, PLR, and CA-125 levels were associated with
advanced-stage disease, non-CR, and platinum-resistance.
Thrombocytosis, elevated NLR, PLR, and CA-125 levels were
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associated with suboptimal debulking, and elevated MLR
was associated with non-CR and platinum-resistance
(Table 2). We calculated the best cut-off values of the poten-
tial markers selected in Table 2 by ROC curves, and assessed
SN, SP, PPV, NPV, and accuracy (Fig. 1). CA-125 levels were
best at predicting advanced-stage disease (= 46.5 U/mL),
suboptimal debulking (> 11.45 U/mL) and platinum-resis-
tance (= 66.4 U/mL), while PLR > 205.4 predicted non-CR
most accurately (Table 3).

3. Prognosis

To determine the best prognostic factors among the poten-
tial markers, we performed logistic regression analyses,
which showed that optimal debulking (adjusted OR, 0.02;
95% CI, 0.01 to 0.12) and PLR < 205.4 (adjusted OR, 0.17; 95%
CI, 0.04 to 0.69) were independent factors associated with the
reduced risk of non-CR (Table 4). In terms of survival, early-
stage disease, optimal debulking, taxane- and platinum-
based chemotherapy and NLR < 2.8 were favorable factors
for improved PFS (adjusted HRs, 0.18, 0.37, 0.36, and 0.49;
95% Cls, 0.08 to 0.41, 0.16 to 0.84, 0.15 to 0.89, and 0.25 t0 0.99)
while early-stage disease and optimal debulking were favor-
able factors for improved OS (adjusted HRs, 0.08 and 0.26;
95% CIs, 0.03 to 022 and 0.09 to 0.75) (Table 5).

Discussion

SIR involves secondary changes in the levels of circulating
leukocytes, which show neutrophilia, monocytosis, lympho-
cytopenia and thrombocytosis [10]. Thus, some leukocyte
differential counts and SIR markers have been studied in
relation with EOC because leukocyte-mediated inflamma-
tory cytokines by tumor would inhibit apoptosis and pro-
mote angiogenesis, resulting in tumor growth, progression
and metastasis [11]. In particular, neutrophilia, lymphocy-
topenia, NLR and PLR are prognostic of advance-stage
disease, residual disease after surgery and survival in
patients with EOC-like CA-125 levels [12-16].

In the current study, CA-125 levels were best for predicting
advanced-stage disease, suboptimal debulking and plat-
inum-resistance in patients with OCCC. Although most
leukocyte differential counts and SIR markers were statisti-
cally significant for predicting advanced-stage disease,
suboptimal debulking and platinum-resistance, we found
that CA-125 levels had the highest SN, SP, PPV, NPV, and
accuracy. Specific leukocyte differential counts (neutrophil,
monocyte, and platelet), and SIR markers (NLR, MLR, and
PLR) increase proportionally with a growing burden of
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Fig. 1. The receiver operating characteristic curves to determine the best cut-off values of leukocyte differential counts including
neutrophil, monocyte and platelet, neutrophil to lymphocyte ratio (NLR), monocyte to lymphocyte ratio (MLR), platelet to lymphocyte
ratio (PLR), and cancer antigen 125 (CA-125) levels for predicting International Federation of Gynecology and Obstetrics (FIGO) stage
-1V disease (A), suboptimal debulking (B), platinum-resistance (C), and non-complete response (D) in 109 patients with ovarian

clear cell carcinoma.

inflammation such as cancer, whereas CA-125 levels are
relatively low in early-stage OCCC in comparison with other
histologic types of EOC because of the apparent initial
smaller volume of disease as well as fundamental differences
in the biology of malignancy [4,12,17]. However, CA-125
levels increase in advanced-stage disease because of an
increase of tumor burden [18]. Thus, high levels of CA-125
can predict advanced-stage disease or suboptimal debulking
more accurately compared with elevation of specific leuko-
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cyte differential counts and SIR markers. This hypothesis is
supported indirectly by a study that found CA-125 levels to
be a sensitive biomarker of tumor response in low-grade
serous carcinoma showing a low level of CA-125 [19].
Furthermore, PLR was the most significant to predict
tumor response after primary treatment among the potential
markers. Platelets interact with tumor cells, and to contain
factors contributing to tumor growth, invasion and angio-
genesis [20]. Moreover, it can protect tumor cells from natu-
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Table 3. SN, SP, PPV, NPV, and accuracy of leukocyte differential counts, systemic inflammatory response markers,

CA-125 levels by the receiver operating characteristic curve

Characteristic Cut-off value AUC SN (%)
FIGO stage III-IV disease
Neutrophil (cell /uL) >4,370 0.66 60.5
Monocyte (cell /L) >389 0.65 65.8
Platelet (x10°/ L) >300 0.70 60.5
NLR =24 0.65 60.5
MLR >0.2 0.64 60.5
PLR >178.3 0.68 60.5
CA-125 (U/mL) >46.5 0.78 73.2
Suboptimal debulking
Neutrophil (cell /pL) >4,254 0.69 61.5
Monocyte (cell/pL) > 354 0.54 61.5
Platelet (x10%/uL) >295 0.80 76.9
NLR >24 0.64 61.5
MLR >0.2 0.56 61.5
PLR >205.4 0.72 69.2
CA-125 (U/mL) >114.5 0.87 78.6
Non-CR
Neutrophil (cell /uL) >4,428 0.71 68.4
Monocyte (cell/pL) > 394 0.67 63.2
Platelet (x10°/ L) >297 0.77 73.7
NLR =27 0.71 73.7
MLR >0.3 0.69 68.4
PLR >205.4 0.78 73.7
CA-125 (U/mL) >66.9 0.76 70
Platinum-resistance
Neutrophil (cell /pL) >4,436 0.70 63.2
Monocyte (cell/pL) > 394 0.65 63.2
Platelet (x10%/uL) >297 0.67 63.2
NLR >2.8 0.69 68.4
MLR >0.3 0.66 63.2
PLR >178.3 0.67 68.4
CA-125 (U/mL) > 66.4 0.73 70

SP (%) PPV (%) NPV (%)  Accuracy (%) p-value
59.4 46.9 717 59.8 <0.01
64.6 52.1 76.4 65 0.01
57.8 46 712 58.8 <0.01
56.3 45.1 70.6 57.8 0.01
60 46.9 722 60.2 0.02
57.8 46 712 58.8 <0.01
67.2 57.7 80.4 69.4 <0.01
50.6 15.4 90 51.9 0.03
43.3 13.6 88.6 45.6 0.65
51.7 18.9 93.9 54.9 <0.01
50.6 15.4 90 52 0.11
54.4 16.3 90.7 55 0.49
67.4 23.7 93.8 67.6 0.01
78.7 3155 96.1 787 <0.01
62.7 29.5 89.7 63.7 <0.01
63.1 27.9 88.3 66 0.03
54.2 26.9 90 57.8 <0.01
65.1 32.6 91.5 66.7 <0.01
63.1 29.5 89.8 64.1 <0.01
71.1 36.8 92.2 71.6 <0.01
69.3 34.1 69.3 69.4 <0.01
62.7 27.9 88.1 62.7 <0.01
63.1 27.9 88.3 63.1 0.04
51.8 23.1 86 589 0.02
65.1 3l 90 65.7 <0.01
61.9 27.3 88.1 62.1 0.03
55.4 26 88.5 57.8 0.02
68.2 8816 90.9 68.5 <0.01

SN, sensitivity; SP, specificity; PPV, positive predictive value; NPV, negative predictive value; AUC, area under curve; FIGO,
International Federation of Gynecology and Obstetrics; NLR, neutrophil to lymphocyte ratio; MLR, monocyte to lymphocyte
ratio; PLR, platelet to lymphocyte ratio; CA-125, cancer antigen 125.

ral killer cell-mediated lysis, thereby facilitating metastasis
[21]. Thus, thrombocytosis is also common in patients with
EOC [13]. Since tumor cells secret thrombopoietic cytokines
such as interleukin-6, thrombocytosis is related to poor
response in solid tumors, combined with lymphocytopenia
[22]. In the current study, we found PLR, among the potential
markers, to be a better predictor of risk of non-CR in patients
with OCCC, like previous studies [9,13]. However, all poten-
tial markers have modest predictive values to determine
tumor response in patients with OCCC because common
mechanisms lead to their coincident elevation. Thus, more

focused studies are required to validate the role of PLR to
predict tumor response in the patients.

Last, NLR was the most important prognostic factor for
PFS despite there being no marker related to OS among the
potential markers. Many studies reports that a higher neu-
trophil count or a lower lymphocyte predicts poorer survival
in EOC [12]. Among blood components, the potential mech-
anism underlying the prognostic value of NLR may be an
association between high NLR and inflammation. Neu-
trophilia produces inflammatory cytokines and chemokines
by both the tumor and associated host cells such as leuko-
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Table 4. Prognostic factors associated with the reduced risk of non-complete response after primary treatment in 109 patients
with ovarian clear cell carcinoma

Univariate Multivariate

Factor -

95% CI PREING Adjusted OR 95% CI p-value
Age <54 yr 0.70 0.26-1.85 0.47 - - -
FIGO stage I-1I disease 0.07 0.02-0.24 <0.01 = = =
Pure OCCC 0.65 0.12-3.49 0.62 - - -
Optimal debulking 0.02 0.01-0.08 <0.01 0.02 0.01-0.12 <0.001
Taxane- and platinum-based 0.61 0.16-2.29 0.46 - - -

chemotherapy

> 6 cycles of chemotherapy 0.42 0.13-1.40 0.16 - - -
PLR <205.4 0.15 0.05-0.45 <0.01 0.17 0.04-0.69 0.01
CA-125<66.9 (U/mL) 0.19 0.07-0.55 <0.01 = = =

OR, odds ratio; CI, confidence interval; FIGO, International Federation of Gynecology and Obstetrics; OCCC, ovarian clear
cell carcinoma; PLR, platelet to lymphocyte ratio; CA-125, cancer antigen 125.

Table 5. Prognostic factors related with improved progression-free and overall survivals in 109 patients with ovarian clear
cell carcinoma

Univariate Multivariate
Factor

95% CI p-value Adjusted HR 95% CI p-value

Progression-free survival

Age <54 yr 1.14 0.60-2.17 0.68 - - -
FIGO stage I-II disease 0.15 0.08-0.31 <0.01 0.18 0.08-0.41 <0.01
Pure OCCC 0.56 0.20-1.59 0.28 - - -
Optimal debulking 0.13 0.06-0.27 <0.01 0.37 0.16-0.84 0.02
Taxane- and platinum-based 0.87 0.41-1.84 0.72 0.36 0.15-0.89 0.03
chemotherapy
> 6 cycles of chemotherapy 1.79 0.82-3.93 0.14 - - -
NLR <238 0.34 0.18-0.67 <0.01 0.49 0.25-0.99 0.04
CA-125 < 68.5 (U/mL) 0.29 0.15-0.57 <0.01 - - -
Overall survival
Age <54 yr 2.00 0.85-4.69 0.11 - - -
FIGO stage I-II disease 0.12 0.05-0.30 <0.01 0.08 0.03-0.22 <0.01
Pure OCCC 0.53 0.16-1.78 0.30 - - -
Optimal debulking 0.14 0.06-0.36 <0.01 0.26 0.09-0.75 0.01
Taxane- and platinum-based 0.69 0.29-1.65 0.40 - - -
chemotherapy
> 6 cycles of chemotherapy 3.06 1.31-7.13 0.10 - - -
NLR <2.8 0.29 0.13-0.68 <0.01 - - -
CA-125 < 68.5 (U/mL) 0.26 0.11-0.59 <0.01 - - -

HR, hazard ratio; CI, confidence interval; FIGO, International Federation of Gynecology and Obstetrics; OCCC, ovarian clear
cell carcinoma; NLR, neutrophil to lymphocyte ratio; CA-125, cancer antigen 125.

cytes, and contributes to malignant progression by secreting ing the cytotoxic activity of immune cells such as lympho-
tumor growth factors such as vascular endothelial growth cytes and natural killer cells [23]. NLR reflects these inflam-
factor [11]. However, neutrophilia as an inflammatory matory changes, and therefore may be a useful marker in
response by cancer inhibits the immune system by suppress- patients with a cancer for which reliable biomarkers are lack-
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ing [24]. A recent meta-analysis reported a similar result in
that NLR was related to a higher risk of mortality than PLR
in solid tumors because the broader properties of neu-
trophils, in comparison with platelets, may stimulate various
cytokines [25]. Nevertheless, no potential markers have a sig-
nificant impact on OS in the current study, which requires a
new biomarker for predicting OS in the patients.

Whether the potential markers can be applied to predict
clinical outcomes in patients with OCCC is controversial.
Although recent meta-analyses emphasized the importance
of SIR markers to predict prognosis of solid tumors, research
that interprets their usefulness in EOC when compared with
other malignancies is lacking [24,25]. Furthermore, OCCC
cases in most studies comprise a small proportion, 5%-8%,
among patients with EOC, making it difficult to evaluate
prognostic values of the potential markers in patients with
OCCC [4,19].

Conclusion

Although the current study has some limitations such as a
retrospective design and unassessed possible confounders
affecting SIR (e.g., smoking or oral contraceptive use) [12],
we included a large number of patients with OCCC, and
sought to identify the most dominant markers related to clin-
ical outcomes by stepwise comparison of prognostic values

among the potential markers. Conclusively, CA-125 levels
may be the most useful marker for predicting advanced-
stage disease, suboptimal debulking and platinum-resis-
tance, and PLR and NLR may be the most effective to predict
non-CR and PFS in patients with OCCC.
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