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Abstract

Purpose To investigate the role of preoperative neutro-
phil-to-lymphocyte ratio (NLR) in prediction of response
to first-line platinum-based chemotherapy and survival out-
come in serous ovarian cancer (SOC) patients.

Methods Clinicopathologic data were reviewed for
patients with SOC treated with primary cytoreduction fol-
lowed by platinum-based chemotherapy. The correlations
of NLR value with clinicopathological features, clinical
response to chemotherapy, and survival outcome were fur-
ther explored.

Results High preoperative NLR was significantly asso-
ciated with advanced FIGO stage, histological grade,
increased serum CA-125 level, and positive lymph node
metastasis (P < 0.05, respectively). SOC patients in the
third and fourth NLR quartile had significantly lower com-
plete response rates compared to those in the first NLR
quartile. In addition, survival analysis identified NLR as
an independent prognostic factor for both PFS (HR 2.262,
95 % CI 1.342-3.811; P = 0.002) and OS (HR 3.254, 95 %
CI 1.741-6.084; P < 0.001) in SOC patients.

Conclusions Our findings indicated that high levels
of preoperative NLR might be a potential biomarker of
worse response to first-line platinum-based chemother-
apy and poor clinical outcomes in patients with SOC.
Further validation of this easily available parameter as a
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potential stratification tool in prospective studies should be
encouraged.
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Introduction

Epithelial ovarian cancer (EOC) remains the most lethal
gynecologic malignancy and one of the leading causes
of cancer-related deaths in women worldwide [1]. High-
grade serous cancer is the most common subtype, account-
ing for approximately 70 % of all cases of EOC [2].
Despite high rates of remission following radical surgery
and platinum-based chemotherapy, the majority of patients
will experience disease relapse at some point and ulti-
mately drug resistance, resulting in a 5-year survival rate
of only 19-28 % or even less [3]. Response to platinum
or not has been proved to be a clinically useful proxy for
predicting prognosis as well as guide for predicting future
response to second-line chemotherapy [4]. Accordingly,
identification of cancer biomarkers, in addition to common
clinicopathological risk factors, to predict chemotherapy
sensitivity and strengthen disease surveillance remains a
major obstacle.

Inflammation plays a critical role in the development
and progression of numerous cancers by upregulation of
cytokines and inflammatory mediators, inhibition of apop-
tosis, induction of angiogenesis, stimulation of DNA dam-
age, mediation of immunosuppression, and remodeling of
the extracellular matrix [5, 6]. Recently, the neutrophil-to-
lymphocyte ratio (NLR), an easily measured, reproducible,
and inexpensive marker of systemic inflammation response,
had been previously shown to serve as an independent
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Table 1 Quartile values of NLR PLR N P
NLR, PLR, neutrophil, and
platelet 1st quartile NLR < 1.86 PLR < 133.2 N<321 P <144
2nd quartile 1.86 < NLR < 2.64 133.2<PLR < 187.5 321 <N <431 144 < P <306
3rd quartile 2.65<NLR <3.77 187.6 < PLR < 243.7 431<N<547 306 < P < 380
4th quartile NLR > 3.77 PLR >243.7 N>3.77 P >380
Table 2 .Bal.seline Variables Ist quartile  2nd quartile 3rd quartile 4th quartile P value
characteristics based on NLR
quartiles (n = 126) NLR <1.86 1.86<NLR <2.64 2.65<NLR <3.77 NLR>3.77
Age (years) 0.055
<50 6 8 13 15
>50 25 24 19 16
Performance status 0.743
<1 27 25 25 24
>1 4 7 7 7
FIGO stage 0.010
-1 14 10 6 3
I-1v 17 22 26 28
Histological grade 0.036
Low 18 14 20 9
High 13 18 12 22
Residual tumor size (cm) 0.810
<1 5 5 7 4
>1 26 27 25 27
CA-125 level (U/ml) 0.003
<35 13 6 4 2
>35 18 26 28 29
Malignant ascites 0.089
Negative 12 6 5 5
Positive 19 26 27 26
Lymph node metastasis 0.014
Negative 25 22 19 13
Positive 6 10 13 18

prognostic marker for decreased survival in various cancer
types, including colorectal cancer, breast cancer, gastric
cancer, and soft tissue sarcoma [7-10]. Furthermore, sev-
eral studies have indicated that an elevated pretreatment
NLR may be useful as an adjunct in the evaluation of treat-
ment response and disease recurrence [9, 11-13]. Although
there were limited data regarding the potential prognostic
significance of NLR in ovarian cancer [14-16], to the best
of our knowledge, clinical studies in serous ovarian cancer
(SOC) have yet to distinguish between the potential roles
of NLR as a predictive biomarker of response to platinum-
based chemotherapy.

In the present study, therefore, we sought to determine
whether the preoperative NLR can be used as a prognostic
marker for predicting response to chemotherapy and sur-
vival outcomes in patients with serous ovarian carcinoma.
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Materials and methods
Study population and clinical data

This study was approved by the Institutional Review Board
(IRB) of Tianjin Medical University Cancer Institute and
Hospital. Written informed consent was obtained from all
of the patients.

Medical records from patients diagnosed with SOC in
our hospital between January 2009 and December 2010
were retrospectively reviewed. All patients were histo-
logically confirmed and underwent cytoreductive surgery
including para-aortic and pelvic lymph node dissection
followed by platinum-based chemotherapy. Patients with
second malignancies or multiple primary malignancies,
hematological disease, inflammatory disease, hematology
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Table 3 Association between chemotherapeutic response and clin-
icopathological characteristics

Table 4 Multivariate logistic analysis of the association between
chemotherapeutic response and NLR

Variables Chemotherapeutic response P value
Complete response  Non-complete
response

Age (years) 0.008
<50 36 6
>50 52 32

Performance status 0.455
<1 69 32
>1 19 6

FIGO stage 0.003
I-11 32 1
HI-1v 56 37

Grade 0.065
Low 14 2
High 74 36

Residual tumor size <0.001
(cm)
<1 81 24
>1 7 14

Malignant ascites 0.692
Negative 14 5
Positive 74 33

CA-125 level (U/ml) 0.038
<35 17 1
>35 71 37

NLR 0.005
Ist quartile 28 3
2nd quartile 23 9
3rd quartile 22 10
4th quartile 15 16

influenced drugs use, or missing preoperative complete
blood cell count prior to surgery were excluded. In addi-
tion, patients were ineligible if they had undergone prior
chemotherapy or radiotherapy.

Clinicopathological variables such as age, Eastern
Cooperative Oncology Group (ECOG) performance sta-
tus, surgical International Federation of Gynaecology
and Obstetrics (FIGO) stage, histologic grade, residual
tumor size, malignant ascites, lymph node metastasis,
response to platinum-based chemotherapy, and preopera-
tive leukocytes count were obtained retrospectively from
the medical records. All blood routine was taken within
1 week before surgery, and the NLR was defined as the
absolute neutrophil count divided by the absolute lym-
phocyte count; PLR (platelet-to-lymphocyte ratio) was
defined as the absolute platelet count divided by the abso-
lute lymphocyte count. Plasma quartile values of NLR,

Variables OR 95 % CI P value
Age (years)

<50 1

>50 3.184 1.677-5.598 0.012
FIGO stage

-1 1

I-1v 4.200 1.730-9.102 0.014
Residual tumor size (cm)

<1

>1 5.929 1.648-11.493 0.004
NLR

Ist quartile 1

2nd quartile 2.782 0.945-5.197 0.053

3rd quartile 4.646 1.299-9.837 0.023

4th quartile 8.145 2.520-14.235 <0.001

PLR, neutrophil, as well as platelet are demonstrated in
Table 1.

Follow-up and evaluation

Prior to each cycle, patients were assessed clinically and
radiological examinations were ordered if necessary.
Thereafter, follow-up visits were scheduled every 3 months
for 2 years, every 6 months for the next 3 years, and every
12 months thereafter. All patients were periodically fol-
lowed until they died or until May 31, 2014.

Oncologic evaluation includes physical and clinical
examination, and imaging of the chest, abdomen, and pel-
vis. The evaluation of the responses to first-line chemo-
therapy was evaluated according to RECIST criteria or the
Gynecologic Cancer Intergroup (GCIG) CA-125 criteria
[17, 18]. After the sixth cycle of chemotherapy, patients
with no evidence of disease at clinical, sonographic, and
radiological examination were defined as being in clinical
complete response (CR).

Progression-free survival (PFS) was defined as the time
from the chemotherapy initiation until disease progressed.
Overall survival (OS) was defined as the interval between
the date of chemotherapy initiation and the date of death or
the most recent follow-up.

Statistical analysis

Patients were divided into equal quartiles according to
the 25th, 50th, and 75th NLR percentile (i.e., the fourth
or highest NLR quartile included the patients with the
uppermost 25 % NLR values). The association between
baseline clinicopathologic characteristics and NLR
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Fig.1 Kaplan—-Meier survival curves for progression-free survival
(a) and overall survival (b) of patients with serous ovarian cancer
stratified by NLR quartiles

quartiles was evaluated by Pearson’s Chi-squared test.
Logistic regression was used to analyze independent
risk factors for predicting response to platinum-based
chemotherapy. Univariate analysis of the different clini-
cal factors associated with survival was carried out using
Kaplan—Meier curves and compared by the log-rank test.
Multivariable survival analysis was performed using Cox
proportional hazards method. A P value <0.05 was con-
sidered statistically significant. All statistical analyses

@ Springer

A total of one hundred and twenty-six patients with SOC
who met the criteria were included in this study. The
baseline characteristics of SOC patients sorted by their
NLR quartiles are presented in Table 2. As depicted, high
NLR levels were significantly correlated with advanced
FIGO stage (P = 0.010), histological grade (P = 0.036),
increased serum CA-125 level (P = 0.003), and positive
lymph node metastasis (P = 0.014), whereas not with other
clinicopathologic factors, including patient age, ECOG per-
formance status, residual tumor size, and the presence of
malignant ascites (P > 0.05, respectively).

Chemotherapeutic response

As for the response to first-line chemotherapy, 88 (69.8 %)
patients obtained CR following platinum/taxane chemo-
therapy, eight (6.3 %) patients got partial response (PR),
21(16.7 %) patients had progressive disease (PD), and nine
(7.1 %) patients had stable disease (SD).

The characteristics of clinicopathological factors affect-
ing response to first-line platinum-based chemotherapy
are shown in Table 3. Statistic data indicated that preop-
erative NLR (P = 0.005), patient age (P = 0.008), FIGO
stage (P = 0.010), residual tumor size (P < 0.001), and
serum CA-125 level (P = 0.038) were predictors of clinical
response to treatment.

Furthermore, as shown in Table 4, multivariate logis-
tic regression analysis suggested that NLR remained to be
an independent factor associated with treatment response.
Overall, patients in the third NLR quartile [odds ratio
(OR) 4.646, 95 % confidence interval (CI) 1.299-9.837;
P = 0.023] and fourth NLR quartile (OR 8.145, 95 %
CI 2.520-14.235; P < 0.001) had significantly lower
CR rates compared to patients in the first NLR quartile.
Besides NLR, old age (OR 3.184, 95 % CI 1.677-5.598;
P = 0.012), advanced FIGO stage (OR 4.220, 95 % CI
1.730-9.102; P = 0.014), and large residual tumor size
(OR 5.929; 95 % CI 1.648-11.493; P = 0.004) were inde-
pendently correlated with a lower probability of achieving
CR.

Survival analysis

With a median follow-up time of 41.3 (range 3.3-70.4)
months, 56.3 % (71/126) patients had experienced local or
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Table 5 Univariate and

e . Variables Univariate Multivariate
multivariate Cox proportional
analysis regarding progression- HR 95 % CI P value HR 95 % CI P value
free survival
Age (years)
<50 1 1
>50 3.187 1.625-6.248 0.001 1.431 0.643-3.185 NS
Performance status
<1 1 1
>1 1.180 0.673-2.069 NS 1.540 0.792-2.996 NS
FIGO stage
I-1I 1 1
-1v 9.215 4.091-25.509 <0.001 12.937 3.699-45.251 <0.001
Grade
Low 1 1
High 1.799 1.148-2.819 0.010 1.081 0.626-1.867 NS
Residual tumor size (cm)
<1 1
>1 3.074 1.818-5.198 <0.001 3.156 1.661-5.998 <0.001
Malignant ascites
Negative 1 1
Positive 2.071 1.120-3.832 0.020 1.332 0.658-2.698 NS
CA-125 level (U/ml)
<35 1 1
>35 3.928 1.582-9.750 0.003 2.147 0.640-5.204 NS
NLR
Ist quartile 1 1
2nd quartile 2.250 1.046-4.843 0.038 1.858 0.777-4.445 NS
3rd quartile 3.191 1.514-6.728 0.002 3.554 1.389-9.096 0.008
4th quartile 5.875 2.811-12.281 <0.001 6.871 2.636-17.906 <0.001
PLR
Ist quartile 1 1
2nd quartile 1.114 0.568-2.187 NS 1.114 0.523-2.372 NS
3rd quartile 1.306 0.684-2.495 NS 1.127 0.433-2.932 NS
4th quartile 1.677 0.889-3.164 NS 2.084 0.884-4.915 NS
Neutrophils
Ist quartile 1 1
2nd quartile 1.396 0.722-2.696 NS 0.616 0.260-1.460 NS
3rd quartile 1.643 0.861-3.136 NS 1.229 0.539-2.806 NS
4th quartile 1.661 0.869-3.174 NS 1.305 0.598-2.847 NS
Platelets
1st quartile 1 1
2nd quartile 1.157 0.583-2.298 NS 0.979 0.428-2.238 NS
3rd quartile 1.796 0.933-3.455 NS 1.332 0.507-3.496 NS
4th quartile 2.120 1.108-4.057 0.023 1.452 0.708-2.977 NS

distant recurrence, and 47.6 % (60/126) had died as a result
of disease progression, whereas the remaining patients
were alive. Kaplan—Meier curves for PFS and OS accord-
ing to quartiles of the NLR levels are shown in Fig. la,
b. Pairwise log-rank test indicated significant differences
between the first quartile compared with the second, third,

and fourth quartiles (P < 0.05, respectively). Clinicopatho-
logical variables for prediction of prognosis were deter-
mined in univariate and multivariate Cox proportional
models (Tables 5, 6).

Univariate analysis demonstrated that high NLR, old
age, advanced FIGO stage, high tumor grade, large residual
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Table 6 Univariate and

multivariate Cox proportional

analysis regarding overall
survival

tumor size, malignant ascites, elevated CA-125 level, and
platelets >380 x 10%L were unfavorable predictors for

PES (all P <0.05).

Multivariate analysis identified high NLR, old age,
advanced FIGO stage, and large residual tumor size as
independent prognostic factors associated with poor PFS.

@ Springer

Variables Univariate Multivariate
HR 95 % CI P value HR 95 % CI P value

Age (years)

<50 1

>50 4.371 1.742-9.972 0.002 1.476 0.507-4.296 NS
Performance status

<1 1 1

>1 1.179 0.618-2.250 NS 1.158 0.536-2.502 NS
FIGO stage

I-1I 1 1

-1v 7.043 2.545-19.494 <0.001 2.519 0.739-8.589 NS
Grade

Low 1 1

High 1.930 1.140-3.267 0.014 1.326 0.721-2.440 NS
Residual tumor size (cm)

<1 1

>1 3.413 1.926-6.049 <0.001 3.954 1.994-7.838 <0.001
Malignant ascites

Negative 1 1

Positive 1.942 0.922-4.091 NS 1.259 0.495-3.202 NS
CA-125 level (U/ml)

<35 1 1

>35 3.517 1.426-8.953 0.007 2.283 0.455-4.191 NS
NLR

Ist quartile 1 1

2nd quartile 2.403 1.104-6.409 0.034 1.877 0.662-5.324 NS

3rd quartile 3.775 1.497-9.519 0.005 5.302 1.817-15.471 0.002

4th quartile 6.866 2.797-16.851 <0.001 8.567 2.808-26.136 <0.001
PLR

Ist quartile 1 1

2nd quartile 0.954 0.435-2.092 NS 0.897 0.339-2.378 NS

3rd quartile 1.090 0.510-2.329 NS 1.689 0.590-4.835 NS

4th quartile 1.841 0.899-3.772 NS 1.988 0.628-6.290 NS
Neutrophils

Ist quartile 1 1

2nd quartile 1.382 0.634-3.013 NS 1.332 0.622-2.850 NS

3rd quartile 1.436 0.666-3.097 NS 1.977 0.928-4.210 NS

4th quartile 1.766 0.833-3.744 NS 2.371 0.918-6.123 NS
Platelets

1st quartile 1 1

2nd quartile 0.963 0.425-2.183 NS 0.994 0.315-3.130 NS

3rd quartile 1.755 0.828-3.721 NS 1.228 0.379-3.985 NS

4th quartile 1.932 0.917-4.073 NS 1.238 0.439-3.493 NS

Compared with patients in the first NLR quartile, the haz-
ard ratio of PFS in the third and fourth quartile increased
by 3.554 (P = 0.008) and 6.871 (P < 0.001), respectively.

For OS prediction, preoperative NLR, patient age, FIGO
stage, residual tumor size, histologic grade, and serum CA-125
level were predictors confirmed by univariate analysis.
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In multivariate analysis, only plasma NLR value within
the third quartile (HR 5.302, 95 % CI 1.817-15.471;
P = 0.002) and fourth quartile (HR 8.567, 95 % CI 2.808—
26.136; P < 0.001), and large residual tumor size (HR
3.954, 95 % CI 1.994-7.838; P < 0.001) were independent
prognostic indicators of unfavorable OS.

Discussion

A growing body of evidence highlights the importance of
inflammation in the initiation, promotion, invasion, and
metastasis of cancer [5]. During chronic inflammation,
a wide array of intracellular signaling pathways are often
deregulated, thereby leading to malignant transformation
through the induction of genomic instability, damage of
DNA, stimulation of cell proliferation, and promotion of
angiogenesis [19]. Moreover, inflammatory mediators pre-
sent in the tumor microenvironment, such as cytokines and
interleukins, have been shown to be correlated with chem-
oresistance in several types of tumor, including ovarian
cancer [20, 21].

The neutrophil-to-lymphocyte ratio (NLR), an emerging
marker of host inflammation, has been demonstrated to be
a prognosticator for various malignancies. With respect to
ovarian cancer, several studies have provided evidence for
the association between NLR and prognosis after surgical
resection. An early study conducted by Cho et al. reported
that the NLR level is significantly elevated in ovarian can-
cer cases compared to those with benign gynecologic dis-
eases or healthy controls. In that study, they also found that
the NLR can identify CA-125-negative cases and predict
poor outcome [14]. Recently, Williams et al. [15] retrospec-
tively evaluated 519 women with ovarian carcinoma and
showed that elevated NLR signals more aggressive disease,
correlates with risk factors such as family history, and pre-
dicts poor survival.

In the present work, we not only validated the prog-
nostic impact of NLR levels on survival outcome, but also
clearly demonstrated that an elevated NLR level was asso-
ciated with worse pathologic features such as advanced
tumor stage for ovarian serous carcinoma. The PFS and
OS were significantly longer among patients within the
first NLR quartile than those within the second, third, and
fourth quartile. In addition to preoperative NLR, inflam-
matory markers such as PLR, neutrophils, and plate-
lets count have been proved to be of prognostic value as
well [22, 23]. When these markers were considered in
our study, only platelet count within the highest quartile
(platelet > 380 x 10°/L) was significantly associated unfa-
vorable PFS; however, this difference lost statistical sig-
nificance in multivariate analysis. Although the molecular
basis of the relationship between elevated NLR levels and

poor clinical outcome in cancer patients has not been fully
elucidated, several possible explanations have been pos-
tulated. First, oncogenic changes and tumor growth can
induce tissue inflammation and hence increase the NLR
levels [24]. Second, the high NLR reflects an elevated neu-
trophil level. Several lines of evidence suggest that neu-
trophils may promote tumor development via remodeling
extracellular matrix, releasing pro-angiogenic factors, and
suppressing lymphocyte activity [19, 25]. Third, elevated
NLR reflects a relative lymphopenia. Lymphocytes are
known to play a critical role in cancer immune-surveil-
lance, which inhibits proliferation and metastatic activity
of tumor cells [26].

In line with previous studies, which have shown that
patients with high level of NLR have a worse response to
chemotherapy [9, 11], positive correlation of preopera-
tive NLR with chemotherapeutic response was demon-
strated in the current study as well. The CR rates in dif-
ferent NLR quartiles were 90.3, 71.9, 68.8, and 48.4 %,
respectively, and the difference was statistically signifi-
cant (P = 0.005). In addition, we also found that patient
age, FIGO stage, serum CA-125 value, as well as residual
tumor size were independent predictors for the chance
of achieving a CR to treatment. More importantly, mul-
tivariate logistic regression analysis confirmed that NLR
remained to be an independent factor associated with
treatment response. Patients in the third and fourth NLR
quartile had significantly lower CR rates compared to
patients in the first NLR quartile, implying that high level
of NLR can be used alone or in combination with other
markers to identify patients who are more susceptible to
chemoresistance.

However, there are a few limitations to this study. First,
NLR is known to be a non-specific marker of inflammation,
and it is also possible that the presence of other systemic
diseases could influence the NLR level in the peripheral
blood. Second, our study is limited by its retrospective
nature and a relatively small sample size. Finally, we did
not calculate the NLR during or after chemotherapy and
therefore cannot analyze whether dynamic change of NLR
presents a predictive value.

Conclusions

In summary, our initial experience confirms the potential
utility of preoperative NLR levels as an independent prog-
nostic marker in SOC patients. Moreover, elevated preop-
erative NLR may be a promising indicator for worse chem-
otherapeutic response and platinum resistance in patients
with SOC. However, further large-scale prospective multi-
centre studies should be encouraged to confirm and extend
these findings.
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