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Neutrophil to lymphocyte ratio in the pre-treatment phase
of final-line chemotherapy predicts the outcome
of patients with recurrent ovarian cancer
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Abstract. Inflammation and tumor immunology are associ-
ated with prognosis in a variety of cancers. The aim of the
present retrospective study was to identify associations
between the neutrophil to lymphocyte ratio (NLR), platelet
to lymphocyte ratio (PLR), cancer antigen 125 (CA125)
concentrations, tumor response, performance status (PS) and
survival of patients that developed recurrent ovarian cancer
subsequent to receiving chemotherapy. The NLR and PLR
measured prior to fourth-line chemotherapy were signifi-
cantly increased compared with those measured prior to
second-line chemotherapy (P=0.029 and 0.049, respectively).
By using receiver operating characteristic curves, the cut-off
values were determined for the NLR, PLR and CA125 levels
that were measured during the pre-treatment phase, which
predicted the outcomes. According to univariate analyses,
pre-treatment NLR >3.91, PLR >299.0 and PS 2 were each
significantly associated with poor outcomes (P=0.001,
0.005 and 0.021, respectively). According to multivariate
analyses, only pre-treatment NLR was associated with
poor outcome (P=0.035). The present findings indicate that
pre-treatment NLR is an important predictor of prognosis
in patients with ovarian cancer that experience recurrence
following chemotherapy.
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Introduction

Ovarian cancer patients demonstrate poor survival; the
five-year survival rate for patients with advanced stage
[FIGO stage III-IV (1)] disease is just 30.6% (2,3). Despite
a high initial response rate to primary treatments, 75% of
patients eventually relapse and succumb to the disease (2.4).
Responses to second-line chemotherapy for recurrence occur
in 260% of platinum-sensitive patients, with ~25% of these
patients achieving complete responses (5,6). Although there
is much published data on the survival outcomes of various
third-line chemotherapy options, limited information is avail-
able specifically regarding the response to chemotherapy.
Generally, chemotherapy is considered the best initial treat-
ment option for patients with incurable cancer (7-9). The
challenge for the physician is to continuously balance the
pros and cons in each individual patient, so as to optimize
tumor response while minimizing adverse effects. Decisions
about chemotherapy should consider various clinical factors,
including the performance status (PS) of the patient and the
likely tumor response and patient survival time. In particular,
the prediction of the survival time is important. Evidence of
deterioration and adverse effects should be monitored closely
to avoid overtreatment (8).

In addition to clinical predictors of the survival duration,
such as PS, possible prognostic biomarkers associated with
the systemic inflammatory processes have been examined
in various types of cancer, as inflammation in tumors has
previously been identified to enable various cancer character-
istics and to be important in determining the prognosis (10).
Changes in the proportions of the subtypes of white blood
cells have been the most frequently evaluated of these
biomarkers, as they are easily assessable and economically
feasible potential markers of cancer prognosis (11,12). The
neutrophil to lymphocyte ratio (NLR) and the platelet to
lymphocyte ratio (PLR) have attracted the interest of studies
as systemic inflammatory markers of prognosis (13,14).
Several studies have reported that peripheral blood NLR
and PLR measured during the pre-operative or pre-treatment
phase are independent predictors of poor prognosis in various
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cancers, including pancreatic, breast, colon, lung and gastric
cancer (15-19). However, associations between the NLR
and PLR and the tumor responses and survival of patients
receiving chemotherapy have not been examined.

Therefore, in the present study, the association between the
NLR and PLR and the PS, tumor response and survival time
were investigated in patients with recurrent epithelial ovarian
cancer subsequent to the administration of chemotherapy, in
which the response to chemotherapy had been monitored by
serial cancer antigen 125 (CA125) concentrations (20).

Patients and methods

Patients. The present study was a retrospective analysis of
30 ovarian cancer patients with recurrence that had been treated
in the Department of Obstetrics and Gynecology of Okayama
University Hospital (Okayama, Okayama, Japan) between
April 2005 and April 2013. The primary treatment received by
these patients was complete cytoreductive surgery and adjuvant
and/or neo-adjuvant chemotherapy with conventional taxotere
and cyclophosphamide (TC) [180 mg/m? paclitaxel infused
over 3 h; carboplatin, dosage calculated for an area under the
curve (AUC) of 5 infused over 1 h; Bristol-Myers Squibb,
New York, NY, USA]. Following primary treatment, the
patients underwent follow-up examinations every 1-2 months
for the first 6 months, every 3 months for the next 2 years, and
every 6 months thereafter. The present protocol was approved
by the Institutional Review Board of Okayama University
Hospital. Informed consent was obtained from all patients.

Chemotherapy. The policy of the Department of Obstetrics
and Gynecology of Okayama University Hospital required
an Eastern Cooperative Oncology Group PS of <2 (21)
prior to initiating chemotherapy. In the present study, no
patients showed clinical or radiographic evidence of relapse
within 6 months subsequent to completing adjuvant and/or
neo-adjuvant chemotherapy with conventional TC. Conven-
tional TC was also administered as second-line chemotherapy
to patients that developed evidence of clinical or radiographic
relapse within the 6 months subsequent to completing adjuvant
and/or neo-adjuvant chemotherapy. Chemotherapy for the
treatment of recurrent disease was continued until complete
response (CR) or progressive disease (PD) was identified.
Patients with PD received regimens of chemotherapy that
were different from the adjuvant and second-line combina-
tions. The second line chemotherapy consisted of weekly TC
(paclitaxel, 80 mg/m?; carboplatin, AUC of 2.0). Third, fourth
and fifth-line chemotherapy was either single agent irinotecan
(CPT-11; 70 mg/m* weekly for 3 weeks followed by 1 week
off; Yakult, Tokyo, Japan), pegylated liposomal doxorubicin
(Doxil; 40 mg/m? once every four weeks; Janssen, Tokyo,
Japan), or gemcitabine (700 mg/m? weekly for 3 weeks
followed by 1 week off; Eli Lilly and Company, Indianapolis,
IN, USA). The objective responses of the patients were
principally evaluated using the Response Evaluation Criteria
in Solid Tumors guidelines (version 1.1) (22). Patients with
recurrence that occurred in a single site, and therefore under-
went secondary surgical cytoreduction, and those in whom
granulocyte colony stimulating factor was used were excluded
from the present study.
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Table I. Characteristics of patients with ovarian cancer.

Baseline characteristics Patients, n (%)

Age at diagnosis, mean years (range) 54.9 (33-78)
Histology
High grade serous adenocarcinoma 30 (100.0)
RFS time
7-12 months 23 (76.7)
13-24 months 5(16.6)
>25 months 2(6.7)

RFS, reccurence-free survival; TC, paclitaxel + cisplatin.

NLR, PLR and CA125. All subjects underwent complete blood
and differential white blood cell counts prior to commencing
chemotherapy. The NLR was defined as the absolute neutro-
phil count divided by the absolute lymphocyte count, and the
PLR was defined as the absolute platelet count divided by
the lymphocyte count (Bayer HealthCare, Tarrytown, NY,
USA). Serum CA125 concentrations were measured using
an electrochemiluminescence immunoassay using Hitachi
Modular Analytics E170 (Roche Diagnostics, Tokyo, Japan).
Additionally, NLR, PLR and CA125 concentrations were
measured prior to commencing treatment for recurrent ovarian
cancer. Since objectively measurable criteria for assessing the
response to chemotherapy were considered important, changes
in the NLR and PLR values and CA125 concentrations were
evaluated as single prognostic criteria and in combination with
other clinical response criteria.

Statistical analysis. Statistical analyses were performed using
the Mann-Whitney U-test for comparisons with controls and
one-way analysis of variance followed by Fisher's protected
least significant difference test for all pairwise comparisons.
Receiver operating characteristic (ROC) curves were gener-
ated for pre-treatment NLR, PLR and CA125 concentrations
prior to final line chemotherapy to determine the cut-off values
for predicting survival for >100 days that yielded optimal
sensitivity and specificity. The patients were then allocated
to groups based on the cut-off values. Univariate and multi-
variate analyses using Cox's proportional hazards model were
performed to determine the biomarkers that predicted survival
subsequent to adjusting for the effects of known prognostic
factors. Analyses were performed using SPSS software version
20.0 (IBM, Armonk, NY, USA). P<0.05 was considered to
indicate a statistically significant difference.

Results

Patient characteristics. The histological types of ovarian
cancer included in the present study and the duration of
recurrence-free survival are listed in Table I. Following disease
recurrence, 30 (100%), 28 (93.3%), 21 (70.0%) and 10 (33.3%)
patients received second, third, fourth and fifth-line chemo-
therapy, respectively (Fig. 1A). The tumor responses of patients
that received second to fifth-line chemotherapy are exhibited
in Fig. 1B. The tumor response and disease control rates were
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Table II. Prognostic factors for mortality within 100 days of the failure of final-line chemotherapy.
Univariate analysis Multivariate analysis

Variable Hazard ratio 95% CI P-value Hazard ratio 95% CI P-value
Years (>60 years) 1.202 0.339-4.264 0.776
RFS (=12 months) 3.339 0.423-26.376 0.253
Over fourth line chemotherapy 0.905 0.234-3.509 0.886
Pre-treatment NLR (>3.91) 31.667 3.887-257.963 0.001" 14.128 1.207-165.400 0.035"
Pre-treatment PLR (>299.0) 19.173 2.396-153.423 0.005" 4.628 0.432-49.567 0.205
CA125 (>722.0) 1.032 0.299-3.568 0.960
PS (2) 4.362 1.248-15.240 0.021" 0.974 0.258-3.667 0.969

Asterisks denote significance. RFS, reccurence free survival; NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymhocyte ratio; PS,

performance status; CI, confidence interval.
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Figure 1. (A) Second to fifth-line chemotherapy regimens used to treat recurrent ovarian cancer. (B) Responses to second to fifth-line chemotherapy in patients
with recurrent ovarian cancer. TC, paclitaxel + carboplatin; CP, irinotecan; DX, pegylated liposomal doxorubicin; GE, gemcitabine; CR, complete response;

PR, partial response; SD, stable disease; PD, progressive disease.

76.7 and 86.7%, respectively, for second-line chemotherapy,
10.7 and 35.7%, respectively, for third-line chemotherapy,
4.3 and 33.3%, respectively, for fourth-line chemotherapy, and
0.0 and 30.0%, respectively, for fifth-line chemotherapy. The
median number of cycles of second, third, fourth and fifth-line
chemotherapy received were 16 (range, 5-27), 7 (range, 2-27),
6 (range, 2-20), and 5 (range, 2-18), respectively.

Association between chemotherapy line and the NLR, PLR
and CAI25 concentration of patients. The pre-treatment
NLR, PLR and CA125 concentrations were calculated for
second to fifth-line chemotherapy. The mean pre-treatment
NLR (x2 SD) for second, third, fourth and fifth-line chemo-
therapy was 2.24+0.74, 2.64+1.56, 3.12+1.72 and 3.66+2.70,
respectively. The mean pre-treatment PLR (+2 SD) for second,
third, fourth and fifth-line chemotherapy was 188.6+87.5,
246.8+152.2, 284.2+210.8 and 293.2+182.5, respectively. The
mean pre-treatment CA125 concentration (+2 SD) for second,
third, fourth and fifth-line chemotherapy was 238.1+385.6,
597.0£808.0, 1539.2+1568.6, and 1919.0+2462.0 U/ml,
respectively. The pre-treatment NLR and PLR for fourth-line
chemotherapy were significantly increased compared with
those for second-line chemotherapy (P=0.029 and 0.049, respec-
tively). The mean pre-treatment CA125 concentrations for third
and fourth-line chemotherapy were significantly increased
compared with the mean pre-treatment CA125 concentrations

for second-line chemotherapy (P=0.039 and 0.001, respec-
tively) (Fig. 2A).

Whether the pre-treatment NLR, PLR and CA125 concen-
trations for second to fifth-line chemotherapy were associated
with the disease control rate (DCR), including CR, partial
response (PR), and stable disease (SD) was assessed. For
third-line chemotherapy, the mean pre-treatment NLR of
patients with subsequent PD was increased compared with the
mean pre-treatment NLR for patients that achieved CR, PR,
and SD (P=0.022). Similarly, the mean pre-treatment PLR
for patients with subsequent PD was significantly increased
compared with the mean pre-treatment PLR for patients that
achieved CR, PR, and SD with fourth-line chemotherapy
(P=0.032). However, there was no association between the
CA125 concentration and tumor response for any line of
chemotherapy (Fig. 2B).

Of the 30 patients that succumbed, 2 (6.7%) had
received second-line chemotherapy, 7 (23.3%) third-line
chemotherapy, 11 (36.7%) fourth-line chemotherapy, and
10 (33.3%) fifth-line chemotherapy as their last line of
chemotherapy (Fig. 3A).

Whether the pre-treatment NLR, PLR, CA125 concentra-
tion and PS were associated with final-line chemotherapy
was also examined in the present study. Pre-treatment
NLR and PLR of patients with PS of 2 were significantly
higher than those of patients with a PS of O prior to final



3978 NAKAMURA et al: NLR PREDICTS OUTCOME IN PATIENTS WITH RECURRENT OVARIAN CANCER

A Pre-treatment of NLR Pre-treatment of PLR Pre-treatment of CA125
* *
6.0, 450, =
*
300
3.0
150-
0 0
30 28 21 10 30 28 21 10 ' w28 21 10
Second Third Fourth Fifth Second ThirdFourth Fifth Second Third Fourth Fifth
*P<0.05
B 6.0- Pre-treatment of NLR Pre-treatment of PLR

600+ -

400

200

! 0
26 4 10 18 7 14 3 7 26 4 10 18 7 14 3 7
DCR PD DCR PD DCR PD DCR PD DCR PD DCR PD DCR PD DCR PD
Second  Third Fourth Fifth Second  Third  Fourth Fifth
4000~ Pre-treatment of CA125

2000 4

26 0 18 7 14 3 7
DCR PD DCR PDDCR PD DCR PD
Second  Third  Fourth Fifth *P<0.05

Figure 2. (A) Second to fifth-line chemotherapy: pre-treatment NLR, PLR and CA125 concentrations in patients with recurrent ovarian cancer. (B) Second- to
fifth-line chemotherapy: tumor responses according to pre-treatment NLR, PLR, and CA125 concentrations in patients with recurrent ovarian cancer. NLR,
neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; CA125, cancer antigen 125; DCR, disease control rate (including complete and partial
responses and stable disease); PD, progressive disease.
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Figure 3. (A) Numbers of patients for whom second, third, fourth and fifth-line chemotherapy was the final chemotherapy. (B) Final-line chemotherapy
pre-treatment NLR, PLR and CA125 concentrations according to PS. NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; CA125, cancer
antigen 125; PS, performance status.
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Figure 4. (A) Time between final-line chemotherapy and mortality in patients with recurrent ovarian cancer. (B) Receiver operating characteristic curves
for the ability of pre-treatment NLR, PLR and CA125 concentrations to predict mortality within 100 days of final-line chemotherapy. The optimal cut-off
value for pre-treatment NLR was 3.91 (AUC, 0.962; 95% CI, 0.892-1.000; P<0.001), for PLR it was 299.0 (AUC, 0.914; 95% CI, 0.806-1.000; P<0.001), and
for CA125 concentrations it was 722.0 U/ml (AUC, 0.531; 95% CI, 0.292-0.770; P=0.112). (C) Kaplan-Meier plots for the survival rates of 30 patients with
recurrent ovarian cancer, based on the pre-treatment NLR, PLR and serum CA125 values. a), NLR <3.91 (n=19); b), NLR >3.91 (n=11); ¢), PLR <299.0 (n=17);
d), PLR >299.0 (n=13), e) serum CA125 concentrations <722.0 U/ml (n=15); and f), serum CA125 concentrations >722.0 U/ml (n=15). NLR, neutrophil to
lymphocyte ratio; PLR, platelet to lymphocyte ratio; CA125, cancer antigen 125; AUC, area under the curve; U/ml, units/ml.

line chemotherapy (P<0.001 and P<0.001). However,
CA125 concentration prior to final line chemotherapy was not
associated with PS (Fig. 3B).

The time between final line chemotherapy and mortality
was <100 days in 11 patients (36.7%), 101-200 days in 8 (26.7%),
201-300 days in 5 (16.6%), 301-400 days in 4 (13.3%), and
=401 days in 2 (6.7%) (Fig. 4A).

ROC curve analysis. ROC curve analyses were performed to
determine the cut-off values for the pre-treatment NLR, PLR
and CA125 concentrations that predicted mortality within
100 days of the failure of final line chemotherapy. These
analyses identified a cut-off value for a pre-treatment NLR of
391 (AUC, 0.962; sensitivity, 90.9%; specificity, 94.7%), for a
pre-treatment PLR of 299.0 (AUC, 0.914; sensitivity, 90.9%;
specificity, 84.2%) and for a pre-treatment CA125 concen-
tration of 722.0 (units/ml) (AUC, 0.531; sensitivity, 54.5%;
specificity, 52.6%) (Fig. 4B). When patients were classified into
the regions above and below each cut-off value for survival,
Kaplan-Meyer curves of survival demonstrated that patients
with a high NLR and PLR had significantly shorter survival

times than patients with a low NLR and PLR (P<0.001 and
P<0.001, respectively) (Fig. 4C).

Association between clinical factors and mortality. The asso-
ciation between clinical factors and mortality within 100 days
of the failure of final-line chemotherapy was assessed by
univariate and multivariate analyses. According to the
univariate analyses, pre-treatment NLR >3.91, pre-treatment
PLR >299.0 and PS 2 were significantly associated with
mortality within 100 days of the failure of final-line chemo-
therapy (P=0.001,0.005 and 0.021, respectively). Furthermore,
multivariate analyses demonstrated that patients with high
pre-treatment NLR had a significantly increased hazard ratio
(14.128) for mortality within 100 days subsequent to failure of
final line chemotherapy compared with patients without this
risk factor (P=0.035) (Table II).

Discussion

Predictors of the outcome of multiple metastases in cancer
patients with recurrence include factors associated with the
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response to chemotherapy (23). The decision to administer
chemotherapy should consider various clinical factors,
including PS, likely tumor response and survival. In particular,
the prediction of the survival time is important. Evidence of the
deterioration and adverse effects associated with chemotherapy
should be monitored closely to avoid over-treatment (8).

In addition to the clinical predictors of the duration of
survival, including the PS, factors associated with systemic
inflammatory processes have been examined for possible roles
as biomarkers of prognosis in various types of cancer (24).
Neutrophils and T and B-lymphocytes have been suggested
as prominent in inflammatory and immunological responses
to tumors (25,26). Inflammatory responses to tumors are
mediated by the release from neutrophils of inflamma-
tory cytokines, leukocytic and other phagocytic mediators
that induce damage to cellular DNA, inhibit apoptosis and
promote cancer-associated angiogenesis (11,27,28). Platelets
may be important for releasing potent mitogens or glycopro-
teins, such as platelet-derived growth factor, platelet factor 4,
transforming growth factor p, vascular endothelial growth
factor and thrombospondin, which adhere to various cell
types, including ovarian surface epithelium (29-33). Various
ratios of neutrophil, platelet and lymphocyte counts, notably
the NLR and PLR, have attracted the interest of investigators
as possible markers of systemic inflammation, and therefore
of prognosis (15-19). High pre-treatment NLR and PLR have
reportedly been significantly associated with mortality in
various types of cancer (12-16). High NLR is an independent
indicator of poor prognosis in patients with epithelial ovarian
cancer (34) and PLR is a better predictor of survival of these
patients (35). However, no studies have reported correlations
between the pre-treatment NLR and PLR, tumor response
or pre-treatment CA125 concentrations and the survival of
patients with recurrent ovarian cancer following chemo-
therapy. Therefore, in the present study, these associations
were assessed.

The pre-treatment NLR, PLR and CA125 concentrations
for patients that received second to fifth-line chemotherapy
were calculated. The NLR and PLR prior to fourth-line chemo-
therapy were significantly greater than prior to second-line
chemotherapy. Pre-treatment CA125 concentrations for
patients that received third and fourth-line chemotherapy were
significantly greater than for patients that received second-line
chemotherapy. In addition, associations between pre-treatment
NLR and PLR and DCR for each line of chemotherapy were
assessed. Prior to third-line chemotherapy, patients that later
developed PD had significantly greater pre-treatment NLR
compared with those that achieved CR, PR and SD. Prior to
fourth-line chemotherapy, patients that went on to develop
PD had significantly greater PLR compared with patients that
achieved CR, PR and SD.

The less sensitive a cancer is to chemotherapy, the more
consideration treatment decisions require (19). The duration
of survival is challenging to predict; however, poor PS is one
of the strongest predictors of a short survival time (8,24). In
the present study, whether NLR, PLR and CA125 concentra-
tions prior to final line chemotherapy were associated with PS
was examined. PS was identified to be significantly correlated
with the pre-treatment NLR and PLR. Furthermore, prior to
final-line chemotherapy, patients with a worse PS (PS 2) had
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significantly greater NLR and PLR than patients with a better
PS (PS 0).

In the present study, 36.7% of patients with recurrent
epithelial ovarian cancer subsequent to chemotherapy received
final line chemotherapy within 100 days prior to mortality.
This is consistent with other studies, such as one study in
which 30% of patients received final-line chemotherapy in the
final month of life (36) and another in which 50% of patients
received treatment in the final two months of life (37). One
of the aims of the present study was to determine whether
the NLR and PLR values and CA125 concentration prior
to final-line chemotherapy may predict mortality within
100 days. ROC curve analyses were used to determine
the optimal cut-off values for predicting mortality within
100 days of final line chemotherapy. The cut-off values for the
pre-treatment NLR and PLR values and CA125 concentra-
tion were 3.91, 299.00 and 722 units (U)/ml, respectively, for
survival for <100 days subsequent to final-line chemotherapy.
According to univariate analyses using the determined cut-off
values, pre-treatment NLR >3.91, PLR >299.0 and PS 2
were significantly associated with the outcomes of patients
following failure of final-line chemotherapy. Multivariate
analysis demonstrated that pre-treatment NLR (>3.91) was an
independent negative indicator of the duration of survival time
following the failure of final-line chemotherapy.

The limitations of the present study have been acknowl-
edged. First, the number of patients was relatively small.
Second, the duration of the follow-up was relatively short.
Additional prospective studies with larger patient numbers and
longer follow-up periods may provide more definitive data to
clarify the significance of the findings.

In summary, the findings of the present study suggest
that the pre-treatment NLR is an important predictor of the
outcome of patients with recurrent ovarian cancer following
chemotherapy.
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