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ABSTRACT

Introduction: Recent studies have shown that the
presence of systemic inflammation correlates with
worse outcomes in many types of cancers. The
neutrophil-to-lymphocyte ratio (NLR) and platelet-to-
lymphocyte ratio (PLR) have been proposed as
indicators of systemic inflammatory response. The aim
of the study was to assess the prognostic value of NLR
and PLR before starting chemotherapy among patients
with newly diagnosed ovarian cancer.

Methods: We conducted a retrospective analysis of
medical documentation of 315 patients with newly
diagnosed epithelial ovarian cancer, treated in Maria
Sktodowska-Curie Memorial Cancer Center and Institute
of Oncology, Gliwice Branch, between 2007 and 2013.
31 (12.1%) patients had metastatic disease at the time
of diagnosis. Receiver-operating characteristic (ROC)
curves for progression free survival (PFS) and overall
survival (0S) prediction were plotted to verify cut-off
points for NLR and PLR. PFS and OS were analysed for
correlation with NLR and PLR, using the Cox
regression model. Other potential prognostic variables
included in multivariate analysis were: patient’s age at
diagnosis (<65 vs >65 years), Eastern Cooperative
Oncology Group performance status (ECOG-PS) >2,
FIGO stage of the disease and baseline Ca-125 level.
Results: In multivariate analysis, higher pretreatment
NLR (p=0.002), poor ECOG-PS (p=0.0002), higher
disease stage (p<0.0001) and baseline Ca-125
(p=0.03) level were independent negative prognostic
factors for PFS. However, only ECOG-PS >2
(p<0.0001), high stage of the disease (p<0.0001) and
high baseline Ca-125 level (p=0.0003) were
independent negative prognostic factors for 0S.
Conclusions: Advanced stage of the disease with
high Ca-125 level and poor patient performance status
are the most important prognostic factors in ovarian
cancer. Higher pretreatment value of NLR was an
independent negative prognostic factor for PFS, with
no significant impact on OS.

INTRODUCTION
Ovarian cancer is the second most common
gynaecological cancer in the world.

Key questions

What is already known about this subject?
The negative prognostic role of neutrophil-to-
lymphocyte ratio (NLR) and platelet-to-lymphocyte
ratio (PLR) was proven in patients with breast, colo-
rectal and lung cancer. Data regarding NLR and
PLR among patients with ovarian cancer are sparse
and conflicting.

What does this study add?

In this paper, we seek novel prognostic factors in
woman with epithelial ovarian cancer in light of
immunology. As far as we are concerned, this is
the first analysis of the prognostic role of NLR and
PLR among patients with ovarian cancer. NLR and
PLR are easily available and relatively inexpensive
parameters that can be implemented into prognostic
scores for patients with epithelial ovarian cancer.
Moreover, they might also be predictive for
immunotherapy use.

How might this impact on clinical practice?
In light of our results, NLR and PLR seem to add
little value to well-known prognostic factors in
patients with ovarian cancer. However, due to a
strong relationship between angiogenesis and
immune response, it would be worth analysing the
prognostic role of NLR and PLR among patients
treated with bevacizumab.

Nevertheless, it is responsible for the highest
mortality rate among woman with gynaeco-
logical malignancies.' * Disease stage is con-
sidered the most important prognostic
marker and approximately 70% of woman
with ovarian cancer are diagnosed at stage III
or IV.' The gold standard in the firstline
treatment of ovarian cancer is chemotherapy
doublet with a platinum and taxane
regimen, however, the survival rates for the
advanced stage of the disease remain poor.”
Recently, bevacizumab, a monoclonal
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antibody targeting vascular endothelial growth factor
(VEGF), was introduced into clinical practice, as angio-
genesis is believed to play a crucial role in ovarian
cancer development and progression.”™* However, we do
not have any strong, easily assessable biomarkers to
define the subgroup of woman with ovarian cancer who
will benefit most from antiangiogenic treatment.””’

It has been reported that many types of cancers, such
as lung cancer, gastrointestinal malignancies or breast
cancer, are linked with systemic inflammation.®™'? Tt
should be noted that immune response and angiogen-
esis are linked to each other. VEGE, beyond angiogen-
esis, also regulates dendric cell function.'® ' Inhibition
of dendric cell maturation results in impairment of
antigen presentation and type 1 cellular immunity."* '*

Changes in systemic inflammatory response to tumour
cell manifestation or systemic inflammation can be easily
measured by blood parameter examination.'” Usually,
neutrophilia, thromocytosis and relative lymphocytopae-
nia are observed.' Neutrophil-to-lymphocyte ratio
(NLR) and platelet-to-lymphocyte ratio (PLR) have been
assumed to be easily available and promising biomarkers
in the abovementioned types of cancer.”'?

There is a paucity of data regarding the prognostic
influence of systemic inflammatory response in ovarian
cancer. Scant and conflicting data are available concern-
ing the role of NLR and PLR in distinguishing benign
from malignant ovarian masses.'” '® The aim of our
study was to assess the prognostic value of NLR and PLR
before starting chemotherapy in newly diagnosed
patients with ovarian cancer.

MATERIAL AND METHODS

Patients

We conducted a retrospective analysis of medical records
of 315 patients with newly diagnosed epithelial
ovarian cancer. The patients were treated in Maria
Sktodowska-Curie Memorial Cancer Center and Institute,
Gliwice Branch, between 2007 and 2013. Inclusion cri-
teria were: patient’s age above 18 years, pathologically
confirmed epithelial ovarian cancer and firstline treat-
ment with a platinum-taxane regimen. We have not
performed any additional morphological, immunohisto-
chemical or molecular analysis to find out if carcinomas
of the ovary originate from the fallopian tube.'?

The date of diagnosis was defined as the date of initial
surgery. Optimal cytoreduction was considered as <1 cm
of remaining tumour. Disease stage was evaluated
according to International Federation of Gynaecology
and Obstetrics (FIGO) 2009 Criteria, and response to
treatment, according to RECIST 1.0 criteria.
Recurrence/progression was diagnosed by CT scans,
regardless of the Ca-125 rise.

NLR and PLR were evaluated on the basis of blood
counts before initiation of chemotherapy. Blood counts
before operation were not noted, as the patients were
operated on in different hospitals and we did not have

access to full medical data at the time. The time interval
between surgery and blood analysis at our hospital was
4-8 weeks. NLR was calculated as the absolute neutro-
phil count divided by the absolute lymphocyte count.
PLR was calculated as the absolute platelet count
divided by the absolute lymphocyte count.

Statistical analysis
The statistical assessment of the data was performed
using PQStat V.1.6.

Overall survival (OS) was calculated from the date of
diagnosis until death of any cause or the date the
patient was last seen alive. Progression free survival
(PFS) was calculated from the date of diagnosis to the
date of disease progression or patient’s death. We used
the Kaplan-Meier method for PFS and OS analysis.

We used the receiver-operating characteristic (ROC)
curve for the determination of the appropriate cut-off
value of the NLR and PLR for survival prediction.

Cox proportional hazard models were applied to
explore predictors of treatment outcomes and survival
in univariate and multivariate analysis. Potential prog-
nostic variables were: patient’s age at diagnosis (<65 vs
>65 years), Eastern Cooperative Oncology Group per-
formance status (ECOG-PS) >2, FIGO stage of the
disease and baseline Ca-125 level.

A p value less than 0.05 was considered statistically sig-
nificant and p<0.01—highly significant.

RESULTS

The median age of patients was 54 years (22-77 years).
Most patients were diagnosed with ovarian cancer at
stage III—186 (59%), 61 (19.4%)—at stage 1, 30 (9.5%)
—at stage II and 38 (12.1%)—at stage IV. One hundred
and eighty-two (57.8%) women underwent optimal
surgery. The most common pathological type of disease
was serous carcinoma—201 (63.8%) patients. The
median PFS in our group of patients was 21.7 months
(1.7-79.7 months) and the median OS was 31.8 months
(3.7-93.7 months).

The median NLR was 2.2 (0.56-21.46) and the
median PLR reached 165.19 (62.31-3414.29). By using
ROC curve analysis we determined cut-off values of NLR
and PLR to predict 33 months PFS and OS (figures 1
and 2). ROC curve analysis suggested that the optimum
cut-off value of 0.89 for NLR was the best to discriminate
between patient’s PFS and 2.96—OS (area under the
curve (AUC): 0.601, 95% CI (0.53 to 0.67), p=0.007 and
AUC: 0.614, 95% CI (0.55 to 0.68), p=0.0005, respect-
ively). A cut-off value of 62.31 for PLR was the best to
discriminate between patient’s PFS and 129.78—OS
(AUC: 0.665, 95% CI (0.59 to 0.73), p<0.0001 and AUC:
0.610, 95% CI (0.55 to 0.67), p=0.0008, respectively).

In univariate analysis, patients with higher pretreat-
ment NLR reached significantly shorter PFS and OS
(p=0.0002 and p=0.02, respectively).
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ROC curve analysis to determine cut-off value of NLR (A) and PLR (B) to predict 33 months PFS. PLR,

platelet-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio ROC, receiver-operating characteristic.

In multivariate analysis, independent negative prog-
nostic factors for 3 years PFS were: high pretreatment
NLR (p=0.002), ECOG-PS >2 (p=0.0002), high baseline
Ca-125 level (p=0.03) and advanced disease stage
(p<0.0001). High pretreatment PLR was associated with
longer PFS (p=0.034). Patient’s age >65 years was not
predictive for PFS. Independent negative prognostic
factors for 3years OS were: ECOG-PS >2 (p<0.0001),
higher baseline Ca-125 level (p=0.0003) and advanced
stage of disease (p<0.0001). The results of multivariate
analysis are detailed in tables 1 and 2.

We also performed univariate and multivariate analysis
for each disease stage separately.

Among patients with disease stage I, in neither univari-
ate nor multivariate analysis were the analysed para-
meters prognostic for PFS. High pretreatment PLR was
associated with better OS in this subgroup (HR=1.00,
95% CI 0.99 to 1.02, p=0.05).

Higher pretreatment PLR was associated with longer
PFS and OS in univariate (p=0.04 and p=0.02, respect-
ively) and multivariate analysis (HR=0.99, 95% CI 0.99
to 1.01, p=0.04 and HR=0.98, 95% CI 0.97 to 0.99,
p=0.01, respectively) among patients with stage II
ovarian cancer.

Among patients with stage III disease, higher pretreat-
ment NLR (p<0.0001, p=0.0002), PLR (p<0.0001,
p=0.001), poor ECOG-PS (p=0.0008, p=0.002) and high
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Figure 2 ROC curve analysis to determine cut-off value of NLR (A) and PLR (B) to predict 33 months OS. PLR,
platelet-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; OS, overall survival; ROC, receiver-operating characteristic.
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Table 1 Multivariate analysis of prognostic factors for
PFS

95% ClI HR p Value
NLR 1.075t01.393 1.22 0.002
PLR 0.997t00.999 0.99 0.034
ECOG-PS >2 1.42810 3.144 212  0.0002

0.553t0 1.757 0.98 0.96
Baseline Ca-125 level ~ 1.000 to 1.0001 1.00 0.03
Disease stage 1.2171t01.774 1.47 <0.0001

PFS, progression free survival; PLR, platelet-to-lymphocyte ratio;
NLR, neutrophil-to-lymphocyte ratio.

Patient’s age >65 years

baseline Ca-125 level (p=0.0001, p=0.0009) were nega-
tive prognostic factors for PFS and OS in univariate ana-
lysis. However, the only independent negative prognostic
factors for PFS and OS were ECOG-PS >2 (HR=1.55,
95% CI 1.02 to 2.37, p=0.04 and HR=1.58, 95% CI 1.05
to 2.37, p=0.03, respectively) and high baseline Ca-125
level (HR=1.00, 95% CI 1.000 to 1.0001, p=0.005 and
HR=1.00, 95% CI 1.000 to 1.0001, p=0.03, respectively).
We found no cases with only nodal involvement without
peritoneum spread in this subgroup to perform further
analysis on.

In patients with metastatic ovarian cancer, poor
ECOG-PS and high baseline Ca-125 level were negative
prognostic factors for PFS in univariate analysis (p=0.007
and p=0.02, respectively). In univariate analysis,
ECOG-PS >2 was the only negative prognostic factor for
OS (p=0.02). None of the analysed parameters were
independent prognostic factors for PFS and OS in this
subgroup.

DISCUSSION

There is a strong link between inflammation and cancer.
Cancer cells produce many cytokines and chemokines
such as granulocyte colony stimulating factor,
interleukin-1, interleukin-6 and tumour necrosis factor
o, which lead to leucocytosis and neutrophilia.?’ 2!
Neutrophils and lymphocytes play different roles in
inflammatory response. Activated neutrophils produce
angiogenetic and grow factors linked with tumour pro-
gression.”” ** Moreover, they are responsible for cyto-
toxic T-cell and natural killer cell suppression, and

Table 2 Multivariate analysis of prognostic factors for OS

95% CI HR p Value
NLR 0.979t01.217 1.09 0.11
PLR 0.9991t01.000 0.99 0.54
ECOG-PS >2 1.4851t0 3.064 2.13 <0.0001

0.684t0 1536 1.02 0.9
Baseline Ca-125 level ~ 1.000 to 1.0001 1.00  0.0003
Disease stage 1.275t0 1.569 1.41 <0.0001

OS, overall survival; PLR, platelet-to-lymphocyte ratio; NLR,
neutrophil-to-lymphocyte ratio.

Patient’s age >65 years
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regulatory T-cell activation, which create the immuno-
suppressive milieu.”” Tumourrelated inflammation is
also associated with thrombocytosis, but this dependence
is not clearly established.”* * On the other hand, lym-
phocytopaenia was shown to be a poor prognostic factor
in advanced cancer patients and presence of tumour
infiltrating lymphocytes (TIL) is of prognostic value in
many types of cancer, including ovarian cancer.”®
However, there are no strong data supporting the con-
tention that blood parameters resemble information on
the inflammatory microenvironment of the tumour.

Owing to its asymptomatic course in the early stage,
ovarian cancer is usually diagnosed at an advanced
stage with high mortality rate.” Until the introduction
of bevacizumab for epithelial ovarian cancer treatment,
there was no targeted agent approved in this diagnosis
and carboplatin-paclitaxel regimen remained the gold
standard in firstline treatment.” Adding bevacizumab to
chemotherapy led to significant improvement of PFS
and OS in some studies, especially among patients with
advanced disease.® * Nevertheless, treatment outcomes
in patients with advanced ovarian cancer are still
unsatisfactory. Recently, clinical trials with another anti-
angiogenic drug, pazopanib, were conducted, with con-
flicting results.® 2 However, we still do not have any
predictive markers for the choice of antiangiogenic
treatment. Angiogenesis and immune response are
linked to each other, since VEGF affects dendric cell
differentiation.”® Activation of dendric cells and their
interaction with T-cells creates a powerful antitumour
milieu.'"® '* Further studies should probably be aimed at
assessing the prognostic role of baseline NLR and PLR
among patients with ovarian cancer receiving anti-
angiogenic treatment. As bevacizumab has only been
available in Poland since 2013, earlier analysis was
impossible, but we are planning to perform it in the
future.

NLR and PLR are easily accessed and relatively inex-
pensive parameters that reflect host immune response.
They have been shown to be independent prognostic
factors in many types of cancers, and have helped in
choosing optimal treatment, for example, adjuvant
chemotherapy.”® ** Among patients with pathological
ovarian masses, NLR and PLR have been shown to be
markers of malignancy, but these data are sparse and
conflicting.'” '® The aim of our study was to evaluate the
prognostic role of NLR and PLR among woman with
newly diagnosed epithelial ovarian cancer. Owing to lack
of any defined NLR and PLR thresholds, we distin-
guished them by ROC curve analysis in our patient
population. In our analysis, higher rates of NLR were
associated with significantly shorter PFS, however,
neither NLR nor PLR had significant impact on OS in
multivariate analysis. Poor patient PS and advanced
disease with high Ca-125 levels remained strong, evident
negative prognostic factors for treatment outcomes.
Importantly, a patient’s age being >65 years was not pre-
dictive for survival outcomes. It is also worth noting that
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high pretreatment PLR was associated with better out-
comes among patients with early stage of the disease (I
and II).

There are some limitations in our study. The study is
retrospective, from a single institution and the number
of patients included is relatively small. Although the data
are from a single institution, patients were operated on
by different surgeons in different hospitals, so there may
be a lack of uniformity. We evaluated pretreatment vari-
ables, as the use of chemotherapy limits analysis of
changes in blood counts. Other markers associated with
systemic inflammation, such as albumin or C reactive
protein, are also included in some prognostic
scores.” *' We do not routinely check these before
chemotherapy, therefore they were not included in our
analysis. Moreover, it should be remembered that the
number of blood cells depends on a wide range of
factors such as acute or chronic infection or inflamma-
tory disease and lifestyle habits (smoking). These factors
were difficult to elucidate in retrospective analysis.

In conclusion, according to data in the available litera-
ture, advanced stage disease with high Ca-125 level and
poor patient performance status are the most important
prognostic factors in ovarian cancer. Higher pretreat-
ment value of NLR was an independent negative prog-
nostic factor for PFS, with no significant impact on OS.
Larger prospective trials are needed to verify these pre-
liminary results.
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