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Objective: Growing epidemiological evidence supports that coagulation cascades and
cancer-associated inflammation are associated with recurrence and survival of epithelial
ovarian cancer (EOC). This study aimed to assess the clinical significance of the combination
of plasm fibrinogen and neutrophil lymphocyte ratio (F-NLR) score to predict EOC prog-
nosis, including recurrence, disease-free survival (DFS), and overall survival (OS).
Patients and Methods: We retrospectively enrolled 281 EOC patients who underwent
surgery at our institution. According to receiver operating characteristic curve, cut-off values
of fibrinogen and NLR were set at 3.44 g/L and 2.46, respectively, to predict recurrence. The
F-NLR score was then classified into three groups as follows: F-NLR score of 2: both
hyperfibrinogenemia (>3.44 mg/dL) and high NLR (>2.46), F-NLR score of 1: either
hyperfibrinogenemia or high NLR, and F-NLR score of 0: neither of the abnormalities.
Continuous and categorical variables were compared using 7-test and chi-square test among
F-NLR groups. The Cox hazard regression model was used to assess prognostic factors. Both
DFS and OS curves were generated by Kaplan—Meier method.

Results: The analyses showed that F-NLR was significantly associated with clinical stage
(P=0.000), lymphatic metastasis (P=0.001), and carbohydrate antigen (CA) 125 level
(P=0.048). The F-NLR (hazard ratio=2.211; 95% confidence interval=1.251-6.394; P=0.002)
was demonstrated as an independent prognostic factor for survival of EOC. The DFS rates in
F-NLR groups 0, 1, and 2 were 68.5%, 47.7%, and 31.7%, respectively (P=0.000); the OS rates
in previous groups were 75.9%, 51.4%, and 34.2% (P=0.000) and the 5-year survival times
(meantSD, months) were 64.24+24.21, 60.27+22.65, and 46.09+20.32, respectively. By sub-
group analysis, the F-NLR was significantly associated with DFS and OS among patients with
advanced tumor stage (Stage III or IV) or lymphatic metastasis.

Conclusion: The pre-operative F-NLR score, a novel inflammation-based grading system,
was a promising prognosis predictor for EOC patients, especially those with advanced
clinical stage and those with lymph node metastasis.

Keywords: fibrinogen, neutrophil-lymphocyte ratio, epithelial ovarian cancer, prognosis,
F-NLR

Introduction

Ovarian cancer is the fifth cause of cancer-related death among women and the
leading cause of death among gynecological cancers, with 13,940 deaths and
21,750 new cases estimated for 2020 in the US." More than 70% of ovarian cancers
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are diagnosed in advanced stages, partly due to the lack of
early symptoms and physical signs.” Despite development
in treatment and diagnosis over the past decades, the
prognosis for advanced stages is still poor, with a 10-
year survival rate of 5-21%.° Moreover, approximately
80% of patients diagnosed with EOC will relapse after
initial therapy of standard surgery followed by platinum-
paclitaxel based chemotherapy.4 Given the poor prognosis,
effective and easy-obtained methods for accurately pre-
dicting progression, metastasis, and prognosis of EOC
patients are urgently required to improve patient survival.’

The CA-125 and Human epididymis protein 4 (HE4),
as a routinely-used tumor-specific antigen, has low sensi-
tivity (50-62%) and limited specificity (73-77%) to pre-
dict
methods for predicting the prognosis of epithelial ovarian

ovarian cancer progression.>® Therefore, new
cancer (EOC) patients after surgical resection is of clinical
significance to improve survival.’

Systemic inflammatory response plays a pivotal role in
the cancer progression, by promoting proliferation of
tumor cells and accelerating metastasis.” The neutrophil-
to-lymphocyte ratio (NLR), as a representative index of
inflammatory status, has been reported as a prognostic
marker for many solid malignancies, including ovarian
cancer.'”!" Neutrophils promote cancer progression by
producing adequate cytokines and chemokines that could
provide the tumor microenvironment.'? In terms of tumor-
related inflammatory, the coagulation cascade also plays
an important role in the malignant process of cancer pro-
gression and metastasis.'® Fibrinogen, as a key factor of
coagulation cascade, is a liver-produced pro-inflammatory
protein transformed from fibrin through activated
thrombin.'* Recent studies demonstrated that hyperfibri-
nogenemia could promote cancer aggressiveness and relate
to poor prognosis in various malignancies.'®'> To date, the
combination of fibrinogen and NLR (F-NLR) has been
focused on as a novel prognostic index in several types
of malignancies, including gastric cancer, lung cancer, and
esophageal squamous cell carcinoma.'®!” However, there
have been no current studies regarding a combined analy-
sis based on plasma F-NLR as a predictor of tumor
response and prognosis in ovarian cancer. This study
aimed to evaluate the prognostic value of F-NLR,
a combined score based on cut-off values of fibrinogen
and NLR EOC

Furthermore, the present study also assessed the correla-

concentration among patients.

tion between three F-NLR groups and clinicopathologic

features or clinical laboratory variables of EOC patients to
predict its potential clinical application.

Patients and Methods

Patients

We retrospectively reviewed data from 337 patients with
pathologically diagnosed EOC who underwent standardized
surgery at the Department of Obstetrics and Gynecology,
Renji Hospital Affiliated to Shanghai Jiaotong University
School of Medicine between May 2008 and February 2015.
The criteria for inclusion in this study included: 1) histologi-
cally confirmed EOC; 2) no coexisting cancers or prior
cancers within 5 years; 3) with complete follow-up data;
and 4) underwent standardized surgery aimed to achieve
optimal tumor debulking. Patients were excluded from our
research if they: 1) were lost to follow-up (n=19); 2) were
without detailed post-therapeutic clinical, laboratory, ima-
ging data (n=15); 3) underwent preoperative treatments,
such as neoadjuvant therapy or radiotherapy (n=6); and 4)
had clinical evidence of infection, hematological disorder, or
autoimmune disease that might result in hyperfibrinogenemia
or high NLR (n=16). Finally, 281 patients were assessed in
the analysis (Figure 1). The power for the endpoint cancer
recurrence and overall survival is calculated based on a two
sided #-test with a significance level of 5%. With the final
sample size of 281 subjects, the trial have more than 80%
power to detect a difference of cancer recurrence between
each F-NLR groups.

The clinical stage of EOC was assessed and referred to
the International Federation of Gynecology and Obstetrics
(FIGO) stage. The routine blood tests, routine coagulation
tests, and tumor marker measurements, including CA-125,
CA-199, HE4, Alpha (AFP),
Carcinoembryonic Antigen (CEA), were conducted within

Fetoprotein and
3 days before surgery. The clinicopathologic variables,
including age, Body Mass Index (BMI), menopausal sta-
tus, fertility history, comorbidities, tumor size, FIGO clin-
ical stage, histologic grade, lymph node metastasis,
postoperative complications, and data for routine labora-
tory measurements were collected retrospectively from
medical records. The operation was aimed at maximal
ovarian tumor resection without visible residual tumor to
achieve optimal tumor debulking, of which the size of the
residual tumor was less than 1 cm at the longest diameter.
The operation was followed by standardized platinum-
based chemotherapy. Overall survival (OS) was identified
from the date of operation to last follow-up visit or death.
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337 patients with pathologically diagnosed
EOC were enrolled

22 patients were excluded I‘

*6 patients underwent preoperative

Y

treatments, such as neoadjuvant
therapy or radiotherapy
*16 patients with clinical evidence of

315 patients were assessed for
follow-up data

infection, hematological disorder or
autoimmune disease that might result
in hyperfibrinogenemia or high NLR

34 patients were excluded

*19 patients were lost to follow-up
*15 patients without detailed post-
therapeutic clinical, laboratory,

281 patients were finally
included in the analysis

Figure | Patient enrollment flow chart of the study.

Disease-free survival (DFS) was measured from the date
of operation to last follow-up visit or relapse, which was
identified by the latest radiographic evidence. Ethical
approval was obtained from the Ethics Committee of
Renji Hospital Affiliated to Shanghai Jiaotong University
School of Medicine and all patients provided informed
consent for the use of their information.

F-NLR Measurement

Routine laboratory measurements including serum levels of
fibrinogen, neutrophil, and lymphocyte were extracted retro-
spectively from the medical records of patients involved.
Blood tests were administered within 3 days prior to surgery.
For those patients who had multiple blood tests within 3 days
before operation, the average of the multiple test data was used
for analysis. The NLR was defined as the neutrophil count
divided by lymphocyte count. According to the Youden index
by Receiver operating characteristic (ROC) curve to predict
cancer recurrence, the cut-off value was set at 2.46 for NLR
and 3.44 g/L for fibrinogen concentrations (Figure 2). For
these values, sensitivity was determined as 70.54% and
86.61%, while specificity was determined as 60.61% and
69.70%, respectively. Based on the ROC curve, the area
under concentration-time curve (AUC) was 0.675 (P=0.00,
95% CI=0.608-0.742) for NLR and 0.747 (P=0.00, 95%
CI=0.681-0.812) for fibrinogen. The F-NLR score was then
classified into three groups referring to each cut-off value of
plasma fibrinogen level and NLR as follows: an F-NLR score
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Figure 2 Receiver operating characteristic (ROC) curves to assess the predictive
value of fibrinogen concentrations and neutrophil lymphocyte ratio (F-NLR).

of 2: both hyperfibrinogenemia (>3.44 mg/dL) and high NLR
(>2.46), an F-NLR score of 1: either hyperfibrinogenemia
(>3.44 mg/dL) or high NLR (>2.46), and an F-NLR score of
0: with neither of these hematological abnormalities. For the
F-NLR score, the AUC value was 0.806 (P=0.00, 95%
CI=0.751-0.862) referring to the ROC curve.

Statistical Methods
The T-test and chi-square test were applied to evaluate the
differences of clinicopathologic characteristics or clinical
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laboratory variables between groups for continuous and
categorical variables, respectively. ROC curve analysis
was used to identify the cut-off value of fibrinogen con-
centrations and NLR according to the maximal Youden
index. Prognostic factors were determined using both uni-
variate and multivariate analyses through the Cox’s pro-
portional hazards regression model. Kaplan—Meier
methods were used to generate the survival curves. The
prognostic differences were assessed by Log rank test. All
statistical analyses were conducted through SPSS statisti-
cal software version 23 (IBM) and graphed using
Graph Prism Version 7.0a (GraphPad Software). The

P-value<0.05 was defined as statistically significant.

Results
Clinical Baseline Characteristics of EOC
Patients

The overall demographic and clinical features of all the
EOC patients involved are summarized in Tables 1 and 2,
grouped by the F-NLR score. A total of 281 pathologically
diagnosed EOC patients who met the inclusion criteria were
finally included in the analysis, with the mean age of 57.58
+11.88 years old. Patients with clinical stages I, II, III, and
IV accounted for 23 (8.19%), 51 (18.15%), 185 (65.84%),
and 22 (7.83%), respectively (Figure 3A). There were
180 (64.1%) patients with histology-proved lymphatic

Table | The Correlation Between Preoperative F-NLR Score and Clinicopathological Features of the Epithelial Ovarian Cancer

(EOC) Patients Included

All Patients (n=281) F-NLR Score P-value
F-NLR=0 (n=54) F-NLR=1 (n=107) F-NLR=2 (n=120)
Age (years) 57.58+11.88 58.39+11.89 57.50+10.85 57.83+11.03 0.118
BMI (kg/m?) 22.4610.82 21.98+0.81 22.48+0.64 22.98+0.64 0.133
Menopausal status, n (%) 0.219
Pre/peri-menopause 97 (34.5%) 15 (5.3%) 34 (12.1%) 48 (17.1%) -
Post-menopause 184 (65.5%) 39 (13.9%) 73 (26.0%) 72 (25.6%) -
Fertility history, n (%) 0.521
0 13 (4.6%) 3 (1.1%) 4 (1.4%) 6 (2.1%) -
| 129 (45.9%) 27 (9.6%) 54 (19.2%) 48 (17.1%) -
2 139 (49.5%) 24 (8.5%) 49 (17.4%) 66 (23.5%) -
Comorbidities, n (%) -
Cardiovascular disease 21 (7.5%) 7 (2.5%) 6 (2.1%) 8 (2.8%) 0.223
Diabetes 14 (5.0%) 5 (1.8%) 4 (1.4%) 5 (1.8%) 0.272
Hypertension 22 (7.8%) 7 (2.5%) 7 (2.5%) 8 (2.8%) 0.295
Tumor size (cm) 7.31£4.29 8.10£5.62 7.09+5.06 7.29+4.75 0.119
Pathological grade, n (%) 0.486
Gl-2 80 (28.5%) 18 (6.4%) 32 (11.4%) 30 (10.7%) -

G3 201 (71.5%) 36 (12.8%) 75 (26.7%) 90 (32.0%) -
Clinical stage, n (%) 0.000
-l 74 (26.3%) 21 (7.5%) 36 (12.8%) 17 (6.0%) -
-v 207 (73.7%) 33 (11.7%) 71 (25.3%) 103 (36.7%) -
Histological type, n (%) 0.640
Serous 186 (66.2%) 31 (11.0%) 69 (24.6%) 86 (30.6%) -
Mucinous 33 (11.7%) 8 (2.8%) 12 (4.3%) 13 (4.6%) -
Endometrioid 24 (8.5%) 6 (2.1%) 9 (3.2%) 9 (3.2%) -
Others 38 (13.5%) 9 (3.2%) 17 (6.0%) 12 (4.3%) -
Lymphatic metastasis, n (%) 0.001
Negative (-) 101 (35.9%) 28 (10.0%) 48 (17.1%) 25 (8.9%) -
Positive (+) 180 (64.1%) 26 (9.3%) 59 (21.0%) 95 (33.8%) -

Abbreviations: BMI, body mass index; F-NLR, fibrinogen and neutrophil-lymphocyte ratio score.
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Table 2 The Correlation Between Preoperative F-NLR Score and Clinical Laboratory Characteristics of the Epithelial Ovarian Cancer

(EOCQ) Patients Included

All Patients (n=281) F-NLR Score P-value
F-NLR=0 (n=54) F-NLR=1 (n=107) F-NLR=2 (n=120)
Neutrophil (1079/L) 5.09+2.63 3.59£1.08 4.84+2.83 6.05+2.62 0.000
Lymphocyte (1079/L) 1.39+0.55 1.78+0.55 1.38+0.56 1.23+0.43 0.000
Platelet (1079/L) 271.61+105.58 265.85+60.60 272.43+103.47 278+110.50 0.074
Albumin (g/L) 38.86+6.04 38.12+5.60 39.3445.15 38.03+6.42 0.372
Fibrinogen (g/L) 3.75+2.09 3.22+1.96 4.12+2.98 5.47%3.12 0.000
CA-125 (U/mL) 1055+504.85 839.14+446.17 1002.754817.10 1130.73+£687.78 0.048
CA-199 (U/mL) 82.72+65.41 79.23+77.48 85.99+53.48 83.75£70.61 0.569
AFP (ng/mL) 4.90+4.41 4.72+3.07 4.89+4.85 5.03£1.86 0.439
CEA (ng/mlL) 2.93£2.31 3.38+2.60 2.89+2.77 2.97£2.86 0.897
HE4 (pmol/l) 584.24+426.65 522.92+443.57 578.48+486.52 655.16+561.99 0.926

Abbreviations: AFP, alpha fetoprotein; CA-125, carbohydrate antigen 125; CA-199, carbohydrate antigen 199; CEA, carcinoembryonic antigen; F-NLR, fibrinogen and

neutrophil-lymphocyte ratio score; HE4, human epididymis protein 4.

metastasis, and 80 (64.1%) patients presented with low
pathological grade (G1 and G2) (Figure 3B and C). The
F-NLR score of all patients was allocated as follows:
F-NLR=0, 54 (19.2%) patients; F-NLR=1, 107 (38.1%)
patients; and F-NLR=2, 120 (42.7.7%) patients. The
5-year OS rate and DFS rate in the entire study population
was 47.7% and 41.3%, respectively. The median follow-up
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for patients was 60 months (range=44—79 months). Only
five patients reported postoperative complications, includ-
ing bleeding (n=1), intestinal obstruction (n=2), and throm-
bosis (n=2). All the patients involved received surgery
followed by standardized platinum-based chemotherapy,
while 17 of the 281 patients also received post-operation

radiation therapy.
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Figure 3 The fibrinogen concentrations and neutrophil lymphocyte ratio (F- NLR) score in patients with epithelial ovarian cancer grouped by (A) the International
Federation of Gynecology and Obstetrics (FIGO) clinical stage, (B) pathological grade, (C) lymphatic metastasis, and (D) CA-125 level.
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Correlation Analysis Between F-NLR
Score and Clinicopathological Factors in
EOC Patients

The association between the preoperative F-NLR score
and clinicopathologic characteristics of EOC patients was
also shown in Tables 1 and 2. We found significant corre-
lation of F-NLR with clinical stage (P=0.000), lymphatic
metastasis (P=0.001), neutrophil count (P=0.000), lym-
phocyte count (P=0.000), fibrinogen concentration
(P=0.000), and CA-125 (P=0.048) (Figure 3). The mean
CA-125 (£SD) values in patients with various F-NLR
scores of 0, 1, and 2 were 839.14+446.17, 1002.75
+817.10, 1130.73+687.78 (U/mL),
(Figure 3D). No significant differences among three

and respectively
F-NLR groups were found for age, BMI index, menopau-
sal status, fertility history, comorbidities, tumor size,
pathological tumor grade, histological type, platelet, albu-
min, CA-199, AFP, CEA, and HE4 (P>0.05).

Univariate and Multivariate Regression
Analyses for OS

To further determine the independent predictive indexes,
both univariate and multivariate analyses including the vari-
ables mentioned are provided in Table 3. The clinical stage
(HR= 1.623; 95% CI= 1.171-2.712; P=0.035), lymph node
metastasis (HR=2.034; 95% CI=1.208-3.425; P=0.008),
F-NLR score (HR=2.991; 95% CI=1.668-6.149; P=0.000),
and CA-125 (HR=1.249; 95% CI=1.184-1.426; P=0.025)
were significantly associated with OS in the univariate ana-
lyses. Then, these indicators were included in the multivari-
ate Cox hazards model. The analyses demonstrated that the
clinical stage (HR=1.829; 95% CI=1.055-3.736; P=0.042),
lymph node metastasis (HR=2.153; 95% CI=1.037—4.532;
P=0.033), F-NLR score (HR=2.211; 95% CI=1.251-6.394;
P=0.002), and CA-125 (HR=1.316; 95% CI=1.012-1.729;
P=0.023) were independent prognostic factors for OS of
EOC patients (Table 3).

F-NLR as Prognostic Factors for EOC

Patients

For all EOC patients, the DFS rates among F-NLR groups 0,
1, and 2 were 68.5% (37/54), 47.7% (51/107), and 31.7%
(38/120), respectively (P<0.0001, Figure 4A). The OS rates
in F-NLR groups 0, 1, and 2 also differed significantly and
were 75.9% (41/54), 51.4% (55/107), and 34.2% (41/120),
respectively (P<0.0001, Figure 4B). Moreover, subgroup

analysis presented that F-NLR score was significantly asso-
ciated with both DFS and OS in EOC patients with clinical
stage III-IV (P<0.0001) and lymph node metastasis
(P<0.0001) according to the Log-rank test. For stage III
and IV EOC patients, the DFS rates among F-NLR groups
0, 1, and 2 were 66.7% (22/33), 46.4% (33/71), and 26.2%
(27/103), respectively. The OS rates in this subgroup dif-
fered significantly among F-NLR groups and were 69.7%
(23/33), 52.1% (37/71), and 34.0% (35/103), respectively.
For lymph node metastasis positive (+) EOC patients, the
DFS rates among F-NLR groups 0, 1, and 2 were 50.0%
(13/26), 42.4% (25/59), and 27.4% (26/95), respectively.
The OS rates in these patients differed significantly among
F-NLR groups and were 57.7% (15/26), 47.5% (28/59), and
32.6% (31/95), respectively. Results are shown in Figures 5
and 6. Higher F-NLR score was significantly related to
poorer prognosis, especially among EOC patients with
advanced clinical stage (Stage III and IV) and those with
lymphatic metastasis.

Discussion

In this study, we analyzed the combination of fibrinogen
and NLR together as F-NLR to investigate its clinical
significance for prognosis of EOC patients. To the best
of our knowledge, although the clinical value of F-NLR as
a prognostic marker was demonstrated in various malig-
nancies, this is the first study to further assess its applica-
tion in EOC.

Increasing evidence has indicated that systematic
inflammation responses and immune cells, the basic com-
ponents of a tumor microenvironment, could be crucial
prognostic indicators for malignancies.'"® Fibrinogen,
a liver-produced protein transformed from fibrin by acti-
vated thrombin, would increase when a malignant neo-
plasm or systemic inflammation is present.'” Many
studies have investigated the causes of hyperfibrinogen-
emia in malignant tumors, though further studies are still
detailed
biomechanism.?® Sahni et al*' indicated that tumor cells

needed to elucidate the underlying
could exert interleukin-6 to accelerate the transformation
of fibrinogen in patients. Through the interaction with
vascular endothelial growth factor (VEGF) and fibroblast
growth factor-2 (FGF-2), fibrinogen could stimulate tumor
proliferation and new vessel formation.?! Our study
assessed the clinical value of plasma fibrinogen concentra-
tions to predict ovarian cancer recurrence with the AUC of
0.747 (P=0.00, 95% CI=0.681-0.812) based on the ROC

curve.
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Table 3 Univariate and Multivariate Regression Analyses of Clinical Characteristics in Relation to Overall Survival (OS) of Epithelial

Ovarian Cancer (EOC) Patients

Univariate Analysis Multivariate Analysis
Hazard Ratio 95% ClI P-value Hazard Ratio 95% ClI P-value

Age (years) 1.003 0.985-1.021 0.767 0.972 0.916-1.052 0.833
BMI (kg/m?) 0.929 0.718-1.202 0.575 0.850 0.735-1.186 0.759
Tumor size (cm) 0.970 0.928-1.013 0.171 0.978 0.913-1.061 0.557
Menopausal status

Pre/peri-menopause Reference - - Reference - -

Post-menopause 0.826 0.491-1.218 0.283 0.938 0.714-1.438 0.324
Fertility history

0 Reference - - Reference - -

| 0912 0.820-1.147 0.493 0.973 0.902-1.157 0.516

2 1.028 0.728-1.342 0.521 1.227 0.924-1.735 0.574
Comorbidities

Cardiovascular disease 0.825 0.698-1.120 0.288 0.954 0.814-1.367 0.331

Diabetes 1.099 0.830-1.158 0.431 1.063 0.789-1.282 0.443

Hypertension 1.025 0.817—-1.239 0.873 1.097 0.942-1.158 0.892
Pathological grade

Gl-2 Reference - - Reference - -

G3 0.758 0.444-1.293 0.309 0.784 0.352-1.731 0.582
Clinical stage

-1l Reference - - Reference - -

-v 1.623 1.171-2.712 0.035 1.829 1.055-3.736 0.042
Lymphatic metastasis

Negative (-) Reference - - Reference - -

Positive (+) 2.034 1.208-3.425 0.008 2.153 1.037-4.532 0.033

Platelet (10A9/L) 1.002 1.000-1.004 0.067 0.998 0.995-1.001 0.097

Albumin (g/L) 0.963 0.931-1.007 0.133 0.978 0.905-1.014 0.237
F-NLR score 0.000 0.002

F-NLR=0 Reference - - Reference - -

F-NLR=1 1.337 1.012-4.854 0.012 2.891 1.809-5.124 0.043

F-NLR=2 2.991 1.668—6.149 0.000 2211 1.251-6.394 0.002
CA-125 (U/mL) 1.249 1.184-1.426 0.025 1.316 1.012-1.729 0.023
CA-199 (U/mL) 0.973 0.918-1.046 0.851 0.971 0.931-1.073 0.327
AFP (ng/mL) 1.000 0.991-1.008 0917 0.875 0.623-1.271 0.122
CEA (ng/mL) 0.995 0.958-1.034 0.798 0.980 0.932-1.050 0.571
HE4 (pmol/l) 1.301 0.978-1.830 0.522 1.934 0.971-2.224 0.832

Abbreviations: AFP, alpha fetoprotein; BMI, body mass index; CA-125, carbohydrate antigen 125; CA-199, carbohydrate antigen 199; CEA, carcinoembryonic antigen; Cl,
confidence interval; F-NLR, fibrinogen and neutrophil-lymphocyte ratio score; HE4, human epididymis protein 4.

Lymphocytes play important roles in immune-
surveillance and the inhibition of tumor cell proliferation
and migration.”> Many types of lymphocytes, such as
T-cells, monocytes, and macrophages, perform important
functions to infiltrate EOC.>* For instance, studies showed
that T-cells could exert a killing effect towards tumor cells

and induce target cell apoptosis in patients with ovarian

cancer.>* Since lymphocytes serve as key components of
anti-cancer immunity, decreased lymphocyte counts in
blood could lead to a downregulation of immune response
against cancer. Likewise, circulating neutrophils are also
revealed as vital components of tumor inflammation

125

responses.”> Kusumanto et al*> demonstrated that neutro-

phils could produce various cytokines, including VEGF,
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Figure 4 Kaplan—Meier survival curves of all epithelial ovarian cancer patients stratified by fibrinogen concentrations and neutrophil lymphocyte ratio (F-NLR) score for (A)

disease-free survival (DFS) and (B) overall survival (OS).
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Figure 5 Kaplan—Meier survival curves stratified by fibrinogen concentrations and neutrophil lymphocyte ratio (F-NLR) score among patients with (A) clinical stage | and Il
for disease-free survival (DFS), (B) clinical stage Il and IV for DFS; (C) clinical stage | and Il for overall survival (OS), and (D) clinical stage Ill and IV for OS.

tumor necrosis factor-a, and interleukin, which contribute
to tumor metastasis. To date, NLR, the combination of
neutrophil and lymphocyte counts, could be used as
a crucial index to indicate the systemic inflammatory
response in various cancers.”® In our study, we also
that the NLR before
a significant predictor for recurrence in ovarian cancer
patients (P=0.00, 95% CI=0.608-0.742).

Based on these previous studies, both fibrinogen and
NLR are potential predictive markers for cancer prognosis.
Hence, we simultaneously investigated whether the com-
bination of plasma fibrinogen and NLR has the clinical

found

operation could be

potential as an appropriate prognostic indicator for patients
suffering from cancer. F-NLR could increase the unfavor-
able effect of fibrinogen or NLR alone, which eventually
adds to the application in predicting tumor progression.'’
Yamamoto et al*’ indicated that patients with a high
F-NLR score might suffer a poorer prognosis than those
with a relatively low F-NLR score, which is consistent
with the results of our study.

In the study, we retrospectively collected the preopera-
tive clinical data from 281 EOC patients involved.
According to the ROC curve, we divided the included
patients into three groups by setting a cut-off value of
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Figure 6 Kaplan—Meier survival curves stratified by fibrinogen concentrations and neutrophil lymphocyte ratio (F- NLR) score among patients with (A) lymphatic metastasis
negative (-) for disease-free survival (DFS), (B) lymphatic metastasis positive (+) for DFS; (C) lymphatic metastasis negative (-) for overall survival (OS); and (D) lymphatic

metastasis positive (+) for OS.

fibrinogen and NLR for tumor recurrence. The F-NLR
showed a greater predictive value with higher sensitivity
and specificity than did fibrinogen or NLR alone. We then
identified a significant association between F-NLR levels
and several clinicopathological features, including FIGO
clinical stage, lymphatic metastasis, and CA-125 concentra-
tion. Moreover, further univariate and multivariate analyses
indicated the pre-operative F-NLR score as an independent
predictive factor for overall survival among EOC patients.
The study revealed that the preoperative F-NLR score could
stratify patients into different risk categories of ovarian
cancer recurrence. Through subgroup analysis according to
the FIGO clinical stage, the DFS and OS in the patients with
lower F-NLR level were higher in advanced FIGO stage
(Stage III or IV). However, among patients with low FIGO
stage (Stage I or II), the correlation between F-NLR and
tumor prognosis was statistically insignificant. Our study
also indicated that the F-NLR score was significantly related
to both DFS and OS upon patients with lymph node metas-
tasis. The results could indicate the ability of F-NLR to
predict tumor growth, progression, and metastasis of EOC,
especially those with advanced clinical stage and lymphatic
metastasis. Therefore, our study suggested that F-NLR could
present a good prognostic indicator for EOC patients, though

the underlying mechanism should be further explored. This
information could be used to select patients with high risk of
cancer recurrence, which was important for improvement of
patients’ prognosis.”® Since the F-NLR score is based on
conventional blood examination, it could be widespread as
a practical and cost-effective indicator with promising
value.”

However, there were also some potential limitations in
this study. Firstly, the present study was a retrospective
analysis planned by a single institution. Next, the study
enrolled a relatively small sample size of 281 EOC
patients, which might be insufficient to strengthen the
results. In addition, since we involved patients who under-
went an optimal tumor debulking operation without pre-
operative treatments (such as neoadjuvant chemotherapy
or radiotherapy) the analysis might have a selection bias.
Accordingly, although prominent clinical values of the
F-NLR score as preliminary data is shown, further multi-
center prospective studies with larger sample size are still
required to confirm the present hypothesis.

In conclusion, the grading system based on pre-
F-NLR potential as
a predictive marker for EOC prognosis, especially those

operative score has clinical

with advanced clinical stage or lymph node metastasis.
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The F-NLR score might enable suitable risk classification

of EOC patients and allow assignment of precise treat-

ment. We hope that this economical and reliable inflam-

mation-based index could serve as a routine biomarker for

predicting prognosis upon EOC patients.
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