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Objective: To evaluate the significance of fibrinogenand albumin (FA) score based on
preoperative peripheral blood plasma fibrinogen and serum albumin in the prognosis of
patients with epithelial ovarian cancer (EOC).

Methods: Patients’ clinicopathological data of 186 cases of EOC were retrospectively
collected, and these patients were divided into three groups according to their FA scores
(both plasma fibrinogen and serum albumin abnormal were allocated a score of 2; one of
them abnormal were allocated a score of 1; neither of them abnormal were allocated a score
of 0; optimal cut-off point is taken as the critical point whether the value is abnormal or not).
Correlation between FA score in patients with EOC as well as clinicopathological features
and overall survival (OS) was analyzed.

Results: (1) Receiver operating characteristic curve showed that the optimal cut-off
point of plasma fibrinogen in the preoperative peripheral blood of patients with EOC
was 3.63 g/L. The optimal cut-off point for serum albumin level was 42.45 g/L. (2)
There was no significant difference in age, tumor size, neutrophil count, lymphocyte
count, C reactive protein and preoperative tumor marker CA125 between the three
groups (FA score=0, FA score=1, FA score=2) (P>0.05). However, there was statisti-
cally significant difference in tumor grade, tumor stage and the presence of lymph node
metastasis between different FA scoring groups (P<0.05). (3) Univariate and multi-
variate analyses showed that tumor size, tumor grade, tumor stage, plasma fibrinogen,
serum albumin, FA score and tumor marker CA125 were statistically correlated with
OS of EOC patients after surgery (P<0.05). The complex index FA score is superior to
the single plasma fibrinogen and serum albumin when it comes to predicting prognosis.
(4) FA score can better predict the prognosis of postoperative patients with EOC whose
tumor size is >6 c¢cm, whose EOC is advanced (stages III-1V) (P=0.0138) and whose
tumor stage is medium or high grade (P=0.0005).

Conclusion: FA score is closely related to the clinicopathological characteristics and OS of
patients with EOC and is an independent risk factor indicating the prognosis of EOC patients.
Keywords: epithelial ovarian cancer, fibrinogen, albumin, prognosis

Introduction

Ovarian cancer (OC) is the most lethal gynecological cancer and a leading cause of cancer
death among women around the world." It is demonstrated that the age-standardized
incidence rate of OC increased substantially by 28.6% from 1990 to 2016.% Although
much progress in optimization of current treatment has emerged over the past decade,
high-resource countries such as the United States and Canada, and remain at only 47% 5
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years after diagnosis.’ Moreover, OC has a high recurrence rate
and lymph node metastasis. Lack of sophisticated approaches
for early diagnosis of OC, most patients are found to have OC
with advanced stage which might count much for poor prog-
nosis. Therefore, it is necessary to further seekfor the effective
biomarkers to identify patients who may have poor clinical
outcomes after surgical treatment.

Increasing evidence shows that inflammation plays
a significant role in cancer progression® and metastasis’
of a variety of solid tumors, and several inflammatory
markers have been reported to be associated with out-
comes of malignant tumor patients, such as lymphocyte-
to-monocyte ratio® C-reactive protein (CRP) to albumin
ratio’ and platelet-to-lymphocyte ratio.® Fibrinogen,’
a 340-kDa liver glycoprotein, which has been reported to
play a vital part in inflammatory and clot formation, as
well as tumor cell proliferation, migration and angiogen-
esis, can independently predict prognosis in various human
cancers.'®'? Serum albumin levels, labeled as important
indicator of systemic inflammatory response and nutri-
tional status have also been regarded as prognosis indica-
tors in specific solid tumors.'* !¢

Recently, a novel cumulative prognostic score, combi-
nation of fibrinogen and albumin has been proposed by
Matsuda et al as a more effective scoring system to predict
prognosis of solid tumors such as non-small cell lung
cancer,'” high-grade gliomas,'® esophageal cancer,'’ and
upper urinary tract urothelial carcinoma.”®

To the best of our knowledge, though many prognostic
indicators based on systemic inflammation levels and nutri-
tional conditions of patients with OC are published,”'**""**
the value of fibrinogen and albumin (FA) score has not been
used to detect in patients with epithelial ovarian cancer
(EOC). Thus, we decided to clarify the prognostic value of
preoperative FA score in a cohort of Chinese patients
with EOC.

Materials and methods

Patients

Between May 2008 and October 2013, 186 patients with
pathologically diagnosed EOC who underwent standardized
cytoreductive surgery at the Department of Obstetrics and
Gynecology, Renji Hospital of Shanghai Jiaotong University
School of Medicine were retrospectively reviewed in our
cohort. Patients were excluded from our research if they: 1)
underwent neoadjuvant therapy; 2) had >2 primary tumors; 3)
had coagulation disorders or metabolic diseases before; 4)

were lost to follow-up; and 5) perioperative surgery-related
mortality. All clinicopathological features were obtained from
the patients’ records. Pathological stages of patients were
classified by the International Federation of Gynecology and
Obstetrics (Edition, 2014). The laboratory hematological data
of patients were tested routinely within 3 days prior to surgery.
This study was ratified by the Ethics Committee of Renji
of Shanghai
Medicine. Written informed consent was obtained from all

Hospital Jiaotong University School of

the patients in this study.

Follow-up

For all the patients, follow-up started from the date of
surgery. Patients were generally followed quarterly for
the first year, semi-annually for the following 2 years
and annually thereafter. Follow-up of patients included
blood tests, urine tests, computed tomography, and physi-
cal examination. The last follow-up was until October 31,
2018, including verification of the clinical attendance
records and direct telecommunications with the patients
or their families. Overall survival (OS) was measured from
the date of surgery to the date of death from any cause, or
the date of last follow-up visit. Progression or relapse was
identified according to the latest radiographic evidence.

Fibrinogen and albumin measurement (FA

score)

The pretreatment plasma fibrinogen and serum albumin levels
were examined in samples obtained before breakfast within 3
days prior to surgery. In terms of the FA score, patients with
elevated fibrinogen and decreased albumin levels were allo-
cated a score of 2, those with only one of these abnormalities
were allocated a score of 1, and those with neither of these
abnormalities were allocated a score of 0. The fibrinogen and
albumin cut-off value were determined from receiver operat-
ing characteristic (ROC) curves. The fibrinogen cut-off value
was defined as 3.63 g/L and albumin as 42.45 g/L.

Statistical analysis

Differences of clinicopathological parameters and relative
prognostic parameters between three groups were evaluated
by independent-samples Student's ¢-test or Fisher’s exact test
according to the distribution of data. The survival curves
were calculated using the Kaplan—-Meier method. ROC ana-
lysis was performed to determine possible cut-off values of
the continuous serum fibrinogen, albumin. The significant
parameters identified by univariate analysis were evaluated
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using multivariate analysis employing the Cox proportional
hazards model. All reported p-values were two-sided. P<0.05
was considered significant, and 95% CIs were calculated. All
analyses were performed using the SPSS Statistics version
22.0 (IBM Corporation, Armonk, NY, USA).

Results
Baseline clinicopathological

characteristics
Baseline pathological characteristics of 186 patients included
in this study were summarized and presented in Table 1. The
mean age of these patients was 59.2 years. All of them were
pathologically diagnosed as EOC. There were 136 patients
with middle- and high-level tumor grade, accounting for
73.1% of the total number; 123 patients were found with
tumor diameter >6 cm during the operation, accounting for
66.1%. There were 134 patients with advanced tumors
(stages III-1V), accounting for 72.0%. A total of 120 patients
were diagnosed with lymph node metastasis (64.5%).

Table 1 also shows the relationship between the clin-
icopathological characteristics and patients with different
FA scores. The results showed that there was no significant

difference between the three groups in age (P=0.200),
tumor size (P=0.738), lymphocyte count (P=0.078), CRP
(P=0.126), neutrophil count (P=0.274) and tumor marker
CA125 (P=0.463). However, tumor grade (P=0.006),
tumor stage (P=0.000) and the presence of lymph node
metastasis (P=0.014) were statistically different between
different FA scoring groups (P<<0.05). The higher the FA
score, the worser the tumor differentiation and the higher
the tumor stage.

Determination of the optimal cut-off

value

As can be calculated from Figure 1, the optimal cut-off point
of preoperative peripheral fibrinogen in patients with EOC
was 3.63 g/L and the area under the curve (AUC) was 0.654
accordingly. The optimal cut-off point of peripheral albumin
level was 42.45 g/L, and the AUC was 0.628. The AUC of
tumor marker CA125 was 0.614. The AUC of complex
indicator FA score was 0.69, so FA score was selected as
the best indicator to evaluate the prognosis of patients
among the four indicators. Patients were divided into three
groups based on the FA score and the corresponding FA

Table | Clinicopathological features of 186 patients with epithelial ovarian cancer

All patients (n=186) FA score P-value
FA=0 FA=I FA=2
Age (years) 59.2 (51.1-65.9) 55.5 (46.8-61.5) 56.5 (50.8-66.0) 60.0 (52.1-67.3) 0.200
Tumor size (cm) 0.738
<6 cm 63 (33.9%) 14 (7.5%) 20 (10.8%) 29 (15.6%) -

26 cm 123 (66.1%) 24 (12.9%) 46 (24.7%) 53 (28.5%) -
Tumor grade 0.006
Low 50 (26.9%) 20 (10.8%) 11 (5.9%) 19 (10.2%) -
Middle/high 136 (73.1%) 18 (9.7%) 55 (29.6%) 63 (33.9%) -
FIGO stage 0.000
pSI-2 52 (28.0%) 22 (11.8%) 19 (10.2%) 11 (5.9%) -
pS3-4 134 (72.0%) 16 (8.6%) 47 (25.3%) 71 (38.2%) -
Lymph node 0.014
Negative (—) 66 (35.5%) 21 (11.3%) 22 (11.8%) 23 (12.4%) -
Positive (+) 120 (64.5%) 17 (9.14%) 44 (23.7%) 59 (31.7%) -
Lymphocyte (10%/L) 1.4 (1.1-1.9) 1.6 (1.4-2.1) 1.4 (1.2-1.9) 1.4 (1.0-1.6) 0.078
CRP (mg/L) 6.8 (1.3-8.9) 6.2 (23 -7.8) 5.8 (1.9 -9.8) 6.9 (3.9-8.1) 0.126
Neutrophil (10%/L) 4.8 (3.8-5.8) 4.8 (4.0-5.6) 4.8 (3.7-5.9) 4.9 (3.6-5.6) 0.274
Albumin (g/L) 39.6 (34.7-43.3) 45.2 (43.4-46.4) 39.9 (33.743.6) 36.8 (33.4-39.5) -
Fibrinogen (g/L) 3.7 (2.84.9) 29 (2.5-3.1) 3.1 (2.6-3.6) 4.7 (4.3-9.9) -
CAI125 (U/mL) 542.1 (121.8-1747.3) 568.5 (10.7-1615.0) 365.5 (101.5-1882.8) 600 (206.2-1754.1) 0.463

Abbreviations: FA, fibrinogen and albumin; CRP, C reactive protein.
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Figure | Optimal cut-off point of plasma fibrinogen and serum albumin was determine

scores were 0, 1, 2. As we can see in Figure 2, there were 38
patients (20.4%) whose score was 0, 66 patients (35.4%)
with a score of 1 and 82 patients (44.2%) with a score of 2
accordingly.

Univariate and multivariate survival
analysis

At the end of patient follow-up, 83 (44.62%) of the 186
patients died. OS ranged from 2.0 to 99.1 months, with
a median survival of 45.5 months.

The results of univariate and multivariate analyses of OS
are summarized in Table 2. By univariate analysis, we found
that the following factors were associated with short OS in
patients with EOC: higher tumor grade, higher tumor stage,
higher plasma fibrinogen, lower serum albumin, higher pre-
operative FA score, and higher preoperative level of tumor
marker CA125 (all P<0.05). We conducted multivariate
survival analysis using Cox regression model, and the rele-
vant results are also shown in Table 2. It is demonstrated that
single plasma fibrinogen and single serum albumin both can
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Figure 2 Correlation between preoperative FA score and postoperative patholo-
gical stage.

be an independent factor to predict prognosis. Moreover, the
FA scoring system (1 point relative to 0 point, P=0.047, risk
ratio (HR) = 1.058; 2 points relative to 0, P=0.033,
HR=2.051) can better be used as an independent factor to
guide postoperative prognosis of patients with EOC. We can
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Table 2 Univariate and multivariate survival analysis of overall survival (OS) in 186 patients with ovarian cancer
Univariate analysis Multivariate analysis
HR 95% CI* P-value HR 95% CI* P-value
Age (years) 1.006 0.988-1.025 0.505 1.012 0.991-1.033 0.262
Tumor size (cm)
Tumor <6 cm Reference - - Reference - -
Tumor 26 cm 1.300 0.812-2.082 0.274 1.483 1.182-2.329 0.043
Tumor grade
GI-2 Reference - - Reference - -
G3-4 1.704 1.009-2.878 0.046 1.575 1.341-2.398 0.002
FIGO stage
pSI-2 Reference - - Reference - -
pS3-4 1.415 1.033-1.740 0.041 1.602 1.031-2.289 0.019
Lymphocyte (10%/L) 0.439 0.372-1.008 0.097 0.492 0.229-1.027 0.891
CRP (mg/L) 0.791 0.626—1.431 0.233 0.649 0.251-1.247 0.142
Neutrophil (10%/L) 1.044 0.969-1.123 0.256 1.016 0.934-1.105 0.716
FA score 0.001 0.002
FA=0 Reference - - Reference - -
FA=1 1.920 1.563-2.228 0.024 1.048 1.018-1.633 0.031
FA=2 2.532 1.3604.711 0.003 2.128 1.137-3.258 0.028
Albumin (g/L) 0.945 0.897-0.985 0.032 0.951 0.874-0.997 0.048
Fibrinogen (g/L) 1.045 0.971-1.138 0.029 1.030 0.975-1.088 0.023
CAI125 (U/mL) 1.301 1.078-1.830 0.012 1.941 1.183-2.107 0.011

Note: The significance of the indicator (*) is 95% confidence interval.
Abbreviations: FA, fibrinogen and albumin; CRP, C reactive protein.

conduct that the complicated new index FA score is superior
to single index of plasma fibrinogen or serum albumin when
it comes to predicting prognosis. Tumor marker CA125
(P=0.012, HR=1.934, and 95% CI=1.197-2.234), tumor
grade (middle and high grade versus low grade P=0.008,
HR=1.855, 95% CI=1.473-2.547) and tumor stage
(stages III-1V versus stages I-1I P=0.026, HR=1.602, 95%
CI=1.031-2.289) can also be independent factors affect-
ing OS.

Kaplan—Meier survival analysis

In Figure 3, we found that the FA score could better
predict the OS of OC patients (P<0.0001) compared with
cancer-specific survival (CSS) (P=0.0002). For patients
with tumor size >6 cm (P=0.0005), FA score can better
indicate prognosis than patients with tumor size <6 cm
(P=0.0352). It is found in Figure 4 that FA scoring system
could not predict the prognosis of patients in the early
stage of epithelial ovarian tumor (The International
Federation of Gynecology and Obstetrics [FIGO]
stages I-II) (P=0.1409). For patients with advanced

epithelial ovarian tumor (FIGO stages III-1V), FA scoring
system can predict the prognosis of OC patients
(P=0.0138) with statistical significance. FA scoring system
can better predict the prognosis of patients with middle/
high-grade tumors compared with that of low-grade
tumors.

Discussion

Ovarian cancer is one of the three most common gyneco-
logical malignancies with the highest mortality rate.****
Its clinical symptoms are insidious, so most patients are
already in the advanced stage when they are diagnosed.
With rapid tumor progression, invasion and metastasis, as
well as high recurrence rate, studies have shown that 70%
of newly diagnosed patients with OC have developed an
advanced stage (FIGO stages I1I-IV) and the 5-year OS
rate of these patients is only 45%.%°%¢ Over 75% of
patients with late-stage OC die of their disease.”” For OC
patients, even among individuals with the same pathologi-
cal stage and receiving the same treatment, the prognosis
varies widely. With the rapid development of modern
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Figure 3 Kaplan—Meier survival curves of all patients with ovarian cancer stratified by FA score: (A) overall survival (OS); (B) cancer-specific survival (CSS); (C) tumor
size<6 cm; (D) tumor size 26 cm. CSS refers to the survival rate calculated according to the classification of tumor characteristics, which is used to evaluate the impact of

classification criteria on survival.

molecular biotechnology, it is an attractive prospect to
accurately evaluate the prognosis of malignant tumor
patients which can help to guide individualized clinical
treatment in patients with cancer. Reliable markers for
screening the patients whose prognosis is poor or at high
risk of easy relapse can remind doctors to provide prompt
postoperative adjuvant therapy and immune-mediated
gene therapy, in order to achieve a better prognosis.

At present, a number of basic experiments and clinical
researches worldwide have been conducted to find exact
serological laboratory indicators in the hope of a more
reliable and accurate judgment of patients with various
malignant tumors. Neutrophil/lymphocyte ratio,?® lympho-
cyte/monocyte ratio,”> serum albumin®® and plasma
fibrinogen®' have been confirmed to have an association
with prognosis of special kinds of cancers.

As is well known, nutrition status and inflammation
level have been a hot spot in tumorigenesis, metastasis and
recurrence.’>>* Activated coagulation and inflammation
which are found to promote tumor invasion and metastasis

are commonly related to poor prognosis. Plasma fibrino-
gen is considered to be a key factor in the regulation of
inflammatory status and cancer progression by mediating
the proliferation and migration of tumor cells and
angiogenesis.”> As a molecular bridge, plasma fibrinogen
can stabilize the adhesion between tumor cells, platelets,
and endothelial cells.**>® In addition, there is another
potential influence mechanism that fibrinogen can block
natural killer of tumor cells or cytotoxic agents that target
tumor cells to kill tumor cells and help tumor cells escape
immune surveillance, thereby promoting tumor -cell
growth. Low serum albumin may represent the impaired
nutritional status of the host. This state of malnutrition can
weaken human defense mechanisms, including cellular
immunity, humoral immunity, and phagocytic function.*
Studies have shown that hypoalbuminemia is associated
with poor prognosis and short OS in a variety of
malignancies.'*'>*® A recent systematic review and
dose-response meta-analysis which included 12 cohort
studies have convinced that preoperative serum albumin
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Figure 4 Kaplan—Meier overall survival (OS) curves of all patients with ovarian cancer stratified by FA score: (A) pathological stage pS|-2; (B) pathological stage pS3-4;

(C) tumor grade low; and (D) tumor grade middle/high.

can be used as an independent prognostic predictor of OS
in EOC patients.

FA score is a complicated indicator composed of
plasma fibrinogen and serum albumin. On the one hand,
the index can represent the body’s inflammatory and blood
coagulation system level, on the other hand, it can also
reflect the patient’s nutritional status. It can reflect the
body status three-dimensionally which is better than single
index fibrinogen or albumin. It is reasonable to speculate
FA score as a prognostic scoring system in EOC patients.

In our clinical study, 186 patients with EOC who were
admitted to from May 2008 to
December 2013 were retrospectively selected to analyze

Renji  hospital
the correlation between FA score and their clinicopatholo-
gical characteristics and OS.

This study showed that a higher FA score was signifi-
cantly correlated with poor tumor differentiation, higher
stage and the presence of lymph node metastasis in patients
with EOC. Furthermore, both univariate and multivariate
analyses indicated that FA score could be used as an inde-
pendent predictor of OS in patients with EOC. We also

carried out subgroup analysis according to different histolo-
gical types, tumor size, grading, staging of EOC, in order to
explore the specific value of FA score in predicting the
prognosis of patients with malignant tumors in specific
level. Firstly, we found that FA score was a better predictor
of OS than CSS. For patients with EOC whose tumor size is
>6 c¢cm, FA score indicates prognosis better compared with
those with tumor size <6 cm. In terms of tumor stage, FA
scoring system could not predict the prognosis of patients in
the subgroup of early stage of EOC (FIGO stages I-II). For
patients with advanced EOC (FIGO stages III-IV), the
advantage of the FA scoring system is demonstrated, which
can better predict the prognosis of OC patients. For patients
with a definite diagnosis of a medium/high-grade ovarian
tumor, the FA scoring system is a better predictor of OS.

In conclusion, the nutrition and coagulation-based FA
score might be a more promising prognostic predictor than
CA125 in EOC patients. Measurements of fibrinogen and
albumin were carried out at low cost, were less traumatic,
and were easily accessible in clinical practice. Through the
detection of preoperative plasma fibrinogen and serum

Cancer Management and Research 2019:11

submit your manuscript

7703

Dove


http://www.dovepress.com
http://www.dovepress.com

Li et al

Dove

albumin in the patients’ peripheral blood, FA score was estab-

lished to guide the prognosis of patients according to its score,

which is expected to be an effective method for prognosis and

guiding diagnosis and treatment of target OC patients.
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