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Abstract
Endometrial cancer (EC) is one of the most common gynecological malignancies. The aim of this study was to evaluate the combined
prognostic value of D-dimer and �brinogen in EC patients. We evaluated the prognostic value of preoperative plasma �brinogen and D-
Dimer concentration in EC patients using Kaplan-Meier curve analysis and Cox proportional hazards regression model. Kaplan-Meier
curve analysis demonstrated that EC patients with higher levels of plasma �brinogen or D-Dimer had a signi�cantly poorer overall
survival (OS) and recurrence-free survival (RFS). Furthermore, combination of �brinogen and D-Dimer levels signi�cantly improved the
e�cacy for predicting RFS of EC patient. Patients with higher �brinogen or D-Dimer levels exhibited a signi�cantly poorer RFS in both the
univariate and multivariate analysis. In conclusions, the preoperative plasma �brinogen and D-Dimer concentrations may serve as
potential prognostic factors for EC patients, and combination of �brinogen and D-Dimer concentration may be a potential marker for
predicting RFS of EC patients.

Introduction
Endometrial cancer (EC) is one of the most common gynecological malignancies with a rising incidence and mortality 11, 19. In recent
years, the incidence and mortality rates of EC have increased in developing countries, which accounts for nearly 7% of new cancer cases
and more than 2% of deaths, especially in China 32. Most EC patients are diagnosed post menopause and surgery is the primary
treatment 10. Despite successful surgery, 10–15% of patients develop recurrence or metastasis within 5 years, for whom a few treatment
options are available and a poor prognosis is associated 4. Therefore, it is necessary to identify the novel prognostic biomarkers for
predicting clinical outcomes of EC patients undergoing surgical treatment.

Accumulating evidence has demonstrated that the hemostatic system is implicated in cancer development, growth, and metastasis 9.
Abnormal activation of the coagulation/�brinolytic system, especially plasma dimerized plasmin fragment D (D-dimer) and �brinogen,
has been frequently identi�ed in cancer patients 2, 30. D-dimer is a �nal degradation product of crossed-link �brin and a marker for
activation of coagulation/�brinolytic system 17. Elevated D-dimer levels have been detected in patients with lung 1, 17, prostate 25,
colorectal carcinoma 3, 15 and EC 24. Fibrinogen is a bridging molecule, which is commonly involved in the process of hemostasis and is
a key protein in the coagulation pathway and clot formation 6. The important role of �brinogen in carcinogenesis has been demonstrated
in some tumor types, which is identi�ed as a major component of tumor stroma 26. The prognostic values of D-dimer and �brinogen
have been investigated in various cancer types 17, 20, 23, 35. Several researches detected the combined effect of D-dimer and �brinogen on
prognosis of cancer, including epithelial ovarian cancer 22, pancreatic carcinoma 5, small cell lung cancer 36, renal cell carcinoma 8 and
colorectal carcinoma 33. However, the combined prognostic value of D-dimer and �brinogen in EC patients remains unknown.

In this study, we investigated the ability of preoperative plasma D-dimer and �brinogen concentration to predict prognosis of EC patients.
Further, we evaluated the combined effects of D-dimer and �brinogen on prognosis of EC patients.

Materials And Methods

Patients
A total of 337 patients who underwent EC surgery were enrolled between March 2012 and November 2017, at the Nanyang central
Hospital. All patients were newly diagnosed with EC by dynamic imaging (CT/MRI scans) and con�rmed by histology. The
concentrations of �brinogen and D-Dimer in EC patients’ plasma were measured one week before surgery for further analysis. Detailed
clinical information including age, FIGO stage, histological grade, lymph node metastasis, depth of myometrial invasion, and
menopausal status were collected by physicians through medical chart review. The follow-up was performed by trained clinical specialist
and the latest follow-up data were obtained in November, 2017. This study was approved by Ethics Committee of Henan University.

Statistical Analysis
Statistical analyses were performed by SPSS version 20.0 software package (IBM, Armonk, NY, USA). Univariate and multivariate
analyses were performed using the Cox proportional hazards regression model. Log-rank test was used to analyze the difference
between groups. Kaplan-Meier curve analysis was used to calculate cumulative survival time in patients. A P < 0.05 in two-sided tests
was considered statistically signi�cant in this study.
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Results

Characteristics of the study population
A total 337 EC patients were analyzed in this study and clinical characteristics of all patients were summarized in Table 1. The median
age of all patients at the time of EC diagnosis was 52 years. Histological strati�cation of EC patients was determined using the World
Health Organization Histological Grading System 28 and most patients were histological grade G1-G2 (N = 253, 75%). Majority of patients
were early FIGO stage -  (N = 299, 88.7%), according to the 2009 International Federation of Gynecology and Obstetrics (FIGO) staging
system 27. There were 8.3% (N = 28) of patients who had depth of myometrial invasion > 1/2, and 5.9% (N = 20) of patients who had
lymph node metastasis. Moreover, there were 187 (55.5%) patients in post-menopausal status. During the follow-up, 15 (4.5%) patients
died, and 30 (8.9%) patients showed symptoms of recurrence (Table 1). 

Table 1
The characteristics of study population

Variables Number (n = 337, %)

Age (years), mean ± SD 52 ± 9.686

Histological grade  

G1-G2 253(75.0)

G3 43 (12.8)

Unknown 41(12.2)

FIGO stage  

I-II 299(88.7)

III-IV 38(11.3)

Depth of myometrial invasion  

≤ 1/2 309(91.7)

> 1/2 28(8.3)

Lymph node metastasis  

No 317(94.1)

Yes 20(5.9)

Menopause  

No 150(44.5)

Yes 187(55.5)

Death  

No 322(95.5)

Yes 15(4.5)

Recurrence  

No 307(91.1)

Yes 30(8.9)

Association between clinical characteristics and prognosis of EC patients
The prognostic signi�cance of clinical characteristics on EC patients was assessed using univariate and multivariate analyses by Cox
proportional hazards regression model. Univariate analysis indicated that there was a signi�cantly poor prognosis in older patients, in the
patients with late histological (G3) and FIGO stage (III-IV), and in the patients with depth of myometrial invasion (Table 2). Furthermore,
the patients with lymph node metastasis had a poorer recurrence-free survival (RFS) and postmenopausal patients had a poorer overall
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survival (OS) (Table 2). As shown in Table 3, the multivariate analysis demonstrated that late FIGO stage (III-IV) (HR 6.86, 95% CI: 1.63–
28.80, P = 0.009) and depth of myometrial invasion > 1/2 stage (HR 6.24, 95% CI: 1.57–24.73, P = 0.009) were signi�cantly associated
with poor OS of EC patients. Moreover, the FIGO stage was also remarkably associated with RFS (HR 7.07, 95% CI: 2.44–20.47, P = 
3.1×10− 4). In brief, the poor clinical outcomes were observed in EC patients with late FIGO stage (III-IV) (Table 3).

 
Table 2

Association between characteristics and prognosis of EC patients by univariate analyses
Characteristic Overall survival Recurrence-free survival

Alive Dead HR(95% CI) P value No Yes HR(95% CI) P value

Age                

≤ 52 166 3 1   160 9 1  

> 52 156 12 4.05(1.14–14.45) 0.031 147 21 2.35(1.07–5.14) 0.033

Histological grade                

G1-G2 246 7 1   239 14 1  

G3 39 4 5.25(1.51–18.23) 0.009 36 7 4.14(1.66–
10.34)

0.002

Unknown 37 4     32 9    

FIGO stage                

I-II 289 10 1   279 20 1  

III-IV 33 5 5.20(1.74–15.55) 0.003 28 10 5.07(2.35–
10.97)

3.6×10− 5

Depth of myometrial invasion              

≤ 1/2 299 10 1   285 24 1  

> 1/2 23 5 8.47(2.81–25.51) 1.5×10− 4 22 6 4.09(1.65–
10.12)

0.002

Lymph node metastasis              

No 304 13 1   292 25 1  

Yes 18 2 2.82(0.63–12.64) 0.177 15 5 3.27(1.24–8.64) 0.017

Menopause                

No 149 1 1   143 7 1  

Yes 173 14 10.01(1.31–
76.30)

0.026 164 23 2.32(0.99–5.42) 0.052

CI, Con�dence interval; HR, hazard ratio.  
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Table 3
Association between clinical characteristics and prognosis of EC patients by multivariate analyses.

Characteristic Overall survival Recurrence-free survival

Alive Dead HR*(95% CI) P value No Yes HR*(95% CI) P value

Age                

≤ 52 166 3 1   160 9 1  

> 52 156 12 1.26(0.24–6.51) 0.782 147 21 1.72(0.54–5.46) 0.358

Histological grade                

G1-G2 246 7 1   239 14 1  

G3 39 4 1.77(0.46–6.77) 0.403 36 7 2.15(0.79–5.89) 0.135

Unknown 37 4     32 9    

FIGO stage                

I-II 289 10 1   279 20 1  

III-IV 33 5 6.86(1.63–
28.80)

0.009 28 10 7.07(2.44–
20.47)

3.1×10− 4

Depth of myometrial invasion              

≤ 1/2 299 10 1   285 24 1  

> 1/2 23 5 6.24(1.57–
24.73)

0.009 22 6 2.89(0.97–8.59) 0.057

Lymph node metastasis              

No 304 13 1   292 25 1  

Yes 18 2 0.19(0.03–1.46) 0.111 15 5 0.35(0.09–1.35) 0.128

Menopause                

No 149 1 1   143 7 1  

Yes 173 14 4.33(0.39–
47.77)

0.231 164 23 0.90(0.26–3.11) 0.866

HR*: adjusted by Age, Histological grade, FIGO stage, Depth of myometrial invasion, Lymph node metastasis, Menopause;

CI, Con�dence interval; HR, hazard ratio.

Prognostic analysis of preoperative plasma �brinogen and D-Dimer
concentration in EC patient
The association between preoperative plasma �brinogen concentration and prognosis of EC patients was investigated. The patients
were �rst divided into two subgroups by the ROC cut-off value (2.84 g/L), median (2.69 g/L) and clinical value (4.00 g/L) of �brinogen.
The prognostic signi�cance of preoperative plasma �brinogen levels on OS and RFS of EC patients was estimated by Cox regression
model using univariate and multivariate analyses. As the data shown in Table 4, univariate analysis indicated that higher plasma
�brinogen was signi�cantly associated with poorer OS in EC patients (HR 4.96, 95% CI: 1.58–15.63, P = 0.006 by ROC cut-off value; HR
4.96, 95% CI: 1.40-17.59, P = 0.013 by median; HR 5.82, 95% CI: 1.61–20.98, P = 0.007 by clinical value). Multivariate analysis revealed
that higher plasma �brinogen remained to be signi�cantly associated with poorer OS in EC patients when divided by the ROC cut-off
value (HR 3.84, 95% CI: 1.14–12.94, P = 0.030) and clinical value (HR 3.90, 95% CI: 1.01-15.00, P = 0.048). However, there was no
signi�cant association between OS of EC patients and preoperative plasma �brinogen levels when divided by the median using
multivariate analysis. The similar results were observed in RFS of EC patients. The higher plasma �brinogen was signi�cantly associated
with poorer RFS in EC patients using univariate analysis. However, multivariate analyses revealed that higher preoperative plasma
�brinogen levels remained to be signi�cantly associated with poorer RFS in EC patients only when divided patients by ROC cut-off value
(HR 3.73, 95% CI: 1.60–8.72, P = 0.002). Therefore, we performed further analyses by ROC cut-off value of preoperative plasma
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�brinogen levels. Kaplan-Meier curve analysis demonstrated that EC patients with higher plasma �brinogen levels had a signi�cantly
poorer OS (P = 0.002) and RFS (P = 3.1 × 10− 5) (Fig. 1(, ,B)).
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Table 4
The prognosis analyses for FIB and D-dimer in EC patients

values Overall survival Recurrence-free survival

Alive/Dead HR(95% CI) P
value

HR*(95%
CI)

P
value

No/Yes HR(95%
CI)

P value HR*(95%
CI)

P
value

FIB
values

                   

By ROC
cut-off
value

                   

≤ 2.84
g/L

191/4 1   1   187/8 1   1  

> 2.84
g/L

131/11 4.96(1.58–
15.63)

0.006 3.84(1.14–
12.94)

0.030 120/22 4.76(2.12–
10.72)

1.63×10− 

4

3.73(1.60–
8.72)

0.002

By
median

                   

≤media
n (2.69
g/L)

166/3 1   1   162/7 1   1  

>median
(2.69
g/L)

156/12 4.96(1.40-
17.59)

0.013 2.25(0.57–
8.91)

0.247 145/23 3.90(1.67–
9.10)

0.002 2.51(1.00-
6.28)

0.049

By
clinical
value

                   

≤ 4 g/L 304/12 1   1   290/26 1   1  

> 4 g/L 18/3 5.82(1.61–
20.98)

0.007 3.90(1.01-
15.00)

0.048 17/4 3.46(1.20-
10.01)

0.022 1.91(0.62–
5.89)

0.261

D-dimer
values

                   

By ROC
cut-off
value

                   

≤ 0.16
mg/L

228/3 1   1   213/12 1   1  

> 0.16
mg/L

94/12 7.62(2.14–
27.17)

0.002 6.20(1.67–
22.99)

0.006 94/18 2.49(1.19–
5.19)

0.015 2.14(1.00-
4.58)

0.050

By
median

                   

≤media
n (0.11
mg/L)

168/1 1   1   160/9 1   1  

>median
(0.11
mg/L)

154/14 14.70(1.88-
114.75)

0.01 13.69(1.67-
112.23)

0.015 147/21 2.01(0.91–
4.34)

0.085 1.75(0.77–
3.99)

0.182

By
clinical
value

                   

≤ 0.5
mg/L

168/1 1   1   291/24 1   1  

> 0.5
mg/L

154/14 5.01(1.57–
16.01)

0.007 2.10(0.52–
8.45)

0.295 16/6 3.57(1.44–
8.82)

0.006 1.63(0.58–
4.54)

0.352
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values Overall survival Recurrence-free survival

Alive/Dead HR(95% CI) P
value

HR*(95%
CI)

P
value

No/Yes HR(95%
CI)

P value HR*(95%
CI)

P
value

HR*: adjusted by Age, Histological grade, FIGO stage, Depth of myometrial invasion, Lymph node metastasis,
Menopause;

 

FIB, �brinogen; CI, Con�dence interval; HR, hazard ratio.  

To assess the prognostic signi�cance of preoperative plasma D-Dimer concentration in EC patient, we �rst divided the patients into two
subgroups by the ROC cut-off value (0.16 mg/L), median (0.11 mg/L) and clinical value (0.5 mg/L) of D-Dimer. As shown in Table 4,
patients with higher preoperative plasma D-Dimer concentration had signi�cantly poorer OS (HR 7.62, 95% CI: 2.14–27.17, P = 0.002 by
univariate analyses; HR 6.20, 95% CI: 1.67–22.99, P = 0.006 by multivariate analyses) and RFS (HR 2.49, 95% CI: 1.19–5.19, P = 0.015 by
univariate analyses; HR 2.14, 95% CI: 1.00-4.58, P = 0.050 by multivariate analyses) when divided patients by ROC cut-off value. The
higher preoperative plasma D-Dimer concentration was signi�cantly associated with poorer OS in EC patients using both univariate and
multivariate analyses when divided patients by median value. However, there was no statistical association in plasma D-Dimer
concentration and RFS in EC patients when divided patients by median value. Furthermore, only positive relation was observed using
univariate analyses when divided patients by clinical value (Table 4). We performed further analyses by ROC cut-off value of preoperative
plasma D-Dimer levels. Moreover, Kaplan-Meier curve analysis showed that EC patients with higher plasma D-Dimer levels had a
signi�cantly poorer OS (P = 2.31 × 10− 4) and RFS (P = 0.022) (Fig. 1(, ,D)).

Prognostic analysis of preoperative plasma �brinogen and D-Dimer concentration in EC patients strati�ed by host characteristics

As shown in Table 4, some clinical characteristics were signi�cantly associated with OS of EC patients by univariate analysis. These
clinical characteristics may be confounding factors for the prognostic value of preoperative plasma �brinogen and/or D-Dimer
concentration on OS and RFS of EC patients. Therefore, we further investigated the effects of preoperative �brinogen and D-Dimer
concentration on the OS and RFS of EC patients strati�ed by host characteristics using multivariate analyses. As shown in Table 5, the
higher preoperative plasma �brinogen levels in patients without depth of myometrial invasion exhibited a signi�cantly poorer OS (HR
5.82, 95% CI 1.11–30.64, P = 0.038) and RFS (HR 4.31, 95% CI 1.63–11.43, P = 0.003). Higher preoperative plasma �brinogen levels were
also prognostic factors for poorer RFS in older patients, and in the patients without lymph node metastasis and in post-menopausal
status. Meanwhile, the higher preoperative plasma D-Dimer levels in patients without lymph node metastasis exhibited a signi�cantly
poorer OS (HR 5.03, 95% CI 1.32–19.22, P = 0.018) and RFS (HR 2.32, 95% CI 1.01–5.30, P = 0.047) (Table 6). In addition, higher
preoperative plasma D-Dimer levels were also prognostic factors for poorer OS in older patients, in the patients with lower FIGO (I-II)
stage, and in the patients without lymph node metastasis and in post-menopausal status (Table 6).
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Table 5
The association between FIB and prognosis of EC patients strati�ed by host characteristics.

FIB Overall survival Recurrence-free survival

Total/Dead HR*(95% CI) P value Total/Recurrence HR*(95% CI) P value

Age            

Younger (≤ 53)            

≤ 2.84 112/1 1   112/3 1  

> 2.84 57/2 1.66(0.06–46.74) 0.765 57/6 3.09 (0.68–13.95) 0.143

Older(>53)            

≤ 2.84 83/3 1   83/5 1  

> 2.84 85/9 3.15(0.78–12.74) 0.107 85/16 3.78 (1.29–11.06) 0.015

Histological grade            

G1-G2            

≤ 2.84 157/2 1   152/5 1  

> 2.84 96/5 3.74(0.66–21.35) 0.138 87/9 2.91 (0.94–9.01) 0.064

G3            

≤ 2.84 17/2 1   15/2 1  

> 2.84 26/2 0.75(0.05–12.17) 0.839 21/5 0.75 (0.06–8.86) 0.818

Unknown            

≤ 2.84 21/0     21/1    

> 2.84 20/4 NA   10/8 NA  

FIGO stage            

I-II            

≤ 2.84 176/3 1   176/7 1  

> 2.84 123/7 2.51(0.59–10.70) 0.214 123/13 2.55 (0.98–6.62) 0.054

III-IV            

≤ 2.84 19/1 1   19/1 1  

> 2.84 19/4 62.37(0.001-4.1×106) 0.465 19/9 11.64 (0.44-
311.29)

0.143

Depth of myometrial invasion          

≤ 1/2            

≤ 2.84 184/2 1   184/6 1  

> 2.84 125/8 5.82(1.11–30.64) 0.038 125/18 4.31 (1.63–11.43) 0.003

> 1/2            

≤ 2.84 11/2 1   11/2 1  

> 2.84 17/3 1.61(0.16–16.28) 0.685 17/4 1.84 (0.18–18.91) 0.609

HR*: adjusted by Age, Histological grade, FIGO stage, Depth of myometrial invasion, Lymph node metastasis, Menopause; FIB,
�brinogen;

CI, Con�dence interval; HR, hazard ratio; NA, Not suitable for analysis.
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FIB Overall survival Recurrence-free survival

Total/Dead HR*(95% CI) P value Total/Recurrence HR*(95% CI) P value

Lymph node metastasis          

No            

≤ 2.84 185/3 1   185/7 1  

> 2.84 132/10 3.55(0.91–13.94) 0.069 132/18 3.58 (1.43–8.95) 0.006

Yes            

≤ 2.84 10/1 1   10/1    

> 2.84 10/1 1.00(0-9.6×1014) 1.000 10/4 NA  

Menopause            

No            

≤ 2.84 95/0 1   95/2 1  

> 2.84 55/1 1.00(0.01–82.96) 1.000 55/5 4.53 (0.84–24.51) 0.079

Yes            

≤ 2.84 100/4 1   100/6 1  

> 2.84 87/10 2.82(0.81–9.85) 0.104 87/17 3.35 (1.23–9.10) 0.018

HR*: adjusted by Age, Histological grade, FIGO stage, Depth of myometrial invasion, Lymph node metastasis, Menopause; FIB,
�brinogen;

CI, Con�dence interval; HR, hazard ratio; NA, Not suitable for analysis.
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Table 6
The association between D-dimer and prognosis of EC patients strati�ed by host characteristics

D-dimer Overall survival Recurrence-free survival

Total/Dead HR*(95% CI) P value Total/Recurrence HR*(95% CI) P value

Age            

Younger (≤ 53)            

≤ 0.16 124/0     121/3 1  

> 0.16 45/3 NA   48/6 2.63 (0.54–
12.90)

0.235

Older (> 53)            

≤ 0.16 107/3 1   104/9 1  

> 0.16 61/9 4.09(1.06–15.86) 0.041 64/12 1.73 (0.69–4.33) 0.239

Histological grade            

G1-G2            

≤ 0.16 177/3 1   165/7 1  

> 0.16 76/4 2.55(0.55–11.92) 0.233 74/7 1.49 (0.52–4.29) 0.457

G3            

≤ 0.16 30/0     26/3 1  

> 0.16 13/4 NA   10/4 1.28 (0.17–9.54) 0.808

Unknown            

  20/0     24/2    

  17/4 NA   17/7 NA  

FIGO stage            

I-II            

≤ 0.16 209/3 1   204/9 1  

> 0.16 90/7 4.46(1.11–17.94) 0.035 95/11 2.03 (0.82–5.01) 0.126

III-IV            

≤ 0.16 22/0     21/3 1  

> 0.16 16/5 NA   17/7 1.25 (0.23–6.87) 0.801

Depth of myometrial invasion          

≤ 1/2            

≤ 0.16 218/1 1   213/11 1  

> 0.16 91/9 16.05(1.87–137.50) 0.011 96/13 1.93 (0.84–4.46) 0.123

> 1/2            

≤ 0.16 13/2 1   12/1 1  

> 0.16 15/3 2.10(0.30-14.48) 0.453 16/5 4.83 (0.51–
45.89)

0.171

HR*: adjusted by Age, Histological grade, FIGO stage, Depth of myometrial invasion, Lymph node metastasis, Menopause; FIB,
�brinogen;

CI, Con�dence interval; HR, hazard ratio; NA, Not suitable for analysis.
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D-dimer Overall survival Recurrence-free survival

Total/Dead HR*(95% CI) P value Total/Recurrence HR*(95% CI) P value

Lymph node metastasis          

No            

≤ 0.16 219/3 1   213/10 1  

> 0.16 98/10 5.03(1.32–19.22) 0.018 104/15 2.32 (1.01–5.30) 0.047

Yes            

≤ 0.16 12/0 1   12/2    

> 0.16 8/2 1.00(0-9.6×1014) 1.000 8/3 NA  

Menopause            

No            

≤ 0.16 109/0     107/3 1  

> 0.16 41/1 NA   43/4 1.55 (0.28–8.47) 0.615

Yes            

≤ 0.16 122/3 1   118/9 1  

> 0.16 65/11 5.32(1.42–19.99) 0.013 69/14 1.96 (0.81–4.75) 0.137

HR*: adjusted by Age, Histological grade, FIGO stage, Depth of myometrial invasion, Lymph node metastasis, Menopause; FIB,
�brinogen;

CI, Con�dence interval; HR, hazard ratio; NA, Not suitable for analysis.

Combined prognostic value of preoperative plasma �brinogen and D-Dimer
concentration in EC patients
To assess whether combination of preoperative plasma �brinogen and D-Dimer concentration can improve prognostic prediction e�cacy
in EC patients, we further analyzed the effect of combining preoperative plasma �brinogen and D-Dimer concentration on prognosis of
EC. However, an abnormal result was observed in OS analysis which may be due to few death incidents in our study. Therefore, we
performed RFS analysis in further study. Using patients with low �brinogen and low D-Dimer levels as a reference group, patients with
higher �brinogen and higher D-Dimer concentration exhibited a signi�cantly poorer RFS in both univariate (HR 8.66, 95% CI 2.84–26.35,
P = 0.0001) and multivariate analysis (HR 5.89, 95% CI 1.88–18.50, P = 0.002). The effect on patient RFS was more evident in the
patients with high �brinogen and high D-Dimer concentration than in the patients with lower �brinogen and higher D-Dimer concentration
(HR 2.25, 95% CI 0.55–9.210, P = 0.258) or higher �brinogen and lower D-Dimer concentration (HR 4.39, 95% CI 1.258–15.45, P = 0.021)
(Table 7). Additionally, Kaplan–Meier analysis indicated that the patients with low �brinogen and low D-Dimer concentration exhibited
the longest RFS (log-rank P = 1.3 × 10− 4, Fig. 2). All these data suggested that the combination of �brinogen and D-Dimer concentration
had a better e�cacy in prognostic RFS of EC patients.
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Table 7
Combination effect of FIB and D-dimer values on EC recurrence-free survival

Variables Univariate Multivariate*

HR (95% CI) P value HR (95% CI) P value

low FIB values + low D-dimer values 1   1  

low FIB values + high D-dimer values 2.10(0.52–8.46) 0.295 2.25(0.55–9.21) 0.258

high FIB values + low D-dimer values 4.46(1.34–14.85) 0.015 4.39(1.25–15.45) 0.021

high FIB values + high D-dimer values 8.66(2.84–26.35) 0.0001 5.89(1.88–18.50) 0.002

P for trend   0.001   0.017

Multivariate*: adjusted by Age, Histological grade, FIGO stage, Depth of myometrial invasion, Lymph node metastasis, Menopause;

FIB, �brinogen; CI, Con�dence interval; HR, hazard ratio.

Discussion
Here, we found that patients with higher preoperative plasma �brinogen or higher D-Dimer levels had signi�cantly poorer prognosis,
suggesting that preoperative plasma �brinogen and D-Dimer levels may serve as independent prognostic factors for EC patients.
Furthermore, combination of �brinogen and D-Dimer signi�cantly improved the prognosis prediction e�cacy for RFS of EC patients.

It has been demonstrated that the coagulation/�brinolytic systems are implicated in tumorigenesis, progression, and metastasis 9.
Abnormal activation of the coagulation/�brinolytic system has been frequently identi�ed in various cancers 2, 30. Therefore, the
degradation products of coagulation/�brinolytic system have been used as biomarker of tumor load and prognosis 18, 26. Recent
researches demonstrated that �brinogen and D-dimer are both dysregulated and implicated in cancer progress in many different types of
cancers 7, 18, 26. The prognostic values of D-dimer and �brinogen have been investigated in various cancer types 17, 20, 23. Previous
studies reported that plasma D-dimer levels were markedly elevated and may predict the prognosis in patients with lung 1, 16, prostate 25

and colorectal carcinoma 3, 15. These data collectively suggest that D-dimer concentration may be a potential biomarker for risk
assessment and prognostication of cancer. Recently, a research reported that lower D-dimer levels was signi�cantly associated with
longer OS and RFS of EC patients treated with intensity-modulated radiation therapy 34. Higher D-dimer level was also identi�ed as an
independent prognosticator in surgically treated EC patients 16. In this study, we also assessed the associations of preoperative plasma
D-dimer concentration with OS and RFS of EC patients. Consistent with previous �ndings 16, 34, our results demonstrated that higher
preoperative plasma D-dimer levels were signi�cantly associated with poorer prognosis of EC patients (Table 4). In addition, Kaplan-
Meier curve analysis indicated that EC patients with higher preoperative plasma D-dimer levels had a signi�cantly shorter OS and RFS
(Fig. 1(C, D)).

Fibrinogen is identi�ed as a major component of tumor stroma and has been demonstrated to be involved in proliferation, invasion, and
metastasis of tumor by promoting tumor angiogenesis and supporting the sustained adhesion of tumor cells 22, 29. Previous researches
have demonstrated that the disruption of micro vessel resulted to accumulation of �brinogen, which resulted in the activation of
macrophages and monocytes and promoting the secretion of many cytokines and chemokines 13, 14. Higher preoperative plasma
�brinogen level is an independent marker for impaired prognosis of colorectal cancer patients after curative resection 31, esophageal
carcinoma 20 and penile cancer 21. Previous reports showed that plasma �brinogen level may be a useful biomarker in predicting
outcomes of EC patients 12. In this study, we found that higher plasma �brinogen was signi�cantly associated with poorer OS and RFS in
EC patients (Table 4). Kaplan-Meier curve analysis demonstrated that EC patients with higher plasma �brinogen levels had a signi�cantly
poorer OS and RFS (Fig. 1(A, B)).

In the strati�ed analyses, we found that higher preoperative plasma �brinogen and D-dimer levels were signi�cantly associated with poor
prognosis in patients with older age, without lymph node metastasis, with depth of myometrial invasion and in post-menopausal status.
These results indicated that the plasma �brinogen and D-dimer concentration may be modulated by host characteristics through
unknown mechanisms. However, the molecular mechanisms modulated plasma �brinogen and D-dimer concentrations in cancer
patients are still unclear. The detailed mechanisms should be investigated in the future.
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To further identify the combined effects of plasma D-dimer and �brinogen levels on EC patient’s prognosis, we grouped the patients
according to the levels of the two parameters. Interestingly, our results showed that patients with higher D-dimer levels and higher
�brinogen levels had a signi�cantly worse RFS than patients with any one abnormal parameter. The results indicated that elevated
plasma �brinogen and D-dimer levels contributed to the poor RFS of EC patients synergistically. Previous researches have demonstrated
that elevated �brinogen and D-dimer levels are correlated to the tumor hypercoagulability. Abnormal activations of the
coagulation/�brinolytic system, especially plasma dimerized plasmin fragment D (D-dimer) and �brinogen, have been frequently
identi�ed in cancer patients 2, 30. In this study, our results have suggested that combination of �brinogen and D-Dimer signi�cantly
improved the prognosis prediction e�cacy for RFS of EC patients.

In conclusion, our �ndings suggested that preoperative plasma �brinogen and D-Dimer concentration may serve as useful biomarkers for
prognosis strati�cation of EC patients. In addition, combination of �brinogen and D-Dimer signi�cantly improved the prognosis
prediction e�cacy for RFS of EC patients. Therefore, plasma �brinogen/D-Dimer may serve as a potential biomarker to predict EC
prognosis.

Declarations
Acknowledgments 

This work was supported by the Scienti�c and Technological Project of Henan Province in China (NO. 212102310723), Medical Scienti�c
and Technological Project of Henan Province in China (NO. SB201902030) and the Key Science and Technology Fund of Kaifeng (No.
2003008). 

Disclosure statement

The authors declare that they have no con�icts of interest.

Author Contributions

WLX and WYY wrote the manuscript. YXJ, HJR, SJY, WXJ, YXT, WY, YGQ, LYF, YZ, BDK and SMH performed some of the lab work and
data collection. WLX and WYY supported the overall data analysis and provided constructive discussion. BDK, ZJJ and YSH conceived
and designed the study. All authors read and approved the �nal manuscript.

References
1. Antoniou D, Pavlakou G, Stathopoulos GP, Karydis I, Chondrou E, Papageorgiou C et al. Predictive value of D-dimer plasma levels in

response and progressive disease in patients with lung cancer. Lung Cancer 2006; 53: 205–210.

2. Beer JH, Haeberli A, Vogt A, Woodtli K, Henkel E, Furrer T et al. Coagulation markers predict survival in cancer patients. Thromb
Haemost 2002; 88: 745–749.

3. Blackwell K, Hurwitz H, Lieberman G, Novotny W, Snyder S, Dewhirst M et al. Circulating D-dimer levels are better predictors of overall
survival and disease progression than carcinoembryonic antigen levels in patients with metastatic colorectal carcinoma. Cancer
2004; 101: 77–82.

4. Buhtoiarova TN, Brenner CA, Singh M. Endometrial Carcinoma: Role of Current and Emerging Biomarkers in Resolving Persistent
Clinical Dilemmas. Am J Clin Pathol 2016; 145: 8–21.

5. Cao J, Fu Z, Gao L, Wang X, Cheng S, Wang X et al. Evaluation of serum D-dimer, �brinogen, and CA19-9 for postoperative
monitoring and survival prediction in resectable pancreatic carcinoma. World J Surg Oncol 2017; 15: 48.

�. Collen D, Tytgat GN, Claeys H, Piessens R. Metabolism and distribution of �brinogen. I. Fibrinogen turnover in physiological
conditions in humans. Br J Haematol 1972; 22: 681–700.

7. Dirix LY, Salgado R, Weytjens R, Colpaert C, Benoy I, Huget P et al. Plasma �brin D-dimer levels correlate with tumour volume,
progression rate and survival in patients with metastatic breast cancer. Br J Cancer 2002; 86: 389–395.

�. Erdem S, Amasyali AS, Aytac O, Onem K, Issever H, Sanli O. Increased preoperative levels of plasma �brinogen and D dimer in
patients with renal cell carcinoma is associated with poor survival and adverse tumor characteristics. Urol Oncol 2014; 32: 1031–
1040.



Page 15/17

9. Franchini M, Montagnana M, Favaloro EJ, Lippi G. The bidirectional relationship of cancer and hemostasis and the potential role of
anticoagulant therapy in moderating thrombosis and cancer spread. Semin Thromb Hemost 2009; 35: 644–653.

10. Frandsen JE, Sause WT, Dodson MK, Soisson AP, Belnap TW, Gaffney DK. Survival analysis of endometrial cancer patients with
cervical stromal involvement. J Gynecol Oncol 2014; 25: 105–110.

11. Gaber C, Meza R, Ruterbusch JJ, Cote ML. Endometrial Cancer Trends by Race and Histology in the USA: Projecting the Number of
New Cases from 2015 to 2040. J Racial Ethn Health Disparities 2016.

12. Ghezzi F, Cromi A, Siesto G, Giudici S, Serati M, Formenti G et al. Prognostic signi�cance of preoperative plasma �brinogen in
endometrial cancer. Gynecol Oncol 2010; 119: 309–313.

13. Jensen T, Kierulf P, Sandset PM, Klingenberg O, Joo GB, Godal HC et al. Fibrinogen and �brin induce synthesis of proin�ammatory
cytokines from isolated peripheral blood mononuclear cells. Thromb Haemost 2007; 97: 822–829.

14. Kaneider NC, Mosheimer B, Gunther A, Feistritzer C, Wiedermann CJ. Enhancement of �brinogen-triggered pro-coagulant activation
of monocytes in vitro by matrix metalloproteinase-9. Thromb J 2010; 8: 2.

15. Kilic M, Yoldas O, Keskek M, Ertan T, Tez M, Gocmen E et al. Prognostic value of plasma D-dimer levels in patients with colorectal
cancer. Colorectal Dis 2008; 10: 238–241.

1�. Li J, Lin J, Luo Y, Kuang M, Liu Y. Multivariate Analysis of Prognostic Biomarkers in Surgically Treated Endometrial Cancer. PLoS
One 2015; 10: e0130640.

17. Li W, Tang Y, Song Y, Chen SH, Sisliyan N, Ni M et al. Prognostic Role of Pretreatment Plasma D-Dimer in Patients with Solid Tumors:
a Systematic Review and Meta-Analysis. Cell Physiol Biochem 2018; 45: 1663–1676.

1�. Lin Y, Liu Z, Qiu Y, Zhang J, Wu H, Liang R et al. Clinical signi�cance of plasma D-dimer and �brinogen in digestive cancer: A
systematic review and meta-analysis. Eur J Surg Oncol 2018; 44: 1494–1503.

19. Lortet-Tieulent J, Ferlay J, Bray F, Jemal A. International Patterns and Trends in Endometrial Cancer Incidence, 1978–2013. J Natl
Cancer Inst 2018; 110: 354–361.

20. Lv GY, Yu Y, An L, Sun XD, Sun DW. Preoperative plasma �brinogen is associated with poor prognosis in esophageal carcinoma: a
meta-analysis. Clin Transl Oncol 2018; 20: 853–861.

21. Ma C, Zhou Y, Zhou S, Zhao K, Lu B, Sun E. Preoperative peripheral plasma �brinogen level is an independent prognostic marker in
penile cancer. Oncotarget 2017; 8: 12355–12363.

22. Man YN, Wang YN, Hao J, Liu X, Liu C, Zhu C et al. Pretreatment plasma D-dimer, �brinogen, and platelet levels signi�cantly impact
prognosis in patients with epithelial ovarian cancer independently of venous thromboembolism. Int J Gynecol Cancer 2015; 25: 24–
32.

23. Mei Y, Zhao S, Lu X, Liu H, Li X, Ma R. Clinical and Prognostic Signi�cance of Preoperative Plasma Fibrinogen Levels in Patients with
Operable Breast Cancer. PLoS One 2016; 11: e0146233.

24. Nakamura K, Nakayama K, Ishikawa M, Katagiri H, Minamoto T, Ishibashi T et al. High pretreatment plasma D-dimer levels are
related to shorter overall survival in endometrial carcinoma. Eur J Obstet Gynecol Reprod Biol 2016; 201: 89–93.

25. Nakashima J, Tachibana M, Ueno M, Baba S, Tazaki H. Tumor necrosis factor and coagulopathy in patients with prostate cancer.
Cancer Res 1995; 55: 4881–4885.

2�. Palumbo JS, Talmage KE, Massari JV, La Jeunesse CM, Flick MJ, Kombrinck KW et al. Platelets and �brin(ogen) increase metastatic
potential by impeding natural killer cell-mediated elimination of tumor cells. Blood 2005; 105: 178–185.

27. Pecorelli S. Revised FIGO staging for carcinoma of the vulva, cervix, and endometrium. Int J Gynaecol Obstet 2009; 105: 103–104.

2�. Penzel R, Hoegel J, Schmitz W, Blaeker H, Morresi-Hauf A, Aulmann S et al. Clusters of chromosomal imbalances in thymic epithelial
tumours are associated with the WHO classi�cation and the staging system according to Masaoka. Int J Cancer 2003; 105: 494–
498.

29. Polterauer S, Grimm C, Seebacher V, Concin N, Marth C, Tomovski C et al. Plasma �brinogen levels and prognosis in patients with
ovarian cancer: a multicenter study. Oncologist 2009; 14: 979–985.

30. Shoji M, Hancock WW, Abe K, Micko C, Casper KA, Baine RM et al. Activation of coagulation and angiogenesis in cancer:
immunohistochemical localization in situ of clotting proteins and vascular endothelial growth factor in human cancer. Am J Pathol
1998; 152: 399–411.

31. Tang L, Liu K, Wang J, Wang C, Zhao P, Liu J. High preoperative plasma �brinogen levels are associated with distant metastases and
impaired prognosis after curative resection in patients with colorectal cancer. J Surg Oncol 2010; 102: 428–432.



Page 16/17

32. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A. Global cancer statistics, 2012. CA Cancer J Clin 2015; 65: 87–108.

33. Wang JF, Guo Z, Tang L, Guo JS, Hu J, Liu JZ. [Prognostic associations of preoperative plasma levels of �brinogen and D-dimer
after curative resection in patients with colorectal cancer]. Zhonghua Yi Xue Za Zhi 2013; 93: 906–909.

34. Yang X, Ren H, Sun Y, Zhang L, Yang X, Li H et al. The prognostic value of D-dimer levels in endometrial cancer patients treated with
intensity-modulated radiation therapy. Oncotarget 2017; 8: 25279–25288.

35. Zhou X, Wang H, Wang X. Preoperative CA125 and �brinogen in patients with endometrial cancer: a risk model for predicting
lymphovascular space invasion. J Gynecol Oncol 2017; 28: e11.

3�. Zhu LR, Li J, Chen P, Jiang Q, Tang XP. Clinical signi�cance of plasma �brinogen and D-dimer in predicting the chemotherapy
e�cacy and prognosis for small cell lung cancer patients. Clin Transl Oncol 2016; 18: 178–188.

Figures

Figure 1

Kaplan-Meier curves of overall survival and recurrence-free survival analyses in EC patients with FIB and D-dimer. FIB, �brinogen.
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Figure 2

Combined effect of FIB and D-dimer levels on recurrence-free survival of EC patients using the Kaplan-Meier curves. FIB, �brinogen.


