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Abstract
Background: Increasing evidence supported an association between cancer and coagulation system. We aimed to
identify prognostic values of coagulation biomarkers in epithelial ovarian cancer (EOC).
Methods: A retrospective study was conducted on patients who underwent optimal tumor debulking followed
by platinum-based chemotherapy at our institution. The predictive value of coagulation variables was evaluated by
receiver operating characteristic (ROC) curves. Through Cox hazards regression models, prognostic factors were determined for recurrence-free survival (RFS) and overall survival (OS). Survival curves were visualized by Kaplan–Meier
method and compared through Log-rank analysis.
Results: We involved 482 EOC patients and followed up for 64 (range, 36–87) months. According to ROC curves,
D-dimer and International normalized ratio (INR) had superior predictive value than other coagulation indexes, with
area under curve (AUC) of 0.758 and 0.742. Patients were then stratified into three combined D-dimer and INR (DDINR) groups based on the cut-off value of 0.97 mg/L and 0.86, respectively. Through regression analysis, we demonstrated that age (HR 1.273; 95%CI 1.048–2.047; p = 0.045), pathological grade (HR 1.419; 95% CI 1.102–2.491; p = 0.032),
clinical stage (HR 2.038; 95%CI 1.284–3.768; p = 0.008), CA-125 (HR 1.426; 95%CI 1.103–1.894; p = 0.038) and DD-INR
(HR 2.412; 95%CI 1.683–3.241; p = 0.009) were independent prognostic factors. Survival analysis showed that patients
with higher DD-INR experienced poor survival (p = 0.0013 for RFS and p = 0.0068 for OS). Further subgroup analysis
revealed that evaluated DD-INR was significantly associated with poor survival among patients with advanced stage
(p = 0.0028 for RFS and p = 0.0180 for OS).
Conclusion: Our findings suggested that coagulation indexes, especially the combined DD-INR were promising
biomarkers for prognosis stratification in EOC patients, especially those with advanced clinical stages.
Keywords: Epithelial ovarian cancer, Prognostic value, Risk stratification, Coagulation system
Background
Ovarian cancer (OC) is one of the most lethal gynecologic cancers, with 21,750 new cases and 13,940 deaths
estimated for 2020 in the United States [1]. Owing to
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the lack of early physical signs and symptoms, almost
70% of OC cases were diagnosed at an advanced clinical stage, leading to a poor 5-year survival rate of 40%
[2, 3]. Approximately 80% of epithelial ovarian cancer
(EOC) patients suffered tumor progression or recurrence, despite development in therapy over past decades
[4, 5]. To date, conventional tumor biomarkers, including CA-125, CA-199, and Human epididymis protein
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4 (HE4) have been used to predict the survival of EOC
patients with limited sensitivity and specificity [6]. Therefore, more effective biomarkers are of great urgency for
risk stratification and individualized treatment in the
realm of precise medicine [7].
Recently, increasing evidence showed that hyper-coagulability and fibrinolysis had a significant relationship with
tumor development, progression, and dissemination [8].
As a degradation product crosslinked by activation factor XIII and hydrolyzed by fibrinolytic enzyme, D-dimer
could serve as a biomarker for activated coagulation and
fibrinolysis [9, 10]. Prothrombin time (PT), as a frequently
used routine coagulation test, could be used to evaluate
the “extrinsic coagulation pathway” [11]. To overcome
the problem of marked variation for PT among different
laboratories, International normalized ratio (INR) was
introduced to standardize the PT value [12]. Moreover,
previous studies showed that abnormal pre-treatment
coagulation parameters, including D-dimer and INR,
could predict poor survival in various malignancies,
including colorectal, lung, and liver carcinoma [13–15].
However, as far as we know, studies assessing the prognostic value of the combination of plasma D-dimer and
INR in EOC patients haven’t been reported yet. In this
study, we aimed to examine the association between pretreatment coagulation biomarkers and EOC prognosis,
in order to provide cues for early intervention of EOC
patients and support clinical decision-making. Specially,
we stratified EOC patients into three groups based on DDINR and further evaluated the prognostic application of
this stratification method. We present the following article
in accordance with the CONSORT reporting checklist.

Results
Patients clinicopathological characteristics

The overall clinicopathological features of EOC patients
involved were listed in Table 1. A total of 482 EOC
patients were finally involved according to the inclusion and exclusion criteria, with the mean age of
57.83 ± 5.93 years old. Based on International Federation of Obstetrics and Gynecology Association (FIGO)
stage system, patients with early (FIGO I or II) and
advanced (FIGO III or IV) clinical stages accounted for
167 (34.65%) and 315 (65.35%), respectively. There were
293 (60.79%) patients who presented with histologyproved serous subtype and 185 (38.38%) patients with
low pathological grade (G1 or G2). The median and mean
follow-up time for all patients was 64 months (range,
36–87 months) and 58.83 ± 23.94 months, respectively.
According to the Receiver operating characteristic
(ROC) curves of coagulation variables, D-dimer and INR
had superior predictive value for EOC survival compared
to activated partial thromboplastin time (APTT), PT,
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thrombin time (TT), fibrinogen, and CA-125, with the
area under curve (AUC) of 0.758 (95%CI 0.717–0.800)
and 0.742 (95%CI 0.699–0.785), respectively (Fig. 1A
and B). Based on the Youden index of ROC curves, the
cut-off values were set at 0.97 mg/L for D-dimer and 0.86
for INR, for which sensitivity was determined as 82.4
and 76.7%, while specificity was determined as 60.4 and
58.3%. Patients were then classified into three DD-INR
score groups referring to each cut-off value as follows: a
DD-INR score of 2: with high D-dimer (> = 0.97 mg/L)
and low INR (< 0.86), a DD-INR score of 1: with either of
these coagulation abnormalities and a DD-INR score of
0: with neither of the abnormalities. The DD-INR score
of all patients was allocated as follows: DD-INR = 0, 139
(28.84%) patients; DD-INR = 1, 178 (36.93%) patients;
and DD-INR = 2, 165 (34.23%) patients. The AUC value
for the DD-INR scoring system was 0.831 (95%CI 0.794–
0.867) based on the ROC curve. Moreover, according to
the exclusion criteria, we excluded 28 patients who were
lost to follow-up, which might lead to selection bias.
Considering that, we further evaluated the DD-INR score
of these 28 patients: DD-INR = 0 (n = 7), DD-INR = 1
(n = 10), and DD-INR = 2 (n = 11). The results indicated
that there was no significant difference of lost to followup rate among three DD-INR groups (p = 0.842).
Correlation analysis between DD‑INR score
and clinicopathological factors

The correlation between preoperative DD-INR and
other clinicopathological characteristics among all
EOC patients was also shown in Table 1. We found that
patients with higher DD-INR score tended to have more
advanced FIGO stage (p = 0.003, Fig. 1C), higher pathological grade (p = 0.015, Fig. 1D). For histological subtypes, 87 (18.05%), 107 (22.20%) and 99 (20.54%) patients
with DD-INR score of 0, 1, 2 were diagnosed as serous
ovarian carcinoma (p = 0.112, Fig. 1E). Moreover, higher
DD-INR was also significantly related to higher fibrinogen (p = 0.021), longer PT (p < 0.001), and higher CA-125
concentration (p = 0.028, Fig. 1F).
Univariate and multivariate regression analyses for RFS
and OS

To determine the independent prognostic factors for
RFS, we performed both univariate and multivariate
analyses (Table 2). The univariate analysis revealed that
tumor size, pathological grade, clinical stage, neutrophil,
lymphocyte, fibrinogen, CA-125, HE4, APTT, and DDINR were significantly related to recurrence-free survival
(RFS) (p < 0.05). These indexes were then involved in multivariate analysis, which demonstrated that tumor size
(HR 1.382; 95%CI 1.194–1.857; p = 0.042), pathological
grade (HR 1.385; 95%CI 1.272–1.988; p = 0.029), FIGO
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Table 1 Clinicopathological characteristics of epithelial ovarian cancer (EOC) patients
Variable

Total patients (n = 482)

DD-INR score

p-value

DD-INR = 0 (n = 139)
Age (years)
BMI (kg/m2)

57.83 ± 5.93

57.32 ± 6.49

DD-INR = 1 (n = 178)
58.20 ± 5.31

DD-INR = 2 (n = 165)
57.92 ± 6.18

0.422

23.12 ± 1.12

23.02 ± 1.03

22.98 ± 1.09

23.20 ± 1.12

Pre/peri-menopause

170 (35.27%)

52 (10.79%)

58 (12.03%)

60 (12.45%)

-

Post-menopause

312 (64.73%)

87 (18.05%)

120 (24.90%)

105 (21.78%)

-

6.21 ± 3.39

5.92 ± 3.87

6.32 ± 4.27

6.15 ± 3.24

Menopausal status, n (%)

Tumor size (cm)
Pathological grade, n (%)

0.144
0.629

0.426
0.015

G1-2

185 (38.38%)

52 (10.79%)

82 (17.01%)

51 (10.58%)

-

G3

297 (61.62%)

87 (18.05%)

96 (19.92%)

114 (23.65%)

-

I-II

167 (34.65%)

60 (12.45%)

66 (13.69%)

41 (8.51%)

-

III-IV

315 (65.35%)

79 (16.39%)

112 (23.24%)

124 (25.73%)

-

Serous

293 (60.79%)

87 (18.05%)

107 (22.20%)

99 (20.54%)

-

Mucinous

85 (17.63%)

29 (6.02%)

26 (5.39%)

30 (6.22%)

-

Clinical stage, n (%)

0.003

Histological type, n (%)

0.112

Endometrioid

57 (11.83%)

18 (3.73%)

21 (4.36%)

18 (3.73%)

-

Others

47 (9.75%)

5 (1.04%)

24 (4.98%)

18 (3.73%)

-

Fibrinogen (g/L)
CA-125 (U/mL)
CA-199 (U/mL)
HE4 (pmol/L)
APTT (s)
PT (s)
TT (s)
D-dimer (mg/L)
INR
Follow-up (months)

4.25 ± 1.28

989.62 ± 392.25

129.17 ± 58.73

531.40 ± 89.04

32.74 ± 4.19

11.43 ± 3.20

14.72 ± 3.58

0.64 ± 0.28

0.97 ± 0.35

58.83 ± 23.94

3.92 ± 0.89

923.18 ± 383.84

130.48 ± 49.20

534.23 ± 80.27

32.89 ± 3.72

12.86 ± 2.94

15.39 ± 4.02

0.46 ± 0.23

1.13 ± 0.74

60.13 ± 29.85

4.03 ± 1.08

997.34 ± 366.27

128.49 ± 56.32

522.49 ± 69.03

31.82 ± 4.98

11.57 ± 3.42

14.92 ± 3.64

0.78 ± 0.34

0.96 ± 0.48

59.01 ± 20.48

4.47 ± 1.35

1040.73 ± 398.27

126.49 ± 60.59

540.73 ± 74.52

32.25 ± 5.02

0.021
0.028
0.825
0.293
0.129

10.40 ± 2.36

< 0.001

1.09 ± 0.25

< 0.001

14.45 ± 3.27

0.75 ± 0.27

57.85 ± 19.26

0.081
< 0.001
0.694

Abbreviation: BMI body mass index, DD-INR the combination of D-dimer and International normalized ratio, AFP Alpha-fetoprotein, CEA Carcinoembryonic antigen,
HE4 Human epididymis protein 4, APTT activated partial thromboplastin time, TT thrombin time, PT prothrombin time

stage (HR 1.921; 95%CI 1.254–3.102; p = 0.015), fibrinogen (HR 1.297; 95%CI 1.106–1.924; p = 0.033), CA-125
(HR 1.398; 95%CI 1.082–1.653; p = 0.026) and DD-INR
(HR 2.453; 95%CI 1.648–3.788; p = 0.009) were independent prognostic factors for RFS.
Furthermore, we analyzed independent prognostic factors for overall survival (OS) in Table 3. Through
univariable regression model, we found that age, tumor
size, pathological grade, clinical FIGO stage, neutrophil,
fibrinogen, CA-125, CA-199, APTT and DD-INR were
significantly related to OS (p < 0.05). The multivariate
analysis involving these features revealed that age (HR,
1.273; 95% CI, 1.048–2.047; p = 0.045), pathological grade
(HR, 1.419; 95% CI, 1.102–2.491; p = 0.032), clinical stage
(HR, 2.038; 95% CI, 1.284–3.768; p = 0.008), CA-125 (HR,
1.426; 95% CI, 1.103–1.894; p = 0.038) and DD-INR (HR,
2.412; 95% CI, 1.683–3.241; p = 0.009) were independent
prognostic factors for OS in EOC patients.

Prognostic value of DD‑INR in EOC stratification

For all EOC patients, DD-INR score was significantly associated with RFS (log-rank, p = 0.0013,
Fig. 2A) and OS (log-rank, p = 0.0068, Fig. 2B). The
RFS rates among patients stratified by DD-INR were
39.57% (55/139), 23.60% (42/178), and 9.70% (16/165),
respectively. The OS rates among patients stratified
by DD-INR were 53.96% (75/139), 31.46% (56/178),
and 13.33% (22/165). Results showed that higher DDINR was significantly related to poorer RFS and OS
(p < 0.005). We also revealed an association between
DD-INR and survival among subgroups refer to FIGO
clinical stage. For patients with an early clinical stage
(FIGO stage I or II), DD-INR had no significant relationship to EOC prognosis, with the log-rank p-value
of 0.0946 for RFS and 0.1180 for OS (Fig. 2C and D).
Nevertheless, for patients with an advanced clinical
stage (FIGO stage III or IV), DD-INR was significantly
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Fig. 1 Receiver operating characteristic (ROC) curves for the predictive survival in epithelial ovarian cancer (EOC) patients by (A) coagulation
system variables including D-dimer, international normalized ratio (INR), fibrinogen, prothrombin time (PT), activated partial thromboplastin time
(APTT), and thrombin time (TT); B the combination of D-dimer and INR (DD-INR), compared with D-dimer, INR, and CA-125. Relationship between
the combination score of D-dimer and International Normalized Ratio (DD-INR) and (C) the International Federation of Gynecology and Obstetrics
(FIGO) clinical stage, D pathological grade, E histological type, and F CA-125 level

related to RFS (log-rank, p = 0.0028, Fig. 2E) and OS
(log-rank, p = 0.0180, Fig. 2F).

Discussion
Malignant tumor patients often suffer coagulation dysfunction, which manifested as a hyper-coagulable state
activated by tumor-associated inflammatory cells [16]. In
the present study, we estimated the prognostic value of

coagulation biomarkers in EOC patients and concluded
that the combination of preoperative D-dimer and INR
was an independent prognostic factor for EOC. To the
best of our knowledge, this is the first study evaluating
the significance of the combined coagulation biomarker
of DD-INR in EOC prognosis stratification.
In our study, we retrospectively collected clinical data
from 482 EOC patients. Similar to previous observations
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Table 2 Univariate and multivariate cox hazards survival analysis for recurrence-free survival (RFS) in epithelial ovarian cancer (EOC)
patients
Variables

Univariate regression analysis

Multivariate regression analysis

HR (95% CI)

P-value

HR (95% CI)

P-value

Age

1.217(1.063–1.856)

0.037

1.138(0.956–1.573)

0.089

BMI

1.159(0.842–1.985)

0.251

-

Tumor size

1.246(1.059–1.725)

0.028

1.382(1.194–1.857)

0.042

Pathological grade
G1-2

Reference

G3

1.483(1.162–2.058)

-

Reference

0.018

1.385(1.272–1.988)

0.029

Clinical stage
I-II

Reference

III-IV

1.894(1.360–2.753)

-

Reference

0.009

1.921(1.254–3.102)

0.015

Histological type
Serous

Reference

-

-

Others

1.093(0.849–1.382)

0.135

-

-

Neutrophil

1.241(1.075–1.793)

0.036

1.205(0.947–1.630)

0.132

lymphocyte

0.794(0.524–0.989)

0.032

0.837(0.463–1.024)

0.098

Platelet

1.084(0.937–1.421)

0.245

-

Fibrinogen

1.329(1.125–1.895)

0.014

1.297(1.106–1.924)

0.033

CA-125

1.420(1.193–1.614)

0.009

1.398(1.082–1.653)

0.026

CA-199

0.992(0.854–1.228)

0.236

-

-

AFP

1.362(0.937–1.468)

0.368

-

-

-

CEA

1.049(0.732–1.840)

0.493

-

HE4

1.372(1.004–1.738)

0.034

1.304(0.893–1.786)

-

0.103

DD-INR group
0

Reference

1

1.463(1.192–1.847)

0.019

1.456(1.164–2.048)

0.021

-

Reference

-

2

2.419(1.738–3.580)

0.002

2.453(1.648–3.788)

0.009

APTT

0.893(0.473–0.983)

0.037

0.837(0.452–1.284)

0.242

TT

0.982(0.748–1.240)

0.139

-

-

Abbreviation: BMI body mass index, DD-INR the combination of D-dimer and International normalized ratio, AFP Alpha-fetoprotein, CEA Carcinoembryonic antigen,
HE4 Human epididymis protein 4, APTT activated partial thromboplastin time, TT thrombin time, HR hazard ratio, 95% CI 95% confidence interval

[17, 18], we found a significant relationship between activation of coagulation system indicators, especially the
evaluated INR and D-dimer, and poor prognosis in EOC
patients.—For instance, a recent meta-analysis reported
that high pre-treatment D-dimer concentration was an
unfavorable prognosis factor for both progression-free
survival (PFS) (HR 1.513; 95%CI 1.183–1.936; P = 0.001)
and OS (HR 1.865; 95%CI, 1.469–2.367; P < 0.001), concluded from 5 cohort studies involving 813 small cell lung
cancer (SCLC) patients [19]. As for OC, recently, Yamada
and colleagues retrospectively conducted a multivariate analysis among 119 OC patients, which showed that
a high pre-treatment plasma D-dimer level (≥ 1.0 µg/
mL) was an independent risk factor for OC prognosis (p = 0.017), besides residual tumors (p < 0.001) and
FIGO stage (p = 0.036) [20]. A meta-analysis included
a total of 15 eligible studies with 1437 OC patients and

concluded that elevated D-dimer concentration could
predict increased risk of OC mortality (HR, 1.800; 95%
CI, 1.283–2.523; P = 0.845) [21]. Up till now, several
pieces of research have reported the significant relationship between high D-dimer concentration and venous
thromboembolism (VTE) in patients with solid malignancies, which might be related to poor prognosis [22,
23]. However, as for OC, Haruki K and colleagues suggested plasma D-dimer as a prognosis predictor of OS in
EOC patients, independently of venous thromboembolism and tumor extension [24]. Considering the controversy remains, in this research, we excluded those OC
patients with concomitant diseases related to abnormal
coagulation levels (such as pulmonary embolism, venous
thromboembolism, and disseminated intravascular coagulation, etc.), which might be the confounding factors
for us to explore the relationship between coagulation
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Table 3 Univariate and multivariate cox hazards survival analysis for overall survival (OS) in epithelial ovarian cancer (EOC) patients
Variables

Univariate regression analysis

Multivariate regression analysis

HR (95% CI)

P-value

HR (95% CI)

P-value

Age

1.327(1.089–1.948)

0.037

1.273(1.048–2.047)

0.045

BMI

1.291(0.894–1.473)

0.248

-

Tumor size

1.561(1.210–1.826)

0.028

1.534(0.987–1.932)

0.132

Pathological grade
G1-2

Reference

G3

1.356(1.130–1.825)

-

Reference

0.019

1.419(1.102–2.491)

0.032

Clinical stage
I-II

Reference

III-IV

1.938(1.420–3.487)

-

Reference

0.015

2.038(1.284–3.768)

0.008

Histological type
Serous

Reference

-

-

Others

1.241(0.948–1.462)

0.183

-

-

Neutrophil

1.382(1.039–1.826)

0.046

1.276(0.983–1.850)

lymphocyte

0.892(0.652–1.024)

0.078

-

-

Platelet

1.352(0.846–1.745)

0.328

-

-

Fibrinogen

1.537(1.241–1.938)

0.025

1.420(0.995–2.018)

0.089

CA-125

1.432(1.129–1.726)

0.019

1.426(1.103–1.894)

0.038

CA-199

1.138(1.037–1.655)

0.043

1.123(0.913–1.748)

0.347

AFP

1.328(0.784–1.526)

0.361

-

-

CEA

1.241(0.848–1.657)

0.497

-

-

HE4

1.452(0.913–1.728)

0.142

-

-

-

0.221

DD-INR group
0

Reference

1

1.653(1.210–1.923)

0.007

1.536(1.129–2.031)

0.013

-

Reference

-

2

2.390(1.738–2.872)

0.001

2.412(1.683–3.241)

0.009

APTT

0.783(0.482–0.929)

0.047

0.820(0.421–1.532)

0.492

TT

0.803(0.562–1.118)

0.193

-

-

Abbreviation: BMI body mass index, DD-INR the combination of D-dimer and International normalized ratio, AFP Alpha-fetoprotein, CEA Carcinoembryonic antigen,
HE4 Human epididymis protein 4, APTT activated partial thromboplastin time, TT thrombin time, HR hazard ratio, 95% CI 95% confidence interval

indexes and OC prognosis. As another important indicator of coagulation laboratories, the INR system has
also been evaluated among cancer patients for its prognosis potentials. Previous studies showed that abnormal
INR could predict poor survival in various malignancies,
including colorectal, lung, and liver carcinoma [10–12].
For instance, Leyla Kilic and colleagues reported that elevated D-dimer and INR could indicate advanced disease
stage in colorectal cancer (P = 0.03), proving their importance as surrogate biomarkers for cancer prognosis [15].
Up till now, emerging evidence have demonstrated the
relationship between OC progression and the systematic coagulation system. On the one hand, in the complex process of OC progression, tumor cells can activate
coagulation cascades by producing pro-coagulant proteins, inflammatory cytokines, and lipids, which subsequently leads to a hyper-coagulable status in vivo [25].
On the other hand, increased level of fibrinolysis and

coagulation could become the soil for cancer growth,
via secretion of cytokines and chemokines (including
TNF, NF-KB, and macrophage inflammatory protein-1),
as well as activation of macrophages [26]. Moreover, an
activated coagulation state in tumor tissues could form
a fibrin matrix to shield tumor cells against the immune
attack and foster tumor growth, which finally contributes
to poor cancer prognosis [27, 28]. Previous studies indicated that D-dimer, a degradation product produced by
hydrolysis of fibrinolytic protein, could assess secondary
fibrinolytic activity and hyper-coagulability [29]. Meanwhile, the INR system, applied to standardize PT, could
evaluate the “extrinsic coagulation pathway” in individuals [30]. Considering that, both items are deemed
as reliable indicators of coagulable status in vivo [31]. As
a result, it is reasonable that high level of D-dimer and
INR might be significantly correlated to OC prognosis,
the main finding of our study. However, there is still an
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Fig. 2 The Kaplan–Meier survival curves stratified by the combined score of D-dimer and International Normalized Ratio (DD-INR) for (A)
recurrence-free-survival (RFS) among all patients; B overall survival (OS) among all patients; C RFS among patients with an early clinical stage (FIGO
stage I and II); D OS among patients with early clinical stage; E RFS among patients with an advanced clinical stage (FIGO stage III and IV); and F OS
among patients with advanced clinical stage

ongoing blank over detailed underlying mechanisms of
the relationship between coagulation factors, especially
D-dimer and INR, and tumor prognosis in OC patients;
thus further in-depth insights are needed. Based on the
ROC curves, we then divided patients into three groups
by setting cut-off values (0.97 for D-dimer and 0.86 for
INR). However, the INR cut-off value of 0.86 was within
the traditional INR normal range of 0.8–1.5 [32]. Based
on the ROC curve, we indicated that the cut-off value of
0.86 had the highest Youden index (sensitivity + specificity—1) for OC prognosis, with the sensitivity and specificity of 76.7 and 58.3%, respectively. Considering that
the traditional INR normal range of 0.8–1.5 was applied
to all populations to monitor anticoagulation status, it is

reasonable that our cut-off value of 0.86 is different from
the traditional normal range, since it was concluded from
our 482 OC patients for tumor prognosis. Moreover, this
problem might also be caused by the inherent limitations
of retrospective study which carried out in a single institution, thus, multi-center studies with a larger database
are of great urgency to validate the findings.
Stepwise, we found that the combination of DD-INR
showed greater predictive value than D-dimer or INR
alone, with higher specificity and sensitivity. We identified a significant association between DD-INR levels and
several clinicopathological features, including pathological grade, clinical stage, fibrinogen, CA-125 concentration, and PT. Stepwise, univariate and multivariate
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analyses demonstrated that the preoperative DD-INR
score was an independent prognosis factor for both RFS
and OS among EOC patients. Besides DD-INR, other
clinicopathological characteristics, including clinical
stage, tumor grade, and tumor size, were also considered
as promising prognosis factors for EOC survival, consistent with previous studies [18, 33]. However, since these
features could only be obtained through invasive methods, blood biomarkers for predicting EOC prognosis are
still of great importance [34]. The DD-INR scoring system, which is based on conventional blood examinations,
could serve as a cost-effective and practical indicator
with reliable prognostic value for EOC patients.
Nevertheless, the results revealed that preoperative
DD-INR score could stratify patients into three risk categories of EOC recurrence and survival. Through further subgroup analysis refers to the clinical stage, we
found that patients with higher DD-INR levels tended
to have poor RFS and OS rates, especially for those with
advanced FIGO stages. However, among early FIGO
stage patients, there was no significant correlation
between DD-INR and cancer prognosis. One possible
explanation is that the compression of deep veins by solid
tumor tissues or ascites is thought to promote coagulation in EOC, even in the early stage. Stepwise, various
tumor-associated coagulation factors such as fibrin, tissue factors, and thrombin are implicated in mechanisms
of tumor angiogenesis, growth, and metastasis, especially
among advanced OC patients [28, 35]. A recent study
also reported that plasma D-dimer level was significantly
higher in advanced-stage (FIGO III and IV) OC patients
(STD mean difference (SMD) 0.611, 95% CI 0.373–0.849,
P = 0.442), than those in early stage (FIGO I and II), providing hints for the vital role of coagulation factors among
OC patients with advanced FIGO stage [21]. However,
since most OC cases were diagnosed at advanced stages,
we involved 167/482 (34.65%) patients with early stages
(FIGO I and II), among which only 41 individuals have
2 DD-INR points, might leading to a small sample bias.
A meta-analysis indicated that activated coagulation state
could predict increased risk of OC mortality (HR 1.800,
95%CI 1.283–2.523, P = 0.845), only based on researches
with relatively large sample sizes (n > 100) [21]. Therefore, although our results suggested the DD-INR scoring
system as an effective prognostic indicator for advanced
EOC patients’ prognosis, further research with a more
extensive database is of great urgency.’
However, there were still several limitations concerning this study. Firstly, we did not evaluate the variation
of coagulation parameters during or after treatment.
Therefore, we were limited to assess their relationship
with cancer remission or progression. Secondly, we only
enrolled patients who underwent an operation followed
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by platinum-based chemotherapy, resulting in selection bias. Moreover, the present retrospective study was
carried out in a single institution. So, further prospective multi-center studies are still needed to support our
findings.

Conclusions
The combination of plasma D-dimer and INR could
improve prognostic accuracy as a risk stratification criterion for EOC patients, indicating the importance of
coagulation indexes in cancer recurrence and survival.
Thus, the combined DD-INR scoring method might play
an important role in therapy selection and disease monitoring to improve EOC patients’ survival in the upcoming future.
Methods
Patients selection

We retrospectively reviewed data from 571 patients
with pathologically diagnosed EOC at the Department
of Obstetrics and Gynecology, Renji Hospital Affiliated
to Shanghai Jiaotong University School of Medicine
between May 2008 and December 2019. The inclusive
criteria in this study were: (1) histologically confirmed
EOC; (2) no co-existing or prior cancers within five
years; (3) with detailed clinical, laboratory, imaging, and
treatment data; and (4) underwent standard operation
aimed to achieve optimal tumor debulking followed by
platinum-based chemotherapy. Patients were excluded
from our study if they: (1) took anticoagulant/pro-coagulant therapy or blood transfusions within one month
(n = 18); (2) had concomitant diseases related to abnormal coagulation levels (such as pulmonary embolism,
venous thromboembolism, and disseminated intravascular coagulation, etc.) (n = 23); (3) underwent preoperative
treatments, such as neoadjuvant therapy or radiotherapy (n = 20); (4) were lost to follow-up (n = 28) (Fig. 3).
Finally, 482 EOC patients were assessed in the analysis.
This study was approved by the Ethics Committee of
Renji Hospital Affiliated to Shanghai Jiaotong University
School of Medicine. All patients provided informed consent for the usage of their data for research purposes.
Data management

Clinicopathologic characteristics, including age, body
mass index (BMI), comorbidities, menopausal status,
tumor size, histology type, and tumor grade were collected retrospectively from the medical records. The clinical stage was defined based on the FIGO system. Routine
blood tests and coagulation tests, including PT, APTT,
TT, fibrinogen, D-dimer, and INR were conducted within
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Fig. 3 The flow chart for patient enrollment

three days before surgery. Of note, the value of D-dimer
was quantified by operating procedures of the Innovance
DD (SIEMENS assay), and expressed in DD units (μg/
ml), with the normal value reference range of 0–0.5 μg/
ml. Tumor biomarkers, including CA-125, CA-199, HE4,
Carcinoembryonic antigen (CEA), and Alpha-fetoprotein
(AFP) were also collected for analysis.
Moreover, to achieve optimal tumor debulking, all
recruited patients underwent surgeries aiming at maximal ovarian tumor resection without visible residual
tumor. Then, the surgery was followed by standardized
paclitaxel and platinum chemotherapy. All involved
patients with elevated D-dimer had vascular ultrasound
and/or contrast-enhanced CT imaging to diagnose
thrombosis. Patients were followed once every three
months for two years, every six months for the next
three years, and annually after that. Follow-ups were
verified by checking clinical attendance records or telecommunicating with patients or their family members.
The last follow-up was completed in October 2020. OS
was defined from initial treatment to the last follow-up
or death. RFS was identified from the initiation of therapy to the last follow-up or cancer recurrence, which
was identified by the latest radiographic and clinical
evidence.
Statistical analysis

Continuous data were expressed as mean and standard
deviation (mean ± SD) and compared using T-test. Category data were performed as numbers and percentages

and analyzed by χ2 test. Through the ROC curve, the cutoff value of biomarkers was determined with the highest
sensitivity and specificity. Univariate and multivariate
analyses of clinicopathological variables were performed
by the Cox hazards regression model. The survival curves
were visualized using the Kaplan–Meier method and
evaluated by the Log-rank test. P-value < 0.05 for a twosided test was defined as statistically significant. All statistical tests were assessed with SPSS software (Version
23, IBM) and graphed through Prism Software (Version
7.0a, GraphPad).
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