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Abstract

Background

Noninvasive tools for the prognosis of ESCC are urgently needed. To this end, serum coag-
ulation tests have been researched in some cancers, but the prognostic value of the TT in
ESCC has not been described.

Methods

The levels of pre-treatment serum coagulation markers (including the PT, APTT, PTA, INR,
fibrinogen level, TT and PLT) were retrospectively analyzed in 204 patients with ESCC who
underwent surgical resection at our department and in 200 healthy controls, and the two
groups were compared. The prognostic significance of the coagulation tests was then deter-
mined with univariate and multivariate cox hazard analyses in patients with ESCC.

Results

Compared with those in normal controls, the PT, APTT, and fibrinogen levels were signifi-
cantly increased, whereas the TT values significantly decreased in the 204 ESCC patients.
The TT directly correlated with the 5-year survival rate, not only in the entire ESCC cohort
(o =0.023) but also in the subgroups stratified according to the T and N classifications and
metastasis. Conversely, the other tests were not independent prognostic factors for ESCC.
Of the clotting markers, the TT inversely correlated with the fibrinogen level (p = 0.005).
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Conclusions

The 5-year survival was shorter in ESCC patients exhibiting decreased pre-treatment TT
values. Thus, the serum TT may be a clinical prognostic factor for ESCC patients.

Introduction

Esophageal squamous cell carcinoma (ESCC) is the major pathological type of esophageal can-
cer and one of the most common malignancies worldwide. Furthermore, it is the fourth most
frequent cause of cancer-related death in China [1-2]. Although advanced diagnostic tools,
surgical techniques and therapy are available for patients with ESCC, the 5-year survival rate
remains low [3-4]. Thus, a more effective biomarker to recognize the biological characteristics
of ESCC patients needs to be identified in order to guide individualized treatment.

The association between cancer and thrombosis is well recognized, and almost all types of
cancer are associated with an activation of coagulation, even in the absence of thrombosis [5-
8]. Patients with cancer are at a 4- to 6-fold increased risk of developing venous thromboembo-
lism (VTE) [9]. Importantly, cancer-induced hemostatic activity has been shown to promote
tumor progression and dissemination, the inflammatory cell response, tumor angiogenesis,
and metastasis [10-12]. In fact, abnormal coagulation parameters that represent active coagu-
lation and fibrinolytic systems have been associated with tumor progression and decreased
overall survival (OS). Some researchers reported that increases in the prothrombin time (PT)
and international normalized ratio (INR) are associated with decreased survival in lung cancer
patients [13]. Moreover, high levels of circulating biomarkers, such as fibrinogen, fibrin(ogen)
split products and D-dimer, are associated with decreased overall survival (OS) in breast can-
cer, colorectal cancer and melanoma [14-16]. High D-dimer levels and hyperfibrinogenemia
were also identified as independent prognostic predictors in pancreatic cancer and gallbladder
cancer, respectively [17-20]. The thrombin time (TT) is one of the most common coagulation
tests used in the laboratory, but its prognostic value in cancer has rarely been studied. More-
over, few studies have systematically investigated the relationship between ESCC and coagula-
tion abnormalities, and the prognostic value of the TT consequently remains unclear.

The aim of the present study was to assess the clinical and prognostic significance of various
plasma coagulation tests in ESCC patients and to delineate the correlation of these coagulation
tests with other clinical variables.

Subjects and Methods
Subjects

This study examined 204 consecutive patients (145 men and 59 women; ages 36-79 years,
median 59 years) who received histologically confirmed diagnoses of ESCC between January
2007 and May 2008 at the Sun Yat-sen University Cancer Center in Guangzhou, China.
Patients with one of the following conditions were excluded: (1) patients younger than 18 years
of age; (2) patients who received antitumor treatment or surgery before enrolling in this study;
(3) patients who regularly received procoagulant or anticoagulant therapy or received blood
transfusions within 1 month of study onset; (4) patients who were diagnosed with VTE, pul-
monary embolism, or disseminated intravascular coagulation (DIC) within 1 month of study
onset or during the subsequent treatment. Using the patients’ medical records, the grade of
tumor differentiation and stage were classified based on the 6th edition of the AJCC/UICC

PLOS ONE | DOI:10.1371/journal.pone.0140323 October 15,2015 2/13



@’PLOS ‘ ONE

Low TT Level Predict Poor Survival in ESCC

TNM system. In our cohort, all 204 patients underwent surgical resection. Specifically, 65.7%
(134/204) patients underwent tumor resection without receiving any treatment, and 34.3%
(70/204) patients received other comprehensive therapy. Furthermore, 27.5% (56/204) of
patients received chemotherapy after surgery: 5 patients received radiation and 9 patients
received radiation and chemotherapy after surgery. Only one patient received radiation and
chemotherapy prior to surgery (stage IV). None of the stage I patients, 17.5% (17/97) of stage
II patients and 57.5% (52/92) of stage III and IV patients received radiation and/or chemother-
apy after surgery. The most common chemotherapeutics were capecitabine, floxuridine and
ethyleniminoquinonum.

A total of 200 healthy participants (142 men and 58 women; ages 36-77 years, median
58years) free of tumors and coagulation disorders (such as VTE, pulmonary embolism, or dis-
seminated intravascular coagulation) were recruited from the physical examination depart-
ment at the Sun Yat-Sen University Cancer Center. Patients younger than 18 years or older
than 80 years of age were excluded.

Detailed clinical and pathological information, including demographic data, smoking status,
pathological tumor, node, metastasis stage and overall survival data, were available for all
patients. The overall patient survival, defined as the time from surgery to death or last follow
up, whichever came first, was used as a measure of prognosis.

Laboratory Measurements

Venous blood samples were collected in tubes containing sodium citrate prior to the initiation
of any treatment to measure coagulation parameters. The samples were immediately centri-
fuged and studied within 2 h of processing according to the instructions from the manufac-
turer. The PT, APTT, fibrinogen and TT were measured using a Sysmex CA-7000 automatic
coagulation analyzer (Sysmex Corporation, Kobe, Japan). Commercially available reagents
(Siemens AG, Munich, Germany) provided by the kinetic nephelometric detection system
using a Diagon Dia-Timer 4 (Diagon Ltd, Budapest, Hungary) were employed to measure the
PT, APTT, TT and fibrinogen level. The prothrombin activity (PTA) reflects the calibration of
PT, and PTA and INR were calculated based on the PT. The platelet count (PLT) was derived
from the blood count using a Sysmex XE-5000 automatic blood-cell counter (Sysmex Corpora-
tion, Kobe, Japan). Prior to use of these patients’ sera, written informed consent was obtained
from each of the participants, and the experiment was approved by the Institute Research Eth-
ics Committee of Cancer Center of Sun Yat-Sen University in Guangzhou, China. Data made
available to all interested researchers upon request. E-mail: zhengxin@sysucc.org.cn; chen-
hao@sysucc.org.cn

Statistical Analysis

The results are reported either as the mean or median values depending on the type of distribu-
tion. Continuous variables (INR, PTA, APTT, fibrinogen and PLT) were categorized using
median values as cut-off points except for TT and PT, which were based on the mean+SD. The
correlation between coagulation tests and clinical characteristics was assessed using the Mann-
Whitney U test except for TT and PT, which were compared using independent t-tests and y*
tests. The differences between ESCC patients and healthy donors were compared using the
unpaired Student’s t-test. Univariate and multivariate analyses of clinical variables were per-
formed using Cox proportional hazards regression models. The results of this survey were ana-
lyzed using the Kaplan-Meier survival curves with the log-rank test. P values < 0.05 were
considered to indicate significant differences. All reported P values are two sided, and all statis-
tical tests were performed with the SPSS 17.0 for Windows software (SPSS, Chicago, IL, USA).
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Table 1. The serum coagulation tests results in patients with ESCC and healthy controls.

Coagulation tests

PT (sec)

PTA (%)

INR

APTT (sec)
fibrinogen (g/L)
TT (sec)

PLT (103/mm3)

doi:10.1371/journal.pone.0140323.t001

Patients (n = 204) Control s(n = 200)
Median Range Median Range p value
12.00 9.2-15.8 10.90 9.4-16.8 <0.001
102.90 54.6-160.8 106.80 43.8-154.1 0.09
0.95 0.75-1.28 0.95 0.82-1.44 0.72
30.70 19.0-46.5 24.90 18.2-34.9 <0.001
3.44 1.52-6.87 2.89 1.68-6.28 <0.001
17.20 14.4-20.9 18.60 15.8-24.2 <0.001
238.50 37.4-740.0 237.00 83.0-424.0 0.20
Results

Comparison of coagulation tests between patients and healthy controls

To investigate whether coagulation abnormalities occur in ESCC, the coagulation tests results
of healthy controls (n = 200) and ESCC patients (n = 204) were compared using the non-
parametric test (Table 1). The plasma level of several coagulation markers, i.e., PT, APTT,
fibrinogen and TT, revealed significant differences between the patient and control group

(p < 0.001 for all variables). However, the PTA (p = 0.089), INR (p = 0.719) and PLT

(p = 0.204) did not differ between these groups (Fig 1). Overall, the PT, APTT, fibrinogen, PLT
levels were higher and the TT and PTA were lower in the ESCC patients than in the control

group.

Coagulation tests and their correlations with clinical characteristics

The relationships between the clotting markers and clinical characteristics of the patients are
summarized in Table 2. Specifically, patients classified as T1-T2 exhibited a significantly higher
TT than patients classified as T3-T4 (p = 0.019). Moreover, the fibrinogen level significantly
correlated histological differentiation, T classification, N classification and TNM stage
(p=0.012, p =0.006, p = 0.012, and p = 0.004, respectively), suggesting that patients with mod-
erate to advanced disease exhibit higher fibrinogen levels than patients with early-stage disease.
Furthermore, 30.9% (63/204) of patients exhibited mild to moderate hyperfibrinogenemia
(cut-off value 4.0 g/L). In addition, elevated PLT counts were associated with age lower than 59
(248000/mm” vs 231000/mm?, p = 0.043), and 20.1% (41/204) of patients exhibited mild to
moderate thrombocytosis (cut-off value 300000/mm?). However, none of the clinical charac-
teristics significantly correlated with the PT, INR, PTA% or APTT.

Survival analysis

In the entire cohort, the median survival of all patients was 43 months (95%CI 40.8-49.0
months). At the end of observation, 62.7% (128/204) patients had died due to disease-related
or unrelated factors.

To evaluate the prognostic value of clotting tests in ESCC, the demographic data, clinico-
pathological features, smoking status and clotting markers were evaluated using univariate and
multivariate Cox regression models (Table 3). The univariate analysis revealed that T classifica-
tion (HR = 2.288; 95%CI: 1.412-3.709; p = 0.001), N classification (HR = 2.158; 95%CI: 1.491-
3.124; p < 0.001), metastasis (HR = 2.543; 95%CI: 1.393-4.460; p = 0.002), TNM stage
(HR =2.108; 95%CI: 1.459-3.046; p < 0.001) and TT (HR = 0.658; 95%CI: 0.457-0.948;

p = 0.025) were significantly associated with ESCC survival. A multivariate analysis was carried
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Fig 1. Pre-treatment serum levels of coagulation markers in patients with ESCC and in healthy
controls. Pre-treatment serum levels of PT (a), PTA (b), INR (c), APTT (d), fibrinogen (e), TT (f), PLT (@) in
ESCC and healthy controls. Each dot represents the level of one patient or one control, and the line in the
graph indicates the median value.

doi:10.1371/journal.pone.0140323.g001

out based on TNM stage, TT, age, and gender to determine the utility of these factors as inde-
pendent prognostic factors for survival. To eliminate the influence of collinearity, we excluded
the factors of T classification, N classification, and metastasis in the multivariate analysis. Con-
sequently, the multivariate analysis showed that TNM stage (HR = 2.282; 95%CI: 1.547-3.365;
p < 0.001) and TT (HR = 0.586; 95%CI: 0.404-0.849; p = 0.005) were independent prognostic
indicators of ESCC survival. Thus, the TT before therapy may serve as a novel independent
prognostic factor for ESCC.

To further explore the prognostic significance of TT in ESCC, Kaplan-Meier survival curves
were generated, and the groups were compared using the log-rank test. In the entire ESCC
cohort, patients with a normal TT (n = 108) showed significantly better 5-year overall survival
than patients with a lower TT (n = 96). The cumulative 5-year survival rate in the normal TT
group was 46.3%, whereas it was only 32.3% in the lower TT group (p = 0.023, Fig 2A). We also
analyzed the prognostic value of the TT in selective patient subgroups stratified according to
the T classification, N classification, or metastasis. ESCC patients with a lower TT level exhib-
ited significantly shorter overall survival than patients with a normal TT level in the T3-T4 sub-
group (n = 149, p = 0.034, Fig 2C), N1 subgroup (n = 96, p = 0.003, Fig 2E), and MO0 subgroup
(n =190, p = 0.035, Fig 2G).

Relationship between the TT and the clinical characteristics in 204
patients with ESCC

The associations between the TT and clinical characteristics of the patients are summarized in
Table 4. The TT was not associated with gender, age, tobacco history, histological differentia-
tion, N classification, or metastasis. Compared with normal patients, the T'T was lower and the
fibrinogen level, T stage and TNM stage were higher in the entire ESCC cohort (p = 0.042,

p =0.024 and p = 0.029, respectively). Furthermore, the patient cohort was divided into two
groups: the normal TT group and lower TT group, according to the mean TT (17.2 sec). Gen-
der, age, histological differentiation, T classification, N classification, metastasis and TNM
stage were similar between the two groups. However, patients without a tobacco history

(p =0.011) were more common in the normal TT group than in the lower TT group. Further-
more, patients with a lower TT were inclined to suffer hyperfibrinogenemia compared with the
normal group (p = 0.005).

Discussion

Our results show that the PT, APTT, and fibrinogen levels were significantly higher and the TT
was lower in patients with ESCC compared with normal controls. Previous studies indicated
that the most common coagulation abnormalities related to malignancy are a mild shortening
or prolongation of the PT or APTT, increased levels of fibrinogen degradation products (FDP)
and fibrin-specific D-dimer fragments (DD), as a result of fibrinolytic response to activated
coagulation, and elevated fibrinogen levels [21-22]. Although coagulation tests can be mea-
sured in the laboratory, patients may be asymptomatic. Furthermore, little is known about the
abnormalities and prognostic value of coagulation tests in patients with ESCC, despite the
identification of associations between serum coagulation markers and some cancers [13-20].
Our study revealed that of the seven coagulation parameters (PT, PTA, INR, APTT, fibrinogen,
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Table 2. Main Clinical Characteristics of Patients Group According to Coagulation Parameter Levels.

Coagulation Parameters (Median and Range)

Variables N(%) PT(sec) PTA(%) INR APTT (sec) fibrinogen (g/L) TT (sec) PLT (103 /mm?3)
Gender
Male 145.00 11.9 102.8 0.95 30.3 3.46 171 237
(71.10) (9.2-15.8)  (54.6-160.8) (0.75-1.28) (19.9-46.5) (1.52-6.57) (14.4-20.9)  (37.4-740.0)
Female 59.00 12 103 0.94 30.8 3.41 17.3 247
(28.90) (9.8-14.6) (64.5-131.0) (0.83-1.17) (19.0-40.6) (2.21-6.87) (14.9-19.1)  (98.0-422.0)
p =0.575 p =0.999 p = 0.982 p =0.468 p =0.276 p =0.535 p =0.945
Age
< 59 years 101.00 11.9 105 0.94 30.8 3.39 17 248
(49.50) (9.8-14.6) (70.2-131.0)  (0.83-1.17) (19.0-45.9) (1.52-6.57) (14.4-20.9) (37.4-740.0)
>59 years 103.00 1241 101.1 0.95 30.5 3.52 17.4 231
(50.50) (9.2-15.8) (54.6-160.8) (0.75-1.28) (19.9-46.5) (1.73-6.87) (14.9-19.6)  (98.0-391.0)
p =0.293 p=0.131 p=0.183 p =0.943 p =0.624 p =0.308 p =0.043
Tobacco history
No 76.00 12.1 102.9 0.95 31 3.32 17.5 2425
(37.30) (9.2-14.6)  (64.5-160.8) (0.75-1.17) (19.0-40.6) (1.73-6.87) (14.9-19.7)  (98.0-422.0)
Yes 128.00 11.9 102.9 0.95 30.1 3.48 17 238
(62.70)  (9.6-15.8) (54.6-136.3) (0.82-1.28) (19.9-46.5) (1.52-6.57) (14.0-20.9)  (37.4-740.0)
p =0.483 p =1.000 p =0.696 p=0.619 p=0.183 p=0.479 p =0.944
Histological differentiation*
Differentiated 140.00 1241 103 0.95 31 3.53 17.2 242
(68.60) (9.2-14.6) (64.5-160.8) (0.75-1.17) (19.0-46.5) (2.10-6.87) (14.9-20.9)  (37.4-740.0)
Undifferentiated 64.00 1.7 102.8 0.95 29.5 3.18 17.3 237
(31.40) (9.9-15.8) (54.6-135.0) (0.84-1.28) (27.0-41.5) (1.52-6.24) (14.4-20.8) (123.0-426.0)
p =0.500 p =0.925 p=0.413 p =0.883 p =0.012 p =0.890 p =0.966
T classification
T1-2 55.00 121 104 0.96 29.9 3.16 17.5 238
(27.00) (9.2-14.6)  (64.5-160.8) (0.75-1.17) (19.0-46.5) (1.52-6.57) (15.2-20.9)  (141.0-458.0)
T3-4 149.00 11.9 102.8 0.94 30.8 3.49 171 239
(73.00) (9.6-15.8) (54.6-136.3) (0.82-1.28) (19.7-45.9) (1.73-6.87) (14.4-19.7) (37.4-740.0)
p =0.630 p =0.441 p =0.249 p =0.545 p = 0.006 p =0.019 p =0.687
N classification
No 108.00 11.9 104.4 0.95 30.8 3.39 17.1 238.5
(52.90) (9.2-14.6) (64.5-160.8) (0.75-1.17) (19.7-46.5) (1.52-6.57) (14.4-20.9) (37.4-458.0)
N1-2 96.00 12 102.4 0.95 30.5 35 17.4 238.5
(47.10)  (9.7-15.8) (54.6-135.0) (0.82-1.28) (19.0-45.9) (2.35-6.87) (15.0-20.8)  (98.0-740.0)
p =0.567 p =0.392 p =0.531 p =0.989 p =0.012 p =0.093 p =0.652
Metastasis
MO 190.00 11.9 102.9 0.95 30.6 3.42 17.2 237
(93.10) (9.2-15.8) (54.6-160.8) (0.75-1.28) (19.0-46.5) (1.52-6.87) (14.4-20.9) (37.4-740.0)
M1 14.00 12.2 103.7 0.95 32.6 3.89 17.3 251.5
(6.90) (10.1-14.2) (72.2-135.0) (0.84-1.13) (21.2-40.2) (2.54-6.57) (15.1-19.4)  (110.0-376.0)
p=0.472 p =0.958 p =0.901 p=0.718 p=0.107 p =0.426 p=0.575
TNM stage
-1l 112.00 11.9 104.7 0.95 30.4 3.39 17.2 240.5
(54.90) (9.2-14.6) (64.5-160.8) (0.75-1.17) (19.0-46.5) (1.52-5.40) (14.4-20.9) (128.0-458.0)
-v 92.00 12 101.1 0.95 31.3 3.6 17.3 237
(Continued)
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Table 2. (Continued)

Coagulation Parameters (Median and Range)

Variables N(%) PT(sec) PTA(%) INR APTT (sec) fibrinogen (g/L) TT (sec) PLT (10%/mm?3)
(45.10)  (9.7-15.8) (54.6-135.0) (0.82-1.28) (20.2—-45.9) (2.14-6.87) (15.0-19.7)  (37.4-740.0)
p = 0.260 p=0.314 p = 0.454 p =0.575 p =0.004 p =0.532 p =0.835

Bold italics indicate significant differences (p < 0.05).
*Moderately and well differentiated histologic types were classified as differentiated carcinoma; Low levels of differentiation were defined as
undifferentiated carcinoma.

doi:10.1371/journal.pone.0140323.1002

TT and PLT), only the TT was a prognostic indicator for ESCC. In addition, we found that
patients with a lower TT experienced significantly shorter overall survival than patients with a
normal TT, not only in the entire cohort but also in the subgroups stratified by T stage
(T3-T4), N stage (N1-2), and metastasis (MO).

The TT test is a simple, inexpensive test that is widely used in clinical laboratories to detect
the function of coagulation, anticoagulation and fibrinolysis. Both the extrinsic and intrinsic
coagulation cascades culminate in the activation of prothrombin to thrombin and the subse-
quent formation of a fibrin clot. Simultaneously, the fibrinolysis system is activated and fibrin
is lysed. Thrombosis and disseminated intravascular coagulation (DIC) are common complica-
tions in cancer. The hallmark of DIC is an excessive release of thrombin and the subsequent
formation and deposition of fibrin in the vessels of several organs. However, the pathogenesis
of the prothrombotic state in cancer is more complex and multifactorial and is involved in
tumor-procoagulant activity, the host inflammatory response and cancer treatment, but the
associated mechanisms are not entirely understood [23]. Many tumors produce procoagulant
substances, such as tissue factor (TF) and cancer procoagulant (CP), that can either directly or
indirectly activate the blood clotting cascade by inducing a an inflammatory response in the
patient. This inflammatory response then provides feedback to the tumor to release additional
procoagulant factors [24-27]. Moreover, the release of potent inflammatory mediators, such as
TNF and IL-1, from activated macrophages and stimulated T-cells can further enhance the
prothrombotic process [24]. The suppression of fibrinolytic activity and/or decrease in antico-
agulant factors can also promote the coagulation of cancer. Thromboembolic complications
have been observed in cancer patients irrespective of the levels of anticoagulant factors, indicat-
ing that these levels are unfortunately not predictive of thrombotic disease [28].

Thrombin leads to the formation of fibrin, which accumulates in cancer tissue and acts as a
protective barrier against inflammatory cells [29]. The prolongation of the TT decreases the
level of fibrinogen or alters its structure and results in overactive fibrinolysis in some condi-
tions, such as DIC, fibrinogenopenia, heparin anticoagulant therapy and cancer. In our study,
the TT was lower and the fibrinogen level was higher in patients with ESCC compared with
normal controls (17.2 sec vs.18.6 sec; 3.44 g/L vs. 2.89 g/L; p < 0.001 for both). Furthermore,
patients with moderate or advanced disease exhibited higher fibrinogen levels than patients
with early-stage disease (Table 2). In addition, a low TT was indicative of hyperfibrinogenemia
(p = 0.005). These findings indicate that moderate to advanced ECSS is associated with a lower
TT and a higher fibrinogen level, which lead to shorter overall survival. The lack of differences
between T1-2, NO and TT patients was attributed to the fact that all 204 patients were asymp-
tomatic. Moreover, the TT remained in the normal range and only slightly changed when
patients reached the moderate or advanced disease stage. Lastly, the number of M1-2 cases was
insufficient for the analysis.

PLOS ONE | DOI:10.1371/journal.pone.0140323 October 15,2015 8/13



el e
@ ) PLOS ‘ ONE Low TT Level Predict Poor Survival in ESCC

Table 3. Univariate and multivariate cox hazards analysis for overall survival in 204 patients with ESCC.

Univariate analysis Multivariate analysis
Variables HR 95%ClI p value** HR 95%ClI p value**
Gender
Male vs. Female 0.762 0.503-1.155 0.762 0.990 0.641-1.528 0.962
Age (years)
<59 vs.>59 1.058 0.735-1.522 0.763 1.166 0.809-1.682 0.410
Histological differentiation*
Differentiated vs. Undifferentiated 1.306 0.892-1.911 0.170
T classification
T3-4vs. T1-2 2.288 1.412-3.709 0.001
N classification
Yes vs. No 2.158 1.491-3.124 0.000
Metastasis
Yes vs. No 2.543 1.393-4,460 0.002
TNM stage’
-1V vs. |-l 2.108 1.459-3.046 0.000 2.282 1.547-3.365 0.000
Tobacco history
Yes vs. No 1.245 0.849-1.826 0.262
PT
>12.0vs. <12.0 0.988 0.686—1.422 0.948
PTA%
>102.8vs. <102.8 1.267 0.880-1.826 0.203
INR
>0.96 vs.<0.96 0.807 0.561-1.162 0.249
APTT
>30.6 vs.<30.6 1.291 0.896—1.861 0.171
fibrinogen
>4.00 vs.<4.00 1.165 0.790-1.717 0.441
TT
>17.2vs. <17.2 0.658 0.457-0.948 0.025 0.586 0.404-0.849 0.005
PLT
>400 vs.<400 0.985 0.624-1.555 0.948

HR, Hazard ratio; 95% Cl, 95% confidence interval; PT, Prothrombin Time; PTA%, Prothrombin Time Activity; INR, International Normalized Ratio; APTT,
Activated Partial Thromboplastin Time; TT, Thrombin Time.

*Moderately and well differentiated histologic types were classified as differentiated carcinoma; Low levels of differentiation were defined as
undifferentiated carcinoma.

**Cox hazard regression model.

*TNM denotes tumor-node-metastasis.

doi:10.1371/journal.pone.0140323.t003

In this study, the incidence of hyperfibrinogenemia was 30.9%(63/204, cut-off value 4.0 g/
L), which is lower than that reported in other ESCC studies (43.7%) [30]. Moreover, hyperfibri-
nogenemia was found to be positively correlated with tumor length, depth of invasion, patho-
logical stage and disease recurrence in ESCC [30], and the plasma fibrinogen level was
identified as a predictive marker for the postoperative recurrence of ESCC in patients receiving
neoadjuvant treatment [31]. Elevated plasma fibrinogen levels have also been shown to corre-
late with decreased OS in univariate and multivariate analyses [32], and patients with advanced
disease exhibited higher plasma fibrinogen levels than patients with early-stage disease [33].
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Fig 2. Prognostic significance of serum TT in ESCC. The patients were categorized into a low TT group
and a normal TT group according to the media value (17.2 sec). The five-year overall survival rate was
calculated using the Kaplan-Meier method and analyzed with the log-rank test. A high TT level was a
favorable prognostic factor in the entire ESCC cohort (a), T3—T4 subgroup (c), N1-N2 subgroup (e), and MO
subgroup (g).

doi:10.1371/journal.pone.0140323.g002

Accordingly, patients with moderate or advanced disease exhibited higher fibrinogen levels
than patients with early-stage disease in the current study. Fibrinogen is a dimeric molecule
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Table 4. Relationship between the TT and the clinical characteristics in 204 patients with ESCC.

Cases TT (sec) p value* Lower TT Normal TT p value* *
Variables (n) (Mean * SD) <17.2(sec) >17.2(sec)
Number of cases 204 96 108
Gender
Male 145 17.3£1.16 0.535 73 72 0.140
Female 59 17.2+1.03 23 36
Age (=59)
No 101 17.241.27 0.308 53 48 0.125
Yes 103 17.3+0.95 43 60
Tobacco history
No 76 17.3+0.96 0.479 27 49 0.011
Yes 128 17.2+1.20 69 59
fibrinogen (>4.0 g/L)
No 141 17.3+1.06 0.042 57 84 0.005
Yes 63 17.0£1.22 39 24
Histological differentiation
Poor 64 17.1£1.08 0.562 27 37 0.380
Moderate 95 17.3+1.13 44 51
Well 45 17.3£1.14 25 20
T classification
T1 16 17.8+1.37 0.024 5 11 0.360
T2 38 17.4+1.07 17 21
T3 124 17.1+1.06 64 60
T4 25 17.4+1.16 10 15
Tis 1 19.1 1
N classification
No 108 17.1£1.11 0.093 54 54 0.372
Yes 96 17.4+1.12 42 54
Metastasis
No 190 17.2+1.11 0.426 89 101 0.819
Yes 14 17.5£1.23 7 7
TNM stage’
| 15 18.0+1.39 0.029 4 11 0.078
Il 97 17.1+1.06 52 45
1 81 17.3+1.06 33 48
\Y, 11 17.3+1.09 7 4

Bold italics indicate significant differences (p < 0.05). Mean + SD, Mean + standard deviation; TT, Thrombin Time.

*P values were calculated using unpaired Student’s t-tests or one-way ANOVA, p <0.05 indicated significant differences.
**P values were calculated using the chi-squared test (x? test), p <0.05 indicated significant differences.

*TNM denotes tumor-node-metastasis.

doi:10.1371/journal.pone.0140323.t004

with multiple integrin and non-integrin binding motifs, and cancer cells often express high lev-
els of integrins or intercellular adhesion molecule 1. Fibrinogen deposition around tumor cells
enhances the interaction between these cells and platelets, which effectively form microemboli
in target organs [34]. Fibrinogen layers help tumor cells block natural killer cytotoxicity with
thrombin, which can protect tumor cells from the innate immune system [35]. Thus, the
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clinical consequences of hyperfibrinogenemia can be serious and negatively impact the course
of the disease.

In summary, we first analyzed the clinical significance of pretreatment plasma coagulation
tests in 204 ESCC patients treated with surgery. In this study, the TT was an independent prog-
nostic factor in ESCC, both in the entire cohort and in groups stratified by T classification, N
classification and metastasis. Prognostic markers for ESCC are currently lacking, and the TT
test is a highly reproducible assay that can easily be conducted in all diagnostic laboratories.
Thus, it may be employed as a prognostic tool for patients with ESCC in conjunction with
other markers.
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