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ABSTRACT

This study investigated the correlation of preoperative plasma fibrinogen level
with distant metastasis and prognosis in esophageal squamous cell carcinoma (ESCC).
A total of 255 patients with ESCC who underwent surgery in Zhejiang cancer hospital
(Hangzhou, China), between October 2006 and December 2009, were evaluated in
this retrospective study. Population controls were selected from a pool of cancer-
free subjects in the same region. Each patient and cancer-free people provided
3-mL pretreatment blood. Plasma fibrinogen level was measured by the Clauss
method. The effects of hyperfibrinogenemia on locoregional relapse-free survival
(LRFS), distant metastasis-free survival (DMFS), relapse-free survival (RFS), and
overall survival (0OS) were assessed using Kaplan-Meier analysis. Independent
prognostic factors were identified in the multivariate Cox analysis. The proportion of
hyperfibrinogenemia was higher in ESCC patients than those in controls (40.4% vs
13.6%). Subjects with hyperfibrinogenemia had a significantly higher risk of ESCC
than those with normal plasma fibrinogen level (adjust OR = 4.61; 95% CI = 3.02-
7.01, P < 0.001) after adjusted for age, sex and smoking status. The Kaplan-Meier
curves showed that patients with hyperfibrinogenemia had worse DMFS, RFS and
OS (P < 0.001). Tumor length, lymph node metastasis and plasma fibrinogen level
were independent prognostic factors of ESCC (P < 0.05). Increased plasma fibrinogen
level was significantly associated with elevated risk of ESCC. Preoperative plasma
fibrinogen level was a predictor of distant metastasis and independently associated
with prognosis of patients with ESCC.

INTRODUCTION

Esophageal cancer is one of the common malignant
neoplasms, with very poor outcome. Squamous cell
carcinoma (ESCC) accounts for 80% of all esophageal
cancer in Eastern countries [1]. Despite the great progress
of in the management of operable ESCC, the prognosis for
patients with distant organ metastasis is still unsatisfactory
[2]. 20-30% of patients are newly diagnosed with ESCC
will have distant metastasis. Liver, lung, and bones are the
common sites of metastasis [3]. Up to now, the American
Joint Committee on Cancer (AJCC) staging system is

commonly used to predict prognosis for patients with
ESCC. However, some patients with similar clinical stage
have remarkably different survival prognosis. In this way,
heterogeneity of protein expression profiles may play a
very important role in the development of ESCC [4]. The
ability to predict patients with high risk of distant organ
metastasis would help guide adjuvant chemotherapy
or radiotherapy treatment during the decision-making
process. To date, most of these markers had not been
proven to be sufficiently effective [5].

Recently, Considerable attention has been given
to the relationship between cancer metastasis and
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coagulation. Cancer can cause a hypercoagulable state
and this complex system seems to contribute to cancer
progression. The incidence of coagulation abnormalities
exceeds 50% in cancer patients. To a certain extent,
cancer behaves like a wound which never heals [6].
Hypercoagulability is a sign of a more aggressive disease.
D-dimers [7] and platelets [8] are reorted to to be correlated
with tumor stage, regional lymph nodes involvement and
prognosis. In order to analyze if hyperfibrinogenemia is
associated with host susceptibility to ESCC, we describe
a case—control study of 255 ESCC cases and 273 controls
in a southeast Chinese population. Furthermore, we aimed
to determine the effects of preoperative plasma fibrinogen
level on relapse (locoregional relapse, distant metastasis,
and overall recurrence) and survival (locoregional relapse-
free survival, distant metastasis-free survival, relapse-free
survival, and overall survival).

RESULTS

A total of 255 ESCC patients and 273 healthy
controls were enrolled in our study. The median age was
57 (range, 3681 years) for cancer patients and 58 (range,
37-76) for control subjects. There were no statistically
significant differences among cases and controls in terms
of age and sex distributions. Of the 255 ESCC patients,
41 were non-smokers and 214 were former or current
smokers. These variables had similar proportions in
273 healthy controls. Hence, no statistically significant
differences were found compared with those in the cases.
Plasma fibrinogen level was examined in all ESCC
patients and healthy population. Plasma fibrinogen level
in ESCC patients was significantly higher than that of
healthy controls (P < 0.001, Figure 1). The proportion
of hyperfibrinogenemia was higher in ESCC patients
than those in controls (40.4% Vs 13.6%). Subjects with
hyperfibrinogenemia had a significantly higher risk of
ESCC than those with normal plasma fibrinogen level
(adjust OR =4.61; 95% CI =3.02-7.01, P <0.001) after
adjusted for age, sex and smoking status.

The baseline characteristics of these ESCC patients
are summarized in Table 1. The median of plasma
fibrinogen concentration in all patients was 3.89 g/L
(range: 2.11-7.80 g/L). Plasma fibrinogen level was
significantly associated with gender (P = 0.018), tumor
location (P = 0.012), tumor length (P < 0.001), T stage
(P <0.001) and N stage (P < 0.001), whereas there was
no significant association between plasma fibrinogen level
and age, smoking history, alcohol history and tumor cell
differentiation (P < 0.05).

After a median follow-up time of 37 months, 32
patients (12.5%) underwent locoregional relapse, 92
(36.1%) had distant metastasis, 121 (47.5%) had treatment
failure and 81 (31.8%) died among 255 ESCC patients.
The S5-year LRFS, DMFS, RFS and OS rates were
75.0%, 46.9%, 35.1% and 53.5%, respectively. Distant

metastasis was diagnosed in 53.3% (55/103) of patients
with hyperfibrinogenemia versus 24.3% (37/152) of
patients with normal plasma fibrinogen level (P < 0.001).
For any relapse, the percentage was 64.1% (66/103)
versus 36.2% (55/152) (P < 0.001). Mortality was 45.6%
(47/103) in patients with hyperfibrinogenemia versus
22.4% (34/152) in patients with normal plasma fibrinogen
level (P < 0.001) (Table 1). The locoegional relapse rate
was not significantly different between patients with
hyperfibrinogenemia and patients with normal plasma
fibrinogen level.

We performed univariate analysis for plasma
fibrinogen level and other nine clinicopathological
variables to find out the useful prognostic factors. The
results were shown in Table 2. Univariate analysis for
LRFS showed that advanced T stage (P = 0.041) and
regional lymph node metastasis (P = 0.024) were two risk
factors for poor LRFS. Tumor length, T stage, N stage and
plasma fibrinogen level were four significant prognostic
factors for DMFS (Tumor length: P = 0.009, T stage:
P=0.031, N stage: P=10.001, plasma fibrinogen level: P <
0.001), RFS (Tumor length: P=10.017, T stage: P = 0.004,
N stage: P < 0.001, plasma fibrinogen level: P < 0.001)
and OS (Tumor length: P < 0.001, T stage: P < 0.001,
N stage: P < 0.001, plasma fibrinogen level: P < 0.001).
Additionally, tumor cell differentiation was found to have
a statistically significant correlation with OS (P = 0.033).
The patients in the cohort with hyperfibrinogenemia
exhibited decreased DMFS (P < 0.001; Figure 2A),
RFS (P < 0.001; Figure 2B) and OS (P < 0.001; Figure
2C) compared with the patients who had normal-level
plasma fibrinogen. However, plasma fibrinogen level was
not significant prognostic factor associated with LRFS
(P =0.995; Figure 2D). Furthermore, subgroup analysis
according to different clinicopathological variables
indicated that DMFS, RFS and OS were shorter in patients
with hyperfibrinogenemia (P < 0.05, Figure 3, 4, 5, 6).

Then the multivariate analysis (Table 3) showed that
plasma fibrinogen level and N stage were significantly
related to DMFS (plasma fibrinogen level, P < 0.001; N
stage, P =0.045), RFS (plasma fibrinogen level, P < 0.001;
N stage, P = 0.006) and OS (plasma fibrinogen level, P =
0.007; N stage, P = 0.025). With respect to DMFS and
OS, Patients with hyperfibrinogenemia had a 2.541-fold
and 1.728-fold increased relative risk of developing distant
metastasis and death compared with patients with normal
plasma fibrinogen level.

DISCUSSION

Fibrinogen, converted to insoluble fibrin by
activated thrombin, plays a key role in the blood clotting,
fibrinolysis, inflammatory response, wound healing, and
neoplasia [9]. There have been few previous studies
describing the role of fibrinogen during the early onset of
ESCC. Qi et al employed proteomic profiling to identify
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Figure 1: Plasma fibrinogen level in ESCC patients (n = 255) was significantly higher than that of healthy controls
(n=273) (3.89 £1.02 g/L. Vs 3.21 £ 0.84 g/L., P < 0.001).

markers that correlated with esophageal malignant
transformation. Fibrinogen gamma-A chain precursor was
found to have more than five-fold difference in expression
between immortal and malignant phenotypes [10].
Therefore, fibrinogen was applicable for early diagnosis in
ESCC. However, this study was limited by small sample
size. In our study, the proportion of hyperfibrinogenemia
was higher in ESCC patients than those in healthy controls
(40.4% Vs 13.6%). These results showed that plasma
fibrinogen level could be served as an important role in
the diagnosis of ESCC.

In the setting of ESCC, 34% of patients developed
hyperfibrinogenemia before surgery and increased plasma
fibrinogen level was associated with pathological T stage
and lymph node metastasis [11]. Matsuda et al established
a FA score based on preoperative plasma fibrinogen
and serum albumin levels in esophageal cancer patients
and to investigate the correlation with overall survival.
Patients with elevated fibrinogen and decreased albumin
levels were allocated a score of 2, those with only one
of these abnormalities were allocated a score of 1, and
those with neither of these abnormalities were allocated a

score of 0. The result showed that preoperative FA score
was significantly correlated with postoperative survival
in esophageal cancer [12]. Recently, Wang et al [13]
investigate the clinical significance of preoperative plasma
fibrinogen level and platelet count in esophageal squamous
cell carcinoma (ESCC) treated by curative surgery. The
incidence of hyperfibrinogenemia was 43.7% (52/119)
and hyperfibrinogenemia was found to be positively
correlated with disease recurrence. However, preoperative
plasma fibrinogen level was not an independent prognostic
indicator in multivariate analysis. Our data demonstrated
that preoperative plasma fibrinogen level together with
N stage was an independent factor related with distant
organ metastasis for ESCC. Furthermore, shorter DMFS,
RFS and OS were also observed in the patients with
higher preoperative plasma fibrinogen level. Patients with
pretreatment hyperfibrnogenemia had 2.541 times the risk
of distant organ metastasis, 2.002 times the risk of disease
progression and 1.728 times the risk of death of those with
normal pretreatment fibrinogen level. High pretreatment
plasma fibrinogen level was significantly associated with
decreased DMFS, RFS and OS probability among patients
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Table 1: Plasma fibrinogen level and clinicopathological characteristics in 255 ESCC patients

Variables Patients (n) Plasma fibrinogen level P
Normal (<4 g/L) High (>4 g/L)

Gender
Female 23 19 (82.6) 4(17.4) 0.018
Male 232 133 (57.3) 99 (42.7)

Age (years)
>65Y 31 23 (74.2) 8 (25.8) 0.077
<65Y 224 129 (57.6) 95 (42.4)

Smoking
Never 41 29 (70.7) 12 (29.3) 0.113
Ever 214 123 (57.5) 91 (42.5)

Alcohol
Never 72 49 (68.1) 23 (31.9) 0.085
Ever 183 103 (56.3) 80 (43.7)

Differentiation
Well 30 20 (66.7) 10 (33.3) 0.664
Moderately 179 104 (58.1) 75 (41.9)
Poorly 46 28 (60.9) 18 (39.1)

Tumor location
Upper 6 3 (50.0) 3 (50.0) 0.012
Middle 123 85 (69.1) 38 (30.9)
Lower 126 64 (50.8) 62 (49.2)

Tumor length
<5cm 197 135 (68.5) 62 (31.5) <0.001
>5 cm 58 17 (29.3) 41 (70.7)

T stage
T1 36 32 (88.9) 4 (11.1) <0.001
T2 49 39 (79.6) 10 (20.4)
T3 151 75 (49.7) 76 (50.3)
T4 19 6 (31.6) 13 (68.4)

N stage
NO 127 89 (70.1) 38(29.9) 0.004
N1 74 40 (54.1) 34 (45.9)
N2 38 17 (44.7) 21(55.3)
N3 16 6 (37.5) 10 (62.5)

Locoregional relapse
Yes 32 21 (65.6) 11 (34.4) 0.458
No 223 131(58.7) 92(41.3)

(Continued)
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Variables Patients (n) Plasma fibrinogen level P
Normal (<4 g/L) High (>4 g/L)

Distant metastasis
Yes 92 37(40.2) 55(59.8) <0.001
No 163 115(70.6) 48(29.4)

Any relapse
Yes 121 55(45.5) 66(54.5) <0.001
No 134 97(72.4) 37(27.6)

Deaths
Yes 81 34(42.0) 47(58.0) <0.001
No 174 118(67.8) 56(32.2)

Bold values are statistically significant (P < 0.05).

Table 2: Univariate analysis for predictions associated with LRFS, DMFS, RFS and OS in 255

ESCC patients
Variables LRFS DMFS RFS OS
HR 95%CI P HR 95%CI P HR 95%CI P HR 95%CI P
gfg;eer)(male/ 1.02]031-3.37 [0.971] 1.92 [ 0.78-4.72| 0.157 | 1.81] 0.84-3.88 | 0.129 | 1.64|0.66-4.06 | 0.283
>
f6g5€3(565 Y5 1136 047-3.93 [0.567] 1.02 | 0.53-1.97| 0.958 | 1.04] 0.58-1.85 | 0.895 |1.19]0.61-2.32 | 0.605
iy 0.79] 0.32-1.93 |0.606| 1.77 | 0.89-3.53 | 0.103 | 1.46 | 0.84-2.55 | 0.184 |1.50]0.75-3.00 | 0.253
(ever/never)
féﬁ;’g"'(eveﬁ 0.73 | 0.35-1.52 [0.397] 1.39 | 0.86-2.27] 0.182 | 1.31] 0.86-1.99 | 0.205 |1.51]0.89-2.59 | 0.129
Differentiation
(poorly/
o 0.99 | 0.38-2.57 [0.979| 1.47 [0.90-2.41] 0.128 | 1.38]| 0.89-2.15 | 0.151 | 1.75] 1.05-2.93 | 0.033
moderately)
Tumor
location
1.17] 0.58-2.35 |0.660| 1.16 [ 0.77-1.75 | 0.476 | 1.20] 0.84-1.72 | 0.315 [1.20]0.78-1.86 | 0.411
(lower/upper
and middle)
Tumor length
5em/<5 093] 035242 0.874 1.85 | 1.16-2.93 | 0.009 | 1.66| 1.10-2.51 | 0.017 [2.49 1.57-3.94 | <0.001
cm)
%sgc;re(nw 2.40| 1.04-5.57 |0.041] 1.65 | 1.05-2.60 | 0.031 | 1.80| 1.20-2.68 | 0.004 [2.82 1.61-4.95 | <0.001
Ef;age(NH 237]1.12-5.02 |0.024| 2.03 | 1.32-3.12 | 0.001 |2.15 | 1.47-3.13 | <0.001 | 2.71 | 1.67-4.40 | <0.001
Plasma
fibrinogen 1.00 | 0.48-2.08 |0.995] 3.03 | 2.00-4.61 |<0.001| 2.48 | 1.73-3.55 | <0.001 | 2.60 | 1.67-4.04 | <0.001
levels (High/
normal)
Bold values are statistically significant (P < 0.05).
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Figure 2: Survival curves of A. distant metastasis free survival (DMFS) subdivided by plasma fibrinogen level in ESCC patients (n
= 255), B. Relapse-free survival (RFS) subdivided by plasma fibrinogen level in ESCC patients (n = 255), C. Overall survival (OS)
subdivided by plasma fibrinogen level in ESCC patients (n = 255), D. Locoregional relapse-free survival (LRFS) subdivided by plasma

fibrinogen level in ESCC patients (n = 255).

with regional lymph node metastasis and without regional
lymph node metastasis (P < 0.05). Although plasma
fibrinogen level was significantly higher in T3—4 patients
than that in T1-2 patients (P < 0.05), high pretreatment
plasma fibrinogen level was correlated with poorer DMFS,
RFS and OS both among T3—4 patients and T1-2 patients
(P < 0.05). Our finding revealed that pretreatment plasma
fibrinogen level was significantly associated with tumor
length, tumor location and patient’s gender. These results
demonstrated that fibrinogen might be important for the
acquisition of migration and invasion capabilities of ESCC
tumor cells, which subsequently resulted in distant organ
metastasis and poorer outcome in ESCC patients. The
large number of cases, multivariate analyses, and sufficient
survival data make our results more reliable, reproducible,
and representative of the studied population.

Currently, there is no general consensus on
the role of adjuvant therapy in patients with ESCC.
Postoperative treatment modalities depend on tumor
invasion, status of regional lymph node metastasis
and patients’ preference. Regional lymph node is an
important factor in determining adjuvant therapy after
complete resection. Patients with positive regional
lymph node metastasis could benefit on disease
free survival and overall survival from adjuvant
chemotherapy. Postoperative adjuvant radiotherapy
conferred to survival benefit to the ESCC patients
with three or more positive regional lymph node
metastasis [14, 15]. According to the guideline of
National Comprehensive Cancer Network (NCCN),
adjuvant chemoradiotherapy is recommended for the
ESCC patients with positive regional lymph node
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Figure 3: Survival curves of A. DMFS B. RFS C. OS subdivided by plasma fibrinogen level in ESCC patients without adjuvant
postoperative chemotherapy (z = 200), D. DMFS E. RFS F. OS subdivided by plasma fibrinogen level in ESCC patients with adjuvant
postoperative chemotherapy (n = 55).
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Figure 4: Survival curves of A. DMFS B. RFS C. OS subdivided by plasma fibrinogen level in ESCC patients without adjuvant
postoperative radiotherapy (n = 199), D. DMFS E. RFS F. OS subdivided by plasma fibrinogen level in ESCC patients with adjuvant
postoperative radiotherapy (n = 56).

www.impactjournals.com/oncotarget 38416 Oncotarget



A 10+
®
2
g 08+
2
I
H Normal fibrinogen level
& 06
o
“n
ol
£
©n
£ 04
€ High fibrinogen level
‘é Log-rank test
02
@ P=0.041
=]
0.0
T T T T T T T
000 2000 4000 6000 8000 10000 12000
Time (months)
D o
®
2
g 08 Normal fibrinogen level
7]
@
o
= 06
A0
v
o
£
1%
8 04
T
E
=
€ Log-rank test
& 027 High fibrinogen level
D P<0.001
=]
00
T T T T T T
000 2000 4000 6000 80.00 100.00

Time (months)

B 1o
= 08
&
g Normal fibrinogen level
w
o 06
@
&
@
8 04
i)
[
@
o Log-rank test
P=0.010 High fibrinogen Tevel
0.0
T T T T T T
000 2000 4000 6000 80.00 10000
Time (months)
E 1o
05
®
2
=
2 06
4 Normal fibrinogen level
&
& 04
a
8
)
x
°27 Log-rank test i S
9 High fibrinogen level
P<0.001
0.0
T T T T T T T
000 2000 4000 6000 8000 10000 12000

Time (months)

C 104
Normal fibrinogen level
08
®
z
= 0
3
[z
g
o 04—
& | Log-ranktest
ogsrankies) High fibrinogen level
0a| P=0.019
00+
T T T T T T
000 2000 4000 6000 80.00 10000
Time (months)
F 10
08
3 Normal fibrinogen level
‘2 06+
3
I
T
@ 04—
>
o
o fog:tankitest High fibrinogen level
“7| P=0.002
00
T T T T T T
000 2000 4000 6000 80.00 10000

Time (months)

Figure 5: Survival curves of A. DMFS B. RFS C. OS subdivided by plasma fibrinogen level in T, , stage ESCC patients (n = 85),
D. DMFS E. RFS F. OS subdivided by plasma fibrinogen level in T, , stage ESCC patients (n = 170).
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Figure 6: Survival curves of A. DMFS B. RFS C. OS subdivided by plasma fibrinogen level in ESCC patients without lymph node
metastasis (n = 127), D. DMFS E. RFS F. OS subdivided by plasma fibrinogen level in ESCC patients with lymph node metastasis
(n=128).
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Table 3: Prognostic factors for LRFS, DMFS, RFS and OS by multivariate Cox regression analysis

in 255 ESCC patients
LRFS DMFS RFS 0S
HR(95%CI) P HR(©®5%CI) P HR@O5%CI) P HR©®5%CI) P
Differentiation
0.987 (0.380— 1.469 1.381 1.834
(poorly/well and 2566)  |207 ] 0.895-2.413)] “128 | (0.889-2.146) | 121 | (1.095-3.073) | %021
moderately)
Tumor length (>5 cm/ | 0.925 (0.354— 1.364 1.301 1.961
<5 cm) 2418) | 987 0.849-2.201) | 0204 | (0.848-1.997) | 0228 | (1211-3.174) | 006
1.958 (0.819— 1.039 1.208 1.797
T stage (T3-4/T1-2) 4679) | 913 0.636-1.700) | %878 | (0.785-1.860) | %370 | (0.989-3.264) |0
1.995 (0.920— 1.592 1.740 1.997
+/N— o R o
N stage (N+/N) 2330) %% (1.010-2.500) | ***° | (1.170-2.588) | ©0% | (1203-3.304) |00
Plasma fibrinogen 0.998 (0.479— 2.541 2.002 1.728
levels (High/normal) 2077 |99 as15-4.001) [0 (1360-2.946) | <001 (1.070-2.793) | %023

Bold values are statistically significant (P < 0.05).

metastasis.A Japan Clinical Oncology Group trial
(JCOG 9204 trial) showed that postoperative adjuvant
chemotherapy can prolong disease-free survival [16].
In a recently meta-analysis, patients with stage I1I-IV
disease or lymph node metastasis could benefit from
postoperative adjuvant chemotherapy [17]. In contrast,
our study indicated that if patients with longer tumor
length, advanced T stage, lymph node metastasis and
hyperfibrinogenemia, they could be at high risk of
distant organ metastasis and might be recommended
adjuvant postoperative chemotherapy. Although, a
prospective study is required to determine this strategy,
it might help oncologist to select the appropriate
treatment for individual patients in advance to prevent
metastasis.

In conclusion, we found that elevated plasma
fibrinogen levels were associated with significantly
elevated risk of ESCC. Plasma fibrinogen level,
together with tumor length, T stage and N stage is
related with postoperative distant organ metastasis.
Preoperative hyperfibrinogenemia is a negative
prognostic factor for survival of patients with ESCC.
However, it still merits further experimental and
clinical investigations to confirm its prognostic
significance.

MATERIALS AND METHODS

A total of 255 patients with ESCC were diagnosed
and treated in Zhejiang cancer hospital, Hangzhou,
China, between October 2006 and December 2009.
All patients were newly confirmed to have ESCC
and had not received treatment previously. Patients
with the following characteristics were excluded
from our study: patients with previous or coexisting

cancer other than ESCC; those with concomitant
disease suspected of influencing plasma fibrinogen
level, such as severe hypertension, liver disease and
blood coagulation disorders; and patients who had
taken aspirin or other acetylsalicylic acids within
1 month before the treatment; Patients had not undergone
complete resection with negative margins. Patients
who had undergone exploratory thoracotomy without
resection were also excluded from our study. The extent
of the disease was determined by TNM staging according
to the seventh edition of the International Union
Against Cancer (UICC) TNM classification. Our study
was approved by the institutional review board of the
hospital. All patients provided informed consent before
surgery. Population controls were selected from a pool
of cancer-free subjects in the same region as cases. The
control subjects were frequency-matched to the cases on
gender, age and smoking status. Detailed information
was obtained by trained interviewers using a structured
questionnaire. Finally, a total of 273 ecligible subjects
enrolled in our study.

All patients underwent total or subtotal transthoracic
esophagectomy and regional lymphadenectomy with
curative intent. Fifty-five (21.6%) were treated with
adjuvant platinum-based chemotherapy. Fifty-six patients
were treated with adjuvant locoregional radiotherapy. All
patients received standardized follow-up at a 3-month
interval for the first 2 years after operation, a 6-month
interval in the third year and yearly thereafter. Evaluation
comprised a physical examination, upper gastrointestinal
endoscopy, complete blood count, chest and abdomen
computed tomography.

Locoregional relapse-free survival (LRFS) was
defined as the duration from the date of surgery to the date
when local or regional relapse was diagnosed. Distant
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metastasis-free survival (DMFS) covered the date of
definitive surgery to the date of distant metastasis was
diagnosed. Relapse-free survival (RFS) was defined as
the time from surgery to any recurrence. Overall survival
(OS) was calculated as the time from the date of surgery
to death or censoring.

Each patient and cancer-free people provided 3-mL
pretreatment blood. Plasma was separated within 30
min after the blood samples were collected. Fibrinogen
was measured by the Clauss method using Diagnostica
Stago equipment and reagent according to Diagnostica
Stago guidelines (Asnieres, France). According to the
instructions, plasma fibrinogen concentration of less than
4.0 g/L was considered normal level, and concentration of
>4.0 g/L was defined as hyperfibrinogenemia (also as high
level). The eligible patients were divided into two groups:
normal group and the high level group, according to the
above cutoff value.

Statistical analysis

Plasma fibrinogen concentration was analyzed as
a continuous variable and a categorical variable after
grouping by normal level and hyperfibrinogenemia. The
chi-square test was performed to evaluate the association
between the clinicopathological variables and plasma
fibrinogen level.

The chi-square test was used to assess the
frequencies in select demographic variables, patients’
gender and smoking status, between the cases and controls.
Patients’ age was compared using unpaired student’s
t-test. The association between fibrinogen status and ESCC
risk was evaluated by computing the odds ratios (ORs)
and 95% confidence intervals (CIs) from multivariate
unconditional logistic regression analysis with adjustment
for gender, sex and smoking status.

We also used the chi-square test to compare the
locoregional relapse, distant metastasis, overall relapse, and
mortality rates between the patients with normal plasma
fibrinogen level and patients with hyperfibrinogenemia.
LRFS, DMFS RFS and OS were analyzed by Kaplan—
Meier analysis with log-rank test. Multivariate Cox
proportional hazards regression model with forward
stepwise approach was constructed to identify independent
prognostic factors. All statistical calculations were
performed with SPSS 13.0 for Windows (Chicago, IL).
P < 0.05 were considered statistical significance.
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