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Abstract

Background: Plasma D-dimer levels have been shown to be high in advanced tumor stage patients and can be used to
predict clinical outcome in cancer patients. As most advanced tumor stage patients exhibit asymptomatic metastasis, which
contributes to early tumor recurrence after surgery, we hypothesized that plasma D-dimer levels can be used to predict
patients with potential metastasis.

Methods: We enrolled 1042 primary gastric cancer patients in three multiple cancer centers in Northwest China and
examined plasma D-dimer levels using the latex-enhanced immunoturbidimetric assay (LEIA) method. Plasma D-dimer
levels were compared with the clinicopathological characteristics in this large-scale case-control study with follow up. We
also performed regular follow-up studies for 395 patients to analyze the 2-year survival rate and early tumor recurrence.

Results: In this large-scale clinical study, we found that plasma D-dimer levels were increased in patients with distant
metastasis and especially hematogenous metastasis patients. The cut-off value of the D-dimer levels was determined to be
1.5 mg/ml based on the ROC curve, and the sensitivity and specificity for metastasis prediction were 61.9% and 86.6%,
respectively. Additionally, patients with high D-dimer levels displayed early tumor recurrence and poor outcome during the
follow-up study.

Conclusion: Plasma D-dimer may represent an easy to measure and lower cost marker for the testing of gastric cancer
patients to predict asymptomatic hematogenous metastasis.
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D-dimer, which is a stable end product of the degradation of
cross-linked Fibrin, results from enhanced Fibrin formation and
fibrinolysis. D-dimer levels are widely used to detect patients with
suspected disseminated intravascular coagulation (DIC), throm-
boembolic events, and myocardial infarction [6-8]. Recently, it
has been reported that increased D-dimer levels correlate with
malignancy [9,10]. Additionally, a number of studies have
reported that D-dimer levels are associated with tumor stage,
tumor prognosis, lymph node involvement, and overall survival in
patients with solid tumors, such as lung cancer [11,12], breast
cancer [13], esophageal cancer [10], gastric cancer [14], colon
cancer [15], and gynecological malignancies [16]. Plasma D-dimer
levels were shown to be high in advanced tumor stage patients and

Introduction

Hematogenous metastasis means blood borne metastasis is the
most critical complication of malignancy; however, our under-
standing of this phenomenon remains incomplete [1]. Once
malignant cells enter into the circulation, they must be able to
survive several stresses, including physical damage from hemody-
namic shear forces and immune-mediated cell killing [2,3]. It has
been suggested that the formation of platelet-fibrin-tumor cell
aggregates may play a causal role in endothelial adhesion and
metastatic potential [4]. Deposition of fibrin within adherent
tumor cell-platelet aggregates can be detected as early as 5 minutes
after tumor cell inoculation and persists for more than 9 hours [3].

Fibrinogen is a crucial source of bio-available fibrin to tumor cells
in the vasculature, which is necessary for tumor cells in the
vasculature, tumor cell extravasation and metastasis formation
[2,3]. Thus, plasma D-dimer may be involved in the promotion of
a metastatic phenotype in the bloodstream.
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can be used to predict clinical outcome in cancer patients
[17,18,19,20,21]. Moreover, most of the advanced tumor stage
patients harbored asymptomatic hematogenous metastases. We
hypothesized that plasma D-dimer levels might be a useful clinical
marker for hematogenous metastasis in malignancy.
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Based on previous studies, we designed this study to examine the
effectiveness of managing suspected metastasis using plasma D-
dimer tests in clinical cancer patients. In this study, we established
a prospective clinical trial in three multiple clinical cancer centers
in Northwest China. Gastric cancer (GC) is one of the most
common malignant tumors reported in Asia; however, the
prognosis of patients with advanced disease remains very poor
[22,23]. A variety of clinical and biological variables have been
proposed as prognostic factors for GG, but the precise molecular
mechanism underlying and predicting the development and
progression of GC in clinical use remains unclear [24]. Therefore,
we examined the levels of plasma D-dimer, fibrinogen (FIB), fibrin
degradation products (FDP), and the tumor marker carcinoem-
bryonic antigen (CEA), which is also commonly used in GC clinics
in primary GC patients. We evaluated the association of these
findings with clinical and pathological factors as well as disease-
free survival (DFS) and overall survival (OS) outcome. Further-
more, we examined plasma D-dimer levels in other malignancies
that easily metastasize, including melanoma and pancreatic
cancer, to estimate the clinical use D-dimer tests.

Materials and Methods

1. Study design

This study was based on the hypothesis that D-dimer levels can
be used to detect metastasis in cancer patients. We first verified our
hypothesis in a large-scale clinical study. Plasma D-dimer levels
were assessed in 1042 primary GC patients and compared with
clinical and pathological factors. The effectiveness of managing
suspected metastasis based on plasma D-dimer levels in GC
patients was evaluated via Receiver operator characteristic (ROC)
curve. Finally, we performed a follow-up study with a subset of the
GC patients to estimate overall survival (OS) and early tumor
recurrence (ETR, recurrence within 2 years) based on high and
low D-dimer levels based on the ROC curve. We also verified our
conclusion by assessing other solid tumors (melanoma and
pancreatic cancer) in our clinical investigation.

2. Patients

Primary cancer patients included in the study were diagnosed
via pathological examination via endoscopic biopsy and hospital-
ized in one of three cancer centers (the First Affiliated Hospital of
Xi’an Jiaotong University, the Second Affiliated Hospital of Xi’an
Jiaotong University and Xijing Hospital of the Fourth Military
Medical University) between January 1* 2009 and January 1%
2012. Patients with a history of venous thrombosis or anticoag-
ulation therapy, cardiovascular and cerebrovascular disease, acute
or chronic inflammatory disease, previous malignancy, or previous
anticancer treatment were excluded. After excluding certain
patients (a total of 367 patients excluded, for the following
reasons: 135 with infection; 94 with previous anticancer treatment;
79 with cardiac-cerebral vascular disease, and 59 with other
excluded reasons, and the characters of those excluded were
similar to cases included after statistical analyses.), 1123 patients
(i.e., 1042 GC, 44 pancreatic cancer, 37 melanoma patients) were
enrolled in our study. Additionally, 50 health volunteers, 31
patients with gastric polyps (GP) and 35 gastric stromal tumor
(GST) patients were enrolled in this study at the same time. Based
on the results of the clinical evaluation, 1042 GC patients were
included, 787 patients underwent complete resection with negative
magins (RO resection), 19 patients underwent gastric resection and
regional lymph node resection but with microscopic residual
disease(R1 resection); 172 underwent palliative operation and 64
patients only received exploratory laparotomy. A regular follow-up
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was performed for 395 out of 420 GC patients who were
hospitalized at the First Affiliated Hospital of Xi’an Jiaotong
University, and the follow-up for all cases was terminated in Dec.
2012. The first end-point refers to patients who were diagnosed
with tumor recurrence, and the second point was followed for >2
years or until death. Tumor stages were recorded using the
classification guidelines of the American Joint Committee on
Cancer (AJCC). Metastasis was usually detected by imaging
detection (Computed Tomography(CT) scan, an ultrasonic B scan,
or Positron emission tomography-computed tomography (PET-
CT), bone marrow scan) and pathology detection. Lymphovas-
cular invasion was assessed in resection specimen, and discrimi-
nate between lymphatic or blood vessel infiltration was by
immunohistochemistry (IHC), blood vessel was stained by CD34
in our study. For GC patients, follow up included a complete
history and physical examination every 3-6 months for 1 to 2
years, C'T scan of the chest and abdomen, an ultrasonic B scan of
the abdomen (live and adrenal glands), bone marrow scan and
endoscopy biopsy to exclude recurrence and metastasis. GC
patients with advanced tumour stage were treated with the same
adjunctive treatment (5-fluorouracil, oxaliplatin and folinic acid; 4
times; once a month) after surgery in this hospital while a large
number of GC patients with advanced tumour stages did not
proceed adjunctive treatment as can’t bear the high cost of the
treatment. Our study was approved by the Conduct of Human
Ethics Committee of Xi’an Jiaotong University, and written
informed consent was provided by all patients.

3. D-dimer assays

Venous blood samples were collected in tubes with sodium
citrate for the measurement of D-dimer levels. Plasma CEA levels
in GC patients were assayed using the ELISA method. In the
clinical study, the D-dimer, FDP, and FIB levels were assayed via
latex-enhanced immunoturbidimetric assay as described in our
previous study [25].

4. Statistical analysis

Data analysis was performed using SPSS 13.0 Software (SPSS,
Chicago, IL, USA). As the D-dimer levels were not normally
distributed, the results of the D-dimer level tests are reported as
median (M) and quartile range (Q)). Statistical tests were performed
using the Mann-Whitney U test and the Kruskal-Wallis H test. For
univariate analysis, Spearman Correlation analysis was employed.
Multiple linear regression models were used to identify indepen-
dent variables that correlated with plasma D-dimer levels. The
ROC curve was used to estimate the effectiveness of D-dimer
levels in predicting metastasis. The Kaplan-Meier method was
used to estimate the distribution of survival curves, and log-rank
tests were used to compare the distributions between groups. Cox
proportional hazards regression analysis was performed to identify
independent variables that correlated with patient survival and
DFS. P<<0.05 was considered statistically significant.

Results

1. Patient data and D-dimer levels for different groups
Basic patient data (age and gender) and plasma D-dimer levels
(median and 25th—75th percentile) are listed in Table S1. In total,
1042 GC patients (837 men and 205 women, aged 22-88 years)
were included in the study; other GC patients were excluded for
certain reasons, as shown in Table S1. The control groups
included 50 health volunteers (25 men and 25 women, aged 36-84
years, median D-dimer levels is 0.80 mg/ml), 31 patients with GP
(10 men and 21 women, aged 3675 years, median D-dimer levels
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Figure 1. Plasma D-dimer levels in GC patients. A, Plasma D-dimer levels were significantly increased in stage IV GC patients (p<<0.001) but did
not show a significant difference between other groups. B, C, D, Plasma D-dimer levels were significantly higher in patients with N3 lymph node
invasion (P<<0.001), positive vascular cancer embolus in resected GC tissue samples (P=0.013) and distant metastasis (P<<0.01). E, F, ROC curve for
metastasis detection via the plasma D-dimer test (P<<0.001, area =0.80, 95%CIl (0.76-0.83)) and CEA levels (P<<0.001, area =0.71, 95%Cl (0.65-0.78)).

is 0.70 mg/ml) and 35 GST patients (23 men and 12 women, aged
36-75 years, median D-dimer levels is 1.0 mg/ml). Plasma D-
dimer levels were tested among the various groups, and the results
are shown in Table S1. The results display a significant increase
D-dimer levels among the stage IV GC group (median 1.4 mg/1)
compared with the other groups (p<<0.001), while plasma D-dimer
levels did not display a significant difference in other groups
(Figure 1A).

2. Correlation between plasma D-dimer levels and
associated factors

The correlation between plasma D-dimer levels and associated
factors is shown in Table 1. The results of the correlation analysis
via multiple linear regression model show that plasma D-dimer
levels only correlated with lymph node invasion (r=0.167;
p=0.01), the presence of vascular cancer emboli in tissue
specimens (r=0.367; p=0.043) and distant metastasis (r = 0.466;
p = 0.007); the results are shown in Table 1 and Figures 1B-1D.
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Table 1. Association between D-dimer levels (mg/l) and Clinicopathological Features in Patients with Gastric Cancer (n=1042).
Variables No. of cases  Median 25'™"_75™ percentile R/P (Uni) B/P (Multi)
Patients 1042 0.70 1.085
Gender 0.098/0.002** 0.274/0.053
Male 837 0.7 0.30-1.30
Female 205 0.9 0.40-1.65
Age 0.157/<0.001** 0.007/0.171
=60 518 0.60 0.20-1.10
>60 524 0.89 0.40-1.30
Histological grade 0.108/<0.001** —0.027/0.743
G1 55 0.50 0.20-1.27
G2 423 0.60 0.20-1.20
G3 508 0.90 0.40-1.50
G4 28 0.40 0.20-0.80
GX 28 0.90 0.30-2.07
Tumor invasion 0.276/<0.001** 0.049/0.586
T1 84 0.50 0.20-0.90
T2 99 0.50 0.20-1.19
T3 644 0.60 0.30-1.10
T4 192 1.30 0.60-2.77
Lymph node invasion 0.220/<0.001** 0.167/0.01*
NO 279 0.50 0.20-1.00
N1 311 0.50 0.20-1.00
N2 180 0.70 0.30-1.10
N3 115 1.20 0.20-2.00
Distant metastasis 1028 0.409/<0.001** 0.466/0.007**
Mo 832 0.60 0.20-1.10
M1 109 1.70 0.85-3.05
M2 88 2.80 1.12-5.07
Cancer embolus 0.089/0.013* 0.367/0.043*
Negative 696 0.50 0.20-1.00
Positive 82 0.89 0.30-1.30
Footnote: R indicates the correlation coefficient. P (Uni) indicate that the p-value was analyzed via Spearman Correlation analysis was employed; B means partial
regression confidence. P (Multi) indicate that the p-value was analyzed via multivariate linear regression models, and all covariates are inclouded.
*indicates p-value <0.05 (2-tailed). R indicates the correlation coefficient.
**indicates p-value <0.01 (2-tailed). Histological grade(G): G1 well differentiated; G2 Moderately differentiated; G3 Poorly differentiated; G4 Undifferentiated; G5 should
be Gx means grade cannot be assessed. M1 means intra-peritoneal metastasis; M2 means visceral metastasis.
doi:10.1371/journal.pone.0101125.t001
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Figure 2. Cox proportional hazards regression model analysis of the two-year survival and disease-free survival in 395 GC patients.
A, B, After defining the high and low levels of plasma D-dimer by 1.5 mg/I based on the ROC results. Overall survival and DFS were reduced in all GC
patients with high D-dimer levels (P<<0.001, P<<0.001, respectively). C, D, In stagel-lll GC patients, survival and DFS were reduced in patients with high
D-dimer levels (P =0.042, P<0.001, respectively).

doi:10.1371/journal.pone.0101125.9002

Table 2. Prognostic variables for overall survival and disease free survival in GC patients.

Prognostic Overall Survival Disease Free Survival

Variable P(uni) P(multi) RR (95% CI) P(uni) P(multi) RR (95% CI)
D-dimer <0.001** 0.012* 1.7(1.16, 2.56) <0.001** <0.001** 2.44 (1.63, 3.65)
Age 0.366 0.418

Gender 0.778 0.967

Grade 0.39 0.799

T 0.002** 0.464 1.13(0.82, 1.57) 0.007** 0.38 1.15(0.84, 1.58)
N <0.001** 0.011* 1.33(1.07, 1.65) <0.001** 0.033* 1.26 (1.02, 1.57)
M 0.081

Surgery 0.025* 0.605 1.27(0.51, 3.19) 0.153

Cancer Embolus 0.026* 0.293 1.37(0.76, 2.47) 0.046* 0.197 1.48(0.81, 2.69)
Additional Treatment 0.026* 0.045* 0.61(0.37, 0.99) 0.403

Footnote: P (Uni) indicate that the p-value was analyzed via Kaplan-Meier method; P (Multi) indicate that the p-value was analyzed via Cox proportional hazards
regression models and all significant covariates from the univariate model are inclouded.

*indicates p-value <0.05 (2-tailed).

**indicates p-value <0.01 (2-tailed). RR, Risk Ratio; Cl, confidence interval.

doi:10.1371/journal.pone.0101125.t002
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Table 3. Prognostic variables for overall survival and disease free survival in Stage I-Ill GC patients.

Prognostic Overall Survival Disease Free Survival

Variable P(uni) P(multi) RR (95% ClI) P(uni) P(multi) RR (95% CI)
D-dimer 0.042* 0.077 1.53(0.95, 2.45) <0.007** <0.001** 2.17(1.4, 3.38)
Age 0.735 0.733

Gender 0.844 0.432

Grade 0.567 0.604

T 0.051 0.101

N 0.011* 0.008** 1.37(1.09, 1.74) 0.004** 0.003** 1.41(1.12, 1.77)
Surgery 0.753 0.897

Cancer Embolus 0.299 0.297

Additional Treatment 0.041* 0.0587 0.61(0.37, 1.02) 0.319

*indicates p-value <0.05 (2-tailed).
**indicates p-value <0.01 (2-tailed). RR, Risk Ratio; Cl, confidence interval.
doi:10.1371/journal.pone.0101125.t003

Plasma FDP levels displayed a linear association with D-dimer
(R?=0.853, p<<0.001) (Figure S1A). However, no lincar associa-
tion was found between FIB levels and D-dimer levels (R?=0,
p=0.61) (Figure S1B). These results were consistent with the in
vivo results. Additionally, CEA levels showed a weak linear
association with D-dimer levels in GC patients (R?=0.056, p<<
0.001) (Figure S1C).

3. Effectiveness of managing suspected metastasis based
on plasma D-dimer data

Plasma D-dimer levels were markedly increased in distance
metastasis patients compared with control patients, especially in
patients with hematogenous visceral metastasis, as shown in
Figure 1D. Plasma D-dimer levels were elevated in TNM stage IV
patients and N3 lymph node invasion patients; most of these
patients had distant metastases or potential metastasis. Therefore,
we hypothesized that plasma D-dimer levels can be used to detect
metastasis. Receiver operator characteristic (ROC) curves for the
D-dimer assay in the diagnosis of metastasis are shown in
Figure 1E. The cut-off values for the D-dimer levels was
determined to be 1.5 mg/ml based on the ROC curve, and the
sensitivity and specificity for metastasis prediction were 61.9% and
86.6%, respectively. ROC curve for metastasis detection via the
plasma D-dimer test (P<<0.001, area =0.80, 95%CI (0.76-0.83))
and CEA levels in GC patients in the present study, as shown in
Figure 1F.

4. Plasma D-dimer levels, OS and DFS

In total, 395 patients were successfully examined during follow-
up, 292 patients underwent RO resection, 4 patients underwent R1
resection, 65 underwent palliative operation and 34 patients only
received exploratory laparotomy, 93 GC patients with advanced
tumour stage were treated with the same adjunctive treatment. We
defined the high and low levels according to the plasma D-dimer
levels at 1.5 mg/ml based on the ROC curve. During the follow-
up, 177 of the 391 patients died; the 2 year survival was 54.7%
overall. For GC patients with high D-dimer levels, the survival
time was short based on the log-rank survival analysis. Addition-
ally, survival time correlated with tumor invasion (p=0.002),
lymph node invasion (p<<0.001), surgery method (p=10.025),
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Footnote: P (Uni) indicate that the p-value was analyzed via Kaplan-Meier method; P (Multi) indicate that the p-value was analyzed via Cox proportional hazards
regression models and all significant covariates from the univariate model are inclouded.

vascular cancer emboli (p=0.026) and additional treatment
(p=0.026), based on the log-rank survival test. However, survival
time was not influenced by patient gender (p=0.778), age
(p=0.336) or histological grade (p=0.39). Based on the Cox
proportional hazards regression analysis, survival was influenced
by D-dimer levels (p =0.012, Risk ratio = 1.7) (Figure 2A), lymph
node invasion (p=0.011, Risk ratio=1.33) and additional
treatment (p = 0.045, Risk ratio=0.61). The results are shown in
Table 2.

Disease-Iree Survival (DFS) is the most crucial clinical event
associated with poor prognosis of surgical GC before death and
might be regarded as more important than mortality. In this study,
203 of the 382 patients found tumor recurrence within 2 years; the
recurrence rate was 53.1% overall. In order to better interview the
significance of plasma d-dimer, we exclude 83 diagnosed distance
metastasis GG patients at the beginning, 140 of 299 GC patients
found tumor recurrence whin 2 years with the recurrence rate is
46.8%. A significant difference in DFS was observed between the
GC patients with high D-dimer levels and those with low levels.
Univariate analysis showed that elevated plasma D-dimer levels,
tumor invasion, lymph node invasion, and cancer emboli were
significant predictive factors for DFS; however, multivariate
analysis showed that only elevated plasma D-dimer levels (p<
0.001, risk ratio=2.44) (Figure 2B) and lymph node invasion
(p=0.033, risk ratio=1.26) were significant independent risk
factors in the Cox’s proportional hazards model for time to DFS as
listed in Table 2.

Of the 269 patients with TNM stage I, II, or III, 105 of
267paitents died within 2 years with the survival rate is 60.7%, 114
of 259 patients found tumor recurrence within 2 years with the
recurrence rate is 44.0%. The survival time was short for patients
with high D-dimer levels, but the difference was not statistically
significant based on Cox proportional hazards regression model
(Figure 2C), Interestingly, DFS was short in patients with high D-
dimer levels (p<<0.001, Risk ratio =2.7) (Figure 2D) according to
both log-rank and Cox regression analyses as shown in Table 3.

5. Plasma D-dimer levels in other solid tumors

In our previous study, we found that D-dimer levels were
significantly higher in TNM stage esophageal cancer patients [25].
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Figure 3. Plasma D-dimer levels in other solid tumors. A, Plasma D-dimer levels were increased in metastasis pancreatic cancer patients (p<
0.001). B, Plasma D-dimer levels were increased in metastasis melanoma patients (p<<0.001). C, ROC curve for metastasis detection based on the
plasma D-dimer levels (P<<0.001, Area=0.88, 95%Cl (0.81-0.96)). * indicates p-value <0.05 (2-tailed). ** indicates p-value <0.01 (2-tailed).

doi:10.1371/journal.pone.0101125.g003

We also examined plasma D-dimer levels in 44 pancreatic cancer
patients (31 metastasis) and 37 melanoma patients (9 metastasis)
and found that plasma D-dimer levels were notably elevated in
pancreatic cancer and melanoma patients with metastasis
(Figures 3A, 3B). The cut-off value for D-dimer levels was
determined to be 1.5 mg/ml based on the ROC curve (Figure 3C),
and the sensitivity and specificity for metastasis prediction were
73.2% and 92.5%, respectively. If the cut-off value for D-dimer
levels is determined to be 1.5 mg/ml, the positive predictive value
1s 90.9% and the negative predictive value is 77.1%.

PLOS ONE | www.plosone.org

Discussion

Metastasis remains the major cause of cancer treatment failure.
Coagulation has long been known to facilitate metastasis
[5,26,27,28,29]. In clinical studies, we found that both plasma
D-dimer levels were significantly elevated in metastasis GC
patients, especially in patients with hematogenous visceral
metastasis, and D-dimer levels correlated with vascular cancer
emboli in resected tissue samples. GC patients with elevated D-
dimer levels displayed decreased survival. Importantly, DFS was
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significantly decreased in GC patients with high D-dimer levels.
Interestingly, patients with TNM I, II, and III stages with elevated
plasma D-dimer levels showed a higher rate of tumor recurrence
compared with control patients, although the Cox regression
hazard model showed that OS did not differ based on plasma D-
dimer levels. These findings led us to believe that plasma D-dimer
is a predictive marker of asymptomatic metastasis, which is
associated with poor outcomes in GC patients.

Analyzing fibrinogen-deficient mice, Palumbo et al. have shown
that fibrinogen plays a role in adhesion and survival of tumor cells
rather than growth of tumor cells [30,31]. At the beginning of the
present study, we hypothesized that coagulation factor can be used
to detect metastasis in the clinical setting; therefore, we tested
fibrinogen in association with factor D-dimer levels and FDP. We
found that plasma fibrinogen did not markedly vary in GC
patients. Although it is an important factor in Circulating Tumor
Cells (CTC) survival and metastasis, it is not available in clinical
metastasis tests. However, plasma D-dimer levels showed an
advantage in this assessment. FDP involves D-dimer and
degradation of fibrinogen, it was primarily influenced by D-dimer
levels, as indicated by their linear association detected in the
present study.

The identification of novel molecular markers for the prediction
of tumor metastasis will contribute to the development of better
strategies for patient management. Furthermore, in our clinical
study, we found that elevated plasma D-dimer levels were an
independent risk factor associated with metastasis, vascular cancer
emboli, and disease-free survival (tumor recurrence) and hence
contribute to poor survival in patients. We found elevated plasma
D-dimer levels not only in metastasis patients but also in some
stage IV patients, N3 lymph node invasion patients without
obvious metastasis and some stage I, I I, and I I I patients. After a
short follow-up study, we found that most of these patients showed
tumor recurrence with hematogenous metastasis. The elevation of
plasma D-dimer levels is an interesting phenomenon associated
with the underlying micro-tumor metastasis of most of these
patients, but it cannot be detected via current detection methods,
in spite of the fact that elevated plasma D-dimer levels were first
detected in these patients. Plasma D-dimer levels represent a better
predictor of metastasis in GC patients. Although tumor markers
such as CEA are widely used for the follow-up of patients with
gastrointestinal cancers, their lack of sensitivity remains an issue.
We also found that circulating D-dimer levels are better predictors
of metastasis, OS and DFS than CEA levels in GC patients.

Due to the imnaccuracy of CT and other modalities for the
detection of asymptomatic hematogenous metastasis, it is often
difficult to determine whether patients are eligible for potentially
curative resection via current generation C'T scanning. Current
imaging modalities and tumor markers are sometimes useless for
monitoring therapy. Measurement of D-dimer levels may be a
useful diagnostic tool to predict asymptomatic hematogenous
metastasis.

In some high malignancy diseases, such as pancreatic cancer
and melanoma, we found that D-dimer levels were remarkably
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During the follow-up study, there are some insufficient exists in
our present study. The first one is how many of the patients
developed thrombotic complications is not cleared. Patients were
followed systematically (refer to NCCN guidelines for GC). For
asymptomatic patients, follow up included a complete history and
physical examination, C'T' scan of the chest and abdomen, an
ultrasonic B scan of the abdomen (live and adrenal glands), bone
marrow scan and endoscopy biopsy to exclude recurrence and
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follow up. As long as 3 of 395 patients with symptomatic
thrombus, while in other patients, as hypercoagulability exist in
most of the cancer patients, so asymptomatic thrombus and micro-
thrombus can not be excluded. The second one is the elevation of
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In summary, we described the levels of plasma D-dimer, which
can reflect enhanced fibrin formation and fibrinolysis hyper-
coagulability in a large number of GC patients. Plasma D-dimer
levels were high in metastasis GC patients, although the sensitivity
and specificity for metastasis prediction were not sufficiently high.
However, considering that the test is low cost and easy to perform,
it should be considered for the testing of cancer patients, especially
in developing countries.
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