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Abstract: Elevated D-dimer is frequently found among cancer patients especially for advanced stage patients. Acti-
vation of the coagulation system and the fibrinolytic cascade are supposed to be associated with higher risk of inva-
sion, metastases and worse outcome. The purpose of this study is to investigate the dynamic variation of plasma D-
dimer and its relationship with other markers of the coagulation system including platelet counts, fibrinogen levels, 
prothrombin time (PT), activated partial thromboplastin time (APTT) and thrombin time (TT) in terminal stage cancer 
patients. We designed a self-controlled study to compare plasma D-dimer dynamic variation from 0-4 weeks to 4-8 
weeks before patients’ death. The plasma D-dimer levels pointed an elevated tendency and revealed statistically 
significant difference as patients gradually near death. Prolonged PT, APTT and TT were found. D-dimer levels were 
positively correlated with PT, APTT and TT but showed negative correlation with platelet counts and fibrinogen levels. 
Plasma D-dimer levels gradually increased as terminal stage cancer patients approaching to death. Increasing D-
dimer levels may predict worse outcome. 
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Introduction 

Thrombosis is a complication frequently seen 
in cancer patients. Studies showed that approx-
imately 20% of the total burden of venous 
thrombosis was caused by cancer [1]. The rela-
tionship between cancer and hemostasis has 
been established. Malignant condition usually 
causes physiological changes leading to dete-
rioration in the hemostatic status. Tumor 
growth, angiogenesis, metastasis and coagula-
tion activation are often accompanied by the 
activation of the fibrinolytic system. D-dimer is 
a degradation product of fibrinogen and cross-
linked fibrin, appear in the blood, signaling the 
activation of hemostasis and fibrinolysis. 
Increased D-dimer levels are often observed in 
patients with suspected venous thromboem-
bolic events (VTE) [2] as well as in patients with 
other clinical conditions including pregnancy, 
surgery, sepsis, and critical illness [3]. There is 
increasing evidence that the coagulation cas-

cade may also be triggered by oncogenic 
events, leading to a prothrombotic environment 
[4]. Importantly, rather than being merely a trig-
ger of increased thromboembolic events, can-
cer induced hemostatic activity has been 
shown to promote tumor growth and cancer cell 
dissemination [5]. In cancer patients, the con-
tributing factors for high D-dimer levels include 
chemotherapy, prolonged hospital stays, and 
tumor progression itself. It is generally believed 
that both the tumors, through production of 
procoagulant factors, and the host, through its 
inflammatory response, take part in the pro-
cesses [6].

High D-dimer levels have been found to be 
associated with decreased survival in cancer 
patients with malignancies such as lung cancer 
[7, 8], breast cancer [9], colorectal cancer [10] 
and ovarian cancer [11]. However, most studies 
focused the role of plasma D-dimer on operable 
early stage cancer patients, there was relatively 
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cations of malignancy or cachexy (3) adequate 
clinical information in the records (4) plasma 
D-dimer levels were recorded during 0-4 weeks 
period and 4-8 weeks period before patients’ 
death. Patients were excluded if the presence 
of any the following criteria: (1) venous or arte-
rial thromboembolism before plasma D-dimer 
levels were measured; and continuous antico-
agulation with vitamin K antagonists or low-
molecular-weight heparins (2) surgery within 
the preceding 3 weeks and chemotherapy with-
in 1 months prior to s plasma D-dimer levels 
were measured.

Blood sampling and reagents

Peripheral venous blood was collected in 
Vacutainer tubes (Becton Dickinson) containing 
1/10 volume of 0.129 M sodium citrate. 
Samples were prepared by centrifugation at 
2200 g for10 min. D-dimer, PT, APTT, TT and 
fibrinogen levels were determined on SYSMEX 
CA-7000, a fully automated multiparameter 
hemostasis analyzer equipped with a photo-
optical clot detection unit and a cap-piercing 
system, according to the manufacturer’s 
instructions. Platelet counts were measured 
with Sysmex XE-2100™ Automated Hematology 
System. All coagulation parameters are mea-
sured on citrated plasma within 2 h of sample 
collection. At our institution, plasma D-dimer 
levels less than or equal to 250 ng/ml, blood 
platelet counts between 100 and 300 (×109/L), 
and plasma fibrinogen levels between 200 and 
400 mg/dl are considered to be within the nor-
mal range.

Statistics

The results are reported either as mean or as 
median values depending on the type of distri-
bution and interquartile range. Assessment of 
relationships between D-dimer and other mark-
ers of the coagulation system (platelet counts, 
fibrinogen levels, PT, TT and APTT) were accom-
plished using Pearson correlation analysis. 
Paired-Sample T test was performed to evalu-
ate dynamic change of D-dimer, platelet counts 
and fibrinogen levels. SPSS17.0 was used for 
calculation of all these significance tests.

Results

Patient characteristics

The study involved 81 terminal stage cancer 
patients died of malignancy from September 
2008 to September 2012. The 81 patients had 

Table 1. Characteristics of the patients
Characteristic No. (%)
Overall/N 81 (100)
Sex
    Male 45 (56)
    Female 36 (44)
Age/year
    ≤ 60 38 (47)
    > 60 43 (53)
Tumor stage
    IV 78 (96)
    III b 2 (2.5)
    III c 1 (1.5)
0-4 weeks
    ≤ 0.25 mg/L 25 (31)
    > 0.25 mg/L 56 (69)
4-8 weeks
    ≤ 0.25 mg/L 38 (47)
    > 0.25 mg/L 43 (53)
Site of cancer 
    Lung 26 (32)
    Digestive Tract 30 (37)
    Breast 6 (7.4)
    Pancreatic 4 (4.9)
Endometrium 3 (3.7)
    Ovarian 2 (2.5)
    Liver 2 (2.5)
    Prostate 2 (2.5)
    Others 6 (7.5)

few studies explore hypercoagulability in 
advanced cancer patients. In addition, coagula-
tion status of cancer patients is a long-term 
dynamic process, so a single measurement of 
plasma D-dimer is not conducive to make accu-
rate judgments about the disease progression 
of cancer patients. Our retrospective study was 
conducted to observe the dynamic variation of 
D-dimer levels and analysis the impact of plas-
ma D-dimer on terminal stage cancer patients.

Materials and methods

Patients

We designed a retrospective self-controlled 
study using data obtained from medical records 
with approval from our institutional ethical 
review board. Eighty one (81) terminal stage 
malignant tumor patients were included in the 
present study. Patients were included if they 
met the following criteria: (1) histological confir-
mation of diagnosis (2) patients died of compli-
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Figure 1. Dynamic variation of plasma D-dimer levels. Box plot of plasma D-
dimer results from 4-8 weeks and 0-4 weeks before patients’ death. Box plots 
represent the range of data from the 25th to the 75th interquartile range, while 
the horizontal line in the middle of each box plot represents the median value. 
Circles and asterisks indicate outliers (1.5 x the interquartile range) and ex-
treme values (3.0 x the interquartile range) outside the central box, respec-
tively. The area below the horizontal line represents normal expected values 
established in our laboratory.

Table 2. Dynamic variation results of plasma D-dimer in different 
malignant tumor sites (

_
x  ± S, n = 62)

Groups N 4-8 weeks 
before death

0-4 weeks 
before death P-value

lung cancer 26 0.33 ± 0.38 0.60 ± 0.76 0.015
malignant tumor of digestive tract 30 0.50 ± 0.64 0.84 ± 1.0 0.004
breast cancer 6 0.33 ± 0.31 0.48 ± 0.40 0.28

a mean age of 62 ± 12 with 45 males and 36 
females. Twenty-six patients had lung cancer, 
thirty patients had digestive tract malignancy, 
six had breast tumors, four had a pancreatic 
cancer and fifteen patients had other malig-
nant tumors. Seventy-eight patients were stage 
IV, two patients were stage III b and one patient 
was III c. The results showed that, among all 
the patients, 38 had normal plasma D-dimer 
levels (≤ 0.25 mg/L) and 43 had elevated 
D-dimer levels (> 0.25 mg/L) 4-8 weeks before 
their death; however, 25 had normal plasma 
D-dimer levels (≤0.25 mg/L) and 56 had elevat-

ed D-dimer levels (> 0.25 
mg/L) 0-4 weeks before 
their death. The test results 
and patient characteristics 
are listed in Table 1.

Distribution of plasma D-
dimer levels

The D-dimer levels of 
53.1% of all examined ter-
minal stage patients were 
above the normal reference 
cut-off value during 4-8 
weeks period, however, 
during 0-4 weeks period, 
69.1% of the patients dis-
played D-dimer levels abo- 
ve the upper limit of the 
normal cut-off point. A sig-
nificant increasing tenden-
cy of plasm D-dimer was 
seen from 4-8 weeks to 0-4 
weeks. Using Pearson χ2 
Test to assess the distribu-
tion of plasma D-dimer val-
ues for the two periods, we 
found significant difference 
between the two periods 
that patients had higher 
D-dimer levels during the 
0-4 weeks than during the 
4-8 weeks, P = 0.036). The 
Paired-Samples T Test 
results showed much more 
significant elevated tenden-
cy (P < 0.001) (see Figure 
1).

Variation of D-dimer levels 
according to sites of tumor

The association of D-dimer 
levels with tumor sites was 

analyzed separately. With the Paired-Samples T 
Test, an elevated D-dimer level is associated 
with increased mortality risk in patients with 
lung cancer (P = 0.015) and digestive tract 
tumor (P = 0.004), but not in patients with 
breast cancer (P = 0.28) (Table 2).

Correlation analysis of plasma D-dimer levels 
with platelet counts, fibrinogen levels and 
other markers of coagulation time 

Platelet counts gradually declined from 4-8 
weeks to 0-4 weeks before patients’ death with 
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Figure 2. Dynamic variation of platelet counts. Box plot of platelet counts re-
sults from 4-8 weeks and 0-4 weeks before patients’ death. Box plots represent 
the range of data from the 25th to the 75th interquartile range, while the hori-
zontal line in the middle of each box plot represents the median value. Circles 
and asterisks indicate outliers (1.5 x the interquartile range) and extreme val-
ues (3.0 x the interquartile range) outside the central box, respectively. The 
area below the horizontal line represents normal expected values established 
in our laboratory.

a statistically significant differences between 
the two time intervals (P < 0.001). While the 
mean platelet counts remained above the nor-
mal conventional low cut -off point for both time 
period (see Figure 2). Higher D-dimer levels 
were associated with lower platelet counts, as 
evidenced by results of the correlation analysis 
using all data collected in the study (p = 0.045, 
r = -0.158). The levels of fibrinogen also 
declined throughout the terminal stage. There 
were significant differences between the 
parameter of the 4-8 weeks period and 0-4 
weeks period (P = 0.012) (see Figure 3). The 
correlation analysis showed that there was a 
negative linear correlation between D-dimer 
and fibrinogen levels (p = 0.001, r = -0.27). An 
analysis of the dynamic variation of APTT, PT 
and TT found that all these three blood coagu-
lation time parameters were prolonged signifi-
cantly from the 4-8 weeks period to 0-4 weeks 
period before patient’ death. Significant posi-

tive linear correlations were 
observed D-dimer levels 
and APTT (p = 0.023, r = 
0.18), TT (p ≤ 0.001, r = 
0.29) and PT (p ≤ 0.001, r = 
0.47). In case of the hemo-
globin levels, statistically 
significant decreased ten-
dency was observed bet- 
ween the 4-8 weeks period 
and the 0-4 week period. 
Although patients’ hemo-
globin levels decreased sig-
nificantly as disease pro-
gressed, no linear corr- 
elation was found between 
hemoglobin and D-dimer 
levels (p = 0.34, r = 0.075) 
(Table 3).

Discussion

Activation of clotting system 
often leads to more aggres-
sive tumor biology, mecha-
nistically, it is mainly the 
result of increased expres-
sion of tissue factor, which 
is the primary trigger in the 
initial activation of the clot-
ting cascade leading to 
fibrin deposition. Tumor 
cells can express tissue fac-
tor which contributes to 

metastatic spread, tumor growth, and tumor 
angiogenesis. Tissue factor can also lead to the 
fibrin coating of the cells that enables the cells 
to be captured within the microvasculature and 
facilitates hematogenous metastasis [12]. 
Duration and severity of coagulation activation 
strongly were associated with cancer progno-
sis. Advanced cancer stage with high tumor 
burden and high proliferation rate are associ-
ated with high coagulation activation, and, 
finally, fibrin formation provides suitable extra-
cellular matrix for cancer cells to migrate and 
grow [13]. D-dimer levels can be easily mea-
sured with standardized methods and are rou-
tinely used in the clinical setting. They may be a 
global surrogate marker of the association 
between cancer and the activation of hemosta-
sis and fibrinolysis.

Fukumoto K divided patients into three groups 
according to the D-dimer level: group A (≤ 0.50 
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Figure 3. Dynamic variation of fibrinogen levels. Box plot of fibrinogen levels 
results from 4-8 weeks and 0-4 weeks before patients’ death. Box plots repre-
sent the range of data from the 25th to the 75th interquartile range, while the 
horizontal line in the middle of each box plot represents the median value. Cir-
cles and asterisks indicate outliers (1.5 x the interquartile range) and extreme 
values (3.0 x the interquartile range) outside the central box, respectively. The 
area below the horizontal line represents normal expected values established 
in our laboratory.

Table 3. Pearson correlation analysis of D-dimer levels with markers 
of coagulation and fibrinolytic system and hemoglobin

Pearsoncorrelation Fibrin-
ogen

Platelet 
counts

Hemo-
globin APTT PT TT

D-dimer
Correlation coefficient -0.27 -0.158 0.075 0.18 0.47 0.29
P-value 0.001 0.045 0.34 0.023 < 0.001 < 0.001

μg/ml), group B (0.51-0.86 μg/ml) and group C 
(> 0.86 μg/ml) and found that D-dimer level is 
an independent prognostic factor for patients 
with completely resected NSCLC [14]. Zhang PP 
et al. reported that the preoperative plasma 
D-dimer level is an important prognostic bio-
marker in patients with operable NSCLC (TNM 
stage I, II and IIIA) that is independent of VTE 
[15]. However, majority studies reported the 
significant role of plasma D-dimer for early 
stage cancer patients. In our study, we retro-

spectively reviewed the 
dynamic variation of each 
terminal stage patients’ 
plasma D-dimer levels in 
0-4 weeks period and 4-8 
weeks period separately 
and found that the mean 
levels of plasma D-dimer 
were above the normal con-
ventional cut-off point in 
both time intervals. D-dimer 
levels increased gradually 
when patients close to 
death. D-dimer levels in 
0-4 weeks period was sig-
nificantly higher than 4-8 
weeks. Even in terminal 
stage cancer patients with 
normal plasma D-dimer lev-
els in both time period, 
their plasma D-dimer levels 
had an increasing tendency 
as disease progressed (P = 
0.013). Dynamic variation 
of plasma D-dimer might 
help to predict disease pro-
gression of terminal stage 
cancer patients.

Platelet is an important 
component of hemostasis 
processes and was found 
to increase with disease 
progression in gastric can-
cer [16]. Allensworth SK 
reported preoperative thr- 
ombocytosis portends wor- 
se DFS in epithelial ovarian 
cancer and associated with 
extensive initial disease 
burden, measurable resid-
ual disease, and postoper-
ative sequelae [17]. Plasma 

components stored in platelets can contribute 
to tumor growth and invasiveness of the cancer 
cells by releasing various cytokines, including 
vascular endothelial growth factor (VEGF) and 
platelet-derived growth factor (PDGF), which 
has a significant role in regulating angiogenesis 
[18]. In this study, although the mean levels of 
platelet counts were above the normal conven-
tional cut-off point in both time intervals, plate-
let counts showed decreasing tendency in ter-
minal stage patients with disease progression. 
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Platelet counts measured in 0-4 week period 
were significant lower than those measured in 
4-8 weeks period.

Plasma fibrinogen levels, as another important 
haemostatic variable, have prognostic signifi-
cance in patients with cancer exhibiting a role 
in tumor growth, invasion and metastasis by 
promoting tumor neovascularization and sup-
porting the sustained adhesion of tumor cells 
[19]. Tanaka N reported preoperative elevated 
plasma fibrinogen levels were an independent 
predictor for poor survival after RNU (nephro-
ureterectomy) and for worse pathological fea-
tures [20]. Son HJ et al. found that preoperative 
hyperfibrinogenemia was significantly associ-
ated with shorter prognostic marker in colon 
cancer [21]. In this study, we found that fibrino-
gen levels had a tendency to decrease along 
with the condition progress in terminal patients 
and had a negative correlation with D-dimer 
levels.

Decreased platelet counts and fibrinogen lev-
els may be caused by the following reasons. 
Firstly, as hypercoagulable state developing, a 
large number of platelets, clotting factors and 
fibrinogen were consumed but repressed mar-
row’s building blood function and liver dysfunc-
tion resulted in those factors can’t be supplied 
properly. Secondly, chronic nutrient depletions, 
anorexia, and long-term chemotherapy induced 
side effects such as nausea, vomiting, loss of 
appetite, oral diseases, which can result in 
debilitating conditions and malnutrition. In 
addition, majority of terminal cancer patients 
suffered from cachexia which is a multiorgan 
syndrome associated with cancer, character-
ised by body weight loss. According to Warren, 
cachexia is responsible for the deaths of 22% 
of cancer patients [22].

The association of D-dimer levels variation with 
cancer sites was analyzed separately in the cur-
rent study. It was concluded that variation of 
D-dimer level could be qualified as a disease 
progression indicator in lung and digestive tract 
cancers but not in breast cancers. Our findings 
are consistent with those previously reported 
for patients with lung and colorectal cancers [8, 
10]. However, for patients with breast cancers, 
although the mean values of plasma D-dimer 
levels appeared to rise as disease worsened, 
the increase could not be statistically signifi-
cant. This could be explained by the small sam-

ple size of the tumor type. In a larger prospec-
tive cohort study of patients diagnosed with 
breast cancer, plasma levels of D-dimers are 
significantly elevated compared to healthy con-
trols [9].

The deficiency or depletion of coagulation fac-
tors are often characterized by a prolonged PT. 
Ferrigno reported that prolongation of PT was 
strongly associated with poor prognosis in non-
small cell lung cancer patients [23]. Tas also 
reported a tendency toward decreased survival 
for patients with prolonged APTT, but it was not 
statistically significant [8]. Prolonged PT, APTT 
and TT were found in our study and D-dimer lev-
els were positively correlated with PT, APTT and 
TT.

There are some limitations concerning the 
present study. Terminal cancer patients are 
usually accompanied with inflammatory condi-
tions, characterized by elevated biochemical or 
hematologic markers, including CRP, neutro-
phils, and platelets, and a combination of those 
factors may influence test results of D-dimer 
levels. In this study, D-dimer levels were mea-
sured only in 0-4 weeks and 4-8 weeks periods 
prior to patients’ death. Future studies are rec-
ommended to include measurements of 
D-dimer levels for more time intervals to inves-
tigate the relationship between D-dimer and 
disease progression for advanced stage cancer 
patients.

In conclusion, plasma D-dimer levels pointed 
an elevated tendency and revealed statistically 
significant difference as patients gradually near 
death. Dynamic variation of plasma D-dimer 
might help to predict disease progression.
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