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Background: Tumor-related coagulation dysfunction has been reported to be closely associated with poor 
prognosis. The present study is aimed to evaluate the prognostic prediction of an elevated plasma D-dimer 
cut-off value in advanced non-small cell lung cancer (NSCLC).
Methods: A total of 233 patients initially diagnosed with advanced NSCLC were retrospectively analyzed, 
an elevated plasma cut-off value 981 ng/mL of D-dimer, which was instead of the clinical cut-off value  
500 mg/mL, was used to determine the high and low. Univariate analysis using the Kaplan-Meier method 
and log-ranking test, and the multivariate analysis using the Cox proportional hazard regression model were 
performed.
Results: Results showed when using the D-dimer value of 500 ng/mL as an evaluation standard, there was 
no significant difference in gender, age, smoking status, histopathology and overall survival rate between 
normal D-dimer (≤500 ng/mL) and high D-dimer (>500 ng/mL) group. However, when the evaluation 
standard for plasma D-dimer was set at 981 ng/mL, the age distribution of the high D-dimer (>981 ng/mL)  
group was significantly different from the normal D-dimer (≤981 ng/mL) group. Moreover, the overall 
survival rate in the high D-dimer (>981 ng/mL) group was significantly lower than that in the normal D-dimer 
(≤981 ng/mL) group.
Conclusions: The present study implied that increasing the plasma D-dimer cut-off value to 981 ng/mL is 
more beneficial to prognosis prediction in advanced NSCLC.
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Introduction 

The progression of cancer is strongly associated with 
the function of the coagulation-fibrinolysis system. 
The coagulation system can be started by cleavage of 
plasminogen by tissue plasminogen activator. Fibrinolysis 

system activation can promote the growth and migration 
of  cancer cel ls  and lower the inf lammatory cel l-
mediated immune response, thus accelerating cancer 
progression (1). In patients with non-small cell lung cancer 
(NSCLC), fibrinolysis system activation also influences 
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chemotherapy tolerance. Patients with lung cancer often 
show a coagulation abnormality state, including venous 
thromboembolism (VTE) or disseminated intravascular 
coagulation (DIC) (2). Tumor-related thrombosis has a 
considerable influence on the prognosis of patients with 
cancer. Cancer patients with VTE frequently receive long-
term anticoagulant therapy before anticancer treatment, 
which may miss the best time for anticancer treatment, 
leading to a dissatisfactory treatment effect (3).

Additionally, VTE can increase the risk rate of 
hemorrhage in cancer  pat ients ,  thus delaying or 
interrupting chemotherapy, resulting in an inferior quality 
of life in patients (1,4-6). Thrombus formation induces 
non-cancer causes of death in cancer patients and leads to 
a low survival rate (7). Therefore, early detection of VTE 
and reasonable anticoagulant therapy have a critical impact 
on the prognosis of cancer patients. Meanwhile, it is shown 
that tumor cells and the hemostatic system are highly 
interconnected in biological research recently. Tumor cells 
can activate systemic coagulation through multiple pathways 
and induce hemostatic and fibrinolytic abnormalities, which 
can lead to cancer, angiogenesis, and metastasis (8).

Plasma D-dimer is a small cross-linked protein generated 
from fibrin degradation and is an essential indicator of 
coagulation dysfunction (2,9-11). It has critical implications 
for the exclusion of cancer-related thrombosis clinically (12).  
Elevated plasma D-dimer levels were found in gastric 
cancer, colorectal cancer, lung cancer, and breast cancer 
patients, and its plasma levels were reported to be closely 
associated with the prognosis of solid tumors (2,13). The 
plasma D-dimer levels can be used to predict VTE in cancer 
patients (3,14). At present, 500 ng/mL is used as the cut-
off screening value of D-dimer to patients with disorders 
of coagulation. However, it is not clear if that is a suitable 
cut-off value for NSCLC patients to screen coagulation 
disorders (15).

In the present study, we analyzed the relationship 
between plasma D-dimer levels and survival rate in 
patients with NSCLC and evaluated the clinical value of 
the elevated plasma D-dimer cut-off value in prognosis 
prediction of NSCLC. We found the cut-off value for the 
plasma D-dimer to diagnose VTE is set at 500 ng/mL,  
and level high diagnostic sensitivity can be achieved but 
at the cost of specificity. Therefore, increasing the plasma 
D-dimer cut-off value is of immense value to the prediction 
of VTE in cancer patients. In our previous study, we 
found the diagnostic sensitivity and specificity for VTE 

were remarkably elevated when the plasma D-dimer cut-
off value for cancer patients was raised to 981 ng/mL 
(15,16). Previous research has shown that elevated platelet 
(PLT) count, fibrinogen (FIB) level, and D-dimer level 
are associated with poor prognosis in lung patients, but 
the results have been inconsistent (4,17). Furthermore, no 
earlier study has investigated the effect of elevated plasma 
D-dimer cut-off value on advanced NSCLC prognosis. 
Therefore, we conducted this study to investigate the 
application of an elevated plasma D-dimer cut-off value that 
improves prognosis’ prediction of advanced NSCLC.

We present the following article in accordance with the 
REMARK reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-5947).

Methods

Patient population

The study included 60 healthy persons and 233 patients 
with Eastern Cooperative Oncology Group (ECOG) 
performance scores of 0, 1, 2, who were histological- or 
cytologically-diagnosed advanced NSCLC at Tianjin 
Medical University Cancer Institute & Hospital between 
Oct 2013 and Oct 2019. Inclusion criteria included those 
(I) with NSCLC at IIIB or IV on initial diagnosis, (II) with 
complete follow-up data available, and (III) individuals 
who had not received chemotherapy, radiotherapy, or 
other treatments before diagnosis. Exclusion criteria 
included those (I) with secondary tumors other than 
NSCLC, (II) with diseases including active infection, 
malnutrition, familial coagulopathy, peripheral vascular 
disease, thromboembolism, end-stage renal or liver disease, 
and (III) who received anticoagulants and anti-thrombotic 
therapy, and those with ECOG performance scores of 
3–4. Sixty healthy subjects were enrolled in the control 
group. The Ethics Committee approved the study of the 
Tianjin Medical University Cancer Institute & Hospital. 
All procedures performed in this study involving human 
participants were in accordance with the Declaration of 
Helsinki (as revised in 2013). All participants supplied their 
written, informed consent before being studied.

Study design 

The patients were diagnosed with bronchoscopic forceps 
biopsy, transbronchial biopsy, pleural puncture and 
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biopsy, and pathological and cytological examination of 
the transthoracic needle aspiration biopsy specimens. 
The disease stage was determined on clinical and physical 
examination, such as thoracic computed tomography 
(CT), brain CT, magnetic resonance (MR), abdominal 
ultrasonography (USG), bone scintigraphy, and PET-
CT findings. The classification was made according to 
the tumor, node, metastasis (TNM)-7 staging system (18).  
Patients with stage IIIB and Stage IV received chemotherapy 
or chemotherapy and radiotherapy. Since we examined the 
association between assessment of the post-CT response and 
coagulation factors, most of our patients had Stage IIIB and 
Stage IV disease. The following data were extracted from 
participants’ medical records: age, gender, smoking status, 
histology, pathological stage and laboratory examination 
results including prothrombin time (PT), plasma D-dimer 
level, carcinoembryonic antigen (CEA), cytokeratin-19 
fragment (CYFRA21-1), lactate dehydrogenase (LDH), 
and squamous cell carcinoma antigen (SCC). All laboratory 
examination results were obtained from patients at their 
first hospitalization when they had not received any surgery 
or chemotherapy.

The laboratory findings were evaluated on levels of PLT 
[(100–300)×109/L], CEA (5 μg/L), CYFRA21-1 (3.3 μg/L), 
SCC (1.5 μg/L) and LDH (250 U/L). And the patients were 
classified into normal-, low-, and high-level groups on these 
levels. The information on survival time was obtained from 
the Death Registry or calls to patients’ relatives. 

Biochemical tests

Venous blood samples were drawn for all patients for 
measurement of serum D-dimer, PT, APTT, INR, and 
LDH levels. The samples were centrifuged for separation 
of cells. The D-dimer level was assessed by enzyme-linked 
fluorescent immunoassay using a mini-VIDAS device 
(Bio-Mérieux SA, Craponne, France) at the biochemistry 
laboratory in our hospital.

Statistical analysis

Data were evaluated using the SPSS software, Version 16 
(IBM, Armonk, NY, USA). The Mann-Whitney U-test 
was used for independent two-group comparisons, and the 
Kruskal-Wallis test for multiple comparisons. The relations 
between variables are assessed using a nonparametric 
correlation method. The Kaplan-Meier survival analysis 

method assessed the survival time. The survival comparisons 
were performed using a log-rank test. The Cox regression 
method was used for factors predicting mortality. A P value 
of <0.05 was considered statistically significant.

Results

Baseline demographic and clinicopathological characteristics

We retrospectively analyzed 706 patients, but only  
233 patients met the inclusion criteria and were included in 
this research. The baseline characteristics of the remaining 
233 patients are shown in Table 1. There were 163 (69.96%) 
men and 70 (30.04%) women among the 233 patients, 
with a median age of 67 years. Most lung tumors were 
adenocarcinoma (53.22%), followed by squamous cell 
carcinoma (23.61%), and other NSCLC (23.18%). There 
were 110 (47.21%) patients at stage IIIB and 123 (52.79%) 
at stage IV among NSCLC patients. The abnormal 
proportion of preoperative CEA, CYFRA21-1, SCC, and 
LDH values was 62.23%, 56.65%, 32.62%, and 47.21%, 
respectively. 

Results of coagulation tests in the study and control groups

The D-dimer (2,687.22 ng/mL) was statistically higher 
in the NSCLC group compared with the control group  
(406.30 ng/mL) (P=0.000), but the difference of the PT 
and INR levels did not achieve any statistical significance 
(P>0.05) (Figure 1).

Factors affecting overall survival: by univariate and 
multivariate analysis

Univariate analyses were performed using the Kaplan-
Meier method to assess the predictive capacity of each 
tested variable (Table 2). Sex (P=0.001), and D-dimer level, 
the cut-off value of which was 981 ng/mL (P=0.0001), is 
predictive of the OS.

As Table 2 demonstrates, there was no significant 
difference in median OS between the normal- and high-
level D-dimer groups (22.44 vs. 17.65 months; P>0.05) 
when the cut-off value of the D-dimer was 500 ng/mL. 
Otherwise, there was a significant difference in median OS 
between the normal- and high-level D-dimer groups (22.65 
vs. 15.42 months; P<0.001), when the cut-off value of the 
D-dimer was 981 ng/mL (Figure 2).
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Discussion

Cancer patients are often accompanied by dysfunction of 
coagulation and fibrinolysis systems, which could accelerate 
the progress of the tumor. Especially, hyperfibrinolysis can 
degrade tumor matrix proteins, which leads to promoting 
tumor cell invasion and migration. Recent studies have 
shown that D-dimer is strongly associated with lymph node 
metastases in NSCLC (19-21). Tumor microenvironment 
constituted by immune cells and stromal cells with other 
“niche” cells leads to cancer patients’ tumor-associated 
coagulation abnormalities, including one of the fibrin 
degradation products, D-dimer, content increases (8). In our 
prophase research, 711 tumor patients’ blood coagulation 
and fibrinolysis related laboratory index statistical results 
showed that the relative indexes associated coagulation in 
tumor patients were different from those in the normal 
population. However, the cut-off value of 500 ng/mL  
D-dimer for screening disorders of coagulation, which may 
not meet the clinical requirements for screening disorders of 
coagulation for advanced NSCLC patients. Increasing the 
cut-off value of the D-dimer to 981 ng/mL can effectively 
predict disorders of coagulation in tumor patients (16).

Earlier studies have shown that D-dimer between 
gender, pathological type, CEA, CYFRA 21-1, and LDH of 
advanced NSCLC patients with content has no discernible 
difference. However, age is a crucial factor that affects the 
D-dimer discretion of NSCLC patients (15,22). Our study 
found it enhanced the value of the cut-off from 500 to  
981 ng/mL. There exist statistical differences in the content 
of D-dimer among different age groups, but 500 ng/mL as 
the cut-off value cannot reflect the correlation between age 
and D-dimer. 

Much research showed that thrombolytic activity 
is closely related to tumor angiogenesis, metastasis, 
chemotherapy resistance, and prognosis.  NSCLC 
patients are often accompanied by hypercoagulability and 
hyperfibrinolysis (8). Previous studies have shown that 
plasma D-dimer can be used as an essential indicator of 
progression and lymph node metastasis, and high plasma 
D-dimer is also a poor prognostic factor for patients with 
NSCLC cancer (23-25). In this study, it was found that 
when 500 ng/mL was used as a cut-off value, there was 
no significant difference in the survival period of patients 
with NSCLC in different groups, which indicates that  
500 ng/mL might be lower cut-off value to patients 

Table 1 Demographic and other baseline characteristics of the 233 
advanced NSCLC patients

Variables N %

Age

<60 years 78 33.48

≥60 years 155 66.52 

Gender

Male 163 69.96

Female 70 30.04

Smoking history

Non-smoker 80 34.33

Smoker 124 53.22

Ex-smoker 29 12.45

ECOG

0 80 34.33 

1 65 27.90

2 88 37.77

Histopathology

Adenocarcinoma 124 53.22 

Squamous carcinoma 55 23.61 

Others 54 23.18 

Stage

Stage IIIB 110 47.21 

Stage IV 123 52.79 

Level of carcinoembryonic antigen (CEA)

Normal 88 37.77 

High 145 62.23 

Level of cytokeratin-19 fragment (CYFRA21-1)

Normal 101 43.35 

High 132 56.65 

Level of squamous cell carcinoma antigen (SCC)

Normal 157 67.38 

High 76 32.62 

Level of lactate dehydrogenase (LDH)

Normal 123 52.79 

High 110 47.21 

D:/Dict/8.5.1.0/resultui/html/index.html#/javascript:;
javascript:void(0);
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with NSCLC. It is unsuitable to correctly distinguish 
coagulation dysfunction of patients with NSCLC 
from the normal coagulation states. When the cut-
off value of the D-dimer was increased to 981 ng/mL, 
it was found the survival period of the above group 
was significantly lower than the below group, and the 
increase of the cut-off value of the D-dimer to 981 ng/mL  
may be an important clinical indicator to evaluate the 
prognosis of patients with advanced NSCLC.

D-dimer, as the degradation product of fibrinolytic 
protein, reflects whether the body’s internal fibrinolytic 
system is abnormal, and the high content of d-dimer in 
plasma is closely related to the poor prognosis of patients 
with advanced NSCLC (20), breast cancer (26), ovarian 
cancer (27), pancreatic cancer (28) and colon cancer (29). 
However, in this study, it was found that the original cut-

off value of 500 ng/mL as D-dimer could not adequately 
assess the prognosis of advanced NSCLC patients and the 
enhance of its cut-off value was firmly related to the survival 
of advanced NSCLC patients. Simultaneously, there was 
no statistical difference in the survival of advanced NSCLC 
patients with different CEA, LDH, and CFYR21-1.

Conclusions

In conclusion, the D-dimer cut-off value increased to  
981 ng/mL after that, which can be used to show whether 
hyperfibrinolysis exists (1,13). The high content of D-dimer 
(>981 ng/mL) is an essential indicator of the poor prognosis 
of advanced NSCLC patients. Therefore, improving the 
D-dimer cut-off value can effectively evaluate the prognosis 
of NSCLC patients.

Figure 1 Comparison of coagulation and fibrinolysis indexes between the NSCLC group and normal control group.
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Table 2 Univariate analysis of the patient survival according to the 
clinicopathologic characteristics

Variables Number
Medium overall 

(months)
P

Sex 0.001

Male 163 15.84

Female 70 24.21

Age 0.192

<60 years 78 17.22

≥60 years 155 24.50

Smoking history 0.342

Yes 109 17.43

No 124 19.20

Histology 0.034

Adenocarcinoma 124 17.83

Squamous carcinoma 55 20.39

Others 54 13.85

Carcinoembryonic antigen (CEA) 0.129

Normal 88 16.23

High 145 19.66

Cytokeratin-19 fragment (CYFRA21-1) 0.286

Normal 101 15.90

High 132 19.07

Squamous cell carcinoma antigen (SCC) 0.513

Normal 157 17.92

High 76 19.40

Lactate dehydrogenase (LDH) 0.429

Normal 123 19.10

High 110 17.64

D-dimer (cut-off 500 ng/mL) 0.102

Normal 36 22.44

High 197 17.65

D-dimer (cut-off 981 ng/mL) 0.0001

Normal 96 22.65

High 137 15.42

Figure 2 Kaplan-Meier estimates of the survival probabilities 
between normal and high D-dimer levels. (A) The cut-off value 
was 500 ng/mL; (B) the cut off value was 981 ng/mL.
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