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Objective. This study is aimed at teasing out the correlation of plasma D-dimer (D-D) levels to age, metastasis, TNM stage (tumor-
node-metastasis classification), and treatment in non-small-cell lung cancer (NSCLC) patients of different ages, to facilitate early
diagnosis of hypercoagulable state, choose appropriate treatment, and use appropriate anticoagulants. Hence, thrombosis and
complications caused by excessive anticoagulants can be prevented; thrombus or disseminated intravascular coagulation (DIC)
and other complications in elderly patients with NSCLC can be reduced or avoided. By monitoring the level of plasma D-D
in patients with NSCLC, recurrence and metastasis can be predicted in the early stage and the TNM stage can be evaluated.
Methods. A total of 670 patients with NSCLC were selected in Shanxi Bethune Hospital from March 2014 to October 2020 as
the experimental group, and 950 healthy people were selected from the physical examination center of the same hospital as
the control group. The data of patients with NSCLC diagnosed for the first time without any treatment were collected and
grouped based on metastasis, TNM stage, treatment, and pathological type, and the correlation with plasma D-D level was
analyzed. Plasma D-D levels were measured by immunoturbidimetry on an ACL TOP 700 Automatic Coagulation
Analyzer. The patients were further divided into two groups according to different treatment methods, and the differences
in plasma D-D levels between patients receiving chemotherapy and those receiving targeted therapy in different treatment
cycles were analyzed. The correlation between D-D levels and age in healthy controls was analyzed. The difference in D-D
levels between NSCLC patients and healthy controls of the same age was analyzed. Results. All data of both the
experimental group and the control group were normally distributed. The average age of the experimental group was 61.31
+6.23 (range: 36-92) years. The average age of the control group was 61.14 + 11.12 (range: 35-85) years. There was no
significant difference in gender between the experimental group and the control group (p>0.05). The plasma D-D level of
NSCLC patients was significantly higher than that of the healthy controls (p < 0.05). No significant difference in plasma D-
D level was found between NSCLC patients of different genders, and the finding was similar between healthy controls of
different genders (p > 0.05). Significant difference in the D-D level was found between the groups of 30-59 years and 60-69
years (p <0.05), between groups of 60-69 years and 70-79 years (p<0.05), and between 70-79 years and >80 years
(p <0.05). The plasma D-D level of patients <79 years old increased with age, but it decreased in those over 80 years old.
According to Pearson correlation analysis, there was a positive correlation between the D-D level and the age of NSCLC
patients under 79 years old (p<0.05). The differences in D-D levels between the four age groups were statistically
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significant (p < 0.05), showing an upward trend of the D-D level in healthy controls with the increase of age. There were
statistically significant differences in D-D levels between NSCLC patients and healthy controls of the matching age group
(p <0.05), suggesting that NSCLC patients had significantly higher D-D levels than healthy people of the same age group.
The differences in D-D levels between NSCLC patients without metastasis, NSCLC patients with metastasis, and healthy
people were statistically significant (p <0.05). The patients with metastasis had the highest D-D level, and healthy people
had the lowest D-D level. The difference in plasma D-D levels between patients of different TNM stages was statistically
significant (p <0.05). Patients with an advanced TNM stage tended to have higher D-D levels. The TNM stage and D-D
level of NSCLC patients changed significantly before and after treatment. An earlier stage was related to a more obvious
change in D-D levels after treatment with a statistically significant difference (p <0.05). A more advanced stage was
associated with a smaller change in the D-D level after treatment, with no statistically significant difference (p >0.05). The
plasma D-D levels before and after four cycles of chemotherapy or targeted therapy were higher than those of the healthy
control group, and the differences were statistically significant (p < 0.05). The D-D level of patients after chemotherapy was
significantly lower than that before chemotherapy (p <0.05), but there was no significant difference before and after
targeted therapy (p > 0.05). The D-D level after the first cycle of chemotherapy was higher than that before chemotherapy.
The level of D-D after the third and fourth cycles was significantly lower than that before chemotherapy (p<0.05). No
significant difference was found between the D-D level before treatment and that after four cycles of chemotherapy
(p>0.05). Conclusion. It is suggested that coagulation test indexes should be included to evaluate the treatment regimen
for NSCLC patients. Most patients with NSCLC are in a hypercoagulable state, which is related to age, tumor invasion
and metastasis, recurrence, and treatment. Regular monitoring of plasma D-D levels can facilitate early diagnosis of a
hypercoagulable state and timely and appropriate use of anticoagulants, to avoid or reduce complications such as venous
thromboembolism in NSCLC patients and to prevent the risk of bleeding caused by excessive anticoagulants. Clinicians
can choose the treatment with less harm and maximum benefit for NSCLC patients based on the plasma D-D level. When
in a hypercoagulable state, the body’s blood viscosity increases, making it more conducive to the growth and infiltration of
tumor cells. Our study shows that the recurrence and metastasis of NSCLC are related to coagulation indexes, which

provides a theoretical basis for the early diagnosis and treatment of recurrent and metastatic NSCLC.

1. Introduction

Lung cancer is the most common and deadly malignant
tumor worldwide. At the time of diagnosis, 80% of lung can-
cer patients are in the advanced stage, and the 5-year sur-
vival rate is less than 15%, posing a serious threat to
human health [1, 2]. Non-small-cell lung cancer (NSCLC),
the most common pathological type [3] of lung cancer,
includes squamous cell carcinoma, adenocarcinoma, ade-
nosquamous cell carcinoma, and other histological types
except small-cell carcinoma and accounts for about 85% of
all lung cancer cases [4]. Compared with small-cell carci-
noma, NSCLC features slow growth and division, as well
as late diffusion and metastasis.

The hypercoagulable state, which is common in patients
with malignant tumors, can result in thrombosis, such as
pulmonary embolism, and hence is a leading factor of death
[5-7]. In recent years, studies have found that the disordered
coagulation function may be related to the occurrence and
development as well as the clinical treatment and prognosis
of malignant tumors [8, 9]. Therefore, the changes in coagu-
lation function and the necessity of early anticoagulation
therapy have attracted the attention of clinicians globally
[10, 11]. The complex mechanism of hypercoagulable state
in patients with malignant tumors is closely related to the
biological characteristics of the tumor and can lead to disor-
dered coagulation and fibrinolysis system [12]. Tumor cells
can secrete more tissue factors, promote the release of pro-
coagulant substances, and interact with vascular endothelial
cells, platelets, and monocytes, which all contribute to the
hypercoagulable state. Studies have shown that fibrinogen
(FIB), platelet (PLT), and cancer cells can form microthrom-
bosis under a hypercoagulable state, so tumor cells can

escape immune attack, thus leading to tumor metastasis
[13, 14]. In this paper, by analyzing the characteristics of
D-D levels in NSCLC patients, we retrospectively explored
the correlation of D-D levels to age, metastasis, TNM stage,
and treatment methods, as well as the effect of D-D levels on
a hypercoagulable state in NSCLC patients.

2. Materials and Methods

2.1. Population Statistics

(1) 670 NSCLC cases and 950 healthy volunteers were
selected for the investigation. All of them were in the
Shanxi Bethune Hospital from March 2014 to October
2020. The NSCLC patients were diagnosed according
to the World Health Organization criteria (2015 edi-
tion). And their TNM staging is based on the Interna-
tional Association for the Study of Lung Cancer
(IASLC) and the Union for International Cancer
Control (UICC) (issued in January 2017) (Table 1).
Healthy volunteers mean they received physical exam-
ination without obvious heart, liver, or kidney diseases
and the normal result of accessory examination

(2) NSCLC patients of inclusive and exclusive criteria:
inclusive: age group: 35 to 95 years old, male or
female; firstly diagnosed by pathology or cytology;
expected survival life-time > 3 months; without other
cancers; volunteer; and no enrollment in other clini-
cal trials. Exclusive: with severe immunodeficiency
or autoimmune diseases; with chronic congestive
heart failure; with a history of operation, trauma,
and burn in six months; and with hormone or anti-
coagulant therapies
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TaBLE 1: TNM classification of non-small-cell lung cancer (8th edition).
Comprehensive staging T stage N stage M stage Number
0 stage Tis (carcinoma in situ) NO MO 0
IA1 stage Tla (mis) NO MO
IA2 stage T1b NO MO 08
IA3 stage Tlc NO MO
IB stage T2a NO MO
ITA stage T2b NO MO
Tla-c N1 MO
T2a N1 MO 101
IIB stage
T2b N1 MO
T3 NO MO
Tla-c N2 MO
T2a-b N2 Mo
IITA stage T3 N1 MO
T4 No (]
T4 N1 MO
Tla-c N3 MO 172
T2a-b N3 MO
IIIB stage
T3 N2 Mo
T4 N2 MO
IIIC stage 3 N3 Mo
T4 N3 MO
IVA stage Any T Any N M1la/b 299
IVB stage Any T Any N Mic
Total 670
TNM:Tumor Node Metastasis.
TABLE 2

(3) TNM staging

(4) NSCLC patient therapy grouping

Chemotherapy group: chemotherapy regimen: on the
basis of supporting treatment, pemetrexed (MTA,
500 mg/bottle, Hausen Pharmaceutical, H20093996)
500 mg/m? (d1) +cisplatin (DDP, 20 mg/bottle, Qilu Phar-
maceutical, production batch number: 09100212) 75 mg/m”
(d1-d5), ivgtt, was given according to the body surface area.
Oral folic acid 400 ug/d was given 7 days before the first
administration of pemetrexed for at least 5 days until 21
days after the last administration, and vitamin B12 1000 ug
was injected intramuscularly 7 days before the beginning of
the first cycle of chemotherapy, then once every 3 cycles.
Dexamethasone tablets (4mg, bid) were taken orally on
the day before, the same day, and after administration to
prevent skin reaction. The above chemotherapy consists of
one cycle every 3 weeks, with a total of four cycles. If the
disease progressed or there were serious adverse reactions,
the treatment was stopped and the study was withdrawn,
but the adverse reactions were recorded. Targeted drug ther-
apy group: the targeted treatment group was treated with
erlotinib (Roche Registration Ltd., H20170030 (150 mg/d)).

(a) Comparison of the number of patients in different gender
groups between the experimental group and the control group (n)

Grouping Experience group Control group y? value p value

Male 358 497

0.197 0.657
Female 312 453
Total 670 950

(b) Comparison of the number of patients in different age groups
between the experimental group and the control group (n)

Grouping Experience Control 2 yal value
(year) group group x> value p
30-59 189 349
60-69 273 283

26.815 p<0.001
70-79 167 177
Total 670 950

After continuous treatment for 3 weeks, the interval was 1
week for 1 cycle, and the treatment was carried out for 4
cycles.
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(5) Healthy volunteers of inclusive criteria

Age group: 35 to 95 years old, male or female; Negative
tumor markers; Healthy (conclusion) with the normal result
of accessory examination; Volunteer; No enrollment in other
clinical trials.

(6) Age grouping (NSCLC cases and 950 healthy
volunteers)

2.2. Methods. Plasma sample: fasting elbow venous blood
was collected (containing sodium citrate anticoagulant; anti-
coagulant and whole blood ratio was 1:9) and centrifugated
at 3500 r/min for 10 min (r = 13 cm), 25°C. NSCLC patient’s
blood samples were collected 12 hours before and after
treatment.

Plasma PT, INR, APTT, TT, FIB-C, AT-III, and D-D
were detected by an ACL TOP 700 Automatic Coagulation
Analyzer. The test kit was purchased from Wofen company
of Spain (modelRecombiplasTin 2G, RecombiplasTin 2G,
APTT-SP, Thrombin Time, Fibrinogen-C (clauss method)
XL Kit, Liquid Antithrombin, D-D HS500). The normal
range of Pt was 9s-12s; the normal range of PTA was
80%-160%; the normal range of INR was 0.8-1.4; the normal
range of APTT was 28s-41s; the normal range of FIB-C was
2.00 g/1-4.40 g/1; the normal range of D-D was 0-200 ng/I.

2.3. Internal Quality Control Results of Coagulation
Test Items

2.3.1. Statistical Analysis. All data were analyzed by SPSS
19.0 statistical software, and the measurement data in
accordance with normal distribution were analyzed by
means * standard deviation(x + s) description and compar-
ison between groups using the t/F test. The qualitative
data (or counting data) were described by percentage,
and the comparison between groups was described by per-
centage x> inspection. Pearson correlation was used to
analyze the correlation. The difference was statistically sig-
nificant (p < 0.05).

3. Results

3.1. Difference in the D-D Level between the Experimental
Group and the Control Group. There were 358 male and
312 female patients in the NSCLC group. The age ranged
from 36 to 92 years, with an average of 61.31 + 6.23 years.
There were 497 males and 453 females in the control group,
with an average age of 60.21 + 11.12 years. The experimental
group and the control group were further divided into four
age groups (30-59, 60-69, 70-79, and >80 years), respec-
tively. There was no significant difference in the number of
different genders between the two groups (p > 0.05). A sig-
nificant difference was found in the number of cases of dif-
ferent ages between the two groups (p <0.05), which was
comparable. Compared with the control group, the levels
of D-D (D-dimer), PT (Prothrombin Time), INR (Interna-
tional Normalized Ratio), and FIB-C (Fibrinogen-c) in the
experimental group were significantly higher (p < 0.05), the
level of TT (Thrombin Time) was significantly lower

TaBLE 4: Comparison of D-D between patients with non-small-cell
lung cancer and normal people (X +s).

Test items Experience group Control group ¢ value p value
PT 11.36 £1.01 10.87+0.65 4.452 p<0.001
INR 1.05£0.09 1.01 £ 0.06 4503 p<0.001
APTT 31.65+£2.71 31.46 +3.47  0.481 0.631

TT 13.58 £1.11 14.22+1.22  -4269 p<0.001
FIB-C 4.00+1.03 3.00+£0.55 9.282 p<0.001
AT-III 105.00 £ 18.79  104.46+11.61 0264  0.792

D-D 647.30 £1404.26 120.07 £71.55 4,108 p<0.001

D-D: D-dimer; TT: Thrombin Time; PT: Prothrombin Time; INR:
International Normalized Ratio; PT%: Prothrombin Time Activity; APTT:
Activated Partial Thromboplastin Time; FIB-C: Fibrinogen-c.

(p <0.05), and the levels of PT% (Prothrombin Time Activ-
ity) and APTT (Activated Partial Thromboplastin Time)
were significantly lower (p > 0.05) (Tables 2-5).

3.2. Difference in D-D Levels of Different Age Groups in the
Experimental Group and the Control Group. The data of
the experimental group were normally distributed. The dif-
ference in D-D level between the 30-59 age group and the
70-79 age group was statistically significant (p < 0.05), and
no significant difference was found between the other age
groups (p <0.05). The D-D levels of 30-59, 60-69, and 70-
79 age groups showed an overall upward trend with increas-
ing age, but the D-D level of the >80 age group was lower
than that of the 60-69 age group and the 70-79 age group.
Pearson correlation analysis showed that the D-D levels of
30-59, 60-69, and 70-79 age groups were positively corre-
lated to age (p < 0.05), indicating that in patients younger
than 80 years, D-D levels presented an upward trend with
the increase of age (Table 6).

The data of the control group followed a normal distri-
bution. The between-group difference in the D-D level was
statistically significant in all age groups (p < 0.05). Pearson
correlation analysis showed a positive correlation between
D-D level and age in all age groups (p < 0.05). The level of
D-D in the control group showed an upward trend with
the increase of age in the controls younger than 80 years
old (Table 6).

The D-D level of the experimental group was signifi-
cantly higher than that of the control group (p <0.05).
The D-D level in all age groups of the experimental group
was significantly higher than that in all age groups of the
control group. The D-D level showed an upward trend
with the increase of age in subjects younger than 80 years
old in both groups. However, for those older than 80 years

in the experimental group, the D-D level decreased
(Table 6).

3.3. Difference in D-D Levels between Patients with and
without Metastasis. There were 98 patients without metasta-
sis and 572 patients with metastasis. The D-D level of
patients without metastasis was significantly higher than
the control group (p < 0.01). Therefore, it was the D-D level
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TaBLE 5: Correlation analysis of coagulation indexes in patients with non-small-cell lung cancer.
Test items PT INR PT% APTT TT FIB-C AT-III D-D
r value 1 0.998 -0.840 0.425 0.351 0.243 -0.399 0.450
P p value p<0.001 p<0.001 0.019 0.057 0.196 0.002 0.013
r value 0.998 1 -0.837 0.425 0.351 0.243 -0.404 0.445
INR p value p<0.001 p<0.001 0.019 0.057 0.195 0.002 0.014
PT% r value -0.840 -0.837 1 -0.355 -0.332 -0.209 0.329 -0.317
p value p<0.001 p<0.001 0.054 0.073 0.267 0.012 0.088
APTT r value 0.425 0.425 -0.355 1 0.091 0.265 -0.128 0.116
p value 0.019 0.019 0.054 0.632 0.042 0.501 0.543
T r value 0.351 0.351 -0.332 0.091 1 -0.439 -0.229 -0.120
p value 0.057 0.057 0.073 0.632 0.001 0.022 0.529
FIB-C r value 0.243 0.243 -0.209 0.265 -0.439 1 -0.056 0.148
p value 0.196 0.195 0.267 0.042 0.001 0.768 0.436
AT-II r value -0.399 -0.404 0.329 -0.128 -0.229 -0.056 1 0.191
p value 0.002 0.002 0.012 0.501 0.022 0.768 0.132
DD r value 0.450 0.445 -0.317 0.116 -0.120 0.148 0.191 1
p value 0.013 0.014 0.088 0.543 0.529 0.436 0.132

PT: Prothrombin Time; INR: International Normolized Ratio; PT%: Prothrombin Time Activity; APTT: Activated Partial Thromboplastin Time; TT:

Thrombin Time; FIB-C: Fibrinogen-c; AT-2: Anti-Thrombin ?, D-D: D-dimer.

TasLe 6: Comparison of D-D levels in different age groups between the experimental group and the control group (¥ +s).

Test items Experience group D-D (ng/ml) Control group D-D (ng/ml) t value p value
30-59 age group 549.07 £771.86 75.04 + 36.43 3.091 0.018
60-69 age group 1058.44 + 1626.59 108.73 £43.41 4.437 0.014
70-79 age group 1194.02 + 1566.64 145.15 +51.70 7.497 0.001
>80 age group 764.68 £ 879.61 245.30 £85.92 3.579 0.016
Total 911.35+£1297.27 137.95 £ 82.35 7.091 p<0.001
F value 1.955 2.472
p value 0.124 0.015
r value 0.509 0.711
p value 0.007 p<0.001
D-D: D-dimer.

TaBLE 7: Comparison of D-D levels between the experimental group and the control group (X +s).
Grouping Experience group D-D (ng/ml) Control group D-D (ng/ml) t value p value
Nonmetastasis 448.50 + 505.17 2.945 0.004

120.07 £71.55

Metastasis 846.10 + 1908.34 4.986 p<0.001
t value 4.560
p value 0.001
D-D: D-dimer.

in patients with metastasis (p <0.01). The D-D level of
patients without metastasis was significantly higher than
that of those with metastasis (p < 0.01) (Table 7).

ROC curves of the D-D level for predicting tumor
metastasis in NSCLC patients showed an area under
the curve of 0.717 (95% confidence interval, 0.603-
0.831, p<0.001) (Figure 1).

3.4. Difference in D-D Levels between Patients in Different
TNM Stages. According to the TNM classification: 98 cases
were in stage I, 101 cases in stage II, 172 cases in stage III,
and 299 cases in stage IV. Compared with the D-D level of
the control group, the D-D levels of the patients in all
TNM stages were higher than those of the control group.
And a more advanced TNM stage was related to a higher
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F1Gure 1: ROC curves of D-dimer for predicting tumor metastasis
in NSCLC patients.

D-D level. There was no statistical significance between stage
I patients and the control group (p > 0.05), but a statistically
significant difference was found when comparing the D-D
level of the control group with that of stages II, III, and IV
patients (p < 0.05). There was a significant difference in the
D-D level between stage I and stage II patients (p <0.05)
(Table 8). The D-D level of stage III patients was signifi-
cantly higher than that of stage I and II patients (p < 0.05)
(Table 8). The D-D level of stage IV patients was signifi-
cantly higher than that of stage I, II, and III patients
(p<0.05) (Table 9). Pearson correlation analysis showed
the D-D levels of patients were positively correlated with
stage (p < 0.05), indicating that the D-D level presented an
upward trend with the increase of TNM classification
(Table 9).

3.5. Differences in D-D Levels of the Experimental Group with
Different Treatment Methods before and after Treatment and
Comparison with the Control Group. The D-D level of the
experimental group after treatment (chemotherapy or tar-
geted therapy) was significantly lower than that before treat-
ment (p <0.05) (Table 10). However, despite the type of
treatment used, the D-D level after treatment was still higher
than that in the control group, with a significant difference
(p <0.05) (Table 11).

For patients receiving chemotherapy, the D-D level
before treatment was significantly higher than that of the
control group (p<0.05); the D-D level after treatment
was significantly lower than that before treatment
(p<0.05) (Table 12). The D-D level at each chemotherapy
cycle was lower than that before treatment, and the D-D
level at the third cycle was significantly different from that
before the treatment (p < 0.05) (Table 13). Pearson correla-
tion analysis showed that the D-D levels of patients were neg-
atively correlated to the cycle (p < 0.05), indicating that D-D
levels presented a downward trend with the increase of che-

motherapy cycle (Table 13). The difference in the D-D level
between cycles was statistically significant (p < 0.05)
(Table 14).

For patients receiving targeted therapy, the D-D level
before treatment was significantly higher than that of the
control group (p<0.05) (Table 15). The D-D level
decreased after treatment compared with that before the
treatment, but the difference was not significant (p > 0.05
) (Table 15). The D-D level at each treatment cycle was
lower than that before the treatment. Although not signif-
icant, the difference was more obvious in the later cycle of
treatment (p>0.05) (Table 16). The comparison of D-D
levels between the treatment cycles showed that the
decrease of the D-D level was more obvious in the later
cycle of treatment (p>0.05) (Table 17). Pearson correla-
tion analysis showed that the D-D levels of patients were
negatively correlated to the cycle (p < 0.05), indicating that
D-D levels presented a downward trend with the increase
of targeted therapy cycles (Table 16).

4. Discussion

The incidence of NSCLC ranks first among all tumors, and it
is more commonly found in the elderly [15]. However, in
recent years, patients suffering NSCLC tend to be younger
[16]. Due to the lack of typical clinical symptoms, NSCLC
cases may have missed or delayed diagnosis. When diag-
nosed, they are already in the late stage. D-D, a degradation
product of cross-linked fibrin, is a molecular marker that can
reflect the hypercoagulable state and hyperfibrinolysis in the
body. The increase of D-D often indicates active thrombosis
and fibrinolysis in the body. D-D has a high negative predic-
tive value in the exclusion of thrombotic diseases. When D-
D is lower than the clinical decision level, the possibility of
thrombosis can be excluded.

Studies have shown that the survival rate of malignant
tumor patients without venous thromboembolism (VTE) is
at least 3 times higher than that of patients with VTE, and
the risk of death for tumor patients with VTE can be
increased by 2-6 times [17]. The incidence of VTE in
NSCLC patients is about 4%-10%. In patients with advanced
NSCLC, about 10% have symptomatic VIE, and more than
50% have asymptomatic VTE [18]. VTE, a common compli-
cation and the second cause of death in NSCLC patients, is
associated with a poor prognosis of NSCLC. The hypercoag-
ulable state of blood is the underlying mechanism for VTE.
Therefore, the change of coagulation function in patients
with NSCLC is of great value in predicting survival and
guiding treatment.

Age is often used as an important reference index. Stud-
ies on the relationship between D-D levels and age in healthy
people have shown that healthy elderly people (>60) have a
significantly higher D-D level than healthy young people
[19]. The increase of D-D levels in the elderly may be caused
by the elevated probability of vascular sclerosis, vulnerable
vascular endothelial cells, decreased inhibition of coagula-
tion system activation, secondary hyperfibrinolysis, and
increased risk of hypertension and hyperlipidemia. D-D is
mainly excreted by the kidney and cleared by phagocytes.
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TaBLE 8: Comparison of the D-D level between the experimental group and the control group in different TNM classification (X * s).

Grouping Experience group Control group

TNM classification Number D-D (ng/ml) Number D-D (ng/ml) £ value p value

I stage 98 138.35 £ 36.54 0.71 p>0.05

II stage 101 200.55+155.21 2.80 p<0.05
950 120.07 £ 71.55

11 stage 172 671.36 + 327.49 630 p<0.05

IV stage 299 1500.85 + 611.02 2.33 p<0.05

t value 1.955

p value 0.124

r value 0.773

p value p<0.001

D-D: D-dimer.

TABLE 9: p values of D-D level comparison between stage I and stage II in the experimental group.

Grouping 1 stage II stage IIT stage IV stage
Grouping D-D (ng/ml) 138.35+36.54 200.55 +155.21 671.36 + 327.49 1500.85 + 611.02
I stage 138.35 +36.54 1 p<0.05 p<0.05 p<0.05
1T stage 200.55+155.21 p<0.05 1 p<0.05 p<0.05
III stage 671.36 + 327.49 p<0.05 p<0.05 1 p<0.05
IV stage 1500.85 + 611.02 p<0.05 p<0.05 p<0.05 1

D-D: D-dimer.

TaBLE 10: Comparison of D-D levels between the experimental group and the control group before and after treatment (chemotherapy,
targeted therapy) (X *s).

Grouping Experience group D-D (ng/ml) Control group D-D (ng/ml) t value p value

Before treatment 1077.26 + 1301.52 10.091 p<0.001
120.07 £71.55

After treatment 669.69 £1014.35 7.241 p<0.001

t value 4.256

p value 0.013

D-D: D-dimer.

TasLe 11: Comparison of D-D levels before and after chemotherapy and targeted therapy in the experimental group (X +s).

Grouping Chemotherapy group D-D (ng/ml) Targeted therapy group D-D (ng/ml) t value p value
Before treatment 918.45 £ 1068.53 1168.54 + 1437.67 0.294 0.863
After treatment 490.35+674.18 898.49 + 1295.33 5.131 0.011
t value 6.640 0.847

p value 0.003 0.398

D-D: D-dimer.

TasLe 12: Comparison of D-D levels between the experimental group and the control group before and after chemotherapy (x +s).

Grouping Chemotherapy group D-D (ng/ml) Control group D-D (ng/ml) t value p value

Before chemotherapy 918.45 + 1068.53 5.450 p<0.001
120.07 £71.55

After chemotherapy 490.35 £ 674.18 0.988 0.023

t value 1.010

p value 0.020

D-D: D-dimer.
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TasLE 13: Comparison of D-D levels in different chemotherapy cycles and before chemotherapy in the experimental group (X +s).
Grouping After chemotherapy D-D (ng/ml) Before chemotherapy D-D (ng/ml) t value p value
First cycle 669.52 +990.73 0.255 0.732
Second cycle 497.70 + 507.63 0.748 0.079
Third cycle 371.94 +284.75 01845 1068.53 1.256 0.015
Fourth cycle 247.69 + 152.09 1.377 0.013

t value 3.763
p value 0.042
r value 0.785
p value p<0.001
D-D: D-dimer.

TaBLE 14: p value of D-D level comparison between the experimental group and the chemotherapy cycle group.

Grouping Before chemotherapy First cycle Second cycle Third cycle Fourth cycle

Grouping D-D (ng/ml) 918.45 + 1068.53 669.52 £990.73 497.70 £507.63 371.94+284.75 247.69 +152.09
Before chemotherapy 918.45 +1068.53 1 0.732 0.079 0.015 0.013
First cycle 669.52 £990.73 0.732 1 0.134 0.045 0.026
Second cycle 497.70 + 507.63 0.079 0.134 1 0.176 0.044
Third cycle 371.94 £284.75 0.015 0.045 0.176 1 0.128
Fourth cycle 247.69 £ 152.09 0.013 0.026 0.044 0.128 1

D-D: D-dimer.

TasLE 15: Comparison of D-D levels between the experimental group and the control group before and after targeted therapy (X +s).

Grouping Targeted therapy group D-D (ng/ml) Control group D-D (ng/ml) t value p value

Before targeted therapy 1168.54 + 1437.67 7.497 p<0.001
120.07 £ 71.55

After targeted therapy 898.49 +1295.33 0.713 0.174

t value 2.886

p value 0.021

D-D: D-dimer.

TasLE 16: Comparison of D-D levels in different targeted treatment cycles and before targeted treatment in the experimental group (X +s).

Grouping After targeted therapy D-D (ng/ml) Before targeted therapy D-D (ng/ml) t value p value

First cycle 1018.41 +1353.63 0.433 0.206

Second cycle 969.42 + 1482.26 0.735 0.093
1168.54 + 1437.67

Third cycle 854.86 £ 1321.79 0.959 0.046

Fourth cycle 709.83 £ 825.03 1.060 0.032

t value 8.939

p value p<0.001

r value 0.887

p value p<0.001

D-D: D-dimer.

As the body’s metabolic capacity declines with the increase
of age, the D-D level will elevate [20]. In line with the above
conclusions, the results of this study reveal the correlation
between age and D-D level. With the increase of age, the
D-D level shows an upward trend, which is also consistent
with the conclusion of Bacon et al.’s study [21]. However,

the mechanism of this increase is not clear. Studies have
shown that in NSCLC patients, older age is associated with
a later TNM stage, lower physical condition score, higher
plasma D-D level, and shorter survival time [22]. This study
demonstrates that the D-D level of elderly NSCLC patients is
significantly higher than that of healthy people of all age
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TaBLE 17: p value of D-D level comparison between the experimental group and the targeted treatment group.
Grouping First cycle Second cycle Third cycle Fourth cycle

Grouping D-D (ng/ml) 1018.41 + 1353.63 969.42 + 1482.26 854.86 £ 1321.79 709.83 £ 825.03
First cycle 1018.41 + 1353.63 1 0.657 0.369 0.129
Second cycle 969.42 + 1482.26 0.657 1 0.544 0.185
Third cycle 854.86 + 1321.79 0.369 0.544 1 0.319
Fourth cycle 709.83 £825.03 0.129 0.185 0.319 1

D-D: D-dimer.

groups, indicating that the coagulation and fibrinolysis sys-
tem is activated in elderly NSCLC patients. In NSCLC
patients of 50-79 years old, as age increases, the D-D level
is positively correlated with age. Elderly patients have
increased risk of hypertension, cardiovascular diseases, and
diabetes, and the development of these diseases may damage
the endothelial cells, which is conducive to the formation of
intravascular thrombosis [23, 24]. And this formation is
manifested by the rise of the D-D level. However, consider-
ing the weakened function of the major organs in NSCLC
patients over 80 years, together with complications and
other influencing factors, NSCLC patients over 80 years
old are usually excluded from the study or the number of
such patients enrolled is very small [25]. Hence, this study
only applied Pearson correlation analysis to patients of 50-
79 years old for correlation analysis.

Increasingly clinical evidence has shown obvious abnor-
malities in the coagulation system and significantly
increased D-D levels in patients with malignant tumors,
such as digestive system malignant tumor, liver cancer, colo-
rectal cancer, gastric cancer, and breast cancer. The mecha-
nism may be that tumor cells or necrotic surrounding
tissues trigger the release of tissue factors, which activate
coagulation factors X and XI in the extrinsic coagulation sys-
tem and fibrinolytic system, leading to the local production
of fibrinolytic enzymes, which can directly degrade the
extracellular matrix and endow the tumor cells with the
invading and metastatic abilities [26]. In this process, the
released inflammatory mediators (such as IL and TNF-a)
damage the vascular endothelial cells, resulting in the hyper-
coagulable state of blood [27, 28] and making tumor cells
adhere to the vascular wall. The hypercoagulable state in
tumor patients not only increases the risk of VTE but also
promotes blood vessel distribution around the tumor,
enriches the blood supply of tumor tissues, and enhances
tumor progression (recurrence and metastasis) [29]. As a
specific degradation product of fibrin monomers cross-
linked by activator XIII and then hydrolyzed by fibrinolytic
enzymes, D-D is a specific marker of fibrinolysis. Continu-
ous increase of D-D often indicates disease progression or
poor prognosis.

This study found that the D-D level in NSCLC
patients was significantly higher than that in the control
group, which can be explained as follows. The tissue of
NSCLC patients can secrete procoagulants, and their anti-
thrombotic ability decreases after the vascular intima is
infiltrated by lung cancer tissue, both resulting in hyperco-

agulability in patients [30]. Cancer cells in the blood of
NSCLC patients can directly elevate the D-D level, and
reactive white blood cells can also increase the plasma
D-D level. The TNM stage is an important index for the
prognosis and treatment of tumors [31]. Our study found
that the TNM stage was significantly correlated with the
plasma D-D level. An advanced TNM stage was associated
with increased D-D levels. The D-D level in stage III and
IV patients of NSCLC was significantly higher than that in
patients of stages I and II, with statistical significance
(p <0.05). There was no significant difference in the level
of D-D between stage I and stage II patients (p > 0.05).
The D-D level of stage III patients was significantly higher
than that of stage I and II patients (p >0.05). The main
reason may be that the tumor infiltration of stage III
and IV patients is deeper and more extensive than that
of stage I and II patients and is often accompanied by
lymph nodes and other distant metastases. Cancer patients
often suffer complications, such as hypertension, hyperlip-
idemia, heart failure, and myocardial infarction, which can
accelerate blood coagulation, making the D-D level higher.
Therefore, monitoring D-D levels and improving the
hypercoagulable state of blood in NSCLC patients of dif-
ferent TNM stages can facilitate the early prevention and
treatment so as to increase the survival rate of patients.
In addition, a majority of NSCLC patients are elderly,
and elderly patients, especially those with advanced cancer,
are usually bedridden for a long time, resulting in blood
stasis. Therefore, NSCLC patients are more likely to suffer
abnormal coagulation function and thrombosis than
healthy people [32].

NSCLC is a malignant tumor with high mortality. In
clinical practice, thrombolysis, anticoagulation, and other
treatments usually start after obvious thrombosis appears
in patients, and therefore, the curative effect is poor. Many
patients die of serious thromboembolism, disseminated
intravascular coagulation, and other adverse events [33].
Chemotherapy and targeted therapy, which can improve
the clinical symptoms of patients, are commonly used to
treat NSCLC [34]. Since VTE directly impacts the survival
of NSCLC patients, and the best monitoring index of VTE
is the D-D level, the effect of chemotherapy and targeted
therapy on D-D levels in NSCLC patients is worth further
studying.

This study found that the plasma D-D level of NSCLC
patients was higher than that of healthy people, with signif-
icant differences, indicating that NSCLC patients are in a
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hypercoagulable state, which can cause VTE at any time
[35]. This result also suggests the necessity to monitor and
control the plasma D-D level in the follow-up treatment of
NSCLC patients to prevent thrombosis.

This study also found that after chemotherapy, the differ-
ence in the D-D level between two consecutive cycles was not
significant, but a significant difference was found between the
two cycles with a one-cycle interval, and the difference before
and after treatment was also significant, indicating that che-
motherapy can well control the hypercoagulable state of
NSCLC patients. In patients receiving targeted therapy, the
D-D level showed an overall downward trend after treatment.
Although there was no significant difference in the first four
cycles, the difference was increasingly obvious. Our results
suggest that targeted therapy has an impact on the D-D level
of NSCLC patients, but chemotherapy exerts a better effect
on the improvement of hypercoagulable state in patients. In
addition, heparin can be administered when necessary based
on the D-D level of patients [36] in order to achieve an ideal
therapeutic effect.

5. Conclusion

The plasma D-D level is conducive to the early detection and
treatment of NSCLC. For NSCLC patients, blood coagulation
function should be examined regularly to detect the hyperco-
agulable state of blood and conduct treatment timely. An older
age is associated with a higher D-D level, advanced stage, and
metastasis in NSCLC patients. The elevated D-D level indi-
cates the existence of a hypercoagulable state and the activa-
tion of the secondary fibrinolytic system, which can increase
the risk of VTE and disseminated intravascular coagulation.
Therefore, monitoring the D-D level can help to judge and
predict the disease condition. To treat NSCLC, we can use
antithrombotic, low molecular weight heparin, and other
preventive anticoagulants to eliminate or reduce the risk of
deep venous thrombosis and other complications and to con-
trol tumor metastasis and improve the comprehensive cura-
tive effect and survival of patients.

Data Availability

Based on patient privacy, data are available from the corre-
sponding authors on reasonable request.

Conflicts of Interest

The authors declare that they have no competing interests.

Authors’ Contributions

Jigiang Guo and Ying Gao contributed equally to this work.

Acknowledgments

The authors thank all persons who helped them gather
information for patients and supported them for statistical
analysis. This work is supported by the Research on Intelli-
gent and Accurate Detection of Medical Devices in Shanxi
Province (provincial key training laboratory). We thank all

11

patients and volunteers who participated in the study and
all staff in Shanxi Bethune Hospital for their help in the col-
lection of samples.

References

[1] B. G.Han and L. K. Zhou, “Chinese expert consensus on anti-
angiogenic drug therapy for advanced non-small cell lung can-
cer (2019 edition),” Chinese journal of lung cancer, vol. 22,
no. 7, pp. 401-412, 2019.

[2] C. Kiyohara, K. Yoshimasu, K. Takayama, and Y. Nakanishi,
“Lung cancer susceptibility: are we on our way to identifying
a high-risk group?,” Future Oncology, vol. 3, no. 6, pp. 617-
627, 2016.

[3] Y. Wang and Y. Wang, “Research progress of antiangiogenic
drugs in the treatment of advanced non-squamous non-small
cell lung cancer,” Oncology Progress, vol. 16, no. 10, pp. 16—
21, 2018.

[4] J. Yang, Q. H. You, and F. L. Meng, “Preliminary study on the
expression and function of mi R-211 in non-small cell lung
cancer,” CHinese Journal of Cancer Prevention and Treatment,
vol. 25, no. 11, pp. 773-777, 2018.

[5] A. Katholing, S. Rietbrock, L. Bamber, C. Martinez, and A. T.
Cohen, “Epidemiology of first and recurrent venous thrombo-
embolism in patients with active cancer. A population-based
cohort study,” Thromb Haemost, vol. 117, no. 1, pp. 57-65,
2017.

[6] Y.Lin, Z. Liu, Y. Qiu et al,, “Clinical significance of plasma D-
dimer and fibrinogen in digestive cancer: a systematic review
and meta-analysis,” European Journal of Surgical Oncology,
vol. 44, no. 10, pp. 1494-1503, 2018.

[7] E.Donnellan and A. A. Khorana, “Cancer and venous throm-
boembolic disease: a review,” The Oncologist, vol. 22, no. 2,
pp. 199-207, 2017.

[8] L.-R. Zhu, J. Li, P. Chen, Q. Jiang, and X.-P. Tang, “Clinical
significance of plasma fibrinogen and D-dimer in predicting
the chemotherapy efficacy and prognosis for small cell lung
cancer patients,” Clinical & Translational Oncology, vol. 18,
no. 2, pp. 178-188, 2016.

[9] Y. Hisada and N. Mackman, “Cancer-associated pathways and
biomarkers of venous thrombosis,” Blood, vol. 130, no. 13,
pp. 1499-1506, 2017.

[10] C. Ay and I. Pabinger, “VTE risk assessment in cancer. Who
needs prophylaxis and who does not?,” Hdmostaseologie,
vol. 35, no. 4, pp- 319-324, 2015.

[11] J.-J. Hung, Y.-C. Yeh, W.-]. Jeng et al., “Predictive value of the
International Association for the Study of Lung Cancer/Amer-
ican Thoracic Society/European Respiratory Society classifica-
tion of lung adenocarcinoma in tumor recurrence and patient
survival,” Journal of Clinical Oncology, vol. 32, no. 22,
pp. 2357-2364, 2014.

[12] Z. Wang, ]. Miao, L. Wang et al., “EGFR-mutant NSCLC pre-
senting with stroke and massive systemic embolization as the
first manifestation: case report,” BMC Neurology, vol. 21,
no. 1, 2021.

[13] K. Wakatsuki, S. Matsumoto, K. Migita et al., “Prognostic
value of the fibrinogen-to-platelet ratio as an inflammatory
and coagulative index in patients with gastric cancer,” Surge
Today, vol. 49, no. 4, pp. 334-342, 2019.

[14] T. Suzuki, H. Shimada, T. Nanami et al., “Hyperfibrinogen-
emia is associated with inflammatory mediators and poor



12

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

[29]

prognosis in patients with gastric cancer,” Surge Today, vol. 46,
no. 12, pp. 1394-1401, 2016.

H. Zheng, Z. Li, and R. Zeng, “Comparison of normal refer-
ence intervals of plasma D-dimer between elderly and young
people,” China Modern Medicine, vol. 23, no. 21, pp. 140-
142, 2016.

X. Jiang, “Retrospective analysis of plasma D-dimer detection
results in 671 tumor patients,” Chinese Journal of Health Lab-
oratory Technology, vol. 18, no. 12, pp. 2646-2647, 2008.

C.J. Fernandes, L. T. K. Morinaga, J. L. Alves et al., “Cancer-
associated thrombosis: the when, how and why,” European
Respiratory Review, vol. 28, no. 151, pp. 180-191, 2019.

M. C. Vedovati, M. Ciustozzi, and C. Becattini, “Venous
thromboembolism and cancer: Current and future role of
direct-acting oral anticoagulants,” Thrombosis Research,
vol. 177, no. 24, pp. 33-41, 2019.

J. Peng, L. Le, and H. Xinai, “Investigation and analysis of nor-
mal reference value of plasma D-dimer in healthy people,”
Journal of Clinical and Experimental Medicine, vol. 11, no. 8,
pp. 626-628, 2012.

G. Radhakrishna and D. Berridge, “Cancer-related venous
thromboembolic disease: current management and areas of
uncertainty,” Phlebology, vol. 27, 2_suppl, pp. 53-60, 2012.

S. L. Bacon, K. L. Lavoie, A. Arsenault et al., “The research on
endothelial function in women and men at risk for cardiovas-
cular disease (reward) study: methodology,” BMC Cardiovas-
cular Disorders, vol. 11, no. 1, p. 50, 2011.

M. RIGHINI, A. PERRIER, P. D. E. MOERLOOSE, and
H. BOUNAMEAUX, “D-dimer for venous thromboembolism
diagnosis: 20 years later,” Thrombosis and Haemostasis, vol. 6,
no. 7, pp. 1059-1071, 2013.

H. Takano, K. Nakajima, Y. Nagayoshi et al., “Clinical associ-
ations of Trousseau’s syndrome associated with cerebral
infarction and ovarian cancer,” Journal of Gynecologic Oncol-
ogy, vol. 29, no. 5, 2018.

S. Guo, W. Lin, and C. Wu, “Analysis of related factors affect-
ing plasma D-dimer level in elderly patients,” Tianjin Medical
Journal, vol. 41, no. 7, pp. 658-661, 2013.

P. Zhang, X. Wu, and B. Ai, “Clinical observation of first-line
chemotherapy in patients with advanced non-small cell lung
cancer aged 80 and above,” Chinese Journal of Clinical Health-
care, vol. 15, no. 5, pp- 538-539, 2012.

C. Tieken and H. H. Versteeg, “Anticoagulants versus cancer,”
Thrombosis Research, vol. 140, Supplement 1, pp. S148-S153,
2016.

W.Li, Y. Tang, Y. Song et al., “Prognostic role of pretreatment
plasma D-dimer in patients with solid tumors: a systematic
review and meta-analysis,” Cellular Physiology and Biochemis-
try, vol. 45, no. 4, pp. 1663-1676, 2018.

C. H. Liu, P. Gong, and J. Yang, “Relationship between circu-
lating tumor cells and coagulation factors in primary lung can-
cer patients,” Chinese Journal of Oncology, vol. 38, no. 5,
pp. 368-371, 2016.

X. Fei, H. Wang, W. Yuan, M. Wo, and L. Jiang, “Tissue factor
pathway inhibitor-1 is a valuable marker for the prediction of
deep venous thrombosis and tumor metastasis in patients with
lung cancer,” BioMed Research International, vol. 2017, 8
pages, 2017.

(30]

(31]

(32]

(33]

(34]

(35]

(36]

BioMed Research International

M. Lous-Bou, L. B. Harrington, and C. Kabrhel, “Environmen-
tal and genetic risk factors associated with venous thrombo-
embolism,” Seminars in Thrombosis and Hemostasis, vol. 42,
no. 8, pp. 808-820, 2016.

R. Y. Wang, R. Liu, and L. J. Zhao, “Correlation analysis
between FIB and D-dimer and elinicopathological features in
patients with coloreetal caneer and type 2 diabetes,” Chinese
journal of canc-er prevention and treatment, vol. 24, no. 5,
pp. 332-336, 2017.

N. M. Kuderer, M. S. Poniewierski, and E. Culakova, “Predic-
tors of venous thromboembolism and early mortality in lung
cancer: results from a global prospective study (CANTAR-
ISK),” The Oncologist, vol. 23, no. 2, pp. 247-255, 2018.

G. T. Gerotziafas, A. Taher, H. Abdel-Razeq et al., “A predic-
tive score for thrombosis associated with breast, colorectal,
lung, or ovarian cancer: the prospective COMPASS-Cancer-
Associated thrombosis study,” The Oncologist, vol. 22, no. 10,
pp. 1222-1231, 2017.

D. Yue, S. Xu, Q. Wang et al., “Erlotinib versus vinorelbine
plus cisplatin as adjuvant therapy in Chinese patients with
stage IIIA _EGFR_ mutation-positive non-small-cell lung can-
cer (EVAN): a randomised, open-label, phase 2 trial,” The lan-
cet. Respiratory medicine, vol. 6, no. 11, pp. 863-873, 2018.

C. Gong, Z. Li, and D. Zhou, “Risk factors of lung cancer com-
plicated with symptomatic venous thromboembolism,” Chi-
nese Journal of Tuberculosis and Respiratory Diseases, vol. 39,
no. 6, pp. 454-458, 2016.

Chinese Medical Association, oncology branch of Chinese
Medical Association, and Journal of Chinese Medical Associa-
tion, “Guidelines for the clinical diagnosis and treatment of
lung cancer of Chinese Medical Association (2019 Edition),”
Chinese Journal of oncology, vol. 42, no. 4, pp. 257-287, 2020.



	Plasma D-Dimer Level Correlates with Age, Metastasis, Recurrence, Tumor-Node-Metastasis Classification (TNM), and Treatment of Non-Small-Cell Lung Cancer (NSCLC) Patients
	1. Introduction
	2. Materials and Methods
	2.1. Population Statistics
	2.2. Methods
	2.3. Internal Quality Control Results of Coagulation Test Items
	2.3.1. Statistical Analysis


	3. Results
	3.1. Difference in the D-D Level between the Experimental Group and the Control Group
	3.2. Difference in D-D Levels of Different Age Groups in the Experimental Group and the Control Group
	3.3. Difference in D-D Levels between Patients with and without Metastasis
	3.4. Difference in D-D Levels between Patients in Different TNM Stages
	3.5. Differences in D-D Levels of the Experimental Group with Different Treatment Methods before and after Treatment and Comparison with the Control Group

	4. Discussion
	5. Conclusion
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

