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ABSTRACT
Objective: To study the relationship between circulating tumor cells (CTCs) and plasma D-dimer (D-D) and their correlation with clinico-
pathological characteristics of patients with non-small cell lung cancer (NSCLC).
Study Design: A descriptive study.
Place and Duration of Study: Department of Thoracic Surgery, Jinan Central Hospital Affiliated to Shandong University, Jinan, Shan-
dong, China, from December 2015 to August 2019.
Methodology:  Seventy-five  patients  with  NSCLC were  selected  as  the  research  subjects.  The  contents  of  CTCs  and  D-D  were  deter-
mined and the results were analysed as per objective. Data was analysed quantitatively, using SPSS Version 24.0.
Results: Forty-five patients with NSCLC were positive for CTCs. The level of D-D in NSCLC patients was significantly increased. The D-D
level in CTCs-positive patients was 0.79 (0.43-1.80) mg/L. The levels of CTCs and D-D in NSCLC patients were not affected by gender and
pathological subtypes and other factors (p>0.05). CTCs and D-D in peripheral blood of NSCLC patients were significantly correlated with
the total stage of lung cancer patients (p <0.05).
Conclusion:  The  levels  of  CTCs  and  D-D  in  peripheral  blood  of  NSCLC  patients  are  significantly  correlated  with  clinicopathological
features, and the positive CTCs and high levels of D-D may indicate the late stage of the disease and poor prognosis, and there is a corre-
lation  between  the  two.  The  combined  detection  of  the  two  is  of  great  significance  in  predicting  the  progress  and  poor  prognosis  of
NSCLC patients, and can guide the clinical diagnosis and treatment.
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INTRODUCTION
Lung carcinoma, also known as primary bronchogenic carcinoma,
is one of the most common malignant tumors. It is common in men
over the age of 40 years. In recent years, the incidence rate and
mortality rate has increased significantly,  which poses a major
threat to human health and life. According to their biological charac-
teristics,  it  is  mainly  divided  into  NSCLC  and  SCLC.  NSCLC
accounted for about 80% of all lung cancers, and the prognosis of
patients is poor.1 Recurrence and metastasis often lead to death.
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CTCs are the premise of distant metastasis of lung cancer and
the key link of forming metastasis.2 Early detection of CTCs in
peripheral  blood  of  patients  can  indicate  tumor  metastasis.
Most  of  the  data  published to  date,  including  the  results  of
almost all the clusters, strongly support the value of CTCs count
as a survival predictor.3

Tumor  can  induce  coagulation,  and  activated  clotting  subs-
tances can promote tumor growth, invasion, metastasis and
angiogenesis.4 A number of studies have shown that changes in
coagulation system function are significantly associated with
tumor cell metastasis.5 D-D has been reported as a prognostic
marker for many malignant tumors.

This study was conceived to analyse the correlation between
the levels of CTCs and D-D in peripheral blood of patients with
NSCLC and their clinicopathological characteristics, so as to
provide reference for the diagnosis and treatment and prog-
nosis of NSCLC patients, and better guide the clinical diagnosis
and treatment.
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The purpose of this study was to investigate the relationship
between  CTCs  and  D-D  in  peripheral  blood  of  patients  with
NSCLC and their relationship with clinicopathological features.

METHODOLOGY
Seventy-five  NSCLC  patients  (Lung  Cancer  Group)  from
December 2015 to August 2019 in Jinan Central Hospital Affili-
ated  to  Shandong  University  were  selected  as  the  research
subjects.  Inclusion  criteria  were  NSCLC  patients  diagnosed
pathologically; aged 40-80 years; anti-tumor treatment-naive
for  any  radiotherapy,  chemotherapy  and  immunotheraphy,
absence of thrombosis, coagulation system abnormalities, and
willing to participate in the study. Exclusion criteria were history
of chemoradiotherapy and anticoagulant or anti-platelet aggre-
gation therapy, pregnancy, age less than 40 and over 80 years,
primary  malignant  tumor  in  other  organs;  and  anemia  and
severe heart, lung, liver, kidney and other diseases requiring
treatment.

The study method was to collect 7.5 ml venous blood from the
patients. Blood samples should be detected within two hours and
run  abnormal  cell  separation  staining  apparatus  detected.6

According to the operation and result interpretation of laboratory
instruments  (YZY  Biopharma  D100),  the  count  of  CTCs  in
peripheral blood ≥1 / 7.5 ml was positive. The results of D-D were
confirmed by coagulation function examination after admission.
D-D content of samples was determined by monoclonal antibody
immune projection turbidimetric method, which was completed
within four hours.

SPSS  version  24.0  software  was  used  for  statistical
processing.  The  Shapiro-Wilk  test  was  used  to  assess  the
normality  of  quantitative  data.  The  categorical  data  were
expressed as frequency and percentage; while quantitative data
were expressed as median (IQR: Q1-Q3). The Chi-square test was
used for inter-group comparison, and Mann-Whitney U-test was
used for comparison. The difference was statistically significant
(p <0.05).

RESULTS
Among the 75 NSCLC patients, 45 were CTCs positive and 30
were CTCs negative (Figure 1). The level of D-D in CTC positive
group was significantly higher than that in the negative group (p
<0.05). The positive rate of CTC was 67.4% among the patients,
whose  D-D  content  exceeding  the  normal  level,  which
suggesting that CTC may be associated with D-D. Details are
presented in Table I.

The results showed that 45 patients’ CTC were positive and 30
were  negative.  According  to  the  pathological  subtypes,  the
expression levels of CTCs in patients with different pathological
subtypes were analysed. The CTCs positive rate was 62.5% in
adenocarcinoma patients  and  52.6% in  squamous  cell  carci-
noma patients. The positive rate of adenocarcinoma patients
was higher than that of squamous cell carcinoma patients, but
there was no significant difference (p = 0.448). On the basis of
gender,  to analyse the expression levels of  CTCs in different
gender. The CTCs positive rate was 62.2% in males and 56.7% in

females. There was no significant difference (p = 0.630). The
expression  levels  of  CTCs  in  patients  with  different  smoking
conditions  were  analysed,  according  to  smoking  status.  The
CTCs positive rate was 65.5% in smokers and 56.5% in non-
smokers, there was no significant difference (p = 0.439). The
expression levels of CTCs in patients with different stages were
analysed by total stages. Total stage Ⅰ~Ⅱ, Ⅲ~Ⅳ CTCs positive rate
were 43.3%, 71.1%, Ⅲ~Ⅳ period CTCs positive rate was signifi-
cantly higher than that of Ⅰ~Ⅱ period (P=0.016). In addition, there
was no significant correlation between CTCs and age (p >0.99).
Details are presented in Table II.

Results analysis showed that there was no statistical significance
between gender, pathological subtype and D-D level of NSCLC
patients (p >0.05). The D-D’s level content of total stage Ⅰ~Ⅱ and
Ⅲ~Ⅳ  was  0.38  (0.20-0.73  mg/L)and  0.85  (0.54-1.80  mg/L),
respectively;  while  the  level  of  stage  Ⅲ~Ⅳ  was  significantly
higher than stage Ⅰ~Ⅱ (p = 0.001). In addition, D-D level was
significantly  different  in  various  age  and  smoking  status  (p
<0.05) (Table III).

Figure 1: Morphology of circulating tumor cells (arrow) in peripheral
blood of NSCLC patients ×50.

Table I: The level of D-D in CTCs positive and negative groups.

Group n D-D (mg/L
CTCs positive 45 0.79 (0.43-1.80)
CTCs negative 30 0.49 (0.22-0.84)
p 0.039                   

DISCUSSION

Lung cancer is the most common malignant tumor in the world,
and also the main cause of cancer death.7 Most of them have
metastasis at the time of diagnosis, often losing the opportunity
of surgical treatment, and the high incidence of local and distant
metastasis lead to poor 5-year survival rate.8 Despite advances
in  surgical  techniques,  the  5-year  survival  rate  of  NSCLC
patients treated surgically ranges from 25% to 73%, depending
on the disease stage.9 The traditional detection methods of lung
cancer are limited because of their low sensitivity and poor toler-
ance. CTCs are the key link in the occurrence of distant metas-
tasis, and have the advantages of easy access to specimens,
small trauma and repeated use. Therefore, CTCs have become
a  gold  indicator  for  monitoring  tumor  recurrence,  guiding
chemotherapy regimen and evaluating prognosis.10

Previous studies have found that the related factors of coagula-
tion system may be related to the occurrence, development and
metastasis of tumor. D-D is a sensitive index of hypercoagula-
bility, which can reflect the activation level of coagulation and
fibrinolysis.11
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Table II: Correlation between peripheral blood CTCs and clinicopathological characteristics in patients with non-small cell lung cancer.
Features n (%) CTCs positive CTCs negative p-value
Gender n (%)
Male 45 28 (62.2) 17 (37.8)

0.630
Female 30 17 (56.7) 13 (43.3)
Age (years) n (%)
≥60 55 33 (60.0) 22 (40.0)

>0.999
<60 20 12 (60.0) 8 (40.0)
Smoking status n (%)
Smoking 29 19 (65.5) 10 (34.5)

0.439
Non-smoking 46 26 (56.5) 20 (43.5)
Pathological subtype n (%)
Adenocarcinoma 56 35 (62.5) 21 (37.5)

0.448
Squamous cell carcinomas 19 10 (52.6) 9 (47.4)
Total installment n (%)
Ⅰ~Ⅱ 30 13 (43.3) 17 (56.7)

0.016
Ⅲ~Ⅳ 45 32 (71.1) 13 (28.9)

Table III: The levels of D-D in patients with NSCLC with different clinicopathological characteristics.
Features n D-D (mg/L) p-value
Gender
Male 45 0.69 (0.45-1.80)

0.096
Female 30 0.46 (0.21-1.07)
Age (years)
≥60 55 0.81 (0.47-1.42)   

0.003<60 20 0.25 (0.18-0.65)
Smoking status
Smoking 29 0.79 (0.49-2.10)

0.017
Non-smoking 46 0.53 (0.21-1.05)
Pathological subtype
Adenocarcinoma 56 0.58 (0.24-1.11)

0.106
Squamous cell carcinomas 19 0.79 (0.51-2.09)
Total installment
Ⅰ~Ⅱ 30 0.38 (0.20-0.73)

0.001
Ⅲ~Ⅳ 45 0.85 (0.54-1.80)

In  this  study,  the relationship  between CTCs and D-D in
NSCLC patients was studied. It was found that the level of D-
D in CTCs positive group was 0.79 (0.43-1.80) mg / L, which
was  significantly  higher  than  that  in  CTCs  negative  group.
This  study  suggests  that  there  is  a  certain  correlation
between CTCs and D-D in  NSCLC patients.  Other  studies
have also shown that the hypercoagulable state of blood
makes tumor cells more likely to adhere to the vascular wall
of target organs and promote the formation of metastasis.12

At present, there are few clinical studies on the relationship
between CTCs and D-D (coagulation-related factor) in NSCLC
patients,  and  the  interaction  and  influence  between  them
need  further  and  long-term  clinical  statistical  analysis.

In  this  study,  when  analysing  the  correlation  between
CTCs,D-D  and  clinicopathological  characteristics  of  the
patients,  it  was  found  that  there  was  no  significant  differ-
ence between the positive rate of  CTCs and pathological
subtypes (p >0.05). The traditional theory holds that adeno-
carcinoma  is  more  likely  to  spread  into  the  blood  and
lymphatic  system.13,14  This  may  be  due  to  the  different
number and composition of  research samples included in
this  study,  resulting  in  differences  between  different

research results. In addition, there was no significant differ-
ence in the positive rate of CTCs and D-D content in patients
with NSCLC when compared with those in stage I, II, III and
IV (p >0.05). It may be due to the limitation of sample size
and other factors in this study that there may be bias. A
large number of sample size studies are needed to evaluate
the relationship between the positive rate of CTCs and D-D
content among NSCLC patients. However, the positive rate
of  CTCs  and  content  of  D-D  in  stage  Ⅰ~Ⅱ  were  significantly
lower than those in stage Ⅲ~Ⅳ (p <0.05). It is suggested
that the levels of CTCs and D-D may increase in the early
stage  of  NSCLC,  and  the  positive  rate  of  CTCs  and  the
content of D-D gradually increase with the progression of the
disease. The later the clinical stage, the higher the positive
rate of CTCs and the content of D-D. In 2007, ASCO included
CTCs as tumor markers. Although it has not been confirmed
that CTCs can be used as a standard test to determine the
stage, it is helpful to reflect the degree of tumor progression,
so that the application of CTCs detection in clinical practice
has become an effective supplement to the traditional  TNM
staging system, thus guiding the next step of  treatment.
Tumor progression is a complex process involving changes
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in  different  physiological  systems.  Studies  have  shown that
activated coagulation in human cancer is related to angioge-
nesis, and the activation of coagulation in perivascular area
can promote the formation of tumor matrix.15

The functional status of patients can also affect the coagula-
tion system. The better the functional status is, the better the
health status is.  Patients with poor functional  status often
limit their movement or even stay in bed, increasing the risk
of  hypercoagulability.16  The  results  showed  that  with  the
increase  of  age,  the  level  of  D-D also  increased significantly
(p = 0.003), which may be due to the gradual increase of
age, the gradual deterioration of functional status, and the
corresponding gradual hypercoagulability of blood. Previous
studies  have  shown  that  age  has  no  significant  predictive
effect on D-D.17 Analysis of the reasons for this result may be
due to the limitations of the selection of patients in this study,
which may lead to the deviation of the research results. In
future, it is necessary to increase the sample size to expand
the representativeness of the subjects and further verify the
research results. In addition, smoking can make the blood
relatively hypercoagulable. The higher the smoking index is,
the more obvious the hypercoagulable state is; and the easier
it is to form thrombus.18 The results showed that the level of
D-D  in  smokers  was  significantly  higher  than  that  in  non-
smokers  (p  =  0.017).       

In NSCLC patients, high D-D level indicates low survival rate
and early recurrence.19  Routine monitoring of  D-D level  in
NSCLC surgery patients can be used as a reference for daily
operation.20  In  addition,  the  meta-analysis  of  Wang  et  al.
showed that the number of CTCs was positively correlated
with clinicopathological stage of patients, and was also signifi-
cantly related to lymph node metastasis.21 LV et al. used cell
search system to detect CTCs in pulmonary venous blood of
32 patients with NSCLC.22 The results showed that the posi-
tive rate was 90.6% (29/32), and the number of CTCs was
positively correlated with the tumor size (p=0.012), and it
showed that the detection of CTCs was helpful to early detec-
tion  of  lung  cancer  and  possible  micrometastasis.  Tong
proposed the detection method of CTCs in lung cancer, which
provides the hope of real-time liquid biopsy for prognosis eval-
uation and treatment intervention of lung cancer23 Jiang et al.
reported that preoperative D-D positive (>0.55 mg/l) was an
important independent poor predictor of disease-free survival
in  patients  with  NSCLC.17  Taguchi  et  al.  determined  the
plasma D-D level in 70 patients with lung cancer, and deter-
mined that low D-D concentration predicted a longer survival
time.24 The results of this study also confirm it. The combined
detection  of  CTCs  and  D-D  level  in  peripheral  blood  of
patients can predict the clinicopathological features such as
patient stage and prognosis assessment.

CONCLUSION

The levels of CTCs and D-D in peripheral blood of NSCLC
patients  are  significantly  correlated  with  clinicopathological

features, and there is a correlation between them. Hyperco-
agulability  state  promotes  tumor  progression  and metas-
tasis.  Preventive  anticoagulant  therapy  may  delay  the
progression and metastasis of  cancer patients.  Therefore,
the combined detection of the two is of great significance in
predicting  the  progress  and  poor  prognosis  of  NSCLC
patients, and can guide the clinical diagnosis and treatment.
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