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 Background: The aim of this paper was to investigate the association between clinicopathological factors and the coagula-
tion test in lung cancer patients during follow-up care after treatment.

 Material/Methods: Ninety-five medical patients with histologically proven advanced lung carcinoma (LC) who had undergone 
radiotherapy were prospectively reviewed between January 2014 and December 2016. The study investigated 
the relationship between the biochemical results, the disease stage, and the survival rate in lung cancer patients. 
Post-treatment coagulation-based D-dimer (DD), fibrinogen (Fib), and complete blood count (CBC) were eval-
uated during the follow-up over a period of 2 years after treatment or until the patient’s death.

 Results: An increase of D-dimer generates an increased chance of early death by approximately 0.03% per 1 D-dimer 
unit. In cases when the difference in the D-dimer concentration equals 1000, the risk of an early death increases 
by (1.00031000–1)×100%=35%.

 Conclusions: High levels of D-dimer are associated with an advanced form of disease with metastasis and higher risk of early 
death in lung cancer patients.
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Background

Many researchers have suggested a correlation between the 
hemostatic system and cancer cells [1,2] and have presented 
evidence that the activation of coagulation and the fibrinolytic 
system by cancer cells facilitates cancer invasiveness and me-
tastases [3]. This activation has been associated with the tumor 
stage and prognosis in malignancies such as breast, colorectal, 
and lung cancer [4–6]. The connection between venous throm-
boembolism (VTE) and cancer (the worsening of the clinical 
course of the disease and thus the survival rate of patients) 
has also been proven [7]. The association between VTE risk and 
the effects of cancer treatment can be described as follows: 
1.  Patients with chemotherapy treatment: non-metastatic pa-

tients hazard ratio (HR)=2; metastatic patients HR=2.3;
2.  Patients with radiotherapy treatment: non-metastatic pa-

tients HR=0.8, metastatic patients=HR–0.7 [8].

Radiotherapy treatment alone does not increase the risk 
of VTE [9]. Hence, the aim of this study was to investigate 
whether simple laboratory blood tests, such as morphology, 
D-dimer (DD), and fibrinogen (Fib), can show changes over time 
after radiotherapy treatment. The relationship between those 
changes, the early VTE symptoms, and/or the overall survival 
(OS) was investigated. Post-treatment DD, Fib, and a complete 
blood count (CBC) were evaluated during the follow-up period 
for up to 2 years after the treatment or until the patient’s death.

Material and Methods

Subjects’ characteristics

This prospective study analyzed a total of 95 patients with lung 
cancer confirmed histologically or cytologically, who were treated 
at the Regional Clinical Hospital in Zielona Góra between 2015 
and 2016. The disease stage was defined based on certain clin-
ical and physical examinations: thoracic computed tomography 
(CT), brain CT or magnetic resonance imaging (MRI), abdominal 
ultrasonography, bone scintigraphy, and/or positron emission 
tomography-CT. The histopathological data was accessed in 
accordance with the Union for International Cancer Control 
(UICC) TNM classification [10]. The exclusion criteria were as 
follows: (i) a history of secondary tumor(s), (ii) an active infec-
tion, (iii) a familial coagulopathy, (iv) a peripheral vascular dis-
ease (thrombophlebitis and thromboembolism), (v) any treat-
ment with anticoagulants and anti-aggregants, (vi) patients 
with a World Health Organization performance status of 4 (i.e., 
completely disabled, unable to care for themselves, confined to 
bed or a wheelchair). The serum specimens of DD, Fib, and com-
plete blood count CBC – hemoglobin (Hb), platelets (PLT), white 
blood cells (WBC), neutrophiles (NEU), mean platelets volume 
(MPV) – were collected after radiotherapy treatment every 3–4 

months during the follow-up. The subjects were divided into 
2 groups: Group 1 was non-metastatic patients (58 patients) 
and Group 2 was metastatic patients (37 patients). Seventy 
patients had undergone palliative radiotherapy in 5 separate 
doses with the total dose of 20 Gy and 25 patients received 
radical radiotherapy. The group was 75% male and 25% female. 
According to the histopathology profile, 17% had non-small 
cell carcinoma, 28% had adenocarcinoma, 35% had squamous, 
and 20% had small cell carcinoma. Information pertaining to 
the date of death of a patient was obtained from the National 
Health Fund (Polish Civil Registration System). This study was 
approved by our institutional Ethics Committee (No. 2/57/2015). 
The last follow-up date was August 30, 2016.

Biochemical assays

Venous blood samples were drawn from peripheral blood and 
evaluated by measuring the CBC with a hematology analyzer 
(Abbott CD3700, CD RUBY, USA). The reference values at 
our hospital for these parameters are Hg: 12–18 g/dl; WBC: 
4–10.2×103/μl, NEU: 2–6.9×103/μl; LYM: 0.6–3.4×103/μl, PLT: 
140–420×103/μl; MPV: 7–11 fl; DD: 0.00–278 μg/L; and Fib: 
200–472 mg/dl.

Statistical analysis

The patients’ clinical characteristics and features of the tumors 
are shown in Table 1. A survival analysis was done based on 

Characteristics 95 patients (100%) 

Age, years

 Median (range)  67 (40–81)

Gender

 Male  71 (75)

 Female  24 (25)

Histology

 Non-small cell carcinoma  16 (17)

 Adenocarcinoma  27 (28)

 Squamous  33 (35)

 Small cell carcinoma  19 (20)

TNM factor

 T1a/T1b/T2/T3/T4 2/4/23/35/31

 N0 18

 N1N2/N3 9/51/17

 M0 58

 M1 37

Table 1. Patients and clinical tumour characteristics.

T – tumour; N – nodes; M – metastases.
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the Cox regression model. Additionally, the receiver operating 
characteristic (ROC) curves [11] were plotted to estimate the 
threshold value for a binary classifier of analyzed risk factors. 
Computations were performed using a “pROC” package [12] 
in the R platform [13]. A p-value of <0.05 was considered as 
significant in this analysis. Overall survival (OS) was defined 
as the time from radiotherapy to the time of a patient’s death 
by any cause or up to the last follow-up date when the patient 
was known to be alive.

Results

The cut-off specificity and sensitivity values of DD, Fib, and 
CBC are shown in Tables 2, 3. The DD level of 1000 μg/L was 
arbitrarily set as 3.5 times the value of a normal DD level. 
The results with statistical significance from ROC analysis are 
presented, without any outcomes not deemed significant. By 
taking the estimated area under the curve (AUC) as 68.9% for 
the DD threshold value concentration=308 (μg/L), it can be 
established that 7 out of 10 patients were correctly classified 
to live or to die (Figure 1). Tables 4 and 5 show univariate anal-
ysis of the risk factor for lung cancer patients. The interpre-
tation of the results above is as follows: each additional unit 
(mg/dl) of Fib resulted in nearly a 2% increase of the risk of an 
early death in patients; if the difference was 100 (mg/dl), then 
the risk increased by up to (1.0018100–1)×100%=20%. A DD 
increase results in an increased chance of an early death by 
approximately 0.03% per 1 DD unit (Figures 2, 3). In the case 

of a difference in DD concentration equal to 1000, the risk of 
an early death increases by (1.00031000–1)×100%=35%. For 
MPV, a difference of 2 units results in (1–0.72)×100%=51% 
risk reduction in the death of patients (Table 4).

Risk factor Treshlod value Specificity (%) Sensitivity (%) AUC (95%CI)

D-dimer (μg/L) 308.0 50.5 50.5  68.9% (61.1–76.6)

Fib (mg/dl) 430.5 76.8 76.8  60.4% (51.2–69.9)

PLT (tys/μl), 225.5 60.4 60.4  68.7% (60.6–76.9)

Hg (g/dl) 12.8 62.0 62.0  61.2% (52.2–70.2)

WBC (tys/μl) 7.9 70.0 70.0  74.5% (67–82)

NEU (tys/μl) 5.6 73.3 73.3  75.8% (68.6–83.1)

MPV/PLT ratio 2.7 72.4 72.4  66.0% (56.9–75)

Table 2. Risk factors in Group without metastases.

AUC – area under curves; Fib – fibrinogen; PLT – platelets; Hg – haemoglobin; WBC – white blood cells; NEU – neutrophils; MPV – mean 
platelets volume.

Risk factor Treshlod value Specificity (%) Sensitivity (%) AUC (95%CI)

Hg (g/dl) 12.9 71.8 68.9  76.6% (85.1–88)

MPV (fl) 5.9 80 56.8  68.9% (57.2–80.6)

Table 3. Risk factors in Group with metastases.

AUC – area under curves; Hg – haemoglobin; MPV – mean platelets volume.
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Figure 1.  Receiver Operating Characteristic (ROC) curve analysis 
with area under curve (AUC) estimates of DD in group 
without metastases.
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 Group Risk factor HR  (95%CI) p-Value

Without 
metastases

Fibrynogen 1.0018 (1.0003, 1.0033) 0.0196

PLT 1.0045 (1.0027, 1.0064) <0.0001

Hg 0.76 (0.66, 0.88) 0.0003

WBC 1.13 (1.08, 1.19) <0.0001

NEU 1.17 (1.1, 1.24) <0.0001

D-dimer (1000) 1.81 (1.09, 2.98) 0.0207

With 
metastases

D-dimer 1.0003 (1.0001,1.0005) 0.0075

MPV 0.7 (0.52, 0.93) 0.0158

Hg 0.69 (0.56, 0.84) 0.0003

D-dimer (1000) 3.52 (1.85, 6.67) 0.0001

Table 4. Univariate analysis of risk factor for lung cancer patients.

HR – hazard ratio; CI – confidence interval; Hg – haemoglobin; PLT – platelets; WBC – white blood cells; NEU – neutrophils; 
MPV – mean platelets volume.
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Figure 2.  Overall survival for patients without metastasis in 
case of a difference in D-dimer concentration equal 
1000 or above (Kaplan-Meier’s curves with Weibull’s 
approximations).
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Figure 3.  Overall survival for patients with metastasis in case 
of a difference in D-dimer concentration equal 1000 
or above (Kaplan-Meier’s curves with Weibull’s 
approximations).

Group Risk factor HR  95% CI p-Value

Radical Fib 1.013 (1.003, 1.022) 0.0076

Palliative

D-dimer 1.0002 (1.0001, 1.0003) 0.0111

PLT 1.003 (1.002, 1.005) <0.0001

Hg 0.76 (0.68, 0.85) <0.0001

WBC 1.10 (1.05, 1.15) <0.0001

NEU 1.13 (1.07, 1.19) <0.0001

Table 5. Risk factors in group: radical and palliative treatment.

HR – hazard ratio; CI – confidence interval; Fib – fibrinogen; PLT – platelets; Hg – haemoglobin; WBC – white blood cells; 
NEU – neutrophils.
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Discussion

The aim of this study was to investigate the association be-
tween clinicopathological factors and coagulation tests in lung 
cancer patients during the follow-up period after treatment. The 
smallest degradation product of fibrin is DD which is a sensitive 
indicator of the proteolytic actions of plasmin on fibrin [14,15]. 
Many researchers have suggested that DD is a valuable marker 
for prognosis and the treatment response evaluation in lung 
cancer cases [16–18]. It should be mentioned that DD level 
is increased in cancer patients without VTE, but a latent VTE 
may occur. In other studies, the following scoring system was 
improved on by expanding the score: DD ³1.44 g/mL (1 point) 
and sP selectin ³53.1 ng/mL (1 point) was used to predict VTE 
in cancer patients [19]. In the present study, however, only sim-
ple and economical laboratory tests were used (other tests 
have the status of science projects, such as sP selectin). An 
increased DD concentration was noted and correlated to pa-
tients with cancer progression. Patients with active cancer are 
more prone to thromboembolism and bleeding [7]. It was found 
that most patients had an increased plasma DD level, which 
was associated with a bad prognosis [20–25]. In the present 
study, we show that a high plasma DD level of over 1000 μg/L 
is associated with decreased OS in patients with advanced LC 
– for the group without metastases: HR 1.81 (95% confidence 
interval (CI): 1.09, 2.98, p=0.0207) and for the group with me-
tastases: HR 3.52 (95% CI: 1.85, 6.67, p=0.0001). Similar to 
our study, Wang et al. [26] indicated that high D-dimer levels 
lead to a poor prognosis by reducing progression-free survival 
(PFS) and OS. Also, other studies showed a shorter OS (e.g., 
Ma et al. [27], Zhou et al. [28], and Taguchi et al. [29]). This 
is in accordance with our results showing that higher DD 
levels are associated with metastases, similar to the studies 
by Kilica et al. [30] and Yu et al. [31]. In our study, when the 
patients were divided into 2 groups – radical treatment and 
palliative treatment – the risk factor HR for palliative pa-
tients was 7.68 (95% CI, 1.87, 31.63; p=0.0048) times higher 
than for radical patients. The most important risk-related fac-
tors were the size of tumor (T) – HR: 1.37 (95% CI: 1.04, 1.8; 

p=0.024) and metastases (M) – HR: 1.51 (95% CI: 1.11, 2.04; 
p=0.0086). Therefore, elevated plasma DD levels are associated 
with T and M, as indicated by the results of other previous 
studies [32,33]. Another coagulation test factor – fibrinogen 
and fibrin – are localized in the tumor-host cells. Fibrinogen 
regulates inflammatory cell recruitment, supplies structure to 
the tumor, and induces angiogenesis [34–36]. In our study, 
we observed that increased Fib increased the chance of early 
death by approximately 2% per unit of Fib mg/dl in the group 
without metastases. The values of inflammatory factors tested 
(WBC and NEU) increased in both the palliative group and the 
group without metastases. Therefore, the elevated levels of 
Fib, WBC, and NEU were associated with an increased risk of 
lung cancer, thus suggesting that cancer promotes inflam-
matory processes [37–39]. Similarly, Simpson-Haidaris et al. 
stated in their study on breast cancer that Fib is a dynamic, 
multifunctional protein that influences many cellular processes 
during neogenesis [40]. Another study [41] suggested the use 
of plasma DD levels as a method of predicting clinical out-
comes in patients with lung cancer and as a factor worsening 
the prognosis due to the persistence of high concentrations 
of DD during anticancer therapy. As can be concluded from 
the above, high DD, elevated Fib and other inflammatory-
based factors are correlated with a risk of an early death in 
lung cancer patients.

Conclusions

High levels of DD are associated with advanced state of dis-
ease with metastases indicate the chance of early death in 
lung cancer patients. This study provides evidence that there 
are very high DD levels in patients with cancer who do not 
have clinical symptoms of VTE.
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