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ABSTRACT

Aims and backgrounds. Plasma concentrations of several proteases of the coagula-
tion system have been shown to predict prognosis in malignancy. The study was
aimed to investigate the prognostic value of plasma D-dimer concentrations and
some other coagulation factors in lung cancer.

Methods. Between 2004 and 2008, 100 newly diagnosed lung cancer patients and 25
healthy individuals serving as the control group were evaluated. The patients had no
history of coagulation system disorders or anticoagulant therapy. Plasma D-dimer
concentrations, prothrombin time, activated partial thromboplastin time, interna-
tional normalized ratio and blood counts of the patients were obtained. Patient age,
lung cancer stage, tumor histology, therapy modalities (surgery, chemotherapy and
radiotherapy), therapy outcomes and survival durations of the patients were deter-
mined.

Results. The median age of the patients (86 males/14 females) was 67 years, and 15%
had stage 2, 26% had stage 3A, 24% had stage 3B, and 35% had stage 4 disease. Histo-
logic subtypes were non-small cell carcinoma (87%) and small cell carcinoma (13%).
The median D-dimer level of the patients was 1250 ng/dl, which was significantly
higher than that of the control group. Survival duration was significantly higher in pa-
tients with low D-dimer levels (P <0.05). D-dimer plasma levels predicted survival in-
dependently of the clinical stage of disease, histologic tumor type and performance
status of the patient (HR = 5.1; 95% confidence interval, 1.015-1.19, P = 0.013). Plasma
D-dimer level was significantly higher in metastatic disease (P <0.01).

Conclusions. The results suggest that D-dimer plasma levels might be useful to pre-
dict the clinical outcome and survival of patients with lung cancer. 

Introduction

The close association between cancer and the hemostatic system has been known
since Trousseau’s study in the early decades of the 19th century. Although the exact
mechanism is not clear, it has been shown that coagulation and/or the fibrinolytic
system is activated either directly or indirectly in many types of malignancies, in-
cluding lung, colon, prostate, cervix, ovarian and breast cancer. Activation mainly oc-
curs in two different ways, either leading to coagulation via thrombin formation or
activation of the fibrinolytic system via plasminogen activators1-3.

It has been shown that activation of coagulation and the fibrinolytic system is asso-
ciated with tumor growth and dissemination, inflammatory cell response regulation,
tumor angiogenesis, and demarcation line formation in cancer patients3.

D-dimer is the smallest degradation product generated by the proteolytic activation
of plasmin, and is a sensitive indicator of fibrinolytic activity3. Activation of coagulation
and the fibrinolytic system has been associated with disease stage and prognosis in
various types of malignancies3-5. Some studies have suggested that D-dimer might be
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valuable in determining the prognosis of the disease and
evaluating the treatment response in lung cancer5-7.

In the present study, we investigated the association
of plasma D-dimer levels and coagulation factors such
as prothrombin time (PT), activated partial thrombo-
plastin time (APTT), international normalized ratio
(INR), and thrombocyte count with the stage and histo-
logic type of the disease, as well as with response to
therapy and survival in untreated lung cancer patients.

Material and methods

In the study, 100 newly diagnosed, treatment-naive
lung cancer patients ≥18 years of age were prospective-
ly evaluated. The control group consisted of 25 healthy
individuals without comorbidity.

The diagnosis of lung cancer was based on the analy-
sis of biopsy or cytologic specimens obtained by bron-
choscopic examination, transthoracic biopsy or surgery.
Histological tumor type was determined according to
the WHO International histological classification of tu-
mors (World Health Organization Classification)8. 

Patients were staged according to the TNM classifica-
tion, based on their conventional radiographs, thoracic
and cerebral computed tomography scans, upper ab-
dominal ultrasounds, whole body bone scintigraphs
and fiberoptic bronchoscopic examinations9.

Prior to treatment, the functional status of the pa-
tients was evaluated with the Eastern Cooperative On-
cology Group (ECOG) performance scale10. All the cases
had an ECOG performance status between 0 and 2, with
an expected survival time of more than three months,
and none of the patients had systemic disease that
would pose an obstacle for the therapy. 

The patients were followed for two years, and the ther-
apies applied (surgical therapy, chemotherapy, radio-
therapy, symptomatic therapies), therapy responses and
survival durations were recorded. The patients who
failed to attend the follow-up visits were telephoned; in
case of death, the survivals of the dead patients were cal-
culated according to their definite death dates obtained
from the Mernis computerized patient record system. 

Patients who were regularly receiving anticoagulant
and antiagregant therapy, who had a history of throm-
boembolism or familial coagulopathy, and patients with
concomitant active infection, malnutrition and second-
ary tumors were not included in the study. The study
was approved by the scientific council of the hospital,
and written informed consent was obtained from each
patient before the study procedures.

Venous blood samples were collected once before the
treatment. They were centrifuged and the plasma was
separated. D-dimer levels, PT, APTT, and INR values
were measured. Thrombocyte count was performed us-
ing an automatic hemocounter (ABX Pentra DX 120,
Horiba Ltd, UK).

D-dimer level was measured in the plasma, via en-
zyme-linked fluorescent immunoassay method using a
mini-Vidas device (BioMerieux SA). A D-dimer level
<500 ng/dl was considered normal. 

Statistical analysis

Statistical analysis was performed using SPSS for Win-
dows, version 16.0. The Kaplan-Meier method was used
for survival analyses, and multivariate Cox regression
analysis was used to evaluate independent variables
that determined survival. Variables were tested by the
Kolmogorov-Smirnov test. Evenly distributed variables
were tested by the Pearson correlation, and oddly dis-
tributed variables were tested by the Spearman correla-
tion test. P <0.05 was considered statistically significant.

Results

Eighty-six of the 100 patients included in the study
were males and 14 were females. The median age of the
patients was 67 years (range, 38-74). Thirteen of the cas-
es had small cell lung cancer (SCLC) and 87 cases had
non-small cell lung cancer (NSCLC). Twenty five healthy
individuals (4 female, 21 males) without comorbidity
were admitted to the study as the control group. Their
median age was 65 years (range, 35-76).

The general characteristics of the lung cancer patients
are shown in Table 1.
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Table 1 - Patient characteristics

n = 100

Median age 67
Male/female 86/14

Histological type
Non-small cell lung carcinoma 23
Adenocarcinoma 29
Epidermoid carcinoma 33
Combined 2
Small cell lung carcinoma 13

Stage
IIA 7
IIB 8
IIIA 26
IIIB 24
IV 35

Performance status
ECOG-0 32
ECOG-1 42
ECOG-2 26

Body weight
Weight loss >10% 49
Weight loss <10% 51

Treatment modalities
Surgery 10
Chemotherapy (cisplatin-based combination CT) 72
RTR (60 Gy in 30 fractions) 55
Palliative RT (30 Gy in 10 fractions) 21

RTR, radical thoracic radiotherapy.
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The survival of patients with high D-dimer levels was
significantly different from that of patients with low D-
dimer levels. A high D-dimer plasma level showed a
significant correlation with short survival, as the medi-
an survival was 9 months for D-Dimer >500 ng/dl ver-

The applied treatment modalities

Ten of the 15 patients with stage II NSCLC underwent
surgery and 6 of them received adjuvant cisplatin-based
combination chemotherapy. The remaining 5 patients
with stage II NSCLC, who were not suitable for surgery or
did not consent to surgery, underwent radical thoracic
radiotherapy (RTR) (60 Gy in 30 fractions over 6 weeks). 

Whereas 42 of the 50 patients with stage III disease re-
ceived cisplatin-based chemotherapy and sequential
RTR, the remaining 8 patients underwent RTR. 

Twelve of 35 patients with stage IV disease received
chemotherapy and 11 of them had symptomatic treat-
ment.

The mean follow-up period was 15 months (range, 4-24).
The mean D-dimer and coagulation factor values are

shown in Table 2.
The median survival duration of the cases was 12

months (range, 2-42). The general survival curve is
shown in Figure 1. There was a significant correlation
between survival period and D-dimer levels (ORR =
1.001, P = 0.001) (Figure 1).

D-dimer levels in patients with lung cancer were high-
er than those of the control group, and the difference was
statistically significant (P <0.01) (Table 2). However, there
was no significant difference between the two groups re-
garding the other hemostatic parameters (P >0.05).

D-dimer levels according to disease stage are shown in
Table 3. When the D-dimer levels were compared accord-
ing to disease stage in patients with lung cancer, a signif-
icant difference was observed between the D-dimer lev-
els of patients with stage IIA and those with stage IV dis-
ease (P = 0.025). There was no significant difference be-
tween the other stage groups in terms of D-dimer levels.
D-dimer levels were significantly higher in lung cancer
patients than in the control group (P <0.01) (Table 3).

The survival duration was significantly longer in pa-
tients with lower D-dimer levels (P <0.05). The mean D-
dimer concentration in patients who were still alive at the
end of a 2-year follow-up was 768.11 ± 269 ng/dl (95% CI,
199.33-1336.88), whereas the mean D-dimer level of pa-
tients who died was 1158.33 ± 122 ng/dl (95% CI, 914.8-
1401.87), and the difference between the two groups was
significant (P <0.02) (Figure 2).

Table 2 - D-dimer and coagulation factor values in the study
groups

Lung cancer Control group 
patients (n = 100) (n = 25)

Mean ± SD Mean ± SD

D-dimer (ng/dl) 1076.66 ± 10.41* 248.6 ± 116*
Thrombocyte (103/mm3) 377.30 ± 134 258 ± 112**
Prothrombin time (sec) 13.63 ± 1.4 11.6 ± 1.2**
APTT 31.81 ± 3.96 29.2 ± 3.1**
INR 1.15 ± 0.17 0.98 ± 0.11**

*P <0.01, **P >0.05. APTT, activated partial thromboplastin time;
INR, international normalized ratio.

Table 3 - D-dimer levels according to disease stage (ng/dl)

D-dimer

Stage Mean ± SD Min-max P

IIA 379 ± 128 288-470 P = 0.025
IIB 586 ± 152 431-946 P >0.05
IIIA 835 ± 204 237-2897 P >0.05
IIIB 1030.9 ± 850 167-444 P >0.05
IV 1225.4 ± 1268 220-5875 P = 0.025

Total 1076.6 ± 1041 167-5875

Figure 1 - Survival curve of the patients with lung carcinoma.
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Figure 2 - The difference between the alive (1) and dead (0) patient
groups in terms of D-dimer levels (ng/dl) (P <0.01).
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sus a median survival of 15 months for D-dimer <500
ng/dl (95% CI, 2-12 and 95% CI, 4-22, respectively, P
<0.05).

Multivariate survival analysis was done using Cox’s re-
gression analysis. D-dimer, age, gender, histological tu-
mor type and performance status were analyzed. Only
the elevation of plasma D-dimer levels was found to be
significantly correlated with shorter survival in regres-
sion analysis. The relation was independent of gender
differences, histologic tumor type and performance sta-
tus (hazard ratio for high D-dimer, 5.1; 95% CI, 1.015-
1.19, P = 0.013).

According to the correlation tests, a significant corre-
lation was found between high D-dimer levels and high
PT levels (r = 0.029, P = 0.034). No significant correlation
was determined between D-dimer levels and histologic
types of lung cancer. There was a significant correlation
between elevated D-dimer levels and the presence of
metastasis (P <0.01), but no difference was determined
in terms of metastatic sites.

The mean D-dimer level was significantly higher in
the patient group with ECOG performance status 2 than
in the other groups (P <0.05). The mean D-dimer level
was 1108 ± 200 ng/dl (95% CI, 698.9-1517) in the group
with ECOG 0, 1043 ± 139.6 ng/dl (95% CI, 763-1323.6) in
the group with ECOG 1, and 1436.5 ± 340 ng/dl (95% CI,
2886-5759) in the group with ECOG 2 (Figure 3).

The treatment responses of 81 patients who received
chemotherapy and/or radiotherapy without surgical in-
tervention were evaluated according to WHO criteria
(Table 4). When the cases were classified according to
their response to therapy as regressive disease (0), stable
disease (1) and progressive disease (2), D-dimer levels
were found to be significantly higher in cases with pro-
gression (Figure 4).

Discussion

In the present study, we observed that the elevation in
plasma D-dimer levels was associated with various pa-
rameters in lung carcinoma. Recent studies have shown
that activation of the hemostatic system plays a role in
tumor development, dissemination and metastasis1-

3,5,7. Thrombin leads to fibrin formation and plays a role
in tumor cell growth and angiogenesis. Moreover, fibrin
accumulation in the cancer tissue has been shown to
act as a protective barrier against inflammatory cells3.
Plasminogen activators produce plasmin, which is an
active serine protease, and plasmin takes part in tumor
invasion and in the penetration of tumor cells into the
circulatory system2,5-7. 

In lung cancer, fibrin deposits are thought to assist in
cell proliferation and neovascularization of the enlarg-
ing tumor, whereas capillary fibrin deposition is consid-
ered to protect the tumor tissue against immune and
chemotherapeutic attacks. However, these complex
mechanisms remain unclear11.

The significant relation between D-dimer levels and
different histologic types of lung carcinoma has been
shown in some publications. The difference has been

Figure 3 - Comparison between the ECOG groups in terms of D-
dimer levels (ECOG 0-1-2).
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Table 4 - Therapy responses and D-dimer levels (logrank test,
P = 0.015)

Therapy D-dimer No. patients Median 95% CI
response level (n = 81) survival 

(mo)

Regression 1041 ± 208.7 28 11 712.8-1569
Stable disease 794.2 ± 86.8 41 9.5 619.2-969.2
Progression 2008 ± 472.3 12 6 969-3048.2

CI, confidence interval.

Figure 4 - Comparison of D-dimer levels between different therapy
response groups (0-regression, 1-stable response, 2-progression).
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attributed to the difference in hemostatic system activa-
tion pathways in NSCLC and in SCLC. Studies have
shown that body macrophages stimulate the fibrinolyt-
ic system by secreting procoagulant substances in
NSCLC, whereas the coagulation system is directly stim-
ulated by the factors secreted from the tumor cells in
SCLC6,12,13. 

In the present study, no significant difference was de-
termined in terms of D-dimer and other coagulation
factor values between the three different histological
types of lung cancer. In their studies, Unsal et al.6 and
Seitz et al.14 reported no significant difference between
NSCLC and SCLC, but Hagedorn et al.15 found higher
levels of hemostatic parameters in adenocarcinoma and
epidermoid cell carcinoma. Inal et al.16 found that the
D-dimer levels of patients with SCLC were higher than
those of patients with NSCLC.

Activation of the hemostatic system was reported to
be correlated with tumor dissemination, thus, a signifi-
cant correlation was reported between the hemostatic
parameters and tumor stage2,17. Unsal et al.6 reported
that D-dimer levels were significantly higher in patients
with distant metastasis independent of the histological
type, but no significant difference was found between
stage IIIB and stage IV disease. In the present study, a
significant correlation, independent of the histological
tumor type, was found between the elevated D-dimer
concentrations and the presence of metastasis. Howev-
er, no difference was found between the metastatic sites
in terms of D-dimer levels. Considering the stages, a sig-
nificant difference was present only between the D-
dimer levels of patients with stage IIA and stage IV dis-
ease, whereas no difference was found between stage II-
IB and stage IV. The results of our study showed that D-
dimer levels were highest among cases with locally ad-
vanced disease and distant metastasis, independent of
histological tumor type.

High levels of D-dimer have been found to be associ-
ated with a poor prognosis in patients with lung can-
cer5,18,19. Ünsal et al.6 and Taguchi et al.18 found that a
high D-dimer level was an independent determinant of
survival. 

Pedersen and Milman20 found that thrombocytosis
was associated with a poor prognosis, but Unsal et al.6

did not confirm the association. The present study as
well revealed no association between prognosis and
thrombocytosis or other coagulation factors (PT, INR,
APTT). Multivariate analysis performed to assess the
prognostic factors showed that survival duration was
shorter in patients with high D-dimer levels and that D-
dimer was an independent prognostic factor. Longer
survival durations were observed in patients with lower
D-dimer levels. Patients who were still alive at the end of
a 2-year follow-up had lower D-dimer levels than pa-
tients who died during the follow-up period.

Performance status is an independent prognostic fac-
tor for lung cancer. In the present study, D-dimer levels

were found to be higher in patients with ECOG 2 per-
formance status. In the study of Altiay et al.7, no signifi-
cant correlation was demonstrated between Karnofsky
performance status and D-dimer levels7.

Some studies have reported that there might be a sig-
nificant correlation between D-dimer levels and treat-
ment response. It is thought that progression of disease
will be aggressive and, in general, treatment responses
and expected survival duration will be shorter in pa-
tients with high hemostatic activation7,21.

Antoniou et al.21 investigated the plasma D-dimer lev-
els prior to, during and after chemotherapy and found a
decrease in D-dimer levels in those who responded to
therapy but an increase in those with progressive dis-
ease. Altiay et al.7 reported a significant correlation be-
tween response to chemotherapy and D-dimer levels
both in patients with local and advanced disease. In the
present study as well, D-dimer levels were found to be
lower in patients with regressive or stable disease than
in those who showed progression. It was thought that
D-dimer levels might be a valuable marker to evaluate
treatment response.

It has beem shown in some studies that D-dimer lev-
els were significantly increased also in metastatic dis-
ease5-7,14. In the present study as well, D-dimer levels
were found higher in patients with metastatic disease
than in those without metastasis. However, there was no
difference between the D-dimer levels regarding
metastatic sites. 

High levels of D-dimer are associated with dissemi-
nated disease, poor therapy response, poor prognosis
and shortened survival duration in lung cancer patients.
Plasma D-dimer analysis is a inexpensive and easily ap-
plicable method that is likely to be a guide in predicting
the dissemination and progression of the disease and
therapy response in patients with lung cancer. It may al-
so be beneficial in determining the candidates for adju-
vant therapy after surgery and in assessing the cases at
high recurrence risk after curative therapies. 

References

1. Falanga A, Rickles FR: Pathophysiology of the throm-
bophilic state in cancer patient. Semin Tromb Hemost, 25:
173-182, 1999.

2. Kwaan HC, Keer HN: Fibrinolysis and cancer. Semin Tromb
Hemost, 16: 230-235, 1990.

3. Bick RL: Coagulation abnormalities in malignancy: a re-
view. Semin Tromb Hemost, 18: 596-602, 1992.

4. Oya M, Akiyama Y, Okuyama T, Ishikawa H: High preoper-
ative plasma D-dimer level is associated with advanced tu-
mor stage and short survival after curative resection in pa-
tients with colorectal cancer. Jpn J Clin Oncol, 31: 388-394,
2001.

5. Buccheri G, Torchio P, Ferrigno D: Plasma levels of Der in
lung carcinoma. Cancer, 97: 1-9, 2003.

6. Unsal E, Atalay F, Atikcan S, Yılmaz A: Prognostic signifi-
cance of hemostatic parameters in patients with lung can-
cer. Resp Med, 98: 93-98, 2004.



7. Altiay G, Ciftci A, Demir M, Kocak Z, Sut N, Tabakoglu E,
Hatipoglu ON, Caglar T: High plasma D-dimer level is as-
sociated with decreased survival in patients with lung can-
cer. Clin Oncol, 19: 494-498, 2007.

8. World Health Organization: International Histological
Classification of Tumors. Springer-Verlag, Berlin, 1991.

9. Mountain CF: Revisions in international system for staging
lung cancer. Chest, 111: 1710-1717, 1997.

10. Oken MM, Creech RH, Tormey DC, Horton J, Davis TE, Mc-
Fadden ET, Carbone PP: Toxicity and response criteria of
Eastern Cooperative Oncology Group Study. Am J Clin On-
col, 5: 649-656, 1982.

11. Gasic GJ, Tuszynski GP, Goerlik E: Interaction of the
haemostatic and immune systems in the metastatic spread
of the tumor cells. Int Rev Exp Pathol, 29: 173-181, 1986.

12. Costantini V, Zacharski LR: Fibrin and cancer. Thromb He-
most, 69: 406-414, 1993.

13. Payev SJ, Hawson GA, Marsh NA: Impact of the fibrinolytic
enzyme system on prognosis and survival assosiated with
non small cell lung carcinoma. Blood Coagul Fibrinolysis,
12: 51-58, 2001.

14. Seitz R, Rappe N, Kraus M, Immel A, Wolf M, Maasberg M,
Egbring R, Pfab R, Havemann K: Activation of coagulation
and fibrinolysis in patients with lung cancer: relation to tu-
mor stage and prognosis. Blood Coagul Fibrinolysis, 4: 249-
254, 1993.

15. Hagedorn AB, Bowie EJ, Elveback LR, Oven CA: Coagula-
tion abnormalities in patients with inoperable lung cancer.
Mayo Clin Proc, (Sep) 49: 647-653, 1974.

16. I
·
nal S, Ta�cı C, Karadurmu� N, Kuzhan O, Balkan A, Özkan

M, Bilgic H, Özet A, Ekiz K: The association of D-dimer lev-
els with other prognostic factors in patients with lung can-
cer. Turk J Med Sci, 38: 209-217, 2008.

17. Gabazza EC, Taguchi O, Yamakami T, Machishi M, Ibata
H, Suzuki S: Evaluating the prethrombotic state in lung
cancer using molecular markers. Chest, 103: 196-200,
1993. 

18. Taguchi O, Gabazza EC, Yasui H, Kobayashi T, Yoshida M,
Kobayashi H: Prognostic significance of plasma D-dimer
levels in patients with lung cancer. Thorax, 52: 563-565,
1997.

19. Ferrigno D, Buccheri G, Rica I: Prognostic significance of
blood coagulation tests in lung cancer. Eur Respir J, 17:
667-673, 2001.

20. Pedersen LM, Milman N: Prognostic significance of throm-
bocytosis in patients with primary lung cancer. Eur Respir
J, 9: 1826-1830, 1996.

21. Antoniou D, Pavlakou G, Stathopoulos GP, Karydis I, Chon-
drou E, Papageorgiou C, Dariotaki F, Chaimala D, Veslemes
M: Predictive value of D-dimer plasma levels in response
and progressive disease in patients with lung cancer. Lung
Cancer, 53: 205-210, 2006.

748 B KOMURCUOGLU, S ULUSOY, M GAYAF ET AL


