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Summary The present study was designed to investigate whether a correlation ex-
ists between IL-6, TNF-� and coagulation (Thrombin—antithrombin, TATc) or fibrinol-
ysis (D-dimer) activation in non-small cell lung cancer (NSCLC) patients. One hun-
dred thirty patients with NSCLC (n = 65, 53 males, mean age 65 ± 8, adenocarcinoma
n = 32, squamous cancer n = 33) or chronic obstructive pulmonary disease (COPD)
(n = 65, 51 males, mean age 67 ± 9) were studied. As control group 65 healthy donors
(51 males, mean age 61 ± 14) were also evaluated. The results obtained showed that
median D-dimer levels were higher in NSCLC patients (3.0�g/ml) compared either
to COPD patients (1.1�g/ml, P < 0.05) or controls (0.3�g/ml, P < 0.0001). Posi-
tive TNF-� levels (>10 pg/ml) were found in 26% of NSCLC compared to 3% of COPD
(P < 0.002) and 5% of controls (P < 0.0005). On the other hand, positive (>8.5 pg/ml)
IL-6 levels were found in 53% of NSCLC and 21% of COPD patients, compared to 5%
of control subjects (P < 0.001). Median TATc levels were elevated in either NSCLC
(6.9�g/l) or COPD (5.7�g/l) patients compared to controls (1.8�g/l, P < 0.0001). El-
evated D-dimer levels were significantly associated to positive TNF-� levels in patients
without distant metastasis (F = 4.3, P < 0.05). Moreover, TNF-� levels (P < 0.01)
were independently related to the presence of positive D-dimer levels in patients with
non-metastatic NSCLC. These results suggest that increased levels of TNF-� might be
responsible for an activation of fibrinolysis in patients with NSCLC.
© 2003 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Haemostatic abnormalities can be found in more
than 90% of cancer patients, regardless of the
presence or absence of clinical evidence for throm-
boembolic disease, and there is reason to believe
that these abnormalities contribute substantially
to solid tumor organization, demarcation of tumor
from normal host tissues, regulation of inflamma-
tory cell accumulation, tumor angiogenesis and
tumor stroma generation [1].
Although a number of studies have found an asso-

ciation between fibrinolysis and non-small cell lung
cancer (NSCLC), this relationship is by no means
completely understood. Indeed, significant eleva-
tion in the blood concentrations of the split prod-
uct from cross-linked fibrin, D-dimer, was found in
lung cancer patients, with either extensive or lim-
ited disease [2—6], suggesting that a sub-clinical
activation of blood coagulation and fibrinolysis can
occur in NSCLC from the early clinical stages of dis-
ease. Furthermore, the increase of D-dimer levels
has been related to unresponsiveness to treatment
[7] and unfavorable prognosis [7—10] in patients
with NSCLC.
Despite these studies, the origin of the activation

of fibrinolysis in NSCLC is still unclear. The elevated
levels of D-dimer may, in fact, indicate a host com-
pensatory response to the increased formation of
cross-linked fibrin [5,11], as indicated by the find-
ing of a concomitant activation of the coagulation
pathway in NSCLC [2—6]. Indeed, in a recent study
we have shown that D-dimer levels are increased in
NSCLC concomitantly to thrombin/anti-thrombin III
complexes (TATc), an activation marker of coagula-
tion [5]. However, we did not find any correlation
between D-dimer and TATc, suggesting that mech-
anism(s) other than the compensatory response to
fibrin production might be operating in NSCLC, such
as an accelerated activity of the tumor-derived
plasmin-mediated activation of fibrinolysis. Yet,
in a comprehensive study of systemic fibrinolysis
in patients with NSCLC, Pavey et al. [6] demon-
strated that significant activation of fibrinolysis
occurs in NSCLC patients, although the origin of
this activation could not be related to consistent
changes in plasminogen activator and inhibitor
levels. Thus, the question that remains to be an-
swered is whether the increased fibrinolysis found
in NSCLC is due to the presence of cancer and/or
cancer-related products or represents a normal
physiological process to balance the activation of
coagulation.
It is well known that tumor cells and/or tumor-

associated leukocytes may produce inflammatory
cytokines, such as IL-6 and TNF-� [12], and it has

been recently demonstrated by in-situ hybridiza-
tion that elevated TNF-� mRNA levels can be found
in both non-small cell lung cancer cells and tumor
infiltrating lymphocytes (TIL) [13]. Moreover, circu-
lating levels of these cytokines have been associ-
ated with the disease status of lung cancer patients
[14—16].
The release of inflammatory cytokines is involved

in activation of the fibrinolytic/coagulative system.
IL-6, for example, is thought to act over the ex-
trinsic pathway of coagulation through tissue fac-
tor expression [17], whereas TNF-� is thought to
play a direct role in the activation pathway of the
fibrinolytic system [18,19]. Thus, the present study
was aimed at analyzing the possible association be-
tween TNF-�, IL-6 and D-dimer or TATc levels in
patients with different stages of NSCLC, to better
characterize the possible link between these in-
flammatory cytokines and fibrinolysis activation in
NSCLC.

2. Patients and methods

Sixty-five patients with NSCLC, treated at our Ins-
titutions, entered the study. Patients (53 males,
12 females; mean age 65 ± 8, ranging from 48 to
82 years; 22 current and 22 ex-smokers) were his-
tologically diagnosed with lung adenocarcinoma
(n = 32) or squamous cancer (n = 33). NSCLC was
pathologically staged according to the tumor-
nodes-metastasis classification (UICC–—Union In-
ternational Contre le Cancer TNM classification
of malignant tumors). Nineteen (29.2%) patients
were classified as stage I, 6 (9.2%) as stage II, 23
(35.4%) as stage III, and 17 (26.2%) as stage IV lung
cancer. Sixty-five patients with chronic obstructive
pulmonary disease (COPD) (51 males, 14 females;
mean age 67 ± 9, ranging from 46 to 85 years; 11
current and 33 ex-smokers) and 65 healthy subjects
(51 males, 14 females; mean age 61 ± 14, ranging
from 47 to 83 years; 12 current and 25 ex-smokers)
were evaluated as control groups. The latter were
chosen among healthy subjects with a family his-
tory of cardiovascular disease participating in a
prevention program for atherothrombotic disorders
at the University of Rome La Sapienza. Selection
of controls was performed by an independent in-
vestigator, blind to laboratory data, in order to
have a population similar for age, sex and smok-
ing habit to the NSCLC and COPD groups. Diabetes
mellitus (fasting blood glucose level >115mg/dl
or treatment with a hypoglycemic agent), acute
inflammatory disease, history of alcohol or drug
abuse, peripheral-, cardio- and cerebro-vascu-
lar atherosclerotic diseases (by clinical history,
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physical examination, and instrumental diagnosis)
were considered as exclusion criteria. No subject
was on non-steroidal anti-inflammatory drugs, an-
ticoagulant or antiplatelet agents in the 2 weeks
preceding the study. The study was performed un-
der the appropriate institutional ethics approvals
and in accordance with the principles embodied in
the Declaration of Helsinki. Written informed con-
sent was obtained from each participating subject.

2.1. Sample collection and immunoassays

Plasma samples from resectable lung cancer pa-
tients were drawn within 1 week before surgery,
while samples from patients with metastatic dis-
ease were obtained at the time of clinical diag-
nosis, and prior to any treatment. Blood samples
from COPD patients were drawn at the time of clin-
ical and/or instrumental diagnosis and prior to any
treatment. After a rest period of at least 20min,
blood samples were withdrawn from each consent-
ing subject, without stasis, from the antecubital
vein using a 20 G needle, and anticoagulated in Na
citrate 3.8% (1:9, v:v). Samples were immediately
centrifuged at 1500 × g for 10min to obtain plasma,
aliquoted, coded and stored at −40 ◦C until the as-
says were performed.
Plasma TNF-�, IL-6 (both by R&D Systems, Min-

neapolis, MN, USA) and TATc (Enzygnost TAT, Dade-
Behring, Marburg, Germany) levels were measured
by commercially available enzyme immunoas-
says according to the manufacturers’ instructions.
D-Dimer concentration was determined on a STA
analyzer (Roche Diagnostics, Mannheim, Germany)
using the STA LIATEST D-DI (Roche Diagnostics).
Measurements were done blinded. All samples
were assayed in duplicate and those showing val-
ues above the standard curve were re-tested with
appropriate dilutions. The cutoff limits for TNF-�
and IL-6 plasma levels were calculated as the
mean + 2S.D. of the values observed in the control
population, and were set at 10 and 8.5 pg/ml, re-
spectively. As previously reported, the cutoff limits
for TATc and D-dimer levels were set at 3.7�g/l and
0.72�g/ml, respectively [5].

2.2. Statistical analysis

Statistical analysis was performed by χ2 statistics,
Pearson’s correlation coefficient, ANOVA and/or
unpaired t-test. When necessary, log transforma-
tion was used to normalize the data, or appropri-
ate non-parametric tests were employed (Spear-
man correlation analysis, Kruskall—Wallis and/or
Mann—Whitney U-tests). Data are presented as me-
dian and interquartile range (IRQ; 25th percentile

to 75th percentile) or as percentages of positive
patients. Only P-values lower than 0.05 were re-
garded as statistically significant. All calculations
were made using a computer software package
(Statistica, StatSoft Inc., Tulsa, OK, USA).

3. Results

IL-6, TNF-�, D-dimer and TATc levels were de-
termined in plasma samples obtained from 195
subjects, including 65 NSCLC patients with histolog-
ically diagnosed lung adenocarcinoma (n = 32) or
squamous cancer (n = 33), 65 patients with COPD
and 65 control subjects. Median levels of all four
variables did not significantly differ between cur-
rent smokers, ex-smokers and never smokers in the
three groups under evaluation (data not shown). As
summarized in Table 1, median TNF-� levels were
higher in NSCLC compared to either COPD patients
(P < 0.05) or controls (P < 0.0001). Indeed, pos-
itive (above the cutoff value) TNF-� levels were
found in a higher percentage of patients with
NSCLC (26%) compared to either COPD patients (3%,
P < 0.001) or healthy subjects (5%, P < 0.001). Sim-
ilarly, median IL-6 levels were higher in NSCLC com-
pared to either COPD patients (P < 0.01) or controls
(P < 0.0001). Indeed, positive (above the cutoff
value) IL-6 levels were found in a higher percentage
of patients with NSCLC (53%) compared to either
COPD patients (21%, P < 0.001) or healthy subjects
(5%, P < 0.001). Furthermore, COPD patients had
IL-6 levels higher than controls (P < 0.0001).
On the other hand, both patients with COPD

and NSCLC had higher median TATc levels com-
pared with healthy subjects (P < 0.0001), but no
difference was observed between the two former
groups (Table 1). Median D-dimer plasma levels
were also significantly elevated in COPD patients
compared to healthy subjects (P < 0.0001), but
were significantly lower than in patients with
NSCLC (P < 0.05). Positive D-dimer levels were
found in 86% of patients with NSCLC compared to
52% of COPD patients and 9% of healthy subjects
(P < 0.0001) (Table 1).
Positive levels of either TNF-� or TATc, but not

IL-6 or D-dimer, were found in a higher percentage
of patients with distant metastasis compared to
those without. However, the measured levels of
both analytical variables did not significantly differ
in the two subgroups of patients (Fig. 1). Of in-
terest, COPD patients had TATc levels significantly
higher than those observed in non-metastatic pa-
tients (P < 0.05) and quite similar to those found in
Stage IV NSCLC (Fig. 1). No significant association
was found between all laboratory variables and
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Table 1 Plasma TNF-�, TATc and D-dimer levels in patients with non-small cell lung cancer (NSCLC) or chronic
obstructive pulmonary disease (COPD) and control subjects

TNF-� (pg/ml) IL-6 (pg/ml) TATc (�g/l) D-Dimer (�g/ml)

NSCLC patients
N. positive (%) 17 (26) 34 (53) 46 (71) 56 (86)
Median (IQR) 4.5 (3.0—11.9) 8.8 (3.7—21.6) 6.9 (3.4—7.4) 3.0 (1.5—5.8)

χ2-test P < 0.001 P < 0.001 NS P < 0.0001
Mann—Whitney P < 0.05 P < 0.01 NS P < 0.05

COPD patients
N. positive (%) 2 (3) 8 (21) 46 (71) 34 (52)
Median (IQR) 4.0 (2.2—6.4) 4.7 (2.7—6.8) 5.7 (3.7—7.7) 1.1 (0.4—6.7)

χ2-test NS P < 0.05 P < 0.0001 P < 0.0001
Mann—Whitney P < 0.0001 P < 0.0001 P < 0.0001 P < 0.0001

Control subjects
N. positive (%) 3 (5) 3 (5) 17 (26) 6 (9)
Median (IQR) 0.4 (0.2—1.2) 1.5 (0.5—3.8) 1.8 (1.1—4.1) 0.3 (0.2—0.4)

χ2-testa P < 0.001 P < 0.0001 P < 0.0001 P < 0.0001
Mann—Whitneya P < 0.0001 P < 0.0001 P < 0.0001 P < 0.0001
Kruskal—Wallis H = 62.3 H = 48.5 H = 46.7 H = 81.9

P < 0.0001 P < 0.0001 P < 0.0001 P < 0.0001

a NSCLC vs. control subjects.

tumor size, lymph node involvement or histolog-
ical diagnosis (Table 2). Thus, the interactions
among TNF-�, D-dimer levels and the presence
of distant metastases was analyzed by two-way

Fig. 1 Box-plot analysis of plasma TNF-� (Panel A), IL-6 (Panel B), Thrombin—antithrombin complex (TATc) (Panel C)
and D-dimer (Panel D) levels in 65 patients with chronic obstructive pulmonary disease (COPD) and 65 non-small cell
lung cancer (NSCLC). Solid lines indicate mean values, open circles indicate outlier values, open diamonds indicate
extreme vales, bars indicate standard deviations, columns indicate standard errors of the mean.

Anova (Fig. 2). Of interest, elevated D-dimer lev-
els were significantly associated to positive TNF-�
levels only in patients without distant metastasis
(F = 4.3, P < 0.05).
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Table 2 Association of positive levels of TNF-�, TATc and D-dimer with different pathological variables in 65
non-small cell lung cancer patients

Variable Plasma levels above the cutoff value

N (%) TNF-�
(>10 pg/ml)

IL-6
(>8.5 pg/ml)

TATc
(>3.7�g/l)

D-Dimer
(>0.72�g/ml)

Tumor size
T1 15 2 (13) 5 (33) 11 (73) 11 (73)
T2 21 5 (24) 10 (48) 11 (52) 20 (95)
T3 25 10 (40) 17 (68) 20 (80) 22 (88)
T4 4 0 (0) 2 (50) 4 (100) 3 (75)

Lymph node involvement
N0 31 7 (23) 18 (58) 20 (65) 26 (84)
N1 9 2 (22) 1 (11) 5 (56) 8 (89)
N2 25 8 (32) 15 (69) 21 (84) 22 (88)

Distant metastasis
No 45 8 (18) 22 (49) 28 (62) 38 (84)
Yes 20 9 (45)* 12 (69) 18 (90)* 18 (90)

Diagnosis of primary tumor
Adenocarcinoma 32 9 (28) 14 (44) 25 (78) 28 (88)
Squamous 33 8 (24) 20 (61) 21 (64) 28 (85)

* P < 0.05.

Correlation analysis among TNF-�, IL-6, D-dimer
and TATc levels in the three groups of patients
demonstrated that D-dimer directly correlated with
TATc either in COPD patients (P < 0.001) or control
subjects (P < 0.05), whereas the former signif-
icantly correlated with TNF-� (P < 0.01) or IL-6
(P < 0.05) in NSCLC patients (P < 0.01). However,
subgroup analysis of patients with or without dis-
tant metastasis, showed that D-dimer and TNF-�
correlated only in the subgroup of patients with-

Fig. 2 Two-way Anova analysis of D-dimer levels in patients with or without distant metastasis of NSCLC and negative
(panel A) or positive (panel B) TNF-� levels. Closed squares indicate mean values, bars indicate standard deviations,
columns indicate standard errors of the mean.

out metastatic disease (P < 0.001) (Table 3). Thus,
to further analyze the nature of this relation-
ship a multiple regression analysis including age,
sex, smoking status, histological diagnosis, stage,
TNF-�, IL-6 and TATc levels was carried out. The
final model obtained by stepwise regression anal-
ysis revealed that only TNF-� levels (regression
coefficient = 0.36, P < 0.01) were independently
related to the presence of elevated D-dimer lev-
els in patients with non-metastatic NSCLC. On the
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Table 3 Summary of Spearman rank correlation coefficients among the variables analyzed in NSCLC, COPD
patients and control subjects

NSCLC patients

All patients
(n = 65)

Stages I through III
(n = 45)

Control subjects
(n = 65)

COPD patients
(n = 65)

TNF-� IL-6 TATc TNF-� IL-6 TATc TNF-� IL-6 TATc TNF-� IL-6 TATc

D-Dimer 0.345* 0.261‡ 0.027 0.522† 0.136 0.035 0.122 0.161 0.246‡ 0.112 0.166 0.444†

TATc −0.046 −0.043 −0.085 −0.105 0.163 −0.033 0.233 0.166
IL-6 0.354* 0.352‡ 0.325* 0.179

* P < 0.01.
† P < 0.001.
‡ P < 0.05.

other hand, regression analysis of COPD patients
including age, sex, smoking status, TNF-�, IL-6 and
TATc levels showed that only TATc levels (regression
coefficient = 0.52, P < 0.001) were independently
related to the presence of elevated D-dimer levels.

4. Discussion

Several studies have demonstrated that pulmonary
malignancy is frequently accompanied by alter-
ations of fibrinolysis. The process of fibrinolysis
involves an enzymatic cascade, which helps to
break down cross-linked fibrin molecules. Fibrinol-
ysis may be activated primarily–—and thus indepen-
dently of activation of the coagulation cascade–—or
secondarily in response to fibrin formation. How-
ever, the complex biochemical mechanisms of the
activation of fibrinolysis in cancer patients are not
completely understood.
In the last few decades a series of in vivo and

in vitro studies has provided more insight into the
pathogenetic mechanisms and the role of cytokines
in the activation and regulation of the coagulation/
fibrinolytic cascade, although the interactions are
complicated, and the effects are time-dependent
and transient [20]. To date, it is widely accepted
that, on a cellular level, TNF-� may directly acti-
vate the fibrinolytic system. Injection of TNF-� into
healthy volunteers, in fact, results in a transient
activation of fibrinolysis [21,22]. Furthermore,
treatment with anti-TNF-� in the human and chim-
panzee sepsis models inhibits the fibrinolytic system
[23,24], whereas coagulation is not affected, show-
ing that TNF plays an important role in regulation
of the fibrinolytic response. Although this scenario
has been derived largely from studies with purified
endotoxin or gram-negative bacteria, we hypothe-
sized similar alterations to occur in the activation

of fibrinolytic systems in NSCLC, because the key in-
termediate cytokine TNF-� has been correlated to
the disease status of lung cancer patients [14—16].
In the present study, plasma IL-6 and TNF-� lev-

els were significantly elevated in NSCLC compared
to either COPD patients or healthy controls. One
limitation of the methodology used is that it does
not allow distinguishing what is the main source of
circulating cytokines in patients with NSCLC. These
may be produced directly by the tumor, or may
be the result of the host inflammatory response
to cancer cells and/or their released products, al-
though both phenomena can occur. Indeed, Li et al.
recently showed by in-situ hybridization that, de-
spite an immunosuppressive state, TNF-� mRNA
levels were elevated in both tumor cells and TIL
of NSCLC patients [13]. Whatever the source might
be our finding that TNF-� was the only variable in-
dependently associated to D-dimer in patients with
non-metastatic NSCLC suggests an involvement of
this cytokine in the primary activation of fibrinoly-
sis in this malignancy.
The finding of increased plasma levels of TATc (an

activation marker of coagulation) and of D-dimer (a
marker of fibrinolysis) in a substantial percentage
of NSCLC patients is in agreement with the find-
ings by other authors [2—4,6], although we could
not confirm the correlation of D-dimer levels with
tumor stage previously observed [6]. Furthermore,
the lack of a significant correlation between TATc
and D-dimer levels suggests that these two ana-
lytical variables represent different pathological
mechanisms of activated coagulation and fibrinol-
ysis in patients with NSCLC. Elevated TATc levels
were also found in COPD, which is not surprising,
because of the occurrence of a pro-thrombotic
state in this clinical setting [25—28]. The per-
centage of patients with positive TATc levels did
not significantly differ between COPD and NSCLC
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patients, and median TATc levels of COPD patients
were similar to those measured in plasma samples
obtained from metastatic NSCLC patients. On the
other hand, median D-dimer levels of COPD patients
were significantly lower than those of NSCLC. Fur-
thermore, TATc levels were independently related
to D-dimer levels in COPD patients, suggesting that
the activation of the fibrinolytic pathway observed
in COPD might be secondary to thrombin generation
and fibrin deposition.
The significant association found in NSCLC be-

tween TNF-� and D-dimer levels, but not with TATc,
suggests that the host inflammatory response to
cancer cells, and/or their released products, as well
as tumor-derived cytokines, could be responsible
for a primary activation of the fibrinolytic pathway,
unrelated to the coagulation activation, at least in
the early stages of disease. Indeed, the association
between TNF-� and D-dimer levels was confined to
non-metastatic patients, despite the occurrence of
elevated levels of TNF-� in Stage IV NSCLC. How-
ever, we should consider that approximately 90% of
metastatic patients also had elevated TATc levels,
which is in agreement with the opinion currently
accepted that the incidence, nature, and extent of
coagulation abnormalities is related to the tumor
burden [1]. Activation of the coagulation system
and consequent thrombin generation could be due
to increased production of tissue factor (TF) by lung
cancer cells [29]. TF is the key factor in the acti-
vation of the extrinsic pathway and a regulator of
tumor angiogenesis [30]. Furthermore, TF expres-
sion has been correlated with the clinical stage of
other types of human cancer, with the highest per-
centages found in metastatic disease [31]. Thus, we
can hypothesize that in metastatic lung cancer a
secondary activation of fibrinolysis might also oc-
cur due to the increased thrombin generation and
consequent fibrin production.
In conclusion, the present study confirms pre-

viously published observation that NSCLC causes
a profound alteration in fibrinolysis and suggests
that TNF-� could be, at least in part, responsible
for the increased D-dimer levels found in this ma-
lignant disease. There have been no other reports
of such an association between TNF-� and D-dimer
levels in NSCLC, but our results suggest that the
increased D-dimer levels might be accounted for a
primary activation of fibrinolysis by TNF-� in the
early stages of NSCLC. Additional studies in a larger
number of patients are required to better define
the role of tumor-derived cytokines in NSCLC. Bet-
ter knowledge of the biologic effects of TNF-�
in human cancer will help to improve our under-
standing of the pathophysiological significance of
tumor-induced coagulopathies.
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