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Summary
Purpose: Plasminogen activator inhibitor-1 (PAI-1) participates in thrombotic, fibrinolytic, inflammatory and
metabolic cascades. Since previous studies have focused
on tissue and blood level concentrations, our goal was to
investigate for the first time the independent relationship
between plasma PAI-1 activity in resectable non small cell
lung cancer (NSCLC) taking into consideration its several
interfaces and study its diagnostic and prognostic potential.

IL-6 and tumor size (p<0.05). Plasma PAI-1 activity was
independently associated with NSCLC beyond risk factors
associated with NSCLC (OR:6.9, 95%CI:2.9-16.6, p<0.001).
Plasminogen activity and body mass index emerged as independent predictors of PAI-1 activity in cases. Due to its high
specificity, PAI-1 activity could represent a potentially useful
parameter in ruling out NSCLC, alone or in combination
with serum tumor markers associated with NSCLC.

Methods: In an adequately powered case-control study,
plasma PAI-1 activity, metabolic parameters, classic adipokines, hemostatic, inflammatory and tumor biomarkers
were measured in 110 consecutive patients with resectable
NSCLC and 110 healthy subjects matched on age, sex and
date of blood draw.

Conclusions: PAI-1 activity, reflecting PAI-1 functionality,
may represent a potentially useful biomarker in NSCLC associated with thrombotic, tumor-promoting and metabolic
networks. More clinical studies are needed to explore whether
PAI-1 activity may be a practical biomarker in the risk assessment of NSCLC, at the crossroads of hemostasis and
metabolism.

Results: NSCLC patients exhibited significantly higher
PAI-1 activity compared to controls (p<0.001). In NSCLC
cases, PAI-1 activity correlated with somatometric variables, Key words: adipocytokine, biomarker, coagulation, fibrinolinsulin, WBC, antithrombin III, protein C, plasminogen, ysis, lung cancer, plasminogen activator inhibitor-1

Introduction
Plasminogen Activator Inhibitor-1 (PAI-1), a
glycoprotein of 45 kDa belonging to the serine protease inhibitor superfamily, displays a pivotal role
as a regulator of physiologic hemostatic balance

in vivo, being the main inhibitor of urokinase-type
plasminogen activator (uPA) and plasminogen, and
as an adipocytokine [1,2]. PAI-1 is mainly synthesized by blood thrombocytes, adipocytes, vascular
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smooth muscle cells, epithelial cells, some tissuespecific parenchymal cells (e.g., renal epithelial cell,
hepatocytes, etc) and tumor cells [3]. An upregulation of PAI-1 levels and activity has been observed
in a plethora of disease states such as thrombotic
disorders, atherosclerosis, hypertension, coronary
heart disease, lung and renal fibrosis, insulin resistance/metabolic syndrome/obesity, sepsis and
cancer [3-5].
Over the last decades, the incidence of lung
cancer worldwide has increased significantly, being
the most common cause of cancer-related death [6].
Non-small-cell lung cancer (NSCLC) represents the
major category (85%) of lung cancer cases [6,7].
Smoking, family history of cancer, lifestyle, dietary,
environmental, professional and infectious factors
constitute the main risk factors of NSCLC [8,9]. Unfortunately, despite tremendous therapeutic efforts
in NSCLC, the 5-year survival rate for patients with
NSCLC is low [6]. Therefore, a practical biomarker
that facilitates the early diagnosis of NSCLC as
well as the prompt recognition of invasion, metastasis and prognosis would be very useful in the
management of NSCLC.
A complex interconnection of inflammation,
coagulation, fibrinolysis, insulin resistance and
immune homeostasis is implicated in the pathogenesis of NSCLC promoting significantly neoplastic growth. Even early-stage resectable NSCLC
exhibits a subclinical prethrombotic state and/or
activation of fibrinolysis and inflammation [10,11].
PAI-1 participates in thrombotic, fibrinolytic, inflammatory and metabolic cascades [3]. Although
the exact pathogenetic role of PAI-1 in humans is
at the center of intensive translational research,
the majority of evidence supports an association
of PAI-1 with hemostasis, inflammation, insulin resistance and cancer, participating in the multi-step
pathogenesis of NSCLC.
To date, in NSCLC clinical studies, the role of
PAI-1 has been explored only regarding 1) its expression in lung cancer tissue [12,13] in several
retrospective studies and 2) its circulated antigen
levels in very few retrospective studies, mainly in
advanced disease, without considering risk factors
of NSCLC and several interconnections of PAI-1
pathophysiology [14-16]. Since PAI-1 activity reflects functionality and inhibitory capacity of PAI-1
which are not determined by its circulating antigen
levels [17], our aim was to investigate the independent relationship between plasma PAI-1 activity and resectable NSCLC risk as well as its interplay with hemostatic, inflammatory, metabolic,
tumor and clinicopathologic biomarkers in a large
case control-study. Other goals were: 1) to examine
clinical and laboratory parameters related to PAI-1
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activity variation in NSCLC as well as 2) to assess
the prognostic and diagnostic potential of circulating PAI-1 activity in NSCLC.

Methods
Study patients and controls
The group of cases included 110 consecutive patients with previously untreated, resectable NSCLC. Patients were enrolled from the 3rd Department of Thoracic Surgery of Sotiria General Hospital, which is the
main Greek hospital for respiratory diseases. NSCLC was
subsequently histologically confirmed according to the
revised WHO classification for lung cancer and staging
relied on the revised staging for lung cancer [18].
The group of controls comprised 110 consecutive
healthy subjects matched on age (±5 years), gender
and date of diagnosis (±1 month) with cases. Controls
presented at the Laboratory Department for an annual
check-up examination between July, 2012 and June, 2014
inclusive. All study subjects were of Greek nationality
and the same residency (Attiki region and Metropolitan
area of Athens, Greece). Written informed consent was
obtained from all study participants before enrollment in
the study. The Scientific and Ethics Committee of Sotiria
General Hospital approved the study protocol (#4161/152-12) which conformed to the ethical guidelines of the
Helsinki Declaration of 1975, as revised in 2000.
Eligibility criteria
Study participants were exclude from the study if
they presented: cardiovascular disease (CVD), prior malignancy, diabetes mellitus (DM), endocrine disorders,
hypertension, autoimmune, renal and hepatic disorders,
hematologic (including coagulation disorders), neurologic, muscular or psychiatric disorders, HIV infection,
recent infection at the time of blood drawn, asthma and
alcoholism; if they routinely received any drugs including drugs for hyperlipidemia; and if they were pregnant
and in post-partum period for women.
Data collection
Information was retrieved from medical records
and interviews were done by the same physician (GS)
using a structured questionnaire comprising sociodemographic, diet and lifestyle items, professional exposure
to substances related to lung tumors (mainly asbestos
and silica) as well as physical exercise. Family history
of cancer, particularly lung cancer, and DM was recorded for first-degree and second-degree family relatives.
Weight, height, waist (WC) and hip circumference (HC),
and blood pressure (BP) measurements were performed
for all subjects by the same physician (GS). Two BP
measurements with the same instrument were obtained
5 min apart after 10 min of rest for each subject. BP
was determined by taking into account the average of 2
measurements. Body mass index (BMI) was determined
based on the formula: body weight (kg) / height2 (m2).
Waist-to-hip ratio (WHR) was calculated based on the
ratio WC to HC. Body fat percentage was determined
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taking into account the Deurenberg equation [19]. All biomarkers, and before surgery or any other therapeutic
interviews and measurements were performed at the approach for the cases. Blood samples for PAI-1 activsame time in the morning and under similar conditions. ity and hemostatic variables were collected in citrated
tubes on enrollment, were centrifuged for 10 min at
Laboratory determinations
4000 rounds per min, frozen at -20°C, and analyzed afAll blood specimens were collected early in the ter no more than 28 days following the instructions.
morning (8.00-9.30 am) after 12 h of fasting to avoid PAI-1 activity and other hemostatic parameters (PT,
any effects of the circadian rhythm on the measured aPTT, fibrinogen, antithrombin III/ATIII, Protein C/PrC,
Table 1A. Demographic characteristics and risk factors of patients suffering from resectable NSCLC (n=110) and controls (n=110)
Categorical variable

Cases (n=110)
n (%)

Controls (n=110)
n (%)

p value

91 (82.7)

91 (82.7)

1.00

<6

10 (9.1)

2 (1.8)

0.04

6

46 (41.8)

40 (36.4)

9

7 (6.4)

11 (10)

12

27 (24.5)

24 (21.8)

>12

20 (18.2)

33 (30)

87 (79.1)

73 (66.4)

4 (3.6)

38 (34.5)

Ex-smoker

26 (23.6)

43 (39.1)

Current smoker

80 (72.7)

29 (23.6)

Hx of passive smoking (yes, %)

59 (53.6)

26 (23.6)

<0.001

Occupational exposure to substances (yes, %)

28 (25.5)

9 (8.2)

<0.001

Never

15 (13.6)

16 (14.5)

Rarely (1-2 glasses per month)

14 (12.7)

3 (2.7)

Weekly (1-2 glasses per week)

31 (28.2)

76 (69.1)

Weekly (3-4 glasses per week)

9 (8.2)

5 (4.5)

Demographic characteristics
Sex (male, %)
Educational level (years)

Area of residence (urban, %)

0.03

Risk factors of NSCLC
Hx of tobacco smoking
Non-smoker

<0.001

Hx of alcohol consumption

Daily

<0.001

41 (37.3)

10 (9.1)

Hx of Daily coffee consumption (yes, %)

105 (95.5)

91 (82.7)

<0.002

Physical exercise (≥ 2 hours/week)

53 (48.2)

72 (65.5)

<0.01

Family history of lung cancer (yes, %)

19 (17.3)

9 (8.2)

<0.04

44 (40)

25 (22.7)

<0.006

29 (26.4)

17 (15.5)

<0.047

Cases (n=110)
Mean (SD)

Controls (n=110)
Mean (SD)

p value

65.11 (7.90)

65.04 (7.54)

0.85

Family history of cancer (yes, %)
Family history of diabetes (yes, %)
Continuous variables
Demographic variables
Age, years
Risk factors of NSCLC
Hx of smoking, daily smoked cigarettes X years smoking

1423.24 (907.09)

483.27 (497.36)

<0.001

Red meat, weekly servings

2.47 (1.39)

1.79 (0.96)

<0.001

Fruits, daily servings

0.71 (0.68)

0.88 (0.35)

<0.001

Vegetables, daily servings

0.82 (0.60)

0.76 (0.33)

0.67

Plant food, daily servings

1.50 (1.10)

1.45 (0.51)

0.38

SD: standard deviation
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D-dimers and plasminogen) were evaluated using commercially available reagents (Berichrom® PAI) on an automated hemostasis analyzer (BCS XP system, Siemens
Healthineers, Erlangen, Germany). The detection limit
as well as the inter-assay and intra-assay coefficients
of variations for Berichrom® Siemens PAI-1 activity
determination were 0.5 U/mL, <4% and between 3-6%,
respectively.
Additional serum was separated from initial blood
drawn and stored at –80°C until analysis of tumor and
inflammatory biomarkers, classic adipocytokines and
insulin. Mean storage interval was similar for case
and control specimens. Classic adipokines (leptin and
adiponectin), hematologic biomarkers, glucose, insulin,
urea, creatinine, lipid biomarkers, inflammatory markers
such as high-sensitive C-reactive protein (hsCRP), interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-α),
and tumor markers such as CEA, CA 125, CA 15-3 and CYFRA 21-1 were evaluated as previously described [20,21].
IL-6 was determined using an automated analyzer (Cobase411, Roche Diagnostics Corporation, Indianapolis,
Indiana, USA). Finally, HOMA-IR (Homeostasis model
assessment score of insulin resistance) was calculated
using the formula: [fasting serum insulin (μU/mL) x fasting serum glucose (mmol/L)] / 22.5.

account prior studies on classic adipokines and lung
cancer risk [9,22], multiple binary logistic regression
analysis was employed to explore whether PAI-1 activity, expressed also in quartiles, was independently associated with NSCLC risk (outcome variable), controlling for
matching factors and important clinical and laboratory
biomarkers retrieved in univariate analyses [23]. Subsequently, linear regression models were used to explore
the independent contribution of an individual predictor
to PAI-1 activity variability in NSCLC. Stepwise binary
logistic regression included significant predictors found
in the univariate analysis to come up with a final model
predicting PAI-1 activity in NSCLC (stepwise criteria of
entry in the model ≤0.05 and removal from the model
≥0.1 [23]). Receiver Operator Characteristic (ROC) curve
and area under the curve (AUC) analyses were performed
to evaluate the discriminative ability of PAI-1 activity
and serum tumor markers in NSCLC. The statistical
package IBM-SPSS® version 24 for Windows was used.
A two-sided p value less than 0.05 was considered significant for all tests. We calculated that we required a
total sample size of at least 220 patients to achieve 90%
power at the 0.05 level of significance in order to detect
a 1 KU/L difference in PAI-1 activity.

Statistics

Results

Categorical data were expressed as number and
percentage while continuous data were expressed as
mean±standard deviation (SD). The following statistical
tests were performed: Pearson’s x2 or Fisher’s exact test
for categorical variables, Student’s t-test for normally
distributed continuous variables, and Mann-Whitney U
test for non-normally distributed continuous variables.
Normality hypothesis was tested using the Shapiro-Wilk
test. Spearman’s correlation was used to assess correlations for continuous and ordinal variables. Taking into

Clinical characteristics of study participants
Tables 1A, 1B and 1C depict the distribution
of sociodemographic and clinical characteristics
as well as laboratory biomarkers of all study subjects. Prior established connections of NSCLC with
smoking, passive smoking, lower education level
and physical activity, urban residency, alcohol consumption, red meat and lower fruit consumption,

Table 1B. Clinical characteristics of patients suffering from resectable NSCLC (n=110) and controls (n=110)
Clinical variables

Cases (n=110)
n (%)

Controls (n=110)
n (%)

p value

SBP, mmHg

127.00 (12.50)

126.07 (9.69)

0.69

DBP, mmHg

78.61 (9.42)

78.93 (6.08)

0.35

Mean arterial BP ∂, mmHg

94.74 (9.57)

94.65 (5.88)

0.53

77.07 (14.34)

80.25 (14.76)

0.14

1.71 (0.07)

1.70 (0.08)

0.30

Blood pressure parameters

Somatometric variables
Weight at diagnosis, kg
Height, m
BMI at diagnosis, kg/m

26.35 (4.12)

27.67 (4.52)

0.01

Waist circumference, cm

100.90 (13.71)

103.77 (14.40)

0.20

Hip circumference, cm

102.40 (8.45)

104.85 (10.95)

0.24

2

WHR

0.98 (0.08)

0.99 (0.14)

0.16

Fat, %

32.26 (6.20)

33.82 (7.56)

0.11

Fat mass, kg

25.28 (8.38)

27.71 (9.93)

0.05

Free fat mass, kg

51.80 (8.26)

52.53 (8.40)

0.80

Mean Arterial BP= (2*DBP+ SBP)/3
BMI: Body mass index; DBP: diastolic blood pressure; SBP: systolic blood pressure; SD: standard deviation; WHR: waist-hip ratio
∂
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professional exposure to carcinogenic substances,
family history of cancer and diabetes are confirmed
in this Table data [8]. Patients exhibited significantly elevated levels of platelet count, HOMA-IR,
insulin, fibrinogen, fibrinolytic, inflammatory and
tumor biomarkers. However, patients presented
significantly lower fat mass, BMI, cholesterol, he-
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moglobin and activity of anti-coagulant biomarkers such as ATIII and PrC. Notably, NSCLC patients
showed significantly elevated plasma PAI-1 activity (p<0.001; Figure 1) but not adiponectin (p=0.08)
and leptin (p=0.06) concentrations in comparison to
controls. Table 2 portrays special clinicopathological characteristics of NSCLC cases.

Table 1C. Laboratory characteristics of patients suffering from resectable NSCLC (n=110) and controls (n=110)
Laboratory variables

Cases (n=110)
n (%)

Controls (n=110)
n (%)

p value

5.80 (1.48)

5.42 (0.98)

0.15

4.11- 5.88

Insulin, pmol/L

111.75 (35.77)

99.66 (47.36)

0.004

18.06-172.93

HOMA-IR score

4.25 (2.02)

3.59 (2.33)

<0.001

-

Total cholesterol, mmol/L

4.66 (0.86)

5.39 (0.88)

<0.001

3.63- 5.70

Triglycerides, mmol/L

1.30 (0.69)

1.45 (0.57)

0.07

<2.26

HDL-C, mmol/L

1.12 (0.25)

1.31 (0.29)

<0.001

♂: 0.91-1.42

Reference range

Metabolic variables
Glucose, mmol/L

♀: 1.17-1.68

LDL-C, mmol/L

2.95 (0.73)

3.41 (0.79)

<0.001

<4.12

Hemoglobin, g/L

132.90 (14.0)

147.5 (15.8)

<0.001

♂: 135-175

WBC, ×109/L

8.839 (2.157)

6.960 (1.759)

<0.001

4-11

284 (97)

243 (46)

<0.001

150-400

PT, s

12.10 (0.68)

11.98 (0.75)

0.07

9.8-12.1

INR

1.03 (0.07)

1.00 (0.12)

0.12

-

aPTT, s

36.14 (7.11)

34.44 (7.10)

0.08

26-36

Fibrinogen, μmol/L

10.34 (3.20)

9.11 (1.29)

0.001

5.29-10.29

ATIII, % of the norm

92.92 (15.61)

105.53 (9.13)

<0.001

79-112

PrC, % of the norm

100.88 (25.24)

110.79 (15.15)

<0.001

70-140

6.19 (13.03)

2.25 (1.26)

<0.001

0s.01

114.30 (19.74)

105.83 (8.51)

<0.001

75-150

Hematologic variables
♀: 120-155

Platelets, ×109/L
Hemostatic variables

D-dimers, nmol/L
Plasminogen, % of the norm
Inflammatory variables
hsCRP, nmol/L

69.33 (79.05)

32.10 (15.05)

<0.001

<47.62

IL-6, ng/L

8.33 (8.97)

4.84 (1.86)

<0.001

<7

TNF-α, ng/L

9.84 (13.89)

5.91 (3.01)

0.007

<8

Leptin, μg/L

15.48 (5.39)

14.18 (4.63)

0.06

-

Adiponectin, mg/L

7.19 (2.25)

6.83 (1.87)

0.08

-

PAI-1 activity, kU/L

6.38 (3.24)

3.91 (1.53)

<0.001

2-7

7.02 (7.55)

2.20 (1.56)

<0.001

NS <3.8

CA 125, kU/L

33.11 (22.46)

24.04 (9.41)

0.003

CA 15-3, kU/L

25.98 (19.20)

15.10 (9.44)

<0.001

<25

CYFRA 21-1, μg/L

8.20 (11.14)

1.84 (1.36)

<0.001

<3.3

Adipokines

Tumor biomarkers
CEA, µg/L

S<5.5
<35

aPTT: activated Partial Thromboplastin Time; ATIII: Antithrombin III; CEA: Carcinoembryonic antigen; CYFRA 21-1: Cytokeratin 19 Fragment; HDL-C: High-density lipoprotein cholesterol; HOMA: Homeostasis model assessment score of insulin resistance; hsCRP: high sensitive
C-Reactive Protein; IL-6: interleukin-6; INR: International Normalized Ratio; LDL-C: Low-density lipoprotein Cholesterol; PAI-1: Plasminogen
activator inhibitor-1; PLT: Platelets; PrC: Protein C; PT: Prothrombin Time; SD: standard deviation; TNF-α: Tumor Necrosis Factor-α; WBC:
White Blood Cells.
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Correlations of PAI-1 activity with metabolic, hemo- BMI, HOMA-IR, TNF-α, IL-6, hsCRP, adiponectin
static, inflammatory, tumor, clinicopathological vari- and leptin (p value for trend <0.001). Notably, indiables and adipokines
viduals in the 4th quartile of PAI-1 activity showed
significantly higher odds for NSCLC (OR=21.57,
In NSCLC patients, PAI-1 activity showed posi95%C.I. 3.99-116.81, p<0.001), while subjects in the
tive correlations with somatometric variables, in1st quartile of PAI-1 activity presented lower odds
sulin, WBC, ATIII, PrC, plasminogen, IL-6 and tufor NSCLC (OR=0.05, 95%C.I. 0.01-0.22, p<0.001)
mor size as depicted in Table 3. In control subjects,
after adjusting for matching factors, risk factors
PAI-1 activity was associated with somatometric,
and significant variables from univariate logistic
metabolic (insulin, HOMA-IR, triglycerides, toregression analyses.
tal cholesterol and LDL-C), fibrinogen, D-dimers,
plasminogen, inflammatory biomarkers (hsCRP Independent determinants of plasma PAI-1 activity in
and IL-6) and leptin. Furthermore, PAI-1 activity NSCLC patients
showed negative correlations with adiponectin and
As shown in Table 5, the only significant preCYFRA-21-1.
dictors of PAI-1 activity in NSCLC cases derived
Plasma PAI-1 activity is independently associated with from the final model of multiple stepwise linear
NSCLC
regression were plasminogen (p<0.001) and BMI
(p=0.001).
As shown in Table 4, multivariable logistic
regression analysis revealed that higher plasma PAI-1 activity in clinicopathological characteristics of
activity of PAI-1, expressed also as quartiles, was NSCLC
significantly related with NSCLC, before and afPAI-1 activity is depicted in NSCLC patients
ter adjustment for age, gender, date of blood draw,
amid
various categories of stage, tumor differentiaresidence, level of education, smoking, passive
smoking, family history of cancer and diabetes, tion, histology, tumor size and lymph node involvecoffee, alcohol and red meat consumption, profes- ment (Table 6). PAI-1 activity showed a borderline
sional exposure to substances, physical exercise, statistical association with tumor size (p=0.05).

Table 2. Clinicopathological characteristics in 110 cases
with resectable NSCLC
Clinicopathological variables

Cases (n=110)
n (%)

Stage
IA

25 (22.7)

IB

15 (13.6)

IIA

30 (27.3)

IIB

23 (20.9)

ΙΙΙΑ

17 (15.5)

PAI-1 activity could be a useful biomarker in excluding NSCLC
The ROC analysis of PAI-1 activity and serum
tumor markers is depicted in Figure 2. For PAI-1
activity, the best cut-off point based on Youden’s index was 6.60 kU/L. PAI-1 activity greater than 6.60
kU/L provided a sensitivity and a specificity of 66%
and 81% respectively (AUC 0.77, 95%CI: 0.71-0.84)

Tumor differentiation
Well

6 (5.5)

Moderate

56 (50.9)

Poor

48 (43.6)

Histology
Adenocarcinoma

58 (52.7)

Squamous

47 (42.7)

Adenosquamous

5 (4.5)

Tumor size, cm
≤3

37 (33.6)

3-5

51 (46.4)

>5

22 (20)

Lymph node involvement
0

63 (57.3)

≥1

47 (42.7)
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Figure 1. Circulating PAI-1 activity levels in NSCLC patients (n=110) and in controls (n=110). PAI-1 activity levels
are significantly elevated in NSCLC cases (6.38 ± 3.24 kU/L)
than in control subjects (3.91 ± 1.53 kU/L, p<0.001).
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Table 3. Associations of study biomarkers with plasma PAI-1 activity
Variables

Blood pressure variables
SBP
DBP
Mean ABP
Somatometric variables
BMI
Waist circumference
WHR
Fat mass %
Metabolic variables
Glucose
Insulin
HOMA-IR
Triglycerides
Total cholesterol
LDL-C
HDL-C
Hematologic variables
Hemoglobin
WBC
PLT
Hemostatic variables
PT
INR
aPTT
Fibrinogen
ATIII
PrC
D-dimers
Plasminogen
Inflammatory variables
hsCRP
IL-6
TNF-α
Adipokines
Leptin
Adiponectin
Tumor biomarkers
CEA
CA125
CA15-3
CYFRA 21-1
Clinicopathological variables
Stage
Tumor Differentiation
Tumor size
Number of infiltrated lymph nodes

Cases with NSCLC
n=110

Controls
n=110

r

p

r

p

-0.02
-0.06
-0.03

0.82
0.52
0.73

-0.14
-0.01
-0.11

0.15
0.90
0.28

0.34
0.35
0.26
0.21

<0.001
<0.001
0.01
0.03

0.53
0.49
0.10
0.36

<0.001
<0.001
0.31
<0.001

0.10
0.21
0.18
-0.02
0.07
0.13
0.02

0.31
0.03
0.06
0.85
0.49
0.19
0.83

0.15
0.41
0.41
0.42
0.37
0.28
-0.09

0.11
<0.001
<0.001
<0.001
<0.001
0.003
0.35

0.07
0.21
0.16

0.47
0.03
0.10

0.08
0.22
-0.12

0.42
0.02
0.21

-0.15
-0.07
-0.07
0.07
0.20
0.28
0.05
0.38

0.23
0.44
0.47
0.46
0.04
0.003
0.58
<0.001

-0.03
-0.06
0.08
0.18
-0.02
-0.01
0.38
0.54

0.76
0.55
0.40
0.05
0.81
0.94
<0.001
<0.001

0.09
0.24
0.06

0.38
0.01
0.57

0.46
0.29
0.02

<0.001
0.002
0.87

0.09
-0.07

0.37
0.48

0.40
-0.34

<0.001
<0.001

0.05
0.01
0.06
-0.01

0.60
0.95
0.52
0.90

-0.10
-0.09
-0.14
-0.21

0.29
0.35
0.14
0.03

0.08
0.06
0.19
-0.01

0.40
0.53
0.04
0.93

-

-

aPTT: activated partial thromboplastin time; ATIII: Antithrombin III; BP: blood pressure; BMI: body mass index; CEA: carcinoembryonic
antigen; CYFRA 21-1: cytokeratin 19 fragment; DBP: diastolic blood pressure; HDL-C: high-density lipoprotein cholesterol; HOMA-IR: homeostasis model assessment score of insulin resistance; hsCRP: high sensitive C-reactive protein; IL-6: interleukin-6; LDL-C: low-density
lipoprotein cholesterol; PAI-1: plasminogen activator inhibitor-1; PLT: platelets; PrC: protein C; PT: prothrombin time; SBP: systolic blood
pressure; TNF-α: tumor necrosis factor-α; WBC: white blood cells; WHR: waist-hip ratio.
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Table 4. Odd ratios (OR) and 95% confidence intervals (CI) for risk of resectable NSCLC in relation to plasma PAI-1
activity by quartiles and continuously
PAI-1 activity (kU/L)
PAI-1 quartile (range)
1st (0.5-3.40)
median: 2.70
2nd (3.41-4.69
median: 3.90
3rd (4.70-6.48)
median: 5.19
4th (6.49-21.2)
median: 7.50
For 1 SD of PAI-1 more

Cases (n)/Total (n),
%

Crude OR
(95% CI)

p value

p trend

Adjusted OR a
(95% CI)

p value

p trend

17/56
(30.4)
16/54
(29.6)
30/55
(54.5)
47/55
(85.5)
-

0.33
(0.17-0.64)
0.32
(0.17-0.62)
1.28
(0.70-2.35)
9.51
(4.22-21.44)
4.61
(2.83-7.52)

<0.001

<0.001

0.05
(0.01-0.22)
0.34
(0.10-1.18)
4.41
(1.17-16.60)
21.57
(3.99-116.81)
6.93
(2.90-16.59)

<0.001

<0.001

<0.001
0.44
<0.001
<0.001

0.09
0.03
<0.001
<0.001

SD: standard deviation. aOR adjusted for age, gender, date of blood draw, residence area, education level, smoking, passive
smoking, coffee consumption, alcohol consumption, red meat consumption, professional exposure to carcinogenic substances, physical exercise, family history of cancer, family history of diabetes, BMI, HOMA-IR, IL-6, TNF-α, hsCRP, adiponectin
and leptin.

Table 5. Final model of multiple linear regression analysis (stepwise method) portraying independent predictors of
PAI-1 activity (as dependent variable) in 110 cases suffering from NSCLC; regression coefficients (b), standard error of
b (SEb) and t-statistic with corresponding p value
Independent variables

b

SEb

t-statistic

p value

Plasminogen

0.05

0.01

3.75

<0.001

BMI

0.24

0.70

3.45

<0.001

Table 6. Circulating PAI-1 activity (kU/L) and its association with clinicopathological variables in 110 cases with
resectable NSCLC
Clinicopathologic features

PAI-1 activity
(mean ± SD)

Stage

0.45

IA

5.79 ± 3.56

IB

6.52 ± 1.23

IIA

5.97 ± 1.98

IIB

6.73 ± 4.32

IIIA

7.38 ± 4.04

Tumor differentiation

0.70

Well

5.08 ± 2.89

Moderate

6.37 ± 3.16

Poor

6.56 ± 3.40

Histology

0.72

Adenocarcinoma

6.45 ± 2.90

Squamous

6.25 ± 3.76

Adenosquamous

6.67 ± 2.02

Tumor size, cm

0.05

≤3

5.58 ± 3.17

3-5

6.71 ± 3.07

>5

6.95 ± 3.65

Lymph node involvement

0.66

0

6.26 ± 2.87

≥1

6.55 ± 3.72
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p value

for the diagnosis of NSCLC. The negative predictive
value was 71%. Only serum CEA outperformed PAI1 in distinguishing NSCLC (CEA AUC 0.84, 95%CI:
0.79-0.90). PAI-1 activity was above the optimum
cut-off point in 43 cases with NSCLC (39.1%) versus 8 (7.3%) controls (x2=31.27, p<0.001). Despite
its moderate discriminative ability (based on the
AUC), PAI-1 activity could represent a potentially
useful parameter in ruling out NSCLC due to its
high specificity. Notably, the combination of plasma PAI-1 activity with all tumor markers yielded
a better discriminative ability in terms of sensitivity (85%) and specificity (92%) compared to all
biomarkers individually.

Discussion
To the best of our knowledge, this is the first
study demonstrating the independent association
of higher preoperative plasma PAI-I activity levels
with resectable NSCLC, taking into account significant risk factors of NSCLC. Although its moderate
discriminative ability, plasma PAI-1 activity could
represent a potential helpful hemostatic biomarker
excluding early NSCLC in combination with other
serum tumor markers for lung cancer. So far, in
vivo clinical studies have explored the blood con-
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Figure 2. Receiver operating characteristic (ROC) analysis
of PAI-1 activity, CEA, CA 15-3, CA 125, CYFRA 21-1 and
combination of all biomarkers (patients with NSCLC versus
controls): PAI-1 AUC (area under the curve), 0.77 (95%CI:
0.71-0.84); CEA AUC, 0.84 (95%CI: 0.79-0.90); CA 15-3 AUC,
0.66 (95%CI: 0.59-0.73), CA 125 AUC, 0.61 (95%CI: 0.540.69); CYFRA 21-1 AUC, 0.71 (95%CI: 0.64-0.79); combination of all tumor biomarkers including PAI-1 AUC, 0.94
(95%CI: 0.91-0.97).

centration of PAI-1 antigen as well as the tissue
expression of PAI-1 in NSCLC, showing positive
associations in general [12,14,16,25-31]. These
studies included a heterogeneous case population
regarding staging, focusing more on advanced cases with NSCLC, with a lower number of patients
with resectable NSCLC. Furthermore, these studies did not take into account significant risk factors of NSCLC in multivariate models as well as
the potential interfaces of PAI-1 with hemostatic,
metabolic, inflammatory and tumor biomarkers in
correlation analyses. Whilst PAI-1 antigen concentration levels are not able to discern the PAI-1 protein form (inert, active, latent, substrate noninhibitory) [13], PAI-1 activity, which reflects also antigen
concentration, represents the functional inhibitory
capacity of PAI-1 molecule [17]. Thus, it is more appropriate to study PAI-1 activity rather than PAI-1
antigen concentration in biological systems and in
vivo studies.
The results of our study are in agreement
with: 1) observational prospective epidemiological
studies showing increased risk of cancer, particularly breast and colorectal cancers, in individuals
in the upper quartile of PAI-1 expression [32]; 2)
retrospective studies demonstrating higher PAI1 concentration levels in cases with NSCLC than
controls [14,30,31]; 3) clinical studies presenting
higher expression levels of PAI-1 in lung cancer
tissues than normal tissues [12,16,25-29,31,33]; and
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4) experimental studies showing higher expression
levels of PAI-1 in many tumor cells, including lung
carcinoma [3,34-36].
The role of PAI-1 is not clear in carcinogenesis
and tumor progression. PAI-1 could be implicated
in lung cancer pathophysiology via the following
mechanisms:
1) As an anti-apoptotic and proliferative factor.
Indeed, PAI-1 may alter cell signaling, promoting
proliferative signaling in many cell types [34]. In
particular, intracellular PAI-1 may stimulate cell
survival through inhibition of caspase-3, which
diverts intracellular pro-apoptotic signaling to a
proliferative one [37]. PAI-1 is found in elevated
concentrations in blood, particularly in cancer, after secretion from a variety of cells including tumor cells which release it in the vicinity of cells
[29].
Emerging evidence has related PAI-1 with
tumor development, invasion, angiogenesis and
progression. PAI-1 has been found to activate cell
migration and capacity as well as the expression of
Epithelial to Mesenchymal Transition (EMT) markers in vivo and in vitro [26]. Interestingly, we have
found that PAI-1 correlated with tumor size as evidenced in many studies [2]. However, PAI-1 activity did not correlate with other clinicopathological
features such as staging and lymph node involvement. The role of PAI-1 in tumor angiogenesis is
not clear since many animal and experimental
studies have shown conflicting results with both i)
inhibition [13,38], attributed to the suppression of
u-PA, which propels matrix degradation and cancer
invasion, ii) stimulation [2,39], due to the inhibition of excessive proteolysis which prevents from
successful tumor vessels assembly, and iii) lack of
any effect [40,41]. It seems that this phenomenon
depends on optimal range of PAI-1 levels and activity as supraphysiological doses of PAI-1 favor
tumor size development and angiogenesis, whereas
higher doses exhibit inhibitory action [13,41]. More
experimental studies are needed to elucidate the
oncogenic properties of PAI-1 and its role in tumor
invasion, angiogenesis and metastasis.
2) As a biomarker reflecting disturbed coagulation and fibrinolysis, which are frequently seen in
lung cancer even at earlier stages [42-44]. We have
found that, in NSCLC patients, PAI-1 was positively
associated with ATIII, protein C and plasminogen,
which was the most important determinant of plasma PAI-1 activity. PAI-1 are an essential inhibitor
of plasminogen activator in plasma, presenting
high affinity for both uPA, tissue PA and plasminogen [2].
3) As a metabolic mediator reflecting the insulin-resistant and inflammatory state observed in
JBUON 2019; 24(3): 951
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NSCLC [45]. Insulin resistance and elevated PAI-1
may be intertwined in promoting lung carcinogenesis. Adipocytes may synthesize PAI-1 in response
to insulin [46] while insulin may release PAI-1
from a variety of cell types [47]. Current evidence
supports a relationship between PAI-1 (characterized as an adipocytokine), obesity, insulin resistance and cancer [13]. Visceral fat and BMI are associated with PAI-1 levels and activity [3]. In cases,
BMI emerged as an important determinant of PAI-1
activity in our study. Notably, we have shown positive associations between PAI-1 and BMI, insulin,
fat mass, WC, HOMA-IR (of borderline significance)
and IL-6 in cases, and with somatometric, metabolic and inflammatory biomarkers in controls, in
agreement with many studies [13]. As adiposity
increases, so does the secretion of PAI-1 and its
activity resulting in an impairment of the hemostatic system [48].
Important strengths of our study are 1) the determination of plasma PAI-1 activity which reflects
not only its concentration but also its functional capacity; 2) the determination in the morning which
better reflects the circadian rhythm of PAI-1 activity; 3) the appropriately powered study, which was
sufficient to document novel significant associations with PAI-1 and replicate previous established
risk factors of NSCLC; 4) the use of detailed information on lifestyle, somatometric and biological
variables, allowing to control for their potential
confounding effect in multivariate models; 5) the
blind plasma determinations by the laboratory
staff, eliminating bias from laboratory sources;
6) the selection of controls from the same study

population, who were adequately matched to cases,
avoiding selection bias. Although the abovementioned strengths, this study presents noteworthy
limitations. Its case-control design cannot prove
causality, however it may raise strong hypotheses
to be explored in future prospective studies. Also,
residual confounding by other undetermined variables remains a possibility.
In conclusion, circulating PAI-1 activity was
independently associated with resectable NSCLC
and correlated with hemostatic, metabolic, inflammatory biomarkers and tumor size. Further mechanistic and prospective studies are required to elucidate whether this relationship is causative or an
epiphenomenon. If the former is true, additional
investigations on PAI-1 inhibitors suppressing tumor invasion and metastatic potential are required
[13]; More longitudinal studies are needed to explore whether plasma PAI-1 activity may be a practical biomarker in the risk assessment of NSCLC,
at the crossroads of thrombosis, fibrinolysis and
metabolism.
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