Am J Transl Res 2014;6(6):768-776
www.ajtr.org /ISSN:1943-8141/AJTRO001950

Original Article
Selected hemostatic parameters in patients
with pancreatic tumors

Anna Deskur?, Daria Satata?, Marta Budkowska?, Barbara Dotegowska?, Teresa Starzynska?, Wojciech
Bltogowski®

Departments of ‘Gastroenterology, 2Medical Analytics, Pomeranian Medical University in Szczecin, Poland;
SDepartment of Public Health, University of Zielona Gora, Poland

Received August 18, 2014; Accepted October 15, 2014; Epub November 22, 2014; Published November 30, 2014

Abstract: Introduction: Recent experimental studies have suggested that various coagulation-related molecules may
be important players in the development and progression of pancreatic cancer. However, these findings have not
yet been verified in a clinical setting. Methods: In this study, we comprehensively examined the levels of multiple he-
mostatic substances, including prothrombin, antithrombin, plasminogen, thrombin-anti-thrombin (TAT) and plasmin-
anti-plasmin (PAP) complexes, as well as, soluble CD40 (sCD40) in patients diagnosed with pancreatic cancer (n
= 37) or other tumors (neuroendocrine neoplasms - NEN [n = 7] or solid pseudopapillary tumors-SPT [n = 3]), and
healthy individuals (n = 31). Results: We found significantly higher anti-thrombin, PAP and sCD40 levels in patients
with pancreatic cancer compared to healthy controls and patients diagnosed with other types of pancreatic tumors
(for all, at least p < 0.05). Cancer patients had lower plasminogen concentrations than individuals from the other
analyzed groups (for both, p < 0.05). None of the examined coagulation-related parameters was significantly associ-
ated with neither systemic sCD40 concentrations nor clinical staging of malignancy. Levels of analyzed molecules
were comparable between pancreatic cancer patients presenting with early and advanced disease. Moreover, our
study identified a potential diagnostic value of prothrombin/TAT and anti-thrombin/TAT coefficients in detection of
pancreatic cancer in humans. However, both of these were inferior to currently used marker-CA19.9. Conclusions:
Subclinical hemostatic alterations (mainly in plasmin-related molecules) i) appear as soon as during the earliest
stages of the pancreatic adenocarcinoma development in humans, ii) do not seem to alter within progression of
the disease nor are associated with clinical staging, iii) are not observed in patients with other types of pancreatic
tumors, as well as, iv) do not seem to be associated with elevated sCD40 concentrations in pancreatic cancer
patients. Moreover, examined thrombin- and plasmin-related substances do not appear to possess a sufficient
diagnostic value to serve as makers of pancreatic adenocarcinoma in humans.

Keywords: Hemostasis, neuroendocrine tumors, pancreatic cancer, plasmin, thrombin

Introduction

Pancreatic cancer is one of the leading causes
of mortality among patients suffering from
malignancy worldwide. According to the recent
analyses [1], every year around 279,000 new
cases of pancreatic cancer worldwide are
reported. Almost all of those diagnosed with
pancreatic cancer die because of this disease,
and it is estimated that the incidence of pan-
creatic adenocarcinoma will increase even
more in upcoming years. This dramatic epide-
miological tendency is a quantitative reflection
of several limitations in the current clinical
management of patients suffering from pancre-
atic cancer, and those foremost include difficul-

ties in its early diagnosis, ineffectiveness of
currently used chemotherapeutics, as well as
lack of comprehensive understanding of multi-
ple pathomechanism, responsible for progres-
sion and systemic spread of this disease.

For many years it has been suspected that the
constituents of coagulation system may be not
only important players in the development and
spread of pancreatic malignancy in humans,
but also promising “molecular points”, which
modulation may offer novel therapies. For
example, an experimental study by Gasic and
colleagues from 1968 [2] highlighted critical
importance of platelets metabolism in the met-
astatic spread of cancer cells to the lungs
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Table 1. General characteristics of analyzed patients and healthy individuals enrolled in the study
(data presented as means + SD or median [interquartile range])

Parameters Control group Pancreatic cancer Other

Age (years) 60+7 62 + 10 48 + 19
Gender (M-men/W-women) 13-M/18-W 12-M/25-W 3-M/7-F

BMI (kg/m?) 25.69 + 3.57 22.73+7.83 24.02 +3.51
RBC (x10* cells/L) 4.77 £ 0.58 4,19 +0.93 4.74 + 0.38

Hb (g/dL) 14.08 £ 1.74 12.57 £ 1.89* 13.77 £ 0.82
Platelets count (x10° cells/L) 224 + 62 264 + 106 231 +48

CRP (mg/L) 291+1.84 12.40 [4.80; 70.20]** # 3.00 [1.85; 7.00]
CA19.9 (U/mL) 12.41 +5.27 486.35[112.35; 1675.75]** 9.48 [3.73; 15.14]**

BMI-body mass index; RBC-red blood cells; Hb-hemoglobin; CRP-C-reactive protein; *P < 0.05 and **P < 0.01 (vs “control”

group); #P < 0.05 (vs “other” group).

shortly after their, cancer cells, introduction
into circulation. Currently, this significance of
thrombocytes in cancer progression is mainly
attributed to their ability to secrete numerous
growth factors that regulate neovascularization
and increase cancer cell survival [3-6]. However,
within time further experimental reports dem-
onstrated that almost all constituents of the
coagulation pathway may, at some point, sig-
nificantly contribute to promotion of cancer
development and progression (reviewed in
detail in [7, 8]), whereas application of inhibi-
tors of the coagulation cascade (mainly of
thrombin) strongly augments this process and
reduces both-implantation of tumor cells, as
well as metastasis formation in experimental
animals [9]. Among all hemostatic parameters,
the significance of thrombin- and plasmin-relat-
ed molecules, such as (anti) thrombin, (anti)
plasmin and their complexes (thrombin-anti-
thrombin-TAT and plasmin-anti-plasmin-PAP) is
especially highlighted, and is believed to be of
crucial importance for the development of
malignancy. In experimental studies it has been
demonstrated that action of these substances
may i) protect tumor cells from vascular shear
stress, ii) enhance tumor cell survival through
improvement of attachment to the endothelium
iii) protect cancer cells from immune attack
from the site of NK cells, as well as, iv) signifi-
cantly modulate function of the whole immune
system, for example via regulation of systemic
levels of immune-stimulating molecules, such
as soluble CD40 [3, 7, 8, 10-13].

From the clinical standpoint abnormalities in
the coagulation balance are relatively frequent-
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ly observed among patients suffering from pan-
creatic cancer. These manifest mainly as
venous thromboembolism (VT), and may be a
first clinical symptom leading to the diagnosis
of this malignancy (reviewed in detail in [14]).
Studies demonstrated that such initial presen-
tation of the disease reveals its advanced
stage, is strongly associated with much worse
prognosis and results in around 3-fold lower
overall 1-year survival rate of these patients
[15]. Interestingly, several authors demonstrat-
ed that in patients with pancreatic cancer pre-
senting with VT indeed abnormalities in the
hemostatic balance are observed [14].
However, little is known if i) such alterations are
also observed in pancreatic cancer patients
without clinical symptoms of coagulation abnor-
malities, ii) accompany pancreatic cancer
development in humans from its earliest stag-
es, or iii) if these are also present in patients
with other types of pancreatic malignancies,
such as neuroendocrine neoplasms (NEN) or
solid pseudopapillary tumors (SPT). Therefore,
taking all these facts into consideration, in this
study, we decided to comprehensively analyze
systemic levels of selected coagulation-related
parameters in patients with pancreatic cancer,
and compare their values with those detected
in healthy individuals, and patients diagnosed
with other pancreatic neoplasms. We also veri-
fied whether systemic levels of examined
parameters have diagnostic clinical value for
the detection of pancreatic cancer in humans.
We hypothesized that patients suffering from
pancreatic cancer would present a modulated
hemostatic balance. We also posited that lev-
els of some of the examined coagulation-relat-
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ed substances could potentially serve as novel
markers for detection of pancreatic cancer in
humans.

Material and methods
Patients and blood samples

A total of 78 individuals with generally good and
stable health were included in the study. These
patients were divided into groups: a “cancer”
group (newly diagnosed pancreatic adenocarci-
noma, n = 37), a “other” group (patients diag-
nosed with pancreatic neuroendocrine neo-
plasms [NEN], n = 7 or solid pseudopapillary
tumors [SPT], n = 3), and a “control” group
(healthy volunteers, n = 31).

The final diagnosis of pancreatic adenocarci-
noma and other malignancies was based on
biopsy specimen analysis. In order to establish
disease staging, all patients underwent ultraso-
nography, computed tomography and/or endo-
scopic ultrasonography, as well as chest x-ray
examinations. According to the international
Tumor Node Metastasis classification system,
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Figure 1. (A-C). Levels of thrombin-related parame-
ters, that is (A) prothrombin, (B) anti-thrombin and (C)
thrombin-anti-thrombin complex in healthy individu-
als and patients diagnosed with pancreatic cancer or
other pancreatic tumors together with their statistical
comparison (means + standard deviation). AT-anti-
thrombin; TAT-thrombin-anti-thrombin complex; *p <
0.005 (vs healthy individuals).

in the pancreatic cancer group stage 1 pancre-
atic cancer was observed in 2 patients, stage 2
in 8 patients, 9 patients were classified as
stage 3, and the rest presented with distal
metastases to the liver and/or lungs. At the
time of their inclusion in the study, none of the
patients was on chemotherapy treatment, had
received any cytotoxic agents or drugs within
the last 12 months before the study, had been
on any anti-platelet therapy nor received any
medications interfering with coagulation sys-
tem/parameters, or had presented any clinical
signs of an active infectious disease. All
patients were recruited from individuals hospi-
talized in the Department of Gastroenterology
of the Pomeranian Medical University in
Szczecin. The general characteristics of the
individuals enrolled in the study, together with a
statistical comparison of these features
between the examined groups, are presented
in Table 1.

Peripheral blood samples (8-10 mL) were col-
lected from all included individuals. Samples
were processed immediately according to stan-
dard laboratory protocols, and plasma was
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Figure 2. (A, B) Levels of plasmin-related parameters, that is (A) plasminogen, and (B) plasmin-anti-plasmin complex
in healthy individuals, and patients diagnosed with pancreatic cancer or other pancreatic tumors together with their
statistical comparison (means + standard deviation). PAP-plasmin-anti-plasmin complex; *p < 0.05 (vs pancreatic

cancer group).

separated, frozen, and stored at -80°C until fur-
ther assessment.

Analysis of systemic levels of coagulation-relat-
ed parameters and sCD40

The systemic levels of thrombin-related (pro-
thrombin, anti-thrombin [AT] and TAT) and plas-
min-related parameters (plasminogen and
PAP), together with soluble CD40 (sCD40) were
measured using commercially available, high-
sensitivity ELISA kits (Uscn Life Science Inc.,
Wuhan, Hubei, China or eBioscience, San
Diego, CA, USA) according to the manufacturer
instructions.

Statistical analysis

Statistical analyses were performed similarly
as in our previous studies [16-20]. Briefly, the
Shapiro-Wilk test was used to determine the
distribution of the continuous variables ana-
lyzed. The Student’s t-test was used to com-
pare mean parameter values between the
examined groups (for normally distributed vari-
ables). For variables that were not normally dis-
tributed, the values were log transformed. If a
normal distribution was then achieved, these
transformed variables were also compared
using the Student’s t-test. However, if the trans-
formation did not result in a normal distribu-
tion, a Mann-Whitney U-test was performed.
Correlations between various analyzed param-
eters were calculated using the Pearson test or
Spearman rank test, according to the normality
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of the distribution. To evaluate the effects of
continuous variables on pancreatic cancer
staging and levels of examined biochemical
parameters, multivariate regression analyses
were performed using a stepwise selection
method. Variables excluded from the initial
model were re-entered individually to exclude
residual confounding. During development of
multivariate regression models, the number of
inserted independent variables did not exceed
10% of the total number of analyzed patients.
Constructed models were verified using the
Akaike information criterion (AIC), and wrongly
constructed matrices resulted in rejection of
the model. Receiver operating characteristic
(ROC) curves were constructed for all parame-
ters analyzed as diagnostic for pancreatic can-
cer, and the area under each ROC curve (AUC)
was calculated. Statistical analysis was per-
formed using SPSS statistical analysis soft-
ware. P-values less than 0.05 were considered
significant. The Bioethical Committee of the
Pomeranian Medical University in Szczecin
approved the study protocol, and all patients
provided written informed consent prior to
participation.

Results
Analysis of included individuals

Initial comparison of the analyzed groups of
recruited individuals revealed significantly high-
er CA19-9 levels in patients with pancreatic
adenocarcinoma compared to all other patient
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Table 2. Mean values of calculated coefficients of examined coagulation-related parameters, and
their statistical comparison between groups of patients (data presented as means + SD or median

[interquartile range])

Coefficient Control group

Pancreatic cancer Other

Prothrombin/TAT 33.24 + 14.38***
AT/TAT 5370.54 + 1594.73*
Plasminogen/PAP 2971.14 £ 720.46***

53.38 £ 24.38
7480.70 + 3858.89
2168.95 + 932.32

33.79 £ 13.36**
5205.74 £ 3023.67
2995.10 [2266.13; 4234.56]

AT-anti-thrombin; NET-neuroendocrine tumor; TAT-thrombin-anti-thrombin complex; PAP-plasmin-anti-plasmin complex; *p <

0.05; **p < 0.01, ***p < 0.005 (vs pancreatic cancer group).
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40
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Figure 3. Levels of sCD40 in healthy individuals, and
patients diagnosed with pancreatic cancer or other
pancreatic tumors together with their statistical com-
parison (means * standard deviation). *p = 0.02 (vs
healthy individuals).

groups (Table 1). Moreover, cancer patients
had significantly higher C-reactive protein lev-
els than control individuals and subjects diag-
nosed with other pancreatic neoplasms.

Comparison of systemic levels of examined
hemostatic parameters in patients diagnosed
with pancreatic tumors and healthy individuals

The mean systemic concentrations of exam-
ined thrombin-related parameters in patients
with pancreatic tumors and healthy individuals
are depicted in Figure 1. We found that levels
of AT were significantly higher in patients diag-
nosed with pancreatic cancer than in healthy
individuals. No significant differences were
observed in terms of prothrombin and TAT lev-
els between cancer and control group. Also, we
did not find any significant differences in levels
of all examined thrombin-related parameters
between patients diagnosed with NENs or SPTs
and both-healthy and cancer individuals (Figure
1).
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Interestingly, systemic mean levels of plasmin-
related parameters significantly differed
between patients diagnosed with pancreatic
adenocarcinoma and both-control individuals
and patients suffering from other pancreatic
neoplasms (Figure 2). Namely, significantly
lower plasminogen levels and higher PAP con-
centrations were observed in cancer patients
than in both-healthy individuals and patients
from the “other” group. No statistically signifi-
cant differences in terms of plasminogen and
PAP levels were found in comparison of the
control and “other” group.

In order to more extensively examine the hemo-
static balance in examined groups, we calcu-
lated a series of coefficients using examined
thrombin- and plasmin-related parameters
(presented in Table 2). These analyses further
demonstrated that the biochemical balance
between the examined coagulation-related
parameters is significantly modulated in
patients with pancreatic cancer in comparison
to both-control individuals and patients diag-
nosed with NENs or SPTs.

Coagulation-related parameters and sCD40
molecule

Next, we decided to verify if the altered hemo-
static profile observed in patients diagnosed
with pancreatic cancer is associated with sys-
temic levels of immune-related molecules,
such as sCD40. In our study significantly higher
systemic concentrations of this substance
were observed in cancer patients in compari-
son to both - “other” and control groups (Figure
3). Among all examined coagulation-related
parameters only PAP levels were strongly cor-
relating with higher sCD40 concentrations
detected in patients with pancreatic cancer (r =
0.48; p = 0.02). No significant differences were
observed during comparison of mean sCD40
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values between healthy individuals and pa-
tients suffering from other pancreatic neo-
plasms.

Clinical associations between hemostasis-
related parameters and pancreatic cancer

Finally, we decided to verify potential associa-
tions between systemic levels of examined
coagulation-related parameters and the clinical
presentation of pancreatic cancer among our
patients. Using correlation and multivariate
regression analyses we found that none of all
examined parameters were significantly associ-
ated with clinical staging of the pancreatic can-
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Figure 4. (A-C) Receiver operating characteristics
(ROC) curves of examined parameters and CA19.9
as indicators of pancreatic cancer. Calculated sen-
sitivity (y-axis) is plotted against 1-specificity formula
(x-axis) for examined coefficients, that is (A) AT/TAT,
(B) Prothrombin/TAT, and (C) CA19.9 as indicators of
pancreatic cancer, together with precise description
of their area under curve value and statistical sig-
nificance. AT-anti-thrombin; AUC-area under curve;
TAT-thrombin/anti-thrombin complex; p-level of sig-
nificance.

cer, classified according to the TNM staging
(unpublished observation). Also, there were no
significant differences in terms of mean levels
of examined parameters between patients
diagnosed with early TNM I-Il stage and those
with an advanced disease (unpublished
observation).

However, after noting differences in the levels
of selected hemostatic-related parameters
between the pancreatic cancer patients and
other examined groups of individuals, we decid-
ed to preliminarily examine the potential diag-
nostic value of these parameters for the detec-
tion and discrimination of pancreatic cancer in
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humans. In order to realize this task we con-
structed ROC curves, and determined the
approximate AUC values to assess the suitabil-
ity of these parameters as potential diagnostic
markers for pancreatic cancer. Among all exam-
ined parameters, only those with a 95% confi-
dence interval (Cl) lower bound value that
exceeded 0.50 are presented (Figure 4). Our
analysis demonstrated that among all exam-
ined parameters values of only AT/TAT and pro-
thrombin/TAT coefficients fulfilled these crite-
ria, and therefore possessed potential value for
discrimination of pancreatic cancer patients
from other individuals. However, all of these
parameters seemed to be inferior to CA19.9
marker that is currently used in the clinical
setting.

Discussion

While it is well known that substances of the
coagulation cascade regulate proper hemostat-
ic profile, growing experimental evidence grad-
ually starts to demonstrate that molecules
responsible for hemostatic balance may in fact
be involved into promotion and/or modulation
of cancer survival and its systemic spread in
humans. These data direct the scientific atten-
tion to potential significance of various hemo-
static molecules in orchestration of also pan-
creatic cancer development and progression.
Therefore, in this study we decided to compre-
hensively analyze selected coagulation-related
substances in patients with pancreatic tumors,
as well as verify their potential diagnostic value
and associations with clinical presentation of
this disease.

In our study we found that patients diagnosed
with pancreatic cancer have significantly differ-
ent hemostatic balance than healthy individu-
als and patients diagnosed with other types of
pancreatic neoplasms, even though no clinical
symptoms of abnormalities in the coagulation
parameters were clinically present. Even
though in multiple experimental studies various
authors demonstrated that pancreatic cancer
cells possess relatively high expression of func-
tional thrombin receptors and of tissue factor
that may lead to activation of thrombin [21, 22],
results of our analyses surprisingly revealed
that the most profound alterations are mainly
found not in thrombin-related parameters, but
rather in terms of systemic levels of plasmin-
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related molecules, i.e. plasminogen and PAP.
Interestingly, none of the examined parameters
was significantly associated with clinical stag-
ing of the disease in our patients, and no signifi-
cant differences in mean values of these sub-
stances were found between patients diag-
nosed on early stages of the disease, and those
with much more advanced malignancy. Basing
on our results we conclude that subclinical
hemostatic alterations appear as soon as dur-
ing the earliest stages of the pancreatic adeno-
carcinoma development in humans, and do not
seem to alter within progression of the disease.
Our data seem to be in agreement and may be
indirectly supported by results derived from the
recent multi-center trials, in which was
observed that preventive application of medi-
cations interfering with thrombin generation,
among general population of patients diag-
nosed with pancreatic adenocarcinoma, does
not result in a significantly better overall out-
come, whereas use of urokinase plasminogen
activator inhibitors was a bit more successful
therapy associated with a very low tendency to
metastasis formation among patients with
locally advanced pancreatic cancer [23, 24].

Moreover, as in our previous study we have
reported presence of an altered cytokine bal-
ance in patients with pancreatic cancer [25], in
this study we were also interested in verifying
whether modulated hemostatic balance in
patients with pancreatic cancer may also be
associated with abnormal levels of sCD40, a
member of the tumor necrosis factor receptor
superfamily that is a critical regulator of cellular
and humoral immunity. Indeed, we found that
in patients with pancreatic cancer significantly
higher sCD40 levels are present in the periph-
eral blood, what is in agreement with previous
studies [26]. However, those were not associ-
ated with any of the examined coagulation-
related parameters. From the molecular stand-
point, increased levels of sCD40 might be
caused by several molecular mechanisms
(reviewed in detail in [27, 28]). Our study dem-
onstrates, that in patients with pancreatic can-
cer other mechanisms than the hemostatic-
dependent pathway of sCD40 generation/
release seem to be associated with systemi-
cally elevated sCD40 concentrations.

Finally, we also conducted a preliminary analy-
sis of the potential diagnostic value of exam-
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ined hemostatic-related parameters for the
detection of pancreatic cancer in our study
population. In our study, we found that systemic
levels of only calculated coefficients, that is AT/
TAT and prothrombin/TAT, showed preliminary
potential to be diagnostic markers for the
detection of pancreatic adenocarcinoma. How-
ever, they seemed to be inferior to currently
used CA19.9 marker. Therefore, even though in
our study these parameters fulfilled all neces-
sary criteria to be consider as potential mark-
ers of pancreatic cancer, still their clinical appli-
cability seems to be very limited. Nevertheless,
our analysis is based on a relatively small group
of patients, and further clinical studies are
needed to fully confirm these preliminary
observations.

In summary, our study demonstrated that sub-
clinical hemostatic alterations (mainly in plas-
min-related molecules) i) appear as soon as
during the earliest stages of the pancreatic
adenocarcinoma development in humans, ii) do
not seem to alter within progression of the dis-
ease nor are associated with clinical staging,
as well as iii) are not observed in patients with
other types of pancreatic tumors. Moreover, in
our study elevated systemic sCD40 levels did
not seem to be associated with the hemostatic
imbalance observed in patients with pancreatic
cancer. Finally, examined thrombin- and plas-
min-related substances do not appear to pos-
sess sufficient clinical diagnostic value to serve
as makers of pancreatic adenocarcinoma in
humans.
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