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The influences of selected clotting and fibrinolysis 
factors on survival of patients with kidney tumors –  
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A b s t r a c t

Introduction: Multiple studies suggest that cancer leads to activation 
of clotting and fibrinolysis pathways, elevating the risk of thromboembolic  
events. Kidney cancer is often complicated by clotting disorders. In this 
study, we hypothesized that preoperative clotting and fibrinolysis param-
eters are altered in healthy volunteers and kidney tumor patients. We also 
hypothesized that these differences may be associated with survival in pa-
tients who have undergone operations due to kidney tumors. 
Material and methods: In this study, 96 patients with kidney tumors and  
30 healthy volunteers were recruited at a single university center. All patients 
were assessed for pre-operative serum concentrations of tissue factor (TF), tis-
sue factor pathway inhibitor (TFPI, total TFPI, full-length TFPI, truncated TFPI), 
plasmin-antiplasmin complex (PAP), thrombin-antithrombin complex (TAT), von 
Willebrand factor (vWF), clotting factor XIII A1 (FXIIIA1), D-dimers, and fibrino-
gen. Additionally, standard peripheral blood morphology was evaluated. 
Results: Malignant kidney tumors were diagnosed in 85 of  96 tumor pa-
tients. In patients with kidney tumors, there were statistically significantly 
higher concentrations of fibrinogen, D-dimers, TAT, PAF, TF, TFPI, vWF, FXIIIA1, 
and leukocyte counts compared to the control group. Statistically significant 
correlations were found between multiple parameters. This points to sig-
nificant clotting system alterations. Cox stepwise hazard analysis showed 
that pre-operative fibrinogen and D-Dimer concentrations were significantly 
associated with survival. 
Conclusions: In patients with kidney tumors, multiple clotting and fibrino-
lysis parameters are significantly altered. Routine pre-operative measures 
should include determination of fibrinogen and D-dimer concentrations as 
these markers aid in prediction of survival probability.
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Introduction

Multiple studies have suggested an allied relation-
ship between clotting pathway activation and throm-
boembolic events [1–4]. Clotting disorders occur in 
approximately 60% of cancer patients and in 95% 
of those with stage IV disease. Additionally, the pres-
ence of venous thromboembolic disease is consid-
ered a negative prognostic factor in these patients [4].

It has been reported that 25–30% of patients 
with kidney cancer present primarily with meta-
static disease, and from those with localized tu-
mors, up to 50% will develop metastases during 
the course of the disease [5]. Despite new treat-
ment methods, the 5-year survival rate is still low, 
highlighting the aggressiveness of the disease as 
well as unsatisfactory systemic treatment efficacy 
[6, 7]. Due to these factors, it is critical to predict 
the disease course and probable therapy response. 
This can aid in tailoring therapy for patient-specific 
needs, potentially resulting in increased drug effica-
cy, especially in the era of tyrosine kinase inhibitors 
and emerging immunotherapies. Still, 4–10% of pa-
tients with kidney cancer present with renal vein 
thrombosis, and its development is connected with 
the presence of kidney tumors [8, 9]. Past observa-
tions saw no correlation between renal vein throm-
bosis and survival, metastatic development, or dis-
ease recurrence in kidney tumor patients [10, 11]. 
Currently, the presence of kidney tumor thrombo-
sis in the renal vein or inferior cava vein is gene
rally accepted as a negative prognostic factor. As 
such, this led to the incorporation of kidney cancer 
staging system disease management guidelines 
[12, 13]. Data regarding clotting and fibrinolysis 
in kidney tumor patients are scarce, but overclot-
ting is believed to be a negative prognostic factor; 
therefore, further data are needed [14]. 

The aims of this study were to first compare se-
lected clotting and fibrinolysis factors in patients 
who had undergone surgery due to kidney tumors 
as well as in healthy volunteers. Second, we eval-
uated these factors for their influence on kidney 
cancer patient survival. 

Material and methods

In this study, 96 consecutive patients who had 
undergone surgery at the Department of Urology 
and Oncologic Urology of the Wroclaw Medical Uni-
versity due to kidney tumors were included. There 
were 30 healthy volunteers included in the study as 
controls. All research was financed by a university 
internal grant (No. ST-875) and a grant for young 
scientists (No. Pbmn-114). This study was approved 
by the University Bioethics Committee, and all sub-
jects gave written informed consent. 

The primary kidney tumor, diagnosed by ultra
sonography, was confirmed by abdominal comput-

ed tomography or magnetic resonance imaging. 
Staging was performed using the 2002 TNM system 
[15], and kidney cancer grading was determined by 
use of the Fuhrman system [16]. Blood was collect-
ed at 0800 hours by venipuncture of  the  basilic 
vein. Basic laboratory testing (blood morphology, 
INR, fibrinogen concentration, thrombin time, ac-
tivated partial thromboplastin time, prothrombin 
index) was performed in a local hospital laboratory. 

Tissue factor (TF) was assessed using the Imub-
ind Tissue Factor ELISA Kit No. 846 (American Diag-
nostica Inc., Stamford); serum tissue factor path-
way inhibitor (TFPI): total TFPI, full-length TFPI, 
truncated TFPI were measured using the Imubind 
total TFPI ELISA Kit No. 849 (American Diagnostica 
Inc, Stamford, USA); plasmin-anti-plasmin complex 
(PAP) was assessed using the Enzygnost PAP micro 
test (Dade Behring, Marburg, Germany); throm-
bin-anti-thrombin complex (TAT) was measured by 
Enzygnost TAT micro (Behring, Behringwerke AG, 
Marburg, Germany); von Willebrand factor (vWF) 
using the Asserachrom vWF test (Diagnostica Sta-
go, Glattbrugg, Switzerland); D-dimers were as-
sessed using STA-Liatest D-Di (Diagnostica Stago, 
Glattbrugg, Switzerland); and XIII A1 clotting factor 
was measured with the ELISA Kit for human coagu
lation factor XIIIA1 polypeptide (USCN Life Sciences 
Inc., Wuhan, China). All kits were used according to 
the manufacturer’s recommendations. 

Statistical analysis

Statistical analysis was performed with Statisti-
ca 13 (Tibco, USA). For measurable variables, arith-
metic means, medians, standard deviations (SD), 
and variation ranges (extremes) were calculated. 
For qualitative variables, the  frequency of occur-
rence in percent (%) was calculated. All investigat-
ed variables were tested using the  Shapiro-Wilk 
test to examine distribution type. Kaplan-Meier 
curves were calculated for overall survival (OS) 
analysis, and a log-rank test was used for survival 
comparison between groups. The Cox proportion-
al hazard test and Cox stepwise tests were used 
for investigating the  influence of  these variables 
on survival. Kaplan-Meier curves were calculated 
for prognostic factor influence. The  observable 
differences between groups was assessed us-
ing Student’s t-test for independent variables or 
the Mann-Whitney U-test. Relationships between 
selected variables were calculated using Pearson’s 
correlation coefficient or Spearman’s rank test. For 
all comparisons, significance was set at p ≤ 0.05. 

Results

There were no significant demographic differ-
ences between experimental and control patients 
(Table I). Patients with kidney tumors had signifi-
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cantly higher concentrations of  TAT, PAP, TF, total 
TFPI, full TFPI, vWF, FXIIIA1, and a higher leukocyte 
count than controls (Table II). The platelet count in 
cancer patients was higher, but the difference was 
not found to be statistically significant. Tissue fac-
tor concentration was sixfold higher in the patients 
with kidney cancer than in healthy volunteers, while 
total TFPI, truncated TFPI, and full TFPI were 2.0, 2.5, 
and 1.4-fold higher, respectively. Correlation analysis 
presented in Table III showed a positive correlation 
between the concentration of coagulation factors, 
platelet count, and fibrinolysis factors. The  stron-
gest correlation was noted between total TFPI and 
truncated and full length TFPI. There was no correla-
tion between subfractions of  TFPI and TF. In con-
trast, TF was positively correlated with FXIII. There 
was also a positive correlation between fibrinogen 
concentration and the  concentration of  D-dimers, 
PAP, total TFPI, and vWF as well as platelet count. 
Platelet count positively correlated with D-dimers, 
fibrinogen, TAT, PAP, and leukocyte count. 

In 85 out of 96 tumor patients, kidney cancer was 
diagnosed by histological methods. The remaining 

11 patients had benign disease. During the obser-
vation course 22 patients died, 20 due to kidney 
cancer and two due to non-cancerous causes. 
None of the benign kidney tumor patients died in 
the course of observation. There were no incidents 
of death due to venous thrombotic events. The me-
dian survival time was 62.5 months. No deaths were 
observed in the healthy volunteers. 

Utilizing Cox proportional hazards analysis, it 
was observed in the  cancer patient group that 
pre-operative levels of  fibrinogen, corrected cal-
cium, C-reactive protein (CRP), PAP, TFPI full, and 
vWF and female gender were significantly asso-
ciated with survival, while other parameters – 
preoperative hemoglobin level, leukocyte count, 
serum iron, sodium, potassium, creatinine, albu-
min, aspartate aminotransferase, alanine amino-
transferase levels – did not reach statistical signif-
icance. In a stepwise Cox analysis, only elevated 
fibrinogen and D-dimer concentrations were sig-
nificantly associated with survival (p = 0.004 and 
p = 0.005, respectively) whereas sex was margin-
ally associated with overall survival (p = 0.062).

In Kaplan-Meier analysis, patients with in-
creased fibrinogen levels had worse overall surviv-
al than those within normal ranges (53.7 vs. 64.7 
months, p = 0.000, Figure 1), and patients with el-
evated pre-operative D-dimer concentrations had 
worse overall survival than those with D-dimers 
within the  normal range (55.7 vs. 64.3 months, 
p = 0.000, Figure 2).

Discussion

Tissue factor is significantly elevated in tumor 
patients. It plays a role in induction and enhance-
ment of  clotting process and is a  necessary co-
factor for factor VII activation. A  complex of TF/
VIIa activates factors IX and X, thus initiating 
a reaction cascade that leads to thrombin gener-
ation and clotting [17]. Physiologically TF concen-
tration is low but in response to tissue damage 
it rises dramatically proportionally to the severity 
of blood vessel wall damage. Tissue factor is also 
a  marker of  elevated thromboembolic readiness 

Table I. Demographic comparison of kidney tumor patients and controls and clinical data of experimental group 

Factor Experimental group (n = 96) Control group (n = 30) P-value

Mean Median Min. Max. SD Mean Median Min. Max. SD

Age 60.6 60 21 88 12 58 58.5 44 69 7 0.14**

Body 
weight [kg]

80.5 80 49 125 15.6 76.2 73 55 120 12.6 0.12**

Height [cm] 168.1 170 150 188 9.5 169.8 170 156 183 8.8 0.06*

BMI [kg/m2] 28.5 27.8 20.4 43.8 4.8 26.7 26 21.5 39 3.6 0.07**

Sex Female – n = 41 (43%)
Male – n = 55 (57%)

Female – n = 15 (50%)
Male – n = 15 (50%)

0.48***

Histology Benign – 11 (12%)

Malignant – 85 (88%)

CCRCC – 72 (75%)

PRCC – 10 (10.5%)

Other – 3 (2.5%)

Stage 0 – 11 (11%)

1 – 44 (46%)

2 – 10 (10.5%)

3 – 10 (10.5%)

4 – 21 (22%) 

Grade 0 + unknown – 22 (23%)

1 + 2 – 61 (64%)

3 + 4 – 13 (13%)

*t-test, **Mann-Whitney U test, ***χ2 test. SD – standard 
deviation, BMI – body mass index, CCRCC – clear-cell renal cell 
cancer, PRCC – papillary renal cell cancer.
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[18, 19] and is considered an important risk factor 
for thromboembolic events in cancer patients [20, 
21]. It is essential for tumor growth and metas-
tasis formation as it influences angiogenesis. In 
microparticles of cellular membranes, it is consid-
ered the most critical procoagulation factor [22]. 
Increased TF expression in tumor patients cor-
relates with elevated frequency of thromboembol-
ic events. Tumors with high TF expression cause 
thromboembolism more frequently than those 
with low expression of  TF [23]. Studies examin-
ing the  role of  TF in kidney tumor patients are 
scarce. Immunohistochemical analysis has shown 
localization of TF antigens in the endothelial layer 
of  blood canals inside the  tumor, diffuse fibrin-
ogen and factor V presence in perivascular con-
nective tissue, and linear deposits of fibrin along 
tumor cells. Tissue plasminogen activator was 
observed in the endothelium of peritumoral ves-
sels. Those results suggest that thrombin is syn-
thesized locally in the tumorous tissue of kidney 
cancer and a regional fibrinolysis process controls 
clot formation [24]. 

In both the  physiological and disease states, 
the  prothrombotic activity of  TF is inhibited by 
tissue factor pathway inhibitor (TFPI). Tissue fac-
tor pathway inhibitor is a protease inhibitor con-
taining three inhibitory domains. The first domain 

inhibits the TF/VIIa complex, the second domain 
inhibits factor Xa, and the third domain is respon-
sible for heparin content and lipoprotein binding. 
Tissue factor pathway inhibitor can primarily bind 
factor Xa and the TF/VIIA complex or directly in-
hibit the TF/VIIa/Xa complex [25]. Several factors 
modulate TF activity, which affects TFPI concentra-
tion, and low TFPI levels correlate with increased 
risk of venous embolism and recurrence [26–28]. 
Physiological concentrations of  TFPI are not al-
ways sufficient to suppress the  prothrombotic 
action of  TF [29]. Because of  their modes of ac-
tion, TF and TFPI have become interesting targets 
of therapeutic intervention in cancer patients due 
to their ability to lower the risk of thromboembolic 
events as they can suppress tumor neoangioge
nesis, a mechanism necessary for primary tumor 
and metastasis growth [30]. In this study, we ob-
served significantly elevated levels of TF, total TFPI 
and full TFPI, while truncated TFPI was elevated 
but not found to be statistically significant. When 
compared to healthy volunteers, patients with kid-
ney cancer had elevated TF (6-fold), truncated TFPI 
(2.5-fold), total TFPI (2-fold), and full TFPI (1.5-fold). 
Interestingly, there was no correlation between 
TF and TFPI. It can be presumed that in patients 
with kidney cancer, TFPI elevation is insufficient 
to counteract the  prothrombotic action of  TF. In 

Table II. Comparison of clotting and fibrinolysis parameters between experimental and control group. P ≤ 0.05

Parameter Experimental group (n = 96) Control group (n =30) P-value

Mean Median Min. Max. SD Mean Median Min. Max. SD

Fibrinogen [g/l] 4.51 3.90 1.90 10.50 1.84 2.63 2.45 2.22 3.92 0.40 < 0.001

APTT [s] 31.01 30.05 22.60 49.00 4.23 31.90 31.50 29.00 38.00 2.29 0.08

Prothrombin 
index [%]

102.37 102.85 57.80 121.60 8.38 101.43 101.00 95.00 114.00 4.49 0.24

PLT [103/µl] 266.31 251.00 130.00 696.00 93.19 236.87 241.00 170.00 280.00 24.85 0.21

WBC [103/µl] 7.26 6.86 3.53 15.00 2.07 5.29 5.00 4.10 8.90 1.05 < 0.001

TAT [µg/l] 4.10 2.61 0.10 42.91 5.26 1.57 1.37 0.96 3.36 0.57 0.001

PAP [µg/l] 445.37 386.80 64.63 1506.22 290.46 298.20 299.50 221.00 441.00 48.60 0.02

TF [pg/ml] 718.95 389.71 113.81 6957.82 922.08 66.23 64.33 37.80 99.80 13.74 < 0.001

TFPI trunc [ng/ml] 40.16 36.50 0.00 136.81 40.18 14.37 14.69 6.28 19.66 3.38 0.15

TFPI total [ng/ml] 82.56 77.18 31.79 272.71 36.48 36.84 37.77 28.40 42.92 3.74 < 0.001

TFPI full [ng/ml] 39.68 31.27 10.64 156.47 27.90 23.34 22.62 15.18 38.14 5.08 < 0.001

vWF (%) 140.77 137.00 60.00 372.00 51.06 84.33 84.00 47.00 112.00 15.30 < 0.001

FXIII [ng/ml] 1926.75 1455.00 629.00 7354.00 1296.36 712.90 684.00 548.00 892.00 96.81 < 0.001

SD – standard deviation, min – minimum, max – maximum, APTT – activated partial thromboplastin time, INR – international normalized ratio,  
TT – thrombin time, Prot. Index – prothrombin index, PLT – platelets, Hb – hemoglobin, WBC – white blood cells, TAT – thrombin-anti-thrombin complex, 
PAP – plasmin-anti-plasmin complex, TF – tissue factor, TFPI trunc – serum tissue factor pathway inhibitor truncated, TFPI total – serum tissue factor 
pathway inhibitor total, TFPI full – serum tissue factor pathway inhibitor full length, vWF – von Willebrand factor, FXIII – factor XIII. U Mann-Whitney test.
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our study, TF concentrations were only found to 
correlate with FXIII. 

Clotting factor XIII (FXIII) is a  zymogen con-
sisting of  2 A  catalytic subunits and 2 B carrier 
subunits (A2B2). In the presence of calcium ions, 
FXIII is converted by thrombin to active transglu-
taminase FXIIIa by removing 37 N-terminal amino 
acids of subunit A. Active FXIII stabilizes the clot 
by forming covalent bonds between fibrin fibers. 
Substrates for FXIIIa are also fibrinolysis inhibi-
tors (a2-PI-inhibitor of a2-plasmin, plasminogen 
activator inhibitor PAI, thrombin activatable fi-
brinolysis inhibitor (TAFI)), fibrinogen, adhesive 
proteins (vitronectin, vitronectin, laminin, vWF 
factor, thrombospondin), vimentin, plasminogen, 
and apolipoprotein A  [31–34]. Active FXIII also 
plays a role in the inactivation of the GPIIb-IIIa re-
ceptor by plasmin; in incorporation of fibrin into 
the clot, causing thickening of fibrin fibers; and in 
bond formation between αvβ3 integrin and vascu-
lar endothelial growth factor receptor 2 (VEGFR-2) 
on endothelial cells. Mechanical resistance of the 
clot, susceptibility to enzymatic fibrinolytic dissolu-
tion, resistance to shear forces and to other blood 
components (urea) are dependent on FXIII [33]. 
Apart from its role in hemostasis, FXIII acts in 
the angiogenesis process by forming αvβ3 integrin/
VEGFR-2 bonds on endothelial cells [33, 34]. All 
these properties support the  role of  FXIII in ma-
trix formation for primary tumors and metasta-
ses. In animal models, it was noted that inhibition 
of FXIIIa action prevents metastasis formation. It 
was postulated that FXIII takes part in metastasis 
formation by protecting tumor cells from natural 
killer (NK) cell action [35]. Additionally, Xu et al. 
showed different electrophoretic distributions 
of  FXIIIb in patients with kidney cancer as com-
pared to a  control group and hypothesized that 

FXIIIb can be a marker for early kidney cancer [36]. 
In our study, increased FXIII concentrations were 
found in kidney tumor patients, suggesting a role 
for FXIII tumor angiogenesis, particularly as it has 
a positive correlation with TF concentration. 

Our results show that platelet count is import-
ant in predicting kidney cancer survival. Both 
platelet count and function are often aberrant in 
cancer, and the most common pathology is throm-
bocytosis. Function aberrations manifest clinically 
as either bleeding diathesis or thromboembolism. 
In solid tumors, the tumor cells themselves can in-
duce platelet adhesion and aggregation [37]. Apart 
from tumor derived microparticles, microplatelets 
also have TF on the surface and are necessary for 
thrombin generation [38]. In our study, platelet 
count was positively associated with clotting ac-
tivation (TAT), fibrinolysis (D-dimers and PAP), and 
fibrinogen levels. Fibrinogen is the main ligand for 
the  platelet GPIIb-IIIa receptor, which is respon-
sible for platelet aggregation. Platelet counts did 
not differ in our study between cancer patients 
and healthy volunteers. 

Fibrinogen and D-dimers were significantly cor
related with survival in our study. Fibrinogen, apart 
from fibrin generation in the end phase of the clot-
ting process, is a main ligand for platelet surface 
receptor GPIIb-IIIa, responsible for aggregation. It is 
also an acute-phase protein secreted in response 
to inflammation, infection, trauma, neoplastic pro-
cesses, acute coronary syndrome, brain ischemia, 
and venous thromboembolic disease. Fibrinogen 
concentration is higher in patients with kidney can-
cer than in patients with benign tumors. Patients 
with disseminated disease have higher fibrinogen 
levels than those with localized cancer [39]. Sev-
eral studies have shown that fibrinogen levels are 
a  prognostic factor for overall survival in kidney 

Figure 1. Survival probability (ordinate) in months 
(abscissa) as related to fibriogen concentration 
(normal – red, n = 61, above normal – blue, n = 24) in 
patients with kidney cancer (53.7 vs. 64.7 months, 
p < 0.001)

Figure 2. Survival probability (ordinate) in months 
(abscissa) as related to D-dimer concentration (nor-
mal – red, n = 61, above normal – blue, n = 24) in 
patients with kidney cancer (55.7 vs. 64.3 months, 
p < 0.001)

1.0

0.9

0.8

0.7

0.6

0.5

0.4
0 10 20 30 40 50 60 70 80 90 100

Su
rv

iv
al

 p
ro

ba
bi

lit
y

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2
0 10 20 30 40 50 60 70 80 90 100

Su
rv

iv
al

 p
ro

ba
bi

lit
y

Time [months] Time [months]



The influences of selected clotting and fibrinolysis factors on survival of patients with kidney tumors – a prospective study

Arch Med Sci 4, 1st July / 2023� 1009

cancer patients [40–43]. In our study, fibrinogen 
concentration correlated with endothelial damage 
(vWF), fibrinolysis activation (PAP, D-dimers), and 
platelet count. In our study, above normal concen-
tration of fibrinogen (3.5 g/l) significantly lowered 
the probability of survival in patients with kidney 
cancer (Figure  1). Additionally, in patients with kid-
ney cancer, fibrinogen concentration above 5.9 g/l 
was a marker of poor survival.  

We also observed a rise in activity of the coag-
ulation system (TAT), fibrinolysis processes (PAP, 
D-dimers), and elevated endothelial damage 
markers (vWF, TF) in cancer patients as compared 
to the  control group. D-dimer concentrations 
above 0.6 mg/ml were associated with poorer 
survival in patients with kidney cancer. In patients 
with combined malignant tumors and D-dimer 
concentrations above normal (> 0.5 mg/dl), low-
er survival rates were observed when assessed 
against patients with a  normal D-dimer concen-
tration (Figure 2). 

Apart from laboratory abnormalities, the pres-
ence of  renal vein thrombosis is associated with 
poor survival. Some authors have observed that 
renal vein thrombosis does not worsen prognosis 
in kidney cancer patients [10, 11]. Others have 
concluded that the presence of thrombosis and its 
extent are significant risk factors for poor surviv-
al, leading to the TNM staging system: T3a – with 
thrombus present in the renal vein and T3b and 
T3c – thrombus present in the  inferior cava vein 
below and above the diaphragm [12, 13]. 

Our study has some limitations. The experimen-
tal group consists of only 96 patients with mixed 
(malignant and benign) histology. We used this 
mixed group as pre-operatively we usually do not 
know the nature of the tumor. Prognostic Cox mod-
els were constructed as post-operative models only, 
but this method tested the  influence of  clotting 
and fibrinolysis pathways in cancer patients. 

So far, no prognostic model used in clinical 
decision making incorporates any clotting pa-
rameters in patients who undergo surgery due to 
kidney cancer. The addition of  these parameters 
could increase model accuracy, aid in proper pa-
tient selection for surgery, and improve adjuvant 
treatment options after surgery. They may also 
provide improved response prediction in patients 
treated with antiangiogenic or immunomodulato-
ry drugs. Our results support the  idea that sim-
ple basic laboratory evaluations of fibrinogen and 
D-dimers prior to surgery could aid in predicting 
the further disease course and survival of kidney 
cancer patients. 

In conclusion, in patients with malignant kid-
ney tumors, pre-operative and post-operative 
evaluation of fibrinogen and D-dimers should be 
mandatory. In kidney cancer patients who under-

go surgery due to primary tumors, elevated fibrin-
ogen and D-dimer levels are associated with poor 
overall survival.
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