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Abstract 
 

A hypercoagulable or prothrombotic state of malignancy occurs due to the ability of tumor 
cells to activate the coagulation system by producing and secreting procoagulant substances 
and inflammatory cytokines, and also by the physical interaction between tumor cell and 
blood cells (monocytes, platelets, and neutrophils) or vascular cells. A total of 190 Patients 
with carcinoma with and without metastasis from Surgical Gastroenterology, Radiation on-
cology Department, and from Pulmonary Medicine KGMU UP India, were studied in order 
to evaluate the presence and extent of hemostatic abnormalities in case of gastrointestinal 
carcinoma, lung carcinoma. The average prothrombin time in patients of gastrointestinal 
carcinoma, Lung carcinoma was less compared with control. Similarly, the average acti-
vated partial prothrombin time was also found to be less as compared to controls.   The 
mean level of Protein S ranged from 45% to 98%. The mean level of Protein C ranged from 
53% to 95%. The Protein C level was significantly lower (p<0.0001) in Protein C deficient 
patients with metastasis subjects without metastasis. Similarly, the Protein S level was sig-
nificantly lower (p<0.0001) in protein S deficient patients with metastasis as compared to 
subjects without metastasis. The Protein C and protein S levels were also lower in those who 
were deficient with metastasis. Our study infers that epithelial malignancies have a subclini-
cal prothrombotic state, progressing to thrombotic events that contribute significantly to 
morbidity and mortality in metastatic patients and we conclude that apart from hyperactive 
coagulation mechanism (as evidenced by relative shortening of PT and APTT). Protein C 
and Protein S deficiency also have a potential contributory role in promoting metastasis and 
thereby contributing to morbidity of cancer and its role in predicting thrombosis. . How-
ever, further studies are needed to strengthen the proposed mechanism.  
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Introduction 
 
Hypercoagulable or prothrombotic state of malignancy 
occurs due to the ability of tumor cells to activate the co-
agulation system by producing and secreting procoagulant 
substances and inflammatory cytokines, and also by the 
physical interaction between tumor cell and blood cells 
(monocytes, platelets, neutrophils) or vascular cells [1]. 
Other mechanisms of thrombus promotion in malignancy 
include nonspecific factors such as the generation of acute 
phase reactants and necrosis (e.g. inflammation), abnor-
mal protein metabolism (e.g. paraproteinemia), and 
hemodynamic compromise (e.g. stasis). In addition, anti-
cancer treatment (e.g. surgery/chemotherapy/hormone 
therapy) may significantly increase the risk of throm-

boembolic events by similar mechanisms, e.g., procoagu-
lant release, endothelial damage, or stimulation of tissue 
factor production by host cells [2]. However, not all of the 
mechanisms for the production of a hypercoagulable state 
of cancer are entirely understood. In this study, we at-
tempt to describe in brief the currently accepted concept 
about the pathophysiology of the hypercoagulable state of 
cancer, changes in antithrombotic mechanisms in malig-
nancy and then assess the levels of certain natural antico-
agulant proteins in patients with metastatic and non me-
tastatic epithelial malignancy. The association between 
malignancy and thromboembolic disease is well estab-
lished and has been recognized in medical literature for at 
least 135 years. The relationship between tumor growth 
and the activation of blood coagulation was first estab-
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lished in 1865 when Professor Armand Trousseau first 
described the clinical association between primary or 
idiopathic venous thromboembolism and occult malig-
nancy [3]. But it is only in the   last two decades that sig-
nificant advancement in this field has been achieved.  
Trousseau described 182 cases of primary thrombophle-
bitits occurring in occult malignancies with pathological 
findings such as formation of venous and arterial platelet 
rich micro thrombi in the vasculature. Since the original 
Trousseau paper, numerous clinical and pathological ob-
servations confirmed the increased risk of thrombosis in 
patients with cancer and highlighted the involvement of 
activated coagulation and fibrinolytic system in genesis of 
cancer [4-9]. 
 
Material and Methods 
 
A total of 190 patients with carcinoma with and without 
metastasis from Surgical Gastroenterology, Radiation 
Oncology Department, and from Pulmonary Medicine of 
KGMU, UP, India were studied in order to evaluate the 
presence and extent of hemostatic abnormalities in case of 
gastrointestinal carcinoma and lung carcinoma. Patients 
with cardiovascular diseases, diabetes, HIV or any infec-
tious disease, previous malignancy or previous throm-
boembolic events were excluded from the study. In all the 
patients, hemostatic markers associated with extrinsic, 
intrinsic pathway as well as Protein C, Protein S estima-
tion were evaluated prior to surgical intervention. 3 ml 
citrated blood was collected from each patient as per 
standard protocol. Platelet-poor plasma (PPP) was ob-
tained by 15 - 20 minute of centrifugation at 3000 g.  
 
Prothrombin time (PT) and activated partial throm-
boplastin time (aPTT) were noted according to standard  

methods as described by Lewis SM [14] . Plasma was 
transferred to eppendrofs tube without delay, frozen and 
stored at -800C for future use. The study was approved by 
institutional ethic committee of K.G. Medical University, 
UP Lucknow, India. Written informed consent was ob-
tained from each patient. Protein C and Protein S estima-
tion were done by semiautomatic Hemostar Coagulome-
ter. 
 
Statistical analysis 
The results are expressed as mean ± standard deviation 
(SD) and percentages with 95% confidence interval (CI) 
and range. For continuous data, the independent-sample t 
test was used to compare two means. A P<0.05 was con-
sidered statistically significant. 
 
Results 
 
The average prothrombin time in patients of gastrointesti-
nal carcinoma and lung carcinoma was found to be less as 
compared to controls. Similarly, the average activated 
partial prothrombin time was also less as compared with 
the controls [Table-1]. The mean level of Protein S 
ranged from 45% to 98%. The mean level of Protein C 
ranged from 53% to 95%. Out of the total 190 patients, 12 
were Protein C deficient and 10 were Protein S deficient.  
However, 13 patients were deficient of both the Protein C 
and Protein S. The level of Protein C was significantly 
lower (p<0.0001) in Protein C deficient patients with me-
tastasis compared to without metastasis. Similarly, the 
Protein S level was found to be significantly lower 
(p<0.0001) in protein S deficient patients with metastasis 
as compared to patients without metastasis. The Protein C 
and S levels were also lower in those who were deficient 
with metastasis [Table 2]. 

 
Table  1.  Proteins and Prothrombin levels in patients with neoplasia as compared to the controls      
                                                                                                                           

Controls                         Patients   Variables 

Mean ±SD Mean  ±SD  

Prothrombin time (PT) (seconds) 14.23±1.89 13.09±1.45  
Activated Partial Prothrombin Time (APPT)  (seconds) 24.35± 1.38 22.89±1.97 
Protein S (%) 81.25± 9.75    73.3±9.6  
Protein C (%) 82.65± 9.35 80.0±7.4 

 
Table 2. Comparison of proteins levels in protein-deficient with metastasis and without metastasis 
 

Variables Normal \without metastasis Protein deficient with metastasis p-value 
 

Protein S (%) 79.0±7.2 (n=180) 55.9±3.9 (n=10) <0.0001* 
Protein C (%) 83.0±7.1 (n=178)                    60.8±5.1 (n=12)    <0.0001* 
Both 
Protein S (%) 78.0±9.3 (n=177)                     57.3±1.2 (n=13)    <0.005* 
Protein C (%) 79.7±4.3 (n=177)                      58.7±4.9 (n=13)    <0.0001* 

*Significant (unpaired t-test)  
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Discussion 
 

Cancer cells can activate coagulation directly through an 
interaction with platelets and/or clotting and fibrinolytic 
systems to generate thrombin. Clotting activation may be 
considered as a special type of inflammatory reaction to 
stimuli such as vessel wall damage, or intravascular cell 
aggregation or entry in blood of abnormal cells such as 
tumor cells. The level of coagulation factors and natural 
anticoagulant proteins synthesized in liver are valuable in 
assessing pathogenetic mechanism of thrombosis in ma-
lignancy. Protein C in the specimen is activated by addi-
tion of snake venom contained in Protein C activator re-
agent. Activated Protein C inhibits Factor V and Factor 
VIII contained in the addition Protein C deficient plasma. 
This inhibition reaction result in prolongation of the sub-
sequent APTT test.  The degree of prolongation of clot-
ting time corresponds to the Protein C concentration in 
the specimen. Plasma specimen is diluted and mixed with 
specific snake venom (Protein S activator reagent) and 
Protein S deficient plasma. Activated protein C prote-
olytically cleaves factor VA and factor VIIIA generated 
during the activation of coagulation cascade in the subse-
quent APTT test. Protein S acts as a cofactor in accelerat-
ing this reaction. The degree of prolongation of clotting 
time corresponds to the Protein S concentration in the 
specimen. Many studies in past have tried to establish the 
role of Protein C and Protein S in different cancers, but 
only few of them have tried to compare their significance 
in metastatic and non-metastatic settings. In this study we 
tried to assess the role of anticoagulant markers (mainly 
restricting to levels of Protein C and Protein S) with intent 
to look for any prognostic or predictive significance of the 
same in patients with and without metastasis. The mean 
level of Protein S ranged from 45% to 98%. The mean 
level of Protein C ranged from 53% to 95%. Out of the 
total of 190 patients, 12 were Protein C deficient and 10 
were Protein S deficient.  However, 13 patients were defi-
cient of both Protein C and S. The Protein C level was 
significantly lower (p<0.0001) in Protein C deficient pa-
tients with metastasis compared to patients without metas-
tasis. Similarly, the Protein S level was significantly 
lower (p<0.0001) in protein S deficient patients with me-
tastasis as compared to patients without metastasis. The 
Protein C and S levels were also lower in those who were 
deficient with metastasis. Contrary to our results, In 1999, 
Gouin-Thibault et al. [10]  and Yigit et al. in 2008 [11] 
reported that Protein C and S levels decreased in breast 
cancer cases. Protein S levels were reportedly lower than 
in controls as reported by Yigit et al. [11]. This was fur-
ther complimented in 1988 [12] and it was shown that 
Protein C and S levels were significantly decreased in 

breast cancer and concluded that the breast cancer pa-
tients are under the risk of thromboembolism even with-
out taking any form of treatment like surgery, chemother-
apy or hormone therapy. Similar results were reported in 
studies on colorectal patients. In 1992, Ellis et al. [13] 
reported decreased Protein C activity in colon cancer and 
this decrease had been found to be interrelated with deep 
vein thrombosis. Consistent with the shift of the Hemo-
stasis balance toward hypercoagulation in cancer, several 
studies have shown reduced levels of natural inhibitors of 
coagulation such as antithrombin, Protein C and Protein S 
in plasma of cancer patients. These decreased levels of 
inhibitors might result from an increased consumption as 
a consequence of the activation of coagulation or from a 
defective hepatic synthesis or both. In this study we dis-
cuss and analyze the mechanism of thrombosis in malig-
nancy, change in hemostatic parameters and their relation 
to cancer progression. 

 
Conclusion  
 
Our study infers that epithelial malignancies have a sub-
clinical prothrombotic state, progressing to thrombotic 
events that contribute significantly to morbidity and mor-
tality in metastatic patients and we conclude that apart 
from hyperactive coagulation mechanism (as evident by 
relative shortening of PT and APTT). Protein C and Pro-
tein S deficiency also have a potential contributory role in 
promoting metastasis and thereby contributing to morbid-
ity of cancer. However, further studies are needed to es-
tablish the proposed mechanism. 
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