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Hypercoagulable state in malignancy
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Hypercoagulable state is a not uncommon complication in malignancy. This abnormality
presents in the majority of patients with metastatic disease. The occurrence of thromboembolism
due to the hypercoagulable state complicates the patient's management. This abnormality is
induced by 1) abnormalities in blood flow 2} abnormalities in blood composition  3)
abnormalities in blood vessel walls. The use of anticancer drugs also increases the risk of
thrombosis. Treatment of venous thromboembolism in cancer patients is similar to treatment of
venous thromboembolism caused by other diseases, that is, anticoagulant agents, fibrinolytic

agents and inferior vena caval filters.
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Thromboembolism due to a hypercoagulable
state is a not uncommon paraneoplasitic syndrome.
Abnormalities of blood coagulation tests in cancer
patients, which characterize the so-called “hyper-
coagulable state”,are commonly reported, even in the
absence of clinically evident thrombotic disease.”"?
Some abnormality of blood coagulation is detectable
in 50 % of cancer patients and up to 95 % of those
with metastatic disease.®*

These abnormalities, recognized as a com-
plication of malignant disease, are present in the
majority of patients with metastatic cancer. The
occurrence of thrombosis complicates the patient’s
management. Thromboembolism is the major cause
of morbidity and mortality in cancer patients and is
related to a multitude of effects of malignancy on the
hemostatic system. Many mechanisms of this
complication have been postulated. Prevention and

treatment of this complication is now an important part

of treatment of cancer patients.

Migratory Thrombophlebitis (Trousseau’s syndrome)
Migratory thrombophlebitis was first
described by Armand Trousseau 130 years ago, in
1865, when he reported a high frequency of venous
thrombosis in a series of patients with gastric
carcinoma.” He concluded that this was secondary
to a “special crisis in the blood" that predisposed
these patients to spontaneous intravascular coagula-
tion. Bitlroth ® reported in 1878 that human tumor cells
were frequently found circulating within thrombi and
suggested that the pathologic process might be
related to metastasis formation. In 1938, Sproule"”
reported the incidence of venous and arterial throm-

bosis at the post-mortem examination of patients with
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carcinoma of the tail and body of the pancreas. In
1952 it was restated by Wright,® that thromboembolic
disease is often the earliest recognizable manifesta-
tion of an occult malignancy. Now, a variety of other
thromboembolic disorders of the venous and arterial
systems in the context of malignancy have been
termed Trousseau's syndrome.

Evidence of thromboembolism is evident in
almost 50% of cancer patients at post-mortem and is
related to the type of malignancy. For example,
thrombosis is a more common complication of
pancreatic and gastric tumors than of prostate or
skin cancers. In patients with mucin-producing
adenocarcinoma, myeloproliferative disorders, acute
promyelocytic leukemia, or brain tumors, thrombotic
episodes are particularly common.® " The association
between cancer and thrombosis is further confirmed
by the observation that there is a significantly higher
incidence of occult malignancy in patients with deep
vein thrombosis (DVT). Venous thromboembolism may
appear before the cancer has become symptomatic

and may lead to an earlier diagnosis of cancer.”™ "

Pathogenesis of the Hypercoagulable State in
Malignancy

There have been numerous pathologic,clinical,
and laboratory studies that confirm both local and
systemic activation of coagulation in virtually all types
of malignancies. The advances in cell biology, bioche-
mistry, and molecular biology have led to considerable
insight into how cancer interacts with the hemostatic
system to cause a thrombotic disorder, and it has
now become clear that the hypercoagulability in
cancer represents more than the effects of immobility,

inanition, or venous obstruction by malignant tumors.
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The pathogenesis of the hypercoagulable
state,"” induced by cancer is complex and involves
the interaction of multiple factors which can be
categorized as:

1. Abnormalities in Blood Flow

Comorbid conditions, frequently associated
with cancer such as surgery, immobilization, bed rest,
or vascular compression by the tumor masses,
especially the bulky tumors, are common causes of

% The venous stasis results in

venous stasis.
endothelial cell hypoxia and injury as well as delayed
clearance of activated coagulation factors, thus
predisposing to the development of thromboembolic
diseases."

2. Abnormalities in Blood Composition

The interaction between tumor cells and the
coagulation system causes changes in blood
composition that lead to the hypercoagulable state.
These alterations are induced by:

2.1 Tumor Cell Procoagulant

t "2 can be divided

Tumor cell procoagulan
into two major categories:

2.1.1 Tissue Factor (TF)

Tissue factor is a transmembrane protein
expressed on normal human parenchymal and
connective tissue cells and many of their malignant
phenotypes, such as adenocarcinoma, sarcoma,
melanoma, neuroblastoma , leukemia and lymphomas.
TF is a nonproteolytic cofactor for factor Vlla in the
activation of either factor IX or factor X.

2.1.2 Cancer Procoagulant (CP)

Cancer procoagulant is a cysteine
protease that directly activates factor X, independently
of the tissue factor/factor Vila complex, and has been

found in extracts from several human malignant
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tissues, as well as extracts from benign tumors.
2.2 Normal Host Tissue Response to the
Tumor

2.2.1 Platelets

Thirty to 60 % of patients with malignancy
have thrombocytosis and only 4 -11 % of untreated
patients have thrombocytopenia."""?"*® Throm-
bocytosis, per se, does not increase the risk for
thromboembolism. Functional abnormalities of
platelets have been described only rarely and these
were ascribed to the presence of fibrin (ogen)
degradation products. ® Increased platelet reactivity
may contribute to hypercoagulability.

The mechanisms for platelet activation in
malignancy are tumor-induced thrombin generation,
ADP production by tumor cells, and also the elevation
in plasma vWF levels which is either an acute phase
reaction or is due to endothelial cell perturbation.®**

2.2.2 Endothelial Cells

For endothelial cells to become procoa-
gulant they have to be exposed to inflammatory
cytokines and peptide products that are produced in
response to tumor cells.”® Tumor-induced cytokines,
such as tumor necrosis factor, interleukin -1, and
vascular endothelial growth factor (VEGF) are
chemotactic for tumor-associated macrophages
(TAMS) and/or tumor neovascular endothelial cells
(VEDs), rather than (or in addition to) the tumor-cell
PCA. For example, tumor necrosis factor (TNF) and
Interleukin-I (IL-1) both induce an increase in endothelial
cell expression of leukocyte adhesion molecules,
platelet activation, tissue factors, and plasminogen
activator inhibitor (PAI).TNF increases endothelial cell
production of IL-1 and down-regulates thrombomodulin

expression.
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2.2.3 Monocytes
In cancer patients, normal host cells,
particularly monocytes, can be stimulated and
express procoagulant activity (PCA). Monocytes can
also produce and / or assemble coagulation factors
on their plasma membrane surface, as well as bind
fibrinogen.?® Monocytes / tissue macrophages are
found infiltrating experimental and human tumors
and may become activated either directly by tumor-
specific antigens, immune complexes involving tumor
antigens, or tumor- associated proteases, or indirectly
by cytokines secreted by other immune cells in
response to tumor-related antigens."™ In addition,
activated monocytes / macrophages stimulate the
production of a variety of cytokines such as IL-1 and
TNF which also induce coagulation.
2.3 Hepatic Dysfunction and Effects on
Naturally Occurring Anticoagulants
-Hepatic dysfunction due to tumorinvolvement
is common in cancer patients, and it may cause
abnormalities of the hemostatic system. Multivariate
analysis has shown that both thrombotic and
hemorrhagic complications are due to decreased
hepatic synthesis of both anticoagulant and procoa-
gulant proteins.™# *?® Antithrombin-Ill (AT-lll) and
Protein - C (PRC) are two major natural anticoagulants
produced by the liver.”**® AT-ll is the main inhibitor
of thrombin. Protein - C is a potent inhibitor of activated
Factors V and VIII. ®” Many studies suggest that the
synthesis of these anticoagulants is decreased in
metastatic disease. Honegger and colleaques showed
that AT-1ll levels were low in patients with colon cancer,
ovarian cancer, and prostate carcinoma. The level was
lower in patients with metastatic disease. Nand and

colleague confirmed that, in patients with solid tumors,
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71% bhad low Protein-C (PRC) levels at the time of
diagnosis.

2.4 Plasminogen Activator

Plasminogen activator (PA) is a serine
protease secreted by most tumors.”” PA generates
local proteolytic activity which may help the tumor
cells overcome the natural barrier of the vascular
basement membrane and disseminate.”” * The
amount of fibrin correlates inversely with the
plasminogen activator. The plasminogen activator
produced by tumors initiates the proteolytic cascade,
and appears essential for the invasion of the tumor
cells into the vascular lumen.®” Inhibition of the PA
pathway has been shown to reduce the metastatic
potential in experimental systems using human tumor
cell lines.

3. Abnormalities in Blood Vessel Walls

Tumor cells induce the endothelial procoa-
gulant by:

1) Cytokines and/or tumor products released
in reaction to the tumor

2) Tumor extension from extrinsic sites

3) Direct tumor invasion into the vascular
space

4) Tumor cells also release a vascular
permeability factor (VPF), which increases microvas-
cular permeability and leads to extravascular
accumulation of fibrinogen and other plasma-clotting
proteins. This factor is probably crucial for the
extravascular fibrin/fibrinogen deposition seen in and

around tumors. ¥

The Anti-cancer Drugs Increase the Thrombotic Risk
in Cancer Patients

Venous thromboembolisms have been
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observed to occur with increased frequency in women
receiving multiagent chemotherapy for stage Il and
stage IV breast cancer.** Both venous and arterial
thrombotic events have been reported in patients
undergoing hormonal and chemo-hormonal adjuvant
therapy.®” The ECOG study which reviewed
adjuvant therapy in breast cancer for the occurence
of vascular complications showed that the frequency
of thrombosis, both venous and arterial thrombi, was
5.4 % among patients who received adjuvant therapy
and 1.6% among patients under observation.®® The
anti-cancer drug increases the thrombotic risk. The
postulated mechanisms for anti-cancer drug-related
thrombosis are:

1) The release of procoagulants and cytokines
from the damaged cells

2) The direct drug toxicity on the vascular
endothelium

3) The directinduction of monocytes or tumor
cell tissue factors by chemotherapeutic agents

4) The decrease in physiological anticoa-

gulants.®

Special Clinical Manifestations of Thromboembolism
in Cancer Patients Thrombophlebitis
A thrombus usually involves the extremities

or the viscera. “°

) The phlebitis is often migratory and
recurrent, involving one vein group first and then
improving, only to involve another vein group soon
thereafter. Sometimes severa! vein groups are involved
simultaneously. The superficial as well as deep veins
may be involved. The severe forms of ischemic
phlebitis, including venous gangrene and phlegmasia
cerulea dolens, are also often associated with

underlying malignancies.“”

.diagnosed, the initial

Chula Med J

Thrombotic endocarditis :
Non-bacterial thrombotic endocarditis
Marantic endocarditis

Non-bacterial thrombotic endocarditis (NBTE)
is characterized by the presence of noninfectious
thrombotic vegetations on cardiac valves and is
usually associated with mucin-producing adenocar-
cinomas.*? These lesions result from fibrin and platelet
deposition on the walls of the valves. Aortic and mitral
valves are involved in almost equal numbers in
patients, and bivalvular involvement has been noted
in approximately one-third of patients. The diagnosis

is made by echocardiography or MR imaging.

Treatment of Thromboembolism in Cancer Patients
Objective of Treatment “¥

1. To prevent extension of the thrombus,
pulmonary embolization and early recurrence of the
disease

2. To prevent delayed recurrences and
sequelae (e.g., postphlebitis syndrome, pulmonary

hypertension)

Treatment of Venous Thromboembolism

Once venous thromboembolism has been
treatment is standard
unfractionated heparin, which is generally given by
continuous infusion or intermittent subcutaneous

“ and followed by the administration of

dosing ¢
oral anticoagulants. These days, unfractionated
heparin can be replaced by low - molecular weight
heparin.“”’Cases of extensive venous thrombosis, the
patients should be treated by thrombolytic agents. In
case of patients with relative contraindications to

system anticoagulants (such as cerebral or pericardial
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metastases, primary brain tumor, or thrombocytopenia)
or with absolute contraindications to system anticoa-
gulants (such as active bleeding), the insertion of a
filter (Greenfield filter) into the inferior vena cava is
recommended.

1. Unfractionated heparin (UFH)

Unfractionated heparin should be given
parentally by an intravenous bolus dose followed by
continuous infusion. The dose of UFH is 5,000 U for
the intravenous bolus and for infusion at least 30,000
U per day. Lower doses result in higher rates of
recurrence.“” The activated partial thromboplastin
time (APTT) should be monitored. Keeping the APTT
value at 1.5-2.5times the control value is recommended
as the target therapeutic range.””

2. Low-Molecular-Weight Heparins (LMWHs)

Low-Molecular-Weight Heparins (LMWHSs) are
fractions of UFH. LMWHs have many properties
different from UFH and also have advantages over
UFH.The differences®***" are:

2.1 Improved pharmacokinetic properties:
LMWHs have a longer half-life and can be used in out-
patient settings by subcutaneous injection without
laboratory monitoring. These properties are due to their
reduced nonspecific binding to heparin - binding
proteins, and to their reduced binding to macrophages.
LMWHSs cause less bleeding with an equivalent
antithrombotic effect.

2.2 Lower risk of heparin-induced throm-
bocytopenia

2.3 Potentiat lower risk of osteopenia with long-
term use

3. Oral Anticoagulants

Oral anticoagulants, coumarins, are vitamin

K antagonists. The most commonly used coumarin
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is warfarin.®® Warfarin doses are adjusted to the
prothrombin time, expressed as the international
normalized ratio (INR). Warfarin should be started
within 24 hours after the administration of heparin. The
target INR is 2.0-3.0. Bleeding complication is
associated with higher doses of warfarin. Since many
drugs, especially antibiotics, interact with warfarin and
cause an altered INR response, clinicians should
increase the frequency of INR monitoring when
initiating, discontinuing, or altering the dose of other
drugs in patients receiving warfarin.*?

4. Thrombolytic Agents

Thrombolytic agents, such as streptokinase,
urokinase, and tissue plasminogen activator, are
recommended only in cancer patients with a good
prognosis and either a massive puimonary embolism
with hemodynamic compromise or a symptomatic
ileofemoral venous thrombosis of a less than 1 week
duration.*” Absolute contraindications of using
thrombolytic drugs are postoperative patients,
patients with pericardial or cerebral metastases or
primary brain tumors, patients with active or recent
gastrointestinal bleeding including esophagitis, and
patients with underlying bleeding diathesis including

%Y The regimen of

DIC and thrombocytopenia.
thrombolytic therapy for venous thrombosis is
intravenous streptokinase, given in a 250,000 U bolus
dose and followed by the infusion of 100,000 U per
hour for up to 72 hours. For pulmonary embolism,
the dose of tissue plasminogen activator is 100 mg.
given intravenously over 2 hours.®”

5. Inferior Vena Cava Filters

Inferior vena cava filters are used to prevent
pulmonary embolization of a thrombus distal to the

inferior vena cava.®® Indications for using inferior vena
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cava filtersare: 1) patients with venous thromboembo-
lism who have recurrent pulmonary embolism despite
adequate anticoagulant therapy 2) patients with
contraindication of anticoagulant therapy which are a
high potential for complications 3) patients who have
recently had an adverse effect such as heparin-induced

thrombocytopenia or anticoagulant- induced bleeding.

Conclusions

The hypercoagulable state is a common
paraneoplastic syndrome. Tumors predispose
patients to the hypercoagulable state and increase
the risk of developing venous thromboembolism by
several mechanisms, such as biood flow abnormalities
due to comorbid diseases, blood composition
abnormalities due to tumor cell procoagulants, normal
host response to the tumor, hepatic dysfunction
effected by tumor, and blood vessel wall abnormalities.
Anticancer drugs also effect host tissue and blood
vessels, and increase the risk of thromboembolism .
In principle, treatment of venous thromboembolismin
cancer patients is similar to the treatment in non-cancer
patients. The initial treatment is administration of
heparin, unfractionated heparin orlow-molecular-weight
heparin, followed by oral anticoagulant. Thrombolytic
agents are used in extensive thrombois conditions.
In case of patients with contraindications to
antithrombotic agents, the insertion of an inferior vena

cava filter is recommended.
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