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Preface

During the past few years there has been considerable progress in elucidating the
effect of cancer on the hemostatic mechanism. In a series of updated reviews, the
contributors to this book describe the effects of cancer on coagulation and
coagulation on cancer. In the first chapter, Monroe and Hoffman present
their current concept of hemostasis, with an emphasis on the cell-based
mechanism they recently delineated [1]. The authors describe how this system
is perturbed by tumors. Next, Green and Karpatkin describe how platelets
and thrombin interact with malignant cells, enhancing tumor cell adhesion and
metastasis. In addition to activating platelets, thrombin activates several clotting
factors, including factor XIII. Cancer promotes thrombosis by dysregulating tissue
factor, cyclooxygenase, and plasminogen activator inhibitor-1, as discussed
by Rickles and Falanga. In addition, procoagulants are active in oncogenesis
and tumor metastasis. For example, fibrinogen produced by cancer cells promotes
the growth of lung and prostate cancer cells through interaction with fibroblast
growth factor-2 [2]. ActivatedFXIII supports the early survival ofmicrometastases
in amousemodel [3]. Components of the plasminogen-plasmin system also play an
important role in tumor growth, invasion, and metastasis as described by Kwaan
and McMahon. In addition, cancer associated changes in this system increase the
risk of bleeding and thrombotic complications. In the final chapter in this section,
Sidhu and Soff explain how cancer-induced activation of coagulation promotes
angiogenesis which enhances tumor cell proliferation, and how this phenomenon
may be manipulated to curb tumor growth.

In the next section, Matzdorff and Green provide an overview of cancer-
associated thrombosis, beginning with an historical note on Armand Trousseau,
who emphasized the association between malignancy and thrombosis [4].
(Fig. 1-Trousseau). Ashrani and Heit review risk factors for thrombosis in
cancer patients, noting that the risk varies by tumor type, stage of disease, and
a number of patient-specific factors including inherited thrombophilia. For
example, approximately 3% of lung cancer patients will develop venous
thromboembolism within 2 years [5], and cancer patients with factor V
Leiden have a 12.1-fold increased risk of thrombosis as compared to
those without this mutation (5.1-fold) [6]. Specific thrombotic disorders
associated with malignancy are tumor-associated microangiopathy, disseminated
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intravascular coagulation (DIC), and migratory thrombophlebitis. Zakarija discusses
thrombotic microangiopathies, their clinical manifestations and management. Saba,
Morelli, and Saba review DIC. They note that the interplay of many mediators
from the circulation, the cancer cells, and the host cells may be responsible for a
particular thrombotic manifestation. The authors emphasize that control of
the tumor is of primary importance, but there are other approaches that may
be helpful in limiting the coagulopathy. In the next chapter, Tefferi reports that
major thromboses at the time of diagnosis are found in 9.7–29.4% of patients
with essential thrombocythemia, and in 34–38.6% of patients with polycythemia
vera. He discusses the current management and risk stratification in these
disorders as well as in primary myelofibrosis.

Iatrogenic thromboses in cancer patients may be due to chemotherapy and
intravenous catheters. These risks are intensified by patient characteristics such
as the site of the cancer, marked obesity (body mass index >35kg/m2), anemia,
thrombocytosis, or leukocytosis [7]. Ashrani and Rajkumar review the
chemotherapeutic agents most commonly associated with thrombosis, and
outline measures to prevent thrombotic complications when using these
drugs. The topic of catheter-related thromboses is addressed by Freytes, who
notes that there has been a recent decline in the frequency of this complication.
Anticoagulant prophylaxis is probably not warranted for most patients needing
central venous catheters, but when catheter-related thrombosis does occur, the
use of antithrombotic agents is warranted. Allen and Bhat address thrombotic
problems in children with cancer, and describe the diagnosis and management
options specific to this population. Next, Lee discusses the management of
venous thrombosis in cancer patients. The choice of anticoagulant, and the
dose and duration of therapy, are described.

Fig. 1 Armand Trousseau, 1801–1867
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The treatment of the cancer patient presents certain challenges not present
in patients without malignancies. These include the risk of bleeding due to
chemotherapy-induced thrombocytopenia, recurrent and refractory venous
thromboembolism, and concerns about maintaining the quality of life of patients
with advanced disease. In the final chapter of this section, there is an examination
of the effects of anticoagulants on cancer. The pioneering work of Zacharski [8, 9]
suggested that the administration of warfarin to patients with small cell carcinoma
of the lung resulted in a longer time to disease progression (p ¼ 0.016) and
improved overall survival (p ¼ 0.018). We reported lower mortality in cancer
patients treated with low molecular weight heparin as compared with standard
heparin, and this was not due to a difference in deaths from thrombosis or bleeding
[10]. Pineo andHull review the literature regarding the beneficial effects of heparins
on cancer survival and the effects of these anticoagulants on experimental models
of tumor growth and metastasis. They illustrate the many pathways in hemostasis
and angiogenesis that may be influenced by heparins and related compounds.

The final section of the book discusses bleeding problems in cancer, beginning
with a review of cancer-associated thrombocytopenia by Eklund. A diagnostic
algorithm for assessing thrombocytopenia in the cancer patient is presented, and
the use of platelet transfusions for patients with decreased platelet production, as
proposed by the American Society of Clinical Oncology [11], is discussed. Next,
Zangari, Elice, Tricot, and Fink describe bleeding disorders associated with
dysproteinemias. Bleeding is most frequent in patients with amyloidosis or
Waldenstrom’s macroglobulinemia, but hemorrhage due to many other types of
circulating clotting inhibitors has been described. In particular, acquired von
Willebrand’s disease and specific inhibitors of factor VIII may be associated
with recurrent and severe bleeding [12, 13]. The treatment of bleeding problems
in cancer patients is addressed by Pereira. The use of topical agents, laser
photocoagulation, and palliative embolization, as well as systemic therapy, is
described, and the chapter concludes with a discussion of blood component usage.

This book is aimed at informing professionals working in the field of
cancer about the pathophysiologic mechanisms of cancer-related thrombosis
and bleeding. It will provide assistance in recognizing the various bleeding
and clotting disorders associated with cancer. Further, it includes current
recommendations for the management of hemorrhage, and prevention and
treatment of thrombosis in the patient with malignancy. The editors anticipate
that it will be a useful addition to the literature on cancer and coagulation.

References

1. Hoffman M, Monroe DM. A cell-based model of hemostasis. Thromb Haemost
2001;85:958–65.

2. Sahni A, Simpson-Haidaris PJ, Sahni SK, Vaday GG, Francis CW. Fibrinogen synthe-
sized by cancer cells augments the proliferative effect of fibroblast growth factor-2
(FGF-2). J Thromb Haemost 2007;6:176–83.

Preface vii



3. Palumbo JS, Barney KA, Blevins EA, et al. Factor XIII transglutaminase supports
hematogenous tumor cell metastasis through a mechanism dependent on natural killer
cell function. J Thromb Haemost 2008;6:812–9.

4. Varki A. Trousseau’s syndrome: multiple definitions and multiple mechanisms. Blood
2007;110:1723–29.

5. ChewHK, Davies AM,Wun T, Harvey D, ZhouH,White RH. The incidence of venous
thromboembolism among patients with primary lung cancer. J Thromb Haemost
2008;6:601–8.

6. Blom JW, Doggen CJ, Osanto S, Rosendaal FR. Malignancies, prothrombiotic
mutations, and the risk of venous thrombosis. JAMA 2005;293:715–22.

7. Khorana AA, Kuderer NM, Culakova E, Lyman GH, Francis CW. Development and
validation of a predictive model for chemotherapy-associated thrombosis. Blood
2008;111:4902–7.

8. Zacharski LR, Henderson WG, Rickles FR, Forman WB, Cornell CJ, Harrower HW,
Johnson RO. Rationale and experimental design for the VA Cooperative Study of
Anti-coagulation (Warfarin) in the Treatment of Cancer. Cancer 1979;44:732–741.

9. Zacharski LR, Henderson WG, Rickles FR, Forman WB, Cornell CJ Jr, Forcier RJ,
Edwards RL, Headley E, Kim S-H, O’Donnell JF, O’Dell R, Tornyos K, Kwaan HC.
Effect of warfarin anticoagulation on survival in carcinoma of the lung, colon, head and
neck and prostate: Final Report of VA Cooperative Study #75. Cancer 1984;53:
2046–2052.

10. Green D, Hull RD, Brant R, Pineo GF. Lower mortality in cancer patients treated with
low-molecular-weight versus standard heparin. Lancet 1992; 339:1476.

11. Schiffer CA, Anderson IC, Bennett CL, et al. Platelet transfusion for patients with
cancer: clinical practice guidelines of the American Society of Clinical Oncology.
J Clin Oncol 2001;19:1519–38.

12. Federici AB. Acquired von Willebrand Syndrome: an underdiagnosed and misdiagnosed
bleeding complication in patients with lymphoproliferative and myeloproliferative
disorders. Semin Hematol 2006;43 (suppl 1):S48–S58.

13. Sallah S, Wan JY. Inhibitors against factor VIII in patients with cancer: analysis of 41
patients. Cancer 2001;91:1067–74.

Chicago, IL, USA David Green
Chicago, IL, USA Hau C. Kwaan

viii Preface



Contents

Part I Alterations in Hemostasis Due to Cancer

1 Dysregulation of Hemostasis by Cancer . . . . . . . . . . . . . . . . . . . . . . . 3
Dougald M. Monroe and Maureane Hoffman

2 Effect of Cancer on Platelets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
David L. Green and Simon Karpatkin

3 Activation of Clotting Factors in Cancer . . . . . . . . . . . . . . . . . . . . . . 31
Frederick R. Rickles and Anna Falanga

4 The Role of Plasminogen-Plasmin System in Cancer . . . . . . . . . . . . . 43
Hau C. Kwaan and Brandon McMahon

5 The Coagulation System and Angiogenesis . . . . . . . . . . . . . . . . . . . . 67
Gurinder Sidhu and Gerald A. Soff

Part II Thrombotic Disorders Associated with Cancer

6 Overview of Cancer and Thrombosis . . . . . . . . . . . . . . . . . . . . . . . . . 83
Axel C. Matzdorff and David Green

7 Risk Factors for Thrombosis in Cancer Patients . . . . . . . . . . . . . . . . 95
Aneel A. Ashrani and John A. Heit

8 Thrombotic Microangiopathy Syndromes . . . . . . . . . . . . . . . . . . . . . 115
Anaadriana Zakarija

9 Disseminated Intravascular Coagulation (DIC) in Cancer . . . . . . . . . 137
Hussain I. Saba, Genevieve A. Morelli, and Rashid I. Saba

ix



10 Myeloproliferative Neoplasms: Thrombophilic Clonal Stem

Cell Diseases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 157
Ayalew Tefferi

11 Chemotherapy-Associated Thrombosis. . . . . . . . . . . . . . . . . . . . . . . . 181
Aneel A. Ashrani and S. Vincent Rajkumar

12 Catheter-Related Thrombosis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 207
César O. Freytes

13 Thrombosis in Childhood Cancer . . . . . . . . . . . . . . . . . . . . . . . . . . . . 223
Geoffrey A. Allen and Rukhmi Bhat

14 Treatment of Venous Thrombosis. . . . . . . . . . . . . . . . . . . . . . . . . . . . 243
Agnes Y.Y. Lee

15 Effects of Anticoagulants on Cancer: Heparins . . . . . . . . . . . . . . . . . 259
Graham F. Pineo and Russell D. Hull

Part III Bleeding Disorders Associated with Cancer

16 Thrombocytopenia and Cancer. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 279
Elizabeth A. Eklund

17 Bleeding Disorders Associated with Cancer Dysproteinemias. . . . . . . 295
Maurizio Zangari, F. Elice, G. Tricot, and L. Fink

18 Control of Bleeding in Cancer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 305
Jaime Pereira

Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 327

x Contents



Contributors

Geoffrey A. Allen Feinberg School of Medicine, Children’s Memorial Hospital,

Northwestern University, Chicago, IL, USA, gallen@childrensmemorial.org

Aneel A. Ashrani Division of Hematology, Department of Internal Medicine,

College ofMedicine,MayoClinic, Rochester,MN,USA, ashrani.aneel@mayo.edu

Rukhmi Bhat Division of Hematology/Oncology, Children’s Memorial

Hospital, 2300 Children’s Plaza, Box 30, Chicago, IL 60614, USA

Elizabeth A. Eklund Division ofHematology/Oncology,Department ofMedicine,

Feinberg School of Medicine of Northwestern University, Olsen 8524, 710 N

Fairbanks Court, Chicago, Illinois 60611, e-eklund@northwestern.edu

F. Elice San Bortolo Hospital, Department of Hematology, Vicenza, Italy

Anna, Falanga Thrombosis and Hemostasis Center, Department of

Hematology/Oncology, Ospedali Riunite di Bergamo, Bergamo, Italy

L. Fink Nevada Cancer Institute, Laboratory Medicine, Las Vegas, NV, USA

Cesar O. Freytes Audie L. Murphy Memorial Veterans Hospital

and University of Texas Health Science Center, Mail Code 7880, 7703 Floyd

Curl Drive, San Antonio, TX 78229-3900, USA, freytes@uthscsa.edu

David Green 676 N St Clair-Suite 850, Chicago, Illinois 60611,

d-green@northwestern.edu

David L. Green New York University School of Medicine, Department of

Medicine/Hematology, 550 First Ave. NewYork, NY 10016, USA, dlg3@nyu.edu

John A. Heit Divisions of Cardiovascular Diseases and Hematology,

Department of Internal Medicine, College ofMedicine, Mayo Clinic, Rochester,

MN, USA, heit.john@mayo.edu

Maureane Hoffman Pathology and Laboratory Medicine Service (113),

Durham Veterans Affairs Medical Center, 508 Fulton St, Durham, NC 27705,

USA, maureane@med.unc.edu

xi



Russell D. Hull Thrombosis Research Unit, Foothills Hospital, 601 South Tower,
1403-29th Street NW, Calgary, Alberta, Canada, T2N 2T9, rdhull@ucalgary.ca

Simon Karpatkin Department ofMedicine,NewYorkUniversity ofMedicine, 550
First Ave, New York, NY 10016-6481, USA, simon.karpatkin@med.nyu.edu

Hau C. Kwaan Division of Hematology and Oncology, Department of
Medicine, Northwestern University Feinberg School of Medicine, Chicago,
IL, USA, h-kwaan@northwestern.edu

Agnes Y.Y. Lee Division of Hematology, Department of Medicine, University
of British Columbia, Diamond Health Care Centre, 2775 Laurel Street,
10th floor, Vancouver, BC V5Z 1M9, Canada, alee14@bccancer.bc.ca

Axel C. Matzdorff Department of Hematology/Oncology, Caritasklinik,
Rheinstrassse 2, 66113 Saarbrucken, Germany, a.matzdorff@caritasklinik.de

Brandon McMahon Division of Hematology and Oncology, Department of
Medicine, Feinberg School of Medicine of Northwestern University, Chicago,
IL, USA, b-mcmahon@northwestern.edu

Dougald M. Monroe III, 932 Mary Ellen Jones Bldg, CB#7035, Chapel Hill,
NC 27599-7035, USA, dmonroe@med.unc.edu

Genevieve A.Morelli Section of Hematology/Oncology,Medical Service, James
A. Haley Veterans Hospital, #111R, 13000 Bruce B. Downs Blvd., Tampa,
FL 33612, USA

Jaime Pereira Department of Hematology-Oncology, School of Medicine,
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Part I

Alterations in Hemostasis Due to Cancer



Chapter 1

Dysregulation of Hemostasis by Cancer

Dougald M. Monroe and Maureane Hoffman

Dysregulation of the coagulation system in cancer patients can lead to both
thrombosis and bleeding. An examination of the normal hemostatic processes
suggests possible mechanisms by which a breakdown in the physiologic
mechanisms might lead to the dysregulations observed in cancer.

1.1 Model of Coagulation

Inmany conceptualmodels of coagulation, themaintenanceofhemostasis hasbeen
attributed to a strict segregation of the initiating protein (thromboplastin or tissue
factor) to theoutside of the bloodvessel and the procoagulant proteins on the inside
of the blood vessels. In these models coagulation occurs because a break in the
bloodvessel allows contact betweenplasmaproteins and tissue factor.Current data
support amore complex picture and suggest that interactions between the coagula-
tion proteins is not the dominant control mechanism in coagulation; rather the
dominant control mechanism is regulation by various cell types.

It is clear that intact healthy blood vessels do not provide an absolute barrier
to the passage of plasma proteins [1]. Studies on the half-life of coagulation
proteins suggest that they circulate through the extravascular space [2]. This
process serves to concentrate at least two coagulation proteins around blood
vessels where there are specific receptors. Factor IX has a specific, tight (nM)
binding site for collagen IV and appears to localize around blood vessels in the
same sites as collagen IV [3]. Tissue factor is present to varying degrees in a
number of tissues [4]; in addition, tissue factor is found on the pericytes that
surround larger vessels [5]. Recent data suggest that this tissue factor has factor
VII(a) bound to it even in the absence of any detectable vascular injury [6].
These factor VIIa/tissue factor complexes have been implicated in the low level
activation of coagulation proteins referred to as idling [7].
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Procoagulant factors are activated at low levels during the process of idling,
so that, even in the absence of injury, activated coagulation factors are present
in the tissues surrounding the vasculature. This process accounts in part for
what has been called the ‘‘hemostatic envelope’’ that surrounds vessels [4].
However, coagulation only proceeds to fibrin formation following a break in
vessel wall when platelets and the larger coagulation factors such as factor VIII/
von Willebrand factor, factor V, and fibrinogen come in contact with the
extravascular space. The idling process allows for rapid progression of coagula-
tion after an injury.

Coagulation leading to hemostasis can be thought of as occurring in three
overlapping phases: initiation, amplification, and propagation. The process of
hemostasis is limited to an area of injury through the active participation of
undamaged endothelium outside the area of injury.

1.1.1 Initiation

In the initiation phase (Fig. 1.1), a disruption in the vasculature allows platelets
to flow across collagen in the extravasculature. Platelets adhere through
interactions between collagen and a number of platelet receptors, including
glycoprotein VI and the glycoprotein Ib/IX/V complex (mediated by von
WIllebrand factor) [8]. These platelets become partially activated and can
degranulate. This degranulation releases partially active factor V [9]. Bleeding
also brings plasma factors to the area of injury. Additional activated factor IX
and factor X, beyond that formed during the idling process, can be rapidly
produced by the preformed factor VIIa/tissue factor complexes surrounding the
blood vessels [10]. Factor Xa can complex with the factor Va deposited by the
activated platelets and convert some prothrombin to thrombin. This thrombin
generation can promote local fibrinogen conversion to fibrin resulting in
deposition of fibrin at the margins of the wound area [11, 12].

1.1.2 Amplification

The major role of thrombin formed in the initiation phase is to act in an
amplification phase (Fig. 1.1) that activates platelets throughout the wound
bed [11]. Thrombin formed in the initiation phase can localize to platelets through
a specific binding site on glycoprotein Ib [13]. There thrombin activates platelets
through cleavage of the Protease Activated Receptors (PAR1 and PAR4). It has
been established that activation of platelets with different agonists can lead to
different levels of platelet activity [14]. These different levels of platelet activity are
due in part to enhanced binding of coagulation factors on platelets stimulated
with different agonists, especially combined simulation with thrombin and col-
lagen [15, 16]. Thus platelets at the margins of the wound are highly activated
relative to platelets aggregated onto each other or onto a fibrin matrix [17].
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Fig. 1.1 Hemostasis can be visualized as three overlapping phases: Initiation, Amplification,
and Propagation. Active processes Localize coagulation to the area of injury. Initiation:
Platelets adhere and degranulate, releasing factor Va. Factor VIIa/tissue factor (TF) activates
factors IX and X. Factor Xa complexes with factor Va to convert some prothrombin (II) to
thrombin (IIa). Amplification: Thrombin formed in the initiation phase binds to the glyco-
protein (GP) Ib-IX-V complex on platelets and activates platelets through a signaling process
initiated by cleavage of PAR1. Platelet activation causes platelet degranulation releasing
factor V. Factor VIII is cleaved from Von Willebrand factor (VWF) and released onto the
platelet surface as factor VIIIa. Propagation: Factor IXa combines with factor VIIIa to
activate factor X. This platelet surface factor Xa combines with factor Va to provide for a
strong burst of thrombin. This thrombin can participate in a positive feedback loop by
promoting activation of factor XI on the platelet surface leading to additional factor IXa.
Localization: Thrombin released from activated platelets is swept downstream and inhibited

1 Dysregulation of Hemostasis by Cancer 5



Platelet activation results in degranulation that releases partially active
factor V from platelet alpha granules [9]. Von Willebrand factor, which carries
factor VIII, is also bound to platelet glycoprotein Ib so it is likely that factor
VIII and thrombin are thereby brought into proximity. Thrombin cleaves
factor VIII, releasing it onto the platelet surface [18, 19]. At the end of the
amplification phase the activated platelet surface, with both activated factor V
and factor VIII, is primed for rapid thrombin generation.

1.1.3 Propagation

In the propagation phase (Fig. 1.1), factor IXa, activated by factor VIIa/tissue
factor in the initiation phase, associates with the platelet surface and combines
with factor VIIIa to convert factor X to factor Xa on the platelet surface. This
platelet surface generation of factor Xa combines with factor Va to provide a
strong burst of thrombin generation. This thrombin can participate in a positive
feedback loop by promoting activation of factor XI on the platelet surface, leading
to additional factor IXa and more factor Xa and thrombin [20]. A strong burst of
thrombin during the propagation phase seems to be a key component in forming
a stable fibrin structure leading to a durable platelet clot [21, 22].

Factor Xa generated by factor VIIa/tissue factor during the propagation
phase is not equivalent in function to factor Xa generated on activated platelets.
Factor Xa bound to factor Va and in the presence of prothrombin is resistant to
inhibition [23]. However, FXa that dissociates from the cell membrane is
rapidly inactivated by the inhibitors antithrombin and tissue factor pathway
inhibitor. Thus factor Xa is probably confined to acting on the surface where it
is generated. While factor Xa generated by factor VIIa/tissue factor can pro-
mote some thrombin generation, this thrombin generation by itself does not
appear sufficient to stabilize the entire wound area. When the propagation
phase is defective due to a lack of platelet surface thrombin generation (as in
hemophilia), the platelet plugs are not stabilized by a strong fibrinmesh [11] and
thus the patient is prone to delayed bleeding [12].

1.1.4 Localization

The platelet thrombin generation process appears to be self-limiting; tissue
factor initiated thrombin generation in whole blood does not result in complete
conversion of prothrombin to thrombin [24]. Blood samples from different

Fig. 1.1 (continued) by antithrombin (AT). Thrombin that moves to endothelial cells binds
thrombomodulin (TM); this IIa/TM complex cleaves protein C to activated protein C (APC).
Cleavage is accelerated when protein C is bound to the endothelial cell protein C receptor
(EPCR). APC cleaves and inactivates factor Va (iVa)
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individuals show very reproducible limitations on their prothrombin conver-

sion [24]. However, it is not clear that the coagulation complexes on platelets are

actively shut down. Recent data suggest that active complexes might persist on

platelets for an extended time [25]. These preformed complexes could quickly

generate thrombin if damage to the plug brings in a fresh supply of procoagu-

lant proteins.
Even if coagulation is not actively shut down, it does appear to be limited by

a number of forces. One force limiting coagulation is flow. When blood vessels

are broken, the initial platelet plug creates an area of stasis where coagulation

proceeds [21]. However, at the interface between the platelet plug and intact

vessels there is still an area of flow. Activated factors released from the margins

of the wound or from activated platelets are swept downstream where they can

be acted on by inhibitors.
Intact endothelial cells have active mechanisms to prevent platelets from

adhering. Among these mechanisms are production of prostaglandins and

ectonucleosidase that inhibit platelet activation [26]. Endothelial cells also have

active mechanisms to shut down thrombin generation (Fig. 1.1). Thrombin that

becomes associated with the endothelial surface does not participate in a positive

feedback loop as seen on platelets; rather, thrombin on the endothelial surface

participates in a negative feedback loop [27]. Thrombin that reaches endothelial

cells binds tightly (nM) to thrombomodulin [28]. This thrombin/thrombomodulin

complex converts protein C to activated protein C. Activated protein C inactivates

factor V and factor VIII, resulting in the shutdown of any thrombin generating

mechanism on the healthy endothelium. Thrombin/thrombomodulin activation

of protein C is significantly accelerated by platelet factor 4 [29] meaning that

activated platelets tend to promote this negative feedback loop on endothelial

cells near a site of injury. Thus platelet activation, thrombin generation, and fibrin

formation are localized to a site of injury.

1.2 Dysregulation of Coagulation in Cancer

The literature suggests that it is hard to generalize about coagulation effects

across all cancers, as cancers of different origins may have very different

characteristics. Nonetheless, cancer patients are at a clear risk of thrombosis

([30] and Chap. 7) and idiopathic thrombosis may be a marker for underlying,

undetected cancer. For example, one large study showed a clear association

between idiopathic venous thrombosis and development of cancer, an

association that extended for 10 years or more after the thromboembolic

event [31].
While it is very clear that cancer patients have an increased risk of throm-

bosis, the mechanism(s) that promote(s) this enhanced thrombosis risk are not

clear and several different mechanisms have been proposed.
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1.2.1 Altered Tissue Factor in Cancer

There are a number of studies that examine the role of tissue factor in altera-
tions of hemostasis in cancer. As is known from in vitro assays, even relatively
small amounts of tissue factor can promote rapid clotting in a test tube. Also,
injection of sufficiently large amounts of tissue factor into animals can induce
fibrinogen depletion and fibrin deposition, sometimes resulting in thrombosis
[32]. So a number of studies have hypothesized that tissue factor expression
might contribute to thrombosis in cancer patients.

1.2.2 Tissue Factor Expression on Tumor Cells

The earliest concept was that tumor cells themselves were the focus for throm-
bosis. During hematogenous spread, tumor cells transport through the blood
stream and adhere at sites distant from the primary tumor. Since many tumor
cells express TF and other procoagulants [33] it was reasonable to postulate that
they directly activate coagulation (Fig. 1.2). During metastasis it is possible to
observe a fibrin mesh work around some tumor cells and it has been suggested
that this fibrin mesh plays a role in shielding the tumor from attack by the
inflammatory system [34]. Also, microthrombi consisting of fibrin encapsulated
metastatic cells can lodge in different tissues, providing a possible mechanism
for transport of metastatic cells through the vasculature.

1.2.3 Tissue Factor on Endothelium

Upregulation of tissue factor on endothelium of vessels lining tumors has been
observed in several types of cancer [35, 36]; fibrin deposition can be observed in
proximity to this upregulated tissue factor [37]. Healthy endothelium does not
typically express any significant amount of tissue factor [4, 5], so upregulation of
tissue factor coupled with the increased vascular permeability that is associated
with cancer could provide a pathway to thrombin generation on the endothelium.

Tumor cells and tumor-derived endothelial-like cells can also participate in
formation of microcirculatory channels through which blood can flow. In one
viral induced model of hepatic carcinoma, cells lining microcirculatory chan-
nels expressed markers of both endothelial cells and hepatic cells; also, these
cells expressed tissue factor [36].

1.2.4 Tissue Factor Microparticles

While it is attractive to construct a model of coagulation in which the initiator,
tissue factor, is completely separated from plasma components, such a model
does not fit with a growing body of data suggesting that there are low but
measurable levels of tissue factor in the circulation of even healthy individuals
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Fig. 1.2 Healthy endothelium has little procoagulant function and has active mechanisms to
prevent platelet adhesion. Tissue factor on cancer cells: Tumor cells can be a focus for
thrombosis. Tumor cells can invade the blood stream at a number of sites including junctions
between endothelial cells. Tumor cells that express TF could directly activate factor X and
promote factor Xa interaction with factor Va leading to thrombin (IIa) generation. This could
result in formation of microthrombi consisting of fibrin encapsulated metastatic cells that
could travel through the vasculature. Tissue Factor on Endothelium: Upregulation of tissue
factor on endothelium of vessels associated with tumors could lead to VIIa/TF activation of
factor X. This factor Xa, in complex with factor Va, could promote conversion of prothrom-
bin (II) to thrombin. When thrombomodulin is downregulated, the normal negative feedback
mechanisms would be overcome (compare to Fig. 1.1, Localization). Tissue Factor on Micro-
particles: Circulating microparticles with tissue factor (TF) have been observed in cancer
patients. Association of these TF microparticles with activated platelets could promote
thrombosis by giving increased activation of both factors IX and X (compare to Fig. 1.1,
Propagation). Factor Xa with platelet released factor Va would supplement the existing
propagation mechanism and enhance thrombin generation. Also, factor IXa with factor
VIIIa would activate additional factor Xa, leading to even more thrombin generation. Since
microparticles could potentially travel throughout the vasculature, thrombosis could occur
anywhere, even at sites distant to the tumor
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(see [38] for a review). This tissue factor can be found either associated with
microparticles [39] or as an alternatively spliced form that has no membrane
association [40]; however, it is unclear whether the alternatively spliced form
can promote factor Xa and thrombin generation [41]. In animal models of
thrombosis induced by stasis, microparticles containing tissue factor could
enhance thrombus formation in a dose dependent fashion [42]. Another animal
study has suggested that tissue factor in microparticles contributes to thrombus
formation [43], but yet another study using the same mice and techniques but
different injury suggested that tissue factor microparticles did not contribute
significantly to thrombus formation [44].

Circulating tissue factor on either a cell or a microvesicle could bind factor
VII, leading to factor VII activation. There appear to be mechanisms for
regulation of tissue factor so it is not inevitable that tissue factor exposure
will lead to factor Xa generation [45]; however, there is a clear possibility that
circulating tissue factor can promote factor Xa generation. If these micropar-
ticles also express procoagulant lipids, this factor Xa generation can lead to
thrombin production and disseminated intravascular coagulation [46]. In addi-
tion to overt DIC, a significant proportion of cancer patients experience a low
grade compensated state of DIC (for a review see [47]).

There are data showing that thrombi formed under flow accumulate signifi-
cant amounts of tissue factor [48]. This tissue factor accumulation is very
different to than which is seen in hemostatic wounds where there is no detect-
able tissue factor except at the periphery of the wounds [49]. It is very reasonable
to speculate, although the data are not yet conclusive, that tissue factor that
becomes associated with activated platelets could contribute to the propagation
phase by enhancing thrombin generation (Fig. 1.2). If so, then enhanced levels
of tissue factor containing microparticles might contribute to thrombosis by
disrupting the normal platelet surface regulatory mechanisms that limit thrombin
generation. This thrombosis would not be limited to the site of the cancer or
tumor, but could occur anywhere in the vasculature where platelet aggregation
and activation is occurring.

Circulating microparticles with tissue factor levels above those found in healthy
patients havebeenobserved in cancer patients (for example see [50]).While cultured
cancer cell lines can shed tissue factor positive procoagulantmicroparticles, it is not
clear that in vivo such microparticles reach the circulation in large amounts. One
careful study showed that while patients with colorectal cancer did not have an
increase in the total number of microparticles, tissue factor expressing microparti-
cles doubled. However, only 12% of this increase was from cells of unknown
origin with the remainder of the increase being associated with microparticles
having markers of a hematopoietic origin [51]. Another study showed that
only 3% of the tissue factor microparticles had markers corresponding to the
cancer cell type [52]. This suggests that the tissue factor increase may be
secondary to an inflammatory response to cancer ([53] and Chap. 3). If true,
these circulating tissue factor microparticles are an attractive mechanism to
account for the thrombosis risk associated with cancer.
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1.2.5 Inflammatory Cells and Endothelium

Some data suggest that inflammatory cells can become associated with and
activated on vessels within tumors [37, 54]. These activated inflammatory cells,
especially monocytes, can express high levels of tissue factor [46]. If these data are
generalizable, it suggests that tissue factor might be available as an initiator on
undamaged blood channels (Fig. 1.2). Coupled with low flow, this could lead to
generation of sufficient thrombin and fibrin to produce occlusive thrombi [37].

1.3 Other Dysregulations of Coagulation

In addition to tissue factor mediated mechanisms of thrombosis, there are other
potential disruptions of the coagulation process.

1.3.1 Platelet Activation on Endothelium

Whereas healthy blood vessels have mechanisms to prevent platelet adherence
and activation, in cancer the endothelium can be disturbed or, as described
above, microcirculatory channels can be lined with peusdoendothelium. In vivo
models suggest that tumor cell activation of endothelial cells can promote
platelet adhesion [55]. This suggests that a platelet/fibrin mass might be able
to overcome localizing mechanisms in the cancer setting.

1.3.2 Downregulation of Thrombomodulin on Endothelium

In addition to upregulation of tissue factor, some data suggest that, in selected
cancers, endothelial cell thrombomodulin can be downregulated (see review in
[56]). Where thrombomodulin was downregulated, the prognosis was poorer
with an enhanced thrombosis risk. Overall, these alterations in endothelium in
cancer can result in a thrombotic phenotype due to changes in initiation,
propagation, and a loss of localization mechanisms.

1.4 Summary

While there is no doubt that cancer patients are at increased risk of thrombosis
and hemorrhage, the data to date do not justify suggesting one dominant
mechanism to account for this observed dysregulation of coagulation. The
mechanisms discussed here have focused on unusual expression of tissue factor
because that constitutes the largest body of literature. However, that does not
mean that strong data exist correlating thrombosis with tissue factor expression
in cancer patients. A number of these studies have extrapolated from
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biochemical or in vitro tissue culture work. In patients, even studies that

concluded that thrombosis was correlated with some particular disruption of

coagulation had a number of patients that did not show thrombosis, even in the

presence of high levels of the stimulus. So, despite the large number of existing

studies, the correlation between any particular mechanism and bleeding or

thrombosis is relatively poor.
Establishing the factors that contribute to thrombosis and bleeding in cancer

patients remains an important goal of ongoing work and the current knowledge

is discussed in detail in subsequent chapters of this book. Identification of a

dominant underlying mechanism, if such a dominant mechanism exists, would

allow for targeted therapeutics to address the dysregulation of coagulation seen

in cancer patients.
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Chapter 2

Effect of Cancer on Platelets

David L. Green and Simon Karpatkin

2.1 Introduction

Platelets play an essential role in hemostasis, the arrest of bleeding. In response

to vascular injury, platelets become adherent and undergo activation and

aggregation. The formation of platelet plug occurs simultaneously with activa-

tion of coagulation leading to fibrin formation. Platelet function also contri-

butes to pathologic thrombus formation leading to vascular occlusion often in

the context of underlying vascular disease, which is a leading cause of morbidity

and mortality. Other less well appreciated functions of platelets include a

vascular maintenance function, regulation of angiogenesis, as well as putative

roles in inflammation and immunity. Platelets are now linked to diverse phy-

siologic and pathologic processes including wound healing and tissue regenera-

tion, response to microbial infection, inflammatory diseases, atherogenesis,

tumorigenesis and metastasis. Platelets contain many biologically active med-

iators which are released upon activation which include growth factors,

coagulation factors, adhesive ligands, proteases, heparanase, cytokines, che-

mokines and vasoactive lipids.
Platelets as components of the tumor microenvironment become acti-

vated and release growth factors, chemokines, matrix metalloproteinases

and inflammatory mediators, and thereby recruit inflammatory cells, and

stimulate the production and remodeling of extracellular matrix and tumor

angiogenesis. Platelets may enhance metastatic efficiency by a number of

mechanisms including stabilization of tumor emboli, promoting tumor cell

adhesion, and by protection from host anti-tumor defenses. In this chap-

ter, we review the role of platelets and thrombin in metastasis and tumor

cell adhesion, and we discuss what has been learned from genetic mouse

models and the role of platelets in angiogenesis. We briefly review clinical
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trial data with aspirin in cancer and cancer prevention and speculate on

the effect of thrombin on tumor dormancy.

2.2 Thrombosis and Cancer

The association of thrombosis with cancer is well recognized [1–4] and

thrombosis is an important cause of mortality in cancer patients [5]. That

there may be causal connections between cancer and thrombosis [6] is

suggested by an observed increased risk of cancer in individuals who present

with idiopathic venous thromboembolism (VTE), the majority of which

presents clinically within 6 months of the thrombotic event [7, 8]. The

prognosis of cancer patients with VTE at diagnosis or within 1 year of

diagnosis is significantly worse than those patients without VTE and does

not appear to be accounted for by excess mortality attributable directly to

VTE [8, 9] which could be explained by the association of hypercoagulabil-

ity with more aggressive malignancies which is supported by epidemiologic

data [10].

2.3 Laboratory Findings in Cancer Hypercoagulation

Markers of activation of coagulation are commonly detected in cancer

patients [10]. Hemostatic derangements include thrombocytosis [11], hyperfi-

brinogenemia, elevated fibrin degradation products [12]. Chronic dissemi-

nated intravascular coagulation (DIC), which in some cases precedes

the cancer diagnosis itself, is a feature of the Trousseau syndrome [13].

Thrombocytosis is commonly observed in cancer patients and is noted to be

an adverse prognostic feature in diverse malignancies such as renal, prostatic,

cervical, endometrial, ovarian, gastric, lung cancers and mesothelioma. In

pancreatic cancer a low platelet count is an adverse feature. Increased platelet

turnover and reduced platelet survival have been reported [14]. Thrombocy-

topenia may result from DIC or alternatively may be immune-mediated.

Fibrinogen turnover is increased [15] as are coagulation activation markers

fibrinopeptide-A [16], derived by thrombin cleavage of fibrinogen A chain,

and prothrombin activation fragment F1+2. Proposed mechanisms of hyper-

coagulation in malignancy include the constitutive expression of tissue factor

(TF) on most tumor cells, expression of cancer procoagulant activity and

direct activation of factor X. Platelet activation, as well as inhibition of

physiologic anticoagulant pathways including tissue factor pathway inhibitor

(TFPI), protein C, and antithrombin [17] have all been proposed to contribute

to the hypercoagulability of malignancy.
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2.4 Role of Platelets in Metastasis

Invasion and metastasis are hallmarks of malignancy [18] and it is metastasis

that affects cancer mortality [19]. Cells are shed from the primary tumor and

released into lymphatics or the blood stream (intravasation) to spawn new

colonies. In the case of blood-borne metastasis, tumor cells lodge in the vascu-

lature and extravasate into tissues and co-opt normal stromal elements in the

process. Tumor cells proliferate and induce an angiogenic response which

supports additional tumor growth.
Accumulated evidence points to a role for platelets in promoting blood-

borne tumor metastasis, which appears to play a critical role particularly during

the early stages of tumor intravasation. Classic studies byGasic in 1968 [20] and

confirmed in subsequent studies [21] demonstrated the importance of platelets

and platelet-tumor emboli in experimental tail vein metastasis. Depletion of

platelets by administration of antiplatelet antibody greatly reduces the

efficiency of experimental pulmonary metastasis observed after tail-vein injec-

tion of tumor cells. In experimental metastasis, shortly after injection, tumor

cells become enmeshed within a platelet-rich thrombus [22, 23] that may serve to

promote tethering and adhesion to vascular endothelium [24], perhaps provid-

ing protection from shear forces. Tumor cell lines aggregate platelets in vitro

[25, 26]. Some tumor cell lines when injected into animals will result in transient

thrombocytopenia [25]. In some studies the platelet aggregating activity corre-

lates with metastatic potential [25, 26]. A number of tumor cell lines exhibit a

platelet requirement for metastasis [25–27]. After intravenous injection, tumor

cells arrest in arterioles and are rapidly enmeshed in a platelet thrombus [28].

Subsequent steps include penetration of endothelial cell tight junctions, contact

with subendothelial matrix, tumor-thrombus remodeling, intravascular tumor

cell penetration and invasion through the subendothelial matrix.
The interaction of CT26 colon carcinoma cells with platelets is mediated by

Necl-5, an immunoglobulin-like receptor originally identified as the poliovirus

receptor [29]. It colocalizes with �v�3 in the leading edge of migrating cells and

binds to CD226, a counter-receptor on platelet. CD226 also mediates interac-

tion of thrombin-stimulated platelets with vascular endothelium [30] and may

provide a mechanism to bridge tumor cells to the vessel wall.
Metastatic efficiency is extremely low, as the vast majority (>98%) of

tumor cells when injected intravenously into mice are eliminated within 24 h

[31]. Tumormicroemboli may be stabilized by platelets and leukocytes and are

thereby protected from otherwise rapid elimination. Other plausible mechan-

isms wherein platelets contribute to metastatic efficiency include stabilizing

adhesion to the vascular endothelium and promoting subsequent extravasa-

tion. The release of various adhesive ligands, platelet-derived growth factors,

chemokines, and coagulation factors all potentially contribute to this process.

Thrombin generation and fibrin deposition results in the formation of a

provisional matrix. In addition, platelets may provide protection from host
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anti-tumor response by binding to tumor cells and inhibiting their killing by

natural killer cells possibly by providing a physical barrier to NK cell targets
[32, 33].

2.5 Tumor Cell Adhesion

The requirement of platelets for experimental metastasis has led to numerous
studies evaluating antiplatelet agents as potential inhibitors of cancer growth

and metastasis. A few studies report antitumor activity in carcinogen-induced
and transplantable tumor models treated with inhibitors of platelet function.
However, results are mixed with negative studies also reported for aggrega-
tion, cyclooxygenase and phosphodiesterase inhibitors as well as for prosta-
cyclin [34–36] with respect to treatment of established tumors. These negative
studies of antiplatelet agents may not be surprising when considering that the
platelet requirement is manifest during the earliest stages of the metastatic
process [21], namely tumor cell adhesion. More recent studies using specific
�II�3 inhibitors have shown anti-metastatic activity in some tumor models,
confirming earlier observations [37, 36] and the platelet targeting approach
merits additional study

Tumor cell adhesion to platelets and vascular endothelium is complex with
participation by integrins, adhesive ligands and cell adhesion molecules
(Fig. 2.1). Under static conditions, CT26, B16a and T241 tumor cells adhere
to platelet �II�3 via fibronectin and von Willebrand factor [36]. Antibody to
von Willebrand factor (VWF) and to platelet �II�3 inhibits experimental
pulmonary metastasis with these tumor cell lines [36]. Surprisingly, given
these results, mice genetically deficient in VWF demonstrate increased suscept-
ibility to tumor metastasis [38]. Restoration of VWF lowers the metastatic

efficiency in vivo and leads to tumor cell apoptosis in vitro [39]. More recent
studies have demonstrated that combined blockade of integrins�II�3 and�v�3
in preclinical models results in antiangiogenic, antitumor and antimetastatic
effects [37]. �3 Integrin null mice are protected from B16-F10 melanoma cell
osteolytic bone metastases [40]. A specific inhibitor of activated �II�3 and
platelet aggregation inhibits B16 visceral metastases in an arterial-mediated
metastasis model [40].

Soluble fibrin monomer enhances platelet-tumor cell adhesion [41].
Human melanoma cells adhere to collagen I matrix under flow conditions
mediated by specific interactions with platelets [42]. The interaction of
tumor cells with the matrix is dependent on platelet activation and throm-
bus formation and is dependent on ß3 integrin function in platelets and
melanoma cells [42].

In a study with human colon cancer cell lines LS174HT and COLO205 under
dynamic flow conditions, adhesion to immobilized platelets is mediated by initial
tethering via platelet P-selectin followed by stable adhesion via the �IIbß3 [43].
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P-selectin has also been implicated in tumor progression.Mice deficient in P-
selectin have attenuation of experimental tumor growth and metastasis [44].
Tumor cell selectin ligands bind to P-selectin on platelets. Heparin inhibits
metastasis of human carcinoma by a P-selectin-dependent mechanism [45], as
well as by its anti-thrombin effect. Although thrombin has long been implicated
in tumor progression (see next section), this result suggests that an alternative
mechanism for the antineoplastic activity of heparin is its anti-adhesive func-
tion, distinct from the inhibition of thrombin. Leukocyte L-selectin mediates
metastasis and L- and P-selectin are synergistic with respect to promoting
tumor metastasis [45].

The complexity of tumor cell adhesion is underscored by the involvement of
numerous other adhesive ligands such as laminin [46], vitronectin [47], type IV
collagen [48] and thrombospondin [49] and the numerous integrin receptor
combinatorials such as �3�1, �5�1, and �v�3 [47, 50] which bind to extra-
cellular matrix components and mediate adhesion, platelet-tumor interaction
and metastasis and trigger signal transduction events.

Fig. 2.1 The putative of role of platelets and thrombin generation in the processes of tumor
cell intravasation, platelet-tumor thrombus formation, tumor-platelet embolization, leading
to colonization and angiogenesis. Thrombin stimulates increased shedding of tumor cells and
leads to a more aggressive phenotype. Platelet P-selectin binds to P-selectin glycoprotein
ligand (PSLG) andmediates initial tumor cell tethering to the vessel wall. Thrombin promotes
bridging of activated platelets and tumor cells via interactions of platelet integrin IIb–IIIa and
tumor cell integrins with VWF, fibronectin (Fn) and other adhesive RGDS-containing
ligands. Platelet-tumor aggregates stabilize tumor cells in the circulation. Distal embolization
of platelet-tumor aggregates may lead to ischemia and endothelial cell injury. Adhesion to the
subendothelial matrix permits tumor cell extravasation followed by eventual colony forma-
tion. (Reproduced with permission from Elsevier, Cancer Cell 2006; 10:357)

2 Effect of Cancer on Platelets 21



2.6 Role of Thrombin

In addition to its well known actions on the coagulation cascade, thrombin is a

potent growth factor for mesenchymal cells [51–53], a proangiogenic factor [54]

that stimulates endothelial cell mitogenesis and migration. The cellular effects

of thrombin are mediated by the G-protein-coupled seven transmembrane-

spanning protease-activated receptors (PARs)-1, -3 and -4. The unique mode

of PAR-1 receptor activation results from cleavage of its N-terminal end which

exposes a tethered ligand capable of binding to the second extracellular loop of

the receptor. Thrombin stimulates platelet-tumor adhesion in vitro and

enhances experimental pulmonary metastasis in vivo [55]. Its action on platelets

includes activation ofGPIIb-IIIa and enhancement of surface deposition of von

Willebrand factor and fibronectin, which may bridge tumor cells to platelets

and result in their tethering to the vessel wall of the microvasculature. Throm-

bin also exerts effects on tumor cells which are stimulated to bind to platelets

[55] and cultured endothelial cells [50]. Similar findings were noted under flow

conditions for thrombin-stimulated human melanoma 397 cells in which adhe-

sion was found to be P-selectin and GPIIb-IIIa dependent [56].
PAR-1 expression is detectable in many tumor cell lines [57] and in meta-

static breast cancer [58] contributes to thrombin-stimulated tumor cell motility

[59]. Overexpression of PAR-1 in B16 melanoma cells increases experimental

pulmonarymetastasis fivefold [60]. Thrombin-stimulation of tumor cells results

in changes in gene expression that promote oncogenesis. In murine tumor cell

lines, B16F10 and UMCL, thrombin upregulates GRO-� [61] and Twist [62]

gene expression. Gro-� is required for thrombin-induced angiogenesis [61].

Twist also enhances tumor growth and angiogenesis [62]. Twist is a transcrip-

tion factor that regulates embryonic morphogenesis and plays an essential role

in murine breast tumor metastasis [63] by increasing cell motility and causing

loss of E-cadherin-mediated cell-cell adhesion [63]. Cathepsin D is elevated and

secreted by many cancers, particularly breast, and is associated with poor

prognosis. It has recently been shown to increase angiogenesis by activating

matrix metalloproteinase-9 and to enhance cancer growth [64].
Experimental tail vein metastasis models have obvious limitations of tumor

load and thrombin concentration at tumor host interface. The role of endogen-

ous thrombin was evaluated in spontaneously metastasizing murine breast

tumor 4T1. Specific inhibition of thrombin by hirudin, a direct acting thrombin

inhibitor that binds with high affinity, inhibited tumor growth, reduced circu-

lating tumor cells, lowered metastatic potential and prolonged survival of

tumor bearing mice [65].
Local thrombin generation within the tumor microenvironment may result

in more aggressive tumor biology. Indeed, tumor cells express tissue factor and

provide an efficient surface in conjunction with activated platelets for thrombin

generation. Tissue factor expression promotes hematogenous metastasis of

melanoma [66] and generation of thrombin. Tissue factor and VIIa may signal
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through the thrombin receptor [67]. Surgical tumor specimens have demon-
strable surface thrombin activity as detected by hirudin binding [68].

In summary, thrombin generation may reprogram cancer cell gene expres-
sion to a more malignant phenotype, which can set up a positive feedback.
Thrombin stimulates adhesion of tumor cells to endothelium and activates a
proangiogenic switch by releasing vascular endothelial growth factor (VEGF),
fibroblast growth factor (FGF) and angiopoietin (ANG)-1 from activated
platelets and upregulation of VEGF, ANG-2, Gro-�, Twist and cathepsin D
by tumors.

2.7 Genetic Models

Genetic approaches using knock out mice have confirmed the importance of
platelets in experimental hematogenous metastasis [27, 69]. Lung metastasis is
markedly impeded in nuclear factor-erythroid 2 (NF-E2) (�/�) mice that have
few circulating platelets [27]. Similar findings were reported for fibrinogen (�/�)
mice and in PAR-4 (�/�) mice, which have platelets that fail to respond to
thrombin [27]. G�q (�/�) mice are deficient in platelet signaling and unrespon-
sive to agonists in vitro [70] and show protection from experimental and
spontaneous metastasis [33]. Interestingly, neither fibrinogen [69] nor G�q
[33] depletion had an observable impact on growth of primary subcutaneous
tumors. The additional enhanced protection from metastasis observed with
hirudin treatment of PAR-4 (�/�) [27] and fibrinogen (�/�) [69] mice indicates
that thrombin promotes metastasis by a mechanism that is partially indepen-
dent of platelet activation and fibrin deposition.

2.8 Platelets as Regulators of Angiogenesis

Classical studies showed that platelets contribute to vascular integrity [71] and
release factors that nurture the vascular endothelium. Infusion of platelet-rich
plasma supports organ preservation and vascular integrity [72]. Conversely,
experimental thrombocytopenia leads to thinning and fenestrations of endothelial
cells [73], an effect that is attenuated by administration of corticosteroids [74].
Platelets promote survival and proliferation of endothelial cells in vitro [75] by
release of fibroblast growth factor and vascular endothelial growth factors.
Additionally, platelets are a source of other angiogenic growth factors such
as angiopoietin-1 and platelet-derived growth factor. Platelets stimulate endothe-
lial cell sprouting and tube formation in matrigel [76]. Platelets are a major
storage reservoir for growth factors and their release can be regulated in an
activation-dependent manner, allowing for an on-demand delivery system in
the vasculature. Other growth factors found within platelets include hepatocyte
growth factor (HGF), epidermal growth factor (EGF), insulin-like growth
factor (IGF)-1, -2, platelet-derived endothelial cell growth factor (PD-ECGF),
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and TGF-� [77]. Platelets also contain inhibitors of angiogenesis such as angios-
tatin, thrombospondin-1, plasminogen activator inhibitor-1, platelet factor-4 and
endostatin. In addition, platelets are a source of bioactive lipids such as sphingo-
sine 1-phosphate (S1P) and lysophasphatidic acid (LPA). Endothelial differentia-
tion gene (Edg)-1 is a G protein-coupled receptor for S1P and is required for
vascular maturation [78]. Edg-1 knockout mice exhibit lethal embryonic hemor-
rhage and are deficient in vascular smooth muscle cells and pericytes [78],
mesenchymal-like perivascular cells which closely associate with endothelial
cells from capillaries and post-capillary venules. S1P mediates vascular matura-
tion by modulating N-cadherin function [79]. LPA receptors are detected in
human primary breast tumors [80]. Platelet-derived LPA promotes breast cancer
cell line MDA-BO2 osteolytic bone metastases [80].

Regulation of the balance of platelet-derived angiogenic vs anti-angiogenic
factors is presently unknown, although in the aggregate the platelet releasate is
proangiogenic [81, 82]. Of interest in this regard is that stimulation of platelets
by selective PAR-1 agonist exerts a proangiogenic effect by inducing VEGF
release while inhibiting endostatin, while selective agonist PAR-4 stimulation
has the reverse effect, potentially allowing for counter-regulation of angiogen-
esis via these two receptors [83]. PAR-1 and PAR-4 are expressed on human
platelets and are activated by thrombin. The recent finding of the organization
of pro- and anti-angiogenic proteins into separate �-granules establishes a
mechanism for selective platelet release [84]. Interestingly, platelets of tumor
bearing mice sequester angiogenic regulators which may serve as biomarker of
early tumor growth [85].

Platelets circulate in proximity to vascular endothelium in flowing blood but
do not attach to the endothelium under normal conditions. Thromboresistance
of pristine endothelium is maintained by heparin-like mucopolysaccharides,
prostacyclin synthesis and CD39 (ecto-ADPase). Platelets, similar to leuko-
cytes, roll on stimulated venular endothelial surface in a manner that is depen-
dent upon endothelial P-selectin expression [86]. Platelets express P-selectin
glycoprotein ligand 1 (PSGL-1) and mediate platelet-endothelial interactions
in vivo [87]. Hematopoietic cytokines promote revascularization and angiogen-
esis by the recruitment of bone marrow derived hemangiocytes that is induced
by the release of platelet SDF-1 [88]. Thus platelets may be important regulators
of physiologic and tumor angiogenesis [89]. Platelets are a major transporter
of VEGF [90] which can enhance vascular permeability and stimulate
angiogenesis.

2.9 Clinical Trials

The anticancer activity of aspirin has been established in numerous epidemio-
logic studies particularly with respect to chemoprevention in colorectal cancer
[91�93]. A 40–50% reduction in fatal colon cancer was reported in aspirin users
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[91]. Case control studies also support a favorable effect of aspirin in the

prevention of cancers of the esophagus, breast, ovary and lung [93]. The

association is most robust for prolonged and regular usage of aspirin. To our

knowledge, aspirin has not shown meaningful anti-tumor activity in clinical

trials in cancer patients. No effect of the addition of aspirin to chemotherapy

was seen in a randomized controlled study of 303 patients with SCLC [94].

2.10 Does Thrombin Influence Tumor Dormancy?

Autopsy studies have revealed microscopic or in situ cancers as a common

finding without apparent clinical disease. Examples of such reported series

include prostate, thyroid, and breast cancers. Shulman and Lindmarker [10]

treated patients with deep vein thrombosis for either 6 weeks or 6 months of

oral anticoagulant and found fewer cancers in the 6 month treated group.

Cancer was diagnosed in 66 of 419 patients vs 45 of 435 patients in the 6-

month group (odds ratio 1.6, 95% CI 1.1-24, P=0.02), although there was no

difference in overall cancer mortality. The difference in cancer incidence

became apparent 2 years after treatment, implying an effect on early cancer.

Most of the difference in cancer incidence was accounted for by fewer uro-

genital cancers diagnosed in the extended treatment group. It is conceivable

that the inhibition of thrombin delays or prevents the onset of clinically

evident cancer. In the Second Northwick Park Heart Study, 3052 middle-

aged men were evaluated for hypercoagulability yearly for 4 years and mon-

itored for morbidity and mortality with average follow-up of 11 years [95].

The intent of the study was to examine association of hypercoagulability with

the subsequent development of coronary heart disease. While there was no

associated increased risk of heart disease, cancer mortality was increased in

the group with elevated activation markers of coagulation 11.3 vs 5.1 per

thousand person-years (P=0.01). Persistent activation was defined by 2-

yearly consecutive measurements of fibrinopeptide A and prothrombin

activation fragments 1+2 with values exceeding the upper quartiles of the

population (approximately 5% of the population). The excess mortality was

mainly due to increased incidence of cancers of the digestive tract (relative risk

3.26, P<0.001). The median interval between detection of activation and

diagnosis of malignancy was 4.8 years.
These observations provide further validation of the link between thrombin

activation and malignancy. Activation of a procoagulant axis may convert an

otherwise dormant tumor to a more biologically aggressive phenotype. The

mechanism of persistent thrombin activation remains unclear but it may

be contributed by host factors such as age or genetic risk. These findings

provide a rationale for future clinical investigation of anticoagulants in cancer

prevention and treatment.
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Chapter 3

Activation of Clotting Factors in Cancer

Frederick R. Rickles and Anna Falanga

3.1 Introduction

Evidence for ‘‘hypercoagulability’’ is commonly found in patients with cancer

and increases the risk of thromboembolism (TE) [1].While the pathophysiology

of TE in cancer is complex, it can be viewed classically as related to abnormal-

ities of Virchow’s triad: stasis of the blood; vascular injury; hypercoagulability

(or, as described by Virchow himself, as ‘‘abnormalities of the fixed elements of

the blood’’) [2]. Epidemiologic, laboratory, pathologic and clinical evidence

supports this important association. However, association is clearly not the

same as causation and, until recently, TE was thought largely to be an epiphe-

nomenon in cancer – a secondary manifestation of the inflammatory response to

tumor growth and/or to the therapy (e.g. chemotherapy, surgery, radiation

therapy).
Recent evidence from several laboratories [3–5], however, has linked malig-

nant transformation, tumor angiogenesis andmetastasis, to thrombus formation,

mediated perhaps by signaling cascades that can be triggered in a clotting-

dependent and/or clotting-independent manner. Tissue factor (TF), the ubiqui-

tous activator of blood clotting, has been shown, for example, to induce synthesis

of vascular endothelial growth factor (VEGF) in human tumor cells independent

of its ability to activate factor Xa-catalyzed conversion of prothrombin [6]. The

TF-VIIa complex and factor Xa are among known activators of G-protein-

coupled protease-activated receptor-2 (PAR-2) in tumor cells, while the

TF-VIIa-Xa complex and thrombin efficiently activate PAR-1. Both PAR-1

and PAR-2 have been implicated in signaling pathways leading to angiogenesis

andmetastasis [7–9]. The precise role of the cytoplasmic domain of TF, which has

been targeted as the likely signaling region of the molecule, remains controversial

[6, 8]. Nevertheless, multiple cell-signaling cascades are triggered during the
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generation of these clotting intermediates that are believed to influence tumor cell
migration, adhesion, cell-cell interaction, tumor cell diapedesis and replication, as
well as new vessel growth.

Strong epidemiologic evidence has supported the negative impact of activa-
tion of blood clotting in cancer patients [10–13]. Investigators are now explor-
ing with renewed interest the potential that inhibitors of blood clotting proteins
(with and without anticoagulant effect) can impact on cancer survival. The
results of recently published randomized, controlled trials of various forms of
the anticoagulant, low-molecular-weight heparin (discussed in depth elsewhere
in this volume) have documented increased survival in patients with advanced
cancer [14–18]. While the mechanism(s) for the salutary effects of anticoagu-
lants on cancer survival has (ve) yet to be elucidated, some evidence suggests
that various heparin fractions, in addition to their anticoagulant properties, can
interfere with a variety of important tumor functions, including, for example:
(1) tumor angiogenesis; (2) heparanase-mediated extravasation of blood-borne
tumor cells; and, (3) interactions between carcinoma mucins and selectins.

Targeting blood clotting reactions in cancer may provide a unique approach
to treatment. New agents are being developed that can activate clotting selec-
tively only in tumor vessels, thus producing localized infarction and reduction
in tumor size [19–22]. Other approaches target tumor cell and tumor-associated
endothelial cell TF to deliver immuno-toxins or selective inhibitors of tumor
growth with specificity to spare the surrounding normal tissue [23, 24]. Both
selective activation and inhibition of clotting may prove to be useful adjuncts to
traditional therapeutic approaches in cancer patients.

3.2 Epidemiology

As noted, cancer significantly increases the risk for TE and this risk is greatest
within the first 3–6 months following the diagnosis of cancer [1]. Among all
patients in whom the diagnosis of venous TE (VTE) is established, cancer is
responsible for approximately 20% of the attributable risk [25] and patients
with cancer are at nearly three times the risk for recurrence of VTE as are
matched control subjects after a first episode [26]. Although the absolute risk of
VTE in cancer patients remains relatively small (e.g. 0.6% in one large popula-
tion-based study) [11], cancer patients undergoing surgery have at least a
twofold increase risk of postoperative thrombosis compared to non-cancer
controls undergoing the same procedures [27], and even without the added
stress of surgery, the adjusted odds ratio for VTE is nearly 30 in patients with
some tumor types [1]. Finally, the risk of death due to cancer appears to increase
significantly if the diagnosis of VTE is established simultaneously or within the
first year after the cancer diagnosis is established [10–13], supporting long-
standing experimental data that suggest that thrombus formation provides
some biological advantage to the growth and dissemination of cancer [2, 28].
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3.3 Mechanisms of Cancer-Induced Thrombosis

Stasis, vascular injury and hypercoagulability, the three components of Virch-
ow’s Triad [29], each play a role in the pathogenesis of thrombus formation in
cancer patients, examples of which include: stasis: bed rest; extrinsic compression
of blood vessels by tumor; vascular injury: direct invasion of vessels by tumor;
prolonged use of central venous catheters; endothelial damage secondary to
chemotherapy; hypercoagulability: release of tumor-associated PCAs and cyto-
kines; impaired endothelial cell defense mechanisms and reduction of naturally
occurring inhibitors (e.g. antithrombin, protein C or protein S deficiency; acti-
vated protein C resistance); increased adhesive interactions between tumor cells,
vascular endothelial cells, platelets and host monocyte/macrophages, which is
further enhanced in mucin-secreting tumors (e.g. selectin-mediated). These and
other probable mechanisms for thrombosis in cancer patients have been exam-
ined in detail elsewhere [2, 28, 30]. Suffice it to say that the pathogenesis of
thrombosis in cancer is complex and most likely involves multiple mechanisms
that may differ dramatically from patient to patient. However, until recently, it
has been presumed that all of these mechanisms are secondary and have no
primary role in the molecular events leading to the development of cancer.

3.4 Molecular Pathogenesis of Thrombosis in Cancer – Direct Link

to Oncogenesis

Boccaccio and her colleagues developed a model for human liver carcinoma by
targeting activated human MET oncogene to mouse liver with a lentiviral
vector and liver-specific promoter [3]. The animals slowly developed progres-
sive hepatocarcinogenesis, which was preceded and accompanied by a throm-
bohemorrhagic syndrome ultimately indistinguishable from Trousseau’s
Syndrome with disseminated intravascular coagulation (DIC). Venous throm-
bosis in the tail vein of the mouse occurred early and was followed by a
progressive coagulopathy and fatal internal hemorrhage. The syndrome was
characterized in the animals by elevated blood levels of fibrin D-dimer, a
prolonged prothrombin time and a marked reduction of the platelet count
(i.e. DIC). Genome-wide expression profiling of hepatocytes expressing the
MET oncogene demonstrated impressive upregulation of both the plasminogen
activator inhibitor 1 (PAI-1) and cyclooxygenase-2 (COX-2) genes with a two-
to threefold increase in circulating protein levels. Inhibitors of either PAI-1
(XR5118) or COX-2 (Rofecoxib1) prevented both laboratory and clinical
evidence of DIC in the mice.

Based on their observations in this mouse model, the investigators postu-
lated a five-step process (Fig. 3.1), whereby MET induction by hypoxia results
in increased expression of the tyrosine kinase receptor for hepatocyte growth
factor/scatter factor (step 1), activation of prothrombotic, hemostasis genes
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(e.g. COX-2 and PAI-1) by MET signaling (step 2) with fibrin nesting of the

tumor cells, formation of a fibrin provisional matrix for the tumor (step 3),

induction of neo-angiogenesis by the fibrin matrix and other coagulation

proteases (step 4) and, finally, ‘‘scattering’’ of tumor cells with invasion

(step 5) [31]. Thus, for the first time, experimental evidence has been generated

linking directly activation of hemostasis with oncogenesis.
Inactivation of the tumor suppressor gene Pten, together with hypoxia,

which leads to Akt activation and upregulation of theRas/MEK/ERK signaling

cascade, has recently been shown to induce TF gene expression in human

astrocytoma cell lines [4], an in vitro model for malignant transformation.

Cells transformed with Akt showed the greatest incremental increase in

hypoxia-induced TF expression and secretion, exhibiting procoagulant activity,

Fig. 3.1 How activation of the coagulation cascade may drive invasive growth. Pericellular
activation of the coagulation cascade is a critical early step for invasive growth. 1. In the
avascular focus of transformation, hypoxia induces transcription of the MET oncogene,
elevating the cell surface level of theMET tyrosine kinase receptor. Availability of hepatocyte
growth factor/scatter factor (HGF/SF) in the extracellular matrix (ECM)may influenceMET
activation, or the ligand requirement may be bypassed as a result of MET overexpression. 2.
MET signaling induces transcription of a number of hemostasis genes, most prominently the
plasminogen activator inhibitor type 1 (PAI-1) and cyclooxygenase type 2 (COX-2) genes (see
text). 3. Induction of hemostasis leads to fibrin polymerization around the cell, forming a
provisional extracellular matrix that provides a scaffold that promotes angiogenesis (4) and
the outward migration of cancer cells. (Reproduced from Cancer Research 2005 (reference
[31]) with permission of the publishers)
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the latter of which was factor VII-dependent and inhibited by anti-TF anti-

bodies. These findings were partially reversible by induction of PTEN. PTEN is

inactivated by mutation, promoter methylation, or by other mechanisms in

upwards of 80% of human glioblastomas and TF is expressed in>90% of such

tumors. In low grade astrocytomas, however, only 10% of tumors express TF

and evidence for PTEN inactivation is rarely found. The histopathologic hall-

mark of high grade astrocytomas (glioblastoma multiforme) is so-called pseu-

dopalisading necrosis, thought to represent a ‘‘wave of tumor cells actively

migrating away from a central hypoxic zone that is created following vascular

compromise and associated with intravascular thrombosis.’’ Thus, the finding

by Rong et al. that pseudopalisading cells produced increased TF in seven

human glioblastoma specimens further supports the molecular relationship

between malignant transformation and clotting activation [4].
Yu and colleagues [5], using the well-established, step-wise model of human

colorectal cancer (CRC), in which activation of mutant K-ras and subsequent

inactivation/loss of p53 ‘‘drive many interrelated aspects of the malignant

phenotype. . ..’’, demonstrated that ‘‘TF is required for full expression of the

K-ras-dependent tumorigenic and angiogenic phenotype of CRC cells in vivo,

but not for cellular transformation in vitro.’’ Conversely, activation of K-ras

and loss of p53were both necessary to achieve full expression of TF both on the

cell membrane and on the surface of microvesicles shed into the circulation of

the mouse. With each subsequent mutation, increasing TF levels were docu-

mented in the respective cell lines in vitro and in vivo in the more aggressive

tumors produced in SCID mice, which were shown to have acquired a new

K-ras mutation. Finally, the investigators showed that TF gene-silencing with

small interfering RNA (siRNA) markedly inhibited in vivo tumor growth and

angiogenesis.
Thus, three different tumor model systems have now provided complimen-

tary evidence that oncogene activation and/or tumor suppressor gene inactiva-

tion upregulates blood clotting in vivo (by increasing TF, PAI-1 and COX-2),

strongly implicating clotting pathways in the basic biology of cancer. Further-

more, this data implies that targeting clotting intermediates might prove to be a

rational strategy for both reducing the thrombotic risk in cancer and, perhaps,

impairing tumor growth [31].

3.5 Targeting Tissue Factor and Other Coagulation Intermediates

in Cancer Therapy

Two recent therapeutic approaches, one applied to experimental tumor models

and one applied to patients with advanced malignancy, support the rationale

for further testing of ‘‘anticoagulant’’ and/or anti-tissue factor strategies for

treating cancer.
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The first approach either utilizes a modified TF construct to induce local

tumor infarction [22] or down-regulates the expression of TF in tumor cells and

tumor vascular endothelium [24]. Both methods exploit the increased expres-

sion of TF by tumors and tumor-associated endothelial cells. Various modifica-

tions of this therapeutic strategy also take advantage of high affinity binding of

factor VIIa to TF, which allows targeting of the compounds to the malignant

cells and the abnormal, angiogenic endothelium [32–34]. Along with other

endothelial-specific targets, investigators have succeeded in reducing the size

of experimental tumors by inducing local thrombosis and subsequent tumor

infarction [19–23] (Table 3.1). The delivery of a ‘‘toxic’’ construct that binds to

TF in the neoangiogenic vasculature of the tumor activates local blood coagu-

lation, producing an obstructive thrombus and tumor infarction. Reported

most recently by El-Sheikh and colleagues [22], the investigators linked a

soluble, truncated form of TF (tTF) to the heparin-binding domain of VEGF,

the latter of which targets at least three receptors hyperexpressed on tumor

endothelium – the VEGF receptor, VEGF neuropilin 1, or coreceptors and

chondroitin 6 sulfate proteoglycan. The investigators were successful in indu-

cing selective tumor necrosis quite rapidly (5min) after infusion of the con-

struct, together with recombinant factor VIIa (rVIIa), into mice harboring the

Table 3.1 Targeting tissue factor in tumor models of cancer chemoimmunotherapy

Construct Target Presumed mechanism
Evidence for efficacy
(Reference)

Truncated TF
(tTF)a +
bifunctional
antibodyb

I-Ad Conversion of tTF to TF
on tumor endothelium
with infarction
induction

Neuroblastoma
regression in vivo [19]

VIIaic + IgG Fc TF Destruction of
endothelium of tumor

Melanoma and prostate
cancer regression in
vivo [20,23]

tTF+ antibody to
ED-B domain of
fibronectin
(FN)

FN Conversion of tTF to TF
on tumor endothelium

Complete regression of #3
different syngeneic
tumors (�30% of
mice) [21]

tTF + HBDt
domaind of
VEGF (+/�
VIIa)

VEGFR-
2d, Npn-
1e, C6S
of PGf

Conversion of tTF to TF Selective mouse tumor
necrosis (colon
cancer) [22]

Curcumin analog
(+/� rVIIaic)

TF;
VEGFd

Inhibition of tumor
angiogenesis

Human breast tumor
regression in nude
mice [24]

a tTF = soluble, hypofunctional, extracellular domain of tissue factor;
b Bifunctional antibody to TF and to MHC class II antigen I-Ad

c VIIai = inactivated recombinant factor VIIa
d VEGF = vascular endothelial growth factor and VEGFR-2 receptor
e Npn-1 = neuropilin-1; fC6S = chondroitin 6 sulfate proteoglycan
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CT26 colon cancer [22], apparently sparing non-tumor vasculature and avoid-

ing systemic activation of coagulation.
Utilizing a small, molecular weight inhibitor of TF and VEGF gene

expression, which was not designed to activate TF in the tumor endothelium,

Adams and colleagues demonstrated regression of human breast tumors in

nude mice. They explored the properties of a variety of synthetic analogs of

curcumin; the lead compound reduced expression of TF and VEGF in

MDA-MB-231 human breast cancer cells and in other human tumor cell

lines, as well as in endothelial cells [24]. More recent data demonstrated the

feasibility of linking the lead compound in that series to inactivated rVIIa in

order to target the tumor endothelium and tumor cells; upwards of 60%

uptake of the labeled complex by the malignant cells was achieved by

the investigators, supporting the rationale of the targeting strategy [24a].

A somewhat similar anti-TF approach, using small molecular weight inhi-

bitors of the NF-�B and EGR-1 oxidative stress pathways in cancer cells and

angiogenic endothelium, has achieved potentially important reduction of TF

PCA expression by tumor cells in vitro and both regression of growth and

angiogenesis of established human tumors in xenogeneic models [35, 36].

One or more of these targeting strategies may prove useful in cancer che-

motherapy. Of interest, the anti-angiogenic strategy, using a factor VIIa

cassette for targeting TF in the neoangiogenic endothelium, is currently

being tested in Phase II studies of patients with ‘‘wet’’ macular degeneration

[37] and is contemplated for prostate cancer.
The direct anticoagulant strategy of cancer treatment focuses typically on

LMWH compounds or other newer anticoagulants and will be reviewed in

more detail elsewhere in this volume. However, it seems clear that additional

well-designed studies are needed to determine whether patients with cancer will

have a survival advantage by utilizing LMWH (or other anticoagulants) before

this approach to cancer therapy can be widely adopted. Regardless, the pre-

liminary results of the these studies of patients with poor prognosis cancers have

stimulated renewed interest in the anticoagulant approach, particularly since

the increased survival observed was not due to prevention of fatal pulmonary

emboli or other thrombotic complications. Instead, patients lived longer with

their tumors and ultimately died of cancer, lending support to the concept that

some anticoagulants may alter tumor biology.
Less certain is the mechanism(s) by which anticoagulants might effect this

change in tumor behavior. As indicated earlier, possible mechanisms include

(but are not limited to): inhibition of angiogenesis; inhibition of tumor pro-

teases (e.g. heparanase); inhibition of selectins [38–47]. It is very likely that these

and other mechanisms are impacted by LMWH and are overlapping – e.g.

inhibition of thrombin generation and thrombin action, for example, likely

reduces its effects on angiogenesis as well as effects of thrombin on cell growth

genes, selectin expression, etc.
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3.6 Summary

The risk for thromboembolism (TE) in patients with cancer is well known and is
related at least in part to the production of a hypercoagulable state mediated by
the procoagulant properties of tumor cells and tumor-associated host cells. The
principal tumor procoagulant activity (PCA) is tissue factor (TF). Tumor cell
expression of TF appears to correlate best with the hypercoagulable state
characteristic of patients with cancer. While the increased risk of TE has been
considered by many to be an epiphenomenon – not causally related to the
transforming malignant events – recent advances in the understanding of the
pathogenesis of cancer have suggested a direct relationship between clotting
activation and oncogenesis. These new observations, made possible by the
development of key molecular probes and tumor models in experimental ani-
mals, now provide the missing ‘‘link’’ that explains better the close relationship
between thrombosis, aggressive behavior of tumors, angiogenesis and metas-
tasis. The regulation of expression of TF has been demonstrated to be con-
trolled at the molecular level by several oncogenes, as also appears to be true for
the enzyme, cyclooxygenase-2 (COX-2), an important regulator of platelet
function and for plasminogen activator inhibitor type 1 (PAI-1), an inhibitor
of fibrinolysis. Engagement of protease activated receptors (PARs) by the
TF-VIIa complex, factor Xa and/or thrombin, have now been shown to be
important for tumor growth, angiogenesis and metastasis. Targeting blood
clotting reactions in cancer, therefore, may provide a unique approach to cancer
treatment.

In summary, blood clotting reactions, particularly in response to TF induc-
tion, are intimately involved in the biology of cancer, rendering the cancer
patient susceptible to thrombosis. In addition, these same clotting reactions
appear capable of stimulating tumor growth genes, tumor cell diapedesis, cell
adhesion to the endothelium, angiogenesis, and a host of other processes critical
to both primary tumor growth andmetastasis. Rational strategies for the down-
regulation of these coagulation pathways hold the promise of a duality of
beneficial effect – i.e. reduction in thrombosis potential and tumor proliferation
in patients with cancer.
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Chapter 4

The Role of Plasminogen-Plasmin System

in Cancer

Hau C. Kwaan and Brandon McMahon

Abstract Components of the plasminogen-plasmin system participate in a wide
variety of physiologic and pathologic processes, including tumor growth, inva-
sion and metastasis, through their effect on angiogenesis and cell migration.
These components are found in most tumors and their expression not only
signifies their function but also carries a prognostic value. Their expression is
in turn modulated by cytokines and growth factors, many of which are up-
regulated in cancer. Though both tPA and uPA are expressed in tumor cells,
uPAwith its receptor (uPAR) is mostly involved in cellular functions, while tPA
with its receptor Annexin II on endothelial surface, regulates intravascular
fibrin deposition. Among the inhibitors of fibrinolysis, PAI-1 is a major player
in the pathogenesis of many vascular diseases as well as in cancer. Therapeutic
interventions, either using plasminogen activators or experimental inhibitor
agents against PAI-1, have shown encouraging results in experimental tumors
but not been verified clinically.

Keywords Cancer � PAI-1 � Plasminogen – plasmin system � Thrombosis �
uPA � uPA receptor

4.1 Introduction

The plasminogen-plasmin system is involved in not only the regulation of
hemostatic balance but also a wide range of biologic processes. These include
embryogenesis, development, wound healing, cell proliferation and migration.
As such, the system plays an important functional role in both physiologic and
pathologic conditions. When this system was first discovered, it was named the
fibrinolytic system. However, with the realization that fibrin is not the only
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substrate for the active enzyme plasmin, the term plasminogen-plasmin system
is more appropriate and will be used here. This chapter will review our current
understanding of how components of this system affect tumor growth and
metastasis.

4.2 Historical Background

The first association between the pathology of cancer and fibrin must be
credited to Billroth [1], who first described the presence of tumor cells within
a thrombus. Later, Iwasaki found that tumor cells within the vascular channels
of recanalizing thrombi were viable [2]. The significance of fibrin within tumors
was again noted by O’Meara and Jackson [3], who postulated that. if unre-
solved, the fibrin would induce further tumor growth and vascular prolifera-
tion. Subsequent observations by others led to experimental and clinical trials
with anticoagulants [4], defibrinating agents [5], and thrombolytic agents [6].
Though the results were controversial, experimental tumor metastases were
found to be enhanced by increasing the fibrin content in tumors through the
use of antifibrinolytic agents, or by induction of hyperfibrinogenemia [7]. In the
ensuing years, the role of the plasminogen-plasmin system gained attention not
only in the pathogenesis of bleeding and thrombotic complications in the cancer
patient, but also in tumor growth and metastasis [8].

4.3 Plasminogen-Plasmin System

The precursor of the active protease plasmin is plasminogen [9–17]. This is a
single-chain glycoprotein of 92 kDa synthesized mainly in the liver. It is
present in plasma and extracellular fluids at a concentration of 1–2 mM, with
a biologic half-life of 2.2 days. In the native form, the amino-terminal is
occupied by glutamic acid. On activation by a plasminogen activator or by
plasmin, proteolytic cleavage at Lys-77 and Lys-78 results in the formation of
Lys-plasminogen (Fig. 4.1). Further cleavage of the Arg-560 and Val-561
peptide bond results in the formation of a two-chain plasmin held together
by two disulfide bonds.

Its structure contains five triple-looped structures with three disulfide
bonds known as kringles. These kringles are involved in binding of plasmino-
gen to cell surfaces and to fibrin. Of interest is that the structure of a potent
anti-angiogenic protein, angiostatin, is identical to the first four of the five
kringles.

The lysine at the amino-terminal of plasminogen functions as the binding
domain for many proteins, including fibrin, a2-antiplasmin, thrombospondin
and the plasminogen receptor annexin II. It also enables plasminogen to bind to
specific lysine binding sites on many cell surfaces. Furthermore, plasminogen
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activation is blocked by lysine binding to "-aminocarboxylic acids (epsilon
amino-caproic acid, tranexamic acid). These are clinically useful antifibrinoly-
tic agents.

Plasminogen has no proteolytic activity prior to conversion to plasmin. On

the other hand, plasmin is a serine protease with broad substrate specificity,
which includes fibrin, fibrinogen and extracellular matrix (ECM) proteins such
as laminin and fibronectin, either directly or indirectly through the activation of
latent metalloproteinases [8, 17, 18]. Thus, it is an intermediary protease with a

wide range of functions in health, such as tissue remodeling and wound healing,
and involvement in pathologic processes including tumor growth and metasta-
sis. Other substrates of importance include the pro-forms of growth factors,

which can be cleaved and activated by plasmin. Plasmin can also proteolyse
specific cleavage sites on plasminogen to generate angiostatin.

4.3.1 Plasminogen Activators

Though there are many proteases derived from bacteria, fungus, insects and
other animals that can proteolyse plasminogen, only two activators are present
in man.

The first one is tissue-type plasminogen activator (tPA) [19–21]. It is a 70-kDa

glycoprotein which, under physiologic conditions, is synthesized mainly by
endothelial cells. It is responsible for maintaining vascular patency in response to
intravascular fibrin formation. However, it is also produced by neurons, keratino-

cytes, melanocytes and various tumor cells. Observations in transgenic mice with
tPA null�/� have now shown that, in addition to maintaining vascular patency,
tPA participates also in neuronal development and neurologic functions [22].

Plasmin

Plasmino genactivator inhibitors
PAI-1
PAI-2
APC inhibitor
TAFI

Plasmininhibitors
α2-antiplasmin
α2-macroglobulin
TAFI
serine protease inhibitors
(AT, α2-antitrypsin, etc.)

Degradation of fibrin

Degradation of 
extracellularmatrix

Activation of growth
factors

Glu-plasminogen

Proteolysis by plasmino genactivator
or  by plasmin

Lys-plasminogen

Plasminogenactivator
tPA
uPA

Fig. 4.1 The plasminogen-plasmin system
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The resting plasma level of tPA is low, around 5 ng/mL, but large amounts
can be released from endothelial cells under a variety of circumstances. It is then
quickly bound to the circulating inhibitor PAI-1. A lesser amount is also bound
to a2-macroglobulin. It is then rapidly removed from the circulation by the liver
with a plasma half-life of around 5min.

The source of the circulating tPA is believed to be the vascular endothelium.
Earlier observations from our laboratory indicated that fibrinolytic activity can
be released from the vascular wall by ischemia [23, 24], serotonin [25] and other
vasoactive stimuli [23]. This fibrinolytic activity was later shown to be derived
mostly from tPA and, to a lesser extent, from uPA. However, recently, there is
evidence that tPA present in the neuronal terminals in the autonomic nervous
system can also be released through the vascular wall [26]. This new finding
explains our earlier observation that stimulation of a vessel wall can release
fibrinolytic activity from a vessel located distally to the site of stimulation,
indicating that the stimuli is transmitted via perivascular sympathetic nerves [23].

The ‘‘finger’’ domain present at the amino-terminal enables tPA to have a
high affinity for fibrin, thus making tPA a more efficient thrombolytic agent
than uPA. In addition to its high affinity for fibrin, tPA also binds to extra-
cellular matrix (ECM) proteins, including laminin and fibronectin, and the
mannose-6-phosphate/insulin-like growth factor. Recently, a cellular surface
receptor for both tPA and plasminogen, termed annexin II, was found in
endothelial cells, macrophages and certain tumor cells [27, 28]. The close
proximity of these two ligands on this dual receptor enhances plasminogen
activation. The high expression of annexin II in acute promyelocytic leukemia
and other malignant conditions may explain the high bleeding risk in these
disorders [29].

The second plasminogen activator in man is urokinase-type plasminogen
activator (uPA). This fibrinolytic enzyme was first discovered in urine, hence its
name urokinase. It originates from kidney cells [30, 31].When first released, it is
in a single-chain form, pro-urokinase, which is then rapidly converted by
plasmin or kallikrein to the two-chain form connected by a disulfide bond.
The single-chain glycoprotein has a molecular mass of 53 kDa. Both forms are
fibrinolytic and are used as thrombolytic agents, but the single-chained uPA has
a higher affinity for fibrin. The tertiary structure of uPA is composed of the
amino-terminal fragment (ATF) that contains a growth factor domain, as well
as a kringle domain. Both the single-chain and the two-chain uPA binds to the
uPA receptor (uPAR) via the ATF, forming a uPA-uPAR complex [32]. The
complex form facilitates plasminogen activation by uPA.

In addition to being a potent activator of plasminogen, uPA also directly
activates procollagenase. This allows it to exert a regulatory effect on cell
migration as well as tumor growth and metastasis.

uPA is secreted by many other cell types including endothelial cells and
tumor cells in addition to kidney cells. The role of tumor-derived uPA in
tumor growth and metastasis has been the subject of many studies and will be
reviewed in a later section of this chapter.
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uPAR is anchored to the cell surface by its glycosyl-phosphatidylinositol
(GPI) domain at the C-terminal, and released by phosphatilyl-inositol specific
phospholipase C [33]. On the cell surface, uPARhas a high affinity for uPA, and
can also bind uPAwhich had been inactivated by PAI-1, forming a uPA-uPAR-
PAI complex. This complex is rapidly internalized [34], a process facilitated by
several members of the low density lipoprotein receptor (LDLR) family [35].
Following internalization, the uPA-PAI-1 portion of the complex is degraded
while uPAR is recycled and emerges at a different site on the cell surface [34].
This process is believed to be directional and important in cell migration.

4.3.2 Inhibitors of the Plasminogen-Plasmin System

Inhibitors of plasmin are a2-antiplasmin (a2-AP), and a2-macroglobulin. a2-
AP belongs to the family of serpins (serine protease inhibitors) [36]. Plasmin
generated in circulating blood binds to a lysine binding site on a2-AP and is
rapidly inhibited. The level of the plasmin-a2-AP complex in blood is often used
as an indicator of the intensity of fibrinolytic activity. a2-AP also cross-links
with the a-chain of fibrin, preventing the latter’s proteolysis by plasmin. When
excess circulating plasmin in blood has saturated all the available a2-AP, a
slower acting inhibitor a2-macroglobulin acts as a second line of defense. In
addition, there are other serine protease inhibitors including antithrombin, a1-
antitrypsin, a1-antichymotrypsin, inter-a-trypsin inhibitor and C-1 inactivator.
The recently discovered thrombin activatable fibrinolytic inhibitor (TAFI)
inhibits plasmin as well as both plasminogen activators, tPA and uPA.

4.4 Plasminogen Activator Inhibitors (PAIs)

4.4.1 Plasminogen Activator Inhibitor Type 1 (PAI-1)

PAI-1 is amember of the serine protease inhibitor (SERPIN) family (Table 4.1).
It is perhaps themost important component of the plasminogen-plasmin system
in the regulation ofmany physiologic processes and in the pathogenesis of many
disorders including cancer [37–40]. PAI-1 is synthesized by the endothelial cells,
liver, adipose tissues, vascular smooth muscle cells, and a large number of
tumor cells. In addition to being a potent inhibitor of both tPA and uPA,
PAI-1 inhibits plasmin directly.

PAI-1 is stored in the a-granules of platelets. Most of the PAI-1 in platelets is
in a latent form, but when the active portion is released into a thrombus or into
the ECM, it can exert their effects on fibrinolysis as well as ECM functions.

The plasma level of PAI-1 in resting healthy individuals is around 1 nM, an
amount which is two to three times more than needed to inhibit the circulating
plasminogen activators. As discussed below, multiple stimuli, including
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inflammatory and tumor derived cytokines, can further increase this level. The
plasma level of PAI-1 is elevated in obesity, metabolic syndrome, type II

diabetes, inflammatory states, and cancer [37]. PAI-1 levels are often used as

a prognostic marker for thromboembolic complications in patients with cancer,

type II diabetes and veno-occlusive disease in the post-bone marrow transplan-

tation setting. PAI-1 is present in many tumor cell types and in the stromal
fibroblasts of the tumor microenvironment as well as in tumor associated

endothelial cells. In these settings, it may modulate tumor growth, invasion

and angiogenesis.
PAI-1 is the principal inhibitor of both uPA and tPA. In addition, it has a high

affinity for ECM proteins, especially vitronectin. The interactions between vitro-

nectin, uPA, uPAR and PAI-1 modulate multiple functions of uPA. The binding
of PAI-1 to vitronectin stabilizes the adhesion of cells to the ECM. Both of these

processes are essential for cell migration. PAI-1 bound to the uPA-uPARcomplex

is internalized by endocytosis. While PAI-1 and uPA are degraded intracellularly,

uPAR is secreted by the cell and recycled. This process facilitates the propelling

action observed in cell migration and tissue remodelling. In addition, PAI-1 binds
to glycoaminoglycans, and to low density lipoprotein receptors (LDL-R) [38].

LDL-R facilitates the internalization of the PAI-1-uPA-uPAR complex.

Table 4.1 Characteristics of plasminogen activator inhibitor type 1

Mechanism of action

Inhibits plasminogen activators

Inhibits plasmin directly

Binds to and activates vitronectin

Binds to glycosaminoglycans

Binds to LDL-R

Inhibition of apoptosis

Factors regulating PAI-1

Cytokines: TNFa, IL-2, IL-6
Growth factors: TGFb1, EGF, FGF

Hormones: Insulin, glucocorticoids

Angiotensin II, IV

Hypoxia

Reactive oxygen species

Pathogenic role in

Thrombotic disorders

Arterial and venous thrombosis

Acute myocardial infarction

Atherosclerosis

Obesity

Insulin resistance syndrome

Polycystic ovarian syndrome

Pulmonary fibrosis

Tumor growth and metastasis
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PAI-1 added to cell cultures inhibits apoptosis of both normal vascular
smooth muscle cells and tumor cells, and may thus contribute to tumor pro-
liferation and to angiogenesis [39, 40].

4.4.2 Regulation of PAI-1

As the PAI-1 gene is expressed in almost every cell type in the body, transcrip-
tion of this gene is regulated by numerous signals generated by cellular
responses to various stimuli [41, 42] (Table 4.1). These responses include
inflammatory cytokines such as TNFa and IL-1, growth factors, including
TGFb1, EGF, and FGF, hormones such as insulin and glucocorticoids, angio-
tensin II and angiotensin IV [43] and hypoxia-inducing factor and reactive
oxygen species. Through these pathways, PAI-1 is up-regulated in obesity and
metabolic syndrome, type II diabetes, hypertension and many types of cancer.
These observations led to the concept that PAI-1 not only plays a major role in
thrombogenesis by inhibiting fibrinolysis, but is also involved in the pathogen-
esis of many other disorders by its modulation of cellular interactions.

Several anti-PAI-1 agents are being developed for possible therapeutic use in
cancer and other disorders affected by PAI-1 [3, 37].

4.4.3 Plasminogen Activator Inhibitor Type 2 (PAI-2)

PAI-2 is synthesized by the placenta, monocytes [44, 45], eosinophils and
keratinocytes as well as by ovarian tumors and myeloid leukemic cells. PAI-2,
as in the case of PAI-1, is an inhibitor of both uPA and tPA [46]. Its expression
by the placenta is believed to contribute to the increased prothrombotic risk in
late pregnancy. Also, like PAI-1, it binds the uPA-uPAR complex on the cell
surface and is then internalized. However, unlike PAI-1, most PAI-2 exists
within the cell in the cytosol and only a small fraction is secreted. The plasma
level is barely detectable.While the secreted portion takes part with PAI-1 in the
inhibition of the plasminogen activators, the main functions of PAI-2 within the
cell are not clear. One known intracellular function is the protection of cells
against TNFa-mediated apoptosis [47]. It is notable that the PAI-2 gene is
located in chromosome 8, less than 300mbp from the apoptosis-inhibiting
BCL-2 gene. In follicular lymphoma with the t(14;18) translocation, BCL-2 is
over-expressed, resulting in inhibited apoptosis of the lymphoma cells [48] .
However, it is not known whether PAI-2 has a similar effect on lymphoma.

There are a number of observations of a tumorogenic effect of PAI-2. Studies
with oligonucleotide microarrays indicate there is at least a 12-fold increase in
PAI-2 genes in ovarian serous papillary carcinoma compared to normal ovarian
tissues [49]. The level of PAI-2 has been correlated with a poor prognosis for
ovarian, and colorectal carcinomas, while low expression in epithelial
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carcinoma such as head and neck squamous cell carcinoma signifies invasion
[50]. In contrast, a high PAI-2 level indicates a favorable prognosis in breast
carcinoma. Recently, high expression of PAI-2 was found in the gastric mucosa
of patients with Helocobacter pylori infection, suggesting another possible link
between the proliferative and apoptotic inhibitory actions of PAI-2 and the
ultimate gastric cancer formation [51].

4.4.4 Thrombin-Activatable Fibrinolytic Inhibitor (TAFI)

Thrombin-activatable fibrinolytic inhibitor, also known as procarboxypepti-
dase U, is a 55-kDa carboxypeptidase synthesized in the liver that has been
shown to play an important role in fibrinolysis. It is initially produced as a
proenzyme and is converted to an active, zinc ion dependent carboxypeptidase
B-like enzyme (TAFIa) through cleavage at the Arg92-Ala93 bond. This pro-
cess can be mediated by trypsin or plasmin. However, these activators are much
less efficient than thrombin. Thrombin conversion of TAFI to TAFIa is accel-
erated 1250-fold in the presence of thrombomodulin [52], and the activation is
calcium-ion dependent. TAFIa production occurs in two peaks, with the first
peak occurring shortly after initiation of clot formation and the second stimu-
lated by thrombin generation. The half-life of the enzyme is approximately
10min and therefore the first increase in concentration is transient. The second
peak is prompted by plasmin formation and unlike the first, has little effect on
fibrinolysis [53].

TAFIa is able to attenuate fibrinolysis by preventing plasmin formation
through removal of carboxyterminal arginine and lysine residues from fibrin
and fibrin cleavage products. This blocks the binding of tPA and plasminogen,
thereby interfering with the positive feedback of plasmin formation [54].
Removal of the arginine and lysine residues from fibrin also removes the
inhibitory effect fibrin has on antiplasmin. Fibrinolysis is then prevented by
the greater resulting influence of antiplasmin on free plasmin [55]. Plasmin may
also be directly inhibited by TAFI, to impair fibrinolysis further. The increased
amounts of TAFIa generated by activation of the intrinsic system continue to
propagate the downregulation of fibrinolysis. There have been no reported
inhibitors of TAFIa to date, and the activity appears to decay spontaneously.

Due to its effect on fibrinolysis, levels of TAFIa may correspond to an
increased risk of thrombosis or bleeding. Increased levels have been shown to
be a weak risk factor in incident (twofold increased risk) [56] and recurrent
(twofold increased risk) [57] venous thromboembolism. Concurrent elevations
in factor VIII may enhance this thrombogenic risk. On the other hand, low
TAFI activity is seen in patients with acute promyelocytic leukemia, and this
finding may in part explain the hyperfibrinolysis and propensity for hemor-
rhage seen in this disease [58]. TAFI levels have also been investigated in a
number of other disease states where perturbations of clotting may play a
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central role. Examples include demonstration of increased TAFI levels in
ischemic stroke, in patients with angina, and in men requiring coronary artery
bypass grafting [59–61].

It is unclear what role, if any, TAFI has in malignant disease states. A mouse
model failed to show any affect of TAFI deficiency on growth or metastasis of
different tumor cell types [62]. Malignancy may increase TAFI expression
through a cytokine-mediated process. Theoretically, increased levels of TAFI
may promote growth and spread of tumor cells through intra-tumoral fibrin
deposition, and may accentuate the several prothrombotic features of various
malignant states. Clinical data in humans supporting these possibilities is
lacking.

4.5 Role of the Plasminogen – Plasmin System in Tumor Growth

and Metastasis

The relationship between the plasminogen-plasmin system and tumor biology is
complex [8, 42, 63, 64] (Fig. 4.2). It involves several important steps as shown in
Fig. 4.2. The major ones are cell proliferation, apoptosis, cell migration and
invasion and angiogenesis. In all these steps, one or more of the components of
the plasminogen-plasmin system participate in the process.

Plasminogen-Plasmin System in Tumor Growth and Metastasis

Tumor cell proliferation and apoptosis

uPA bound to cell surface uPAR is mitogenic

uPA acting on tumor vasculature is angiogenic

Extracellular PAI-1 and PAI-2 in tumor cell environment inhibit apoptosis

Up-regulation of intracellular PAI-1 inhibits uPA and impairs tumor growth and metastasis 

Tumor cell migration and invasion

Plasminogen

Plasmin

Tumor cell derived:
uPA + uPAR

(at focal adhesion sites)
Activation of latent 
metalloproteinase

Proteolysis of 
extracellular  matrix

Cell
migration

determines directional migration

Assembly of PAI-1, vitronectin, uPA, uPAR in extracellular matrix promotes cell adhesion and 
allows cell propulsion

Internalization of PAI-1.uPA.uPAR complex        recycling of uPAR 

Tumor Angiogenesis

Tumor derived cytokines, uPA, PAI-1 modulates endothelial cell proliferation angiogenesis

uPA + plasminogen         plasmin
Plasmin reductase

co-factors
(glutathione, cysteine)

Reduced plasmin K5 K1-4.5(angiostatin)

Fig. 4.2 Plasminogen-plasmin system in tumor growth and metastasis
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4.5.1 Tumor Cell Proliferation and Apoptosis

uPA bound to uPAR is mitogenic. On the surface of tumor cells, initiation of

intracellular signaling follows the assembly of the amino-terminal fragment of

uPA (containing an epidermal growth factor-like domain), and uPAR, along

with an ECM protein (such as vitronectin or fibronectin) and the epidermal

growth factor receptor, leads to growth stimulation [65, 66]. The same events

occur with stromal cells, vascular smooth cells and endothelial cells in the

tumor microenvironment. These characteristics of uPA form the basis for a

high uPA expression in tumors signifying a poor prognosis. On the other

hand, we had shown previously that, in vitro and in animals, high expression

of PAI-1, by inhibiting uPA, impairs tumor growth, angiogenesis and metas-

tasis [67]. When PAI-1 was transfected into an aggressive human prostate

cancer cell, PC-3, tumors with transfected cells that over-expressed PAI-1 had

a slower growth rate in vitro. Tumors in athymic mice given PC-3 clones with

high PAI-1 expression were smaller, less metastatic and contained less vascu-

lature. This anti-tumorogenic effect is attributed to the inhibitory action of

uPA on tumor invasion, and on uPA activation of plasmin. However, in a

different setting, PAI-1 has an opposite effect by being inhibitory to apopto-

sis. When the stable form of PAI-1 is added to tumor cell cultures, or

endothelial cell culture, both spontaneous and induced apoptosis in tumor

cells are inhibited [39]. In this respect, PAI-1 enhances tumor growth. PAI-2

added to tumor cell cultures also has an anti-apoptotic action. As tumor

growth involves both cell proliferation and apoptosis, PAI-1 may favor

tumor growth by inhibiting apoptosis. In certain tumors, a high PAI-1 con-

tent signifies a poor prognosis. These observations of stimulated and inhib-

ited tumor growth were confirmed by others [38]. Which of these opposing

effects of PAI-1 are acting on the tumor must be dependent on a number of

factors, many of which are still not fully understood. PAI-1 injected into

animals or added to tumor cell cultures likely inhibits uPA on the tumor cell

surface, where the assembly of PAI-1 and the uPA-uPAR complex are inter-

nalized, leading to the degradation of uPA. Also, it is likely that the effect may

be dose-dependent. One determinant may also be the tumor type. For exam-

ple, in carcinoma of the breast, the known tumorogenic effect of estradiol may

in part be mediated through the down-regulation of tPA, uPA, uPAR and

PAI-1 [68].
The activation of pro-forms of growth factors is another way in which

plasmin, tPA or uPA can participate in tumorogenesis. One example is

that plasmin can activate latent b-FGF. Plasmin has also been shown to

activate the propeptide of VEGF-C and VEGF-D, both angiogenic and

lymphangiogenic factors [69]. Of interest, tPA can directly activate

the latent form of PDGF-CC by proteolytic removal of the CUB

domains [70].

52 H.C. Kwaan and B. McMahon



4.5.2 Tumor Cell Migration and Invasion

The regulation of cell migration by uPA, uPAR and PAI-1 in cell migration is
important in wound healing as well as in cancer cell invasion, and metastasis.
uPA bound to uPAR is present at focal adhesion sites on the cell surface [71,
72]. Locally generated plasmin from the activation of plasminogen at these
sites in turn activates latent metalloproteinases and latent growth factors [5].
It is believed that the resulting proteolysis of the extracellular matrix (ECM)
frees the cell from its adhesion site allowing cell migration. Since uPA bound
to uPAR is a much more potent activator of plasminogen, the location of
uPAR determines the direction of the cell migration. There is also another
major cellular process, involving vitronectin in the ECM, uPA-uPAR com-
plex, PAI-1 and the recycling of uPAR [34]. Both monomeric and dimeric
forms of uPAR are present on the cell surface [33, 73]. Vitronectin in the ECM
binds to uPAR, preferentially the dimeric form [74], and affects the distribu-
tion of uPAR on the cell surface. The complex of uPA, uPAR and PAI-l binds
to vitronectin on the cell surface, resulting in changes in the cell shape and cell
adhesiveness to the ECM. With the endocytosis of the complex assembly, de-
adhesion occurs. Following the recycling of uPAR, readhesion takes place
[33]. These steps regulate cell migration and propulsion.

4.5.3 Tumor Angiogenesis

The plasminogen-plasmin system is involved in tumor angiogenesis in two
aspects [75–79]. First, along with tumor derived cytokines and VEGF, uPA
and PAI-1 modulate endothelial cell proliferation. Second, plasmin and plas-
minogen activators proteolyse plasminogen and, acting with several cofactors,
release one or more of the kringle structures. These kringles possess inhibitor
effects on tumor angiogenesis, best exemplified by angiostatin. Plasmin, derived
from uPA activation of plasminogen, can be reduced by plasmin reductase
(phosoglycerate kinase) in the presence of co-factors, including glutathione
and cysteine. The disulfide bonds between kringles are further proteolysed to
form kringle peptides with potent inhibitory activity against the proliferation of
microvascular endothelial cells. Despite encouraging results of tumor reduction
in animals, these results were not reproduced in early human clinical trials [79].

4.6 Role of the Plasminogen-Plasmin System in Thrombotic

Complications in Cancer

Though procoagulants and their activation in cancer play a major role in
thrombogenesis, changes in fibrinolytic components are also important con-
tributory factors. Evidence for this is provided by in vitro studies as well as
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observations of inhibited fibrinolysis in vivo. The inhibited fibrinolysis is pri-

marily due to increased in PAI-1 activity in the plasma of cancer patients. Both

uPA and tPA are regulated by PAI-1. While uPA acts on cell proliferation and

migration and thus plays an important role in cancer progress, tPA, on the

other hand, is the body’s defense against extension of intravascular fibrin

thrombi, and thus a high PAI-1 level is thrombogenic.

4.7 The Plasminogen-Plasmin System in Acute Leukemia

Both thrombotic and bleeding complications are linked to perturbation of the

plasminogen-plasmin system in acute leukemia [80, 81]. In acute promyelocytic

leukemia (FAB: M-3), annexin II, a dual receptor for tPA and for plasminogen

[27, 28], is highly expressed in the leukemic cells [29, 82]. Its level is also

increased in a small number of patients with AML (FAB: M4-5) or with

ALL. Annexin II is a cell membrane surface protein found in endothelial

cells, macrophages and several malignant cell lines. It is a protein with a

molecular weight of 40 kDa. In addition to binding tPA, it is a co-receptor for

plasminogen, with tPA binding at the amino-terminal of the core 1 domain,

while plasminogen binding occurs at the lysine binding site in the core 4 domain.

The close proximity of the two ligands on the cell surface facilitates their

interaction in plasmin generation, with in vitro enhancement of 60-fold.

Annexin II on endothelial cell surface has the highest expression on the micro-

vascular endothelial cells in the brain [83]. In acute promyelocytic leukemia

(APL), this location of a higher Annexin II expression is of clinical significance.

APL cells in the bone marrow and peripheral blood as well as the APL cell line

NB4, express both uPA and tPA [84]. After treatment with trans-retinoic acid,

the uPA expression is further dysregulated inNB4 cells for 24 h before returning

to normal levels as these cells undergo differentiation [85]. Thus, an increased

expression of uPA by APL cells, in conjunction with the expression of tPA as

well as the presence of annexin II contributes to the excessive fibrinolysis [29]. In

addition, TAFI level is low in APL and thus there is less inhibitory control over

fibrinolysis [59]. Larger amounts of plasmin were also found to be generated in

vitro by the brain endothelial cells [84]. This may provide an explanation for the

relatively higher incidence of intracranial hemorrhage in APL. In a recent

analysis of the early deaths seen in patients with APL, hemorrhagic complica-

tions were found to be the major cause of early deaths, accounting for over 50%

of patients with or without ATRA therapy [86–90]. Intracranial bleeding

accounts for most of the fatal hemorrhages, with other sites including diffuse

pulmonary alveolar and gastrointestinal hemorrhage. In addition to plasmin

induced fibrinolysis, elastase and chymotrypsin released by leukemic blasts may

also contribute to the impaired hemostasis by proteolysis of von Willebrand

factor [91].
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4.8 Clinical Observations of the Plasminogen-Plasmin System in

Cancer

As discussed, the plasminogen-plasmin system has potential biological effects

extending beyond thrombosis and hemorrhage. Tumor growth and metastasis

may be promoted by uPA-mediated enhancement of cell proliferation, adhe-

sion, migration, and degradation of the extracellular matrix. Alterations of this

system in cancer could lead to a variety of altered clinical outcomes, which has

been demonstrated in a number of cancer types.
The majority of the clinical literature evaluating upregulation of the

plasminogen-plasmin system has focused on prognosis through the enhance-

ment of tumor growth and progression. As mentioned in detail previously,

this may come about through inhibition of apoptosis and through increased

release of TGFb, FGF2, ILGF-1, and hepatocyte growth factor. Degrada-

tion of the extracellular matrix and promotion of cellular adhesion may assist

in the development of metastatic disease. These features of the plasminogen-

plasmin system have been correlated with its over-expression, leading to

adverse outcomes in a number of malignancies (Table 4.2). High uPA and/

or PAI-1 levels have been shown to be adverse prognostic markers in breast,

colorectal, esophageal, gastric, ovarian, prostate, renal, and endometrial

cancers. These findings may prove to be a vital addition to previously

known prognostic markers and potentially assist in individualizing cancer

treatments.

Table 4.2 Plasminogen-plasmin system: clinical and laboratory features in malignancy

Malignant site Reference Laboratory and clinical findings

Breast Look et al. [92] Pooled analysis (8,377 patients). uPA and PAI-1
prognostic independent of patient age, tumor size,
grade, or hormone receptor status, and nodal status.
uPA and PAI-1 levels more predictive of RFS and
OS in lymph node negative disease than ER status
and tumor size. May aid in determining need for
additional therapy in some women

Janicke et al.
[97]

Longer DFS with low PAI-1 & uPA in node negative
disease compared with high PAI-1/uPA

uPA and PAI-1 more informative than size, hormonal
status, age, locoregional treatment. High uPA and
PAI-1 in node negative disease benefit most from
adjuvant chemotherapy

Foekens et al.
[98]

High PAI-2 associated with favorable RFS and OS in
tumors with high uPA. No PAI-2 prognostic
association in overall population

Sternlicht et al.
[99]

Shorter OS with high tumor PAI-1 mRNA levels.
PAI-1 levels influenced by connective tissue growth
factor. No prognostic association with PAI-1 gene
promoter polymorphism
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Table 4.2 (continued)

Malignant site Reference Laboratory and clinical findings

Grondahl-
Hansen et al.
[100]

High uPAR levels associated with shorter OS, but no
affect on RFS

Shorter OS and RFS with elevated PAI-1 levels
Duffy et al.
[101]

uPA is a stronger prognostic indicator for RFS than
lymph node status

Lymph node status is a stronger predictor for OS than
uPA. uPA also predictive of OS and DFI in node
negative disease whereas tumor size, ER statuswere not

Demirkan et al.
[102]

Anthracycline based chemotherapy did not alter TAFI
or PAI-1 levels

Gastric Wojtukiewicz
et al. [103]

Tumor tissue staining: fibrinogen seen throughout.
Fibrin/D-dimer at tumor margin; No TFPI
present; high molecular weight urokinase and
plasminogen not detected; weak tPA staining on
tumor cells; strong PAI-1 expression. Conclude
that TFPI, fibrinolysis does not balance tumor
coagulation

Heiss et al.
[104]

High uPA associated with more aggressive disease, and
prognostic in lymph node positive, T1/T2 disease.
Not predictive in lymph node negative disease

Nekarda et al.
[105]

Decreased OS with elevated uPA or PAI-1 from
completely resected tumors. Only PAI-1 was a
significant prognostic marker in multivariate
analysis

Cho et al. [106] uPA and PAI-1 higher in cancer than normal gastric
tissue, with higher levels corresponding to decreased
RFS. Only uPA was a significant prognostic marker
in multivariate analysis

Beyer et al.
[107]

High uPAR staining correlated with H. pylori
infection. High tumor PAI-1 expression is an
independent predictor of poor prognosis

Luebke et al.
[108]

Unable to find any correlation between uPA or PAI-1
with tumor size, grade, nodal status, or metastatic
disease on prospective evaluation. No survival
association was found with uPA or PAI-1

Colorectal Skelly et al.
[109]

uPA levels highest in carcinoma vs adenomatous polyp
or normal mucosa. High uPA associated with lower
OS. Prognostic effect is independent of tumor stage.
May indicate more aggressive disease

Mulcahy et al.
[110]

High grade uPA staining in Duke’s B colon ca is
associated with worse prognosis compared with low
grade staining (8 year survival 81 vs 43%)

Yang et al.
[111]

Higher tumor expression of uPA and uPAR are
independently predictive of distant metastatic
disease, cancer specific survival, and overall survival

Ganesh et al.
[112]

High uPAR levels associated with decreased OS;
independent of age, stage, tumor grade

Stephens et al.
[113]

Pre-operative plasma soluble uPAR levels
independently predicted survival in colorectal
cancer. High soluble uPAR levels associated with
increased risk of mortality
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Table 4.2 (continued)

Malignant site Reference Laboratory and clinical findings

Kockar et al.
[114]

Heightened fibrinolysis (elevated D-dimer, global
fibrinolytic activity) in metastatic vs local disease

Glioma/
glioblastoma

Sciacca et al.
[115]

Increased tPA and PAI-1 levels in high grade glioma vs
neurologic and healthy controls. No difference in
factor V Leiden or Prothrombin gene mutations.
May indicate significant role for PAI-1 in
prothrombotic state

Landau et al.
[116]

uPA and PAI-1 are elevated in gliobastome multiforme
but not normal brain or benign tumors. May
facilitate infiltration of tumor cells into normal brain
parenchyma

Hsu et al. [117] Stronger cytoplasmic uPA staining associated with
higher grade glioma and shorter OS. On multivariate
analysis: high uPA staining, tumor grade, and
age>50 are associated with shorter survival

Liver Kwaan et al.
[118]

Increased markers of plasma fibrinolysis found in
cirrhosis but not hepatocellular carcinoma

De Petro et al.
[119]

uPA mRNA found in hepatocellular carcinoma, but
not in normal hepatocytes. Higher levels of uPAR
and tPA in malignant vs non-malignant cells. Higher
uPA correlated with shortened OS in male patients

Lung Hataji et al.
[96]

Highest TAFI levels in small cell vs adeno- or
squamous carcinoma. TAFI levels higher in
chemotherapy responders vs nonresponders

Pavey et al.
[120]

Elevated plasma D-dimer, fibrinogen, and PAI-1
antigen associated with increased risk of death in
non-small cell lung carcinoma

Prostate Miyake et al.
[121], and
Hienert et al.
[122]

uPA and uPAR levels higher in advanced disease with
metastatic bone disease vs organ confined disease

Shariat et al.
[123]

Higher uPA and uPAR plasma levels found in patients
with prostate cancer than those without

uPA and uPAR levels correlated with extent of disease
at diagnosis and higher levels pre-prostatectomy
predicted for prostate specific antigen doubling
times, failure to respond to salvage radiation
therapy, and development of metastatic disease

Esophageal Torzewski et al.
[124] and
Nekarda
et al. [125]

High uPA expression is an independent predictor of
disease outcome in both squamous and
adenocarcinoma. Independent of tumor grade,
stage, lymph node status, lymphatic/vessel invasion

Laryngeal Wojtukiewicz
et al. [126]

Plasminogen, tPA located on tumor cells. Low
molecular weight uPA located on undifferentiated
cells. Weak/variable PAI-1,2, and 3 expression
found. Trace uPA receptor staining

Ovarian Kuhn et al.
[127]

Increased uPA and PAI-1 were predictive of decreased
OS in univariate, but not multivariate, analysis

Konecny et al.
[128]

uPA associated with malignant progression and
independently associated with shortened OS. PAI-1
not prognostic in multivariate analysis
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The prognostic significance of the plasminogen-plasmin system has best been

demonstrated in breast cancer. Levels of uPA and PAI-1 were more predictive

of both disease-free and overall survival than ER status and tumor size in a

pooled analysis of over 8,000 patients with breast cancer [92]. Increased uPA

and PAI-1 were associated with a worse prognosis. Application of this finding

to clinical practice was demonstrated in a prospective study of 761 patients [93].

Based on the hypothesis that poor outcome is associated with high PAI-1 and

uPA, patients with lymph node negative disease, but with high PAI-1 and uPA,

were given adjuvant cyclophosphamide-methotrexate-5-fluorouracil (CMF)

chemotherapy. Another large trial of over 3,000 women showed increased levels

of PAI-1 and uPA correlated with greater benefit from adjuvant chemotherapy

vs those with lower levels [94]. Similar findings are present with regard to

adjuvant hormonal treatment, with uPA and PAI-1 negative breast tumors

responding better to intervention with tamoxifen than those with high expres-

sion, independent of ER/PR status [95].
Application of the prognostic information given by the plasminogen-

plasmin system to clinical care has also been extended to other malignant

diseases. For example, it has already been shown that higher TAFI levels in

lung cancer directly correlate with a more favorable response to chemotherapy

[96]. Such observations allow better individualization of cancer care, with

administration of more aggressive treatment to those patients who are likely

Table 4.2 (continued)

Malignant site Reference Laboratory and clinical findings

Melanoma Kwaan et al.
[129]

tPA and inhibitors of fibrinolysis (e.g., a2 PI) expressed
in tumor cells, but only tPA found in melanoma cell
lines and xenografts. Increased fibrinolytic inhibitors
may contribute to hypercoagulability

Endometrial Tecimer et al.
[130]

Higher uPA and PAI-1 levels are associated with more
advanced stage of disease and disease recurrence.
Shorter disease-free and overall survival found with
elevated PAI-1 levels

uPAR levels had no prognostic value
Cervical Kobayashi

et al. [131]
Higher rates of lymph node involvement with strong
uPA and PAI-1 staining in primary malignant tissue.
Decreased OS and RFS with strong PAI-1 and uPA
staining of malignant cells

Renal cell Hofmann et al.
[132]

Strong tumor tissue staining for uPA, uPA-R, or PAI-1
correlates with developing relapsed and/or
metastatic disease

Ohba et al.
[133]

Higher uPA, uPAR, PAI-1 and PAI-2 expression
correlated with higher tumor grade and metastatic
disease. uPA, uPAR, and PAI-1 expression also
correlated negatively with survival, although PAI-2
did not

RFS: relapsed-free survival; OS: overall survival; ER: estrogen receptor; DFI: disease-free
interval; TFPI: tissue factor pathway inhibitor
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to benefit most. In addition, those who are unlikely to benefit could be spared
the toxicities associated with many therapeutic interventions. Additional data is
needed in this area to justify its wider application.

Available evidence indicates a pathophysiologic role of the plasminogen-
plasmin system in the prothrombotic nature of malignant disease, with high
tumor expression of PAI-1 and resultant inhibition of fibrinolysis potentially
exacerbating the hypercoagulability associated with malignancy. To date, clin-
ical studies demonstrating this correlation have largely been lacking. Whether
components of this system can be used successfully in the treatment or preven-
tion of thrombosis in cancer remains to be established. It is certainly plausible
that alterations in the expression of the various components of the uPA system
may predict risk for thrombosis in the same way as with disease outcome. This
type of information may prove useful in targeting those at highest risk, with
greater surveillance and possibly prophylactic treatment for those patients
whose thrombotic potential is greatest.

4.9 Conclusion

Though fibrin was found in cancer tissues as early as the late nineteenth century,
the active investigation of the role of the plasminogen-plasmin system in cancer
has accelerated only in the past two decades. This has greatly increased our
understanding of how the components of this system, especially uPA, uPAR
and PAI-1, affect tumor growth, invasion and angiogenesis. Undoubtedly these
findings have contributed to the elucidation of the pathogenesis of many forms
of malignant disorders. However, little progress has been made in translating
the findings from in vitro studies and animal experiments into innovative
therapeutic approaches. In experimental tumors in animals, perturbation of
uPA and of PAI-1 has been found to impair tumor growth andmetastasis, while
only a few anecdotal results have been reported in humans. As the pathogenesis
of cancer is complex, one would expect that the influence of uPA and PAI-1 is
only one part of this process. New agents are being designed to interdict these
effects, especially those of PAI-1. Whether they will be effective remains to be
determined by clinical trials. Questions to be addressed in future clinical trials
will concern the effect of anti-PAI-1 or anti-uPA agents by themselves, or
whether effectiveness will require a combination with cyto-reductive measures
including chemotherapy or radiation, and in addition, the combination with
anti-angiogenic agents or with hormonal therapy wherever applicable.
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Chapter 5

The Coagulation System and Angiogenesis

Gurinder Sidhu and Gerald A. Soff

5.1 Introduction

In 1865, Armand Trousseau recognized the relationship between an activated
coagulation system and malignancy [1]. He suggested that patients presenting
with idiopathic venous thrombosis might be harboring an occult cancer.
Numerous recent studies have also demonstrated an increased odds ratio of
patients with idiopathic venous thromboembolic disease having an occult
malignancy (i.e. [2]). Venous thromboembolic disease (VTE) is the second
most common cause of death in cancer patients, after deaths from the under-
lying malignancy [3]. The prevalence of VTE depends on tumor type and
treatment received. Recent studies note that activation of the coagulation
system, in addition to predisposing to VTE, may also contribute directly to
the growth of primary and metastatic cancers, in large part by promoting
angiogenesis. In this chapter, we will review the role of platelets and the
coagulation system in promoting tumor-associated angiogenesis. We will also
discuss the effects of anticoagulation on angiogenesis and the effects of anti-
angiogenesis therapy on the coagulation system and risk of thrombosis.

5.2 Platelets and Angiogenesis

Reactive thrombocytosis is common in cancer patients, and is observed in
30–60% of cancer patients [4, 5]. Increased granulocyte colony-stimulating
factor (G-CSF), granulocyte-macrophage colony-stimulating factor (GM-
CSF), interleukin-6 (IL-6), thrombopoietin (TPO), and interleukin-1 (IL-1),
have been associated with tumor-associated thrombocytosis [6]. In addition to
thrombocytosis, elevated levels of b-thromboglobulin and P-selectin are found
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in prostate, breast, lung, colon, and gastric cancers, suggesting that platelets are
activated in cancer [7–11] and are relevant to cancer biology. Recent studies
have supported the hypothesis that platelets contribute to angiogenesis and
therefore, to cancer growth and metastasis.

Gasic and colleagues were the first to show the contribution of platelets to
hematogenous metastasis [12]. They induced thrombocytopenia in mice by
administration of neuraminidase or antiplatelet serum, followed by tail vein
injection of TA3 ascites tumor cells. They observed a dose-dependent reduction
in the formation of pulmonary metastases, corresponding to the induction of
thrombocytopenia. Since those early observations, other studies also have sup-
ported a role of platelets in tumor growth and invasion, and at least part of the
process is related to the ability of platelets to enhance and regulate angiogenesis.

It is well-established that platelets contribute to the earliest stage of the
coagulation by adhering to the subendothelial matrix of damaged or altered
blood vessels. In addition, platelets can express and deliver molecules involved
in angiogenesis [13–15]. Platelets can stimulate endothelial cells in culture and
can promote the assembly of capillary-like structures in vitro, a surrogate for
in vivo angiogenesis activity [16]. Other recent studies have also shown
decreased angiogenesis by induction of thrombocytopenia and administration
of anti-platelet agents [17]. Platelet alpha-granules contain both promoters
and inhibitors of angiogenesis. Platelets may influence angiogenesis by releas-
ing promoters of angiogenesis, such as vascular endothelial growth factor
(VEGF), basic fibroblast growth factor (bFGF), epidermal growth factor
(EGFR), platelet derived growth factor (PDGF) and matrix metalloprotei-
nases (MMPs) [13, 18–22]. Thrombin treatment of platelet-rich plasma from
healthy individuals exhibited higher VEGF levels than platelet-free plasma
[23]. Platelet alpha-granules also possess inhibitors of angiogenesis, including
endostatin, platelet factor-4, thrombospondin-1, alpha-2-macroglobulin,
plasminogen activator inhibitor-1, and angiostatin [24, 25].

A recent study by Italiano and colleagues suggest that pro- and anti-
angiogenic factors exist in different alpha-granule populations [26]. Using
double immunofluorescence and immuno-electron microscopy, they found
that the majority of the alpha-granules stained for either VEGF or endo-
statin, but there was little evidence for co-localization [26]. Further, the
angiogenesis inhibitor, thrombospondin-1, and the angiogenesis promoter,
bFGF, also segregated into separate, distinct granules. von Willebrand
factor (vWF) co-localized with endostatin while fibrinogen co-localized
with VEGF. The packaging of VEGF and endostatin into separate alpha-
granules suggested that distinct granule subpopulations could undergo
selective release. This was supported by the observed selective release of
endostatin-containing alpha-granules, but not VEGF containing granules,
by protease-activated receptor (PAR)4 activation. In contrast, PAR1 acti-
vation resulted in release of VEGF containing granules, but not endostatin
containing granules. This interesting study suggests that selective activation
of specific PARs results in selective release of promoters or inhibitors of
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angiogenesis related factors, and may regulate the angiogenic potential of
the adherent platelets [26].

Following platelet adhesion and activation in the tumor microvasculature,
released VEGF stimulates endothelial cells. VEGF stimulation of endothelial
cells is followed by adhesion of additional, non-activated platelets [27]. The
adhesion function of platelets, as mediated by the vWF receptor GPIb-a,
significantly contributes to the process [15]. In an in vitro model of angiogen-
esis, inactivated human platelets are potent promoters of tube formation by
endothelial cells onMatrigel. Tube formation was accelerated in the presence of
platelets, suggesting that platelets affect both the magnitude and the kinetics of
this process [16]. Kisucka and colleagues used the cornea neovascularization
assay and theMatrigel plug angiogenesis model to evaluate the regulatory effect
of platelets in an in-vitro model of angiogenesis. The number of growing vessels
in thrombocytopenic mice was lower in the cornea assay, and they showed
significantly increased appearance of hemorrhage compared with control mice.
The thrombocytopenic mice also showed more protein leakage and developed
hematomas using theMatrigel model. These data suggest that platelets not only
stimulate angiogenic vessel growth, but also play a critical role in vessel wall
stability by preventing hemorrhage from the angiogenic vessels.

Platelet derived microparticles (PMPs) have also been shown to have proan-
giogenic properties [28]. Addition of in vitro generated PMPs to isolated rat
aortic ring models was associated with a concentration-dependant proangio-
genic effect. This effect can be reduced by inhibition of VEGF, bFGF, and
PDGF, suggesting these three factors contribute to the PMP-associated pro-
angiogenic effect. PMP exerted this effect via PI 3-kinase, Src kinase, and ERK.
The pro-angiogenic effect of PMP was also demonstrated in vivo. In a sub-
cutaneous pocket model, agarose beads containing PMP (100 mg/mL) were as
effective or more effective in inducing angiogenesis than beads with a combina-
tion of pure VEGF/bFGF (50 ng/mL each) [28]. PMPs were also shown to be
angiogenic in a mouse model of myocardial ischemia. Following coronary
artery ligation and myocardial ischemia in mice, addition of PMPs resulted in
an almost threefold increase in coronary revascularization, again confirming
the pro-angiogenic activity of PMPs [28].

5.3 Tissue Factor and Angiogenesis

Tissue factor (TF) is 47-kDa transmembrane protein that initiates the coagula-
tion cascade [29, 30]. Mature TF is composed of 263 amino acids: a 219 amino
acid extracellular domain, a 23 amino acid transmembrane domain and a 21-
residue intra-cytoplasmic domain [29, 30]. Following vessel injury or endothe-
lial cell damage, circulating factor VII binds to TF and is converted to the active
serine protease, factor VIIa. The TF:FVIIa complex can activate factors IX and
X and hence initiates the coagulation cascade. Factor X is activated by
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TF:FVIIa complex and forms part of the prothrombinase complex that con-
verts prothrombin to thrombin. Thrombin hasmultiple procoagulant activities,
including cleavage of fibrinogen to fibrin monomers, activation of factors V,
VIII, XI, and XIII, and activation of platelets [31]. Inhibition of TF mediated
activation of coagulation is regulated by tissue factor pathway inhibitor (TFPI)
that forms a quaternary complex with TF, FVIIa and FXa [32]. The inhibition
of TF function by TFPI can be increased if it is bound to thrombospondin, an
angiogenesis inhibitor [33].

In addition to its procoagulant properties, TF is known to have an impor-
tant role in angiogenesis, as first demonstrated by the embryological lethality
of TF knock-out mice [34]. These mice die by day 10.5 during embryonic
development, in part due to disorganization of the yolk sac vasculature [34].
Similar pathological findings are associated with lethality in VEGF-deficient
embryos [35], suggesting regulation of similar functions by TF and VEGF.
Indeed, TF and VEGF have been found to be co-localized on malignant cells
from human lung and breast cancer samples [36]. The increased expression of
TF in tumors results in an angiogenic phenotype, by up regulation of the pro-
angiogenic factor VEGF and down regulation of anti-angiogenic factor
thrombospondin [37].

Under physiologic conditions, activation of the phosphatidylinositol
3-kinase-AKT signaling pathway causes suppression of TF production in
normal endothelial cells. Within the hypoxic environment of tumors, how-
ever, decreased PI3-K activity along with increased p38 and MAPK activ-
ity, induces up-regulation of TF expression in tumor-related endothelial
cells [38]. The aberrant increased expression of TF is known to occur in a
variety of tumor types including breast cancer [39], leukemia [40], glioma
[41], non-small cell lung cancer [42] and colon cancer [43–45]. Increased
levels of TF have been associated with increased angiogenesis, advanced
stages of disease, and poorer outcome. Nakasaki and colleagues analyzed
the expression of TF and VEGF, and microvessel density in 100 colon
cancer specimens and found the expression of TF correlated with the
Duke’s stage [43]. Examination of non-small cell lung cancer specimens
has also revealed a correlation between TF expression, microvessel density,
and VEGF expression [46].

5.4 Thrombin

Thrombin is one of the key serine proteases of the coagulation cascade. The
inactive zymogen prothrombin is proteolytically activated to thrombin by
the prothrombinase complex (FXa, FVa, calcium ions) that assembles on the
phospholipid membranes of platelets, monocytes, activated endothelial cells, or
tumor cell surfaces [31, 47]. The best characterized function of thrombin is to
cleave fibrinogen to fibrin monomers, which polymerize to form the basic
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structure of the fibrin clot [31]. Cancer-associated fibrin matrix has been shown

to be pro-angiogenic, and is discussed below. Thrombin is also one of the most

potent platelet agonists. It induces shape change in platelets and the release of

the platelet activators ADP, serotonin and thromboxane A2 [48]. Thrombin

also activates the integrin GpIIb/IIIa, which mediates platelet aggregation, and

induces alpha-granule release [48]. Thus, the generation of thrombin contri-

butes to angiogenesis by serving as a platelet activator as well as by contributing

to the fibrin polymer [21, 49]. Thrombin also regulates cellular behavior by

activating G-protein coupled PARs that activate a network of signaling cas-

cades [48]. Thrombin generated cleavage of the N-terminal domain of the PARs

exposes a neo-N terminus that functions as a tethered ligand. This tethered

ligand binds to the second transmembrane domain of the seven transmembrane

G-protein coupled receptor. Activation of PAR causes a conformational

change which results in the exchange of bound GDP for GTP on the associated

G proteins. Thrombin activation of PARs leads to the up-regulation of many

angiogenesis related genes including VEGF, VEGFRs, TF, bFGF, and

MMP-2. These genes can promote to a number of pleotropic responses such

as endothelial cell shape change, increased vascular permeability, increased cell

proliferation, and increased proteolysis, that all contribute to increased tumor

angiogenesis.

5.5 Fibrin

Fibrinogen and fibrin, the major components of the clot, also have important

roles in angiogenesis. Tumor-associated blood vessels are typically leaky and

hence fibrinogen and other clotting molecules extravasate from the defective

vessels forming fibrin deposits around the tumor. These deposits provide a

pro-angiogenic matrix that facilitates endothelial cell adhesion, migration,

proliferation, and differentiation into tubules [50]. Fibrin contains multi-

functional domains that act as bridging molecules between cell-matrix inter-

actions during physiological and pathological processes [51]. Circulating

cellular components specifically bind to fibrin matrices via integrin and

non-integrin-mediated cell surface receptors and affect cell behavior. Integrin

binding occurs specifically thorough Arg-Gly-Asp (RGD) sequences located

at Aa95–98 (RGDF) and Aa572–575 (RGDS) of the human fibrinogen

molecule [52].
Formation of the fibrin matrix allows the malignant cells to adhere to and

invade the tissues in metastatic sites and protects the cancer cells from immune

surveillance [53–55]. Fibrin has been reported to induce expression of the pro-

angiogenic cytokine, interleukin 8, by endothelial cells [56]. The fibrin matrix

also supports the migration of tumor cells and provides a scaffold for the

formation of new blood vessels [57].
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5.6 Plasmin/Angiostatin

The key component of the fibrinolytic system is the zymogen plasminogen,
which is activated by a plasminogen activator to the serine protease plasmin.
Plasmin’s best characterized function is to degrade fibrin. There are also specific
protease inhibitors that regulate plasmin generation and function, including
plasminogen activator inhibitors (PAI-1 and PAI-2), and alpha-2-antiplasmin,
and alpha-2-macroglobulin [58, 59]. Plasmin generation has been shown to
occur on the surface of a number of cancer lines [58, 59]. Plasmin generation
has a complex and biphasic effect on angiogenesis. Plasmin may promote
angiogenesis by degradation of the extracellular matrix and basement mem-
brane of the surrounding blood vessels, thus facilitating endothelial cell and
cancer cell migration and invasion [60]. Plasminogen conversion to plasmin is
localized to the surface of cancer cells by globular b-actin, which binds the fifth
kringle domain of plasminogen and plasmin [58, 59]. The urokinase receptor
(uPAR), also found on the surface of the cancer cells, binds urokinase (uPA)
and the bound uPA converts plasminogen to plasmin [58, 59]. Plasmin remains
bound to the surface globular b-actin and locally promotes angiogenesis.
However, the surface globular b-actin serves as a co-factor for plasmin autop-
roteolysis, resulting in an intra-kringle 5 cleavage and the generation of the
natural angiostatin isoform, angiostatin4.5 (AS4.5) [58, 59, 61–63]. AS4.5 is a
potent angiogenesis inhibitor and consists of the first four kringles of plasmino-
gen and 85% of kringle 5, and induces endothelial cell apoptosis, and inhibits
angiogenesis in vitro and in vivo [64, 65]. Because the cleavage of plasmin to
AS4.5 is within kringle 5, the domain that keeps plasminogen/plasmin anchored
to the surface by globular b-actin, AS4.5 is released from the surface and
conveys a systemic antiangiogenic effect. AS4.5 has been shown to inhibit
tumor growth in mouse models [61, 66, 67]. AS4.5 has also been induced in
human cancer patients, with promising anti-tumor effects [68]. Thus, the bal-
ance between plasmin and AS4.5, two plasminogen-derived proteins, influences
the relative pro- and anti-angiogenic nature of a particular tumor.

5.7 Anticoagulation and Angiogenesis

If the coagulation process is important for angiogenesis and neoplastic growth,
it would be expected that drugs that alter the coagulation system can impact
tumor progression. As noted above, persistent activation of the coagulation
system commonly accompanies advanced malignancies [69]. Vitamin K antag-
onism has been shown to decrease the number of metastases in animal experi-
ments [70, 71]. Colucci and colleagues showed that induction of vitamin
K deficiency had the same anti-metastatic effect on Lewis lung carcinoma
cells as warfarin [72]. Vitamin K agonists (VKAs) appear to exert their anti-
cancer effect through their anticoagulant effect [70]. Animal models have shown
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positive effects with thrombolytic agents. Brown and colleagues showed that
when streptokinase was administered 30min after inoculating rats with mam-
mary carcinoma cells, there was a decrease in the number of metastases as
compared to controls [73].

While anticoagulants have shown significant antiangiogenesis activity in
mouse models of cancer [74–77], the human experience has been less convincing
and remains under study. Two trials using urokinase in addition to doxorubicin
for intravesical treatment of superficial bladder cancer showed no improvement
in response rates, rate of recurrence, or overall survival [78, 79]. Postoperative
infusion of urokinase had no effect on 4-year survival [80]. There has been no
rigorous study showing a statistically significant benefit of thrombolytic agents
on human cancer.

A meta-analysis of cancer patients with venous thromboembolism who were
initially treated with low molecular weight heparin (LMWH) vs unfractionated
heparin (UFH) showed that patients treated with LMWH had a significantly
better survival (see Chap. 15). This led to interest in the effect of anticoagulants
on cancer progression [81]. In one study, cancer patients without evidence of
venous thrombosis undergoing breast or pelvic cancer surgery, received pro-
phylactic doses of UFHor LMWHperioperatively [82]. Improved survival with
LMWHwas observed as far out as day 650. Subgroup analysis showed survival
advantage with LMWH to be only in ovarian and uterine carcinoma, and not in
breast cancer [82]. It is not known whether the improved survival was due to
differences in the anticoagulant properties of the two agents (UFH and
LMWH), or some other property.

One of the largest trials in the use of LMWH in cancer patients is the CLOT
study, which randomized 676 cancer patients with VTE to receive acute treat-
ment with the LMWH dalteparin for 5–7 days, followed by either dalteparin or
an oral vitamin K agonist [83] (see Chap. 14). There was a statistically signifi-
cant decrease in the number of recurrent VTE events with dalteparin, without a
significant increase in bleeding. However, there was no difference in survival at
6month follow up, with 90%of deaths in both groups due to progressive cancer
[83]. In the FAMOUS study, 385 cancer patients without venous thrombosis
were randomized to receive LMWHor placebo for 1 year, designed to detect an
anti-cancer effect of the LMWH [84]. The 1-, 2-, and 3-year survival of the
LMWH treated group showed a trend to improved survival compared with
the placebo group, but the results did not reach statistical significance [84].
A subgroup analysis of better prognosis patients in the FAMOUS study did
suggest improved survival with the LMWH, but since this was not defined
a priori, further study is warranted.

In another study of patients with advanced malignancy and absence of VTE,
302 patients were enrolled and then randomized to receive a six week course of
LWMH or placebo. There was noted to be a modest but statistically significant
improvement in survival at 6 months and 1 year [85]. Altinbas and colleagues
randomized 84 patients with small cell lung cancer to undergo either che-
motherapy alone or chemotherapy and LMWH [86]. There was noted to be a
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statistically significant improvement in the response rate, progression free
survival, and overall survival with addition of LMWH to chemotherapy.
LMWH have a clear role in management of thrombotic complications with
cancer, but the anti-neoplastic effects though encouraging, remain to be further
explored.

5.8 Antiangiogenic Therapy and Coagulation

Antiangiogenic therapy is one of the most promising new classes of cancer
therapy. However, these agents appear to convey an increased risk of throm-
bosis. While the mechanism by which angiogenesis inhibitors predispose to
thrombosis is not fully understood, they do target the endothelial cells in
tumor-associated vessels. Therefore, successful antiangiogenic therapy is asso-
ciated with diminution of the endothelial cell lining of the blood vessels, expos-
ing the blood to a relatively thrombogenic surface. Thus some increase in the
rate of thrombosis may be expected with angiogenesis inhibition.

Thalidomide, one of the earliest antiangiogenic agents successfully used in
human cancer patients, significantly increases the risk of both venous and
arterial thrombosis [87, 88]. The anti-VEGF antibody bevacizumab also
increases the risk of thrombosis. In the pivotal phase III trial of bevacizumab
in metastatic colorectal cancer, Hurwitz and colleagues reported improved
survival with addition of bevacizumab to chemotherapy, but this was also
associated with an increased incidence of thrombosis [89]. They observed a
19.4% incidence of any thrombotic event in the bevacizumab treated arm,
compared with a 16.2% incidence in the placebo arm. The rates of major
bleeding were 3.1% in the bevacizumab arm and 2.5% in the placebo arm
[89]. Patients with metastatic colon cancer developing thromboembolism dur-
ing treatment with bevacizumab appear to tolerate anticoagulation without a
higher risk of serious bleeding [89].

A phase III trial (ECOG 3200) comparing FOLFOX (oxaliplatin, fluorour-
acil, and leucovorin) chemotherapy with FOLFOX and bevacizumab found no
increased incidence of arterial thrombotic events in the combination arm [90].
However, a statistically significant increase in the incidence of bleeding was
noted in the bevacizumab arm [90]. A pooled analysis of five randomized
controlled trials in metastatic colon cancer [89, 91, 92], breast cancer [93] and
lung cancer [94] found a modest increase in the risk of arterial thromboembolic
events among patients treated with bevacizumab [95]. The risk appeared to be
increased more in patients who had a history of an arterial thromboembolic
event and were aged 65 years or more [95].

Kuenen and colleagues investigated the effects of SU5416, a potent small
molecule inhibitor of vascular endothelial growth factor (VEGF) receptor-1
and -2, on endothelial cell function and coagulation [96]. They noted a signifi-
cant increase in the levels of soluble E-selectin, which reflects activation of
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endothelial cells (ECs), and the levels of vWF and soluble-TF, which reflect
activation of these cells and others that circulate. Interestingly, they noted that
levels of soluble-E-selectin and soluble-TF were significantly higher at baseline
and increased to a significantly greater extent in patients experiencing a throm-
boembolic event compared with control patients, suggesting a subpopulation of
patients have a predisposition to cancer-associated thrombosis.

5.9 Conclusions

Since the insightful observations of Trousseau almost 150 years ago, our under-
standing of cancer biology has made great strides. Still, a number of key aspects
of Trousseau’s understanding remain current to this day. Cancer activates
coagulation, and this activation of the coagulation system contributes to the
cancer growth, at least in large part by promoting angiogenesis. This observa-
tion has led to an association of the cancer-promoted thrombotic risk with the
new and promising field of angiogenesis. Safer and more effective treatment
modalities may result.
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Chapter 6

Overview of Cancer and Thrombosis

Axel C. Matzdorff and David Green

6.1 Introduction

Historically, the French physician and scientist Armand Trousseau

(1801–1867) has been honored as the first scientist to report the association

between malignant disorders and thromboembolism [1]. In 1861, in his book

Clinique medicale de l’Hôtel-Dieu de Paris, he postulated that most patients with

cachexia and thrombosis have undiagnosed cancer. A few years after his obser-

vation Trousseau noted thrombophlebitis of his left upper arm and a few

months later he succumbed to gastric cancer.
While Trousseau’s original description was about venous thrombosis in

patients with visceral cancer, today we have broadened the term ‘‘Trousseau’s

syndrome’’ to apply to any type of venous thromboembolism occurring in

patients with solid tumors or hematologic malignancies. The eponym has also

been ascribed to chronic disseminated intravascular coagulopathy, microangio-

pathy, verrucous endocarditis, and arterial emboli in cancer patients. It might

be of interest that Trousseau concedes in his original treatise that it was actually

his student J. Werner who first noticed this clinical association; in fact, 20 years

earlier Rudolf Virchow in his seminal work on thrombosis and emboli had

described several patients with cancer and thromboembolism [2]. This historical

perspective highlights our daily clinical experience that cancer patients have an

increased risk for thromboembolism. As will be discussed below and in sub-

sequent chapters, tumors are thrombogenic and cancer patients have more time

to develop thromboses because modern therapy has prolonged the life of the

cancer patient. However, many of these treatments are themselves thrombo-

genic; for example, post-operative thromboembolism is a major risk after

tumor excision or debulking. Also, some of the chemotherapeutic agents such

as thalidomide/dexamethasone, tamoxifen, and inhibitors of vascular
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endothelial growth factor (VEGF) are thrombogenic. Preventing and treating

coagulation abnormalities in cancer patients has become a major health issue

for oncologists.

6.2 Epidemiology

Venous thromboembolism is common in patients with malignant disorders [3].

Of all cancer patients, 10–15% develop symptomatic thromboembolism during

their disease, but this is only the tip of the iceberg. The incidence at autopsy

approaches 50%. This means that many thromboses have been asymptomatic

or their clinical signs were obscured by symptoms from the underlying cancer.

The highest incidence of thromboembolism has traditionally been attributed to

cancer of the lungs, pancreas, stomach, colon and ovaries [4, 5]. Recently CNS

tumors were added to this list [6].
While we have learned that the presence of cancer should prompt greater

alertness for signs of thrombosis, it is less clear whether the occurrence of

spontaneous and idiopathic thrombosis justifies an extensive search for under-

lying yet undiagnosed cancer. Studies show that 10–15% of patients with

idiopathic thromboembolism will develop cancer within the subsequent

2 years, particularly patients over the age of 40 [5, 7]. Some clinicians therefore

advocate extensive tumor screening including computerized tomography (CT),

magnetic resonance imaging (MRI) and positron emission tomography (PET)

scanning [8, 9]. Whether this will eventually translate into improved survival or

be cost-effective is less clear.

6.3 Pathophysiology

Many years ago, A. T. Billroth noted that cancers are often covered with fibrous

material [10], suggesting that they release procoagulants. Furthermore, coagu-

lation activation and tumor-progression are closely linked. Multiple and inter-

acting pathophysiologic mechanisms are responsible for this association.
Colon, breast, lung and renal cancers secrete Cancer Procoagulant A (CPA)

[11], a serine protease that activates factor X. Blast cells from acute promyelo-

cytic leukemia (AM3L) also express CPA on their surface as well as annexin 2

that enhances fibrinolysis [12].
Tissue factor (TF) is another factor secreted by tumor cells. TF activates

factors VII and X which eventually leads to thrombin generation and the

formation of fibrin [13]. Thrombin acts as a growth factor for cancer cells and

is a survival factor as well, increasing the resistance of tumors to chemotherapy

agents. Fibrin enhances the adhesion of circulating tumor cells to the vessel wall

where they are joined by endothelial progenitor cells, proliferate, and form
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macrometastasis [14]. In addition to its effects on coagulation, TF triggers

release of VEGF, which is another important growth factor for tumors.
Carcinoma mucins are glycosylated molecules that bind to selectins. When

secreted in large quantities they enter the blood stream and bind to L-selectin on

leucocytes and P-selectin on platelets and endothelial cells leading to the forma-

tion of platelet-rich thrombi [15]. These interactions can be prevented by heparin

derivatives, which might account for some of their anti-neoplastic activity.
Both the coagulation and the fibrinolytic systemmay be activated by tumors.

Some secrete pro- and antifibrinolytic factors [urokinase plasminogen activator

(uPA), tissue plasminogen activator (tPA), plasminogen activator inhibitor-1,2

(PAI-1, 2] to support local tumor invasion and proliferation [16]. It is an

established phenomenon that breast and prostate cancers release plasminogen

activator, sometimes so much that systemic hyperfibrinolysis develops [17–19].
In addition to direct coagulation activation, there are indirect, immune-

mediated pathways. Cancer cells interact with monocytes and lymphocytes

leading to the release of cytokines (TNF�, IL-1). Cytokines induce TF expres-

sion on monocytes and endothelial cells and the release of PAI-1. They also

down regulate thrombomodulin, a potent inhibitor of thrombogenesis. The net

effect is that the vessel wall becomes more ‘‘sticky’’. Cytokines increase plasma

C4-binding protein which binds free protein S and reduces protein S activity.

Without its cofactor, free protein S, the protein C anticoagulant pathway is

impaired (Fig. 6.1).

Fig. 6.1 Cancer cells secretemucins, cancer procoagulant A and tissue factor. This leads to the
activation of platelets and coagulation factors. Thrombin and fibrin act as survival and
growth factors for cancer cells. Inflammatory cytokines released from immune cells render
the endotheliummore thrombophilic. Downregulation of free protein S and thrombomodulin
reduces protein C activity. All thesemechanisms can occur at the same time and trigger venous
thromboembolism
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Cancer chemotherapy and several of the newer anti-tumor agents carry

a substantial thrombotic risk themselves. It has long been known that

asparaginase decreases coagulation factors (AT III, protein C, fibrinogen)

and disturbs the balance between pro- and anticoagulant factors. Tamox-

ifen increases the thrombotic risk 1.5- to 2-fold; considering the large

number of women taking tamoxifen, this small increase has considerable

relevance for clinical practice. The newer aromatase inhibitors have a much

smaller risk which is an important argument in favor of the use of these

agents [20].
Several of the older chemotherapy drugs and many of the new anti-tumor

agents increase the risk of thrombosis. Thromboembolism may develop in

5–25% of myeloma-patients receiving thalidomide in the absence of effective

thromboprophylaxis [21, 22]. To prevent this complication, low-molecular-

weight heparin (LMWH) may be more efficacious than aspirin [23]. The new

anti-VEGF-antibody bevacizumab (AvastinTM), which is currently used for the

treatment of some patients with colon, lung, breast and renal cancer, may

increase thrombotic risk. The reason for this is not clear but alterations in the

endothelium have been suspected.

6.4 Symptoms and Diagnosis

Thromboembolism should be suspected in cancer patients with even minor

or only a single symptom. Not only are the cancer cells thrombogenic but

the dehydration and reduced mobility associated with the disease enhance

the risk. Wells et al. [24] have developed a widely used scoring system to

assist in the diagnosis of venous thromboembolism; several of the criteria

are routinely observed in cancer patients, which places them in the highest

risk category. Any additional symptom such as new chest or leg pain,

shortness of breath, or unilateral leg edema, justifies a thorough clinical

workup that includes imaging.
However, many cancer patients with thromboembolism may be asymp-

tomatic or the symptoms due to the cancer may obscure the signs of

thrombosis. In fact, up to 7% have undiagnosed venous thrombosis or

pulmonary embolism [25]. Attending physicians need to be acutely aware

of the high likelihood of an occult thrombosis in hospitalized cancer

patients, and should inquire about symptoms and check for signs of

venous thromboembolism on a daily basis.
Combining low clinical probability and negative D-dimer has proven to be

safe and reliable in ruling out DVT in the general population. This is also true

for cancer patients with a low clinical probability score [26]. As has been out-

lined above, most cancer patients fall into the intermediate or high probability

group. Therefore, ancillary tests such as the D-dimer are less helpful.
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Symptomatic patients, even those with a normal D-dimer, should have imaging

studies to exclude the diagnosis of venous thrombosis (Fig. 6.2).

6.5 Thrombophilia Screening in Cancer

Patients with cancer undergo a variety of procedures that may increase their

risk of thrombosis. These include exposure to hormonal and other therapies,

extensive surgical procedures, and placement of indwelling catheters. Prior to

initiating these interventions, one may consider testing the patient for the

presence of thrombophilic mutations, such as factor V Leiden and prothrombin

gene mutation. Thrombophilic mutations increase the risk of thrombosis in

tumor patients [27, 28, 29]. However, screening for these mutations in all cancer

patients is unlikely to be cost effective and should probably be reserved for

those patients who would not otherwise receive thromboprophylaxis. Thus,

thrombophilia screening would not be indicated in patients about to receive

thalidomide or undergoing major surgery, since thromboprophylaxis is already

indicated for such patients. On the other hand, thrombophilia significantly

increases the risk of central-line thrombosis [30, 31], and thromboprophylaxis

is not routinely indicated in this situation. If thrombophilia is detected in a cancer

patient one may consider avoiding central lines and switch to oral therapies or, if

this is not an option, discuss low-dose heparin prophylaxis in the absence of clinical

data for this approach [32]. Type, duration and intensity of anticoagulant therapy

in patients with central lines will be discussed further below.

Fig. 6.2 Most cancer
patients with symptoms
suggestive of thrombosis
require duplex-ultrasound
or venography. Few patients
have a low clinical risk index
according to theWell’s score
[24] and only in these
patients it is safe to rule out
thromboembolism when
D-dimer testing is normal
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6.6 Prophylaxis of Venous Thromboembolism in Cancer Patients

Patients with malignancy belong to a high risk group for perioperative venous

thromboembolic complications [33]. LMWHs have been shown to be safe and

effective for prophylaxis in cancer patients [34]. There are some important

differences from non-cancer patients:

– It is not sufficient to give heparin until discharge from hospital or ambu-
lation. In patients with abdominal or pelvic cancer surgery prophylaxis
should be extended over 4 weeks [35].

– Cancer patients belong to the highest-risk category for venous throm-
boembolism. Dosing of the LMWH should be higher than in standard
surgery patients (>3,400U daily), similar to the doses used in high-risk
orthopedic surgery [36].

As noted previously, cancer inpatients are at a heightened risk for venous

thromboembolism. They are usually immobile – otherwise they would be

treated as outpatients – or they may be receiving hormonal and chemotherapies

which increase the risk of thromboembolism even further [37]. Therefore

thromboprophylaxis is recommended for all hospitalized cancer patients in

the absence of bleeding or other contraindications [22].

6.7 Central Venous Catheters and Thromboembolism

The incidence of catheter related thromboses in cancer patients ranges

from 0.3% to 30%. This large variation is due to patient-related factors

such as age and venous anatomy, tumor specific features such as histology,

size, and location, and catheter characteristics, as well as the stringency of

the diagnostic criteria [38]. Some studies required ultrasound or venogra-

phy while others relied merely on clinical symptoms. Earlier studies

observed a significant clinical benefit from low-dose warfarin or LMWH

[39, 40] while recent randomized trials report a very low incidence of

catheter thrombosis and no significant benefit from anticoagulant prophy-

laxis. Routine prophylaxis is therefore not currently recommended [36].

Certain patient groups, e.g. those with a personal history of thromboem-

bolism or known hereditary thrombophilia, might be an exception. Risks

and benefits of prophylaxis need to be discussed with these patients on an

individual basis [41].
There is little information on how to treat central-line thrombosis in cancer

patients if it eventually occurs. No randomized studies have validated type,

duration and intensity of anticoagulant therapy in this situation. Attempting to

maintain the catheter and providing at least 3 months of therapeutic dose

LMWH seem to be reasonable [42].

88 A.C. Matzdorff and D. Green



6.8 Therapy

Every cancer patient with venous thromboembolism requires anticoagulation,
usually starting with an LMWH. While non-cancer patients are often transi-
tioned to an oral anticoagulant, this approach is associated with a higher risk of
re-thrombosis and bleeding in cancer patients [43]. These complications, which
are especially frequent during the 1st month of oral anticoagulant administra-
tion, cannot be explained by under- or over-anticoagulation but correlate with
the activity of the malignancy. Therefore, a different approach is needed in
cancer patients. Three large randomized studies have shown that continuous
treatment with a LMWH ismore effective than oral anticoagulation in reducing
the risk of recurrent thromboembolism without increasing the risk of bleeding
(Table 6.1) [44–46]. Anticoagulant treatment with a heparin also provides
greater flexibility in dosing, and can more easily be adjusted to alternating
clinical situations in tumor patients (cytopenias, altered food intake during
chemotherapy, bleeding from surgery and metastases). In summary, vitamin
K antagonists are only indicated in patients who refuse or are unable to perform
s.c. injections or for patients with long-term stable cancer (e.g. breast and
prostate cancer).

The duration of anticoagulation depends on the clinical situation. Treatment
may be stopped after 3months in patients whose thrombosis has been provoked
by an intervention or therapy which has subsequently been discontinued.
Otherwise, treatment is continued for at least 6 months if the tumor is in
complete remission. On the other hand, indefinite treatment is selected for
patients with persistent disease, particularly in the palliative setting where all
the factors which initially led to thrombosis are still operative. However, long-
term therapy with a LMWH in cancer patients poses problems, which are
usually not encountered in non-cancer patients:

– LMWHs are more expensive than vitamin K antagonists. Many patients
cannot afford the additional costs of long-term LMWHs or their health
insurance does not cover these agents [47].

– LMWHs accumulate if creatinine clearance deteriorates. Renal function
abnormalities are not uncommon in cancer patients on treatment
with nephrotoxic agents such as cisplatin. This is especially true in
multiple myeloma patients who are receiving LMWHs to counteract the

Table 6.1 Type of low-molecular-weight heparin, dose and duration of treatment for venous
thromboembolism in cancer patients

LMWH Dose and duration Reference

CLOT Study: Dalteparin 1st month 200 anti-Xa U/kg s.c. qd 2nd month
and following: 150 anti-Xa U/kg s.c. qd

[44]

CANTHANOX Study:
Enoxaparin

1,5mg/kg s.c. qd for at least 3 months [45]

LITE Study: Tinzaparin 175 anti-Xa U/kg s.c. qd for at least 12 weeks [46]
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thrombogenicity of treatment with thalidomide or revlimide. While these
new agents are very effective, they are not curative, and the myeloma will
eventually progress. Progression is often associated with declining
renal function, and if this is not detected early enough and the dose of
LMWH decreased, the patient might experience bleeding from LMWH-
accumulation.

– Thrombocytopenia from chemotherapy or underlying cancer requires
frequent dose adjustments of anticoagulation.

– Brain metastases and primary CNS tumors may be complicated by
hemorrhagic transformation, or the tumor may infiltrate the spinal cord
with the risk of intraspinal bleeding. However, these patients with CNS
tumors have a very high risk of thrombosis and need anticoagulant
prophylaxis [48].

– Liver metastases may cause impaired synthesis of coagulation factors.
– Previously compensated bleeding from cancers of gastrointestinal or uro-

genital origin may be aggravated by anticoagulant therapy.

In these situations, an individual approach should be chosen. For example,
in high-risk patients one might start anticoagulant therapy at reduced doses in
the hospital and monitor closely for complications. If anticoagulation is not an
option, alternative treatments (compression stockings, pneumatic compression,
vena-cava filter) may be appropriate.

6.9 Cancer-Specific Thromboembolic Syndromes

6.9.1 Non-Bacterial Thrombotic Endocarditis

This is a rare thromboembolic complication mainly with advanced adenocarci-
noma. Patients develop platelet- and fibrin-rich vegetations onmitral and aortic
valve leaflets. The underlying vascular tissue seems to be unaltered. In contrast
to infectious endocarditis, patients are usually asymptomatic and the vegeta-
tions are not detected until systemic embolism occurs. Therapy should be
directed to the underlying cancer and systemic anticoagulation [49].

6.9.2 Hepatic Veno-Occlusive Disease (VOD)

VOD is a rare complication of high-dose chemotherapy with stem cell trans-
plantation, also occurring after treatment with the anti-leukemic agent gemtu-
zumab ozogamicin (MylotargTM). The occlusion of small hepatic veins causes
painful hepatomegaly, hyperbilirubinemia and ascites. There is no standardized
treatment for VOD. tPA, heparin, intrahepatic portosystemic shunting, and
liver transplantation have been tried. Recently defibrotide has emerged as an
effective and safe therapy [50].
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6.9.3 Thromboembolism with Myeloproliferative Syndromes

The term myeloproliferative syndrome (MPS) is used for a group of diseases
comprising chronic myeloid leukemia (CML), polycythemia vera (PV), essen-
tial thrombocythemia (ET) and myelofibrosis (MF). Patients with MPS have a
high risk of both thromboembolic and bleeding events. This Janus-faced beha-
vior cannot solely be attributed to high or low platelet counts. There are
alterations of thrombopoiesis, eventually leading to disturbed platelet function
with hyper- and hyporeactivity. The presence of leukocytosis and of the JAK2-
mutation also predisposes to thromboembolic complications [51, 52]. Besides
venous thrombosis, many patients have symptoms of microangiopathy, e.g.
headache, vertigo, visual disturbances, livedo, erythromelalgia, and acral gang-
rene. Treatment should be directed towards the underlying MPS. Prophylaxis
with aspirin has been shown to be effective in patients with PV [53].

6.10 Summary

There are multiple and interacting mechanisms that induce coagulation
abnormalities in malignant disorders. Cancer patients require special attention
to early symptoms of thromboembolism. Prolonged prophylaxis is indicated in
the perioperative setting. In addition, most non-surgical cancer patients will
need LMWH prophylaxis as long as they are non-ambulatory or inpatients.
Central venous lines do not require prophylactic anticoagulation any more
except for certain high-risk situations. If thromboembolism has occurred,
long-term therapy with a LMWH should be preferred to oral anticoagulants.
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10. Südhoff T, Schneider W. Fibrinolytic mechanisms in tumor growth and spreading. Clin
Investig 1992;70:631–6.

11. Edwards RL, Silver J, Rickles FR. Human tumor procoagulants: registry of the sub-
committee on haemostasis and malignancy of the scientific and standardization commit-
tee, International Society on Thrombosis and Haemostasis. Thromb Haemost
1993;69:205–13.

12. Menell JS, Cesarman GM, Jacovina AT, et al. Annexin II and bleeding in acute promye-
locytic leukemia. N Engl J Med 1999;340:994–1004

13. Palumbo JS, Talmage KE, Massari JV, et al. Tumor cell–associated tissue factor and
circulating hemostatic factors cooperate to increase metastatic potential through natural
killer cell–dependent and –independent mechanisms. Blood 2007;110:133–41.

14. Gao D, Nolan DJ, Mellick AS, et al. Endothelial progenitor cells control the angiogenic
switch in mouse lung metastasis. Science 2008;319:195–8.

15. KimYJ, Borsig L, HanHL, et al. Distinct selectin ligands on colon carcinomamucins can
mediate pathological interactions among platelets, leukocytes, and endothelium. Am J
Pathol 1999;155:461–72.

16. LookM, van PuttenW, Duffy M, et al. Pooled analysis of prognostic impact of uPA and
PAI-1 in breast cancer patients. Thromb Haemost 2003;91:538–48.

17. Chappuis PI, Dieterich B, Sciretta V, et al. Functional evaluation of plasmin formation in
primary breast cancer. J Clin Oncol 2001;19:2731–2738

18. Aulmann C, Seufert P, Sandherr M, et al. A 65-year-old female patient with breast
cancer accompanied by thrombocytopenia and hyperfibrinolysis. Internist
2007;48:1015–9

19. Cooper DL, Sandler AB, Wilson LD, Duffy TP. Disseminated intravascular coagulation
and excessive fibrinolysis in a patient with metastatic prostate cancer. Response to
epsilon-aminocaproic acid. Cancer 1992;70:656–8

20. Caine GJ, Stonelake PS, Rea D, Lip GYH. Coagulopathic complications in breast
cancer. Cancer 2003;998:1578–86.

21. Santos AB, Llamas P, Román A, et al. Evaluation of thrombophilic states in myeloma
patients receiving thalidomide: a reasonable doubt. Br J Haematol 2003;122:159–67.

22. Lyman GH, Khorana AA, Falanga A, et al. American Society of Clinical Oncology
guideline: recommendations for venous thromboembolism prophylaxis and treatment in
patients with cancer. J Clin Oncol 2007;25:5490–505.

23. Palumbo A, Cavo M, Bringhen S, et al. A prospective, randomized, phase III study
of enoxaparin versus aspirin versus low-fixed-dose of warfarin in newly diagnosed mye-
loma patients treated with thalidomide-containing regimens. Blood 2007;110 (Suppl. 1,
Part 1):98a.

24. Wells PS, Anderson DR, Rodger M, et al. Evaluation of D-dimer in the diagnosis of
suspected deep-vein thrombosis N Engl J Med 2003;49:1227–35

25. Cronin CG, Lohan DG, Keane M. Prevalence and significance of asymptomatic venous
thromboembolic disease found on oncologic staging CT. Am J Roentgenol
2007;189:162–70.

26. Carrier M, Lee A, Bates SM, et al. Accuracy and usefulness of a clinical prediction rule
and D-dimer testing in excluding deep vein thrombosis (DVT) in cancer patients. J
Thromb Haemost 2007;5(Suppl. 2): P-S-555.
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Chapter 7

Risk Factors for Thrombosis in Cancer Patients

Aneel A. Ashrani and John A. Heit

7.1 Introduction

Venous thromboembolism (VTE), comprised of deep vein thrombosis (DVT)

and its complication, pulmonary embolism (PE), is a multifactorial disease,

involving complex interactions between environmental exposures and patients,

including their hemostatic system and genetic predispositions. VTE is relatively

common, with an overall average age- and sex-adjusted incidence of about

1.04–1.9 per 1000 person-years that rises dramatically with increasing age

[1–4]. Active malignancy accounts for almost 20% of incident VTE events

occurring in the community [5], and imparts a 4- to 6.5-fold higher VTE risk

compared to non-cancer patients, depending on concurrent use of anti-cancer

therapy [6]. The risk of VTE also varies by cancer type and stage [7–10]. The

association between VTE and malignancy has been recognized since 1861 when

Trousseau, in a lecture, described thrombophlebitis as the presenting sign of

visceral malignancy [11]. In fact, idiopathic VTE may be a harbinger for an

occult malignancy. Patients who present with an acute episode of idiopathic

VTE have an approximately three- to fourfold increased likelihood of being

diagnosed with a malignancy within a year of the VTE event [12–16], leading to

a debate on whether cancer screening should be conducted in all individuals

presenting with idiopathic VTE [17, 18]. While a clinical trial comparing exten-

sive malignancy screening vs usual care for incident idiopathic VTE identified

earlier stage malignancies in the extensive screening group and reduced the

mean delay to cancer diagnosis from about 1 year to 1 month, 2-year cancer-

related mortality did not differ between the two groups [19], thus making it

challenging to justify aggressive screening.
VTE in cancer patients is associated with numerous negative implications,

including significant morbidity and mortality. These patients may have their
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active anti-neoplastic therapy delayed and often require chronic anticoagula-
tion. Compared to VTE patients without cancer, individuals with cancer and
VTE have both a higher risk for hemorrhage with anticoagulant therapy and of
recurrent VTE [20–22]. Moreover, patients diagnosed with cancer at the time of
VTE diagnosis have worse survival compared to age-, gender-, cancer type-,
and year of diagnosis-matched cancer patients without VTE (1-year survival
rate 12% vs 36%, respectively; p<0.001) [15]. Furthermore, VTE is a leading
cause of death in ambulatory cancer patients receiving chemotherapy [23, 24].
Thus, as cancer patients with VTE have a different natural history than such
patients without VTE, more research is being conducted to identify VTE risk
factors among active cancer patients in order to target high VTE-risk cancer
patients for prophylaxis. In this review, the risk factors associated with VTE in
cancer patients will be discussed.

7.2 General Risk Factors for Venous Thromboembolism

Symptomatic VTE is due to dysregulation of the normal hemostatic response to
vessel wall ‘‘injury’’ that occurs with exposure to a clinical risk factor. However,
the vast majority of individuals who are exposed to a clinical risk factor do not
develop symptomatic thrombosis. Clinical VTE is now postulated to be a
multifactorial disease which becomes manifest when a person with an under-
lying predisposition to thrombosis (i.e., a thrombotic diathesis) is exposed to
additional risk factors. Please refer to Tables 7.1 and 7.2 for the lists of known
acquired and hereditary thrombophilias, and to Table 7.3 for some of the
independent risk factors associated with VTE.

Compared to individuals residing in the community, hospitalized patients
have over a 130-fold increased incidence of acute VTE [25]. Hospitalization and
nursing home residence together account for almost 60% of all incident VTE
events occurring in the community [5]. Of note, hospitalization for medical
illness and for surgery account for almost equal proportions of VTE (22% and
24%, respectively). The risk among surgery patients can be further stratified
based on patient age, the type of surgery, and the presence of active cancer [26,
27]. The incidence of postoperative VTE is increased for surgery patients older
than 65 years. High-risk surgical procedures include major orthopedic surgery
of the leg; neurosurgery; thoracic, abdominal or pelvic surgery for malignancy;
renal transplantation; and cardiovascular surgery [26]. After controlling for
age, type of surgery and cancer, additional independent risk factors for incident
VTE after major surgery include increasing bodymass index, intensive care unit
confinement for more than 6 days, immobility, infection and varicose veins [28,
29]. The risk from surgery may be less with neuraxial (spinal or epidural)
anesthesia compared to general anesthesia [30]. Independent risk factors for
incident VTE among patients hospitalized for acute medical illness include
increasing age and body mass index, active cancer, neurological disease with
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extremity paresis, immobility, fracture and prior superficial vein thrombosis

[29, 31, 32].
Active cancer accounts for almost 20% of incident VTE events occurring in

the community [5]. VTE risk among active cancer patients can be further

stratified by tumor site, presence of distant metastases and active chemother-

apy, and is discussed in detail later in this chapter.
Central venous catheters or transvenous pacemaker account for about 9%of

incident VTE occurring in the community [5]. Prior superficial vein thrombosis

is an independent risk factor for subsequent DVT or PE remote from the

episode of superficial thrombophlebitis [6]. The risk of DVT imparted by

varicose veins is uncertain, but appears to be higher among persons less than

age 40 years [6]. Long haul (>6 h) air travel is associated with a slightly

increased risk for VTE [33, 34]. Among women, additional risk factors for

VTE include oral contraceptive use and hormone replacement therapy [35],

Table 7.1 Acquired or secondary thrombophilia

Strongly supportive data

Active malignant neoplasm

Chemotherapy (l-asparaginase, thalidomide, anti-angiogenesis therapy)

Myeloproliferative disorders

Heparin-induced thrombocytopenia and thrombosis (HITT)

Nephrotic syndrome

Intravascular coagulation and fibrinolysis/disseminated intravascular coagulation
(ICF/DIC)

Thrombotic Thrombocytopenic Purpura (TTP)

Sickle cell disease

Oral contraceptives

Estrogen therapy

Pregnancy/post partum state

Tamoxifen and raloxifene therapy (selective estrogen receptor modulator [SERM])

Antiphospholipid antibodies (lupus anticoagulant, anticardiolipin antibody, anti-beta-2
glycoprotein-1 antibody)

Paroxysmal nocturnal hemoglobinuria (PNH)

Wegener’s granulomatosis

Supportive data

Inflammatory bowel disease

Thromboangiitis obliterans (Buerger’s disease)

Behçet’s syndrome

Varicose veins

Systemic lupus erythematosus

Venous vascular anomalies (e.g., Klippel Trenaunay Syndrome)

Progesterone therapy

Infertility ‘‘therapy’’

Hyperhomocysteinemia

HIV infection

Dehydration
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pregnancy and the postpartumperiod [36, 37]. The greatest riskmay occur during
early use of oral contraceptives [38] and hormone therapy [39]. This risk may be
less for second generation oral contraceptives or progesterone alone compared
to first or third generation oral contraceptives [35]. For women with disabling
peri-menopausal symptoms that cannot be controlledwith non-estrogen therapy,
esterified oral estrogen or transdermal estrogen therapy may confer less risk than
oral conjugated equine estrogen therapy [40–42]. Women receiving therapy with
the selective estrogen receptor modulators, tamoxifen [43, 44] and raloxifene
[45, 46] are also at increased risk for VTE.

Table 7.2 Hereditary (familial or primary) thrombophilia

Strongly supportive data

Antithrombin deficiency

Protein C deficiency

Protein S deficiency

Activated Protein C (APC) resistance

Factor V Leiden

Prothrombin G20210A

Homocystinuria

Supportive data

Increased plasma factors I (fibrinogen), II (prothrombin), VIII, IX, XI

Hyperhomocysteinemia

Dysfibrinogenemia

Hypoplasminogenemia and dysplasminogenemia

Hypofibrinolysis

Reduced protein Z and Z-dependent protease inhibitor [ZPI]

Reduced tissue factor pathway inhibitor (TFPI)

Weakly supportive data

Tissue plasminogen activator (tPA) deficiency

Increased plasminogen activator inhibitor (PAI-1) levels

Methylene tetrahydrofolate reductase (MTHFR) polymorphisms

Factor XIII polymorphisms

Increased thrombin-activatable fibrinolysis inhibitor (TAFI)

Table 7.3 Independent risk factors for deep vein thrombosis or pulmonary embolism [136]

Baseline Characteristic Odds Ratio 95% CI

Hospitalization

Hospitalization for acute medical illness 7.98 4.49, 14.18

Hospitalization for major surgery 21.72 9.44, 49.93

Trauma 12.69 4.06, 39.66

Malignancy without chemotherapy 4.05 1.93, 8.52

Malignancy with chemotherapy 6.53 2.11, 20.23

Prior central venous catheter or transvenous pacemaker 5.55 1.57, 19.58

Prior superficial vein thrombosis 4.32 1.76, 10.61

Neurologic disease with extremity paresis 3.04 1.25, 7.38

Serious liver disease 0.10 0.01, 0.71
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Other conditions associated with VTE include heparin-induced thrombocy-
topenia [47], disseminated intravascular coagulation and fibrinolysis (DIC/ICF),
nephrotic syndrome [48], paroxysmal nocturnal hemoglobinuria [49, 50], throm-
boangiitis obliterans (Buerger’s disease), thrombotic thrombocytopenic purpura
[51], Behçet’s syndrome [52], systemic lupus erythematosus [53], Wegener’s gran-
ulomatosis [54], inflammatory bowel disease [55], and homocystinuria [56–58].
Data on VTE risk with hyperhomocysteinemia [59, 60] are conflicting. More-
over, homocysteine-lowering therapy with vitamins B6, B12 and folic acid is
ineffective for primary or secondary prevention of VTE, suggesting that homo-
cysteine may not be playing a direct role in the pathophysiology of VTE [61, 62].

7.3 Genetic Risk Factors for Venous Thromboembolism

Recent family-based studies indicate that VTE is highly heritable and follows a
complex mode of inheritance involving environmental interaction [63–65].
Inherited reductions in plasma natural anticoagulants (e.g., antithrombin III,
protein C, or protein S) have long been recognized as uncommon but potent
risk factors for VTE [66–68]. More recent discoveries of additional reduced
natural anticoagulants (e.g., tissue factor pathway inhibitor and protein Z)
[69–71] or anticoagulant cofactors (e.g., fibrinogen gamma’) [72], impaired
downregulation of the procoagulant system (e.g., activated protein C resis-
tance, factor V Leiden) [73–76], increased plasma concentrations of procoagu-
lant factors (e.g., factors I [fibrinogen], II [prothrombin], VIII, IX, and XI)
[77–83] and increased basal procoagulant activity [84, 85], impaired fibrinolysis
[86], and increased basal innate immunity activity and reactivity [87–91] have
added new paradigms to the list of inherited or acquired disorders predisposing
to thrombosis (thrombophilia). These plasma hemostasis-related factors or
markers of coagulation activation both correlate with increased thrombotic
risk and are highly heritable [63, 92–95].

Inherited thrombophilias interact with such clinical VTE risk factors (envir-
onmental exposures) as oral contraceptives [38, 96, 97], pregnancy [98], hor-
mone therapy [99–101], surgery [102, 103] and cancer [8] to compound the risk
of incident VTE. For example, among women factor V Leiden carriers of peri-
menopausal age, the relative risk of VTE associated with hormone therapy may
be increased 7- to15-fold [99–101, 104]. Women factor V Leiden carriers who
use oral contraceptives have a 35-fold increased risk of VTE compared to
women who are non-carriers and are not using oral contraceptives [96]. Simi-
larly, genetic interaction increases the risk of incident VTE. For example, factor
V Leiden carriers with elevated factor VIII or thrombin activatable fibrinolysis
inhibitor (TAFI) have a threefold higher risk for VTE compared to carriers of
factor V Leiden mutation with normal factor VIII and TAFI [105]. Compared
to individuals who are heterozygous for the factor V Leiden mutation, those
with combined heterozygosity for factor V Leiden and prothrombin G20210A
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mutations have a small, 1.3-fold increased risk for incident VTE, but those with
combined heterozygosity for factor V Leiden and inherited protein C or protein
S deficiency have a 17.5-fold increased VTE risk [106].

Data regarding the risk of recurrent VTE among isolated heterozygous
carriers for either the factor V Leiden or the Prothrombin G20210A mutation
are conflicting but the magnitude of increase in the risk is modest [107, 108]. In
the meta-analysis by Ho et al. [107], pooled results from 10 studies involving
3,104 patients with incident VTE revealed that the factor V Leiden mutation
was present in 21.4% of patients and associated with a 1.41-fold increased risk
for recurrent VTE (95%CI, 1.14–1.75). Similarly, pooled results from 9 studies
involving 2,903 patients revealed that the Prothrombin G20210Amutation was
present in 9.7% and associated with a 1.72-fold increased risk of recurrence
(95% CI, 1.27–2.31). In contrast, combined heterozygosity for factor V Leiden
and prothrombinG20210A is associated with a greater risk (2.6- to 4.8-fold) for
recurrent VTE [109, 110].

7.4 Cancer-Specific Risk Factors for Venous Thromboembolism

Active cancer accounts for almost 20% of incident VTE events occurring in the
community [5]. VTE risk among active cancer patients can be further stratified
by tumor site, presence of distant metastases and active chemotherapy.
Although all active cancer patients are at risk, the risk appears to be higher
for pancreatic cancer, lymphoma, malignant brain tumors, hepatocellular,
leukemia, and colorectal and other digestive cancers [7–10, 111], and for
patients with distant metastases [8–10].

Attempts to estimate the incidence of cancer-specific VTE have been made
by linking data from cancer registries and either an anticoagulation clinic
database or patient hospital discharge data [9, 10, 111, 112]. Blom et al. linked
the Dutch cancer registry data to an anticoagulation clinic database to identify
cancer patients with VTE between 1986 and 2002. The overall cumulative
incidence of VTE in the first 6 months of cancer diagnosis was 12.3 per 1000
cancer person-years (95% CI: 11.5–13.0 per 1000). Patients with cancers of the
bone, ovary, brain, and pancreas were associated with the greatest incidence of
VTE (Table 7.4). The incidence of VTE was twofold higher in cancer patients
with distant metastasis than those without, and in those undergoing chemother-
apy compared to cancer patients who never received chemotherapy. Hormone
therapy for breast cancer was associated with 1.6-fold higher risk for VTE.
Surgery or radiation therapy for the management of cancer did not increase the
risk of VTE in this study. In another study, data from the California cancer
registry were linked to the California Patient Discharge data set to identify
incident VTE cases occurring in cancer patients between 1993 and 1995 [10].
The overall 2-year cumulative VTE incidence in the cancer patients was 16.1 per
1000. Pancreatic, stomach, bladder, uterine, renal and lung cancer were
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associated with highest risk (Table 7.4). Metastatic disease was the strongest
predictor for VTE. Adjusting for age, race and cancer stage, VTE was asso-
ciated with decreased survival for all cancer types during the 1st year of
diagnosis.

A study utilizing the National Hospital Discharge Survey data for short-stay
hospital discharges from non-federal hospitals between 1979 and 1999 identified

Table 7.4 Incidence of venous thromboembolism by cancer type

Cumulative incidence of VTE per 1000 patients (95% CI)

Type of
malignancy

Dutch cohort
study (0.5-year
cumulative
incidence) [9]

California
Patient
Discharge Data
study (2-year
cumulative
incidence) [10,
137, 138]

National
Hospital
Discharge
survey
(inpatient
rate of VTE)
[111]

University
Health System
Consortium
data (inpatient
rate of VTE)
[112]

Overall 12.3 (11.5–13.0) 16.1 20.3 41

Bone 37.7 (17.1–81.4) NR NR 29

Ovary 32.6 (24.5–43.1) 28.2 18.6 56

Brain 31.1 (23.1–44.6) 75.4 35.0 47

Pancreas 22.7 (16.6–31.0) 43.7 43.4 81

Non-Hodgkin’s
lymphoma

19.8 (15.0–26.2) NR 24.8 48

CLL 17.2 (9.0–32.7) NR 28.8a NR

AML 16.9 (8.8–32.2) 36.1 a b

Hodgkin’s
lymphoma

16.8 (8.0–34.8) 21.8 NR 46

Cervix 16.2 (9.6–27.1) NR 16.0 35

Stomach 15.4 (11.1–21.3) 35.7 27.1 49

Lung 13.8 (11.6–16.4) 21.7 20.9 51

Leukemia 13.8 (9.1–20.9) NR 16.9 42

Colon 13.4 (10.8–16.6) 20.4 19.1 40

Bladder 12.9 (9.0–18.5) 11.0 10.4 29

Kidney 12.6 (8.1–19.7) 24.9 20.2 56

Esophagus 12.5 (7.3–21.4) NR 19.9 43

ALL 11.9 (3.0–46.3) 37.1 a b

Multiple
myeloma

11.1 (6.0–20.5) NR a 50

Uterus 10.5 (6.3–17.3) 16.2 22.0 35

Testes 10.4 (4.3–24.8) NR NR 33

Prostate 9.5 (7.3–12.3) 10.5 20.5 19

Rectum 8.9 (5.6–14.1) NR 20.6 35

Breast 8.0 (6.4–9.8) 10.6 16.6 23

Liver 7.2 (3.4–15.1) NR 18.5 NR

Melanoma 2.7 (1.2–6.0) 4.8 NR NR

NR: Not reported
aReported as myeloproliferative and other hematopoietic malignancies
bReported as leukemia

7 Risk Factors for Thrombosis in Cancer Patients 101



incident VTE cases in hospitalized cancer patients [111]. The overall VTE rate in
cancer patients was 20 per 1000 cancer person-years, which was twice the risk for
patients without cancer. The highest rate of VTE was noted in patients with
neoplasm of pancreas, brain, hematopoietic system, stomach and lymphoma
(Table 7.4). One other study utilized the discharge database of 133 academic
medical centers in the US participating in the University Health Consortium and
reviewed discharge summaries of patients with cancer who were hospitalized
between 1995 and 2003 to identify in-hospital incident VTE cases [112]. Patients
with malignancy and VTE were identified using the International Classification
of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM). One-third of
the patients had multiple hospitalizations in this time frame. VTE was reported
in 4.1% of these individuals. Pancreatic, other non-colorectal abdominal, kid-
ney, ovary, lung and stomach neoplasms, along with certain hematologic malig-
nancies (i.e., multiple myeloma, non-Hodgkin and Hodgkin lymphoma) had
the highest rates of VTE (Table 7.4). Individuals receiving active anti-cancer
therapy had a higher rate of VTE compared to the rest of the study popula-
tion. On reviewing the findings of these studies that estimated the incidence of
thrombosis in cancer patients (Table 7.4), the thrombotic risk appears to be
consistently higher for brain, pancreatic, hematologic, ovarian and stomach
neoplasms.

All of the above- mentioned studies [9, 10, 111, 112] utilized cancer registries,
databases and/or ICD-9-CM codes to identify VTE cases in cancer patients.
It is unknown whether only symptomatic VTE cases were included in these
databases, or whether it also includes cancer patients with asymptomatic,
incidentally diagnosed VTE on cancer staging imaging studies or those who
specifically underwent screening for VTE. Inclusion of asymptomatic VTE
diagnosed either incidentally or on screening may have a profound effect on
VTE frequency. Furthermore, as actual review of medical records were not
performed, it is difficult to verify the accuracy of the data. Data evaluating the
accuracy of VTE ascertainment via an administrative database fromMinnesota
Case-Mix-Review-Program (MCMRP) Public Research Files, and comparing
it to the Rochester Epidemiology Project /medical record review-identified cases
indicated significant discrepancies in identifying inpatient/hospital-acquired
VTE [113]. For Olmsted County, MN, residents admitted to a hospital between
1995 and 1998, there were 53 MCMRP-identified VTE cases vs. 161 medical
record review-identified cases; the proportion with PE was 21% vs. 62%, and
1-year mortality was 24% vs. 55%, respectively. Ascertainment of VTE from
the administrative data was biased toward surviving cases, highlighting con-
cerns regarding use of such data. Moreover, information regarding other
known VTE risk factors is often lacking, thus making it difficult to distinguish
whether it is the cancer per se, or the other coexisting risk factors that increases
the risk of thrombosis.

In a large population-based, case-control study (Multiple Environmental
and Genetic Assessment [MEGA] of risk factors for venous thrombosis) that
included consecutive patients diagnosed with incident VTE between 1999 and
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2002, with their partners who acted as controls, the overall risk of VTE was
sevenfold higher in patients with a malignancy (95% CI: 5.2–8.6) compared to
individuals without malignancy [8]. Adjusted for age and gender, patients with
hematological malignancies had the highest VTE risk (OR 28.0; 95% CI:
4.0–199.7) (Table 7.5), followed by lung cancer (OR 22.2; 95% CI 3.6–136.1)
and gastrointestinal cancer (OR 20.3; 95% CI 4.9–83.0). Neoplasms of the
brain and breast were associated with seven- and fivefold increased risk, respec-
tively. The risk of VTE was highest in the first 3 months after the diagnosis of
malignancy (OR 53.5; 95% CI: 8.6–334.3). Cancer patients with distant metas-
tases had a higher VTE risk compared to patients without distant metastases
(OR 19.8; 95% CI: 2.6–149.1).

In another large population based case-cohort study [7], incident VTE cases
with an active cancer at the time of VTE diagnosis that occurred between 1991
and 1997 in Olmsted County, MN, were recorded. The Iowa State Surveillance,
Epidemiology, and End Results (SEER) data was used to estimate the expected
age- and sex-specific prevalence of cancer by tumor site in Olmsted County and
calculate the expected age- and gender-group specific expected VTE incidence
cases. All cancer sites were associated with a greater than fivefold increased risk
for VTE (Table 7.5). Pancreatic cancer was associated with a 37-fold increased
risk for thrombosis, followed by brain cancer (RR=27). Surprisingly, lym-
phoma and leukemia had unusually high relative risks (RR=31.7 and 21.2,
respectively). Liver, other gastrointestinal (esophagus, small intestine, gallblad-
der, other biliary) and other gynecologic (primarily cervical) cancers were also
associated with higher VTE risk (17.0<RR<25.0). On the other hand, the RR

Table 7.5 Risk for venous thromboembolism by cancer type

Tumor type MEGA case control study [8] REP case cohort study [7]

OR adjusted (95% CI) SIR (95% CI)

Pancreatic 20.3 (4.9–83.0)b 37.3 (19.9–63.8)

Lymphoma 10.2 (1.4–76.9) 31.7 (17.7–52.3)

Brain 6.7 (1.0–45.4) 26.8 (5.5–78.3)

Leukemia 28.0 (4.0–199.7)a 21.2 (9.1–41.6)

Other digestive b 17.4 (4.7–44.4)

Other gynecologic 2.9 (0.3–25.3)c 14.1 (5.7–29.1)

Multiple myeloma a 12.3 (1.5–44.5)

Bladder ND 11.9 (4.8–24.4)

Breast 4.9 (2.3–10.5) 11.5 (6.8–18.1)

Colorectal 16.4 (4.2–63.7)b 11.0 (6.9–16.7)

Ovary 3.1 (0.6–15.3) 10.6 (1.3–38.1)

Lung 22.2 (3.6–136.1) 10.5 (6.2–16.6)

Prostate 2.2 (0.9–5.4) 9.8 (6.1–15.0)
aIncludes all hematological malignancies, including non-Hodgkin lymphoma, Hodgkin lym-
phoma, leukemia and multiple myeloma.
bIncludes all gastrointestinal cancers, including bowel, pancreas, stomach and esophagus.
cIncludes cervical cancer.
ND: Not determined.
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for many common cancers (breast, colorectal, ovary, lung, prostate) were
essentially the same as the overall baseline cancer associated VTE risk (all had
9.5<RR<12.0). However, the independent risk of VTE by tumor site after
controlling for surgery, hospitalization and chemotherapy was not estimated,
nor was the effect of tumor stage, tumor progression, and metastases.

Myeloproliferative disorders (MPD), especially polycythemia vera (PV) and
essential thrombocythemia (ET), are risk factors for thrombosis [114–116]. In
MPDs, arterial events are more common than venous thrombosis. At the time
of diagnosis, the prevalence of thrombosis is �34–39% in PV and 10–29% in
ET. During the follow-up phase of MPD, the prevalence of thrombosis in PV is
8–19% and 8–31% for ET. MPD patients older than 60 years and those with
prior history of thrombosis are at increased risk for recurrent thrombosis. For
example, in the European Collaboration on Low-dose Aspirin in Polycythae-
mia Vera (ECLAP) epidemiology study of PV patients, the hazard ratio for
vascular complications for patients older than 60 years was 8.6 (95% CI:
3.0–22.7) [117]. A previous thrombotic event in a patient with MPD increased
the hazard for VTE recurrence by 4.85 (95% CI: 1.46–16.1). The interaction of
age >60 years and a prior history of thrombosis increased the hazard for
thrombosis 17.3-fold (95% CI 6.4–47). In addition, leukocytosis with
WBC>15,000/mm3 (but not thrombocytosis) has been identified as risk factor
for thrombosis in both PV and ET, and may involve cross-talk between leuko-
cytes and platelets and/or the endothelium. Other significant predictors of
survival and cardiovascular morbidity in patients with MPD include smoking,
diabetes, and congestive heart failure. More recently, a gain of function muta-
tion has been identified in the Janus activating kinase-2 gene (JAK2 V617F)
in >95% patients with PV and �50% patients with ET [118]. However its
association with thrombosis is controversial, with some studies reporting a
positive association, whereas others do not [116, 118]. Data from studies
evaluating the effect of JAK2 V617F allele burden (measured either by allele
specific or quantitative PCR) on thrombosis are also conflicting. JAK2 has
been associated with hepatic, portal and mesenteric vein thrombosis in patients
with no overt clinical features of MPD, but with bone marrow histological
features consistent with MPD [119–121]. However, for non-splanchnic venous
thrombosis in the absence of clinically overt MPD, the JAK2V617F mutation
was detected in less than 1% of patients and the mutant allele burden was
correspondingly low (range: 2.2–7.5%) [122].

Cancer patients receiving cytotoxic therapy are at higher risk for VTE [6, 9].
Chemotherapeutic agents like L-asparaginase, cisplatinum, 5-fluorouracil,
bleomycin, mytomycin, and anthracyclines (e.g., doxorubicin) are associated
with an increased risk for VTE [123]. High rates of VTE have been reported in
patients treated with immunomodulating drugs like thalidomide and lenalido-
mide, especially when used in combination with high-dose dexamethasone with
or without chemotherapy [124]. A similar association with thrombosis has been
reported for angiogenesis inhibitors like bevacizumab and sunitinib when used
in combination with chemotherapy [125]. In addition, supportive therapy with
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hematopoetic growth factors like recombinant human erythropoietins [126]
and granulocyte-colony stimulating factor (G-CSF) [127] are associated with
increased VTE risk. Hormonal manipulators like tamoxifen and aromatase
inhibitors like anastrozole also increase risk for VTE, and the risk is enhanced
when used in combination with chemotherapy. Data from randomized clinical
trials in women with node negative, estrogen receptor positive breast cancer,
indicate that the 5-year incidence of VTE in these women with early stage breast
cancer treated with either placebo, tamoxifen or tamoxifen plus chemotherapy
is 0.2%, 0.9% and 4.2% respectively [128, 129]. In women with node positive
breast cancer treated with chemotherapy, the reported rates of thrombosis
range from 2% to 9%, and up to 17.6% in women with metastatic stage IV
disease [130]. Moreover, the risk of chemotherapy-associated VTE differs by
cancer type, cancer patient baseline characteristics, and with supportive therapy
with hematopoietic growth factors [127, 131]. Data from a prospective observa-
tional study of 3003 cancer patients who were treated with at least one cycle of
chemotherapy and with a median follow-up of 2.4 months noted a 1.93%
cumulative VTE incidence (0.8% per month) [127]. The highest incidence of
VTE was noted in patients with upper gastrointestinal malignancies (2.3% per
month), lung cancer (1.2% per month) and lymphoma (1.1%per month)
(p=0.001). A higher pre-chemotherapy platelet count was associated with
increased VTE risk (1.66%per month for platelets �350,000/mm3 vs 0.52%
per month for platelets �200,000/mm3; p<0.0001). Pre-chemotherapy hemo-
globin <10 g/dL was associated with higher VTE risk (2.3% per month vs
0.71% per month; p=0.0003). In addition, the use of white and red blood
cell growth factors during cycle 1 were associated with increased VTE risk.
Based on these findings and the results of multivariate logistic regression
analysis, a predictive model for chemotherapy associated VTE was developed
and validated [131]. Cancer sites associated with very high risk for VTE (i.e.,
stomach and pancreas) were assigned a risk score of two. A score of one was
assigned to each of the following: cancer sites associated with high VTE risk
(i.e., lung, lymphoma, gynecologic, bladder, and testicular); pre-chemotherapy
platelet count �350,000/mm3; hemoglobin <10 g/dL or use of red cell growth
factors; pre-chemotherapy leukocyte count >11,000/mm3; and body mass
index (BMI) �35 kg/m2. The low-risk group (score=0) was associated with
0.8% and 0.3% 2.5-month VTE rate in the derivation and validation cohorts,
respectively, compared to 7.1% and 6.7% VTE rate the high-risk group (score
�3).

Cancer patients who were carriers of the factor V Leiden and prothrombin
G20210A mutations have a higher risk for VTE. In the MEGA study described
above [8], carriers of the factor V Leiden mutation with no evidence of malig-
nancy had a 3.3-fold increased risk for VTE compared to individuals with wild
type factor V. Cancer patients with wild type factor V had a 5.1-fold higher
risk for VTE compared to individuals with no evidence for malignancy. In
contrast, cancer patients with factor V Leidenmutation had a 12.1-fold increased
VTE risk compared to individuals without cancer and with wild type factor V.
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Similar results were indirectly calculated for the prothrombinG20210Amutation
in patients with malignancy.

Cancer patients undergoing surgery have a 1.7-fold increased risk of post-
operative VTE compared to non-cancer patients who are undergoing similar
procedures (95% CI: 1.6–1.8) [26]. The 30�5-day incidence of clinically overt
VTE in cancer patients undergoing general, gynecologic or urologic surgery in a
prospective observational study (@RISTOS registry) were 2.83%, 2.0% and
0.87%, respectively, despite 81.6% in-hospital and 30.7% post-discharge VTE
prophylaxis rates [132]. Of VTE events, 40% occurred more than 3 weeks after
the day of surgery. In a multivariable logistic regression analysis, age above 60
years (OR 2.6; 95% CI: 1.2–5.7), history of prior VTE (OR 6.0; 95%CI:
2.1–16.8), advanced cancer (OR 2.7; 95% CI: 1.4–5.2), anesthesia lasting for
more than 2 h (OR 4.5; 95% CI: 1.1–19.0), and bed rest longer than 3 days (OR
4.4; 95% CI: 2.5–7.8) were identified as independent risk factors. Similarly,
cancer patients with acute medical illness are at an increased risk for VTE. A
post-hoc analysis of the MEDENOX study, a double blind randomized con-
trolled trial that evaluated two different doses of low molecular weight heparin
and compared it with placebo to reduce the risk of VTE in patients hospitalized
for an acute medical illness [133], revealed that cancer was associated with a
1.6-fold increased risk for VTE (95% CI: 0.93–2.75) [31].

In the general population, the presence of a central venous catheter (CVC) is
associated with a 5.5-fold increased risk for VTE [6]. In cancer patients, the
incidence of clinically overt upper extremity DVT related to CVCs has been
reported to vary between 0.3% and 28.3%, but the venographically diagnosed
incidence is higher, and ranges between 27% and 66% [134]. About 15–25%
patients with CVC-related upper extremity DVT have clinically overt PE, with
an autopsy-proven PE rate up to 50% [134]. The Registro Informatizado de la
Enfermedad TromboEmbólica (RIETE), a Spanish registry of patients with
objectively confirmed, symptomatic acute DVT or PE that included 512 patients
with upper extremity DVT, noted that cancer patients had a higher odds of CVC
related thrombosis (OR 1.7; 95% CI: 1.2–2.5), bilateral upper extremity DVT
(OR 5.1; 95% CI: 1.9–16.0), 3-month rate of major hemorrhage (OR 4.4; 95%
CI: 1.2–21) and recurrent VTE (OR 2.2; 95% CI: 0.91–5.6) [135].

7.5 Summary

Active malignancy accounts for almost 20% of incident VTE events. The VTE
risk varies by cancer type and stage, and anti-neoplastic therapy increases the
risk for VTE. The thrombotic risk is higher for brain, pancreatic, hematologic,
ovarian and stomach neoplasms. There is significant interaction between
malignancy and traditional risk factors of VTE, including surgery, hospitaliza-
tion, central venous catheter, and thrombotic diathesis (e.g., factor V Leiden
and prothrombin G20210A mutations). Patients with VTE and cancer have a
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different natural history than VTE patients without cancer, with increased risk

for major hemorrhage, recurrent VTE, and mortality. Patients who present with

an acute episode of idiopathic VTE have an approximately three- to fourfold

increased likelihood of being diagnosed with a malignancy within a year of the

VTE event.
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Chapter 8

Thrombotic Microangiopathy Syndromes

Anaadriana Zakarija

8.1 Introduction

Thrombotic microangiopathy (TMA) describes a spectrum of clinical syn-

dromes all characterized by microvascular platelet thrombi with resultant

thrombocytopenia and microangiopathic hemolytic anemia (MAHA). Organ

dysfunction can commonly include renal failure or neurologic abnormalities

such as mental status changes, confusion, or seizures. The most common TMA

is idiopathic thrombotic thrombocytopenic purpura (TTP). Hemolytic-uremic

syndrome (HUS) is commonly used to describe a TMA with associated renal

insufficiency, and typically without neurologic sequelae. The distinction

between TTP and HUS is not always clear, and therefore HUS can be reserved

for the distinct TMA syndrome associated with bloody diarrhea due to shiga-

toxin producing Eschericia coli 0157.H7. There are a variety of other conditions

which can also be associated with a TMA including pregnancy, autoimmune

diseases, cancers, drug-associated TMA and TMAassociated with hematopoie-

tic stem cell or solid organ transplantation. The diagnosis of TTP should be

reserved for idiopathic cases, while the term TMA should be utilized for the

many secondary causes of the syndrome.
Significant progress has been made in the last 20 years in understanding the

pathophysiology of idiopathic TTP. Ultra-large von Willebrand (uLVWF)

multimers were found to be present in patients with relapsing TTP [1]. In

1996, two groups described a vWF cleaving protease, which was responsible

for cleavage of vWF under shear stress [2, 3]. This metalloprotease was subse-

quently named ADAMTS13 (a disintegrin and metalloprotease, with throm-

bospondin-1 like domains). The protease is found to be deficient in patients

with familial and acquired TTP [4, 5], and some patients with acquired TTP

have autoantibodies to the protease [5, 6]. Therefore an autoimmune etiology
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appears to be important in a subset of patients with TTP. Despite this finding,
deficient activity of ADAMTS13 or the presence of an inhibitor does not define
all cases of TTP, and a significant proportion of patients with the disease and
with a response to therapeutic plasma exchange have normal levels of
ADAMTS13 [7, 8]. In addition, most cases of secondary TMA do not have
severely deficient ADAMTS13 activity [7–9]. Therefore, despite these impor-
tant advances, the pathophysiology of many TTP and TMA syndromes is still
not well understood. This chapter will review the pathophysiology, clinical
presentation and treatment of thrombotic microangiopathy syndromes seen
in patients with cancer.

8.2 Cancer-Associated Thrombotic Microangiopathy

Thrombotic microangiopathy has been a well-recognized phenomenon in cancer
patients for many years. Both the underlying malignancy and the chemothera-
peutic agents used in disease treatment have been contributing factors. Another
variant of TMA in these patients is disseminated intravascular coagulopathy
(DIC), which is discussed inmore detail in Chap. 9. Both syndromes present with
microangiopathic hemolytic anemia and thrombocytopenia. Classically, the dis-
tinguishing feature is the coagulopathy that is present in DIC. Yet, in some cases
both cancer-associated TMA and DIC can be present, which confounds the
diagnosis. The prevalence of cancer-associated TMA is unknown, as no large
prospective series have been conducted. The most frequent malignancies are
adenocarcinomas, most commonly gastric cancer [10, 11]. Other cancers that
have been described include breast cancer, colorectal cancer, small cell lung
cancer, prostate cancer, squamous cell cancers, carcinoma of unknown primary,
non-Hodgkin’s lymphoma, and Kaposi’s sarcoma [10, 12].

8.2.1 Epidemiology

A cancer-associated TMA syndrome can occur as the presenting symptom of
malignancy, during treatment or at the terminal stage of disease. In some cases
there is no evidence of active malignancy at the time of diagnosis [13]. Finally,
cases have been described of an acute post-operative TMA syndrome that
occurs shortly after resection of a tumor [14–16]. The Oklahoma TTP-HUS
Registry, which has collected data on 351 consecutive patients diagnosed with
TTP or hemolytic-uremic syndrome (HUS) since 1989, found that 3% of
patients thought to have TTP actually had a disseminated malignancy [12].
The diagnosis of malignancy was made after further evaluation was prompted
by a poor response to therapeutic plasma exchange (TPE). The clinical pre-
sentation of patients with malignancy was indistinguishable from those with
idiopathic TTP, but treatment outcome was much worse [12]. Median survival
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of patients with malignancy that presented as a TMA was 12 days, 30-day
mortality was 90%, and only 10% responded to TPE, which is in stark contrast
to idiopathic TTP cases that have a 20% early mortality and 82% response rate
to TPE [12]. Therefore an underlying malignancy should be considered in
patients who present with TTP, particularly if there is a poor response to
treatment with plasma exchange. In a review of the Oklahoma Registry data
and the literature, Francis et al. found that the diagnosis of disseminated
malignancy was made by bone marrow biopsy in 13/29 patients and on autopsy
in 8/29 patients whose initial presentation was with a TMA syndrome [12]. A
bone marrow biopsy can be a valuable diagnostic tool in patients with TTPwho
do not respond to standard therapy.

8.2.2 Clinical Presentation

Features of cancer-associated TMA typically include thrombocytopenia,
microangiopathic hemolytic anemia and normal coagulation studies (pro-
thrombin time, partial thromboplastin time and fibrinogen). A reticulocytosis
indicates adequate marrow production, while elevated lactate dehydrogenase
(LDH) and indirect hyperbilirubinemia are consistent with intravascular hemo-
lysis. A direct Coomb’s test is negative. Organ dysfunction is due to micro-
vascular thrombi, and can include the renal, cardiac and neurologic systems.
Unlike idiopathic TTP, cancer-associated TMA is frequently associated with
pulmonary symptoms such as dyspnea [10]. Finally, distinct syndromes have
been described which involve thrombotic microangiopathy of either the renal or
pulmonary systems without impressive hematologic abnormalities [17–19].
Pulmonary tumor thrombotic microangiopathy (PTTM) is most often asso-
ciated with adenocarcinoma and is characterized by severe pulmonary hyper-
tension, right-sided heart failure, and is frequently fatal [19]. Tumor cells
metastasize to the pulmonary vasculature, which results in localized activation
of coagulation and development of platelet and fibrin microthrombi, as well as
fibrocellular subintimal proliferation [18, 19].

8.2.3 Pathophysiology

The pathologic cause of cancer-associated TMA is not well understood. Severe
ADAMTS13 deficiency (�10%) is a factor in many cases of idiopathic TTP,
but is not present in most cases of cancer-associated TMA [8, 9, 12, 14, 15,
20–27] (See Table 8.1). ADAMTS13 levels have been found to be decreased in a
number of situations where TMA is not present including sepsis, liver disease,
andDIC, although severe deficiency is reportedly found only in TTP [28, 29]. In
patients with malignancy but no evidence of TMA, ADAMTS13measurements
have been performed by a few groups with varying results. Oleksowicz et al.
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studied 20 patients with solid tumors and hematogenous spread of metastasis,
but without TMA, and found that ADAMTS13 activity was �15% in all cases
[30]. In 10 control patients with only localized tumors, ADAMTS13 activity
was�88% in all cases. Other series have found that patients with both localized
and advancedmalignancy can have moderately decreased ADAMTS13 activity
but none had severe ADAMTS13 deficiency [31–33]. When patients with
cancer-associated TMA are studied, some have been found to have severe
ADAMTS13 deficiency, although most have either mildly decreased or normal
levels. ADAMTS13 antigen has not been measured in these patients, and the
mechanism of decreased activity is not clear but may be due to decreased
synthesis or an abnormal protein, but does not appear to be due to an autoanti-
body. Therefore although ADAMTS13 autoantibodies are not present, a mod-
est decrease in ADAMTS13 activity may play a role in the thrombotic lesions
present in cancer-associated TMA.

Other proposed mechanisms for cancer-associated TMA include endothelial
cell injury, increased adhesion of tumor cells to the endothelium, circulating
immune complexes, increased platelet aggregation, and impaired fibrinolysis
[30, 34–37]. Elevated levels of vonWillebrand factor (vWF) have been reported
in some patients with malignancy [30]. Endothelial cells are one important
source of vWF, and endothelial cell injury can result in release of stored
uLVWF which may contribute to the hypercoagulability leading to TMA.
Endothelial microparticles are found in plasma of patients with TTP, and are
likely a manifestation of endothelial cell injury and activation [38]. In addition,
tumor cells have been found to synthesize a protein which is similar to platelet
glycoprotein Ib�, and has the ability to bind to von Willebrand factor and
therefore play a role in platelet aggregation [37]. Further study into the mechan-
isms leading to cancer-associated TMA is warranted, and may provide insight
into other treatment strategies.

8.2.4 Therapy

Treatment of idiopathic TTP with therapeutic plasma exchange (TPE)
was demonstrated to be more effective than plasma infusion in 1991, and
since then has become the treatment of choice [39]. Historically, mortality
rates for TTP were greater than 80%, but recent series report mortality
from idiopathic TTP to be 15–30% [7, 9]. Plasma exchange has been
largely ineffective for treatment of cancer-associated TMA though con-
trolled studies have not been conducted [9, 12, 25–27]. The only large
consecutive series of patients is the Oklahoma TTP-HUS registry, in
which all patients received TPE. Outcomes were poor, with a response
rate of only 10% [12]. Anecdotal reports claiming benefit of TPE may be
subject to publication bias, as those cases not responding to TPE are
unlikely to be published. Furthermore, patients who improved with TPE
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frequently received other treatments such as chemotherapy [14, 27].
Finally, the beneficial effects of TPE are likely due to removal of auto-
antibody and replacement of the absent ADAMTS13 protease. Since an
autoantibody is not detectable in virtually all cases of cancer-associated
TMA, even in those with moderately decreased ADAMTS13 activity (see
Table 8.1), there is little rationale for plasma exchange or immunosup-
pression [12, 26]. Replacement of mildly deficient ADAMTS13 activity
with plasma infusion has not been studied but could be a direction of
future research in this area. Of course, plasma infusion carries with it
risks including infusion of additional von Willebrand factor, allergic
reactions and transfusion-related lung injury (TRALI), and therefore
further study is necessary before it can be recommended. Finally, empiric
use of TPE in this patient population should not be performed since TPE
is not a benign procedure. As many as 30–40% of patients suffer serious
adverse clinical events during the initial treatment period, including aller-
gic reactions to plasma, citrate-related toxicity, and line-related compli-
cations, primarily bacteremia, sepsis or catheter-associated thrombosis
[40, 41]. The evidence does not support the routine use of TPE for the
treatment of cancer-associated TMA, and further treatment studies in
this area are necessary.

Treatment of the underlying malignancy is of paramount importance for
achieving hematologic improvement. Chemotherapy alone has resulted in par-
tial correction of thrombocytopenia and anemia, and even a rise in the
ADAMTS13 activity [22]. There is a case report describing the efficacy of
splenectomy in the treatment of cancer-associated TMA [42]. The patient
reportedly developed TMA in the setting of metastatic breast cancer; treatment
with chemotherapy including gemcitabine and docetaxel may have contributed
to the TMA. ADAMTS13 activity was normal and no inhibitor was detectable.
Because treatment with TPE, vincristine and IVIG was unsuccessful, a sple-
nectomy was performed 46 days after presentation with TMA. Post-
splenectomy, thrombocytopenia and anemia improved along with a decline in
lactic dehydrogenase. Pathology revealed a spleen with adenocarcinoma, sug-
gesting that removal of tumor tissue as well as the spleen may have contributed
to the favorable outcome.

A therapy of historical interest is extracorporeal immunoadsorption, using
columns contained staphylococcal protein-A absorbent resin (PROSORBA1).
Snyder and colleagues described the presence of circulating immune complexes
(CIC) in chemotherapy-associated TMA, which they hypothesized triggered
platelet aggregation in the renal vasculature [35]. Protein A immunoadsorption
columns were utilized with an apheresis machine, and immunoglobulin G (IgG)
and IgG-containing CIC were removed from the plasma of patients with TMA.
Treatment of 55 patients with immunoadsorption resulted in improvement in
TMA in 45%, and better survival rates and outcomes correlated with a decrease
in CIC levels [35]. Few further studies with this therapy were performed, and the
columns are no longer commercially available in the United States.
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8.3 Drug-Associated Thrombotic Microangiopathies

A variety of medications have been associated with the development of TTP or
HUS (Table 8.2) [10, 43, 44]. Themost commonly reported agents are mitomycin-
C, quinine, cyclosporine and ticlopidine [44]. Among the other chemotherapeutic
drugs that have been implicated are daunorubicin, cytarabine, bleomycin, cispla-
tin, deoxycorformycin (pentostatin), arsenic, interferon-� [45, 46], gemcitabine
[47], and bevacizumab [48]. In addition, patients undergoing hematopoietic stem
cell transplantation (HSCT) can develop a thrombotic microangiopathy, which
may be due to exposure to calcineurin inhibitors (cyclosporine or tacrolimus).
Drugs may induce TMA by either an immune-mediated effect or a direct toxic
effect [44]. Recent TTP case series demonstrate that most drug-associated TTP
cases are not associated with severe ADAMTS13 deficiency or with the presence
of an ADAMTS13 inhibitor [7–9]. Since TMAhas been observed in patients with
malignancy, particularly metastatic adenocarcinoma [10], it is difficult to deter-
mine whether drugs play an independent role in the development of the syn-
drome. In addition, although TMA typically develops during drug therapy, the
syndrome has been described months after administration of chemotherapy, and
frequently in the absence of active malignancy [17].

8.3.1 Mitomycin-C

The first significant association between a drug and thrombotic microangio-
pathy involved mitomycin-C, and was reported in the 1980s [11, 49]. Mitomy-
cin-C is an alkylating agent which has been commercially available in the
United States since 1974. It is used to treat a variety of malignancies, including
gastric, pancreatic and anal cancers. The first case series describing an associa-
tion between mitomycin-C and HUS included 12 patients and was published in
1985 [50]. Therefore a registry of patients with cancer-associated HUS was
established [11]. A total of 85 patients were identified who had microangio-
pathic hemolytic anemia, thrombocytopenia and renal dysfunction. Of these

Table 8.2 Drugs associated with TTP/HUS

Chemotherapeutic agents Others

Mitomycin-C Quinine/quinidine

Gemcitabine Ticlopidine

Bevacizumab

Daunorubicin Clopidogrel

Cytarabine Tacrolimus

Bleomycin Cyclosporine

Cisplatin a-Interferon
Arsenic

Deoxycoformycin
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patients, 89% had adenocarcinoma, and 99% had received mitomycin-C [11].
In clinical studies of patients receiving combination chemotherapy with mito-
mycin-C, the incidence of HUS has been 4–15% [49, 51]. In a study in which
patients with metastatic colorectal carcinoma were randomized to receive a
regimen containing mitomycin or one without this drug, the incidence of HUS
was 15% vs 0%, respectively [51]. In addition, there is evidence of a dose-
dependent response, with patients receiving higher doses having a higher inci-
dence of thrombotic microangiopathy [11, 49]. Of cases in the Lesesne series,
89% received a cumulative dose of mitomycin greater than 60mg [11]. Also
suggestive of mitomycin’s causative role is that at the time of HUS diagnosis
35% of the 85 patients had no evidence of active malignancy.

Themechanism by whichmitomycin-C causes thromboticmicroangiopathy is
not understood, but is most likely due to a direct toxic effect on endothelium that
is dose-dependent. Fibrin deposition and endothelial proliferation are seen in the
renal vasculature [52]. When compared to patients with idiopathic TTP, mito-
mycin-C TMA cases do not demonstrate activation of the immune system or a
decrease in vonWillebrand factor antigen, but both syndromes show evidence of
endothelial injury [53]. Circulating immune complexes have also been isolated
from these patients. The antibodies from the complex do not react with mitomy-
cin-C but recognize tumor antigens [11, 50]. One case in the literature provides
data on ADAMTS13 activity in a patient with mitocmycin-associated TMA; no
inhibitor was detected and ADAMTS13 activity was 29% [9].

The clinical characteristics and outcomes of mitomycin-C associated TMA
differ from cases of idiopathic TTP. In the largest case series, evidence of renal
dysfunction was required for the diagnosis, and 33% of the 85 cases required
hemodialysis [11]. Neurologic symptoms were present in only 16%of cases. The
median time from the last dose of mitomycin-C to development of HUS was
75 days. Of note, patients who received transfusions were at risk for adverse
events. A total of 44% had a serious post-transfusion event, most commonly
pulmonary edema. Despite therapeutic interventions, outcomes were poor:
HUS-related mortality was 44%, while all-cause mortality was 74% [11].
Treatment with corticosteroids, TPE or anticoagulation has not been very
effective. Of the 44% of patients treated with TPE, only 30% improved. The
use of immunoadsorption by staphylococcal protein A column was the only
therapy associated with a more positive outcome; 48% of the 21 patients who
underwent this treatment improved [11]. This therapy has not been widely used
in other series of drug-associated TTP-HUS, and is no longer available in theUS.

8.3.2 Gemcitabine

Gemcitabine, approved by the FDA in 1996 for the treatment of metastatic
pancreatic cancer, is currently used to treat a wide variety of malignancies.
Gemcitabine-associated TMA was first reported in 1999 [54, 55]. A case series
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by Fung et al. described 12 cases of HUS which occurred a median of
5.8months after gemcitabine therapy was initiated [54]. HUS-related mortality
was 17% in this series. The estimated incidence of gemcitabine-associated HUS
is 0.015–1.4% [56, 57]. Humphreys et al. described nine cases of gemcitabine-
associated TMA [47]. The majority of cases were patients with pancreatic
cancer or sarcomas, although one patient was a young woman with Hodgkin
lymphoma. An important clinical feature was the development of worsening
hypertension, which preceded the diagnosis of TMA by 0.5–10weeks in 78% of
the cases. Gemcitabine was discontinued in all the cases, and five of nine
patients also underwent TPE. The efficacy for TPE in patients with drug-
induced TMA is not clear. In this case series, of the four patients who did not
receive plasma exchange, only one died of progressive malignancy. There were
no deaths attributable to TMA.

A more recent review of gemcitabine-associated TMA collected data on 56
patients with the syndrome [57]. The most frequent diagnosis was pancreatic
cancer (43%), followed by small cell lung cancer (14%) and ovarian cancer
(11%). The mean duration of gemcitabine therapy prior to diagnosis of the
TMAwas 7.6months, and the median cumulative dose was 22 g, and the lowest
dose was 2 g. Antecedent hypertension was noted in this large study, with 75%
of patients developing new-onset hypertension or worsening of pre-existing
hypertension prior to diagnosis [57]. In this series, treatment regimens varied
and included discontinuation of gemcitabine, plasmapheresis (36%), corticos-
teroids (14%), and fresh frozen plasma (7%). Interestingly, three patients either
continued or were reintroduced to gemcitabine. Treatment-specific outcomes
were not reported, median survival was 16.5months and 70% of patients had
persistent chronic renal failure [57]. TTP-associated mortality is difficult to
ascertain but was reported as 15% in another series [56].

Gemcitabine-associated TMA is a rare complication, but when it occurs the
primary morbidity is renal failure, which does not usually improve even though
the drug is discontinued. The majority of patients with this complication
develop hypertension; therefore in patients treated with gemcitabine this symp-
tom should prompt careful evaluation for microangiopathic hemolytic anemia,
prior to continuation of therapy. At this time discontinuation of the drug is
recommended if the TMA syndrome develops.

8.3.3 VEGF Inhibitors

Bevacizumab is the most recent anti-neoplastic drug to be linked to the devel-
opment of TMA [48, 58]. It is a recombinant humanized monoclonal antibody
that binds to vascular endothelial growth factor-A (VEGF-A) and its isoforms.
In February 2004, bevacizumab was the first anti-angiogenic agent to be
granted approval by the FDA for treatment of patients with metastatic colon
cancer. Currently it is used for a variety of malignancies including lung and
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breast cancer, and is in clinical trials for many other cancers. The first case of
thrombotic microangiopathy with bevacizumab was reported in 2007 by Fran-
gie et al., and was characterized by proteinuria, MAHA and thrombocytopenia
after exposure to this agent [58]. Renal biopsy confirmed TMA, and
ADAMTS13 activity was mildly decreased at 53%. Subsequent treatment of
the same patient with sunitinib, an oral inhibitor of multiple tyrosine kinases,
including VEGF-receptor (VEGFR), resulted in recurrence of the TMA. Dis-
continuation of each treatment led to resolution of symptoms.

Six additional cases of bevacizumab-associated TMA have been recog-
nized [48]. All patients developed renal insufficiency and proteinuria
while receiving bevacizumab, which led to renal biopsies that were con-
sistent with a TMA. Only one out of six patients had evidence of MAHA
and thrombocytopenia. The drug was discontinued in five out of six
patients with improvement in renal function. One patient continued on
bevacizumab for an additional 8months, with stable proteinuria and
renal function. Eremina and colleagues developed an animal model to
evaluate the role of VEGF in the renal pathology. Knockout mice were
created in which VEGF synthesis could be selectively turned off only in
the glomerular podocytes. Once VEGF was eliminated, the mice devel-
oped proteinuria and a renal TMA, with evidence of intracapillary fibrin
thrombi. Schistocytes were also noted in 58% of the blood smears from
seven mice, though thrombocytopenia did not develop [48]. These elegant
experiments demonstrate the importance of VEGF to glomerular
microvasculature.

Finally, the FDA recently issued an alert regarding the incidence of
TMA and concurrent administration of bevacizumab and sunitinib. (http://
www.fda.gov/medwatch/safety/2008/MAHA_DHCP.pdf) In a Phase I clin-
ical trial, 5 out of 12 patients that received the highest dose level of
sunitinib (50mg daily), in addition to bevacizumab every 2weeks, devel-
oped clinical signs of a microangiopathic hemolytic anemia. Two out of
five patients had evidence of TMA with thrombocytopenia, increased
creatinine, proteinuria and hypertension. Discontinuation of the treatments
resulted in resolution of symptoms.

Well-recognized toxicities of bevacizumab include proteinuria and
hypertension [59]. The incidence of TMA is not well characterized but
is likely low. Yet the cases above and the animal studies suggest that
inhibition of VEGF may place some patients at risk for renal injury and
TMA. In addition to renal injury, both hemorrhagic and thrombotic
complications have been recognized in patients treated with bevacizumab
[59]. A possible mechanism for these adverse events relates to the
decreased ability of endothelial cells to respond to an injury in the face
of VEGF inhibition, leading to an hemorrhagic tendency. On the other
hand, if vascular injury occurs, the coagulation system may be activated
by exposure of tissue factor, and a thrombotic event may result [60].
Therefore, the consequences of inhibition of VEGF signaling can be
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complex, and it is not clear whether the thrombotic tendency may also

have a role in the development of the TMA syndrome in these patients.

The risk factors for these complications are not well understood, but

further investigation of patients receiving anti-VEGF therapy is war-

ranted. Until more data is available, the clinician must be aware of

these rare complications, institute surveillance for renal dysfunction and

thoroughly investigate patients that develop hematologic or renal

abnormalities while receiving therapy.

8.3.4 Other Medications Associated with TMA

There are a few case reports of TMA in patients treated with interferon-�
therapy, primarily for chronic myelogenous leukemia (CML) [45, 46, 61, 62].

The duration of interferon therapy prior to recognition of TMA was between

16–80months, and in most cases the CML was in chronic phase at the time of

diagnosis [45, 61]. The most common feature was renal failure, which did not

completely resolve, although most patients did not require long-term hemodia-

lysis [45]. Treatment included discontinuation of the drug, short-term

hemodialysis and occasionally plasmapheresis. The true incidence of this com-

plication is likely low, though it should be considered in the differential diag-

nosis, particularly in a patient with worsening renal function.
There has been a single case report of TTP in a patient treated with imatinib

for hypereosinophilic syndrome (HES) [63]. This patient presented with con-

stitutional symptoms and progressive eosinophilia which did not respond to

treatment with hydroxyurea for 7 days. After 4 days of imatinib therapy, a

microangiopathic hemolytic anemia and renal failure appeared, which were

treated with discontinuation of the imatinib and TPE. Of note, ADAMTS13

activity was low (15%) and an ADAMTS13 autoantibody was detectable [63].

This case demonstrates the difficulty in assessing causality of a TMA. It is

unlikely that imatinib resulted in the development of an ADAMTS13

autoantibody after only 4 days of drug exposure. Therefore caution must be

exercised before attributing an adverse event to an agent. Rigorous post-

marketing surveillance is necessary to identify rare but serious adverse events

of new therapies.
Finally, patients with malignancies may receive other medications that can

be associated with TMA syndromes (Table 8.2). Therefore careful review of all

administered medications and supplements should be undertaken in patients

who present with a TMA. A possible under-recognized exposure is quinine,

which is available in tablet form, but is also found in herbal supplements and

tonic water. Quinine is made from the bark of the Cinchona tree, and herbal

supplements derived from it are known by a variety of names including Cinch-

ona, Kinakina, Quina, Peruvian bark, and Jesuit’s bark [64]. A careful exposure
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history must be elicited from patients who present with TMA to identify any
potential sources of quinine, so that future exposures can be avoided.

8.4 Thrombotic Microangiopathy Associated with Hematopoietic

Stem Cell Transplantation

The lack of standard case definition makes it difficult to determine the true
incidence of TMA in hematopoietic stem cell transplant (HSCT) patients, and
estimates vary from 0.5% to 64% [65]. The largest report, which included 4,334
consecutive Italian patients undergoing HSCT, noted the incidence of TMA to
be 0.13% in autologous HSCT, and 0.5% in allogeneic HSCT [66]. In order to
standardize diagnostic criteria, particularly for clinical trials, two working
groups developed definitions of transplant-associated TMA [67, 68] (Table
8.3). The criteria differed between the panels, most notably with respect to the
extent of organ involvement. The European group required only evidence for a
microangiopathic hemolytic anemia and thrombocytopenia [68], while the US
group required evidence of either renal or neurologic dysfunction [67]. An
attempt at arriving at a consensus definition is important although controversy
remains, given that other causative factors can explain some of the hematologic
abnormalities and even the organ dysfunction. In the HSCT population, other
etiologies including infections, acute graft-versus-host disease (GVHD), che-
motherapy or radiation-induced endothelial damage, may mimic a TMA mak-
ing the diagnosis more difficult. In addition, the calcineurin inhibitors used for
prophylaxis and treatment of GVHD may play a causative role by inducing
direct toxic injury to the endothelium. A few groups have identified risk factors

Table 8.3 Definitions of transplant-associated TMA

International Working Group – European
Group for Blood and Marrow
Transplantation and the European
LeukemiaNet [68]
All criteria must be present

Blood and Marrow Transplant Clinical Trials
Network Toxicity Committee Consensus
Summary (United States) [67]

Increased percentage (>4%) of schistocytes
in peripheral blood

Red blood cell fragmentation and �2
schistocytes per high power field on
peripheral smear

De novo, prolonged or progressive
thrombocytopenia (platelet count <50�109/
L or >50% decrease)

Concurrent increase in serum LDH above
institutional baseline

Sudden or persistent increase in LDH Concurrent renal and/or neurologic
dysfunction without other explanation

Decrease in hemoglobin concentration or
increased red blood cell transfusion
requirement

Negative direct and indirect Coomb’s test
results.

Decrease in serum haptoglobin
concentration
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for the development of TMA after HSCT; these include female sex, unrelated

donor, total body irradiation during conditioning, high-dose busulfan, use of

tacrolimus, GVHD grade II–IV, and hepatic veno-occlusive disease [69–71].
The pathophysiology of transplant-associated TMA (TA-TMA) is most

likely related to endothelial injury. Autopsy findings in patients with HSCT-

associated TMA do not demonstrate systemic microthrombi, which is the

pathologic hallmark of classical TTP [65]. Severe deficiency of ADAMTS13

has not been found in patients with HSCT-associated TMA [7–9, 65, 72–74].

Yet in patients followed longitudinally after allogeneic or autologous HSCT, a

decline in ADAMTS13 activity occurs after the conditioning regimen. In one

study, the mean ADAMTS13 activity declined from 76% to 50% in allogeneic

HSCT, while in autologous HSCT patients the activity nadir was 47% [74].

Levels returned to baseline by day 60 after transplantation. In the 46 patients

followed by this group, only 3 developed TA-TMA, but ADAMTS13 activity

was not different in this group as compared to the group that did not develop

the TMA syndrome [74]. Therefore other factors independent of ADAMTS13

activity are likely important contributors to this complication. Evidence of

endothelial injury in patients with TA-TMA includes absent endothelial pros-

tacyclin, elevated vWF antigen but with normal vWF multimer pattern, and

elevations of thrombomodulin, plasminogen activator inhibitor-1 (PAI-1) and

soluble intercellular adhesion molecule-1 (ICAM-1) [73].
The treatment of HSCT-associated TMA is not well-defined. Poor prognos-

tic factors in this population include age>18 years, unrelated or haploidentical

donor, elevated LDH/platelet ratio, and nephropathy [69, 75]. The role of

therapeutic plasma exchange is not clear, but it is much less effective than

TPE in idiopathic TTP. A systematic review of the literature reported an 82%

mortality in this population when treated with plasmapheresis [65], while

mortality with idiopathic TTP is only 15–30% [7, 9]. Overall the efficacy of

TPE appears low, and given the significant side effects discussed above, most

experts do not recommend its use [65, 73, 76]. Treatment of HSCT-associated

TMA has been based on anecdotal reports, and other agents that have been

utilized in treatment include daclizumab, defibrotide, and rituximab. Clinical

trials are necessary in order to determine the optimal mode of therapy in this

population with a poor prognosis.

8.4.1 Cyclosporine-associated TMA

Since 1983, cyclosporine has been utilized for the prophylaxis and treatment of

GVHD. Cyclosporine likely has a role in development of TMA given that cases

of cyclosporine-associated TMAhave been observed among stem cell and solid-

organ transplant patients but also among patients treated for rheumatoid

arthritis and uveitis [77, 78]. In addition, the incidence of TMA is higher in
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patients treated with cyclosporine as compared to those receiving methotrexate
for GVHD prophylaxis [79].

Patients with HSCT transplantation receiving cyclosporine have evidence of
endothelial damage, even in the absence of a significantmicroangiopathy [79, 80].
Other potential mechanisms for TMA with cyclosporine include a decrease in
endothelial prostacyclin synthesis [81] as well as reduced formation or release of
activated protein C [82]. The severe ADAMTS13 deficiency observed in cases of
idiopathic TTP has not been seen with cyclosporine-related TMA, although the
number of reported cases with documented cyclosporine exposure is very small.
A group from theMayoClinic reported eight allogeneic HSCT patients receiving
cyclosporinewho developedTMA, and foundADAMTS13 activity to be normal
in all [72]. There is one case report of a renal transplant patient receiving
cyclosporine who developed TMA 12days after transplant, and was found to
have an ADAMTS13 activity <5% along with the presence of an inhibitor [83].
Treatment with TPE led to resolution of the ADAMTS13 inhibitor, and 76days
after completion of plasmapheresis the ADAMTS13 activity was normal at
110% [83]. It is most likely that ADAMTS13 autoantibodies are not the primary
mechanism for cyclosporine-associated TMA. The drug likely results in endothe-
lial injury, and may be exacerbated by factors such as infection or GVHD.

Optimal therapy has not been adequately evaluated. The most commonly
utilized strategy is the discontinuation of cyclosporine, with a switch to tacro-
limus [84, 85]. Yet there are reports of successful resolution of the TMA with
only a dose reduction of cyclosporine [84]. Therapeutic plasma exchange has
been utilized, as well as other therapies including corticosteroids and intrave-
nous immunoglobulin [86, 87]. Finally, the recognition and appropriate treat-
ment of an underlying cytomegalovirus infection has resulted in successful
resolution of TMA [88]. In many cases cyclosporine has been safely reintro-
duced after resolution of the TMA [89]. Therefore, despite a likely contribution
of cyclosporine to the pathogenesis of TMA in this population, it is frequently
not the only cause of TMA.

8.4.2 Tacrolimus-associated TMA

Although tacrolimus received FDA approval in 1994, 3 years earlier the first
case of HUS was reported in a renal transplant patient who received the drug
during a pre-marketing clinical investigation [90]. Since that time, cases have
been observed in patients undergoing both solid organ and hematopoietic stem
cell transplant, with an estimated incidence of 1–4.7% [91]. Tacrolimus is
structurally different to cyclosporine, yet they both effect cytokine production
by inhibiting calcineurin.

Although patients with elevated tacrolimus levels may develop TMA [92,
93], there is no clear dose-response association, since TMA has occurred with
tacrolimus doses from 0.15mg to 36mg per day [91]. Just as with cyclosporine,
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TMA patients receiving tacrolimus may have other contributing factors such as
CMV infection [94]. Mechanisms for TMA include tacrolimus-associated
endothelial cell injury, increased endothelin secretion, and decreased prostacy-
clin production [92]. Endothelin is a potent vasoconstrictor and may increase
shear stress in the vasculature [95]. Tacrolimus has been associated with fibrin
thrombi in the glomerular capillaries and arterioles in renal transplant patients
without evidence of a systemic microangiopathy; this can improve with a
reduction in drug dose [93]. The role for ADAMTS13 antibodies in tacrolimus-
associated TMA is not known, but is unlikely to be a major factor. In two
reported cases, severe ADAMTS13 deficiency was not observed (activity levels
were 34% [9] and 17%) but a low-titer inhibitor was detected in the patient with
the 17% activity level [96].

Tacrolimus associated TMA is most commonly seen in the first 6months
after HSCT or solid organ transplant [97], but there are cases, particularly after
solid organ transplant, that occur 18–23months after transplant [91]. The
majority of reported cases have been in patients’ post-renal transplants, but
their outcomes appear to be better than cases in other solid-organ or HSCT
transplants [98]. The clinical presentation of tacrolimus-associated TMA cases
is quite variable, and although schistocytes are present, the LDH is often not
elevated [91, 98]. Treatment strategies for tacrolimus-associated TMA are
similar to those reviewed above for cyclosporine: discontinuation of the
agent, dose reduction, substitution with cyclosporine, plasma exchange, corti-
costeroids or IVIG [91, 92, 94, 97–99]. Prospective studies comparing treatment
modalities and outcome including mortality or graft function are needed in all
transplant-associated cases of TMA.

8.5 Conclusion

Thrombotic microangiopathy syndromes in patients with cancer may be due to
the underlying malignancy or treatments including chemotherapy or hemato-
poietic stem cell transplantation. Etiology of the disorders is thought to include
endothelial cell injury, increased platelet aggregation, impaired fibrinolysis, and
tumor adherence to microvascular endothelium. ADAMTS13 deficiency, an
important factor in many cases of idiopathic TTP, is unlikely to play a major
role in cancer-associated TMA. Further study is necessary to elucidate patho-
logic mechanisms, risk factors and optimal treatment for this syndromewhich is
associated with significant morbidity and mortality.
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Chapter 9

Disseminated Intravascular Coagulation (DIC)

in Cancer

Hussain I. Saba, Genevieve A. Morelli, and Rashid I. Saba

9.1 Introduction

Venous thromboembolism (VTE) and disseminated intravascular coagulation

(DIC) are important complications of cancer. The relationship was recognized

as early as 1800 when Professor Armand Trousseau noted that patients with

idiopathic VTE frequently harbor an occult cancer [1, 2]. Prandoni reported a

7.6% incidence of cancer in 145 patients following idiopathic VTE [3]. In 2000,

Schulman reported that 13% of patients in his study developed cancer after

their initial diagnosis of primary VTE [4]. We reported that 26.2% of veteran

patients were diagnosed to have cancer within 6 months after initial VTE as

compared to 11.5% of the control group [5]. These studies emphasize that there

is an intimate relation between VTE and cancer.
Thrombogenesis and DIC in cancer patients involves defects at three

different levels of the normal host defense against thrombosis [6]: (1) defects

in the blood flow, resulting in stasis, (2) defects in the normal balance

between procoagulant and anticoagulant proteins in blood, which leads to

the activation of procoagulant circulating proteins, and (3) defects in the

blood vessel wall which cause an increased procoagulant contribution by the

vascular wall.
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9.2 Concept of DIC

In normal physiological states, there is continuous generation of small amounts
of fibrin, which is needed to layer and seal the wear and tear of vascular
endothelium. The fibrin is produced by the generation of small amounts of
thrombin that converts the fibrinogen to fibrin on the endothelial cell surface of
the vascular wall. Surface fibrin, along with the important initial role of plate-
lets in this process, helps to arrest oozing and bleeding from the endothelial cell
desmosomes. This physiological process has been referred to as ‘‘hemostasis’’.

DIC is induced by the abnormal activation of the clotting cascade. This over
activation leads to the generation of pathologic levels of thrombin (i.e., a hyper-
thrombinemic state), and can induce exaggerated conversion of fibrinogen to
fibrin resulting in widespread microvascular thrombosis which in turn leads to
tissue hypoxia and organ damage. If the exaggerated conversion of fibrinogen to
fibrin is excessive, consumption and depletion of important procoagulant clot-
ting factors can occur and cause a state of hypocoagulability due to depletion of
clotting procoagulants. This hypocoagulable state thereby leads to bleeding. In
DIC, as microthrombosis occurs on the vascular surface, secondary fibrinolysis
sets in as a result of the release of plasminogen activator, activating plasminogen
to plasmin and inducing fibrinolysis of the clot (i.e., secondary fibrinolysis).

DIC can therefore be referred to as a ‘‘two phase’’ thrombo-hemorrhagic
syndrome: the development of a hypercoagulable (thrombotic) phase which, if
not interrupted, can slip into a second hypocoagulable or bleeding phase due to
consumptive coagulopathy [7] and secondary fibrinolysis.

9.3 Pathophysiology of Cancer Associated DIC

Mediators and contributors of DIC in cancer include: procoagulants released
from cancer cells and adjacent tissues (tissue factor, cancer procoagulant),
abnormalities of fibrinolytic mediators, the role of cancer-related cytokines,
tumor-associated endothelial cell alterations, their interactions with blood cells
and contribution from compromised state of normal defense mechanisms of
hemostasis [8].

9.4 Procoagulant Mediators

A variety of procoagulant molecules have been associated with cancer cells and
tumor associated macrophages, including tissue factor (TF) and cancer pro-
coagulant (CP), as well as other procoagulants (i.e., factor V receptor asso-
ciated with shed tumor cells plasma membrane vessels, facilitating the assembly
of prothrombinase complex) [9] and a factor XIII-like activity promoting cross-
linking of fibrin as reported in human breast cancer cells [10].
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9.4.1 Tissue Factor (TF)

Tissue factor, which is considered to be the important primary cellular activator of
normal blood coagulation, has been found to be over-expressed in many cancer
cells and to be involved in the development of thrombosis and DIC [11–16].

Factors VII and VIIa can be bound to several high affinity sites of tissue
factor, and this complex can then activate factors X and IX, as shown by
Nemerson [11]. Tissue factor expression is tightly controlled and not generally
expressed in resting endothelium or in normalmonocytes andmacrophages. Pro-
inflammatory cytokines like tumor necrosis factor alpha (TNF-�), interleukin 1�
(IL-1�) and bacterial liposaccharides can induce expression of TF procoagulant
activity (PCA) in these cells. TF has also been found to be essential for embryonic
development of vasculature and in tumor angiogenesis and cell adhesion inter-
actions [17–19]. Cross-linked fibrin (xLF) can be localized with TF in both tumor
associated macrophages and within the endothelium of tumor associated blood
vessels in human breast and lung cancer [20, 21]. TF expression and xLF deposi-
tion has only been seen within or in close proximity to growing tumors. Such TF
expression supports the concept that new and angiogenic vessels during tumor
growth are more susceptible to thrombogenesis.

9.4.2 Cancer Procoagulant (CP)

Cancer procoagulant (CP) is another important mediator of thrombosis and
DIC in cancer patients. CP is synthesized by cancer cells and its activity has
been found in the sera from cancer patients and in tumor bearing animals
[22–25]. CP was found in the extract of tumor cells but not in that of normally
differentiated cells. CP levels have been shown to be elevated in the sera of
approximately 85% of cancer patients [22, 24]. Donati et al. have emphasized
the role of CP in thrombogenesis observed in leukemia, and have shown CP
activity paralleled the course of the disease [26]. Studies have shown that in
promyelocytic leukemia, a leukemic disease with a high propensity for DIC and
thrombo-hemorrhagic syndrome, ATRA (all-trans retinoic acid) modulates
PCA expression on the APL leukemic cell [27–30]. Both TF and CP of APL
marrow blast cells are progressively reduced in patients receiving ATRA. The
demonstration of this effect parallels the improvement of plasma markers for
hypercoagulability. This observation is strong evidence of PCA involvement in
the clotting complications associated with malignancy [31].

9.4.3 Alteration of Fibrinolytic Activities in the Mediation
of Thrombosis and DIC in Cancer

Components of fibrinolysis such as tissue plasminogen activator (t-PA) and
urokinase-type activator (u-PA) have been found on cancer cells. Urokinase-type
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plasminogen activator (u-PA) is widely associated with cancer cells and may be

linked to tumor progression and/or prognosis [32–34]. Plasminogen activator
inhibitor 1 (PAI-1) and plasminogen activator inhibitor 2 (PAI-2) are also

found on cancer cells. Specific receptors on tumor cells favor the assembly of
all fibrinolytic components, thus facilitating the activation of the fibrinolytic

system [35]. They may have a role in the pathogenesis of bleeding in APL
patients. On the other hand, alteration of these fibrinolytic components on

cancer cells could also play a role in thrombogenesis and ensuing DIC in solid
tumor patients.

9.4.4 Cytokines in Cancer as Mediators of Thrombogenesis

Malignant cells produce important cytokines which can elicit procoagulant

effects on the vascular endothelium. Some of these, such as TNF� and IL-1�,
induce expression of procoagulant TF from vascular endothelial cells [36, 37].

These cytokines also down regulate endothelial thrombomodulin, which could
compromise the activation of Protein C, leading to reduced inhibition of factors

Va and VIIIa. This down regulation of endothelial thrombomodulin and
upregulation of TF converts the normal anticoagulant endothelium to a pro-

thrombotic state [38]. TNF-� and IL-1� have also been shown to stimulate the
vascular endothelium to produce t-PA inhibitor PAI-1, further enhancing this

prothrombotic activity [39]. Administration of TNF-� and LPS to normal
human volunteers has been shown to increase the release of tPA followed by
a prolonged release and a larger increase of PAI-1 [40]. Thus, the net effect of

cytokines TNF-� and IL-1� is prolonged reduction of fibrinolytic activity.
Leukemic promyelocytes in patients with DIC secrete more IL-1� than blast

cells in APL, suggesting that tumor derived IL-1� hasmore of a role in the onset
and pathogenesis of DIC in leukemic states [41].

9.4.5 Interaction of Tumor and Host Cells and Their Influence
on Thrombogenesis

The interaction of tumor cells with monocytes, platelets and endothelium, has

been reported to increase the thrombogenic potential of the host cells. Mono-
cytes are present at the margin and vicinity of tumor masses. In their native

state, these cells have very little to no procoagulant activity. However, as they
come in contact with cancer cells, these monocytes acquire the ability to

produce tissue factor and other direct factor X activators [42–44]. Increased
platelet reactivity after tumor-platelet interaction has been observed and

substances obtained from various tumors have been shown to aggregate
platelets directly [45, 46].
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With tumor cell contact, endothelial cells can become procoagulant as well as
thrombogenic under the influence of cytokines. The release of IL-1 and TNF
after tumor contact with endothelial cells may increase the expression of leu-
kocyte adhesion molecules, platelet activating factor and tissue factor. TNF
suppresses the endothelial fibrinolytic activity and down regulates thrombo-
modulin expression, thus diminishing activation of anticoagulant Protein C.
These reactions enhance the procoagulant properties while suppressing anti-
coagulant properties of endothelial cells [47–49].

Apoptosis involves a series of biochemical events leading to characteristic
cell morphological changes (e.g., cell membrane changes, cell shrinkage,
nuclear fragmentation, chromatin and chromosomal DNA changes) leading
to cell death [50, 51]. Apoptosis has been associated with the development of
thrombosis [52]. Tumor lysis syndrome is a serious and life-threatening con-
dition normally associated with large bulky tumors with rapidly dividing cells
and with tumors that respond rapidly to therapeutic intervention such as
chemotherapy, antibody therapy and/or radiotherapy [53, 54]. This condition
involves a large and acute release of intracellular contents into the blood
stream following significant cytotoxic malignant cell death. Tumor lysis syn-
drome can occur in response to therapeutic intervention or can occur sponta-
neously in such malignancies as Burkitt’s lymphoma and acute leukemias
including acute promyelocytic leukemia [54]. The thrombosis sometimes
observed as a result of apoptosis such as that seen in tumor lysis syndrome
has been linked to release of procoagulants such as tissue factor from the
interior of the cell. It has been suggested that external exposure of cell
membrane phosphatidylserine during apoptosis is linked to thrombin genera-
tion and to the activation of tissue factor, resulting in a greater risk of
thrombosis [52].

9.5 Diagnosis of DIC in Cancer

It has been suggested that nearly all patients with cancer have subclinical
activation of chronic DIC in the absence of active bleeding and/or thrombosis
[8, 55]. Levi reported that DIC can be a complication in 7–20% of patients with
cancer [56]. Wada et al. (1998) published results of a Japanese Ministry of
Health and Welfare on frequency of underlying malignancies in patients diag-
nosed with DIC [12]. These were non-Hodgkins lymphoma (23.7%), hepatoma
(17.4%), acute myeloid leukemia (14%), lung (12.6%), APL (10.9%), gastric
(7.2%), leukemia (13.1%), acute lymphoblastic leukemia (6.9%), chronic mye-
locytic leukemia (3.4%), acute myelomonoblastic leukemia (1.7%), acute
monoblastic leukemia (1.1%) and breast (1.1%). Blom et al. investigated
3,220 patients with venous thrombosis and found that 389 had one or more
previous malignancies. These malignancies included lung (14.1%), hematolo-
gical malignancies (15.4%), gastrointestinal (21.6%), urinary/prostate (17.8%),
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female malignancies such as breast, ovarian and other (24.5%), brain (4.6%)

and other (16.2%) [57]. Sack et al. studied Trousseau’s syndrome and DIC

coagulopathy in 182 different cancer patients, and found that 24% had cancer

of the pancreas, 20% lung cancer, 13% prostate, 12% stomach, 9% had acute

leukemia and 5% were diagnosed with colon cancer [58].
Chemotherapy and/or surgical interventions in the treatment of solid tumors

can induce DIC. Normal risk factors for VTE such as immobility or stasis,

advanced age, history of previous thrombosis and sepsis can further enhance

this thrombo-hemorrhagic problem seen in cancer [2]. In many cases, the actual

incidence and frequency of DIC in cancer subtypes is often difficult to assess

due to the presence of these risk factors, problems in diagnosis and complica-

tions resulting from treatment.
DIC in cancer patients can be classified as either acute or chronic, and

laboratory parameters and presenting symptoms could be different in each.

Bleeding could be a common presenting symptom in DIC and has been

observed to be as high as 64% in one series of 118 patients reported by Siegal

et al, and thrombosis in 7% of patients [59].
Chronic DIC occurs when small amounts of tissue factor are released and the

hemostatic mechanism is more capable of correcting the activation of coagula-

tion that occurs. Thrombosis is common, but not exclusive to malignancy

patients with chronic DIC [60], and it may be merely thrombotic with organ

dysfunction or, more frequently, may involve venous thromboembolism [61]. It

is most commonly associated with solid tumors (e.g., lung, breast, prostate,

pancreatic cancer, etc.) (Table 9.1). Laboratory assessments and commonly

expected results in chronic DIC can include: variable platelet counts (could be

high with sequential counts over time showing variable decreases); normal to

mildly prolonged PT, APTT, TT; normal to elevated fibrinogen; normal levels

of factors V and VIII and high FDP and D-dimer levels.

Table 9.1 Cancers commonly associated with DIC

Clinical parameter Cancer type

Acute DIC (localized or systemic
bleeding, echymosis)

Acute promyelocytic leukemia (APL)

Acute non-M3 myeloid leukemia (AML)

Acute lymphocytic leukemia (ALL)

Prostate cancera

Mucin-producing adenocarcinomas (e.g., pancreatica,
gastrointestinal, ovary, thyroid, gallbladder)

Lymphoma (e.g., Stage IV, natural killer)

Chronic myelocytic leukemia (CML)

Chronic DIC (Thrombosis) Solid tumors (e.g., lung, breast, prostatea, pancreatic
cancera)

a Can be associated with either chronic or acute DIC

142 H.I. Saba et al.



Acute DIC develops when excessive tissue factor is released over a rela-

tively brief time frame leading to immediate and excessive thrombin devel-

opment. Acute DIC is most commonly associated with hematologic malig-

nancies (e.g., acute promyelocytic leukemia, acute non-M3 myeloid

leukemia (AML), chronic myelocytic leukemia (CML), acute lymphocytic

leukemia (ALL) and in lymphomas) (Table 9.1). It can also occur in some

solid tumor malignancies, such as prostate cancer and mucin producing

adenocarcinomas (e.g., pancreatic, gastric, thyroid, gallbladder). Labora-

tory assessments and commonly expected results in acute DIC can include:

low platelet counts; prolonged APTT, PT and TT; low levels of fibrinogen,

factors V and VIII; high FDP and D-dimer with reduced levels of antith-

rombin, Protein C and Protein S.
Several diagnostic algorithms for DIC have been developed. One of these is

the International Society of Thrombosis and Hemostasis Scoring Systems as

outlined in Tables 9.2 and 9.3 [62–66]. Figure 9.1 illustrates a general algo-

rithm outlining clinical presentation and testing of cancer associated DIC. It

should be kept in mind that DIC is a spectrum with a range in clinical

laboratory parameters observed in patients. Although the diagnostic algo-

rithm outlined in Fig. 9.1 is useful as a guide, it should not be considered to be

absolute.
Global laboratory tests of coagulation including prothrombin time (PT),

activated partial thromboplastin time (APTT), thrombin clotting time (TT),

platelet count, and fibrinogen are more commonly used in the initial evalua-

tion of DIC in cancer patients. Other more specialized tests include coagula-

tion factors V and VIII levels, fibrin split products (FSP), D-dimers and

prothrombin fragment 1+2, thrombin-antithrombin complex (TAT), soluble

fibrin monomers and fibrinopeptides A and B [67–69]. Although these tests

have their own problems of specificity and sensitivity, in combination they

have been useful in assessing the status of DIC in cancer patients. Abnormal-

ities are more commonly found in the consumptive phase of DIC as compared

to the thrombotic phase [70–73]. The progressive fall in platelet count remains

a more sensitive DIC marker if the baseline platelet count is known. The

importance of accurately monitoring platelet counts and recognition of

relative changes in suspected DIC patients cannot be overly emphasized.

Circulating platelets are extremely sensitive to activation and subsequent

aggregation by small amounts of thrombin and drops in their count occur

early in DIC [74, 75]. Obtaining repeat platelet counts can illustrate this drop.
Fibrinogen levels in patients with cancer-induced DIC can vary, and could

have a correlation with clinical outcome in some patients [76]. Many of these

tests are not specific only to the diagnosis of DIC. For example, detection of

fibrin breakdown products are positive inDIC, as well as in renal failure/disease

and other disorders [77, 78]. Positive D-dimers and prothrombin fragments

F1+2 may be indicative of DIC, but have been associated with other disorders

as well [79, 80].
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Table 9.3 Non-overt DIC scoring system – International Society of Thrombosis and Hemos-
tasis (ISTH)

Laboratory test Result Score

Other diagnosis Not associated with DIC

Associated with DIC

0

2
Platelet Count (� 103/L) >100

<100

0

1
Trend in platelet count Rising

Stable
Falling

–1

0
1

Prolongation of Prothrombin Time
(PT) over upper limit of normal
range (in seconds)

�3
>3

0

1

Trend in PT prolongation Falling

Stable
Rising

–1

0
1

FDP or soluble fibrin monomers Normal

Increased

0

1
Trend in FDP or soluble fibrin
monomers

Falling

Stable
Rising

–1

0
1

Antithrombin Normal

Low

–1

1
Protein C Normal

Low

–1

1
TAT (Thrombin-Antithrombin) Normal

Elevated
–1
1

Scores can range from –6 to 1. The higher the score, the more likely non-overt
DIC is present [63]

Table 9.2 Overt DIC scoring system – International Society of Thrombosis and Hemostasis
(ISTH)

Laboratory test Result Score

Platelet Count (� 103/L) >100

>50 <100
<50

0

1
2

Increase in Fibrinogen and
Fibrin-related markers (i.e., FDP)

None

Moderate
Strong

0

2
3

Prolongation of Prothrombin Time
(PT) over upper limit of normal
range (in seconds)

<3

>3–<5.9
>6

0

1
2

Fibrinogen level (g/dL) �1
<1

0
1

Scores can range from 0 to 8, with scores�5 compatible with
overt DIC. Scores <5 are suggestive of non-overt DIC and
scoring should be repeated every 1–2 days [62]
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9.6 Management of DIC in Cancer

9.6.1 Treatment of the Underlying Malignancy

The cardinal rule for the management of DIC is treatment of the underlying
condition [81]. This concept also holds true in the management of DIC in cancer

patients. It has been reported in one study that 85% of patients with severe DIC
died due to their underlying disease and not due to DIC [82]. Although this may

not be immediately possible in all cancer patients (i.e., solid tumors, metastatic
cancers, G.I. malignancies, lung masses), it is still quite applicable in hemato-

logical malignancies and some solid tumors. Schlaeppi et al. reported successful
treatment of DIC in a metastatic melanoma patient with chemotherapy [83].

DIC in cancer 

Acute DIC Chronic DIC

Features

Bleeding 

Features

Thrombosis 
- Localized 
- Systemic and diffuse  
- Spontaneous bruising  
- Petechiae  
- Bleeding with VTE               

- Migratory thrombophlebitis 
- Marantic endocarditis 
- Thrombotic microangiopathy 
- Skin necrosis/gangrene 
- VTE 
- Organ failure

Laboratory Parameter Most commonly Observed Results 
Relative Platelet count 

Peripheral Smear RBC 

PT, APTT, TT 

Fibrinogen 

Factors V, VIII  

FDP 

D-dimers   

Prothrombin frag. F1+2 

Proteins C and S 

Antithrombin 

Low

Schistocytes 

Prolonged 

Low

Low

High

High

High

Low

Low

Variable 

Schistocytes 

Normal to mildly prolonged 

Normal to elevated 

Normal 

High

High

High

Normal to low 

Normal to low 

Fig. 9.1 Clinical and laboratory features of DIC in cancer patients
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Huang et al. reported some success with weekly infusions of 5-fluorouracil for
acute DIC associated with advanced gastric cancer [84]. Other reports have also
been published regarding successful treatment of DIC in cancer patients with
chemotherapy or, in the case of prostate cancer, hormone therapy [85–88].
Treatment of acute promyelocytic leukemia with all-trans retinoic acid or
arsenic trioxide in the presence of DIC has also been noted to correct the
thrombo-hemorrhagic condition [89].

While chemotherapymay alleviate DIC, it has also been reported to induce it in
some patients [90–92]. Sarris et al. found that DIC was diagnosed in 12% of 58
acute lymphoblastic leukemia (ALL) patients before treatment and a total of 78%
during remission induction [92]. If chemotherapy can be temporarily held, reduced
or changed, it may be possible to correct the thrombo-hemorrhagic disorder.

9.6.2 Use of Heparin in Treatment of Cancer-Related DIC

Generally speaking, the use of unfractionated heparin in DIC has been contro-
versial and discouraged due to its potential to induce bleeding [93]. However,
some evidence may indicate that heparin may provide some benefit in the
treatment of DIC in the face of some malignancies. Hoyle et al. assessed ther-
apeutic approaches in 115 APL patients with DIC, and found that 85% of
patients who received heparin corrected the DIC vs 49% of the patients who
did not receive heparin therapy for DIC in APL [94]. This difference appeared to
be related to a decrease in the number of hemorrhagic deaths in the heparin
group. Oguma et al. reported successful use of low molecular weight heparin
(FR-860) in DIC patients at a dose of 75U/kg/day [95]. Shirai and Chaudhary
recently reported the successful treatment of a patient with chronic DIC asso-
ciated with prostate cancer using low molecular weight heparin (LMWH) and
aminocaproic acid [96]. It has been considered that the thrombotic state at the
initial stage of DIC could be interrupted by the cautious use of either unfractio-
nated or low molecular weight heparin.

Heparin usage could slow the consumption of clotting factors and/or platelets
and save some hypercoagulable DIC patients from entering into the consumptive
and hypocoagulable phase of DIC and, therefore, from bleeding. For example,
patients with mucin-producing adenocarcinoma of the GI tract or ovary, who
represent a high risk group for the development of VTE and DIC, may benefit
from prophylaxis with heparin. Although the true incidence of reoccurrence is
unknown inpatientswhohave already experiencedone episodeofVTE, it has been
reported to reachasmuchas50%in some studies [97, 98]. TheACCPrecommends
that these patients could be on some level of anticoagulant prophylaxis [99, 100].
Such high recurrence rates of VTE have raised concern and stimulated considera-
tion of low molecular weight heparin for prophylaxis in these patients.

If unfractionated heparin in used in DIC patients, it is advisable to use it at
low dose (500–750 units/h without a bolus injection) [7]. Patients receiving
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heparin must be cautiously monitored for bleeding complications and/or ben-
efit (e.g., increase in platelet count, correction of other laboratory parameters
and clinical symptoms). Treatment may be continued if benefit occurs, with
continued monitoring. If benefit is not observed or if bleeding occurs, treatment
should be discontinued.

If LMWH is used in DIC, thromboprophylactic doses are recommended,
and the dose titrated to response (correction of the coagulation parameters and
platelet count) [101, 102].

9.6.3 Use of Warfarin in Treatment of Cancer-Related DIC

The use of warfarin in cancer related DIC is debatable and not generally recom-
mended. It may, in some situations, have a place in the treatment of some
subacute and chronic DIC patients who are unable to tolerate low molecular
weight heparin, but some investigators have reported that warfarin is ineffective
in thrombotic DIC patients [103, 104]. It is not indicated in DIC associated with
bleeding. Warfarin decreases Vitamin K dependent factors, which could further
increase the bleeding seen with acute DIC or could actually further the imbalance
from thrombosis to bleeding seen as DIC progresses. Certain cancers
(e.g., prostate) have been reported to be associated with increased warfarin
sensitivity [105]. Patients must, therefore, be carefully monitored.

9.6.4 Replacement Therapy in Cancer-Related DIC

Patients in acute DIC (i.e., consumptive coagulopathy and bleeding) may have
low factor levels due to over utilization. Replacement of fibrinogen and or
factor VIII with fresh frozen plasma or factor concentrates are the appropriate
management [106, 107]. Platelet transfusionsmay be beneficial if platelet counts
are severely low due to DIC-related over-utilization and the patient is bleeding.

9.6.5 Other Therapeutic Modalities in Cancer-Related DIC

Fibrinolytic inhibitors such as epsilon aminocaproic acid and tranexaminic acid
have been used in cancer-related DIC patients during the acute (bleeding) stage
of DIC [108]. However, careful monitoring is needed in these patients as well,
since there have been reports suggesting that antifibrinolytics may not be
effective and may lead to fatal thromboembolism [109]. Treatment of malig-
nancy-related DIC with hirudin, antithrombin and Protein C concentrates has
also been reported and are suggestive of effectiveness, but the clinical benefit
has not been established [110]. There have been isolated cases in which activated
factor VII has been used to treat life-threatening bleeding in cancer patients
with DIC [111, 112]. Further study is necessary prior to advocating the use of
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activated factor VII in this patient population. In some situations, such as life-
threatening central nervous system bleeds, therapeutic modalities such as acti-
vated factor VII and fibrinolytic inhibitors may be therapeutic options for
patients in which other treatments have failed but these patients must be care-
fully and closely monitored. Having stated this, it must be again emphasized
that these treatment modalities are not advocated in cancer patients with DIC
andmay be contraindicated in all except dire, life-threatening refractory bleeds.

Treatment of DIC should be tailored to the specific cancer and patient
involved. Pros and cons of the various treatments for DIC in cancer are
summarized in Table 9.4 [113].

9.7 Summary

DIC and thromboembolic events are important complications of cancer. Sig-
nificant amounts of knowledge have evolved in the understanding of the
pathophysiology of these thrombo-hemorrhagic disorders. The process appears
complex and represents interplay of many mediators from the cancer cells, the
host cells around the cancer and alterations in the circulating blood. It has been
suggested that every cancer patient is in a hypercoagulable state and at the risk
of DIC and thrombosis. This thrombo-hemorrhagic syndrome in cancer
patients can be subclassified into the chronic phase and the acute phase. With
some overlap, chronic DIC is usually seen in solid tumors and acute DIC is
more common in the hematological malignancies. There has not been a single
precise diagnostic tool for DIC, but a series of global laboratory tests and some
specialized laboratory evaluations can help make the diagnosis. A trend of
falling platelets counts in cancer patients could be a sensitive laboratory marker
for impending DIC in cancer. Management challenges appear somewhat dif-
ferent in solid tumor DIC vs DIC in hematological malignancies. The cardinal
rule still remains the management of the underlying cause; however, in some
cases, the sequelae ofDIC can be decreased with the use of replacement therapy,
careful use of heparin in the appropriate setting or other therapeutic modalities.
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Chapter 10

Myeloproliferative Neoplasms: Thrombophilic

Clonal Stem Cell Diseases

Ayalew Tefferi

10.1 Introduction

Polycythemia vera (PV), essential thrombocythemia (ET), and primary
myelofibrosis (PMF) are currently classified as BCR-ABL-negative classic
myeloproliferative neoplasms (MPN). According to the revised 2008 World
Health Organization (WHO) classification system, adult chronic myeloid neo-
plasms are now divided into four broad categories; myelodysplastic syndrome
(MDS), MPN, ‘‘MDS/MPN overlap’’ and ‘‘myeloid or lymphoid neoplasms
associated with eosinophilia and abnormalities of PDGFRA, PDGFRB or
FGFR1’’ [1]. The WHO MPN category includes the four classic MPN: chronic
myelogenous leukemia (CML; BCR-ABL-positive), PV, ET, and PMF. All
three BCR-ABL-negative MPN are uncommon and incidence figures are esti-
mated at 0.2–2.5/100,000 for ET [2–4], 0.4 to 1.5/100,000 for PMF [2, 3] and
0.8–2.6/100,000 for PV [5, 6]. The median age at diagnosis for all these three
MPN is approximately 60 years [7].

10.2 Pathogenesis

Fialkow and colleagues were the first to establish PV (1976) [8], PMF (1978) [9]
and ET (1981) [10] as clonal stem cell diseases. In 2005, an activating Janus
kinase 2mutation (JAK2V617F) was discovered in the majority of patients with
PV and a substantial fraction of those with ET or PMF [11–14]. In 2006 and
2007, additional JAK2 and MPL (thrombopoietin receptor) mutations were
described in these diseases and some have been shown to induce PV- (JAK2) or
PMF-like (MPL) phenotype in mice [15, 16]. JAK2V617F is by far the most
frequent mutation in these disorders; mutational frequency is estimated at
over 95% in PV and 50% in ET or PMF. JAK2 exon 12 mutations (e.g.,
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N542-E543del) are relatively specific to PV and occur in virtually all

JAK2V617F-negative PV cases (i.e., approximately 3% of all PV cases)

[15, 17]. MPL mutations (e.g., MPLW515L/K) occur in both PMF and ET

with an estimated incidence of 5–10% in PMF and 1–5% in ET [16, 18–22].
The precise pathogenetic contribution of JAK2 and MPL mutations is

currently under intense investigation. However, variable degrees of genotype-

phenotype correlations have been recognized. In PV, where virtually all patients

carry a JAK2 mutation [17], JAK2V617F ‘‘homozygous’’ as opposed to

‘‘heterozygous’’ state has been associated with a higher hemoglobin level, higher

leukocyte count, lower platelet count and presence of pruritus [23, 24].

A somewhat similar set of correlations were made for higher mutant allele

burden in PV, measured by quantitative assays [25–27]. In ET, the presence of

JAK2V617F has been associated with advanced age, higher hemoglobin level,

increased leukocyte count and decreased platelet count [28–31]. Similarly in

PMF, the presence of JAK2V617F has been associated with an older age at

diagnosis and higher leukocyte count [32]. In addition, JAK2V617F ‘‘homo-

zygous’’ PMF patients displayed an even higher incidence of leukocytosis,

marked splenomegaly and pruritus [33].
Recent studies have raised a possible association between leukocytosis and

thrombosis, in both ET [34, 35] and PV [36]. Specific mechanisms, in this regard,

appear to involve crosstalk between granulocytes and platelets and/or endothe-

lial cells. Compared to healthy controls, patients with ET or PV display

increased baseline [37, 38] and induced (via thrombin, arachidonic acid) platelet

P-selectin expression, [39] platelet-granulocyte [37–39] and platelet-monocyte

[39] complexes, granulocyte activation (increased CD11b, fibrinogen, leukocyte

alkaline phosphatase but lower myeloperoxidase expression) [37–41],

baseline and lipopolysaccharide-induced expression of tissue factor (TF) by

both monocytes [39] and neutrophils [37], and plasma evidence of endothelial

damage and hypercoagulable state [40]. Furthermore, these abnormalities

might be more pronounced in patients with history of thrombosis and in

those with JAK2V617F, according to some studies [39, 41].
A recent study suggested in vivo down-regulation of both neutrophil TF

expression and number of neutrophil-platelet complexes, but not platelet

P-selectin expression, by hydroxyurea therapy, in patients with either ET or

PV [37]. This in vivo phenomenon was recapitulated in vitro where hydro-

xyurea inhibited both P-selectin-mediated neutrophil TF expression and

mixed aggregate formation in healthy subjects [37]. It is to be noted that

earlier studies in healthy volunteers have shown P-selectin-mediated in vitro

induction of TF synthesis and expression by neutrophils [42]. Also, in vitro

induction of platelet-neutrophil complex formation is decreased in ET

patients receiving aspirin therapy [38]. These observations provide additional

novel mechanisms of action for both hydroxyurea and aspirin that might

contribute to their proven efficacy in the treatment of high-risk patients

with MPDs [43–45].

158 A. Tefferi



10.3 Diagnosis

Table 10.1 outlines the current WHO diagnostic criteria for PV, ET and PMF
[46, 47]. Figures 10.1–10.3 provide WHO-based diagnostic algorithms for these
diseases [1]. Virtually all patients with PV carry a JAK2 mutation (either
JAK2V617F or JAK2 exon 12 mutations) [15, 17]. Therefore, peripheral
blood JAK2V617F screening is currently the preferred initial test for evaluating
a patient with suspected PV (Fig. 10.1) [48–53]. The concomitant determination
of serum erythropoietin (Epo) level is encouraged in order to minimize the
consequences of false positive or false negative molecular test results [54–58].
Mutation screening for an exon 12 JAK2mutation and bone marrow examina-
tion should be considered in a JAK2V617F-negative patient who displays
subnormal serum Epo level (Fig. 10.1) [15, 57]. Because JAK2V617F also
occurs in approximately 50% of patients with either ET or PMF [59], it is
reasonable to include mutation screening in the diagnostic work-up of both
thrombocytosis (Fig. 10.2) and bone marrow fibrosis (Fig. 10.3). However,
although the presence of the mutation excludes the possibility of reactive
myeloproliferation [58], its absence does not exclude an underlying MPN.

10.4 Clinical Features

At presentation, microvascular symptoms are found in a substantial proportion
of patients with ET or PV. These include headaches, lightheadedness, visual
symptoms such as blurring and scotomata, palpitations, chest pain, erythrome-
lalgia, and distal paresthesias. The underlying pathology might involve abnor-
mal platelet-endothelium interactions [60]. Erythromelalgia is the most
dramatic vasomotor symptom, characterized by erythema, warmth, and pain
in distal extremities; this symptom is rare but not entirely specific for ET or PV
[61]. Other non-life threatening complications in MPN include constitutional
symptoms, superficial thrombophlebitis, minor mucocutaneous bleeding and
increased propensity for first trimester miscarriage.

PV and ET are associated with an increased risk of thrombosis and bleeding.
Table 10.2 (at diagnosis) [4, 31, 34, 35, 62–69] and Table 10.3 (during follow-up)
[4, 31, 34, 35, 62–70] present incidence figures of ‘‘major’’ thrombotic events in a
selected series of large studies in PV and ET. These tables also include incidence
figures for bleeding and microvascular events. In general, major thrombosis at
diagnosis ranges from 9.7% to 29.4% for ET and 34% to 38.6% for PV; the
corresponding figures for major thrombosis during follow-up are 8–30.7% for
ET and 8.1–19% for PV. Arterial events are more prevalent than venous events
and thrombosis more frequent than major bleeding.

Most investigators consider strokes, transient ischemic attacks, myocardial
infarctions, angina pectoris, peripheral artery occlusions, pulmonary embolism
and DVT as major thrombotic events in ET or PV [34, 44, 69]. Superficial
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thrombophlebitis is not considered as a major thrombotic event [71]. The same

is true for erythromelalgia, which represents a separate platelet-vessel pathol-

ogy that often responds to aspirin therapy [60]. DVT in MPN includes

sometimes catastrophic abdominal vein thrombosis (AVT) [72].
In addition to thrombohemorrhagic events, other life-threatening complica-

tions in ET and PV include transformation of the disease into either a fibrotic

phase resembling PMF or acute myeloid leukemia (AML). Fibrotic and leuke-

mic evolution of ET are rare events (<5% of patients) during the first 10 years

after diagnosis [62, 73]. At least two-thirds of PV patients have splenomegaly at

diagnosis [74]. Pruritus is common in PV and may be provoked by warm water

(‘‘aquagenic’’) [75, 76].
Most patients with PMF have anemia and marked splenomegaly at presen-

tation. Spleen and liver enlargement in PMF is secondary to extramedullary

hematopoiesis (EMH) and may be associated with hypercatabolic symptoms

(profound fatigue, weight loss, night sweats, low-grade fever), peripheral edema

(from venous compression), diarrhea, early satiety (from gastric compression),

Peripheral blood mutation screening for JAK2V617F
&

Serum erythropoietin measurement  

V617F (+)
but

Epo normal or  ↑

V617F (+)
&

Epo ↓

V617F (-)
but

Epo ↓

V617F (-) 
&

Epo normal or ↑

PV unlikely PV possiblePV likely PV unlikely PV possiblePV likely PV highly likely 

If results still not  
c/w PV, consider 

 congenital polycythemia 
with EpoR mutation 

BM biopsy 
encouraged

but not essential 

BM biopsy 
recommended 
for confirmation 

BM biopsy
&

JAK2 exon 12 
mutation screening 

Consider secondary 
polycythemia including 

congenital polycythemia 
with VHL mutation 

Fig. 10.1 Diagnostic algorithm for suspected polycythemia vera. (With permission from
Tefferi and Vardiman, Leukemia 2008) [1] Key: PV, polycythemia vera; SP, secondary
polycythemia; CP, congenital polycythemia; BM, bone marrow; V617F, JAK2V617F; Epo,
erythropoietin; EpoR, erythropoietin receptor; VHL, von Hippel-Lindau; c/w, consistent
with
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and, occasionally, portal hypertension. Splenomegaly in PMF may be compli-
cated by splenic infarction manifested by LUQ pain and referred left shoulder
pain [77]. EMH might also occur at other sites including lymph nodes, skin,
pleura, peritoneum, lung, and the paraspinal and epidural spaces. The latter
may result in spinal cord and/or nerve root compression, which is a medical
emergency requiring corticosteroids to reduce edema and immediate radio-
therapy [78]. Localized EMH responds promptly to low doses of gamma
irradiation (100–150 cGy). AML occurs in approximately 20% of PMF
patients over the first 10 years of disease [79].

10.5 Prognosis

Median survival in both ET and PV exceeds 15 years and the 10-year risk of
developing either myelofibrosis (MF; <4% and 10%, respectively) or acute
myeloid leukemia (AML; <2% and 6%, respectively) is relatively low

Peripheral blood mutation screening for JAK2V617F 

V617F (+) V617F (-)

ET, PV or
PMF  

Use 2008 WHO criteria
for specific diagnosis 

ET and PMF
still possible & CML

should be considered

BM biopsy
&

cytogenetics 

Consider FISH for BCR-ABL
 in the absence of the Ph chromosome

 but presence of dwarf megakaryocytes 

Fig. 10.2 Diagnostic algorithm for suspected essential thrombocythemia. (with permission
from Tefferi and Vardiman, Leukemia 2008) [1] Key: PV, polycythemia vera; ET, essential
thrombocythemia; PMF, primary myelofibrosis; CML, chronic myeloid leukemia; MDS,
myelodysplastic syndrome; MPN, myeloproliferative neoplasm; WHO, World Health
Organization; RT, reactive thrombocytosis; FISH, fluorescent in situ hybridization; Ph,
Philadelphia; BM, bone marrow; V617F, JAK2V617F
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[34, 80, 81]. Compared to both PV and ET, PMF has a significantly worse

prognosis with a median survival of 6 years and 10-year risk of AML estimated

at 20% [82, 83].
Several studies have consistently identified advanced age (>60 years) and

thrombosis history as risk factors for thrombosis in both PV [81, 84, 85] and ET

(Table 10.4) [34, 63, 86]. In ET, two recent large single institutional studies

(n=322 and n=439, respectively) [34, 35] confirmed the prothrombotic effect

of advanced age (�60 years) and history of thrombosis, although the latter

association was significant in regards to arterial but not venous events in one

of the two studies [34]. In addition, both studies identified leukocytosis (�15�
109/L in one study [34] and >8.7 � 109/L in the other) [35], but neither

thrombocytosis nor the presence of JAK2V617F, as an additional independent

risk factor for thrombosis. Similarly, the presence of cardiovascular risk factors

did not modify thrombosis risk in one of the two studies [34], as well as in

another recent study [87].
In PV, a series of reports from the European Collaboration on Low-Dose

Aspirin in Polycythemia Vera (ECLAP) group have addressed multiple clinical

issues including thrombotic complications. In their most recent report

(n=1638), Landolfi and colleagues, on behalf of ECLAP, confirmed the strong

association between advanced age and thrombosis and, in addition, identified

leukocytosis (>15 � 109/L as opposed to �10 � 109/L) as an independent

BM biopsy, reticulin stain, cytogenetic studies
&

mutation screening for JAK2V617F 

V617F (+)
or

del(13q) 

Ph
chromosome

(+) 

Normal cytogenetics
and

V617F (-) 

If 
megakaryocyte

s
dwarf

consider
FISH for  BCR-

PMF likely
but 
use

histology
to exclude 

other

CML

Other
cytogenetic

abnormalities 

If
megakaryocyte

s
dwarf

consider
FISH for BCR-

PMF likely
but 
use

histology
to exclude 

other

CML Could be 
PMF but 

also
MDS 

 or
other

Fig. 10.3 Diagnostic algorithm for suspected primary myelofibrosis. (with permission from
Tefferi and Vardiman, Leukemia 2008)[1]Key: PMF, primary myelofibrosis; CML, chronic
myeloid leukemia; MDS, myelodysplastic syndrome; FISH, fluorescent in situ hybridization;
Ph, Philadelphia; BM, bone marrow; V617F, JAK2V617F
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predictor of myocardial infarction [36]. History of arterial or venous events
predicted recurrence of a similar vascular event. In contrast, neither the platelet
count nor the hematocrit level affected thrombosis risk. Similarly, controlled
prospective studies are needed to clarify the prognostic relevance of hereditary
and acquired causes of thrombophilia [88], pattern of X chromosome inactiva-
tion in granulocyte-derived DNA (i.e., monoclonal vs polyclonal) [89–92],
and altered PRV-1, platelet Mpl, or endogenous erythroid colony (EEC)
expression [90].

Current evidence is inconclusive regarding the prognostic relevance of JAK2
orMPLmutations in MPNs. In ET, overall or leukemia-free survival does not
appear to be affected by either the presence of JAK2V617F or its allele burden
[28, 29]; the impact on the risk of thrombosis or fibrotic transformation is less
clear [24, 28, 29, 93]. Equally unclear is the prognostic relevance of JAK2V617F
allele burden in PV where a higher mutant allele burden is implicated by some
but not by others as an adverse prognostic factor for fibrotic transformation,
thrombosis and need for chemotherapy [23–25,27]. In PMF, JAK2V617F
presence was associated with inferior survival in one but not in another study
[32, 94]. Similarly divergent results were reported in terms of leukemic trans-
formation rate and need for chemotherapy or splenectomy [33, 95]. The most
recent study on the subject matter revealed shortened overall and leukemia-free
survival in PMF patients with lower as opposed to higher quartile JAK2V617F
allele burden [95].

10.6 Treatment

10.6.1 Polycythemia Vera and Essential Thrombocythemia

Controlled studies have shown significant reductions in the incidence of throm-
botic complications in patients with PV treated with low-dose aspirin [43] and in
high-risk patients with ET treated with hydroxyurea [45]. Also, there is compel-
ling, although not controlled, evidence to support the use of phlebotomy in all
patients with PV [96] and hydroxyurea in those with high-risk disease [84].
Taken together, current recommendations for treatment in PV include phle-
botomy and low-dose aspirin in all patients and the addition of hydroxyurea in
high-risk disease (Table 10.4) [97]. In this regard, it is generally recommended
but not mandated to keep the hematocrit level below 45% in men and 42% in
women during phlebotomy for PV [98]. This treatment strategy, with the
exception of phlebotomy, also applies to ET – low-dose aspirin in all patients
[99–101] and the addition of hydroxyurea for high-risk disease [102, 103].
Finally, new evidence suggests that aspirin therapy in PV and ET might be
most effective in preventing strokes whereas cytoreductive therapy and systemic
anticoagulation might be needed for minimizing the risk of coronary event and
DVT, respectively [87].
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The use of aspirin in both PV and ET requires the absence of clinically-
relevant acquired von Willebrand syndrome (AvWS), which might occur in
patients with extreme thrombocytosis (platelet count>1000� 109/L) [104]. On
the other hand, extreme thrombocytosis neither defines high-risk disease nor
warrants the use of cytoreductive therapy [105]. The frequently cited association
of extreme thrombocytosis with gastrointestinal bleeding is based on anecdotal
observation and may, in some instances, be attributed to occult AvWS [106].

Very few studies in PV or ET have directly compared the efficacy of other
cytoreductive agents with that of hydroxyurea. In ET, hydroxyurea (plus
aspirin) was shown to be superior to anagrelide (plus aspirin) in terms of
preventing arterial thrombosis and anagrelide performed better in terms of
venous thrombosis; in addition, anagrelide therapy was less tolerated and was
associated with significantly more occurrences of severe hemorrhage and fibro-
tic transformation [44]. In PV, patients randomized to treatment with hydro-
xyurea or pipobroman exhibited similar survival, thrombosis risk and leukemic
transformation rate [107]. However, treatment with pipobroman was asso-
ciated with a lesser incidence of transformation into post-PVMF [107]. Several
single arm studies have confirmed the efficacy of pipobroman [68, 108–110] or
busulfan [111–113] in both PV and ET. Single agent activity, sometimes asso-
ciated with modest reductions in JAK2V617F allele burden, has also been
demonstrated for alfa interferon (�-IFN) in PV and ET [114–119].

There is an increased rate of first-trimester miscarriages (approximately
30%) in both ET and PV [120–122] and a recent study suggested that this risk
might be higher in JAK2V617F-positive patients [121]. However, there is no
controlled evidence to suggest that specific treatment influences outcome
[120, 123]. Other pregnancy-associated complications in ET and PV are infre-
quent and platelet count usually decreases substantially during the second and
third trimesters [123]. Therefore, at present, low-risk pregnant patients with ET
or PVmight be managed the same way as their non-pregnant counterparts – no
cytoreductive therapy and aspirin use is optional. In high-risk disease, �-IFN is
the drug of choice in women of childbearing age wishing to be pregnant,
because of the theoretical risk of teratogenicity associated with the use of
other cytoreductive agents [115].

10.6.2 Myelofibrosis

At present, only allogeneic hematopoietic stem cell transplantation (ASCT) is
considered potentially curative in MF [124]. In this regard, both myeloablative
and reduced intensity conditioning (RIC) strategies have been employed.
Regarding the former, a retrospective study of 66 patients revealed 5-year
survival of 62% in patients younger than 45 years of age and 14% in those
that were older [125], although other investigators have reported better survival
figures in older patients [126]. In the most recent communication of RIC
transplant in MF, 1-year mortality was 19% and 32% of the patients
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experienced chronic graft-versus-host disease. The 3-year overall survival, event-
free survival, and relapse rate were 70%, 55%, and 29% [127]. Taken together, it
is reasonable to consider ASCT in high-riskMF: full myeloablative conditioning
in patients below 45 years of age and RIC in older patients (Table 10.4). The
decision in all other instances should be individualized and balanced against
possible participation in experimental drug therapy (Table 10.4).

Drug therapy in PMF is usually considered in the presence of either sympto-
matic anemia or splenomegaly. Conventional therapy for the former include
androgen preparations [128], prednisone [128], erythropoiesis stimulating
agents (ESAs) [129–131] and danazol [132, 133]. Also, low-dose thalidomide
in combination with prednisone has recently been identified as an effective drug
for MF-associated anemia, thrombocytopenia, and splenomegaly with an
approximately 50% overall response rate [134–138]. Lenalidomide, a thalido-
mide analog, has also been evaluated in MF where 20–30% response rate in
both anemia and splenomegaly were documented [139]. Lenalidomide response
rates were higher and quality of responses most impressive in MF patients with
the del(5q) abnormality [140].

Hydroxyurea is the current drug of choice for controlling splenomegaly,
leukocytosis, or thrombocytosis in PMF [141]. Other drugs that have been
used in a similar setting include busulfan [142], melphalan [143] and
2-chlorodeoxyadenosine [144]. In contrast, alfa interferon has limited thera-
peutic value in MF [145]. Drug-refractory symptomatic splenomegaly may
necessitate splenectomy that often alleviates mechanical symptoms and may
also benefit approximately 25% of patients with transfusion-dependent anemia
[146]. However, splenectomy in MF is associated with an approximately 9%
procedure-related mortality and up to 25% of patients may experience accel-
erated hepatomegaly and extreme thrombocytosis after splenectomy [146, 147].
Radiation therapy is most useful in the treatment of non-hepatosplenic extra-
medullary hematopoiesis [148–151].

10.6.3 Anti-JAK2 Investigational Therapy

In less than 3 years from the first description of JAK2V617F [11–14], and in
accordance with the CML-imatinib paradigm [152–154], small molecule JAK2
inhibitor drugs have been developed and are already undergoing clinical trials
[155]. Among these, some are JAK2 selective ATP-mimetics (e.g., TG101209,
TG101348, INCB018424, XL019) and others were developed with other targets
in mind but later were found to be potent JAK2 inhibitors as well: the FLT3
inhibitor CEP-701, certain aurora kinase inhibitors and the histone deacetylase
inhibitor ITF2357. These JAK2 inhibitors have been reported to have in vitro
or in vivo (i.e., mouse models) activity against JAK2V617F-driven cell prolif-
eration and signal transduction. Among the aforementioned JAK2 inhibitor
ATP mimetics, INCB018424, XL019, CEP-701 and TG101348 are currently
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undergoing clinical trials in patients with advanced stages of PMF (regardless
of JAK2 or MPL mutation status), post-PV/ET MF, PV, and JAK2V617F-
positive ET [156–159]. At present, it is too early to make valid statements about
effect and toxicity of these drugs.
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Chapter 11

Chemotherapy-Associated Thrombosis

Aneel A. Ashrani and S. Vincent Rajkumar

11.1 Introduction

Venous thromboembolism (VTE), comprising deep vein thrombosis (DVT)

and pulmonary embolism (PE), is a multifactorial disease, involving complex

interactions between individuals (including their hemostatic system and genetic

predispositions) and their environmental exposures. Active malignancy is a well

recognized risk factor for VTE and accounts for almost 20% of incident VTE

events occurring in the community [1], with chemotherapy independently add-

ing to that risk [2, 3]. As compared with the general population, the risk of VTE

is increased fourfold in patients with cancer and this risk is further elevated to

more than sixfold when these patients are receiving chemotherapy [2]. More-

over, there is a twofold increase in recurrent VTE in patients with malignancy

and a fourfold increase in this risk for those receiving chemotherapy [2]. In

addition, the risk of VTE varies by cancer type and stage [3–6]. The type of

chemotherapy administered, hormonal treatments, immunomodulating and

anti-angiogenesis agents (e.g., thalidomide, lenalidomide, bevacizumab), and

supportive therapy with hematopoietic growth factors like recombinant human

erythropoietins have been implicated in alterations in hemostasis and with

increased VTE risk.
VTE in cancer patients is associated with significant morbidity. These

patients may have their active anti-neoplastic therapy delayed or modified,

and often require chronic anticoagulation. Compared to VTE patients without

cancer, individuals with cancer and VTE have both a higher risk for hemor-

rhage with anticoagulant therapy and of recurrent VTE [7–9]. Moreover,

patients diagnosed with cancer at the time of VTE diagnosis have a poorer

survival in contrast with age-, gender-, cancer type-, and year of diagnosis-

matched cancer patients with no history of VTE [10], and VTE has been noted
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to be a leading cause of death in ambulatory cancer patients receiving che-
motherapy [11, 12]. In this review, antineoplastic therapy associated thrombosis
in cancer patients will be discussed. As the best evidence supporting a causal
relationship between antineoplastic agents and VTE comes from breast cancer
and multiple myeloma clinical trials, special emphasis will be given to these
neoplasms.

11.2 Pathogenesis/Pathophysiology of Chemotherapy-Associated

Thrombosis

The pathogenesis of chemotherapy-associated thrombosis is poorly under-
stood. However, there are several different mechanisms via which chemother-
apy can potentially provoke a prothrombotic state [13] (see Fig. 11.1). These
drugs can directly damage the vascular endothelium [14–19], increase procoa-
gulant proteins and/or reduce endogenous anticoagulants [20–23]. Chemother-
apy can also induce tumor and endothelial cell apoptosis and cytokine release,
which in turn can lead to increased expression of the endothelial and monocyte
tissue factor (TF), the physiologic initiator of coagulation [24–27]. Finally,
chemotherapy can lead to activation of platelets [28], and induce expression
of monocyte TF [29].

11.3 Therapy-Associated Thrombosis in Breast Cancer

The increased risk of thrombosis in breast cancer patients receiving hormonal
and/or chemotherapy is well characterized. Patient’s age, post-menopausal
status, recent surgery/mastectomy, high body mass index, and central venous
catheter are additional risk factors impacting the risk of thrombosis in this
population [30]. In patients with early stage breast cancer not receiving adju-
vant therapy, the risk for thrombosis is low (<1%) [31, 32], compared to up to
17.6% in women with metastatic stage IV disease receiving therapy [33].

11.3.1 Tamoxifen

Tamoxifen is an orally active selective estrogen receptor modulator (SERM)
used in treating pre- and post-menopausal women with both early and
advanced estrogen receptor positive (ER+) breast cancer. Tamoxifen compe-
titively binds to the estrogen receptors on ER+ breast cancer cells, producing a
nuclear complex that decreases DNA synthesis and thus inhibits estrogen
effects. The risk of thrombosis with tamoxifen may be related to its role in
reducing the levels of protein C, protein S and antithrombin [21, 34, 35], and
inducing activated protein C resistance [35]. Data from randomized clinical
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trials in women with node negative, estrogen receptor positive breast cancer,
indicate that the 5-year incidence of VTE in these women with early stage breast
cancer treated with either placebo, tamoxifen or tamoxifen plus chemotherapy
is 0.2%, 0.9% and 4.2% respectively [31, 36]. In the National Surgical Adjuvant
Breast and Bowel Project Breast Cancer Prevention Trial (NSABP P-1), the
rates of DVT and PE in older women receiving tamoxifen were increased 1.6-
and 3-fold respectively [37]. In the International Breast Cancer Intervention
Study (IBIS-1), the risk of VTE was 2.1-fold higher in women treated with
tamoxifen compared to placebo [38]. In a pooled analysis of 13 NSABP breast
cancer prevention and treatment trials, the risk of DVT, PE and superficial
thrombophlebitis was increased 2- to 3-fold in those treated with tamoxifen,
and was increased 11- to 15-fold in those treated with tamoxifen plus che-
motherapy [39]. In another systematic review, the relative risk of VTE was
noted to be 3- to 8-fold greater in women who were treated with concurrent
tamoxifen and chemotherapy than those on tamoxifen alone, 3- to 5-fold
greater than women treated with chemotherapy alone, and 20-fold greater
than women taking placebo or being observed [40].

Fig. 11.1 Pathophysiology of chemotherapy-associated thrombosis, AT: Antithrombin, CP:
Cancer procoagulant, FGN: Fibrinogen, IL-1: Interleukin-1, LCAMs: Leucocyte adhesion
molecules, PAF: Platelet activating factor, PAI-1: Plasminogen activator inhibitor-1, TF:
Tissue factor, TM: thrombomodulin, TNF: Tumor necrosis factor, t-PA: Tissue plasminogen
activator, u-PA: Urinary plasminogen activator, VEGF: Vascular endothelial growth factor,
vWF: von Willebrand factor
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11.3.2 Aromatase Inhibitors

Aromatase inhibitors (AI) are a class of drugs used in the treatment of breast
cancer in postmenopausal women. They inhibit aromatase, a cytochrome P450
enzyme which catalyzes the conversion of androgens into estrogens. As periph-
eral conversion of androgens is the main source of estrogen in postmenopausal
women, and AIs do not block ovarian estrogen synthesis, these agents are used
in managing ER+ breast cancer in postmenopausal women. In the Arimidex,
Tamoxifen Alone or in Combination (ATAC) trial, the risk of DVT or PE in
women receiving anastrozole alone was lower (1.0%), compared to those
receiving tamoxifen (1.7%) or a combination of anastrozole and tamoxifen
(2.0%; p=0.02) [41]. However, the absolute risk of VTE (approximately 3.6 per
1000 individuals per year) with anastrozole is still greater compared with the
overall estimated risk in untreated, healthy women (1.1 per 1000 individuals per
year) [42].

11.4 Therapy-Associated Thrombosis in Multiple Myeloma

The cumulative incidence of VTE in individuals with monoclonal gammo-
pathy of unknown significance (MGUS) has been estimated at between 6.1
and 7.5% [43, 44]. However, it is unclear whether the VTE risk is truly
increased with MGUS, as one could speculate that the VTE risk may solely
be related to the underlying medical problems that prompted testing for
monoclonal paraproteinemia. In our population-based studies, we have not
found an increase risk of thrombosis in individuals with MGUS compared
with those without MGUS. Similarly, the incidence of VTE in patients with
multiple myeloma (MM) is difficult to estimate and ranges from 3% to 10%
[44, 45]. Data from clinical trials where MM patients were treated with
dexamethasone alone [45] or melphalan/prednisone [46, 47], show that the
risk of VTE is 2–4%. In general, the baseline risk of VTE within the first
4months of therapy in newly diagnosed myeloma in the absence of immuno-
modulatory agents or doxorubicin is less than 5%. The risk appears lower in
patients with relapsed, refractory myeloma.

11.4.1 Thalidomide

Thalidomide was initially prescribed during the late 1950s and early 1960s to
pregnant women as an antiemetic to combat morning sickness and as a
sedative-hypnotic. It was withdrawn from the market in 1962 due to its severe
teratogenic effects. However, thalidomide’s antiangiogenic and immunomo-
dulatory properties were subsequently discovered, and led to clinical trials in
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myeloma and several other malignancies. Currently thalidomide is approved

in the United States for the treatment of patients with newly diagnosed MM,

and for patients with erythema nodosum leprosum. In addition, it has been

used off-label for the management a number of other malignant and non-

malignant disorders. Thalidomide inhibits the synthesis of tumor necrosis

factor-� (TNF-�), blocks activation of nuclear factor-�� kinase (NF-��)
activity, co-stimulates proliferation of T-cells (especially CD8+ T cells),

stimulates interleukin-2 (IL-2) and interferon � production (IFN-�) [48],

and downregulates expression of cell surface molecules like VCAM-1, E-

selectin, and L-selectin [49].
Thalidomide administered as a single-agent does not increase the risk of

VTE when compared to other treatment modalities like dexamethasone or

melphalan/prednisone; in patients with newly diagnosedMM the incidence of

VTE was 3–4% [50–52] and in the relapsed/refractory MM setting, it was

2–4% [53–55]. In contrast, the combination of thalidomide with dexametha-

sone significantly increases the risk of VTE to 14–26% in newly diagnosed

MM patients [45, 52, 56, 57] and to 2–8% in relapsed/refractory patients [58,

59]. A similar increased risk is seen when thalidomide is used in combination

with melphalan +/- steroids (either prednisone or dexamethasone), 10–20%

in newly diagnosed patients [46, 47, 60] and 11% in relapsed/refractory

patients [61]. The risk of VTE further increases when thalidomide is combined

with doxorubicin-containing regimens, [62–64] up to 58% in a phase II study

which included both newly diagnosed and relapsed multiple myeloma patients

[65] (see Table 11.1).
The increased risk of thrombosis with thalidomide containing regimens

is predominantly seen in the first few months following the initiation of

therapy, with the median time to onset of a thrombotic event being

around 3 months. It is unclear why the risk of VTE is higher in patients

with newly diagnosed MM as compared to those with relapsed MM. To

further characterize the risk of VTE in patients with MM treated with

thalidomide, Zangari et al. conducted a multivariate analysis on 535

patients treated either with thalidomide in combination with multi-agent

chemotherapy or with dexamethasone only [66]. Overall, the incidence of

VTE was 15%. Doxorubicin containing regimens were associated with a

4.3-fold increase in VTE, while newly diagnosed disease was associated

with a 2.5-fold increase of VTE and chromosome 11 abnormalities were

associated with a 1.8-fold increased risk. Interestingly, unlike other

malignancies, the MM patients who develop VTE may not have an

adverse survival as compared to similarly staged MM patients without

VTE [66, 67].
A high VTE rate with thalidomide in combination with chemotherapy has

also been reported in other malignancies. In a phase II trial of thalidomide with

gemcitabine and continuous infusion fluorouracil in the treatment of metastatic

renal cell carcinoma, the risk of VTE was noted to be 43% [68].
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11.4.2 Lenalidomide

The exploration of the antiangiogenic and immunomodulatory activities of
thalidomide has led development of thalidomide analogs. In 2005, lenalido-
mide (Revlimid) was approved in the United States for treatment of relapsed
or refractory multiple myeloma and myelodysplastic syndromes with deletion
of long arm of chromosome 5. Lenalidomide is substantially more potent
than thalidomide and has fewer gastrointestinal and neurologic side effects,
although it has greater myelosuppression. Lenalidomide’s mechanism of
action is similar to that of thalidomide, and it is a potent immunomodulator.
It acts by stimulating T-cell proliferation, increasing IL-2 and IFN-� produc-
tion, and augmenting the cytotoxic activity of natural killer cells [69]. It
inhibits the pro-inflammatory cytokines TNF-�, IL-1�, IL-6, and IL-12 and
augments the anti-inflammatory cytokine, IL-10. It also inhibits angiogenesis
by decreasing secretion of VEGF and basic fibroblast growth factor
(FGF) [69].

As with thalidomide, there were no reported cases of VTE in early phase
studies of lenalidomide when used as a single agent for the treatment of relapsed
or refractory multiple myeloma, myelodysplastic syndromes and advanced
solid tumors [70–72]. However, when administered concurrently with dexa-
methasone, the incidence of VTE was higher, ranging from 9% to 15% in
phase III studies [73, 74]. The reasons for the high VTE rate seen with thalido-
mide and lenalidomide in combination with steroids are unknown, although
endothelial damagemay be playing a role. In aMayo Clinic study, the VTE rate
associated with lenalidomide plus dexamethasone was only 3% when daily
aspirin 80–325mg prophylaxis was given concomitantly [75].

The dose of dexamethasone and concomitant erythropoietin may be risk
factors for VTE associated with lenalidomide. In a phase III trial of lenalido-
mide plus high-dose dexamethasone (40mg 4 times a week for 3weeks in a
4-week cycle) vs lenalidomide plus low-dose dexamethasone (40mg once a
week), the risk of thrombosis was significantly higher in the high-dose dex-
amethasone group as compared to the low-dose dexamethasone group (25%
vs 9% respectively) [76]. In phase III trials investigating lenalidomide plus
dexamethasone vs placebo plus dexamethasone, concomitant administration
of erythropoietin increased the risk of thrombosis in patients receiving lena-
lidomide [77].

11.5 Other Anti-Neoplastic Agents Associated with VTE

11.5.1 Cisplatin-Based Regimens

Cisplatin is used to treat various neoplasms, including sarcomas, carcinomas
such as small cell lung cancer and ovarian cancer, lymphomas and germ cell
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tumors. Platinum complexes are formed in cells, which bind to DNA and lead

to DNA cross-linking, resulting in apoptosis. The exact mechanism by which

Cisplatin promotes thrombosis is unclear. In vitro data indicate that it induces

platelet activation, increases monocyte TF activity, and elevates von Willeb-

rand factor [13].
Cisplatin based combination chemotherapy regimens have been associated

with both arterial and venous thrombotic events. Thrombosis has been

observed in 8.4–17.6% of patients with urothelial transitional cell carcinoma,

germ cell tumors, advanced (stage III or IV) non-small cell lung cancer and

ovarian cancer [78–81]. A thrombosis rate of 16.7% was reported for invasive

cervical cancer patients treated with concurrent radiation therapy and low-dose

weekly cisplatin [82].

11.5.2 L-Asparaginase

L-Asparaginase is an enzyme used for the management of acute lymphoid

leukemia (ALL). L-Asparaginase catalyzes the hydrolysis of asparagine to

aspartic acid, thus depleting plasma asparagine and in turn depriving the

leukemic cells of circulating asparagine. Leukemic cells are unable to synthesize

asparagine. Normal cells, on the other hand, are able to make their own

asparagine. By depleting plasma asparagine, L-asparaginase inhibits protein

synthesis, including synthesis of procoagulant factors II, VII, VIII, IX, X, XI,

fibrinogen and �-2 antiplasmin [83, 84]. As a result, the prothrombin time,

activated partial thromboplastin time and thrombin time are prolonged. How-

ever, the risk of bleeding complications is low. More importantly, the naturally

occurring anticoagulant proteins, antithrombin, protein C, protein S and plas-

minogen are also decreased with L-asparaginase use [84–86]. Following the

cessation of L-asparaginase therapy, recovery of the procoagulant proteins

(fibrinogen, factors VII, IX, X and XI) occurs sooner than the recovery of

anticoagulant proteins; thus, the hemostatic balance is shifted towards a pro-

thrombotic predisposition.
L-Asparaginase is associated with a 1–2% incidence of thrombosis in

children and around 4–14% in adults [13, 33, 87, 88]. However, in a prospec-

tive study of children treated for ALL with L-asparaginase, a significantly

higher rate (36.7%) of thrombosis was reported [89]. Most of the thrombotic

episodes were asymptomatic and occurred in the upper extremities, suggest-

ing that the use of central venous access catheters was a contributory factor.

Other case series have reported a high proportion of CNS complications

(either thrombosis or hemorrhage) [90, 91]. Thus, monitoring of coagulation

parameters is recommended in individuals receiving L-asparaginase therapy

along with replacement of deficient coagulation factors (especially

antithrombin).
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11.5.3 5-Fluorouracil

5-Fluorouracil (5-FU), an antimetabolite, is a pyrimidine analog, and inhibits
thymidylate synthase. Thymidylate synthase methylates deoxyuridine mono-
phosphate (dUMP) into thymidine monophosphate (dTMP), which is a nucleo-
tide required for DNA replication. Furthermore, as a pyrimidine analogue,
5-FU is transformed inside the cell into cytotoxic metabolites which are then
incorporated into DNA and RNA, inducing cell cycle arrest and apoptosis by
inhibiting the cell’s ability to synthesize DNA.

The prothrombotic property of 5-FU is related to a decrease in the levels of
protein C and an increase in thrombin activity, leading to increased levels of
fibrinopeptide A, a proteolytic product of fibrinogen produced by thrombin
[92, 93]. Exposure to 5-FU also results in endothelial damage that is accom-
panied by platelet accumulation and fibrin formation [17]. The cumulative
incidence of VTE in patients with colorectal cancer treated with fluorouracil
and leucovorin is estimated at 15–17%, especially when used in combination
with the hematopoietic growth factor, granulocyte-macrophage colony-stimu-
lating factor (GM-CSF) [20, 94].

11.5.4 Bevacizumab

Bevacizumab (Avastin) is a humanized monoclonal antibody against vascular
endothelial growth factor (VEGF), and inhibits tumor growth by inhibiting
angiogenesis. It is used in combination with chemotherapy for the treatment of
metastatic breast, colorectal and non-small cell lung cancer. Treatment with
bevacizumab is associated with an increased risk of arterial and venous throm-
boembolic events, particularly in patients over 65 years of age or with a history of
thromboembolic events. In addition, these patients are predisposed to hemor-
rhagic complications. The predisposition to both bleeding and thrombosis fol-
lowing VEGF inhibition reflects the diverse actions of VEGF on vascular walls.
VEGF stimulates endothelial cell proliferation, promotes endothelial cell survi-
val and helps maintain vascular integrity [95, 96]. Thus, inhibition of VEGF
could decrease the regenerative capacity of endothelial cells and lead to vessel
wall defects that expose the pro-coagulant phospholipids on the luminal surface
or underlying matrix, leading to thrombosis or hemorrhage [97]. VEGF also
increases the production of nitric oxide (NO) and prostacyclin (PGI2), suppresses
pathways involved in endothelial cell activation and apoptosis, and inhibits
proliferation of vascular smooth muscle cells [98]. Therefore, VEGF inhibition
and the resulting increase in TF expression, along with a reduction in endothelial
NO and PGI2, may predispose to thromboembolic events.

A phase II randomized trial of patients with metastatic colorectal cancer
comparing 5-FU and leucovorin with or without bevacizumab revealed that
both the thrombotic and hemorrhagic complications were significantly higher
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in the bevacizumab-treated patients [99]. Thrombotic events occurred in 9% of
the patients treated with 5-FU and leucovorin versus 19% of the patients
treated with 5-FU, leucovorin and bevacizumab. However, in a large phase
III trial comparing irinotecan, fluorouracil and leucovorin with or without
bevacizumab for the treatment of metastatic colorectal carcinoma, the throm-
boembolic rates were similar (19.4% and 16.2%, respectively) [100]. The rela-
tively high frequency of thrombosis in these patients is probably due to the
combination chemotherapy, with a modest additional contribution by bevaci-
zumab. Another phase II trial on patients with gastric cancer utilizing
bevacizumab with irinotecan and cisplatin for the treatment of patients with
metastatic or unresectable gastric cancer noted a 25% incidence in VTE [101].
Another phase III randomized trial conducted on patients with metastatic
breast cancer who were treated with paclitaxel with or without bevacizumab
reported low rates of thromboembolic events (2.1% in the bevacizumab arm vs
1.5% in the control arm), but the incidence of cerebrovascular ischemia was
significantly higher in the bevacizumab arm (1.9% vs 0%, respectively) [102]. In
patients with metastatic non-small lung cancer, the risk of thrombosis does not
appear to be increased by adding bevacizumab to chemotherapy; however it
significantly increases the risk of hemorrhage [103].

11.6 Supportive Therapy with Hematopoietic Growth Factors

and Risk for VTE

11.6.1 Recombinant Human Erythropoietins

Erythropoietin or EPO is a glycoprotein hormone synthesized by the kidney
that is a cytokine for bone marrow erythrocyte precursors. Recombinant
erythropoietin has been approved for the treatment of anemia associated with
renal disease, chemotherapy-associated and zidovudine-associated anemia. It is
also used to treat anemia associated with chronic inflammation/disease.

Erythropoietin use, especially in cancer patients undergoing chemotherapy,
has been implicated with increased risk for VTE [104, 105]. In a meta-analysis,
7.5% of patients with cancer chemotherapy-associated anemia who were trea-
ted with either erythropoietin or darbepoetin developed VTE, compared to
4.9% control group (RR 1.57; 95% CI: 1.31–1.87) [105]. This increased risk is
not limited just to cancer patients, but is also observed in other patient groups,
such as those with chronic kidney disease [106] and end stage renal disease [107],
especially those receiving recombinant human erythropoietin to achieve a
hemoglobin target levels of 13–15 g/dL as compared to 10.5–11.5 g/dL.

The mechanism by which EPO promotes VTE is still under investigation.
Erythropoietin has been reported to activate platelets and increase vWF, factor
VIII and thrombin generation (measured indirectly by measuring thrombin-
antithrombin complexes), and decreases proteinC and protein S [108].Moreover,
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erythropoietin triggers signaling pathways in endothelial cells, increasing their
thrombogenicity by inducing expression of tissue factor [109]. The increased risk
of thrombosis is unlikely due to the higher hemoglobin, as the mean hemoglobin
target is usually less than 13.5 g/dL, but may be secondary to the role of ery-
thropoietin in inducing chronic inflammation and inhibiting fibrinolysis [110].

11.6.2 Leucocyte Growth Factors (G-CSF and GM-CSF)

Granulocyte colony-stimulating factor (G-CSF) is a glycoprotein produced pre-
dominantly by the endothelium and macrophages. It stimulates the bone mar-
row to produce and release granulocytes and stem cells into the circulation. It
also enhances the survival, proliferation, differentiation, and function of neu-
trophil precursors and mature neutrophils. Granulocyte-macrophage colony-
stimulating factor (GM-CSF) is another cytokine that stimulates stem cells to
produce granulocytes (neutrophils, eosinophils, and basophils) and monocytes.

G-CSF may be prothrombotic, as it is associated with an increase in the
markers of activation of coagulation, such as prothrombin fragment 1.2
(F1+2), TAT and D-dimer, suggesting increased thrombin and fibrin forma-
tion [111].

In addition, G-CSF and erythropoietin stimulate the release of PAI-1 from
human umbilical vein endothelial cells [112].

The overall prevalence of venous and arterial thrombosis in cancer patients
treated with GM-CSF is estimated at 4.2% and 1.2% for G-CSF [33]. There
may be synergistic interaction for the use of the growth factors and site and type
of cancer. Data from a prospective observational study of 3003 cancer patients
who were treated with at least one cycle of chemotherapy and with a median
follow-up of 2.4 months noted a 1.93% cumulative VTE incidence (0.8% per
month) [113]. The highest incidence of VTE was noted in patients with upper
gastrointestinal malignancies (2.3% per month), lung cancer (1.2% per month)
and lymphoma (1.1% per month) (p=0.001). Patients with these high VTE risk
sites of cancer had a significantly increased risk of VTE associated with the use
of growth factors during cycle 1 (VTE rate 5.9% vs 1.52% without growth
factor use, p=0.0001; OR 4.0 [95%CI: 1.8–8.7]). In contrast, the use of growth
factors did not appear to increase the risk of VTE in patients with cancer in
other sites (VTE rate of 1.31% with vs 1.42% without growth factor use) [113].

11.7 Other Agents

11.7.1 Corticosteroids

The prothrombotic effects of corticosteroids may be related to their action to
increase coagulation factors VII, VIII, XI and vWF [114]. Furthermore, long-
term steroid use leads to a hypercoagulable, hypofibrinolytic state by
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suppressing tissue plasminogen activity and increasing PAI-1 synthesis in addi-
tion to increasing the procoagulant clotting factors [115].

High-dose corticosteroids, given for their anti-emetic activity, are an inde-
pendent risk factor for VTE in patients with germ cell tumors (OR 3.5; 95%CI:
1.2–10.3) [79]. Furthermore, the combination of steroids with thalidomide or
lenalidomide, with or without chemotherapy, is associated with an increased
risk for thromboembolic events (see preceding section on MM).

Gemtuzumab ozogamicin (Mylotarg) is a monoclonal antibody to CD33
linked to a cytotoxic agent, calicheamicin and is used to treat acute myelogen-
ous leukemia. It is associated with an increased risk for veno occlusive disease
(VOD). Possible mechanisms for development of VOD include injury by free
radicals due to glutathione deficiency and inflammatory cytokine-induced
endothelial activation [84]. When used a single agent, the frequency of VOD
is 0.9%. In contrast, the risk for VOD increases to 5% when this agent is
combined with other chemotherapy, and reaches 19% following stem cell
transplantation [116].

11.8 Prevention of VTE in Patients Receiving Chemotherapy

11.8.1 Prophylaxis in Solid Tumors

Pharmacologic VTE prophylaxis is very effective in reducing the risk of VTE for
cancer patients hospitalized either for surgery or for medical illness [117–120],
but is controversial for prevention of VTE in patients with solid tumors under-
going outpatient chemotherapy. Only one clinical trial thus far has demonstrated
a benefit of VTE prophylaxis in cancer patients undergoing outpatient che-
motherapy [121]. In this study, stage IV breast cancer patients were randomized
to either low-dose warfarin (i.e., 1mg daily for 6 weeks followed by dose adjust-
ments to maintain the International Normalized Ratio [INR] between 1.3 and
1.9) or placebo [121]. The rate of thrombosis in the low-dose warfarin group was
0.7% vs 4.4% in the placebo group. The risk of bleeding was not statistically
different in the two groups. However, none of the other clinical trials have shown
reduced VTE events with pharmacologic prophylaxis of cancer patients under-
going chemotherapy on an outpatient basis [122–125], but there may be a
survival advantage of using LMWHs in combination with chemotherapy.
Thus, there is no clear role for administering routine thromboprophylaxis to
all cancer patients undergoing outpatient chemotherapy [126].

11.8.2 Prophylaxis in Multiple Myeloma

In multiple myeloma, given the high risk of VTE in patients receiving combina-
tion regimens that include thalidomide or lenalidomide, all newly diagnosed
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patients should be considered for thromboprophylaxis (Table 11.1). In one
study, without any VTE prophylaxis, the thalidomide-dexamethasone combi-
nation for management of newly diagnosed multiple myeloma was associated
with a 26% incidence of VTE [57]. The study protocol was then amended to
include low-fixed-dose prophylactic warfarin (1.25mg daily), and following
that the incidence of VTE declined to 13%. However, in another study of
thalidomide and dexamethasone, low-fixed-dose warfarin was administered
to all study participants and the incidence of VTE was 25%, showing that low
fixed-dose warfarin does not impact VTE risk [51].

In a randomized trial where melphalan, prednisone, and thalidomide were
administered as initial therapy for newly diagnosed multiple myeloma, the first
65 patients who did not receive any anticoagulant prophylaxis had a 20%
incidence of VTE, but this risk fell to 3% when the protocol was amended to
include the low molecular weight heparin (LMWH) enoxaparin, 40 mg sub-
cutaneously daily for the first 4 months of therapy [46]. Of note, all thromboem-
bolic events occurred within 2 months after the discontinuation of enoxaparin.
In another randomized study of patients with newly diagnosed multiple mye-
loma receiving vincristine-doxorubicin-dexamethasone (VAD) or thalidomide-
doxorubicin-dexamethasone (TAD), patients randomized to the thalidomide
arm were given prophylactic doses of the LMWH, nadroparin [127]. The
incidence of VTE in the VAD group was 5% and 9% in the TAD group, with
all events occurring in the first 6 months of therapy. In another study, patients
with newly diagnosed or relapsed multiple myeloma received a combination of
pegylated doxorubicin, vincristine, thalidomide, and dexamethasone, and the
VTE incidence was 58% in the 19 patients who did not receive any VTE
prophylaxis [65]. The study protocol was then amended and the ensuing 58
patients received aspirin 81 mg once daily, reducing the VTE incidence to 18%
(HR 0.24; p<0.001).

In a phase III study, newly diagnosed myeloma patients were randomized to
receive multi-agent chemotherapy including doxorubicin, dexamethasone, eto-
poside, cyclophosphamide and cisplatin with or without thalidomide [128].
Without anticoagulant prophylaxis, VTE rate was 14% in patients who
received chemotherapy alone vs 34% in those who received chemotherapy
plus thalidomide. The VTE risk remained unchanged by adding low, fixed-
dose warfarin (1mg/day) to the chemotherapy plus thalidomide arm (31%);
however with the addition of enoxaparin (40mg/day) to the chemotherapy plus
thalidomide arm, the VTE risk declined to that of the chemotherapy alone arm
(15% each). In another study, the VTE incidence without any prophylaxis in
patients randomly assigned to multi-agent chemotherapy plus thalidomide vs
no thalidomide was 34% vs 18%, respectively [129]. The protocol was subse-
quently amended and prophylactic LMWH was added to the chemotherapy
plus thalidomide arm, but the VTE rate remained high (24%) compared to the
chemotherapy alone arm (15%). These data demonstrate that low, fixed-dose
warfarin prophylaxis provides no protection against VTE in multiple myeloma
patients treated with thalidomide, but aspirin seems to the reduce the VTE risk
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somewhat (although its mechanism in doing so remains unclear), and that
LMWH provides the best protection, although in spite of its use, the risk of
VTE remains quite high when thalidomide is used in combination with multi-
agent chemotherapy.

As discussed earlier, in newly diagnosed multiple myeloma patients who
were treated with lenalidomide and dexamethasone, and received concomitant
aspirin (80–325mg/day) prophylaxis, the rate of VTE was as low as 3% [75]. In
a larger phase III trial of lenalidomide plus high-dose dexamethasone (40mg
four times a week for 3weeks in a 4-week cycle) vs lenalidomide plus low-dose
dexamethasone (40mg once a week), the risk of thrombosis was higher in the
high-dose dexamethasone group as compared to the low-dose dexamethasone
group without any prophylaxis (23% vs 8% respectively), but was reduced to
14% and 5% respectively after the addition of aspirin [76]. Furthermore, the
overall survival was noted to be better in the low-dose dexamethasone arm. The
above data indicate that high-dose dexamethasone by itself is a major risk
factor for VTE, and that aspirin prophylaxis, especially in patients treated
with low-dose dexamethasone, may be reasonable. With aspirin prophylaxis,
multiple myeloma patients treated with melphalan, prednisone, and lenalido-
mide had a VTE rate of 5.7% [130]. The use of aspirin (81mg/day) in patients
with relapsed or refractory multiple myeloma given lenalidomide, liposomal
doxorubicin, vincristine and dexamethasone, was associated with a VTE rate of
9%, even though 85% of patients received erythropoietin therapy [131].

Although dose-adjusted warfarin therapy with a target INR of 2.0–3.0 and
LMWH are both highly effective in the prevention of VTE in multiple mye-
loma patients receiving lenalidomide or thalidomide, they are cumbersome
and require close monitoring, especially as these patients can become throm-
bocytopenic, are on multiple medications (that can interact with warfarin),
and often have renal insufficiency (which can be an issue with LMWH).
Moreover, elderly patients may have difficulty complying with these strategies
and there is a financial burden, especially for those who are on Medicare and
do not have a supplemental drug coverage plan. On the other hand, aspirin is a
less effective but simpler option. The type of prophylaxis for prevention of
VTE in myeloma patients receiving thalidomide or lenalidomide therapy is
therefore based on the expected baseline risk of such thrombotic events. When
low doses of steroids are used, especially in the absence of erythropoietin, the
risk of VTE is less than 10%. Given this baseline risk, the choice of thrombo-
prophylaxis is then personalized and modified depending on patient charac-
teristics, and risk associated with a given treatment regimen and schedule.
Although aspirin is appealing because of its convenience and ease of admin-
istration, the rate of thrombosis is relatively high, especially in patients treated
with thalidomide-based combinations, and therefore is insufficient in high-
risk patients. LMWH (at a dose equivalent to enoxaparin 40mg daily) or
dose-adjusted warfarin to maintain an INR between 2.0 and 3.0 should be
considered in patients receiving thalidomide or lenalidomide who are treated
with concomitant high-dose dexamethasone, doxorubicin, or multi-agent
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chemotherapy, or those individuals who have additional VTE risk factors.
The duration of prophylaxis may vary according to the length of treatment. In
multiple myeloma, the vast majority of VTE occur within the first 6 months of
therapy and almost all episodes are reported within the first 12 months [46,
128]. It may be reasonable to provide VTE prophylaxis for 4–6 months, while
longer periods may be considered in the presence of additional patient- or
treatment-specific risk factors [132].

11.8.3 Prophylaxis in Myeloproliferative Disease

Myeloproliferative disorders (MPD), especially polycythemia vera (PV) and
essential thrombocythemia (ET), are associated with thrombosis [133–135]. In
MPDs, arterial events are more common than venous thrombosis. At the time of
diagnosis, the prevalence of thrombosis is �34–39% in PV and 10–29% in ET.
During the follow-up phase of MPD, the prevalence of thrombosis in PV is
8–19% and 8–31% for ET. MPD patients older than 60 years and those with
prior history of thrombosis are at increased risk for recurrent thrombosis. Aspirin
in PV was very effective in reducing nonfatal myocardial infarction, nonfatal
stroke, or death from cardiovascular causes [136]. However, the risk of VTE was
not significantly lower with aspirin use (1.6% vs 3.8%; p=0.28), and cytoreduc-
tive therapy and/or anticoagulation might be necessary to reduce its risk.

11.9 Predictive Model for Chemotherapy Associated Thrombosis

In a prospective observational study of 3,003 cancer patients who were treated
with at least one cycle of chemotherapy and with a median follow-up of 2.4
months, a cumulative VTE incidence of 1.93% (0.8% per month) was noted
[113]. The highest incidence of VTE occurred in patients with upper gastro-
intestinal malignancies (2.3% per month), lung cancer (1.2% per month) and
lymphoma (1.1% per month) (p=0.001). Higher pre-chemotherapy platelet
count was associated with increased VTE risk (1.66% per month for platelets
�350,000/mm3 vs 0.52% per month for platelets �200,000/mm3; p<0.0001).
Pre-chemotherapy hemoglobin <10 g/dL was associated with higher VTE risk
(2.3% per month vs 0.71% per month; p=0.0003). In addition, the use of white
and red blood cell growth factors during cycle 1 was associated with increased
VTE risk. Based on these findings and the results of multivariate logistic
regression analysis, a predictive model for chemotherapy associated VTE was
developed and validated [137]. Cancer sites associated with a very high risk for
VTE (i.e., stomach and pancreas) were assigned a risk score of two. A score of
one was assigned to each of the following: cancer sites associated with high
VTE risk (i.e., lung, lymphoma, gynecologic, bladder, and testicular); pre-
chemotherapy platelet count �350,000/mm3; hemoglobin <10 g/dL or use of
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red cell growth factors; pre-chemotherapy leukocyte count >11,000/mm3; and
body mass index (BMI) �35 kg/m2. The low-risk group (score=0) was asso-
ciated with 0.8% and 0.3% 2.5-month VTE rate in the derivation and
validation cohorts, respectively, compared to 7.1% and 6.7% VTE rate in the
high-risk group (score �3). This predictive model needs to be validated in an
independent cohort of cancer patients, but the data is provocative, as the
predictive model discriminated the high VTE risk group from the low VTE
risk group, and future trials could be designed to test the role of thrombopro-
phylaxis in high VTE risk cancer patients undergoing outpatient chemotherapy.

11.10 Summary

Active malignancy is a well recognized risk factor for VTE, and chemotherapy
independently adds to that risk. The type of chemotherapy administered,
hormonal treatments, immunomodulating and anti-angiogenesis agents, and
supportive therapy with hematopoietic growth factors, have been implicated in
alterations in hemostasis and with increased VTE risk. There is no clear role for
administering routine thromboprophylaxis to all cancer patients undergoing
outpatient chemotherapy, but to target high VTE-risk groups, including
patients with multiple myeloma receiving thalidomide or lenalidomide in com-
bination with chemotherapy and/or steroids.
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Chapter 12

Catheter-Related Thrombosis

César O. Freytes

The use of central venous catheters (CVC) has greatly facilitated the delivery of
chemotherapeutic agents and is one of the most important aspects of the
supportive care of patients with cancer. The most frequently utilized central

venous catheters in cancer care include totally implanted catheter systems and
single or multilumen tunneled catheters. Despite the convenience of use of
CVC, thrombosis and infection remain frequent and serious complications of
these devices [1]. This chapter will address the different types of catheter-related

thrombosis as well as their diagnosis and management.

12.1 Thrombotic Complications of Central Venous Catheters

Thrombotic complications of CVC include fibrin sheath formation, intralum-
inal thrombosis and catheter-related deep vein thrombosis (DVT). Although

these thrombotic complications have different natural histories and require
different treatments, they are frequently confused in clinical practice.

Most patients experience formation of a fibrin sheath around the catheter
shortly after insertion of the catheter [2–4]. Experimental studies in animals
have demonstrated that days after catheter insertion, the fibrin sheath clot is
replaced by stable cellular collagen covered by endothelium [5, 6]. This collagen

matrix is formed by smooth muscle and other connective tissue cells migrating
from the injured vein wall into the nascent fibrin sheath. Formation of a fibrin
sheath is considered a predictable response to endothelial injury and the
presence of a thrombogenic material inside the vascular bed. Fibrin sheath

formation is rarely associated with deep vein thrombosis. A prospective study
utilizing venography demonstrated that only 6% of patients that had fibrin
sheaths around the CVC developed thrombosis [7]. Fibrin sheaths can result in
withdrawal occlusion, the inability to draw blood from the catheter because of a
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‘‘ball-valve’’ effect of the sheath at the distal end of the catheter. In addition to
withdrawal occlusion, some authors believe that fibrin sheaths serve as a sub-
strate for catheter mural thrombus and infections. In contrast to intraluminal
thrombosis in which pathologic studies demonstrate increased incidence of
catheter infections, there are no clinical studies that have clearly established
the role of fibrin sheath in promoting bacteremia [8]. Nevertheless, experimen-
tal studies have demonstrated that fibrin sheath formation enhances central
venous catheter infection and that the use of the low molecular weight heparin,
enoxaparin, inhibits sheath formation and decreases central venous catheter
colonization following bacteremic challenge [9, 10].

Intraluminal thrombosis, or clotting within the lumen of the catheter, is
another frequent complication observed in cancer patients with CVC [11].
Intraluminal thrombosis should be suspected when it becomes difficult to
aspirate blood and infuse fluids through the catheter. It is frequently assumed
that the inability to draw blood is solely a consequence of intraluminal throm-
bus but it has to be kept in mind that it can be due to other causes including
catheter malposition, catheter kinking or suture compression. A large study
that utilized radiographic contrast injections to determine the cause of the
failure to aspirate blood from CVC demonstrated that, although this was
most frequently related to intraluminal catheter thrombosis, mechanical dys-
function was also observed in a significant number of patients [12]. This study
demonstrates that imaging studies should be considered in patients in whom the
use of thrombolytic agents fail to restore patency of a central venous catheter
since mechanical problems could be responsible for the catheter malfunction.

Catheter-related deep vein thrombosis (CRDVT) is the most important
thrombotic complication of CVC. Currently, the most common cause of
upper extremity deep vein thrombosis is the use of CVC. Sequelae of CRDVT
include pulmonary embolism, the postphlebitic syndrome and increased inci-
dence of infection [8, 13–16]. The prevalence of pulmonary embolism varies
greatly among published reports – from 2% to 36% – but most studies report a
figure of approximately 17%. The frequency of venous thromboembolism
(VTE) depends greatly on the population studied, the presence of symptoms,
the study design, the time interval between CVC insertion and imaging studies
utilized to establish the diagnosis of thrombosis, as well as the time period when
the study was performed [17]. Prospective studies performed in the 1980s and
1990s demonstrated an incidence of CRDVT in cancer patients that varied from
30% to 74% [3, 4, 18–25]. Nevertheless, most of the cases of CRDVT were
asymptomatic. In a comprehensive review of this topic, Kuter estimated that
approximately one third of all CRDVT cause symptoms [26].

Recent clinical trials have shown a much lower incidence of CRDVT. Symp-
tomatic CRDVT was seen in 4.3% of cases in two recent prospective studies in
which imaging studies were performed only if patients develop symptoms
suggestive of CRDVT [27, 28]. Two other recent studies, in which venography
or color Doppler ultrasound were performed in all patients at predetermined
time intervals, demonstrated an incidence of venous thrombosis of 6% in one
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study and 16% in the other. Nevertheless, only 2% of all episodes of CVDRT
were symptomatic in both studies [29, 30]. In another recently published
thromboprophylaxis study, the incidence of catheter-related thrombotic com-
plications was only 3.6% [31]. These recently published studies suggest that the
incidence of catheter-related thrombosis has decreased significantly in recent
years. The reason for the decreased incidence of CRDVT is unclear. Possible
explanations include improvement in biocompatible materials, better catheter
insertion techniques and better catheter maintenance [32]. Another possible
explanation is a difference in patient population, since most of those who
participated in recent clinical trials had solid tumors in contrast to earlier
studies that included large numbers of patients with hematologic malignancies.
It also has to be kept in mind that many of these studies were performed at
centers with a special interest in vascular access. These centers have personnel
who are expert in inserting and maintaining catheters, which may result in a
lower rate of complications.

12.2 Diagnosis of Central Venous Catheter-Related Deep

Vein Thrombosis

Symptoms of CRDVT are nonspecific and include swelling of the upper extre-
mity, pain, functional impairment of the arm, discoloration of the skin, and
distended collateral veins over the shoulder girdle and chest [15, 16]. Objective
methods of examination yield negative findings for this complication in more
than 50% of the patients in whom these symptoms are present [33].

Venography is the reference method for the diagnosis of deep vein throm-
bosis. However, venography is an invasive procedure that requires contrast
agents that can cause allergies and nephrotoxicity. Venography also exposes the
patient to ionizing radiation, is costly and may be extremely difficult to perform
in patients with limited access to the veins in the upper extremities. These
disadvantages limit the role of venography as the initial imaging method for
CRDVT. Other imaging studies utilized for the evaluation of deep vein throm-
bosis include compression ultrasonography, Doppler ultrasonography and
color flow Doppler imaging. Ultrasonography is noninvasive, has a lower
cost, is portable and does not require ionizing radiation. Several prospective
studies of patients with signs or symptoms of upper extremity thrombosis have
compared ultrasonography, color flow Doppler imaging, and Doppler ultra-
sonography prior to venography (Table 12.1) [15, 33–37]. Sensitivity and spe-
cificity of compression ultrasonography and color flow Doppler imaging were
comparable and better than those of Doppler ultrasonography.

After an extensive review of the literature, Gaitini et al. concluded that color
Doppler duplex ultrasonography was the imaging test of choice for the diag-
nosis of CRDVT. The authors based this conclusion on the high sensitivity
(78–100%) and specificity (82–100%) of this procedure [32]. The main
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limitation of color Doppler duplex ultrasonography to diagnose CRDVT is the
presence of overlying bones on the medial subclavian vein and on centrally
located veins including the brachiocephalic and superior vena cava confluence.

Based on the available data, it is reasonable to perform color flow Doppler
imaging or compression ultrasonography on patients in whom CRDVT is
suspected. Venography should be reserved for those patients in whom the
diagnosis of CRDVT remains doubtful after noninvasive testing or in cases in
which the diagnosis is strongly suspected after a normal or indeterminate
noninvasive test. This is of particular importance when thrombosis of the
medial subclavian vein or other central veins is suspected.

The diagnostic approach to CRVT differs in children. In a study of CVC in
pediatric acute lymphocytic leukemia (ALL), it was shown that ultrasound was
relatively insensitive in diagnosing DVT in the upper body of children (79%)
but appeared more sensitive than venography for jugular vein thrombi. The
authors concluded that a combination of venography and ultrasound was
required for screening for DVT in the upper venous system of children [38].

Despite the fact that computerized tomography and magnetic resonance
imaging have been utilized in the diagnosis of central vein thrombosis with
encouraging results, these imaging modalities have not been compared rigor-
ously with venography, the reference standard to diagnose CRDVT of the
central veins [39, 40].

12.3 Risk Factors for the Development of Central Venous

Catheter-Related Deep Vein Thrombosis

Multiple patient- and catheter-related risk factors for CRDVT have been
proposed [41]. Patients with cancer have a sevenfold risk of thrombosis com-
pared to patients without cancer [42]. Patient-related factors that influence the
probability of thromboembolic disease in cancer patients include the type and
stage of cancer, the time interval from diagnosis of the cancer to the develop-
ment of thromboembolic disease, surgical intervention and therapy with anti-
neoplastic and hormonal agents. In one study, the platelet count was found to

Table 12.1 Clinical utility of imaging studies in diagnosing upper extremity deep-vein throm-
bosis using venography as the standard reference

Diagnostic test
Sensitivity [1]
(%)

Specificity [1]
(%)

Compression ultrasonography [15] 96 93.5

Doppler ultrasonography [15] 81 77

Color flow Doppler [15] 100 93

Color flow Doppler [33] 94 96

Color flow Doppler [34] 78 92

Color flow Doppler [35] 82 82

Color flow Doppler [36] 100 100
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influence the incidence of thrombotic complications in cancer patients. Patients

with a low platelet count had a lower risk of developing CRDVT [25]. The role

of thrombophilic mutations in promoting CRDVT is unclear. Some authors

have reported an increased incidence of factor V Leiden mutation in patients

with thrombosis of CVC but other authors have not found any correlation

between the factor V Leiden mutation and CRDVT [43–46]. The presence of

prothrombin G20210A mutation has been implicated as a risk factor in some

studies but not in others [45, 47, 48]. A recent meta-analysis of 10 studies with a

total of 1,000 patients reported that the pooled odds ratio for CRDVT was 4.6

in patients with factor V Leiden and 4.9 for the prothrombin genemutation [49].
It is possible that differences in the incidence of thrombosis observed in

studies of patients with thrombophilic mutations is influenced by the type of

tumor or its therapy.Wermes et al. reported that genetic mutations appeared to

be additional risk factors for the development of thrombosis in patients with

ALL but not in a small number of children with other malignant diseases [50].

These authors hypothesized that the difference could be due to the asparaginase

and corticosteroids used to treat ALL. Similar observations have been made in

patients treated with interleukin-2 and in patients undergoing peripheral blood

stem cell mobilization with granulocyte-monocyte colony stimulating factor

[51, 52]. Large studies in well-defined populations will be necessary to clarify the

influence of thrombophilic mutations on CRDVT.
The insertion of CVC further increases the risk of thromboembolism in

patients with cancer. Venous stasis, direct endothelial injury and exposure to

thrombogenic surfaces result in an increased incidence of thrombotic complica-

tions. Catheter-related factors also influence the incidence of CRDVT. In

experimental studies silicone and polyurethane catheters appear to be less

thrombogenic than polyvinylchloride and polyethylene catheters [53]. Two

studies in children utilizing heparin-bonded catheters demonstrated a lower

incidence of thrombosis suggesting that the heparin coating is able to decrease

thrombus formation [54, 55]. It is of interest that, despite the fact that one of

these studies was randomized, it has not generated great interest in studying

heparin-bonded catheters in adults. The number of catheter lumens also influ-

ences the incidence of thrombosis. Triple-lumen catheters have a significantly

higher incidence of thrombosis compared to double-lumen catheters [56]. The

insertion site is also an important risk factor in the development of CRDVT.

Catheters inserted on the left side have a higher incidence of thrombosis

compared to catheters inserted in the right side [4, 57, 58]. This is probably a

reflection of the anatomy of the upper venous system [59]. The position of the

catheter has been found to be an important factor in the development of

CRDVT. A significantly lower rate of CRDVT was observed when the catheter

tip was positioned between the superior vena cava and the right atrium [60].

Another study demonstrated that patients in whom the catheter tip was above

the upper half of the superior vena cava had a significantly higher probability of

developing CRDVT [17]. Other factors that influence the incidence of CRDVT
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include insertion technique, previous CVC insertion, more than one CVC
insertion attempt and CVC related infection [8, 18, 26, 28, 61, 62].

Some veins may be more vulnerable to CRDVT. In a retrospective analysis
of more than 200 patients, a higher incidence of symptomatic thrombosis was
found in those who underwent subclavian compared to internal jugular catheter
insertion [62]. McDonald et al. reached the same conclusion after a prospective
observational study [63].Male et al. also found a higher incidence of CRDVT in
children when the subclavian vein was catheterized [59]. A large, prospective,
observational study performed at a tertiary cancer center was recently pub-
lished that demonstrated a lower incidence of thrombosis when the CVC were
inserted in the internal jugular vein (0.6%) compared to the subclavian vein
(2%) [64]. However, other studies have failed to show differences in CRDVT
based on the catheterized vein [41, 65].

Despite the fact that the risk factors discussed are well recognized, particular
clinical situations frequently dictate the type of catheter utilized and the parti-
cular vein catheterized in the individual patient.

12.4 Prophylaxis for Catheter-Related Deep Vein Thrombosis

Prophylactic anticoagulation for patients with CVC has been studied for more
than two decades. During this period of time, multiple clinical trials have been
performed with varying results. It is important to realize that the available
published reports include heterogeneous populations of patients with different
types of vascular access devices inserted in different central veins. Published
studies also have utilized different imaging modalities to establish CRDVT. In
addition, multiple anticoagulants have been studied for varying duration, and
the study endpoints have also varied greatly from study to study.

One of the earliest and most influential studies was performed by Bern et al
[20]. In this small study, prophylaxis with 1mg of oral warfarin daily decreased
the incidence CRDVT from 25% to 10% and without hemorrhagic complica-
tions. With this low dose of warfarin, there were no measurable changes in the
coagulation parameters studied except in patients who became anorectic
because of chemotherapy or their disease. Based on this study, many clinicians
utilized low-dose warfarin for CRDVT prophylaxis since it appeared to be safe
for most patients. However, questions have been raised about its effectiveness.
Multiple prospective studies have been published since the report by Bern
evaluating the efficacy of different anticoagulant regimens in preventing
CRDVT [21, 27, 31, 66–68] and several of these studies addressed the use of
low-dose warfarin. A small study by Heaton et al. failed to demonstrate a lower
incidence of CRDVT in patients given low-dose warfarin compared to controls
[67]. A recently reported, well-executed prospective randomized trial that
included more than 200 patients failed to demonstrate a reduction in the
incidence of symptomatic CRDVT [27]. However, a very low incidence of
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CRDVT was observed in this study as compared with studies performed years
earlier. The authors concluded that, in view of the low overall incidence of
CRDVT, an even larger study would be required to determine if low-dose
warfarin is effective in preventing CRDVT. A recently published meta-analysis
that took into account 4 studies that included over 1,000 patients did not
demonstrate a reduction of CRDVT in patients who received warfarin [69].

Several studies have been performed to determine if prophylaxis with low
molecular weight heparins (LMWH) decrease the incidence of CRDVT. The
earliest prospective study was reported by Monreal et al. [21] This group found
a marked difference in CRDVT between patients who received dalteparin
LMWH vs patients who did not receive the drug (6% vs 62%). Strengths of
this study include the utilization of only one type of totally implanted catheter
system and mandatory evaluation by venography at predetermined time inter-
vals. The main drawback of the study was its small size because the study was
terminated early by recommendation of the ethics committee of their institu-
tion. Two excellent studies evaluated the efficacy of enoxaparin and dalteparin
in preventing CRDVT [30, 31]. Both of these studies were large, double-blind
and placebo-controlled. Neither found any difference in the rate of CRDVT.
The incidence of CRDVT also was lower than in earlier studies: the rate of
symptomatic thrombosis in both studies was only 3% and 4%. Amore recently
published randomized, placebo controlled clinical trial in patients with hema-
tologic malignancies undergoing chemotherapy also failed to show a statisti-
cally significant difference in the incidence of CRDVT in patients receiving
dalteparin [70].

As the above-mentioned studies illustrate, recent well-executed clinical trials
of prophylaxis for CRDVT have shown a low incidence of CRDVT and failed
to show a significant reduction in the incidence of symptomatic or asympto-
matic catheter-related thrombosis. Several meta-analyses have been published
that also do not support the routine use of thromboprophylaxis in cancer
patients with CVC [71–73]. Akl et al., as part of the Cochrane Collaboration,
concluded that use of heparin was associated with a trend towards reduction in
symptomatic CRDVT but the data did not show any significant effect on
mortality, infection, major bleeding or thrombocytopenia [72]. The effect of
warfarin on symptomatic CRDVT was not statistically significant. Of interest,
when studies assessing different types of anticoagulants were pooled, sympto-
matic DVT rates were significantly lower. Another meta-analysis by Chaukiyal
et al. concluded that thromboprophylaxis has no significant effect on the risks
of catheter related thrombosis or bleeding [71].

Despite the results of these recent clinical trials, significant questions remain
regarding thromboprophylaxis for CVC [32, 74]. It is unknown whether higher
doses of current anticoagulants or new anticoagulant agents can prevent
CRDVT. More relevant is the possibility that patients at very high risk of
CRDVT can benefit from thromboprophylaxis [75]. As discussed earlier, it
remains to be seen whether the low incidence of CRDVT observed in recent
studies translates into a lower incidence of catheter-related thrombosis in
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general practice and outside of centers specialized in this area of supportive
care. In order for future studies to assess the efficacy of anticoagulation in the
prevention of CRDVT, a very large number of patients will have to be recruited
given the low incidence of this complication. In addition, future clinical trials
will have to include homogenous populations with similar diagnoses, vascular
access devices, risk factors and endpoints in order to clarify the role of throm-
boprophylaxis for CRDVT.

12.5 Management of the Thrombotic Complications of Central

Venous Catheter in Cancer Patients

Intraluminal thrombosis and fibrin sheath formation occur frequently and
can be treated effectively with small doses of alteplase or recombinant uroki-
nase (not currently available in the United States for this purpose) without
hemorrhagic or embolic complications [11, 76–78]. As mentioned earlier,
imaging studies should be considered in patients in whom the use of throm-
bolytic agents fails to restore patency of a central venous catheter, since
malposition or other mechanical problems are frequently responsible for the
catheter malfunction. However, there is an association between catheter
occlusion and CRDVT [28].

The management strategies of CRDVT are less well defined than the man-
agement of intraluminal thrombosis or fibrin sheath formation because there
are no prospective controlled studies to guide the therapy of this complication.
The goals of therapy of CRDVT are to prevent propagation of the clot,
pulmonary embolism, postphlebitic syndrome and recurrent thrombosis [79].
Another important goal of therapy is to maintain adequate vascular access in
order to continue antineoplastic treatment or supportive care. Because of the
paucity of information in this area, most physicians have treated CRDVT in a
similar fashion to lower extremity DVT.

Anticoagulation has been the most utilized therapy for CRDVT. The ratio-
nale for this approach includes the fact that pulmonary embolism complicates a
significant proportion of cases of upper extremity DVT and is more frequent
after CRDVT [16]. In addition, recurrence of the thrombus is frequent in
patients with upper extremity DVT. A recent report from an ongoing registry
of consecutive patients with objectively confirmed, symptomatic, acute upper
extremityDVTdemonstrated that 38%of patients with upper extremity throm-
bosis had cancer and 45% of all patients had CRDVT [80]. In this registry
report, patients with CRDVT and cancer had an increased incidence of major
bleeding, recurrent thromboembolism and death when compared with patients
without cancer. Patients with CRDVT and cancer also had a higher incidence of
composite events defined as any combination of recurrent DVT, symptomatic
pulmonary embolism or major bleeding. This study clearly demonstrates the
potential consequences of CRDVT in patients with cancer.
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Several studies have demonstrated that the use of LMWH followed by the
administration of warfarin is a reasonable therapy for patients with CRDVT. In
a prospective cohort study of 46 patients receiving dalteparin followed by
warfarin, only one patient developed recurrent DVT and no patient developed
pulmonary embolism. Only one patient experienced major bleeding, suggesting
that this approach is safe and effective in the management of patients with
upper extremity DVT [81]. In a prospective study of patients with CRDVT,
patients who underwent anticoagulation either with LMWH only or LMWH
followed by warfarin were able to retain their catheters with a low incidence of
long-term complications, suggesting that anticoagulation was safe and effective
in the few symptomatic patients on this study [28]. A more recent study using
the same approach of administering dalteparin followed by warfarin corrobo-
rated previous results [82]. In this study there were no episodes of recurrent
venous thromboembolism and no lines were removed because of infusion fail-
ure or recurrence or extension of the CRDVT. Nevertheless, there was a 4%
incidence of major bleeding. An open question is the duration of anticoagula-
tion after CRDVT; recommendations have varied from 3months to indefinite
duration in the presence of active tumor [79].

The role of catheter removal in the management of CRDVT is unclear. In a
retrospective analysis of patients with thrombosis of CVC, 20 patients with
CRDVT who were treated only by removing the CVC did not experience
recurrent thrombosis but the follow-up after removing the catheter was short
[83]. In this study, 25% of patients who had their CVC removed due to
thrombosis and had another catheter inserted without anticoagulation experi-
enced recurrent thrombosis. It has to be emphasized that the safety of catheter
removal without anticoagulation has not been well studied. It is very relevant
that, in this study, anticoagulation with or without catheter removal resulted in
resolution of clinical symptoms in all patients.

The precise role of systemic thrombolysis in the management of CRDVT has
not been established, at least in part due to its potential adverse effects. In a
retrospective study of the long-term outcome of patients with subclavian and
axillary vein thrombosis, patients who underwent systemic urokinase thrombo-
lysis had a 21% rate of bleeding complications [84]. In this study, patients
treated with systemic thrombolysis exhibited a 60% reduced risk for a throm-
bosed subclavian vein at the time of follow-up compared to patients treated
with anticoagulation only. However, the frequency of symptomatic postthrom-
botic syndrome after thrombolysis and anticoagulation was similar. Since there
is no clear benefit of systemic thrombolysis and a higher risk for bleeding, this
modality of therapy should not be utilized except in unusual circumstances such
as when the upper extremity circulation is at risk or in patients without other
therapeutic alternatives.

There is limited information regarding the role of catheter-directed throm-
bolysis in the management of patients with CRDVT [85]. In a small study of
patients undergoing high-dose chemotherapy, all 18 patients treated with cathe-
ter-directed thrombolysis had a partial or complete resolution of clinical signs

12 Catheter-Related Thrombosis 215



and symptoms. Of the patients, 50% also achieved a partial radiographic
response defined as clot lysis with irregular canalization of the vein. In this
study, therapeutic doses of heparin for 5–7 days and warfarin for at least
3months were commenced at the conclusion of the thrombolytic therapy. Twelve
catheters were salvaged and utilized subsequently until no longer required. Six
catheters were removed because of poor catheter function or rethrombosis. The
median interval from diagnosis of the thrombus until extraction of the 12
salvaged catheters was 3months (range 1–8months). Discontinuation of the
procedure was required in only one patient who developed gastrointestinal
bleeding. Another small study in which this approach was utilized in patients
with CRDVT complicating peripherally inserted central catheters described
resolution of CRDVT in all patients [86]. Important differences from the pre-
viously described study were that all the central venous catheters were removed
during the procedure and that no long term anticoagulation was given. Current
experience suggests that this therapeutic approach requires further study in
patients with CRDVT. This is especially relevant after a recent report of cathe-
ter-directed thrombolysis for upper and lower extremity DVT demonstrated not
only that complete clot lysis was achieved in two thirds of the patients but also
that the complication rate observed in patients with cancer was similar to that in
patients without malignancy.

Superior vena cava vein filters have been utilized in the therapy of patients
with upper extremity deep vein thrombosis who have contraindications to antic-
oagulant therapy or in patients inwhom anticoagulant therapy has failed. Spence
et al. reported on 91 patients who underwent percutaneous filter placement in the
superior vena cava for prevention of pulmonary embolism due to acute upper
extremity DVT [87]. In this study a CVC was present at the site of thrombosis at
the time of diagnosis or within the previous 2weeks in a total of 88% of patients,
and one third of the patients had carcinomas. With a median follow-up of
12weeks, no complications such as filter migration, dislodgement or fracture
was observed. In addition, no patients developed clinical evidence of pulmonary
embolism due to upper extremity thrombosis or superior vena cava syndrome.
Central venous catheters were inserted subsequent to filter placement in half the
patients without complication. Another study corroborated these findings [88].
Additional studies will be necessary to establish firmly the role of filter insertion
in patients with CRDVT since there has never been a randomized controlled trial
to examine objectively the use of this modality in patients with CRDVT.

It is encouraging that the importance of CRDVT has been recognized by an
alliance of leading cancer centers. A panel of experts from The National Com-
prehensive CancerNetwork (NCCN) recently issued practice guidelines based on
the available information and expert opinion [89]. These guidelines are periodi-
cally updated and take into account new information published in this field.

Evidence of the increasing importance of vascular access in the management
of patients with multiple medical problems is illustrated by the fact that the New
England Journal of Medicine recently published instructions of how to insert
central venous catheters via the subclavian vein as part of their ‘‘Videos on

216 C.O. Freytes



Clinical Medicine’’ series [90]. Although variations of this technique exist, and
not all clinicians agree with every recommendation, this video provides a
detailed illustration of how to accomplish central venous vascular access
[91–94]. It must be emphasized that vascular access insertion should be per-
formed by properly trained personnel that have experience in the insertion of
central venous catheters and are familiar with the complications and their
management.

In summary, recent well-designed prospective controlled trials have demon-
strated a lower incidence of catheter-related deep vein thrombosis (CRDVT)
compared to earlier studies but this complication remains an important limita-
tion for the delivery of drugs and supportive care to cancer patients. Prophylaxis
of CRDVT with antithrombotic agents was not supported by recent prospective
randomized trials, and their routine use is not recommended. Larger studies will
be required to determine if cancer patients at particularly high risk for CRDVT
can benefit from prophylaxis with antithrombotic agents. There are no prospec-
tive controlled studies to guide the therapy of CRDVT but treatment with antic-
oagulants remains the mainstay of therapy. While recently published guidelines
might help standardize the therapy of patients with CRDVT, prospective con-
trolled studies are needed to determine the optimal therapy of this important
complication of central venous catheters in cancer patients.
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Chapter 13

Thrombosis in Childhood Cancer

Geoffrey A. Allen and Rukhmi Bhat

13.1 Introduction

Over the past five decades, the survival rate for children diagnosed with onco-

logic disease has dramatically increased from less than 20% to almost 80%.

Accordingly, an area of growing interest and concern is the long-term effects of

the patients’ disease and therapy. Thromboembolic events (TEE) occur with

greater frequency in children and adults with cancer and have been extensively

studied in the latter population. However, given the relative infrequency of

TEE in the general pediatric population and paucity of coordinated efforts,

information on the incidence, nature and impact of thrombosis in children

with cancer has been lacking until recently. In this chapter, we address the

salient features of TEEs in the pediatric cancer patient.

13.2 Epidemiology

13.2.1 Incidence in the General Pediatric Population

Previous efforts to document the incidence of TEE in the general pediatric

population have consisted primarily of literature reviews and retrospective

compilations of single institution experiences. More recent efforts, including

prospective studies and registries, have made valuable contributions to the

knowledge base. Arterial thromboembolic events are relatively rare in children,

as compared with venous thromboembolism and are primarily related to ther-

apeutic interventions with arterial catheters. For this reason, the primary focus

will be on venous TEEs.
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Compared with an estimated average annual incidence of 1–2/1000 in the
adult population, the incidence of venous thromboembolism in the pediatric
population has been estimated at 0.07–0.49 per 10,000 children [1–5]. The age
distribution of TEE in children is bimodal, with the periods of highest risk
occurring in the 1st year of life and late adolescence (Fig. 13.1). The neonatal
period appears to have the highest frequency of events, with estimates of up to
14.5 per 10,000 [5]. This is likely reflective not only of the unique biology of the
neonate, but also the increasing numbers of ill neonates being cared for and
having more invasive medical procedures. In contrast to the adult population,
spontaneous TEE occurs rarely in children, with more than 90% of pediatric
thrombosis patients having contributing factors or medical conditions asso-
ciated with increased risk for TEE, as is reflected in the higher incidence of
TEE in hospitalized children, 5.3 per 10,000 [3, 6]. Cancer is a considerable
risk factor, with 8–22% of pediatric thrombosis patients being afflicted with
cancer [3, 5].

13.2.2 Incidence in the Pediatric Cancer Patients

Malignancy is one of the more common underlying conditions associated
with TEE in the pediatric population. The incidence of thrombosis varies
widely, dependent upon whether only symptomatic events were reported, or
whether all patients were screened, regardless of the presence of symptoms.
Figure 13.2 shows the anatomic distribution of symptomatic thromboembolic
events in children with ALL [7]. Additionally, retrospective studies appear to

Fig. 13.1 Age distribution of 405 children with PE, or DVT in the upper or lower venous
system reported to the Canadian Registry of Venous Thromboembolic Complications in
Children. Reprinted with permission [108]
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underestimate the risk of TEE in pediatric cancer patients, compared with

prospective studies [8].
As acute lymphoblastic leukemia (ALL) is the most common malignancy of

childhood, the bulk of existing data comes from this population. Mitchell et al.

reported the incidence of TEE in pediatric ALL patients to be 36.7%, almost all

related to the presence of indwelling central venous catheters (CVCs) [9]. In

this prospective study, all patients were screened at the end of induction with

bilateral venography or MRI of upper body, ultrasound of upper body, echo-

cardiogram and MRI of the head. Only 5% of TEE in this study were sympto-

matic. Using spiral CT and ultrasound to screen for asymptomatic CVC-related

thrombi, Farinasso observed an even higher incidence of 77% in children with

ALL [10]. Only 4 of the 43 thrombotic events were symptomatic and only two

were unrelated to the CVC. The clinical relevance of asymptomatic TEE in

pediatric oncology patients is unknown. A similar incidence of symptomatic

TEE was reported in a meta-analysis of 17 prospective studies of TEE in

pediatric patients with ALL [8]. In 1,752 patients, the overall risk of sympto-

matic TEE was 5.2% over the entire course of therapy, a rate at least 100 times

greater than that observed in the general pediatric population.
There are less data on the incidence of TEE in other pediatric cancers.

A retrospective study of 75 pediatric patients with lymphoma found the overall

incidence of TEE to be 12%. The presence of mediastinal lymphadenopathy was

associated with a higher risk of thrombosis, while there was a non-significant

trend towards a lower incidence in those patients under 10 years of age.

No significant difference in incidence was noted between patients withHodgkin’s

disease (HD) and those with non-Hodgkin’s lymphoma (NHL), despite

that treatment of NHL typically involves asparaginase, while treatment of HD

does not.
Brain tumors are the most common solid tumor of childhood. The reported

incidence of symptomatic TEE in children with brain tumors varied from

0.645% to 2.8% in two retrospective series [11, 12]. In contrast, in a retrospective

series of 122 pediatric patients with sarcoma, 16% had either symptomatic or

Fig. 13.2 Anatomical
distribution of symptomatic
TE in children withALL; PE
¼ pulmonary embolism;
DVT¼ deep venous
thrombosis; CNS-TE
¼ central nervous system
thromboembolism.
Reprintedwith permission [7]
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incidental finding of venous thrombosis [13]. Half of the patients had throm-
bosis at the time of diagnosis, with only half of those being related to tumor
compression. While the overall incidence of metastatic disease at the time of
diagnosis was 31%, 80% of those with thrombosis at the time of diagnosis
already had metastatic disease. The risk of TEE was approximately twofold
higher in those patients with distant metastases.

13.3 Unique Attributes of the Pediatric Hemostatic System

Fibrinogen has been detected during the 5th week of gestation in the human
fetus [14]. By the time of birth, the hemostatic system of the newborn is fully
functional, as evidence by the lack of a general hemorrhagic or thrombotic
state. However, significant differences are apparent when compared to adult
subjects and these differences do not fully resolve until the late adolescent
period (Table 13.1). Normal ranges for the components of the procoagulant,
anticoagulant and fibrinolytic systems of the fetus, neonate and child ages have
been published [15–19]. Newborns demonstrate the greatest disparity, much of
it resolving in the first 6months of life.

13.3.1 Primary Hemostasis

Neonatal platelets have often been described as ‘‘hypo-reactive’’, largely due to
decreased aggregation in response to standard platelet agonists and immature

Table 13.1 Normal mean values and ranges for selected hemostatic factors at various life
stages [18, 109]

Full-term infant
Adolescent
(11–16 years) Adult

FII (U/mL) 0.48 (0.26–0.70) 0.83 (0.61–1.04) 1.08 (0.70–1.46)

FV (U/mL) 0.72 (0.34–1.08) 0.77 (0.55–0.99) 1.06 (0.62–1.5)

FVII (U/mL) 0.66 (0.28–1.04) 0.83 (0.58–1.15) 1.05 (0.67–1.43)

vWF (U/mL) 1.53 (0.50–2.87) 1.00 (0.46–1.53) 0.92 (0.50–1.58)

FIX (U/mL) 0.53 (0.15–0.91) 0.82 (0.59–1.22) 1.09 (0.55–1.63)

FX (U/mL) 0.40 (0.12–0.68) 0.79 (0.50–1.17) 1.06 (0.70–1.52)

FXI (U/mL) 0.38 (0.10–0.66) 0.74 (0.50–0.97) 0.97 (0.67–1.27)

FXII (U/mL) 0.53 (0.13–0.93) 0.81 (0.34–1.37) 1.08 (0.52–1.64)

AT (U/mL) 0.63 (0.39–0.87) 1.05 (0.77–1.32) 1.00 (0.74–1.26)

a2-M (U/mL) 1.39 (0.95–1.83) 1.56 (0.98–2.12) 0.86 (0.52–1.2)

HCII (U/mL) 0.43 (0.10–0.93) 0.91 (0.53–1.29) 1.08 (0.66–1.26)

Protein C (U/mL) 0.35 (0.17–0.53) 0.83 (0.55–1.11) 0.96 (0.64–1.28)

Plasminogen (U/mL) 0.54 (0.35–0.74) 0.86 (0.68–1.03) 0.99 (0.77–1.22)

t-PA (ng/mL) 9.60 (5.0–18.9) 2.16 (1.0–4.0) 4.90 (1.4–8.4)

PAI-1 (U/mL) 6.40 (2.0–15.1) 6.07 (2.0–10.0) 3.60 (0.0–11.0)
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signal transduction pathways [20]. Despite this attribute, the bleeding time in
newborns is shorter than that in older children and adults, likely due to
increased concentrations of circulating von Willebrand factor (vWF) and lar-
ger, more adhesive vWF multimers [16, 17, 21–23]. Additionally, platelets in
the newborn period appear to have greater procoagulant characteristics, with
greater surface phosphatidylserine (PS) expression and microparticle genera-
tion in vitro [24, 25]. However, as these differences resolve in the first few
months of life, they are unlikely to have significant effect on the incidence of
TEEs during most of childhood.

13.3.2 Secondary Hemostasis

In the newborn infant, levels of the vitamin K-dependent (II, VII, IX, X) and
contact factors (XI, XII, prekallikrein and high molecular weight kininogen)
are decreased relative to normal adult values. Conversely, the cofactors V and
VIII, as well as factor XIII are present at normal adult levels, demonstrating
that the lower levels of some factors is not simply due to an overall decrease in
protein synthetic maturity [16, 17]. Beyond the 1st year of life and throughout
childhood, the vitamin K-dependent and contact factors remain at about 80%
of adult levels [18].

13.3.3 Inhibitory Proteins

Levels of the direct thrombin inhibitors antithrombin (AT) and heparin co-
factor II (HCII) are present in significantly depressed levels at birth. In contrast,
�2-macroglobulin (�2-M) levels are significantly higher than found in adult
subjects and remain so throughout childhood [16–18]. Similarly, levels of the
vitamin K-dependent proteins C (PC) and S (PS) are present at approximately
30% of adult levels at birth. Low PC levels persist through childhood, while PS
concentrations approximate those of adults within a few months. The percen-
tage of free PS is similar to adult levels during infancy, due to equally reduced
levels of it carrier C4-binding protein [26].

13.3.4 Fibrinolysis

Similar to other components of the hemostatic system, the constituents of the
fibrinolytic system are present in significantly different concentrations as com-
pared to adult subjects. Plasminogen levels in the full-term neonate are approxi-
mately half of normal adult values [17]. Those differences that persist outside
the first 6months of life include decreased levels of tissue plasminogen activator
(t-PA) and increased plasminogen activator inhibitor (PAI-1) [16–18]. Levels of
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a2-M, which also acts as a nonspecific inhibitor of both plasmin and t-PA, are
elevated throughout childhood as mentioned previously. These differences
would suggest a hypofibrinolytic state, as was supported by the observations
of Monagle et al. using venous occlusion stress testing to compare fibrinolytic
response in adolescents and adults [27].

The net effect of these characteristics in the pediatric hemostatic system that
persist into adolescence is not fully known. In vitro measurements of thrombin
generation would suggest that the key determinants are concentrations of
prothrombin and AT [28, 29]. This is supported by the observation that throm-
bin generation in neonatal plasma is significantly decreased, and appears to
most responsive to added prothrombin [30]. Pooled plasma from children aged
1–16 years, when compared to adult plasma, showed 27% less thrombin gen-
eration in aPTT-based assays [3]. The impact of low AT levels on thrombin
generation is tempered by the elevated levels of a2-M, which contributes less
thrombin inhibition as AT approaches adult levels [31, 32]. The lower concen-
tration of PC would appear to be, if anything, prothrombotic in nature. Simi-
larly, apparent decreased fibrinolytic activity in children would also appear to
contribute to a prothrombotic state. Finally, the impact of the vascular endothe-
lium of children on hemostasis as compared with the adult is not known and not
easily measured. The influence of age, disease and toxic exposure on the vessel
wall may be a significant contributor to the increased risk of TEE risk in the adult
cancer patient.

13.4 Prothrombotic State in Children with Cancer

The prothrombotic state in patients with cancer is due in part to the ability of
malignant cells to affect all aspects of the coagulation system, as discussed at
length elsewhere in this text (Fig. 13.3). Prothrombotic factors in malignancy
include direct procoagulant, antifibrinolytic and pro-inflammatory activities.
Malignant cells have been demonstrated to lead to activation of both primary
and secondary hemostasis. Tumor cells have been shown to express procoagu-
lant substances on their surfaces such as tissue factor (TF), cancer procoagulant
(CP), and mucin, which are capable of activating the coagulation cascade at
various points, as well as platelets [33–36]. Similarly, malignant cells may have
both positive and negative effects on the on the fibrinolytic system, having been
demonstrated to express tissue plasminogen activator (tPA), urokinase plasmi-
nogen activator (uPA), as well as plasminogen activator inhibitor1-1 (PAI-1)
[37–39]. The prothrombotic tendency of cancer patients is further enhanced by
therapies such as surgery, chemotherapy and radiotherapy, interventions such
as surgery and CVCs and complications such as infections and hemodynamic
compromise. Finally, inherited prothrombotic defects may contribute to the
overall risk factors for thrombotic events in children with cancer. As much of
the data in children has been generated from studies on subjects with leukemia,
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it is difficult to draw conclusions from and to rank the impact of these multiple
factors on the incidence of thrombotic episodes in all children with cancer.

13.4.1 Procoagulant Properties of Cancer in Children

A common finding amongst the small number of studies in children with leuke-

mia and lymphoma is evidence of increased thrombin generation and activity at

the time of diagnosis, persisting long after the start of treatment. Evidence of

this was offered in the form of elevated thrombin-antithrombin complexes

(TAT), prothrombin fragment 1.2 (F1.2) and fibrinopeptide A [40–43]. Inter-

estingly, is has been observed that children with T-cell leukemia have signifi-
cantly higher TAT levels than do children with pre B-cell ALL. Despite the

increased thrombin activity, Mitchell reported that the thrombin potential of

plasma from children with leukemia was not greater than that of controls [44].

Abshire et al. found increased tissue factor activity in the bone marrow of

children with AML, while that from children with ALL was normal [45].

Similarly, Semararo found that circulating mononuclear cells from pediatric
lymphoma patients had a greater capacity for tissue factor expression than did

normal controls [46].

Fig. 13.3 Expression of tumor and endothelial cell procoagulant functions. Tissue factor (TF)
and cancer procoagulant (CP) are expressed on the surface of the tumor cell, with enhance-
ment of effect through local production of IL-8 by the endothelium and VEGF and inflam-
matory cytokines TNF-� and IL-1b from tumor cells. The cytokines convert the normal
anticoagulant properties of the endothelium to procoagulant by down-regulating TM expres-
sion and increasing TF and PAI-1 expression. Subsequent fibrin production leads induces
further endothelial production of TF and IL-8. Reprinted with permission [107]
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Reported alterations of circulating anticoagulant includes decreased protein
C and S activity in children with ALL at diagnosis, while AT, HCII and a2-M
activity appear to be normal or elevated. Semararo found that while both tPA
and PAI-1 were increased in plasma from children with lymphoma, the increase
in PAI-1 levels was five times that observed in tPA, suggesting an overall
hypofibrinolytic state [46]. Observed increases in plasma levels of factor VII
and von Willebrand factor were felt to be reflective of an acute phase reaction,
while increased levels of thrombomodulin were suggested to be a marker of
ongoing endothelial damage [42, 44].

13.5 Role of Thrombophilia

Prospective studies in children with cancer have offered conflicting data regard-
ing the impact of inherited and acquired thrombophilia on the incidence of
TEEs (Table 13.2) [47–51]. Again, the majority of data concerns children with
ALL. Overall the prevalence of thrombophilia in children with cancer was
reported as ranging from 18% to 32%. This variation is likely related to the
ethnic variation in patient population and different thrombophilias studied.
The incidence of TEE in children with thrombophilia was variable and may be
related to whether asymptomatic subjects were screened for TEE, different
surgical techniques of CVC placement and the chemotherapy protocol used.
Nowak-Gottl et al. reported significantly higher incidence of thrombosis in
children with ALL with at least one inherited prothrombotic defect compared
to those without any prothrombotic defect 48.5% vs 2.2%, p<0.001 [50]. Of the
289 subjects investigated, 58 had one established single prothrombotic risk
factor. In contrast, the PAARKA study found no such effect of prothrombotic
defects on the development of thrombosis, although a smaller set of thrombo-
philias were studied and all patients were screened for thrombosis, not only
those with symptoms [9]. Wermes et al. observed that, although inherited
prothrombotic defects were associated with a higher risk TE in children with
ALL, the same trend was not seen in subjects with malignancies other thanALL
[51]. Based on available data and no evidence for an effective thromboprophy-
laxis strategy, no specific recommendations regarding screening for thrombo-
philias and the use of this information clinically can be made.

13.6 Role of Central Venous Catheters

CVCs have assumed a critical role in the care of children with acute and chronic
disease, easing the task of delivering medical therapies and nutrition, as well as
performing frequent phlebotomies. However, they are not without potential
morbidities, primarily bacterial infection and thrombotic events. In fact, the
presence of a CVC is the major exogenous risk factor for the development of
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thromboembolism in children [3]. The placement of a CVC disturbs the hemo-

static system by damaging the blood vessel and endothelium at the insertion site

and along the course of the catheter and contributing to stasis, particularly in

the smaller veins of children. Following placement, the surface of the CVC is

rapidly coated with a biofilm, comprised of platelets, fibrin and bacteria [52,

53]. The presence of such biofilms may serve as the nidus for infection, inflam-

mation and further fibrin clot formation. The use of special heparin-coated

catheters has been demonstrated to decrease the incidence of catheter-related

infection and thrombosis in children, while preliminary in vitro studies indicate

that a catheter coated with an AT-heparin complex may have even less pro-

thrombotic properties [54–56].
The reported incidence of CVC-related thrombosis in children with cancer

varies widely, dependent upon study design, imaging methods used, types of

malignancies studied, etc. Children with hematologic malignancy appear to be

at greater risk of developing CVC-related thrombosis than those with other

forms of malignancy [57, 58]. In a retrospective study of patients with ALL,

McLean et al. found a 6% incidence of thrombosis. As discussed previously,

with prospective screening for asymptomatic events, Mitchell, et al. reported

the incidence of CVC-related TEE in pediatric ALL patients to be 35% and

Farinasso et al. reported an incidence of 73% [9, 10]. In a population of children

with a variety of cancers, Glaser et al. reported 50% of subjects were discovered

to have evidence of CVC-related thrombosis using spiral CT and ultrasound to

screen patients, with only 3 out of 12 having abnormal physical findings on

exam.
A sub-study of the Prophylactic Antithrombin Replacement in Children

with Acute Lymphoblastic Leukemia on Asparaginase study (PARKAA)

assessed whether CVC location and insertion technique were associated with

an increased incidence of thrombosis. The study found a 33% incidence of

CVC-related thrombosis in children with ALL [59]. Left sided CVC, subcla-

vian location and percutaneous technique were associated with a higher

incidence of thrombosis, although none of these risk factors were confir-

med in the study by Farinasso [10]. Additionally, McLean noted that external

CVCs carried a significantly greater risk of thrombosis than did internal

CVCs [60].
The consequences of CVC-related thrombosis in children can be significant.

The Canadian Childhood Thrombophilia Registry monitored 224 children with

CVC-related thrombosis and reported a 3.7% incidence of mortality, 6.5%

incidence of recurrent TEE and 9.4% incidence of post-thrombotic syndrome

(PTS), with a mean follow-up of 2 years [61]. While the definition and incidence

of post-thrombotic syndrome in children with CVC-related thrombosis is not

consistent, severe PTS appears to a rare event [57, 62, 63]. The natural history of

asymptomatic CVC-related thrombosis is largely unknown and more prospec-

tive studies with larger patient population followed over longer periods of time

are required.
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13.7 Role of Chemotherapy

Specific chemotherapeutic agents, alone or as part of combination therapy,

are known risk factors for the development of TE in patients with cancer, as

addressed at length elsewhere in this text. Chemotherapy alters the hemostatic

system via direct effects on the endothelium, decreased anticoagulants and

fibrinolytic activity, platelet activation and aggregation and increased tissue

factor activity [41, 64–68]. We will address those findings having the greatest

impact on pediatric subjects in this section.
L-Asparaginase (L-asp), the substance in guinea pig serum noted to have

activity against lymphoma, is an important agent in the treatment of childhood

ALL, due in part to its unique mechanism of action, in addition to a relative

lack of myelosuppression [69]. Its effects on levels of coagulation proteins and

AT in particular were noted early in its history [70, 71]. It was somewhat later

that its effect on ATwas linked to thrombotic events observed during treatment

with L-asp containing combination therapy for pediatric ALL, particularly

sinovenous thrombosis, in patients both with and without CNS involvement

[67, 70–73]. The effects of L-asp on the hemostatic system of children have

usually been studied in the context of various combination chemotherapeutic

regimens, with other agents that are also capable of affecting hemostasis. Land

et al. noted that induction with L-asp alone appeared to have a slightly greater

effect on coagulation proteins and screening tests than did L-asp containing

combination therapy [71]. In a more detailed study, Mitchell et al. observed a

similar trend on 21 hemostatic variables, measured after 5 days of therapy with

asparaginase alone in children withALL [44].While a global decrease in protein

synthesis was observed, statistically significant decreases were seen in HMWK,

fibrinogen, vWF, factors IX and XI, AT, a2-M, HCII, alpha2 antiplasmin

(a2-AP) and plasminogen. The decrease in AT levels was of statistically greater

magnitude that the other proteins. During the following phase of combination

therapy without asparaginase, significant increases above baseline in many of

the coagulation proteins were observed, with a decrease in a few others proteins,

most notably a2-M. Subsequent combination therapy with asparaginase

demonstrated a more moderate effect on the studied proteins, with significant

increases measured in factor VII and PC and decreases in factors IX, XI and

XII, vWF and AT.
In addition to the effect on AT levels, other common (but not universal)

findings during asparaginase-containing combination therapy for childhood

ALL were decreased levels of PC, PS, AT, a2-M, plasminogen and fibrinogen

[42, 74–76]. The cause of the differential effect on coagulation protein levels is

not known. It does not appear to correlate with the asparagine content of the

individual proteins, nor their plasma half-lives. It has been suggested that

increased consumption of AT, due to the increased thrombin generation pre-

sent in childhood ALL, may contribute, in addition to decreased translation

and/or secretion of AT by hepatocytes [41, 77]. Increased platelet aggregation
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following combination therapy with L-asp has been also reported, while other

investigators observed no effect and yet others demonstrated a direct agonist

effect of L-asp on platelets [74, 75, 78].
Corticosteroids may induce a prothrombotic state through elevations in

individual procoagulant factors and by reduction in fibrinolytic potential, as

noted in patients with Cushing’s disease and those treated with exogenous

steroids for other conditions [79–89]. Consistent effects noted on procoagulant

proteins were elevations in factor VIII, von Willebrand factor (vWF) and

fibrinogen [8, 80–82, 88]. A decrease in fibrinolytic potential, as demonstrated

with a venous occlusion test, was felt to be related primarily to an increase in

PAI-1 activity [83, 84, 86].
Data in pediatric patients would suggest potential synergy with steroids and

L-asp, in addition to differences in procoagulant properties of those steroids

typically used to treat children with ALL. Nowak-Gottl et al. published a

comparison of two ALL treatment protocols, with significant differences in

episodes of symptomatic thrombosis [90]. In the BFM protocol, induction of

remission (IR) therapy included concurrent administration of prednisone and

L-asp, with 10.0% incidence of thrombotic events. In contrast, in patients on

the COALL protocol, in which L-asp was administered post-prednisone, the

rate of thrombotic episodes during IR was 0.8%. A multivariate analysis

indicated that it was the combination of L-asp and prednisone and the pre-

sence of thrombophilia that significantly increased risk for thrombosis. In

both the BFM and COALL protocols, re-induction therapy included L-asp

and dexamethasone, with a 1.7% rate of TEE observed in both. The same

group noted a decreased incidence of thrombotic events in pediatric ALL

patients treated with L-asp and dexamethasone during IR (1.8%), as com-

pared to another BFM protocol with L-asp and prednisone (10.4%) [91].

Caruso et al. also reported an increased incidence with use of prednisone

as compared to dexamethasone in their meta-analysis of risk of thrombosis

in children in ALL, but the difference was not found to be statistically sig-

nificant [8].
One in vitro study offered data that the differences in hemostatic protein

concentrations in children may exacerbate the thrombogenic effects of standard

chemotherapeutic agents. Mewhort-Buist et al. found that endothelial cells

treated with vincristine expressed significantly less endothelial cell protein C

receptor on their surface, while the amount of TM was relatively unchanged

[92]. The amount of activated protein C (APC) generated on the treated

endothelial cells when incubated with in adult plasma showed only a 20%

decrease as compared to the amount of APC generated on untreated cells. In

contrast, at least an 80% decrease in APC generation was noted when the same

experiment was repeated with newborn plasma. The authors speculate that the

observed effect may be due, in part, to the decreased levels of PC and increased

levels of a2-M observed in children.
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13.8 Prophylaxis and Treatment

The management of thromboembolic disease in children has been largely extra-

polated from the practices used to treat adult patients, although data from
pediatric studies are accumulating. A recent review of the existing data, with

graded recommendations for treatment, has been published [93]. Currently, it is
recommended that thromboembolic disease in children with cancer be managed

in a manner similar to that in other children, adapted to the specific clinical

situation.
While routine antithrombotic prophylaxis in children with cancer and CVCs

is not recommended, current practice and available data regarding routine

thromboprophylaxis in children with cancer is mixed. The data from three
prospective trials are summarized in Table 13.3. The PARKAA trial compared

the use of regular AT infusions during IR. Although there were fewer throm-
botic events in the treatment group, the study was underpowered to detect

statistical significance [49]. Interestingly, Farinasso et al. found a 73% rate of

CVC-related thrombosis (both symptomatic and asymptomatic) in pediatric
patients receiving AT infusions to maintain minimum AT levels while receiving

L-asparaginase as a matter of routine practice [10].
Ruud et al. saw no effect of low dose warfarin in children with CVCs and

either hematologic or solid malignancies, with screening of subjects at regular

intervals over a 6-month period [94]. However, on average, the patients treated
with warfarin had sub-therapeutic 25% of the study period. A remarkable

finding of the study was that the majority of thromboses were transient: only

6 out of 16 thromboses diagnosed at 1month were still present at the 6-month
examination. Meister et al. combined infusions of AT and subcutaneous

Table 13.3 Prospective trials of thromboprophylaxis in pediatric cancer patients. ALL ¼
Acute lymphoblastic leukemia; AT ¼ antithrombin concentrate; LMWH ¼ low molecular
weight heparin (enoxaparin)

Study Diagnosis Treatment Control
Patients
(tx/control)

Thrombosis
(tx/control) Comments

PARKAA
Mitchell,
et al. [49]

ALL AT No Tx 20/60 28% vs
36.7%

All patients screened
for thrombosis;
includes
asymptomatic events

Underpowered to
detect significant
difference

Ruud,
et al. [94]

Hematologic
and solid
tumors

Low dose
warfarin

No Tx 29/33 48% vs 36% All patients screened
for thrombosis;
includes
asymptomatic events

Meister,
et al. [95]

ALL AT and
LMWH

AT 41/71 0% vs
12.7%

Symptomatic events
only

Historical controls
treated with different
steroid regimen
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enoxaparin during induction and re-induction therapy for ALL, as it had been
demonstrated in vitro that the effect of low molecular weight heparin (LMWH)
in children was significantly decreased during ALL therapy [6, 95]. No throm-
botic events were noted in the treatment group, as compared with historical
controls treated with AT alone. The study was weakened to some degree by the
different treatment protocols for the controls and study group and that only
symptomatic thromboses were studied.

The agents most commonly used for the treatment of thrombotic episodes in
children are unfractionated heparin (UFH), LMWH (the greatest published
experience with enoxaparin) and warfarin. A single attempt to compare the
efficacy of LMWH to UFH/warfarin in the treatment of DVT in children was
closed before achieving sufficient statistical power, due to poor enrollment [96].
However, LMWH is recommended for first line and short-term treatment of
TEE in children with cancer, presumably due to the stable pharmacokinetics,
lack of interaction with other medications and relative ease of adjustment peri-
procedurally and during periods of thrombocytopenia [93].

In dose-finding and pharmacokinetic studies of anticoagulant agents in chil-
dren, a common observation was the requirement for greater doses per kilo-
gram of body weight in younger children to achieve and maintain similar
monitoring parameters (PTT, INR, anti-Xa level) as in adults. In a prospective
cohort study, Andrew et al. found that infants required approximately 50%
higher heparin infusion rates to maintain the same PTT as in adults, presum-
ably due to higher clearance rates [97, 98]. It was not until adolescence that dose
requirements equaled that of adult subjects. A similar increased dose require-
ment was found for enoxaparin, however only in children less than 2months
of age [99]. Even with weight- and age-based dose adjustment, there remains
sufficient inter-individual variability in response that monitoring of anti-Xa
levels in children treated with LMWH is recommended [93]. In children treated
with warfarin, dose requirements tomaintain an INR varied from 0.33mg/kg in
infants to 0.09mg/kg in adolescent subjects [100].

While the use of thrombolytics in children with both arterial and venous
thrombosis is increasing, adequate large, well-design prospective clinical trials
have not been performed. The majority of data in the literature consists of case
reports, small series and retrospective studies. Practically, tPA is the agent
readily available in North America for thrombolytic therapy, most often admi-
nistered systemically in children. Decreased levels of plasminogen in the first
6months of life dampen the response to tPA, although the response in older
children is similar to adults [101]. Several comprehensive retrospective reviews
found a wide spectrum of dosing regimens, with infusion rates varying from
0.04 to 3.75mg/kg/h and incidences of bleeding complications of from 6% to
68% [102–104]. Recently, the trend has been towards lower doses of syste-
mic tPA therapy, as it appears offer similar efficacy, with less risk of bleeding
[105, 106].

In summary, both the amount and the quality of data related to thrombotic
disease in children with and without cancer have increased significantly.
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Thrombotic events in pediatric oncology patients are common and potentially
serious events. There remain many questions regarding the etiology of these
events, as well as the most appropriate means of prevention and treatment.
Given the continued increase in survival of pediatric oncology patients, it is
imperative that well-designed and adequately-sized controlled trials be con-
ducted to address these issues of growing importance.
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Chapter 14

Treatment of Venous Thrombosis

Agnes Y. Y. Lee

14.1 Introduction

Approximately 20% of all cases of venous thromboembolism (VTE) are related
to underlying malignancy. Many of these patients are elderly, receiving anti-
cancer therapy, and have advanced malignancy and other comorbid diseases.
Consequently, managing VTE in these patients is a challenging task because they
have high risks of recurrent thrombosis and anticoagulant-related bleeding.
Quality of life is also an important consideration when planning therapy, espe-
cially if the patient’s life expectancy is short. Of the currently available anti-
coagulants, monotherapy with a low-molecular-weight heparin (LMWH) is the
recommended treatment of choice over unfractionated heparin and warfarin.
Preliminary evidence has also suggested that LMWHs may improve survival in
cancer patients. However, many aspects of treatment, such as duration of ther-
apy, remain unstudied. This chapter will review the general approach to treating
cancer patients with acute deep vein thrombosis (DVT) or pulmonary embolism
(PE) and briefly discuss some controversial areas of management.

14.2 Initial Therapy of VTE

There are two major objectives in treating VTE: to relieve the acute symptoms
of DVT and/or PE, and to reduce the risk of recurrent thrombosis, including
fatal PE, and other long-term consequences such as post thrombotic syndrome.
To achieve these goals, anticoagulant therapy has been the gold standard for
decades. The traditional treatment regimen consists of an initial phase with
intravenous infusion of unfractionated heparin (UFH), followed by long-term
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therapy with a vitamin K antagonist (VKA), such as warfarin. This approach is
needed because VKAs have a delayed onset of action and so UFH is needed
upfront to achieve an immediate anticoagulant effect. To ensure that adequate
anticoagulant response is achieved with UFH, dose adjustment based on the
activated partial thromboplastin time (APTT) is required. To measure the antic-
oagulant effect ofwarfarin,monitoring of the international normalized ratio (INR)
is necessary. Consequently, treatment of VTE can be simplified with the use of a
single anticoagulant that has a rapid onset of action, does not require laboratory
monitoring, and that is safe and well tolerated with prolonged exposure.

14.2.1 Choice of Anticoagulants

The anticoagulants currently available for the initial treatment of acute VTE
are UFH, LMWH and fondaparinux. All three agents augment the inhibitory
action of antithrombin by binding to the enzyme via a unique pentasaccharide
sequence. In contrast to UFH and LMWH, which inhibit both thrombin and
activated factor X (fXa), fondaparinux is a selective inhibitor of fXa with no
activity against thrombin.

In trials that included patients with and without cancer, weight-adjusted
doses of LMWH given subcutaneously once or twice daily were more effective
than intravenously administered UFH [1]. LMWHwas also found to produce a
significantly lower risk of major hemorrhage and a lower incidence of overall
mortality during follow-up. Furthermore, LMWH can be given in an outpa-
tient setting without the need for laboratory monitoring and is infrequently
associated with heparin-induced thrombocytopenia [2]. A recent randomized
trial showed that UFH can be given subcutaneously using weight-based dosing
but relatively large volumes of injections are required twice a day [3]. In many
developed countries, outpatient LMWH is considered the standard of care for
the initial treatment in patients with DVT or hemodynamically stable PE.
Fondaparinux has comparable efficacy and safety with the heparins and is
approved in some countries for the initial therapy of VTE [4, 5].

However, whether LMWH, UFH and fondaparinux are equally effective
and safe in patients with cancer has not been formally investigated. Patients
with advanced disease or significant co-morbid conditions were generally
excluded from participation in clinical trials that compared these anticoagu-
lants. Based on published data extracted from trials that reported on the out-
comes of the subgroup of cancer patients, it appears that weighted-adjusted,
subcutaneous doses of LMWH and APTT-adjusted intravenous infusions of
UFH have similar efficacy in patients with and without cancer [6–9]. Data on
the bleeding risk of therapeutic doses of these anticoagulants in cancer patients
have not been published. Nonetheless, it is reasonable to assume that UFH and
LMWH are comparable in their efficacy in preventing recurrent VTE and in
their risk of major hemorrhage in most patients with advanced disease. The
experience with fondaparinux in cancer patients is very limited.
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Aside from efficacy, practical aspects of therapy are important considera-
tions for patients and their families. LMWH is more attractive than UFH
because outpatient LMWH therapy eliminates the need for routine hospitaliza-
tion and requires only once-daily injections. LMWH also comes in pre-
calibrated, prefilled syringes, which reduces the risk of dosing errors compared
with having to draw upUFH frommulti-dose vials. Cohort studies have shown
that cancer patients can be treated safely at home with LMWH [10–13]. The
vast majority of patients are able to perform self-injections when they are given
adequate support and appropriate education. For patients who do require
hospitalization to control severe symptoms or receive additional supportive
therapy, LMWH is also more attractive than UFH because it reduces nursing
time, obviates the need for venepunctures to draw blood samples for monitor-
ing of the anticoagulant effect, and may reduce drug dosing errors. Cost-
minimization modeling has also shown that LMWH is less expensive than
UFH for the inpatient treatment of DVT among cancer patients [14].

New oral anticoagulants in advanced stages of development have not been
studied in patients with cancer. It is important that new agents are tested
specifically for treatment of cancer-associated thrombosis because cancer
patients tend to have more aggressive forms of VTE and they experience a
higher likelihood of drug interactions and organ dysfunction. Hence, antic-
oagulant dosing, duration of therapy and drug-related toxicities are potentially
very different between patients with and without cancer.

14.2.2 Once or Twice Daily Dosing of Low-Molecular-Weight
Heparin

For initial treatment, subcutaneous LMWH may be administered either once
daily or twice daily and some agents have regulatory approval for both regi-
mens. Significant differences in efficacy and safety between these regimens have
not been shown, although some studies have suggested that twice-daily regi-
mens may be more efficacious [9, 15]. It is possible that twice-daily administra-
tion of a LMWHavoids high peak and low trough levels, thus providing amore
steady state of anticoagulation, and leading to a lower incidence of recurrent
VTE and bleeding. This hypothesis, however, has not been properly tested.
Given the current evidence available, once-daily injection is safe and effective. It
is reasonable to consider twice-daily injections in patients who develop recur-
rent VTE while receiving therapeutic doses of LMWH once a day.

14.3 Long-Term Therapy

To reduce the risk of recurrent thrombosis, anticoagulant therapy must be
continued for a minimum of 3months. For decades, vitamin K antagonists
were the only feasible treatment option, but LMWH is now the preferred
treatment for long-term anticoagulant therapy in patients with cancer.
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14.3.1 Vitamin K Antagonists (VKA)

Warfarin is the most commonly used VKA worldwide [2]. When a patient is
diagnosed with an acute DVT or PE, warfarin is administered along with a
heparin and is continued for 3months or longer. Due to differences in the
anticoagulant response between patients and within patients over time, dose
adjustments are needed based on the INR. For the treatment of VTE, the target
therapeutic INR range is 2.0–3.0. When VKA therapy is used following ther-
apeutic doses of UFH, LMWH or fondaparinux, the 3-month risk of sympto-
matic recurrent VTE is approximately 3–4% for patients without cancer.

However, in patients with cancer, warfarin therapy is problematic. Due to its
pharmacology, unpredictable anticoagulant responses can result from drug
interactions, changes in vitamin K status, liver dysfunction, and gastrointest-
inal disturbances such as vomiting and diarrhea. Furthermore, because vitamin
K antagonists have a delayed onset of action and prolonged clearance of the
anticoagulant effect, they are difficult to manage in patients who require
periodic invasive procedures (e.g., therapeutic paracentesis, lumbar puncture)
or experience frequent episodes of chemotherapy-induced thrombocytopenia.

Cancer patients also experience recurrent VTE and have a high risk of major
bleeding while on warfarin therapy. According to prospective studies, the
annual risk of recurrent VTE is 21–27% in cancer patients while on warfarin
therapy (Fig. 14.1) [16, 17]. This is two- to threefold higher than in patients
without cancer. Recurrent VTE can also occur when the INR is therapeutic [17].
Cancer patients on oral anticoagulant therapy also have an annual risk ofmajor
bleeding of 12–13%, vs 3–4% for patients without cancer (Table 14.1) [16, 17].
In contrast to patients without cancer, the risk of bleeding does not correlate
with the INR level and it continues to increase over the course of therapy.

Lastly, the social burden of warfarin is significant in patients with cancer.
Having to undergo venipuncture is painful for patients who have poor venous
access after many cycles of chemotherapy, and going to a laboratory or the
hospital for weekly monitoring is burdensome because many of these patients
are dependent on others for transportation. The frequent dosing changes are
also confusing and frustrating for elderly patients, who are often on many other
medications.

14.3.2 Low-Molecular-Weight Heparin

In contrast to VKAs, LMWH does not require routine laboratory monitoring
and has minimal drug interactions. The parenteral route of administration also
ensures drug delivery, especially in patients who are unable to tolerate oral
intake or have significant gastrointestinal problems. Finally, dose adjustments
or withholding of LMWH can be made readily to accommodate thrombocyto-
penia or invasive procedures. However, LMWH should be avoided in most
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patients with severe renal dysfunction. It is also associated with a low risk of

heparin-induced thrombocytopenia and possibly osteoporosis [18–20].
To date, a number of open-label trials have compared different LMWHs

with VKAs for long-term treatment of VTE (Table 14.2). The largest of these

studies is the CLOT trial. This study randomized 676 cancer patients with acute

VTE to standard treatment with dalteparin followed by VKA therapy or to

Table 14.1 The incidence of recurrent venous thromboembolism and major bleeding in
relation to the INR [17]

International normalized
ratio range

Recurrent thrombosis <2.0 2.1–3.0 >3.0

Patients with cancer: no. of events (per 100 patient-years) 54.0 18.9 18.4

Patients without cancer: no. of events (per 100 patient-years) 15.9 7.2 6.4

Major bleeding

Patients with cancera: no. of events (per 100 patient-years) 30.6 11.2 0.0

Patients without cancer: no. of events (per 100 patient-years) 0.0 0.8 6.3
a Small number of bleeding events overall may account for paradoxical decrease in bleeding
with increase in INR

Prandoni, P. et al. Blood 2002;100:3484–3488

Fig. 14.1 Cumulative risks of recurrent thrombosis among patients with and without cancer
while on vitamin K antagonist therapy. Modified from Prandoni et al. [16] Reproduced with
permission
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experimental therapy with dalteparin alone for 6months [21]. Patients in the
dalteparin group received therapeutic doses at 200 IU/kg once daily for the 1st
month and then 75–80% of the full dose for the next 5months. Patients in the
control group, received dalteparin 200 IU/kg once daily for a minimum of
5 days and a VKA at doses to target the INR value at 2.5 for 6months. All
patients were followed for symptomatic recurrent VTE, bleeding and death.
These outcomes were centrally adjudicated by an expert committee masked to
treatment assignment. Over the 6-month treatment period, 27 of 338 in the
dalteparin group and 53 of 338 in the VKA group had symptomatic, recurrent
VTE. The cumulative risk of recurrent VTE was reduced from 17% in the oral
anticoagulant group to 9% in the dalteparin group, resulting in a statistically
significant risk reduction of 52% (log-rank P value 0.002) (Fig. 14.2). The INR
values were therapeutic or higher during 70% of the total treatment time,
indicating that patients in the control group were adequately treated. As com-
pared with VKA, one episode of recurrent VTE is prevented for every 13
patients treated with dalteparin. Overall, there were no differences in major or
any bleeding; 6% of patients in the dalteparin group vs 4% of the control group
experienced major bleeding. By 6months, about 40% of the patients in each
group had died; 90% of the deaths were due to progressive cancer. Thus, the
CLOT study unequivocally demonstrated the superior efficacy of dalteparin
over VKAs for preventing recurrent VTE. A prospective cohort study later
evaluated a fixed dose of dalteparin once daily for long term treatment. The
study included 203 patients with metastatic cancer who received an initial 7-day

Fig. 14.2 Cumulative risk of recurrent symptomatic thromboembolism among cancer
patients treated with dalteparin or vitamin K antagonist therapy [21]. Reproduced with
permission
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course ofweight-adjusted dalteparin followed by dalteparin 10,000 IUonce daily,
regardless of the patients’ weight. During 3 months of follow-up, 18 patients
(9%) developed recurrent VTE and 11 patients (5%) had major bleeding [22].

Smaller trials have studied other LMWHs. The CANTHANOX trial com-
pared 3months of standard warfarin therapy with enoxaparin in cancer
patients with proximal DVT, PE or both [23]. The study was closed prematurely
because of slow recruitment and only 147 patients were randomized. After
3months of treatment, 15 of 71 patients in the warfarin group had recurrent
VTE or major bleeding, as compared with 7 of 67 patients assigned to receive
enoxaparin (P=0.09). There were six fatal bleeding events in patients receiving
warfarin and none in the enoxaparin group. Another study evaluating enox-
aparin for long-term treatment included 101 cancer patients with VTE. Two
different doses of enoxaparin were tested, but the study was underpowered to
demonstrate any difference between warfarin and enoxaparin [24].

Lastly, a smaller randomized trial compared tinzaparin with warfarin for
long-term use in cancer patients [25]. In this study, 100 patients were randomized
to receive 3months of tinzaparin 175 units/kg once daily and 100were assigned to
receive usual care with intravenous UFH then warfarin. At the end of the 3-
month treatment period, 6% of patients in the tinzaparin group vs 10% of the
usual care group had developed symptomatic recurrent VTE. This difference was
not statistically significant (–4.0%; 95% confidence interval –12.0% to 4.1%).
Both groups had similar incidences of major bleeding and overall mortality.

Based on the above evidence, LMWH is recommended for extended treat-
ment in cancer patients by the 2008 American College of Chest Physicians
Consensus Guidelines, the British Society of Haematology, the National Com-
prehensive Cancer Network, and the American Society of Clinical Oncology
guideline as the treatment of choice for cancer patients with VTE [2, 26–28].
Currently, dalteparin is the only LMWH to receive regulatory approval for the
extended treatment of VTE in patients with cancer. The major obstacle to the
use of LMWHs is the cost of the drugs. Because of the substantial pharmacy
costs of extended LMWH prophylaxis in the US, this treatment is relatively
expensive compared with warfarin [29]. Many patients find it prohibitive to use
LMWH long-term because of limited insurance coverage and reimbursement
policies.

14.3.3 Pentasaccharides

Idraparinux is a long acting pentasaccharide derivative of fondaparinux and
has been evaluated as an alternative to VKA therapy. With a long plasma half-
life of about 80 h, idraparinux is given only once weekly via subcutaneous
injection. In a multicenter study, 1,215 patients were randomized to receive
idraparinux 2.5mg or placebo subcutaneous injections after completing
6months of therapy with an anticoagulant [30]. After 6months of study
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treatment, 1.0% of patients in the idraparinux group vs 3.7% in the placebo
group had recurrent VTE (P=0.002), while 1.9% vs none had major bleeding,
respectively (P<0.001). There were 120 patients with cancer in the study but
their results were not reported separately. Given the increased risk of bleeding,
the lack of a specific antidote, and the prolonged duration of anticoagulant
effects, idraparinux is not be suitable for use in cancer patients.

14.4 Duration of Therapy

The length of treatment with an anticoagulant for the secondary prevention of
recurrent VTE has not been studied in patients with cancer or advanced disease.
These patients are usually excluded from clinical trials studying optimal dura-
tion and they frequently have or develop medical complications that make
continuation of anticoagulation difficult. Therefore, it may not be appropriate
to extrapolate the results from clinical trials of largely patients without cancer
and apply them to patients with malignancy.

However, based on the consensus that patients with ongoing or irreversible
risk factors for VTE need an extended duration of anticoagulant therapy, most
cancer patients receive anticoagulation for longer than 6months. Beyond this
period, ‘‘indefinite’’ therapy is traditionally recommended in patients with
metastatic disease because their risk of recurrent VTE is high. Indeed, the risk
of recurrent VTE is 9–17%while on anticoagulant therapy. In patients without
metastases, anticoagulant treatment is continued if cancer is clinically detect-
able or while the patient is receiving antitumor therapy. To-date, biochemical
markers or imaging assessment have not been evaluated for guiding duration of
anticoagulation in this population.

Patients should be re-evaluated frequently to assess the risk-benefit ratio of
continuing anticoagulant therapy. Besides the risks of recurrence and bleeding,
the patient’s quality of life, life expectancy and preference should be taken into
consideration. Without evidence from randomized trials or validated methods
of identifying patients who would benefit from extended secondary prevention,
anticoagulant therapy beyond the usual 6-month period must be carefully
assessed and tailored for each individual patient.

14.5 Challenges in the Treatment of Cancer-Associated

Thrombosis

14.5.1 Treatment of VTE in Patients with Bleeding

Treatment of VTE in patients with active bleeding or a high risk of bleeding is
particularly challenging and there are no guidelines for management. Clearly,
treatment must be individualized and it is important to consider the overall
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status of the patient. It is essential to discuss the risks and benefits of the
available options with the patient and choose the most acceptable management.

Anticoagulant therapy is generally contraindicated in patients with bleeding.
However, minor or nuisance bleeding in patients with cancer should not prevent
the use of anticoagulants, especially in patients with symptomatic proximal
DVT or PE involving segmental or more central pulmonary arteries. In cases
where the bleeding can be easily monitored and is arising from a source that is
not likely to be life-threatening (e.g., nosebleeds), LMWH therapy can be
started (or continued) and the patient followed closely. If the bleeding is from
a mucosal surface due to tumor invasion (e.g., bladder carcinoma), more
caution is required. In such situations, anticoagulant therapy can be started
using prophylactic or subtherapeutic doses. If bleeding is not aggravated and
the hemoglobin remains stable, the dose of LMWH can be slowly increased
towards therapeutic levels. Of course, measures should be taken to stop and
treat the source of bleeding, if possible.

When active bleeding is potentially life threatening (e.g., intracranial bleed,
upper gastrointestinal bleeding) anticoagulant therapy is not recommended.
Under these circumstances, inserting an inferior vena cava (IVC) filter can be
considered if the patient has an acute proximal DVT. Permanent or retrievable
filters are available but they have not been compared directly for efficacy, safety
and durability. In situations where the risk of thrombus embolization is high
and temporary cessation of anticoagulant therapy is needed (e.g., surgery),
retrievable filters may be preferred over a permanent filter. This will allow
removal of the filter when the bleeding challenge is over. However, there is no
evidence that filter placement will improve the clinical outcome or prognosis of
in such situations. Indeed, this approach does not suppress the thrombotic
process or relieve the symptoms of VTE. Also, fatal PE can occur from throm-
bus formation proximal to the filter and this complication has been reported in
cancer patients. In the end-of-life setting, insertion of a filter should be avoided
as benefit to the patient has yet to be demonstrated.

14.5.2 Treatment of Recurrent VTE

LMWH has been shown in small case series to be effective in treating patients
who develop recurrent VTE while on warfarin therapy [31] but published data
are not available for managing patients who develop recurrence while on
LMWH. Feasible approaches include increasing the dose of LMWH, changing
to twice-daily injections, or switching to intravenous or subcutaneous UFH.
From a convenience point of view, increasing the dose of LMWH is the most
attractive and logical option. In patients who develop recurrence while receiv-
ing a subtherapeutic dose of LMWH, the dose should be increased back to
weight-based therapeutic levels. This is often sufficient to provide symptomatic
relief and prevent further thrombus extension. In patients who develop
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recurrence while receiving a therapeutic dose of LMWH, an empiric dose
increase of 25% is reasonable. Also, the anti-factor Xa level may be useful to
guide dose increases in such cases. The therapeutic level for twice-daily dosing is
0.5–1.2 anti-Xa U/mL. It has been observed that patients who have recurrent
VTE despite receiving standard weight-adjusted doses of LMWH tend to have
subtherapeutic anti-factor Xa levels and often tolerate dose escalation without
experiencing bleeding. The reason for the subtherapeutic anti-Xa level is
unknown but it may be related to greater nonspecific binding of LMWH to
acute phase reactants in sick patients or more rapid plasma clearance of the
drug.

Heparin-induced thrombocytopenia (HIT) should be considered in all
patients who develop recurrent thrombosis and an unexplained fall in the
platelet count while receiving LMWH. Investigations for HIT should be done
if the timing and the fall in platelet count are consistent with HIT, and a direct
thrombin inhibitor or heparinoid should be used in place of the LMWH until
the diagnosis of HIT is excluded.

Another option that is often recommended in patients with recurrent VTE is
insertion of an IVC filter. However, the indications, efficacy and safety of this
therapeutic modality are poorly studied [32]. In the only randomized trial of
patients with proximal DVT, it was shown that an IVC filter in combination
with therapeutic anticoagulant therapy can reduce the short-term risk of PE
compared with anticoagulation alone, but patients with filters also had a higher
incidence of recurrent DVT at 2 years of follow-up, such that the total number
of patients with recurrent thrombotic events are the same between the two
treatment groups [33]. Furthermore, there were no differences in symptomatic
PE at 3months, 1 year and 2 years. At 8 years of follow-up, there were fewer
patients with symptomatic PE in the filter group but there was no difference in
overall survival between the filter and nonfilter groups [34]. A large population-
based study also failed to find a significant reduction in the incidence of
rehospitalization for PE in patients following IVC filter insertion [35]. Clearly,
the randomized trial established that an IVC filter does not provide additional
benefit to anticoagulation to patients with proximal DVT, but it remains
unknown whether filters are effective in preventing clinically significant or
fatal PE when anticoagulants cannot be used.

Evidence in the oncology population is even weaker. In a retrospective study,
32% of cancer patients with VTE and inferior vena cava filters developed
recurrent DVT [36]. It is possible that filters enhance the risk of recurrent
DVT in cancer patients because of the hypercoagulable state in these patients,
but patient selection for filter insertion can bias these results. In a retrospective
study of 116 patients with cancer and filter placement, survival rates were 69%
at 30 days, 49% at 3months and 27% at 1 year [37].

Overall, given that there is no evidence that these costly, invasive devices
reduce symptomatic PE, alleviate symptoms of VTE or improve overall survi-
val, the use of vena caval filters should be avoided in patients who can tolerate
anticoagulant therapy. In particular, in patients with advanced disease, poor
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life expectancy and absolute contraindications to anticoagulation, comfort
measures only is a reasonable course.

14.6 Quality of Life

Few studies have addressed the quality of life in patients receiving long-term
anticoagulation [38, 39]. In one report, 40 palliative care patients who were receiv-
ing treatment for VTE preferred LMWH over warfarin, which was felt to have a
negative impact on quality of life [38]. In contrast to expectations, patients were not
distressed by daily injections and did not perceive this as an added burden. Instead,
patients reported that LMWHwas simpler to administer, provided them freedom
from laboratory testing, hospitals, and even worry. A substudy in a randomized
trial found that post-phlebitic syndrome and ulcer formation occur less frequently
in patients treated with LMWH than with warfarin [40].

In patients receiving end of life care, it is imperative that the patient and family
members be informed of the risks and benefits of starting or continuing antic-
oagulant therapy. In such patients, the main goal of treatment is to provide
symptomatic relief. Hence, it is of questionable benefit to administer anticoagu-
lants if such patients are asymptomatic from their DVT or PE. Daily injection of
an LMWH is relatively straight forward but can exacerbate bleeding, while
administration of warfarin with laboratory monitoring is burdensome and
should be avoided. More aggressive interventions, such as insertion of an IVC
filter, are strongly discouraged in this setting.

Frank and thorough discussions with the family and patient are needed to
understand their needs and formulate a care plan that maximizes quality of life.

14.7 Antineoplastic Potential of LMWHs

In the palliative setting, whether LMWH or other anticoagulants provide a
survival benefit is of minimal relevance. However, it is worth noting that
experimental studies and clinical trials have shown that LMWH use is asso-
ciated with a reduction inmortality, particularly in patients with limited or early
stage malignancy [41–45] (see Chapter 15). The most compelling evidence
comes from two clinical trials. In the MALT study, 302 patients with non-
curable solid tumors were randomized to receive nadroparin or placebo for
6weeks [44]. A statistically significant improvement in median survival was
associated with nadroparin. In a Turkish study, 84 patients with newly diag-
nosed small cell lung cancer were randomized to receive standard chemotherapy
with or without dalteparin [42]. Progression-free survival and overall survival
were better in patients who received dalteparin. Although these results need to
be confirmed in larger studies and in different tumor types, they do support the
concept that activation of coagulation is intrinsically involved in tumor growth
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and that LMWHs is able to interrupt these critical processes. Of note, the
survival difference observed in the clinical trials have occurred after the dis-
continuation of the LMWH, indicating that the improvement in survival is not
due to a reduction in fatal PE. Multiple non-anticoagulant related mechanisms
have been proposed, but the exact mechanisms have not been elucidated.
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Chapter 15

Effects of Anticoagulants on Cancer: Heparins

Graham F. Pineo and Russell D. Hull

15.1 Introduction

The association of venous thrombosis and cancer has been recognized since the

description by Armand Trousseau in 1865 [1]. In fact, Buller and colleagues have

discovered an earlier report by Bouillaud in which he described three patients with

cancer and deep vein thrombosis in 1823, some 42 years before the publication by

Trousseau [2]. In the past two to three decades there has been increasing interest in

the diagnosis, prevention, and treatment of venous thromboembolism associated

with cancer [3]. The heparins [unfractionated heparin (UFH) and low molecular

weight heparin (LMWH)] have proven efficacy and safety for the prevention of

venous thromboembolism (VTE) in a wide variety of cancers including both solid

tumors and hematologic malignancies. Thus either UFH or LMWH are recom-

mended for the prevention of VTE in hospitalized cancer patients, particularly in

association with other risk factors for VTE [4, 5] and for cancer patients under-

going surgical procedures where UFH and more particularly LMWH are recom-

mended for the initial and extended prophylaxis of VTE [6]. Both UFH and more

particularly LMWH are widely used for the initial treatment of VTE (deep vein

thrombosis (DVT) and/or pulmonary embolism (PE), including those patients

with the VTE associated with cancer [7]. More recently LMWH has been recom-

mended for the long-term treatment of VTE in cancer patients in place of the oral

anticoagulants with proven efficacy in reducing the incidence of recurrent VTE

with no increased risk for major bleeding [7–9].
However, what has attracted more interest recently, is the evidence that the

heparins, and in particular LMWH, can have a positive effect on the survival of

patients with a wide variety of malignancies, particularly if they are nonmeta-

static or are associated with a more favourable prognosis at the time of initia-

tion of treatment [10–13]. This chapter will review the evidence supporting the
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beneficial effect of the heparins in clinical trials in cancer patients as well as data
derived from in vitro and in vivo laboratory studies and will review the available
evidence supporting this beneficial effect.

15.2 Anticoagulants as Chemotherapeutic Agents

The heparins are a heterogeneous mixture of glycosaminoglycans with UFH
and LMWH being the products which have been used therapeutically [14].
Additional members of the glycosaminoglycans family include heparan sulfate,
chondroitin sulfate, dermatin sulfate and hyaluronic acid. The glycosaminogly-
cans are linear carbohydrate polymers composed of alternating uronic acid and
hexosamine saccharides linked by glycocidic linkages. UFH has a molecular
weight ranging from 3,000 to 30,000 with approximately 45 monosaccharide
chains. LMWH is produced by either enzymatic or chemical depolymerization
of UFH and has less than 18 saccharide units and a mean molecular weight of
approximately 5,000Da; see Table 15.1. The anticoagulant effect of UFH
depends on its ability to bind antithrombin and thereby inactivate a number
of proteases in the coagulation pathway including thrombin and activated
factors X, IX, II, and XII [14]. Heparin also inactivates heparin cofactor 2
through a second mechanism dependent upon electrostatic charge [14]. In
addition to its antithrombotic effect, UFH binds to a wide variety of other
proteins and cells based on electrostatic interactions and these interactions help
explain the multiple nonanticoagulant properties of UFH [15–17].

LMWH with less than 18 saccharide unit side chains is less able to inactivate
thrombin because the smaller fragments cannot bind simultaneously to antith-
rombin and thrombin [14, 15]. They thus have a more potent inhibitory effect on
activated factor X, with the ratio being between 2:1 and 4:1 for inhibition of
activated factor X vs thrombin. LMWHs are less likely to bind to the multiple
proteins and cells as compared to UFH. Zacharski and Ornstein have summar-
ized the various differences between UFH and LMWH which may have an
impact on their differential capabilities as anticancer agents [17]. As an example,
it has been shown that angiogenesis is inhibited by LMWH in experimental

Table 15.1 Commonly used low-molecular weight heparins

Agent
Molecular weight (mean
and range) Method of preparation

Dalteparin (fragmin) 5,000 (2,000–9,000) Nitrous acid depolymerization

Nadroparin (fraxiparin) 4,500 (2,000–8,000) Nitrous acid depolymerization

Enoxaparin (lovenox) 4,200 (3,800–5,000) Benzylation followed by alkaline
Depolymerization

Tinzaparin (innohep)
depolymerization

4,500 (2,000–8,000) Enzymatic with heparinase

Certoparin (mono-
embolex)

6,000 (1,500–11,000) Isoamylnitrite depolymerization
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animals whereas heparins with molecular weight greater than 22kDa actually
stimulate angiogenesis [17]. These differential effects may explain the different
outcomes in experiments where outcomes are determined by tumormetastases or
increased markers of cell proliferation and migration.

Low molecular weight heparin can be rendered nonanticoagulant by various
chemical treatments and these nonanticoagulant LMWH fractions have been
demonstrated to retain their ability to suppress experimental tumormetastases in
mice similar to the activity of LMWH (enoxaparin) [18]. Numerous other pro-
cedures have been used to produce modified heparins with little or no antic-
oagulant activity as well as synthetic compounds which mimic heparan sulfate
and which consist of sulfated oligosaccharides [19–22]. All of these compounds
have been shown to inhibit tumor cell growth andmetastasis. In one such study, it
was demonstrated that the inhibition of P-selectin correlated very well with
tumor cell metastasis in the presence of UFH or the LMWH (nadroparin)
whereas suppression with another LMWH (enoxaparin) or the synthetic penta-
saccharide fondaparinux showed little suppression compared to controls [23].

It is not surprising that suppression of cancer cell proliferation and dissemina-
tion differs in different experimentalmodels aswell as in clinical trialswith different
antithrombotic agents. There is a complex interrelationship between various con-
stituents of the hemostatic system including coagulation and fibrinolytic proteins
and platelets and the growth and proliferation of cancer cells [3]. Therefore, as in
other aspects of cancer pathology, it is unlikely that any single mechanism can
explain the favourable effects of the heparins and related agents in the treatment of
cancer. The most convincing evidence of their efficacy will have to come from well
designed randomized clinical trials in human subjects with carefully defined tumor
histology, extent of tumor burden and measurement of performance status.

15.3 Beneficial Effects of the Heparins on Survival in Cancer

Patients

The suggestion that LMWH may be superior to UFH in prolonging survival in
cancer patients with proximal DVT came from two randomized clinical trials
comparing initial treatment with either UFH or LMWH followed by long term
oral anticoagulant therapy in this population of patients. In the study by Pran-
doni et al. it was noted that there was a reduction in total mortality in the sub-
group of VTE patients who had cancer at the time of enrolment if they received
LMWH (nadroparin) instead of UFH [24]. At 3months, 44% (8/18) of cancer
patients died in the UFH group vs 7% (1/15) in the LMWH group P= 0.021. In
the other clinical trial published by Hull et al. comparing LMWH (tinzaparin)
withUFH for the initial treatment of proximalDVT, it was noted that 10 patients
who received LMWH died during the 3-month treatment compared with 21
patients who received UFH (9.6%), a risk reduction of 51% (P = 0.49) [25].
The most striking difference was in the abrupt deaths in patients with metastatic
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carcinoma. The majority of these deaths occurred within the first 3months.
When the cancer deaths were combined from these two studies there were
21/67 (31%) for UFH and 7/62 (11%) for LMWH; P = 0.005; 95% confidence
intervals for the odds ratio 1.4–9.2 [26]. The difference in survival could not be
attributed to thrombotic or bleeding events which happened with the same
frequency in both groups. A number of meta-analyses of studies comparing
LMWH with UFH for the initial treatment of VTE confirmed a significant
decrease in mortality in the sub-group of patients with cancer [27].

Further evidence of a positive effect of LMWH on survival in cancer patients
was seen in the study by von Tempelhoff [28]. In that study, LMWH (certoparin)
3000units daily plus 2 placebo injections daily was comparedwithUFH5000 units
3 times daily both for 7days in patients undergoing surgery for breast cancer or
pelvic cancer. There was no significance in mortality at 650days or 1,050days in
the breast cancer group whereas there was a significant decrease in mortality
favouring LMWH in the patients with pelvic cancer. At 650days, the mortality
rate was 8.7% in the LMWH group vs 28.6% in the UFH group, P = 0.01.
However, there was no significant difference in mortality rates at 1,050 days.

The most convincing evidence supporting a beneficial effect of the heparins
in improving survival in cancer patients comes from the randomized clinical
trials specifically designed to compareUFH or LMWHwith placebo in patients
with local or metastatic cancer. Two studies included only patients with small
cell lung cancer. In the study by Lebeau, the patients with limited or extensive
small cell lung cancer were randomized to receive one of two chemotherapy
regimens with either prophylactic doses of UFH or no additional treatment
[29]. The patients who received UFH in addition to their chemotherapy had
better median survival rates (317 days vs 261 days, P= 0.01) and better survival
at 1, 2, and 3 years (40% vs 30%, 11%vs 9%, and 9%vs 6%, respectively). Sub-
group analysis demonstrated that the survival benefit was confined to patients
with limited disease but not for those with extensive disease.

The other study in patients with small cell lung cancer was carried out by
Altinbas et al. and included patients with both limited and extensive disease [30].
In this study, LMWH (dalteparin 5000units daily) was compared with placebo for
18weeks or less if disease progressed and these were given in combination with
chemotherapy. There was a significant increase in the 1 year survival (51.3% in the
LMWH group vs 29.5% in the controlled group, P = 0.01) and 2year overall
survival (17.2% in the LMWH group vs 0% in the control group, P = 0.01).

The other three studies were carried out in patients with either local or
metastatic malignant disease and included a variety of tumor groups. In the
FAMOUS Study, Kakkar et al. compared LMWH (dalteparin 5000 units
daily) with placebo for 12months with no restriction on concomitant che-
motherapy or radiotherapy [31]. A wide variety of advanced local or meta-
static tumors were included and the outcomes were mortality at 12, 24, and
36months. At 12months there was a nonsignificant 5% improvement in
survival in the patients receiving LMWH. However, a post hoc analysis of
patients with a good prognosis who survived beyond 17months revealed that
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the Kaplan-Meier survivals at 24 and 36months were 78% vs 55% and 60% vs
36%, respectively; P = 0.03.

In the study by Klerk, nadroparin given in treatment doses (9500units twice
daily for 14days and once daily for another 4weeks) was comparedwith placebo in
a variety of locally advanced or metastatic solid tumors [32]. Attending physicians
determined whether the patients had a favourable or non-favourable prognosis at
the outset of the study. The main outcome was mortality at 6, 12, and 24months.
The median survival favouring LMWH was 8.0months vs 6.6months in the
placebo group, P = 0.02. In the sub-group of patients with an expected life
expectancy of more than 6months at randomization, the median survival was
15.4months in the LMWH group vs 9.4months in the placebo group, P = 0.01.

Sideras et al. compared the effect of dalteparin 5000 units daily with placebo
in patients receiving chemotherapy for breast, colon, lung, or prostate cancer
for an indefinite duration [33]. Part way through the study the control injections
were discontinued so that LMWH was compared with standard care. The
outcome was mortality at 12, 24, and 36months. In this study, there was no
difference in the median survival for the blinded or unblinded LMWH groups
compared with placebo or no treatment. In the three studies which designated
patients as having limited disease or favourable prognosis vs all others, there
was a significant difference favouring the UFH or LMWH groups (risk reduc-
tion 0.47; 95% CI 0.30–0.75); see also Table 15.2 [10].

In all of the studies comparing UFH or LMWH with placebo there was an
increase incidence of major bleeding, but this increase was not significant with
either UFH or LMWH.

The results of the randomized clinical trials in cancer patients are supported by
data from clinical trials designed to compare the efficacy of long term LMWH
with initial UFH or LMWH followed by oral anticoagulants in patients with
cancer and VTE. In the study by Lee et al., patients with VTE and cancer were
randomized to receive dalteparin 200units/kg daily for 1month followed by
150units/kg for 5months or LMWH initially followed by oral anticoagulants
for 6months [34]. The main outcome was recurrent VTE. There was no benefit
demonstrated in terms of survival in the overall population at 1 year. However, in
a sub-group analysis of patients without metastatic disease at randomization, the
probability of death at 12months was 20% in the dalteparin group compared
with 36% in the oral anticoagulant group (hazard ratio 0.50; 95% CI 0.27–0.95;
P=0.03). In those withmetastatic cancer there was no difference in themortality
rates. In a smaller study, Meyer et al. compared the effects of LMWH (enox-
aparin 1.5mg/kg once daily) with initial UFH followed by warfarin for 3months
in patients with VTE and cancer [35]. Although the differences were not signifi-
cant, 15 of 75 patients receiving enoxaparin died compared with 26 of 75 patients
who received oral anticoagulation.

Although the following two studies were less rigorous than the randomized
clinical trial, they were noteworthy in that they were carried out in patients with
advanced pancreatic cancer which carries a poor prognosis. In the study by Icli
et al., consecutive patients with advanced pancreatic adenocarcinomawere treated
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with gemcitabine and cisplatin in standard doses with either LMWH (nadroparin
2850 IU per day until disease progression) or no additional treatment [36]. The
median time to progression was 7.3months in the LMWH group vs 4.0months in
the no LMWH group, P= 0.0001 and the overall survival was 13.0 vs 5.5months
in the chemotherapy plus LMWH vs the non-LMWH group, P = 0.0001. There
was no difference in toxicity between the two groups. In the report by von Delius
et al., 243 patients who received the chemotherapy for advanced pancreatic carci-
noma were identified from a prospectively maintained database [37]. Attending
physicians ordering various protocols for chemotherapy plus or minus prophylac-
tic doses of LMWH (dalteparin or certoparin) or therapeutic doses of nadroparin

Review:  Parenteral anticoagulation for prolonging survival in patients with cancer who have no other indication for 
anticoagulation 

Comparison: Heparin vs placebo

Outcome: Mortality at 12 months

Study Heparin Control Relative Risk(Random) Weight             Relative Risk (Random)
     n/N n/N                         95% Cl     (%)                               95% Cl

____________________________________________________________________________________________________________
SCLC
Altinbas 2004 21/42 30/42 --- -- 6.2 0.70 [0.49, 1.00]

Lebeau 1994 83/138 97/139 - - 26.3 0.86 [0.72, 1.03]

Subtotal (95% Cl)       180  181 32.5 32.5 [0.70, 0.97]

Total events: 104 (Heparin), 127 (Control)

Test for heterogeneity chi-square = 1.05 df = 1 p=0.30 I2=5.1%
Test for overall effect z=2.27  p=0.02

Advanced Cancer

Kakkar 2004  103/190 109/184 - - 25.4 0.92 [0.77, 1.09]
Klerk 2005 90/148 112/153 - - 30.9 0.83 [0.71, 0.98]
Sideras 2006 42/68 42/70 --- -- 11.2 1.03 [0.79, 1.35]

Subtotal (95% Cl) 406 407 67.5 0.89 [0.80, 1.00]
Total events: 235 (Heparin), 263 (Control)

Test for heterogeneity chi-square=1.94 df=2 p=0.38 I2=0.0%
Test for overall effect a=2.04  p=0.04
Total (95% Cl) 586   588 ♦ 100.0 0.87 [0.80, 0.95]
Total events: 339 (Heparin), 390 (Control)
Test for heterogeneity chi-square=3.58 df=4 p=0.47  P=0.0%
Test for overall effect z=3.02  p=0.003

____________________________________________⏐ ______⏐ __________⏐ _____⏐ ___________________________________

              0..2         0.5          1       2         5
Favours heparin          Favours control

Outcome for mortality at 12 months for SCLC and advanced cancer separately and combined.  For details see AKl [10]

With permission from AKl [10]

Square and lines = mean and 95% CI, Diamonds = aggregate of means.

Table 15.2 Comparison heparin vs placebo: outcome of mortality at 12 months
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at the discretion of their attending physicians. This is obviously not a randomized
clinical trial and the patients did receive different chemotherapy regimens but
otherwise the clinical characteristics were similar. There was no difference in the
overall survival in the two groups (7.1months in the LMWH group vs 5.9months
in the non-LMWH group). Unlike previous reports, there was the survival benefit
in those patients with metastatic disease vs those without metastatic disease
(6.6months vs 3.8months, P = 0.005). These two studies suggest that LMWH in
addition to chemotherapy may be beneficial in patients with advanced pancreatic
cancer and warrant further studies in properly designed randomized clinical trials.

15.4 Experimental Models of Tumor Growth and Metastasis

Numerous laboratory models for cancer cell proliferation and metastasis have
been developed to study the effects of the heparins and related compounds. The
oldest and most commonly used model is the injection of tumor cells into experi-
mental animals (usually mice) with a subsequent measurement of lung and liver
metastasis. Cells can be infused intravenously or implanted either subcutaneously,
into foot pads or into the spleen [23, 38–41]. The cell linesmost commonly used are
carcinoma or melanoma tumor lines. In some settings assessing the immunologic
effects of the drug under investigation, SCID mice have been used [42].

The other common laboratory model is the study of various cancer cells in
cultures usually in a collagen or Matrigel matrix [19, 43]. Using such cell
cultures, capillary tube formation and proliferation can be assessed as a mea-
sure of angiogenesis [44]. Studies using the chorioallontoic membrane model
have also been useful [20, 45]. Cell adhesion and migration and the effects of
various chemotaxins can also be assessed using the cell culture model [46].

15.5 The Role of Heparins on Cancer Progression and Metastasis

in Experimental Studies

Various experimental models have been used to assess the effect of UFH
and LMWH as well as heparan sulfate-glycoaminoglycans (HS-GAGs) or
heparan sulfate-proteoglycans (HSPGs) [15]. Using these experimental mod-
els the multiple steps in cancer progression can be assessed in the presence
of the heparins or similar agents including cancer cell proliferation, angio-
genesis, migration and invasion of cancer cells and endothelial cells and the
adhesion of cancer cells to vascular endothelium [15, 46]. As Cosgrove et al.
pointed out, the first report of inhibition of tumor growth in experimental
animals by heparin was published by Goerner in 1930 [47]. Since that time,
numerous similar studies have been carried out starting in the 1960s. Studies
carried out between 1960 and 1999 were reported in a comprehensive review
by Smorenburg and Van Noorden [15]. These studies all involved the use of
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UFH in a variety of tumor cell lines given either intravenously or subcuta-
neously, and metastases to the lung – and in some cases liver – were
measured. The studies assessed the effects of heparin on cancer cell prolif-
eration, migration and invasion, the adherence of cancer cells to vascular
endothelium, and their effects on angiogenesis. Most of the studies demon-
strated that heparin had a positive effect on the inhibition of cancer cells
but others demonstrated the opposite effect. Thus the effect of heparin may
differ depending on the tumor types being assessed and the complex inter-
actions between cancer cells and the heparins.

The low molecular weight heparins have differing effects from UFH in some
studies [38, 44] but not in others [23, 39]. The LMWH (nadroparin) was shown
to inhibit tumor metastases in experimental mice whereas UFH did not [38].
Some LMWH compounds were effective in suppression of tumor cell growth,
metastasis (nadroparin [23], tinzaparin [39], enoxaparin [40]), and angiogenesis
(tinzaparin [45], dalteparin and enoxaparin [44]), whereas fondaparinux (a
selective factor Xa inhibitor) was not [23, 39]. In studies correlating selectin
inhibition with experimental metastasis UFH [23, 39], tinzaparin [39] and
nadroparin [23] suppressed both tumor metastasis and selectin whereas enox-
aparin [23] and fondaparinux did not [23, 39]. The question has been raised
whether or not the specific inhibitors of thrombin or activated factor X may
have the same inhibitory effect on tumor cell suppression as UFH or LMWH
[47] but the fact that hirudin, a specific antithrombin, was able to suppress
melanoma cell metastases suggests that the interactions are more complex [48].

An exciting area of research in this regard is the use of nonanticoagulant
LMWHand other heparin or heparan sulfate mimetics which possess the ability
to inhibit angiogenesis in experimental models, thus suggesting that such agents
may be capable of suppressing cancer cell proliferation, migration, and metas-
tasis without any increase in bleeding risks [21].

15.6 Potential Mechanisms to Explain the Suppression of Cancer

Cell Growth and Proliferation by the Heparins

15.6.1 Inhibition of Thrombin Generation

The inhibition of thrombin by anticoagulants has the potential to decrease
tumor cell growth by both coagulation related and noncoagulation related
mechanisms [49]. Thrombin generation leads to fibrin deposition which can
be deposited around tumor cells, thus providing scaffolding for tumor cell
adhesion and angiogenesis [50–53]. Fibrin can be found on vascular endothe-
lium of new vessels in tumors and found bound to inflammatory cells or tumor
cells [49, 50]. Increased fibrinogen turnover and deposition of cross linked fibrin
has been demonstrated in a number of tumors [54, 55]. This fibrin matrix has
been shown to sequester a number of growth factors including vascular
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endothelial growth factor (VEGF) and similar compounds which have a pro-

minent role in angiogenesis [49].
Thrombin also activates platelets which can release a number of growth

factors from their alpha granules as well as participating in cancer cell migration

via their P-selectin function [49, 56].
As discussed in previous chapters in this book, thrombin has a number of

other noncoagulation functions including triggering the release of numerous

growth factors and chemokines, mobilizing adhesion molecules, and up-regu-

lating the principle thrombin receptor PAR-1 (protease-activated receptors)

[49]. PAR are detected on a number of cells including cancer cells and correlate

with the metastatic potential of these cancer cells [49, 57, 58].

15.6.2 Tissue Factor

In addition to interacting with factor VIIa to induce coagulation, tissue

factor is also a potent regulator of vascular endothelial growth factor

(VEGF), thus contributing to the development of tumor angiogenesis [49,

59, 60]. Studies have shown that tissue factor contributes to tumor metas-

tasis and angiogenesis by both coagulation dependent and coagulation

independent mechanisms [40, 61–65]. Tissue factor pathway inhibitor

(TFPI) is a natural inhibitor of the tissue factor – factor VIIa pathway

[48, 66]. TFPI can be released by the heparins, and in particular LMWH;

this has been suggested as one mechanism whereby LMWH may have an

impact on survival in cancer patients [40, 48, 66].

15.6.3 Heparanase

Heparan sulfate is a complex glycosaminoglycan consisting of up to 400 mod-

ified sugars. It appears ubiquitously throughout the body and is expressed on

cell surfaces and in the extracellular matrices (ECM) of most tissues [67–70].

The ECM binds basic fibroblast growth factor (bFGF) which, amongst other

enzymes, can be released by thrombin and heparanase [70]. The degradation of

heparan sulfate by heparanase may thus release bFGF, which has a central role

in angiogenesis and tumor invasion [15, 70, 71]. Destruction of the ECM by

heparanase may also promote invasion and metastases of cancer cells [68,

70–72]. Heparanase has been shown to be expressed on a number of tumor

types, including breast cancer, colon cancer, gastric cancer, and this has been

correlated withmetastatic potential of these cancers [68, 73–75]. UFH, LMWH,

and synthetic molecules have been demonstrated to suppress heparanase activ-

ity and may thus interfere with cell invasion, angiogenesis, and metastasis

[70, 76–78].
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15.7 Adhesion Molecules – P-Selectin and L-Selectin

Selectins are vascular cell adhesion molecules involved in mediating interactions
of leukocytes, platelets, and endothelial cells [79, 80]. In addition to their role in
hemostasis, they can interact with cancer cells and promote metastases by their
presence in platelets and on endothelial cells and leukocytes [79–81]. These
selectins (and in particular P-selectin) are suppressed by heparin and LMWH
[79, 82]. In experimental studies so far, not all LMWHs have the same activity.
Thus in one study the LMWH nadroparin was shown to inhibit selectin activity
as well as decreasing lung metastases in an experimental model whereas enox-
aparin and fondaparinux did not [23]. Similarly, the pentasaccharide fondapar-
inux demonstrated no inhibitory effect on the selectins [23, 39]. Studies have also
been done with nonanticoagulant heparins as well as O-sulfated bacterial poly-
saccharides and these were also demonstrated to suppress both P- and E-selectin
mediated interactions and to attenuate tumormetastases and progression [18, 19,
23, 41, 83, 84]. These studies therefore provide further evidence that suppression
of tumor growth and metastases is not related to the anticoagulant potential of
the treatment agents in many cases. Certain breast cancer cells express the
chemokin receptor CXCR 4 which allows breast cancer cells to migrate towards
their specificmetastatic target sites which express CXCL 12within normal tissues
[42, 46]. The presentation of chemokins to their receptors is dependent on
glycosaminoglycan components on the cell surface or ECM. Short length oligo-
saccharides of heparin which have decreased anticoagulant effect were shown to
reduce the metastatic spread of human breast cancer cells in a murine model;
similarly UFH and the LMWH (tinzaparin) suppressed metastases [42, 46].

15.7.1 Angiogenesis

All of the interactions between the hemostatic system and tumor cells are involved
in the promotion of angiogenesis [41, 48, 59, 63, 85–89]. Furthermore, several of
the steps in the development of angiogenesis can be suppressed by UFH, LMWH,
and nonanticoagulant molecules [20, 22, 41, 45, 47, 48, 90–92]. The complex
interactions of these various mechanisms was recently reviewed by Ruf [89].
Thus prominent roles in angiogenesis involve tissue factor, particularly its cyto-
plasmic tail, the tissue factor VIIA complex leading to the production of thrombin,
the up regulation and activation of protease-activated receptors (PARs), the
release of growth factors such as VEGF and beta fibroblast growth factor (beta
FGF) and the role of the extracellularmatrix and heparanase [89]. A number of the
steps in the promotion of angiogenesis can be inhibited by tissue factor pathway
inhibitor (TFPI) [45, 48]. The suppression of angiogenesis has been promoted as
one of the mechanisms whereby anticoagulants such as UFH and LMWH may
suppress tumor growth andmetastasis. In experimental models assessing endothe-
lial capillary tube formation, cell proliferation in cultures and in a chorioallantoic
membrane system studies have shown that UFH and various LMWHs can
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suppress angiogenesis, although not all to the same extent [44, 45, 47, 90]. Also, as

seen in other studies, angiogenesis can be suppressed by nonanticoagulant hepar-

ins or synthetic compounds [20, 22, 91, 92]. Finally, the association of thrombosis

with antiangiogenic therapy further highlights the complex interaction of angio-

genesis with the hemostatic system [93]. The various sites where the heparins

(UFH, LMWH and non-anticoagulant heparin-like compounds) may inhibit or

block cancer cell growth, migration, and metastasis are shown in Fig. 15.1.

Sites of Heparin Inhibition of Cancer Growth and Metastasis
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Fig. 15.1 Sites of heparin inhibition of cancer growth and metastasis. Sites where the heparins
(UFH, LMWH and non-anticoagulant heparin-like compounds) inhibit or block cancer cell
growth,Sites of heparin inhibition of cancer growth and metastasis. Sites where the heparins
(UFH, LMWH and non-anticoagulant heparin-like compounds) inhibit or block cancer cell
growth, migration and metastasis are designated by the red boxes. TF-VIIa (tissue factor-factor
VIIa) activates Xa and also IXa via the tissue factor pathway. The heparins increase release of
TFPI (tissue factor pathway inhibitor) from endothelial cells and other storage sites and thus
increase the effects of TFPI on angiogenesis as well as its other activities. The selectins (E-
endothelial; P-platelet and L-leukocyte) which interact with cancer cells and promote metastasis
are blocked by the heparins. The release of VEGF (vascular endothelial growth factor), PDGF
(platelet derived growth factor), bFGF (beta fibroblast growth factor) and IL-8 (interleukin-8)
which promote angiogenesis are all blocked by the heparins. PARS (protease activated receptors)
are upregulated and activated by thrombin and the TF-VIIa complex and are located on various
cancer cells. Activation of PARs leads to the release of various growth factors which promote
angiogenesis. Suppression of thrombin generation and TF-VIIa by the heparins decreases PARs
activity. ECM-HSGAGs (extracellular matrix, heparan sulfate-like glycosaminoglycans) store
and release VEGF, bFGF and IL-8 by the action of heparanase. The activity of heparanase is
blocked by the heparins
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In their review of preclinical studies published between 1960 and 2005,

Niers and colleagues concluded that the anticancer activity of heparins was

more dependent upon inhibition of metastases than on the effect on primary

tumor growth [94]. Furthermore, chemically modified heparins with little or

no anticoagulant activity showed antimetastatic properties as well. As with

other comprehensive reviews, they concluded that the anticancer effect of

the heparins was related both to coagulation and noncoagulation dependent

factors.

15.8 Conclusion

The hemostatic system and cancer are integrally related with many forms of

cancer inducing a hypercoagulable state resulting in venous thromboembo-

lism, disseminated intervascular coagulation, and marantic endocarditis. The

interaction between cancer cells and the hemostatic system are extremely

complex and help explain why no single line of attack can be successful in

all cases. Over the years it has become increasingly evident that the throm-

botic process plays a vital role in cancer cell development, proliferation,

migration and metastasis leading to the hope that suppression of the coa-

gulation cascade could have a beneficial effect on the cancer. Data from

clinical trials initially aimed at treatment of venous thromboembolism in

cancer patients and later directly in cancer patients who did not have

thrombosis provided evidence that LMWH could improve survival in these

patients who had a wide variety of primary tumor sites. Current trials are

ongoing in patients with specific tumor sites, with better quantitation of

tumor burden, the effect of the tumor on the patient being determined using

different LMWHs compared with placebo, with the primary outcome event

being survival at 12, 18, and 24months.
In recent years there has been a determined effort to understand how the

heparins may suppress cancer cell development, proliferation, and metastasis

in a variety of experimental models. Many of these studies have yielded

contradictory results with heparin producing an inhibitory effect on cancer

cells in most studies but in others cancer cell growth and angiogenesis was

actually stimulated. The use of LMWH and other lower molecular weight

compounds has a similar but more potent effect than UFH in most experi-

mental models. An exciting result of these studies is that a number of

nonanticoagulant sulfated oligosaccharides and similar compounds have a

potent anticancer effect without any anticoagulant effect, suggesting that

these could have a prominent role as adjuvant agents in the treatment of a

variety of cancers in humans without any potential for increasing bleeding

complications.
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Part III

Bleeding Disorders Associated with Cancer



Chapter 16

Thrombocytopenia and Cancer

Elizabeth A. Eklund

16.1 Introduction

Thrombocytopenia is frequently encountered in patients with solid tumors or
hematologic malignancies. In these patients, it may be related to the underlying
disease or it may be a consequence of treatment. In some cases, thrombocyto-
penia may be an isolated hematologic defect. However, thrombocytopenia in
cancer patients will often be accompanied by variable amounts of anemia and/
or neutropenia. In the majority of cases, thrombocytopenia in cancer patients is
not clinically significant, but is discovered during routine blood counts. How-
ever, some of the causes of thrombocytopenia indicate the development of
serious disorders which should be addressed promptly. Since the etiology of
thrombocytopenia in cancer patients may be multifactorial, diagnosis is often
complex. The main causes of thrombocytopenia are increased platelet destruc-
tion and decreased platelet production. Less frequent are splenic sequestration
and dilutional thrombocytopenia.

16.2 Thrombocytopenia Due to Peripheral Destruction

16.2.1 Disseminated Intravascular Coagulation

Consumptive coagulopathy is common in patients with cancer and one of the
most common causes is disseminated intravascular coagulation (DIC). In one
study, DIC was found in 50% of all patients with cancer and in 90% of patients
with disseminated malignancy [1, 2]. In the majority of such cases, DIC is sub-
clinical and only detected with specific laboratory testing. In a cancer patient
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with thrombocytopenia, DIC should be an early consideration. However, since
it is generally asymptomatic in this setting, specific therapy is rarely required
and treatments are directed to the underlying malignancy.

Analysis of the peripheral blood smear is themost important initial test in the
evaluation of thrombocytopenia in a patient with a known malignancy. The
presence of a consumptive coagulopathy is suggested by the identification of
schistocytes and red cell fragments on the peripheral smear. These may also be
observed in thrombotic thrombocytopenic purpura (TTP), which is also an
important cause of consumptive coagulopathy in cancer patients. A diagnosis
of DIC is indicated by an increase in the PT, aPTT and D-dimer, and a
decreased fibrinogen level. In contrast, TTP would be suggested by increased
lactic dehydrogenase (LDH) and serum creatinine, increased ultra large von
Willebrand multimers, minor abnormalities in PT or PTT, and no decrease in
fibrinogen or increase in D-dimer.

Distinguishing DIC from TTP or other causes of thrombocytopenia is
important because the therapeutic approaches are very different. However,
since many of these disorders have common characteristics, this distinction
can be difficult. To assist with this dilemma, a scoring system was developed
by the International Society of Thrombosis and Haemostasis [3]. This scoring
system is applicable to patients with an underlying cause for DIC, such as a
disseminated malignancy. A numerical score is assigned to each of four factors:
platelet count (>100,000=0,<100,000=1,<50,000=2), elevated fibrin related
marker (no increase=0, moderate increase=2, strong increase=3), prolonged
PT (<3 s=0, >3 s but <6 s=1, >6 s=2) and fibrinogen level (>100=1,
<100=1). In this system, a score of >5 is consistent with DIC.

A number of factors are involved in the pathogenesis of DIC in cancer
patients. In some cases, cancer related abnormalities in coagulation factors
may contribute to a procoagulant state in these patients. For example, a variety
of tumor cells exhibit both surface expression and shedding of tissue factor
(TF). Cancers for which this mechanism may result in DIC include adenocarci-
nomas, leukemias, lymphomas, and osteogenic sarcomas [4–7]. Release of TF
into the circulation with resultant DIC has also been described after placement
of peritoneal-venous shunts to manage malignant ascites in patients with
advanced cancer [8]. Cancer cells may also produce cancer procoagulant
(CP), a serine protease which activates factorX [9, 10]. Cancers for which
increased CP production may contribute to DIC include carcinomas of the
lung, breast, colon and kidney. Increased production of CP is also found in
sarcomas, neuroblastoma, melanoma, leukemia and lymphoma [11–14]. In
addition, patients with carcinoma have may have decreased urokinase plasmi-
nogen activator (uPA) and tissue type plasminogen activator (tPA), and
increased plasminogen activator inhibitor type 1 (PAI-1), leading to a pro-
coagulant state [15–18].

Elaboration of inflammatory mediators may also contribute to DIC in
cancer patients. These mediators may be produced by either cells of the immune
system which are activated in response to the tumor, or by the tumor itself.
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Inflammatory mediators which exert a procoagulant effect include tumor
necrosis factor alpha (TNF�), IL-1, and vascular endothelial growth factor
(VEGF) [19, 20]. Additionally, abnormal vasculature in tumors may provide a
site of denuded epithelium which activates the coagulation cascade, resulting in
DIC. Kaposi’s sarcoma has been associated with DIC via this mechanism.

It is also important to consider the possibility of underlying infection in a
cancer patient with DIC. Immuno-suppression may be present in such patients
related to treatment with radiation or chemotherapy. In the case of hematologic
malignancies, immuno-suppression may be a consequence of the malignancy
itself. This is an important consideration in the differential diagnosis, because
treatment of the underlying infection would be the preferred approach to
addressing DIC in this case. Another important diagnosis to exclude is TTP.
Treatment for this disorder is dramatically different than treatment of DIC, as
is discussed below. In general, treatment of DIC in a patient with cancer will be
directed to the underlyingmalignancy. As discussed above, DIC in this setting is
often sub-clinical and does not require specific treatment.

16.2.2 Thrombotic Thrombocytopenic Purpura (TTP)

In patients with malignancies, TTP may cause a consumptive coagulopathy.
TTP may be due to either the underlying cancer or drugs used for treatment. In
some patients, TTP may be the first sign of the presence of an occult malig-
nancy. A recent study found that 10 out of 351 consecutive, newly diagnosed
TTP patients had an underlying malignancy [21]. In only one of these cases had
themalignancy been previously diagnosed. TTP in patients with malignancies is
often more chronic in onset than in other patients, and is more likely to be
asymptomatic [21]. TTP should be considered early in the diagnostic evaluation
of a patient with cancer and thrombocytopenia.

As discussed above, the presence of schistocytes and/or red cell fragments in
the peripheral smear of a cancer patient with thrombocytopenia suggests the
possibility of a consumptive coagulopathy. In TTP, the LDH is generally
greatly elevated and serum creatinine may also be increased. The presence of
ultra-large von Willebrand multimers confirms the diagnosis; however treat-
ment should not be delayed while awaiting this test if the other evidence is
consistent with TTP. In contrast to DIC, abnormalities in PT or aPTT are
minor or absent, fibrinogen is not decreased and D-dimer titers are not elevated
in TTP [22]. Since the treatment of TTP and DIC are very different, it is
important to distinguish between these two entities. Use of the scoring system
for DIC (discussed above) is useful in making this distinction [3].

In TTP patients without cancer, antibodies to ADAMTS-13 (A Disintegrin
AndMetalloproteinase with a ThromboSpondin type 1 motif, member 13, also
known as Von Willebrand factor cleaving protease) are often found in the
circulation [23]. Deficiency in ADAMTS-13 impairs processing of ultra large
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von Willebrand multimers, leading to accumulation of platelet micro-aggre-
gates in the circulation [24]. Cancer patients with TTP rarely have antibodies to
ADAMTS-13, suggesting a different pathogenesis than in the de novo disease
[25]. Data regarding circulating ADAMTS-13 levels in cancer patients is vari-
able in different studies. One study found that ADAMTS-13 levels were less
than 5% of normal in patients with disseminated cancer, but were normal in
patients with localized tumors [25]. In another study, patients with either
localized or metastatic cancer had decreased ADAMTS-13 levels [26, 27].
Other studies have found no correlation between ADAMTS-13 levels and
TTP in cancer patients [28].

Additional mechanisms for TTP in cancer patients have been hypothesized.
One such hypothesis is that endothelial disruption in tumor vasculature results in
excess release of unprocessed ultra large von Willebrand factor multimers. Since
TTP is relatively more frequent in cancer patients with bonemarrow involvement
and fibrosis, it has also been hypothesized that vascular damage as a result of this
process contributes to TTP [29]. Pro-coagulant factors released by mucin produ-
cing tumors have also been hypothesized to contribute to the pathogenesis of
TTP in patients with various types of mucinous adenocarcinomas [30].

The most common cancers associated with thrombotic microangiopathy
(TMA) are carcinomas of the breast and stomach [30]. TMA is also found in
patients with cancer of the colon, prostate, lung, ovary, endometrium and
pancreas [22, 31, 32]. Additionally, some of the chemotherapeutic agents used
in the treatment of cancer are specifically associated with TTP. These agents
include gemcitibine, mitomycin C and anti-thymocyte globulin [33–35]. The
differential diagnosis for TTP in a cancer patient includes other consumptive
coagulopathies, such as DIC. Treatment of TTP in the cancer patient is similar
to the treatment approach to this disease in a patient without malignancy.
Specifically, several studies have shown the benefit of plasma exchange or
plasmaphoresis in TTP patients with cancer, even when the underlying malig-
nant process is not controlled [22, 36].

16.2.3 Immune Mediated Thrombocytopenia (ITP)

Thrombocytopenia in cancer patients may be due to the development of auto-
antibodies to platelet associated antigens. Such auto-immune causes of throm-
bocytopenia are more common in patients with hematologic malignancies than
in patients with solid tumors. Therefore, the index of suspicion for this diag-
nosis should be greatest in patients with chronic lymphoid leukemia (CLL),
indolent B cell lymphomas, Hodgkin’s disease or myelodysplastic syndromes
[37–40]. In these patients, ITP or auto-immune thrombocytopenia may occur in
isolation, or may be associated with auto-immune hemolytic anemia.

The most important initial diagnostic test to distinguish ITP from a con-
sumptive coagulopathy is the peripheral blood smear. ITP should be suspected
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if the peripheral blood smear indicates thrombocytopenia with normal red cell
morphology. Bone marrow biopsy is generally not required to make the diag-
nosis of ITP in a patient without a diagnosed malignancy. However, the
potential differential diagnosis of thrombocytopenia in a patient with a
known diagnosis of hematologic malignancy or solid tumor makes bone mar-
row evaluation more important. In such a patient, a normocellular bone mar-
row with increased numbers of normal appearing megakaryocytes would be
consistent with a diagnosis of ITP. The bone marrow specimen should be
closely examined for the presence of tumor cells or fibrosis, which may provide
the first clue to an underlying malignancy.

ITP in patients with hematologic malignancies is hypothesized to be due to
dysregulation of the immune system. As with the ‘‘primary’’ disorder, ITP in
patients with hematologic malignancy involves production of antibodies to
platelet glycoproteins IIb/IIIa or Ib/IX with subsequent clearance of antibody
coated platelets by the reticuloendothelial system. However, testing for such
antibodies is not generally recommended. Studies of platelet associated IgG
have low specificity and detection of anti-IIb/IIIa or Ib/IX in the serum has low
sensitivity [41, 42]. As for primary ITP patients, the diagnosis of ITP in a patient
with a diagnosis of malignancy is one of exclusion.

Although ITP is generally associated with hematologic malignancies, there
have been some reports of ITP in patients with breast or ovarian cancer [43–45].
The conclusion of the studies was that ITP in patients with these cancers may
represent coincidence. ITP is more common in women and there is significant
overlap in the age groups in which ITP and breast or ovarian cancer are most
prevalent. A larger accumulation of cases will be required to determine if the
incidence of ITP in breast or ovarian cancer patients is greater than might be
expected for age and gender matched controls. In patients with breast or ovarian
cancer and thrombocytopenia, it would be especially important to exclude other
causes, such as consumptive coagulopathy or bone marrow involvement.

16.2.4 Heparin Induced Thrombocytopenia (HIT)

Another potential cause of thrombocytopenia in a cancer patient is HIT.
Patients at risk for this complication include those with vascular access devices
who are receiving heparin flushes, patients receiving unfractionated heparin for
venous thromboembolism (VTE) prophylaxis, and patients undergoing antic-
oagulation with heparin for VTE. This complication generally occurs within
5–15 days of initiating heparin therapy and platelet counts generally decrease to
less than 50% of pre-treatment levels [46–48]. Because HIT can lead to arterial
or venous thrombosis and even death, it is important to identify this complica-
tion quickly and initiate specific therapy.

The HIT syndrome is caused by development of antibodies to epitopes
created by interaction of heparin with platelet factor 4 (PF4) [49, 50]. This
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was previously referred to as HIT type II. Binding of the antibody-heparin-PF4

complex to the platelet surface results in de-granulation and release of pro-

thrombotic microparticles. These microparticles activate monocytes, resulting

in release of inflammatory mediators, and also cause endothelial damage.

Interaction between the antibody-heparin-PF4 complex and PF4 receptors on

other platelets leads to formation of platelet aggregates in the circulation,

further facilitating the consumptive coagulopathy.
A number of studies have investigated the frequency with which patients

receiving heparin develop anti-heparin-PF4 antibodies. In these studies, anti-

heparin-PF4 antibodies develop in approximately 17% of patients receiving

heparin for any indication [46, 47]. One study also determined the incidence of

platelet activation in patients who developed anti-heparin-PF4 antibodies and

were treated for longer than 2weeks with heparin. This study determined that

less than 20% of these patients developed platelet activation and were therefore

at risk for arterial or venous thrombosis [46]. However, another study found

that the incidence of HIT syndrome is increased in cancer patients receiving

heparin, relative to similarly treated patients without cancer [51].
Examination of the peripheral smear is important to the diagnosis of HIT.

Although schistocytes may be present in patients with this disorder, they are less

prominent than inDIC or TTP. Paradoxically, the numbers of schistocytes may

be inversely correlated with thrombotic complications in this disorder. In con-

trast to DIC, the PT and aPTT will not generally be abnormal in HIT, except as

might be expected related to administration of heparin. Also, fibrinogen will

not be decreased in HIT as they are in DIC. In contrast to TTP, there will be no

marked elevation in LDH or creatinine. The most commonly available tests for

the diagnosis of HIT are immunological studies to detect anti-heparin-PF4

antibodies in the serum. These tests are very sensitive for detecting circulating

antibodies, but not very specific for determining which patients have HIT

syndrome [52]. Another diagnostic test whichmay be performed is the serotonin

release assay, which evaluates the ability of patient’s serum to activate platelets.

This test is very specific for the presence of functionally significant anti-heparin-

PF4 antibodies, but it is not very sensitive [53].
However, in a patient for whom the clinical suspicion for HIT is high,

treatment should not await the results of specific testing for anti-heparin-PF4

antibodies. In a patient in whom the HIT syndrome is suspected, any heparin

administration should be discontinued immediately. Even patients without

clinically evident thrombosis at the time of diagnosis have a significantly

increased risk for subsequent development of thrombosis [51]. Therefore, antic-

oagulation with a direct thrombin inhibitor such as lepirudin, argatroban or

bivalirudin (all FDA approved for this indication) should be initiated in any

patient with suspected HIT syndrome [54]. For patients without clinically

evident thrombosis, therapeutic levels of these agents should be continued

until the platelet count recovers, then for an additional 2–4weeks [55]. In a

patient with HIT syndrome and documented thrombosis, anticoagulation with
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warfarin should commence once the platelet count is greater than 150,000/mL
and continue for 3–6months [55].

The differential diagnosis for HIT includes DIC and TTP, as discussed
above. The differential also includes a non-immune mediated form of throm-
bocytopenia due to adhesion of heparin to platelets with subsequent clearance
by the reticuloendothelial system. This entity was previously referred to as type
I HIT, but it is not associated with the thrombotic complications that accom-
pany the immune-mediated disorder [48].

16.3 Thrombocytopenia Due to Decreased Production

16.3.1 Bone Marrow Suppression Due to Tumor Involvement

Bone marrow involvement may result in leukoerythroblastic anemia in patients
with solid tumors or hematologic malignancies. In these cases, the peripheral
blood smear is characterized by thrombocytopenia, mild anemia and the pre-
sence of immature myeloid and red cells in the circulation. In patients with solid
tumors, this disorder is generally associated with greater than 25% bone mar-
row involvement with tumor, or with extensive fibrosis [56]. Bone marrow
fibrosis may be induced by elaboration of cytokines by cells of the immune
system as part of the inflammatory reaction to the tumor. Alternatively, the
tumor cells themselves may produce cytokines which result in fibrosis [57]. In
hematologic malignancies, the bone marrow space may be replaced with malig-
nant cells, physically limiting hematopoiesis. Either of these mechanisms would
be anticipated to interfere with the development of all the blood cell lineages.
However, increased platelet consumption in cancer patients (discussed above)
may cause thrombocytopenia to be the first peripheral manifestation of bone
marrow involvement.

Leukemias and lymphomas are the most common malignancies to be diag-
nosed by detecting asymptomatic cytopenias on routine blood testing. For non-
hematologic malignancies, cancers of the prostate or breast are the cancersmost
commonly associated with bonemarrow involvement and suppression of hema-
topoiesis. This is related to both the relatively high incidence of these cancers in
the population and bone marrow tropism of the tumor cells. Small cell cancers
are also commonly found in the bone marrow and may be associated with
thrombocytopenia or leukoerythroblastic anemia. However, bone marrow
involvement and cytopenias are not a common enough manifestation of any
of these solid tumors to warrant bone marrow examination as part of the
staging process [58].

The differential diagnosis of thrombocytopenia in cancer patients, with or
without other cytopenias, is extensive. It is important to determine whether
thrombocytopenia and/or anemia are due to peripheral consumption early in
the diagnostic process. It is also important to consider the possible effects of
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recent treatments with chemotherapy or radiation in the pathogenesis of throm-
bocytopenia in the cancer patient. This issue is discussed further below.

16.3.2 Treatment-Related Bone Marrow Suppression

Treatment with chemotherapy is a common cause of bone marrow suppression
and pancytopenia in cancer patients. However, some chemotherapeutic agents
mainly cause thrombocytopenia. Progressive thrombocytopenia which does
not recover between treatment cycles may be seen with cis-platinum or carbo-
platin. Treatment with 2 chloro-deoxy-adenosine is associated with prolonged
thrombocytopenia which may persist for months after discontinuing treatment.
Specific thrombocytopenia has been associated with thalidomide treatment for
multiple myeloma [59]. In each of these cases, the dominant mechanism is
suppression of platelet production.

Treatment with alkylating agents or topoisomerase inhibitors, especially in
combination with radiation, can damage the hematopoietic stem cell, leading to
development of myelodysplastic syndrome (MDS) as a late complication.
Therapy related MDS (tMDS) generally presents as progressive thrombocyto-
penia or anemia years after termination of therapy [60, 61]. Bone marrow
examination in such patients reveals hypoplasia with varying degrees of dyspla-
sia. Approximately half of patients with tMDS have an unfavorable karyotype
at diagnosis as compared to 20% of patients with de novo MDS [60, 61].
Consistent with this, tMDS has a poor prognosis and is often associated with
rapid progression to acute myeloid leukemia (AML). Because treatment
regimes for Hodgkin’s and non-Hodgkin’s lymphoma often involve alkylating
agents and radiation, tMDS/AML is most common after treatment of these
disorders. Patients with solid tumors who are at the greatest risk for tMDS/
AML are those with breast, ovary and prostate cancers. This diagnosis should
also be considered in cancer survivors who demonstrate a trend of decreasing
platelet counts during long term follow up. Both the patients themselves and
their primary care physicians should be made aware of this potential long term
complication of cancer.

Pancytopenia is a well recognized complication of external beam radiation
therapy. The increased use of therapeutic radio-isotopes is also associated with
an increase in cytopenias during and post treatment. Strontium-89 is increas-
ingly commonly used in palliative treatment of boneymetastasis in prostate and
breast cancers [62]. Such treatments may be associated with development of
thrombocytopenia out of proportion to anemia or neutropenia. Ongoing, low
grade platelet consumption may contribute to this effect, especially in patients
with prostate cancer (as is discussed above).

The time course for the development of thrombocytopenia relative to treat-
ment with radiation or chemotherapy is important in determining whether
other causes should be sought. If there is a question of the role of current
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treatment vs other etiologies for bone marrow suppression, the diagnosis
requires bone marrow evaluation. The relevance of recent or remote treatments
to thrombocytopenia is generally suggested by the clinical course of the patient,
and the presence of other symptoms. For example, unexplained fever may
suggest underlying infection as a cause of bone marrow suppression. Especially
in patients with hematologic malignancies, opportunistic infections which
involve the bone marrow should be a consideration. Infections with fungal
pathogens or acid fast organisms may sometimes be detected on bone marrow
biopsy, and should be considered in the appropriate clinical setting. In a patient
who is actively undergoing treatment, the diagnosis of thrombocytopenia may
require a combination of patience and intervention.

16.3.3 Treatment of Thrombocytopenia Related to Decreased
Production

Guidelines were developed by the American Society of Clinical Oncology for
the use of platelet transfusion in patients with malignancies and thrombocyto-
penia due to decreased platelet production [63]. Therapeutic platelet transfu-
sion is obviously indicated to treat bleeding in a patient with hematologic
malignancy or a solid tumor and thrombocytopenia. In addition, the use of
prophylactic platelet transfusions for patients with malignancy and thrombo-
cytopenia has become routine (see Chap. 10). For patients with hematologic
malignancies, the use of prophylactic platelet transfusion is supported by
studies which indicate improved morbidity with this approach [64, 65]. The
threshold for initiation of prophylactic platelet transfusion in patients with
hematologic malignancies was addressed in a number of randomized clinical
trials. Based on these studies, ASCO guidelines recommend a threshold platelet
count of 10,000/mL for prophylactic transfusion in patients with hematologic
malignancies undergoing chemotherapy [66–68]. This recommendation excepts
situations where bleeding risk is increased, such as patients undergoing proce-
dures. In these cases, transfusion to achieve a platelet count between 30,000 and
50,000/mL may be indicated, depending on the procedure.

In contrast, there are less specific data regarding the use of prophylactic
platelet transfusion for patients with solid tumors and thrombocytopenia [63].
No prospective, randomized trials of the utility of this approach have been
performed for patients undergoing chemotherapy for solid tumors. However,
several retrospective studies found little correlation between platelet count and
frequency of clinically severe bleeding episodes in patient with solid tumors
undergoing chemotherapy. It was noted that bleeding often occurs at sites of
necrotic tumors in such patients and can be observed with platelet counts
>50,000/mL [69]. Based on the available data, the recommendations of the
ASCO panel for the threshold for prophylactic platelet transfusion in patients
with solid tumors undergoing chemotherapy was 10,000/mL [63].
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In considering platelet transfusion, it is important to be certain that thrombo-
cytopenia is due to decreased production rather than increased destruction. For a
patient with DIC or ITP, platelet transfusion is unlikely to result in clinical
benefit because of ongoing destruction. However, platelets should be transfused
in the case of clinically important bleeding in either of these disorders. This
should be accompanied with more specific treatments to address these disorders.
For patients with HIT, the major complication is thrombosis, not bleeding.
Platelet transfusion in these patients is generally not indicated and the therapeutic
approach should concentrate on discontinuing all exposure to heparin. In the
case of TTP, the transfusion of platelets has been shown to exacerbate the
thrombotic complications of the consumptive coagulopathy [70]. However,
transfusion should not be withheld in the case of life-threatening hemorrhage.
Also, there is anecdotal evidence that judicious platelet transfusion following
plasmapheresis can be safely used to prepare patients for urgent procedures [71].

16.4 Summary: Diagnostic Evaluation

16.4.1 Thrombocytopenia with Abnormal Peripheral Smear

The most important initial consideration in approaching a cancer patient with
thrombocytopenia is to determine whether a consumptive coagulopathy is
present. Therefore, review of the peripheral blood smear for schistocytes or
other abnormal red blood cell forms is the most important initial diagnostic
test. The presence of such red cell forms would suggest a consumptive coagulo-
pathy and dictate the initial diagnostic evaluation. In this case, the differential
diagnosis would include DIC, TTP and HIT (see Fig. 16.1). Additional testing
that should be performed at this point include PT, aPTT, fibrinogen, D-dimer
titer, LDH and creatinine.

A diagnosis of DIC would be suggested by increased PT, aPTT and D-dimer
with decreased fibrinogen, but without an elevated LDH or creatinine. For
TTP, the major expected abnormality would be an elevated LDH, which is
often greater than 1,000U/L. The creatinine may be increased, but the diag-
nosis of TTP can be made by the presence of elevated LDH and schistocytes
alone. In contrast, only minor abnormalities of PT or PTTwould be expected in
TTP, and the fibrinogen and D-dimer should be normal.

The diagnosis of HIT syndrome in a patient with thrombocytosis and
schistocytes in the peripheral smear requires clinical correlation. The index of
suspicion should be high in a patient who has been treated with heparin for
1–2weeks and experiences a relentless drop in the platelet count over several
days. In such a patient, the development of new arterial or venous thrombosis
would be an ominous sign. The presence of schistocytes is variable in HIT and
they are generally less prominent than in TTP or DIC. As discussed above, a
decrease in schistocytes may portend development of thrombosis in HIT.
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Although an anti-heparin-PF4 antibody test should be ordered, treatment for

HIT syndrome should not await the results of this test.

16.4.2 Thrombocytopenia with Normal Peripheral Smear

The absence of schistocytes or abnormal red cell forms in a cancer patient with

thrombocytopenia suggests a different line of investigation (Fig. 16.1). In the

appropriate clinical setting, HIT should still be high on the differential, espe-

cially in the presence of thrombosis. The approach to treatment and diagnosis

of HIT is discussed in the section above. In the absence of clinical suspicion for

HIT, isolated thrombocytopenia in a cancer patient could be due to ITP. As was

discussed above, the most efficient way tomake this diagnosis would be by bone

marrow analysis. Especially in patients with CLL or lymphoma, patients may

have both ITP and auto-immune-hemolytic anemia (AIHA). Laboratory

results that would be consistent with AIHA include an increased reticulocyte

count and bilirubin, a positive Coombs test, and decreased serum haptoglobin.
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Fig. 16.1 Diagnostic approach to a cancer patient with thrombocytopenia. Differential
diagnosis of the cause of thrombocytopenia in a cancer patient involves initial determination
of the presence of a consumptive coagulopathy. Subsequent testing will be dictated by this
result and the clinical picture
IPSS¼International Prognostic Scoring System; LDH¼Lactic Dehydrogenase; HIT¼Heparin
Induced Thrombocytopenia; TTP¼Thrombotic Thrombocytopenic Purpura; DIC¼Dissemi-
nated Intravascular Coagulation
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Thrombocytopenia,with orwithout other cytopenias,may be either an early or
a late consequence of chemotherapy or radiation therapy. The role of cancer
treatment in thrombocytopenia is usually suggested by the timing of the disorder
relative to chemotherapy or radiation therapy. If thrombocytopenia fails to
resolve within the usual time frame after treatment, bone marrow evaluation is
indicated to identify possible other causes. These might include infection or tumor
involvementof the bonemarrow, resulting in suppressionof blood cell production.
Thrombocytopenia, with or without anemia, may also be the first sign of develop-
ment of tMDS years after treatment with chemotherapy and/or radiation therapy.
Such events would warrant early bone marrow evaluation to determine prognosis
and the timing of aggressive treatments such as stem cell transplantation.
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Chapter 17

Bleeding Disorders Associated with Cancer

Dysproteinemias

Maurizio Zangari, F. Elice, G. Tricot, and L. Fink

17.1 Introduction

Acquired coagulation abnormalities are not infrequently detected in the labora-

tory evaluation of patients with paraproteinemias; however, clinically evident

manifestations are observed in only 10% of such patients [1]. The hemorrhages

observed with these abnormalities are rarely spontaneous, but often associated

with surgical procedures.Hemostatic abnormalities have been reported in patients

with primary AL amyloidosis, Waldenström macroglobulinemia, multiple mye-

loma and monoclonal gammopathy of undetermined significance (MGUS).
Overt bleeding is a relatively uncommon presenting symptom ofMGUS and

multiple myeloma<1% [2], but evident in 17% of patients withWaldenstrom’s

macroglobulinemia [3] and most frequently (40%) observed at presentation in

patients with amyloidosis [4]. Rather than a direct consequence of the para-

protein, bleeding complications are common causes of morbidity and mortality

during chemotherapy treatment, in patients with renal insufficiency, infections,

or after invasive procedures. Many publications, generally restricted to small

series of subjects, have described abnormal laboratory findings in coagulation

tests. However, these abnormalities are not always associated with clinical

symptoms; for example, low factor VII and VIII activity, abnormal platelet

function tests, prothrombin time (PT) and thromboplastin generation assays

correlate with bleeding, whereas thrombocytopenia and prolonged thrombin

time (TT) do not seem to predict hemorrhagic complications [5, 6].
In a study of 62 patients with plasma cell disorders, platelet count and

thrombin time were more frequently observed in IgG and IgA paraproteine-

mias, whereas platelet aggregation tests, factor VIII levels, PT and partial

thromboplastin time (PTT) were associated with IgA and IgM paraproteine-

mias. Mixing studies with normal plasma indicated the presence of an inhibitor
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responsible for the reduced levels of coagulation factors and for prolonged TT,
PT and PTT times [5].

17.2 Bleeding Diathesis in Amyloidosis and Waldenström

Macroglobulinemia

At diagnosis, 15–40% of patients with amyloidosis show hemorrhagic mani-
festations, often purpura in periorbital and facial areas [4, 7]. Waldenström
macroglobulinemia is associated with symptomatic bleeding (in particular oro-
nasal and retinal) in 17% of cases at presentation [8]. Disruption of vascular
integrity by deposition of insoluble fiber can impair vessel vasoconstriction;
other causes of bleeding are acquired coagulation factor deficiencies, in parti-
cular factor X, the presence of plasma or heparin-like inhibitors; hyperfibrino-
lysis; and acquired von Willebrand disease.

Amyloid angiopathy is most common in patients with cerebral amyloid
angiopathies (CAAs). Approximately 12–15% of all cerebral hemorrhages in
elderly persons are related to the presence of CAA [9]. Increased fragility of
blood vessels and impaired vasoconstriction are present not only in primary
amyloidosis but also in multiple myeloma. Biopsies demonstrate deposit of
amyloid substance in the vascular wall [9, 10].

Acquired coagulation factor deficiency, most commonly factor X, is a unique
feature of AL amyloidosis. In a recently reported large test series of patients with
primary amyloidosis, 8.9% showed factor X deficiency (defined as factor X
activity <50%); about half of these patients experienced significant bleeding
episodes. The frequency and severity of bleeding was most pronounced with
the lowest factor X levels [11]. Absorption of the coagulation factor byAL fibrils,
primarily in the liver and spleen, is the generally accepted pathogenetic mechan-
ism [12]. This hypothesis is supported by the rapid clearance from the circulation
of I131-labeled factor X and its accumulation in areas involved by amyloid
deposits, and by quantitative affinity chromatography studies which show factor
X bound to amyloid fibrils [12, 13]. Interestingly, deficiency of factor X asso-
ciated with amyloid involvement of the spleen [14] was in some cases corrected by
splenectomywith resolution of the bleeding diathesis [15, 16]. The rapid clearance
of infused factor X after makes it difficult to control bleeding episodes [4]. Few
amyloid patients achieved normalisation of factor X levels after oral melphalan
chemotherapy. Resolution of the bleeding diathesis was observed in 5 out of 10
patients treated with high dose melphalan followed by autologous stem cell
transplantation; however, bleeding complications in the peritransplant period
were fatal in two patients [11]. In a retrospective clinical analysis of 337 indivi-
duals with systemic (AL)-amyloidosis, abnormal bleeding was reported in 28%
of cases, and abnormalities in coagulation screening were observed in half of the
patients [7]. The most common abnormalities were prolongation of the TT and
PT (32% and 24% respectively). In multi-variate analysis, a prolonged PT was
the only coagulation abnormality associated with abnormal bleeding
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(P=0.0012), but the degree of prolongation was independent of the whole-body
amyloid content. Prolongation of the TT was correlated with hepatic amyloid
infiltration (P < 0.00001), with proteinuria (P < 0.001) and with low serum
albumin (P < 0.00001). In 154 patients who were studied further [7], impaired
factorX activity (FX:C) was found in 22 cases (14%). In patients with subnormal
FX:C, the corresponding factor X antigen (FX:Ag) measurements were consis-
tently higher than in those patients with normal FX:C, suggesting a dysfunctional
FX. No evidence was found of an FX inhibitor. The reptilase time (RT) was
prolonged in three of four patients with a prolonged TT.

In a series of 36 patients with amylodosis and monoclonal gammopathy [6],
laboratory clotting anomalies were present in the majority of individuals and
hemorrhagic manifestations occurred in 10 patients (9 mild-moderate episodes
of purpura or ecchymoses but in 1 patient a fatal mucosal hemorrhage). The
laboratory abnormalities included prolongation of TT, RT, and Russell’s viper
venom time (RVVT). Low levels of factorX did not correlate with theRVVT. The
presence of a plasma inhibitor was hypothesized to be the cause of coagulation
abnormalities, but the serum monoclonal paraprotein was probably not respon-
sible for the alterations of these tests, as they were found to be abnormal even in
sera with undetectable paraprotein levels [6]. The possibility that paraproteins are
able to inhibit fibrin polymerization, resulting in prolonged TT and abnormal clot
formation has also been postulated [17]. Althoughprolongation of TT andRT is a
peculiar feature of amyloidosis, it does not predict bleeding manifestations. Other
mechanisms such as factor X deficiency, enhanced fibrinolysis, and amyloid
angiopathy seem to correlate better with clinical symptoms [6].

Deficiencies in specific coagulation factors in AL-amyloidosis have long
been recognized [18] and, although factor X deficiency has been most studied,
there are also anecdotal reports of acquired deficiencies in factor IX [18–20],
factor II [19, 20], and factor VII [20]. Hypofibrinogenemia has been described in
this setting in association with disseminated intravascular coagulation and
increased fibrinolysis [5, 21].

A patient with primary amyloidosis, life-threatening bleeding and acquired
factor V deficiency has recently been described [22]. Assays to detect a factor V
inhibitor were repeatedly performed but such an inhibitor could not be demon-
strated. Although a transient response was observed after the intravenous
administration of fresh frozen plasma, the patient exsanguinated from a mas-
sive retroperitoneal hemorrhage. Autopsy revealed hepatosplenomegaly with
massive AL amyloid deposition [22].

Hemorrhagic episodes are also characteristic of the hyperviscosity syn-
drome, frequently observed in patients with Waldenström macroglobulinemia
and less commonly in multiple myeloma. The syndrome is caused by accumula-
tion of large positively charged IgM molecules with abnormal polymerization
and abnormal shape, which bind electrostatically to red cells and increase the
blood viscosity. Retinal hemorrhages, epistaxis and gingival bleeding are the
most common clinical manifestations [23]. Plasma exchange is an effective
treatment to reduce viscosity and control associated bleeding.
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17.3 Abnormalities of Primary Hemostasis

Thrombocytopenia (platelet count <100,000/mL) has been reported in 5% of

patients with advanced multiple myeloma [2] and in 2.4% of those with

Waldenström macroglobulinemia [3]. Overall, thrombocytopenia does not

seem to play a major role in the bleeding manifestations of these patients [5].

Abnormalities in platelet function associated with hemorrhagic symptoms have

also been described [5, 24]. Defects in primary hemostasis include decreased

platelet aggregation, reduced platelet factor 3 availability, and acquired von

Willebrand syndrome. Platelet function can be affected by the presence of high

concentration of immunoglobulins: addition of purified paraprotein to platelet-

rich plasma impairs platelet aggregation and release of platelet factor 3 [24].

Abnormal platelet adhesion to fibrin with associated impaired aggregation is

observed in myeloma patients [24, 25].
Non-specific coating of platelets by immunoglobulin has been proposed as

the major pathogenetic mechanism. This hypothesis is supported by the bene-

ficial effect of plasmapheresis in correcting the bleeding time and controlling

bleeding symptoms [1]. A specific interaction of the paraprotein with the

glycoprotein IIIa on the platelet surface was demonstrated in a patient with

IgG/kappamultiple myeloma and bleeding complications; the immunoglobulin

coated platelets showed reduced adhesion and aggregation in response to ADP

or epinephrine and clot retraction was almost completely suppressed [26].

Oxidative stress can also affect platelet function. Zima et al. [27] have described

increased levels of plasma malondialdehyde (a marker of oxidative stress) in

multiple myeloma and MGUS. Diminished platelet aggregation in response to

collagen or ADP was associated with an elevated malondialdehyde concentra-

tion and a parallel increase in vitamins A and E [28].
Circulating paraproteins that inhibit VWF and factor VIII activity have been

observed in patients withMGUS [29], multiple myeloma, Waldenströmmacro-

globulinemia, lymphoma, chronic lymphocytic leukemia and amyloidosis

[30, 31]. In a large international registry, 38% of patients with acquired von

Willebrand syndrome (AVWS) had lymphoproliferative diseases, associated

with the presence of an IgG or IgM paraproteins [32]. New onset of mucocu-

taneous bleeding in elderly patients without a family or personal history of

bleeding diathesis and the coexistence of a lymphoproliferative disorder should

suggest acquired, paraprotein-associated, von Willebrand disease. Similar to

type 2A von Willebrand disease, these patients usually have a prolonged bleed-

ing time, reduced ristocetin cofactor activity, a decreased VWF activity-antigen

ratio, and absence of large multimers [33]. The presence of antibodies to VWF

has been demonstrated inmany cases; however, mixing studies frequently fail to

show inhibition of VWF function [34]. A recent report has reviewed the sensi-

tivity of several laboratory tests (factor VIII, von Willebrand factor, ristocetin

cofactor, collagen-binding factor, PFA-100) for the diagnosis of AVWS in

patients with a history of bleeding, negative family history of VW disease, and

298 M. Zangari et al.



abnormal plasma VWF multimers. This single institution study demonstrated
the lack of sensitivity of routine tests to rule out AVWS suggesting that VWF
multimers should always be included in the diagnostic workup [35]. The
decreased in vivo survival of VWF levels after replacement (with cryoprecipi-
tate, FVIII/VWF concentrate infusions or induced by desmopressin) supports
the hypothesis that there is accelerated clearance of VWF-autoantibody immu-
nocomplexes from the circulation [36]. It is unclear if the monoclonal immu-
noglobulin directly neutralizes VWF. In a patient with IgD/lambda myeloma
who rapidly developed a large subcutaneous hematoma after puncture of the
inguinal artery, a lambda dimeric protein was purified that prolonged PTT and
RVVT and inhibited ristocetin-induced platelet aggregation [37]. The lambda
dimer showed specific inhibition of VWF binding to glycoprotein Ib� on
platelet surface. Inhibition of platelet–VWF interaction was mediated in this
case by the negative ionic charge of the dimer. Specific paraprotein interference
of VWF binding to collagen has also been demonstrated in a patient with low-
grade non-Hodgkin lymphoma and associated to IgG/lambda paraprotein [38].
Mixing experiments suggested the presence of an inhibitor directed against the
VWF; immunoprecipitation experiments using recombinant fragments of VWF
showed that the inhibitor reacted with both the glycoprotein Ib binding domain
and the A3 domain of VWF, but not with the A2 or D4 domains. Increased
VWF clearance by immunoabsorption on the surface ofmalignant lymphocytes
or plasma cells has been reported. In a patient with Waldenström macroglobu-
linemia, binding of VWF to themonomeric IgM on the surface of the malignant
cells induced the acquired von Willebrand disease [39].

17.4 Abnormalities of Secondary Hemostasis and Fibrinolysis

Decreased plasma concentration or activity of coagulation proteins, and abnor-
mal fibrin clot formation, have been observed in some patients with paraprotei-
nemias [1]. The paraprotein can directly affect the activity of coagulation factor
by inhibition of specific steps in the clotting cascade. In some cases, the hemo-
static abnormalities do not depend on the presence of inhibitory paraproteins,
but they are associated with accelerated clearance of coagulation factor and
paraprotein complexes, or with interference with the natural anticoagulant
mechanisms. Although prolonged thrombin times (TT) and reptilase-times are
frequently observed in patients with multiple myeloma, this abnormality rarely
translates into clinical bleeding symptoms [5].

Inhibition of fibrin monomer aggregation by the paraprotein was suspected
in a patient with multiple myeloma who presented with a prolonged TT and
RT; mixing studies of the patient’s plasma with normal plasma demonstrated
correction of TT but not RT [40]. Prolongation of TT, APTT and reptilase
time have been observed in a patient with a long-standing IgG kappa mono-
clonal gammopathy who developed severe haemorrhagic complications.
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Plasmapheresis resulted in improvement in the thrombin time and resolution
of bleeding. Addition of patient’s purified IgG to normal pooled plasma
prolonged the TT and APTT, but the reptilase time was prolonged only at
high IgG concentrations. This finding suggested that at low concentration, the
IgG produced a specific antithrombin effect, but at higher concentrations it
also affected fibrin polymerization; the combination of these effects resulted
in clinical bleeding [41]. The inhibitory activity of paraproteins on fibrin
polymerization has been extensively investigated. Paraproteins of all subtypes
can produce inhibition of fibrin polymerization and abnormal clot formation
[42]. These clots appear gelatin-like and show poor retraction because of a
poorly branched fibrin structure [25, 43]. Studies with different immunoglo-
bulin fragments were able to localize the immunoglobulin inhibitory activity
to the antigen binding (Fab) portion of the molecule. However, the interac-
tions between immunoglobulins and fibrin are of low affinity and are not
typical antigen-antibody interactions [42, 44].

When high concentrations of pathologic immunoglobulins are required to
inhibit clotting reactions, plasma exchange or large-volume plasmapheresis is
an effective therapy, particularly in those patients with Waldenström macro-
globulinemia [45, 46].

In patients with multiple myeloma, heparin-like anticoagulants have been
described: in such patients, TT prolongation was corrected by the addition of
heparinase or protamine sulfate; the latter was also able to control bleeding in
one patient [47–50]. Paraproteins with anti-factor VIII activity have been
reported: the low affinity of the inhibitory immunoglobulin for factor VIII
resembled the type II antibody inhibitors in hemophiliacs [31, 51, 52].

Increased fibrinolytic activity has been observed in multiple myeloma and
amyloidosis [21, 53]; these patients manifest a clinical bleeding diathesis asso-
ciated with a shortened clot lysis time and elevated fibrin/fibrinogen degrada-
tion products. The pathogenesis of hyperfibrinolysis appear to be due to a
reduced levels of �2-antiplasmin, which can also be secondary to complex
formation with plasmin. Increased urokinase plasminogen activator activity
also has been observed a patient with primary amyloidosis. Immunoprecipita-
tion studies showed that single-chain urokinase plasminogen activator was the
main fibrinolytic agonist in the patient’s plasma [54]. Treatment with "-amino-
caproic acid was effective in controlling bleeding symptoms in some patients
[55], even though accelerated fibrinolysis is not demonstrable.

17.5 Treatment-Associated Coagulation Abnormalities

The treatment of multiple myeloma, amyloidosis and Waldenström macroglo-
bulinemia can affect the hemostatic balance in either a thrombotic or hemor-
rhagic direction. Standard chemotherapy and new agents can induce bleeding
complications by multiple mechanisms.
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Thrombocytopenia is a common toxicity associated with some of the new

agents that have been added to the armamentarium of anti-myeloma and

lymphoma therapy. The proteasome inhibitor bortezomib and the thalidomide

derivative lenalidomide, are clear examples. In addition to the reduced platelet

count, bortzomib may impair platelet function. Preclinical and clinical reports

first suggested a possible anti-thrombotic effect of bortezomib [56, 57]. In vitro

studies showed a dose-dependent inhibitory effect of bortezomib on ADP-

induced platelet aggregation. The ATP-release reaction induced by collagen

was also inhibited in a dose- and time-dependent fashion, even though collagen-

induced platelet aggregation was apparently not affected [58]. We have pro-

spectively evaluated platelet function in 10 patients with multiple myeloma

treated with bortezomib. Comparing platelet aggregation before and shortly

after the proteasome inhibitor infusion, we observed statistically impaired

platelet activity triggered by ADP, epinephrine, or ristocetin (P=0.033, 0.034,

and 0.0077, respectively) [59]. PSI (Z-Ile-Glu (Ot-Bu) Ala-Leucinal) is a highly

specific proteasome inhibitor, which can prevent arterial thrombus formation

in renovascular hypertensive rats; this compound has been shown to inhibit

platelet aggregation and to increase the initial blood flow rate after arterial

thrombosis induction [56].
In the solid tumor arena, the use of anti-angiogenic compounds like bevaci-

zumab has been associated with an increased risk of bleeding complications

(mainly mild mucosal hemorrhages). With the introduction of new drugs with

anti-angiogenic activity in the treatment of multiple myeloma and amyloidosis,

vascular complications may be anticipated. Patients should be closely moni-

tored as they could have pre-existing hemostatic abnormalities associated with

their paraproteins.

17.6 Bleeding Management (see Chap. 18)

Treatment of bleeding episodes should be directed to the primary disease;

plasmapheresis has been an effective option in selected cases. In some patients,

desmopressin may be efficacious; infusions are given at 12-h intervals with

monitoring of VWF activity to identify responding patients. Desmopressin

may also be given pre- or post-operatively in patients in whom a response to
this agent has been identified. Refractory patients may require replacement

therapy with FVIII/VWF-containing concentrates. Another option is high-

dose intravenous Ig infusions (1 g/kg/day for 2 days), especially in those with

an IgG monoclonal component. In patients with IgG autoantibodies to VWF

and active bleeding, desmopressin or factor VIII concentrates enriched in

VWF, should be administered shortly after intravenous immunoglobulins infu-

sion [60, 61]. Recently, recombinant factor VIIa has been used in sporadic cases

to control severe bleeding episodes [62].
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Chapter 18

Control of Bleeding in Cancer

Jaime Pereira

Clinically significant bleeding occurs in approximately 10% of the patients with
advanced cancer [1]. Massive bleeding from the nose, pharynx, lung, or gastro-
intestinal tract constitutes a major challenge; however, it is difficult to predict
who will have a serious bleeding event requiring special management and
interventions. Bleeding in patients with cancer may present as a localized
bleeding diathesis, more often as a result of local injury by tumor invasion or
as a generalized hemorrhagic diathesis caused by thrombocytopenia, platelet
dysfunction, coagulation factor deficiencies, presence of inhibitors or increased
fibrinolysis. Mild persistent bleeding can be distressing for the patient, family
members and caregivers; however, catastrophic massive bleeding may also
occur, demanding urgent therapeutic intervention. In consequence, advanced
planning is advised especially in patients with the potential for massive bleed-
ing. The planned interventions must take into account the prognosis, patient
performance status, and previous and current treatments. This chapter will
review the available interventions for managing bleeding in cancer patients.

18.1 Causes of Bleeding in Patients with Cancer

18.1.1 Cancer Invasion

Bleedingmay result from local tumor infiltration of blood vessels and lymphatics.
Angiogenic factors produced by some tumors promote vascularity of the tumors
predisposing the patient to bleeding (Table 18.1). Tumor erosion can involve
small and large vessels. In head and neck cancer, there is always the potential for
catastrophic bleeding, since exposure to the environment, saliva or prior irradia-
tion weakens the wall of large vessels [2, 3]. This complication has amortality rate
of around 40% and a high incidence of neurologic sequelae among survivors.
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Patients with lung cancer may present with hemoptysis in approximately
20% of the cases during their clinical course and 3% of patients with broncho-
genic carcinoma will have terminal massive hemoptysis with a mortality as high
as 60–100% [4]. Hemoptysis is more likely in malignant lesions involving the
large airways than in cancers located in the peripheral lung parenchyma.

Gastrointestinal tract malignancies frequently present with slow chronic
bleeding. Occasionally, hematemesis may be the presenting symptom of gastric
cancer. Hepatocellular carcinoma presents with bleeding in approximately
5–15%, most often among non-encapsulated tumors. Bleeding in liver cancer
indicates a very poor prognosis [5].

Bleeding is also a complication of metastatic disease, especially in tumors
with vascular components. Metastatic choriocarcinoma may present with
hemorrhagic complications due to the hypervascular nature of the tumor.

Among patients with acute myelogenous leukaemia bleeding is a major
manifestation. In one study, bleeding was noted in 47 of 106 patients (44%)
and 10 of them died from cerebral hemorrhage [6].

18.1.2 Thrombocytopenia

Thrombocytopenia is the most frequent hemostatic defect found among
patients with cancer, observed in approximately 10% of cases, even before
chemotherapy [7]. In the acute setting, thrombocytopenia is the consequence
of decreased platelet production (chemotherapy, radiation therapy or bone
marrow infiltration), platelet sequestration, or increased peripheral destruction
due to sepsis, disseminated intravascular coagulation, and thrombotic micro-
angiopathy (see Chap. 8). The most common clinical manifestation of throm-
bocytopenia in patients with cancer is mucocutaneous bleeding. Spontaneous
bleeding does not occur unless the platelet count is less than 20,000/mL.

Table 18.1 Causes of bleeding in patients with cancer

Local

Tumor invasion

Systemic

Thrombocytopenia

Platelet dysfunction

Coagulation factor abnormalities

Disseminated intravascular coagulation

Liver disease

Vitamin K deficiency

Acquired anticoagulants

Use of drugs

Oral anticoagulants

Aspirin, nonsteroidal antiinflammatory agents

Dysproteinemias
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Additional risk factors such as infection, fever, uremia, or use of drugs inter-
fering platelet function, may increase this threshold [8, 9].

18.1.3 Coagulation Abnormalities

Coagulation abnormalities may be the result of disseminated intravascular
coagulation (DIC), primary fibrinolysis, acquired anticoagulants, use of
drugs, and liver disease. It is well established that DIC is the most common
cause of serious bleeding among patients with cancer [10]. In DIC, increased
thrombin generation and deposit, coagulation factor consumption, platelet
consumption and secondary fibrinolysis contribute to the ischemic and bleeding
manifestations of the syndrome [11]. It occurs more frequently with mucin-
producing carcinomas of the prostate, pancreas, GI tract, lung, breast and
ovary (see Chap. 7). Acute leukemias may develop DIC, but acute promyelo-
cytic leukaemia is more often associated with secondary fibrinolysis.

Acquired anticoagulants are a relatively rare but a serious cause of bleeding
in cancer. The inhibitors can be autoantibodies against factor VIII or other
coagulation factors (factor V, von Willebrand factor) or heparin-like sub-
stances released by cancer cells.

Liver disease has a profound impact on hemostasis. The coagulation abnorm-
alities associated with liver insufficiency are the result of decreased production of
coagulation factors, dysfibrinogenemia, enhanced fibrinolysis and thrombocyto-
penia. Vitamin K deficiency produces alterations in the synthesis of many coa-
gulation factors (factors II, VII, IX, X, protein C and protein S).

18.1.4 Use of Drugs

The use of oral anticoagulants is associated with excessive bleeding, a complica-
tion that is particularly frequent among patients with advanced cancer [12]. The
risks of prophylactic anticoagulation may outweigh the benefits in some patients
with advanced cancer. Despite the use of appropriate therapeutic doses of antic-
oagulants, the incidence of bleeding complications ismuch higher among patients
with advanced disease when compared with those with earlier-stage cancer [13].
Antiplatelet agents such as aspirin and nonsteroidal anti-inflammatory drugs
may induce or exacerbate bleeding, especially in patients with thrombocytopenia.

18.1.5 Treatment-Associated Bleeding

Mucositis is one of the most common adverse effects in patients receiving high-
dose radiotherapy and/or chemotherapy for cancer [14]. Bleeding is a frequent
complication in patients with advanced mucositis. Extensive mucositis of the
GI tract is commonly experienced by patients undergoing conditioning for
hematopoietic progenitor cell transplantation (HPCT). On the other hand,
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bone marrow transplantation is associated with bleeding in the absence of
mucositis [15]. The existence of graft-versus-host disease (GVHD) increases
the risk of bleeding following HPCT and it has been found that the incidence of
bleeding episodes is correlated with the severity of the GVHD [15].

Mucocutaneous bleeding and hemorrhagic cystitis are common manifesta-
tions of hemorrhagic diathesis in patients receiving transplantation [15].

18.1.6 Dysproteinemias

Bleeding events are common complications during treatment and progression
of plasma cell dyscrasias (see Chap. 17). Hemostatic abnormalities that are
characteristic of these disorders are inhibition of fibrin polymerization, quali-
tative platelet dysfunction, acquired vonWillebrand factor disease and heparin-
like circulating anticoagulants. Although major bleeding is uncommon among
patients with plasma cell dyscrasias despite frequent abnormal laboratory
findings, occasionally serious hemorrhagic complications may occur.

18.2 Management of Bleeding Diathesis

18.2.1 General Measures

The approach to bleeding control in cancer patients must be individualized
depending on the underlying causes, the likelihood of reversing the etiology,
and the cost-to-benefit ratio of the treatment, as viewed in the context of disease
extension, life expectancy and goals of care. In this sense, a patient newly
diagnosed with an excellent performance status will be treated differently
from a patient with a poor performance status, poor prognosis and a life-
expectancy of days.

Patients at risk for bleeding should be identified as a first step in order to
implement preventive interventions. Table 18.2 summarizes the patients at risk
for bleeding.

Table 18.2 Patients at risk for bleeding

Severe thrombocytopenia

Disseminated intravascular coagulation

Large head and neck carcinomas

Refractory acute leukemias

Severe liver disease

Metastatic tumors (choriocarcinoma, melanoma, renal cell carcinoma)

Patients on oral anticoagulants

Hematopoietic progenitor cell transplantation and GVHD

Treatment with high-dose radiation therapy

From reference [2]
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Despite the lack of clinical trials to guide therapy in patients with advanced
cancer, there are some general approaches that can be used to control bleeding
(Table 18.3).

18.2.2 Local Measures

Local measures are mainly used in accessible primary or metastatic tumors and
to control bleeding from hollow organs such as the nose, vagina, bladder and
rectum. Local measures most frequently include packing, topical hemostatics,
radiation therapy, endoluminal therapies, and embolization.

18.2.3 Packing

Packing is useful when the bleeding originates from a hollow organ; it can be
used with or without compression. Surgical swabs of varying sizes can be coated
with different chemicals to facilitate hemostasis. Acetone in vaginal packs may
be useful to control vaginal bleeding, especially in patients who have undergone
radiotherapy and are not eligible for other interventions [16].

Vasoconstrictors such as epinephrine and silver nitrate have been used for
nose bleeding. Cocaine in 4% solution applied to cotton swabsmay also control
epistaxis [17].

Topical formalin is an effective agent to control vaginal bleeding, malignant
cutaneous ulcers and radiation proctitis. Formalin controls bleeding by cross-
linkage of proteins [18, 19].

Sucralfate has shown some benefit in controlling bleeding associated with
radiation proctitis [19].

Table 18.3 Control of bleeding in patients with cancer

Local measures

Packing

Compression dressings

Topical hemostatics

Radiation therapy

Endoscopy

Palliative embolization

Systemic interventions

Transfusion therapy

Platelet

Plasma products (fresh frozen plasma, cryoprecipitates)

Administration of vitamin K

Desmopressin

Antifibrinolytic agents

Recombinant factor VIIa

Prothrombin complex concentrate
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A variety of other agents, mostly used in surgical procedures, have been
suggested to be of benefit in controlling bleeding in cancer patients; however,
the evidence to support their use is mainly anecdotal. Prostaglandins E2 and F2
have been used for severe bladder hemorrhage [20]. Aluminum astringents, such
as 1% alum, can be delivered by continuous bladder irrigation [20].

18.2.4 Topical Hemostatics

Fibrin sealants consist of plasma derivatives that simulate part of the normal
coagulation cascade to produce an insoluble fibrin matrix [21, 22]. Fibrin
sealants are derived from plasma and most of the commercially available
products contain human fibrinogen in high concentration, human thrombin,
aprotinin and calcium chloride [23]. Their content of factor XIII seems to be
crucial to ensure an appropriate clot formation and for reducing the risk of
rebleeding [24].

Fibrin sealants and glues are suitable for the treatment of bleeding from
malignant wounds. The sealant may be applied with a needle, as spray, or using
other devices. In addition to the treatment of wounds, sealants have proved to
be effective and safe for the management of fistulas, such as vesicovaginal
fistulas following radiation therapy [25].

18.2.5 Radiation Therapy

External-beam radiotherapy is a useful intervention for bleeding control in
cancer patients. Gynecologic and lung malignancies have been effectively trea-
ted by radiation. In lung cancer, hemoptysis was controlled in up to 80% of the
patients treated with radiotherapy [26, 27]. This type of treatment has also been
useful in the management of cancer of the vagina, skin, rectum and bladder
[28–31]. Hypofractionated regimens of short duration have been successful in
managing pelvic bleeding from vaginal [32] or bladder cancer [33].

Palliative radiation therapy is frequently used to control bleeding in rectal
cancer although the minimal dose has yet to be determined [34].

18.2.6 Endoscopy

The use of endoluminal therapies is a very good alternative for managing
bleeding in patients who are not able to undergo aggressive treatment. The GI
tract and the bronchial tree are the most common sites for use of this type of
treatment. Endoscopic intervention uses ethanol, epinephrine injection, micro-
waves, heat, laser and argon plasma coagulation [35, 36].
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Malignancy accounts for 1% of severe upper gastrointestinal bleeding.
Malignancies that bleed are usually large, ulcerated masses in the esophagus,
stomach or duodenum. Endoscopic hemostasis can be achieved by bipolar
electrocautery, laser, or injection therapy to allow medical stabilization while
determining a long-term strategy [35].

With respect to tumors of the lower GI tract, the Nd:YAG laser is used most
often. It generates infrared light which is easily transmitted via the endoscope, is
readily dispersed by biological tissue, and has low absorption [37].

Argon plasma coagulation is a thermoablative technique increasingly being
used in endoscopy. Surface coagulation for bleeding can be accomplished very
effectively, resulting in control of hemorrhage in the majority of patients.

18.2.7 Palliative Embolization

Transcutaneous arterial embolization (TAE) is a radiological technique used to
reduce blood flow in selected vessels by insertion of a hemostatic agent. The
procedure is performed via an axillary or femoral approach requiring only mild
sedation [38]. Embolization is restricted to territories where blood vessels are
readily accessible to catheters and the interruption of blood flow will not result
in ischemia of a vital organ. The main contraindication to the procedure is a
bleeding diathesis and lack of operator expertise.

TAEhas been used tomanage bleeding inmany types of cancer such as head and
neck, bladder, prostate, cervix, lung, hepatocellular, renal cell and also for meta-
static disease [39]. The choice of material used for embolization depends on the size
of the vessel and the desired duration of the occlusion. For larger vessels, wire coils
are preferred since they cause an inflammatory response followed by clot formation.

In advanced cervical carcinoma, embolization seems to be as effective as
ligation of major vessels in controlling massive bleeding. However, as in other
treatment options in patients with advanced cancer, evidence of effectiveness
relies on case reports [39] in the absence of randomized clinical trials.

18.2.8 Systemic Interventions (Table 18.3)

The main objective of systemic interventions in cancer patients with bleeding is
to correct overall hemostatic defects. These measures include the transfusion of
blood products, the administration of hemostatic agents such as desmopressin,
vitamin K, recombinant FVIIa, prothrombin complex concentrates (PCC), and
antifibrinolytics.

18.2.9 Platelet Transfusions

Thrombocytopenia is a common complication of intensive therapies in patients
with hematologic malignancies and solid tumors. Platelet transfusions were
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shown to reducemortality from hemorrhage in patients with acute leukaemia in
the 1950s and this procedure has become an essential part of the treatment of
cancer [40]. Platelet transfusions are expensive and they can trigger serious side
effects. Due to the wide variation in platelet transfusion practices, evidence-
based guidelines have been developed to be used in different clinical situations
[41–43].

18.2.9.1 Platelet Products

Platelets for transfusion can be prepared either from whole blood and pooled
before administration, or by apheresis from individual donors. Comparative
studies have shown that the post-transfusion increments, hemostatic benefit,
and side effects are similar with either product. Platelet concentrates (PCs) from
whole blood, often referred to as random-donor platelets, are prepared by
centrifugation of standard units of whole blood. There are two different meth-
ods of separation, the platelet rich plasma (PRP) method , used in the US, and
the buffycoat (BC) method that is mainly used in Europe. No differences have
been shown in the quality of these PCs, although the BC-PCs contain signifi-
cantly fewer white cells compared with PCs prepared with the PRPmethod [44].

The major advantage of apheresis platelets, usually called single-donor
platelets, is that enough platelets can be collected from a single donor to
constitute a transfusion dose. In contrast, to obtain an equivalent number of
platelets requires 4–6whole blood derived PCs. There is a substantial increase in
costs for single-donor compared with pooled random donor PCs. As the quality
seems to be similar, they can be used interchangeably depending on availability
and cost considerations [45].

18.2.9.2 Indications for Transfusion

Traditionally, platelets were administered prophylactically when the platelet count
of a patient with chronic thrombocytopenia fell below 20,000 platelets/mL.
However, four randomized prospective transfusion trials comparing prophy-
lactic platelet transfusion triggers of 20,000 platelets/mL vs 10,000 platelets/mL
showed no differences in hemorrhagic risks [46–49]. Since fewer platelet trans-
fusions were used in the lower trigger arm, a cost saving of 22–33% was
obtained compared with the higher trigger arm. Accordingly, the Expert
Panel of the ASCO Health Service Research Committee (ASCO-Panel) recom-
mends a threshold of 10,000/mL for prophylactic platelet transfusion in adult
patients receiving therapy for acute leukemia. A similar trigger is recommended
for patients with solid tumors and chemotherapy-induced thrombocytopenia
[41]. Transfusion at higher platelet counts are indicated in newborns or in
patients with fever, hyperleukocytosis, rapid fall of platelet count or coagula-
tion abnormalities [41, 50].

Thrombocytopenic patients with malignancies frequently require invasive
diagnostic or therapeutic procedures, such as placement of central venous
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catheters, transbronchial and esophageal biopsies, paranasal sinus aspiration,

bone marrow biopsy and occasionally, major surgery. Based on clinical experi-

ence and consensus conference statements it is considered that a platelet count

of 40,000/mL to 50,000/mL is sufficient to perform major invasive procedures
safely [51, 52]. For lumbar puncture, the platelet count should be >20,000/mL,
but bone marrow aspiration and biopsy can be performed at platelet counts of

less than 20,000/mL. Before any invasive procedures, it is important to deter-

mine the platelet count to ensure that there are sufficient platelets to provide
adequate hemostasis.

Platelet transfusions are considered therapeutic if they are given to control

active bleeding whether due to thrombocytopenia or platelet dysfunction.

Therapeutic platelet transfusions are usually indicated when bleeding is WHO
Grade 2 in severity.WHObleedingGrades 1 and 2 are usually closely correlated

with the platelet count [53]. More severe bleeding (WHO Grades 3 and 4) are

probably related to associated conditions such as uremia, drugs interfering with
platelet function, coagulation factor abnormalities, or vessel damage (tumor

invasion). The presence of these factors may account for the failure of platelet

transfusions to prevent or control bleeding in thrombocytopenic patients [54].

18.2.9.3 Platelet Dose

The optimum platelet dose has not yet been defined and is still a matter of

debate. It is well established that therapeutic platelet transfusion should
increase the platelet count of the patient to a level that ensures adequate

hemostasis. Based mainly on clinical practice, most centers use a standard

platelet dose of about 5–10�1010 per 10 kg of recipient body weight [43, 55].
Since the intravascular lifespan of platelets is shortened at low platelet counts

[56], transfusion of higher number of platelets is usually indicated. In fact,

comparisons of high dose with standard dose transfusions showed that high

dose transfusion resulted in greater post-transfusion platelet increments and
longer intervals between transfusion without an increase in the total number of

platelets transfused [57–59].

18.2.9.4 Expected Response to Platelet Transfusion

Several parameters have been used to assess the effectiveness of platelet trans-

fusions; most of them use platelet counts performed at 60min and 18–24 h after
the transfusion [60–62]. The corrected count increment (CCI) and the percent

platelet count increment include adjustments for the dose of platelets transfused

and an estimate of the patient’s blood volume:

CCI :
ðPlatelet Increment = m LÞ � ðBody Surface Area in Square MetersÞ

Number of platelets Transfused ð �1011Þ
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The usual dose of pooled platelets or an apheresis collection will produce a
CCI of 10,000–20,000/mL (median 15,000/mL). When the platelet count incre-
ments are low (<5,000 at 60min) in two consecutive transfusions, the patient is
considered refractory to platelet transfusion [63].

18.2.9.5 Refractoriness to Platelet Transfusions

Failure to increase the platelet count after platelet transfusions is secondary to
immune and non-immune factors (Table 18.4). In patients with cancer or
haematological diseases, non-immune factors are responsible in 72–88%
[64–66] and HLA antibodies (immune refractoriness) in 25–39% [67–69].
Patients with alloimmune refractoriness to platelet transfusions as defined
above are best managed with platelet transfusions from donors who are
HLA-A and HLA-B compatible. Platelet cross-matching technique may be
used to identify compatible platelets in selected patients in whom HLA-
matched platelets are not available.

Platelet transfusion therapy in patients with end-stage disease raises a num-
ber of concerns; the decision should be made on a case-by-case basis with the
objective of controlling severe hemorrhage. Guidelines for transfusing patients
with advanced cancer have been established and include the following condi-
tions: continuous bleeding of mouth and gums, overt hemorrhage (GI tract,
gynecologic, urinary), extensive and painful hematomas, recent disturbed
vision or headache in the presence of thrombocytopenia [70].

18.2.10 Plasma Products

The use of plasma products is indicated to correct hemostatic defects due to
consumption or deficiency of plasma coagulation factors. In patients with
cancer the most common indications for plasma products include single or
multiple coagulation factor deficiencies, reversal of oral anticoagulant effect,
urgent invasive interventions, and treatment of DIC.

Table 18.4 Factors associated with refractoriness to platelet transfusions

Non-immune

Fever

Infections

Splenomegaly

Bleeding

DIC

Drugs (Amphotericin, Vancomycin)

Immune

HLA antibodies

Platelet-specific antibodies
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For transfusion therapy there are two plasma products available: fresh frozen
plasma (FFP) and cryoprecipitate (CP). The choice of the plasma product will
depend on the specific deficiency, the clinical situation, and volume considerations.

FFP is separated from whole blood and frozen at –18 8C or colder within 8 h
of collection. The volume varies between 180 and 300mL and contains approxi-
mately 1 IU of each coagulation factor per mL. Adequate hemostasis occurs at
factor concentrations of 0.2–0.3 mg/mL, depending on the half-life of each clot-
ting factor infused, the absence of inhibitors and the extent of injury or surgery
[71]. Assuming an average clotting factor potency of 1U/mL in FFP, 1mL of
plasma per kg of body weight should increase the factor level by about 1–1.5U/
100mL if the patient is in a steady state. Accordingly, a rapid infusion of at least
10mL/kg of body weight is recommended to increase plasma factor concentra-
tions to hemostatic levels [72, 73]. However, due to the dilution factor and the
concentrations of clotting factors in plasma, the administration of 10–15mL/kg
will result in only a modest increase in the final concentration of the deficient
factor and there will be a risk of producing pulmonary edema. If there is active
bleeding, volume overload may not be an issue; however in patients with liver
disease volume overload is a limiting factor in how much plasma can be given.
Other problems associated with the use of FFP are the variable concentrations of
clotting factors and large volume of distribution of factor IX [74, 75]. Adminis-
tration of FFP is not without risk, and it may have the highest risk of any blood
component. The most immediate serious complication is transfusion-related
acute lung injury (TRALI), although estimation of the frequency of this compli-
cation is uncertain [76]. Allergic reactions to FFP are relatively common, with a
frequency of about 1–3% of all transfusions and they can be life-threatening.
Other risks are transfusion-transmitted infections; solvent detergent-treated
plasma is effective in lessening the risk of viral infections but this plasma is
relatively deficient in FVIII, protein C, protein S and �2-antiplasmin.

Cryoprecipitate (CP) is prepared by thawing FFP at 1–6 8C and recovering
the precipitable material which may be stored at –18 8C or colder for up to
1 year. It usually contains at least 150mg of fibrinogen, and more than 80U of
factor VIII, vonWillebrand factor and factor XIII in a volume of about 15mL.
However, CP is not a source of all coagulation factors and therefore it should
not be used for replacement therapy in patients with global coagulation factor
deficiencies, as frequently encountered in cancer patients. CP use is generally
reserved for patients with documented isolated hypofibrinogenemia. The dose
to increase the level of fibrinogen depends on the nature of the hemorrhagic
episode and the basal level, although the following formulas may be used to
calculate the amount of CP to be administered:

1. mg of fibrinogen required: (desired level [mg/dL] – basal level [mg/dl] �
plasma volume (mL)/100mL/dL.

2. N8 of CP units: mg of fibrinogen required/150.
If a large volume of CP is required, ABO compatibility should be taken into
account, since the material may contain ABO antibodies.
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18.2.11 Vitamin K and Reversal of Warfarin Effect

Vitamin K is necessary for the hepatic synthesis of several clotting factors and
inhibitors, including factors II, VII, IX, X and proteins C and S. In patients with
cancer many conditions associated with vitamin K deficiency are present, such
as liver disease, poor nutrient intake, small bowel disease, biliary obstruction
and antibiotic therapy. Coagulation tests will show a prolonged prothrombin
time or high International Normalized Ratio (INR). Treatment with vitamin K
is indicated to correct clotting factor deficiencies due to deficiency of the
vitamin or to reverse excessive prolongation of the INR by oral anticoagulants.

The dose of vitamin K to be selected should take into account the route of
administration, the current INR level, and the target INR level for the next few
days. Intravenous administration of 0.5mg of vitamin K is sufficient to decrease
the INR to the therapeutic range in most patients with oral anticoagulant over-
dosing. The vitamin K should be diluted in at least 50mL of saline and infused
slowly, watching for signs of anaphylaxis or other untoward reactions. In case of
life-threatening bleeding, themain objective is to completely correct the INR, and
2.5mg will be adequate in most patients, but for a very high INR or liver
impairment, doses of up to 10mg may be necessary [77]. Administration of oral
vitamin K allows patients to be treated at home and reduces the risk of anaphy-
laxis associatedwith intravenous vitaminK.The oral administration of 1–2mgof
vitamin K is adequate to treat patients with INR levels between 4.5 and 9, but
larger doses (i.e., 5mg) are required to correct INRs greater than 9 [78].

Patients with serious bleeding due to excessive warfarin should receive FFP
or prothrombin complex concentrates (PCC) although the American College of
Chest Physicians recommends PCC only for life-threatening situations [78]. The
volume of FFP needed to bring a high INR down to 1.5 is approximately 2L.
This amount is difficult to infuse rapidly, especially in elderly patients. The
concentration of vitamin K-dependent factors is about 25 times higher in PCC
than in FFP, and therefore the volume required is substantially less. The British
Committee for Standards in Haematology states that ‘‘reversal of anticoagula-
tion in patients with major bleeding requires administration of a factor con-
centrate in preference to FFP, when available (grade B, level III evidence)’’ [79].
There is controversy regarding the optimal dose of PCC. For each IU of PCC
injected per kilogram body weight, the plasma concentration increases 1%. For
life-threatening bleeding it is important to achieve an INR of 1.0, that is,
increase the plasma concentration of clotting factors to 100%.

18.2.12 Desmopressin

The vasopressin analog, 1-desamino-8-d-arginine vasopressin (desmopressin,
DDAVP), is the treatment of choice for many patients with von Willebrand’s
disease (VWD) and mild hemophilia A [80]. The mechanism of action of
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desmopressin is not completely understood. It induces an increase in the plasma
levels of vonWillebrand factor (vWF), FVIII, and tissue plasminogen activator
(t-PA) and also produces vasodilation. Desmopressin shortens a prolonged
activated partial thromboplastin time (APTT) and the bleeding time, enhances
platelet adhesion to the vessel wall, lowers platelet count in Type 2B vWD and
corrects ristocetin-induced platelet aggregation in Type 1 vWD [81].

Desmopressin is usually administered intravenously at a dose of 0.3 mg/kg
diluted in 50mL saline and infused over 30min. This treatment increases
plasma FVIII and vWF two to five times above the basal levels within 30min,
and high concentrations of FVIII and vWF usually persist for 8–12 h [82]. Most
patients treated repeatedly with desmopressin over a short period of time
become less responsive, a phenomenon called tachyphylaxis. The drug is avail-
able in concentrated formulations for subcutaneous injection (at the same dose
as for intravenous use) and nasal inhalation (1.5mg/mL) which is used at a fixed
dose of 300 mg in adults and 150 mg in children [83].

In addition to its use in VWD, desmopressin has proved useful for the
treatment of patients with other inherited or acquired bleeding disorders, due
to its capacity to shorten the bleeding time, and the in vivo evidence of enhance-
ment of platelet–vessel wall interactions [84]. In patients with cancer, desmo-
pressin has been used in two other conditions, acquired vWD and bleeding in
hematologic malignancies.

Acquired vWD is characterized by a prolonged bleeding time and variably
low plasma levels of vWF and FVIII. Lymphoproliferative andmyeloprolifera-
tive disorders appear to be most frequently associated with this condition,
accounting for 48–63% of cases [85]. The pathophysiology is not fully under-
stood but patients with lymphoproliferative and myeloproliferative syndromes
usually have antibodies directed against functional domains of vWF. Federici et
al. reported that treatment with desmopressin in patients with acquired vWD
controlled the bleeding and increased vWF levels in 44% and 21% of patients
with lymphoproliferative and myloproliferative disorders, respectively [86].
Interestingly, three out of four patients with acquired vWD associated with
neoplasia, responded to desmopressin [86].

Patients with hematologic malignancies bleed for a variety of reasons; how-
ever, thrombocytopenia seems to be an important factor in most of these
patients. In a pilot study, Castaman et al. used desmopressin to treat 15 patients
with acute leukemias or blast phase of chronic myeloid leukemia. A favorable
response was observed in all the patients after a single infusion of desmopressin
(0.4 mg/kg) and the bleeding time shortened significantly in three out of four
patients with myelodysplastic syndrome [87].

Desmopressin is safer than blood products as it carries no risk of transmitting
infectious diseases. The side effects are transient and mild. Tachycardia, headache
and facial flushing are common. Fluid overload and hyponatremia may occur,
especially among very young patients who receive repeated infusions. Therefore, it
is recommended that desmopressin is used cautiously in small children andpatients
with congestive heart failure, and free water intake should be curtailed.
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18.2.13 Antifibrinolytic Agents

Binding to fibrin facilitates the activation of plasminogen to plasmin, and

protects the molecule from inactivation by its natural inhibitors. The synthetic

lysine analogs, �-aminocaproic acid (EACA) and tranexamic acid, inhibit fibri-

nolysis by competing for lysine-binding sites on the plasminogen molecule. The

clinical efficacy of these drugs is based on the inhibition of tissue fibrinolysis

and the consequent stabilization of clots [88]. Tranexamic acid is approximately

10 times more potent than EACA in vitro.
Fibrinolytic inhibitors have been used extensively in a variety of clinical

settings associated with systemic hyperfibrinolysis such as cardiac surgery,

liver transplant, antiplasmin deficiency (congenital or acquired), and excessive

therapeutic thrombolysis [88]. Conditions where local enhancement of fibrino-

lysis has been demonstrated or suspected are also successfully managed with

antifibrinolytics, including urinary tract bleeding, dysfunctional uterine bleed-

ing, subarachnoid hemorrhage, gastrointestinal bleeding, and mucocutaneous

hemorrhages (epistaxis). Antifibrinolytic agents have played an important role

in controlling bleeding episodes in clinical situations in which there is no

evidence of systemic hyperfibrinolyisis but impaired hemostasis, such as hemo-

philia or quantitative/qualitative platelet defects. In these disorders, hyperfibri-

nolysis is probably secondary to decreased thrombin generation and impaired

activation of thrombin activatable fibrinolysis inhibitor [89].
In cancer patients, only case reports and few studies, mainly in patients with

acute leukemias, have demonstrated a beneficial effect of fibrinolytic inhibitors

in the management of bleeding complications [90–93]. However, in the oncol-

ogy setting, the use of antifibrinolytic agents may contribute to the control of

bleeding, especially when other measures have failed or are not suitable. One

pilot study of 16 patients evaluated the use of EACA and tranexamic acid for

the management of hemorrhage in patients with solid tumors. In 14 out of 16

patients the bleeding stopped at day 4 after the initiation of therapy, suggesting

that these agents are potentially useful in this setting [90].
Tranexamic acid and EACA may be given orally or intravenously. The

suggested oral dose of EACA is 5 g every 6 h and the intravenous dose is 4–5 g

in 250mL over the 1st hour, followed by infusion at a rate of 1 g/h. The

recommended intravenous dose of tranexamic acid is 10mg/kg three to four

times a day, infused over 1 h. Renal function should be monitored regularly and

the dose adjusted accordingly because these agents are excreted exclusively by

the kidney.
The most common adverse effects of antifibrinolytic drugs are hypotension

and bradycardia associated with the intravenous infusion of EACA. Other

adverse reactions are nausea, vomiting and diarrhea; these occur in about

25% of the cases and are usually dose-dependent [88]. Thromboembolism is

an uncommon but serious adverse effect, most likely to occur when antifibri-

nolytic agents are used in patients with DIC or concurrently with other drugs
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such as all-trans retinoic acid [94–96]. Antifibrinolytic agents are contraindi-
cated in renal failure and caution should be used when prescribing for patients
with genito-urinary bleeding, as the resultant clots may obstruct the ureters
and/or urethra, resulting in hydronephrosis.

18.2.14 Recombinant Factor VIIa

Recombinant factor VIIa (rFVIIa) was developed as an agent that could bypass
inhibitors to factors VIII and IX. Subsequently, rFVIIa was found to improve
hemostasis in other hereditary and acquired bleeding disorders. Therefore, the
product has been used as a general hemostatic agent to control bleeding in an
amazing number of surgical and medical conditions ranging from severe
trauma to diffuse alveolar hemorrhage [97].

Themechanism of action of rFVIIa is somewhat controversial. It is generally
agreed that about 1% of circulating factor VII in healthy individuals is in the
activated form and that the amount of the factor VIIa required for ‘‘bypassing
activity’’ is much larger than this. Factor VIIa has a high affinity to tissue factor
(TF), but whether rFVIIa has an effect independent of tissue factor has not been
completely resolved [98].

rFVIIa binds to TF and/or activated platelets exposed at the site of injury
and generates, through factor X activation on TF-bearing cells or the platelet
membrane, enough thrombin to activate factors VIII, V, and XI, as well as
platelets. The thrombin-activated platelets provide a surface for binding of
activated factors VIII, IX, and V, further activate factor X, and generate
more thrombin. Because high concentrations of rFVIIa are capable of activat-
ing factor X on the platelet surface independent of the presence of factor VIII or
factor IX, the drug is capable of initiating hemostasis in severe hemophilia
patients with inhibitors [99–101]. Since rFVIIa enhances thrombin generation
and provides the formation of tight, stable fibrin hemostatic plugs resistant to
premature lysis, it has also been used as a general hemostatic agent in other
situations characterized by impaired thrombin generation. Control of bleeding
has been reported in patients with various platelet disorders [102–104] and
factor XI deficiency [105]. Moreover, a hemostatic effect of rFVIIa has been
reported in patients with trauma and extensive surgery who experienced profuse
and excessive bleeding [106] It has also been used successfully in patients with
acquired hemophilia associated with hematologic malignancies [107].

Initially, doses of rFVIIa were chosen on the basis of subjective evaluation of
the response of patients with hemophilia and inhibitors of FVIII [108]. Subse-
quently prospective randomized trials were performed comparing 35 and 90 mg/
kg in such patients undergoing elective surgery. It was found that the higher
dose was more effective than the lower dose [109]. More recently, doses of
120 mg per kg body weight have been used routinely [110]. Furthermore,
because of the short T1/2 of factor VIIa, doses have been administered
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intravenously every 2 h for the first 48 h and every 2–6 h for the next 72 h in
nonsurgical cases. Achievement of hemostasis has varied, but in later studies up
to 90% of patients have responded to 90–120 mg/kg doses during the first 48 h.
Even though the recommended dose is 90 mg/kg, it is clear that the optimal dose
and dosing intervals of factor VIIa have not been established with certainty.
Recent developments suggest that doses higher than those recommended may
be more efficacious in patients with hemophilia and may require dosing at less
frequent intervals [111]. Note that all the above studies refer only to patients
with hemophilia or acquired hemophilia; dosing intensity and frequency have
not been determined in other patients, and most of the use in such patients is
off-label.

There is major concern that factor VIIa may cause thromboembolic side
effects largely because it is an activated factor given in doses to raise FVIIa
levels more than 1000-fold. The adverse event (AE) reports to the FDA record
thromboembolic complications occurring in patients who received rFVIIa in a
5-year period after licensure of product. A total of 431 AE reports for rFVIIa
were found, of which 168 reports described 185 thromboembolic events. A total
of 17 events occurred in patients with hemophilia and 59 occurred in patients
enrolled in postlicensure trials [112]. Reported AEs were thromboembolic
cerebrovascular accident, acute myocardial infarction, other arterial throm-
boses, pulmonary embolism, other venous thromboses (including deep vein
thrombosis), and clotted devices. In 36 (72%) of 50 reported deaths, the prob-
able cause of death was the thromboembolic event. However, the global fre-
quency of thromboembolic complications has been highly variable. In hemo-
philic patients it has been reported that less than 1% developed thrombosis
associated with the use of rFVIIa [113], whereas in non-hemophilics with
intracranial hemorrhage the frequency of thromboembolic events is close to
7% [114]. The incidence of thrombotic complications seems to be dependent on
the age and concurrent morbidities of the patients as well as the dose of rFVIIa.
Therefore, in patients susceptible of being at risk of thrombosis, it is recom-
mended that lower doses, perhaps of the order of 10–20 mg/kg, should be
initiated and the dose increased as necessary [115]. In patients with active
bleeding not controlled by rVIIa, consideration should be given to switching
to an activated PCC.

18.2.15 Activated Prothrombin Complex Concentrate

FEIBA is a hemostatic bypassing agent that activates FX directly without
requiring factor VIII [116]. It contains a mixture of prothrombin complex
zymogens, prothrombin, FVII, FIX, FX and their activation products, includ-
ing FVIIa. The target site of action of FEIBA is the prothrombinase complex in
which prothrombin is converted into thrombin by FXa on a phospholipid sur-
face only if FV or FVa is present [116]. This requirement for platelet-associated
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FV may reduce the risk of systemic thrombosis by localizing the coagulation
process to the bleeding site.

FEIBA has been used mainly to control bleeding in hemophilic patients with
inhibitory antibodies against factor VIII or IX, but there are anecdotal reports
on its use in liver failure and reversal of anticoagulant excess.

Recommended FEIBA dosage depends on the type and severity of the
hemorrhagic episode, with single doses ranging between 50 and 100 IU/kg
every 12 h for minor and major bleedings, respectively [117]. The increased
thrombotic risks associated with higher FEIBA dosages should be taken into
account, avoiding doses exceeding 100 IU/kg as a single dose and daily doses of
more than 200 IU/kg [118].

A recent randomized trial compared the efficacy and safety of FEIBA and
rFVIIa in hemophilic patients demonstrated that the products are equivalent
with respect to their effect on joint bleeds [118, 119].
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