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I arrived at Memorial Sloan Kettering Cancer Center, in 2009, to establish a Benign
Hematology Service. At that time, there had been no faculty members devoted to
the hematologic issues in cancer.

Having spent the prior 20 years studying the complex interface of the coagu-
lation system and cancer, I appreciated the many unmet needs and opportunities. As
the well-known expression says, “I was like a kid in a candy store.” There were so
many exciting and interesting questions to tackle! Dr. George Bosl, Chairman of the
Department of Medicine at the time, gave me guidance which has served me and
many others well. Our mission is not simply to provide the best cancer care
anywhere. Our mission is to change the way cancer is treated. 1 took this to heart.

But first, I had to deal with reality of the task in front of me. I had a lot to learn.
Shortly after I arrived, I received an emergent call from the Urgent Care Center to
see a young patient with metastatic germ cell cancer, who was found to have a
saddle pulmonary embolism. I was expecting to find him in extreme distress,
possibly requiring resuscitation. However, when I arrived, he was sitting up com-
fortably in his bed, completely asymptomatic, and surprised at all the commotion.
My vital signs were less stable than his. I had not yet become familiar with the large
number of asymptomatic or “incidental” pulmonary emboli that are picked up every
day in cancer patients, through routine radiographic imaging.

With time, I learned to appreciate the important differences between thrombosis
and hemostasis in the setting of cancer from the general population. Cancer and
cancer-related treatment represent an added level of complexity to the diagnosis and
management of thrombosis and other abnormalities of hemostasis. As one of many
examples, the D-dimer is routinely elevated from cancer itself, so this biomarker
has limited utility to rule out venous thromboembolism. As a second example, both
thrombosis and thrombocytopenia are common in cancer patients. How does one
manage the need for therapeutic anticoagulation in the setting of chemotherapy-
induced thrombocytopenia? These topics, and many others, are addressed in this
text.

The authors of the 13 chapters within this text are all academic specialists, who
spend most of our efforts in the field of thrombosis and hemostasis in cancer. Our
goal in writing this text is to provide a thorough and practical resource to help the
practitioner understand and manage the wide range of thrombosis and hemostasis
challenges within their cancer patient population. Of course, we also hope this text
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will serve as a valuable resource for trainees, other specialists, and advanced

practice providers. Most importantly, we hope that this resource will help cancer
patients.

New York, USA Gerald Soff
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“The frequent concurrence of phlegmasia alba dolens with an appreciable cancerous
tumor, led me to the inquiry whether a relationship of cause and effect did not exist
between the two, and whether the phlegmasia was not the consequence of the
cancerous cachexia” (translated from the original French). This famous quote,
delivered in a lecture by Armand Trousseau in 1865, is widely recognized as the
initial and insightful understanding of the relationship of thrombosis and cancer [1].
There is some debate if an initial description was published even earlier, in 1823, by
Bouillaud [2]. But there is no doubt that this association has been widely recognized
and accepted for over 150 years. The thrombotic tendency observed in cancer
patients is the earliest recognition of a paraneoplastic syndrome, and one that
remains a major cause of morbidity and mortality in cancer patients [3].

While the association of thrombosis with cancer has been recognized for over
150 years, it is only in the past 10-15 years that we have made the most dramatic
changes in understandings of the pathophysiology of thrombosis in cancer and
improved therapy. New laboratory tools have helped clarify the inherent association
of activation of the coagulation system by cancer and the biological behavior of
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aggressive tumors. New treatment options have led to improvements in manage-
ment of patients with cancer-associated thrombosis (CAT). In the following
chapters, experts in the field of thrombosis and hemostasis in cancer present the
current understanding of a wide range of topics related to this association.

In Chap. 2, the complex pathophysiology of the thrombotic tendency in cancer
is discussed. Circulating microparticles (MP), derived from platelets and cancer
cells, express tissue factor (TF), and phosphatidylserine (PS) on their surface,
leading to a potent procoagulant effect throughout the circulation [4, 5]. In Chap. 2,
Anna Falanga, Francesca Schieppati, and Laura Russo present the growing com-
plexity of the interaction of the coagulation system and cancer, including the
mechanisms by which cancers enhance the prothrombotic state. This includes
enhanced expression of a range of coagulation factors, including Factors VII and
VIII, and changes to the fibrinolytic pathway. They also note the strong interaction
of cancer cells and platelets, leukocytes, and endothelial cells, which results in the
expression of a procoagulant phenotype. Beyond simply promoting thrombosis,
the changes in the coagulation profile induced by aggressive cancers also impact the
biology of the cancer itself, including enhancement of angiogenesis and
the metastatic potential. As the understanding of the genetic basis of cancer has
advanced, the relationship of the altered genomic profile in cancer with the altered
coagulation balance is becoming clarified. This is shown in Fig. 6 of Chap. 2.

In Chap. 3, Aime T. Franco and Jerry Ware continue the discussion of patho-
physiology, focusing on the role of platelets in cancer biology. The link between
platelet number and function and cancer biology was first recognized by Gasic and
colleagues in 1968, who recognized that thrombocytopenia and antiplatelet drugs
can reduce metastases in murine models of human cancers [6, 7]. In an epidemi-
ologic study of a large clinical dataset, use of aspirin, with or without Clopidogrel,
was associated with a significantly reduced incidence of cancer [8]. In this chapter,
Franco and Ware provide current understanding of the complex interaction of
platelets, cancer biology, and cancer-associated thrombosis. These processes
include induction of angiogenesis and facilitation of metastasis.

Intriguing, recent studies have even suggested that platelets may affect genomic
expression in malignant cells, by transfer of microRNAs (miRNAs) [9]. Further
different miRNAs from platelet microparticles have been shown to influence cancer
growth through multiple mechanisms. These include modulation of immune
surveillance, suppressing natural killer cell activation, or increasing phagocytic
phenotype of macrophages [10, 11], and facilitation of the epithelial to mes-
enchymal transition (EMT) [12]. Platelets, long recognized to have a role in
facilitating metastasis, remain an intriguing target for intervention.

In Chap. 4, Joanna Roopkumar and Alok A. Khorana present the understanding
of the risk of thrombosis in cancer. They present the clinical factors that are
associated with increased risk of development of venous thrombosis. A number of
clinical parameters are variably associated with increased risk, including advanced
stage [13], cisplatin [14, 15], and central lines. However, the five key parameters
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that have been incorporated into the widely validated “Khorana Score” for
thrombosis risk in cancer, include (1) site of cancer, (2) prechemotherapy platelet
count > 350,000/mcL, (3) hemoglobin level < 10 g/dL or use of red cell growth
factors, (4) prechemotherapy leukocyte count > 11,000/mcL, and (5) body mass
index > 35 kg/m? [16].

The rationale for the score is to achieve an optimal balance of benefit of anti-
coagulation thromboprophylaxis in risk reduction, with the burden of possible
bleeding risk, cost, and inconvenience of anticoagulation. As Roopkumar and
Khorana note, several trials studied a low-molecular-weight heparin (LMWH) with
placebo control and demonstrated reduced risk of thrombosis, with non-significant
increase in risk of bleeding [17, 18]. However, even though the studies were
statistically significant, the baseline rate of thrombosis was low in both studies (3.4
and 3.9%), and therefore, the number needed to treat to achieve a clinically
meaningful reduction in thrombosis was too high to justify introduction into
practice. LMWH is expensive, and very uncomfortable to the patient, further dis-
couraging use for a prophylactic setting.

The introduction of direct oral anticoagulants (DOAC), in conjunction with the
Khorana Score, created a new opportunity to explore primary thromboprophylaxis.
Two recent studies have now been completed and published, or presented, com-
paring apixaban or rivaroxaban to placebo in cancer patients with Khorana Scores
of 2 or greater in ambulatory cancer patients [19, 20]. In the AVERT trial, apixaban
decreased the rate of symptomatic venous thromboembolic events (VTE) from
10.2% in placebo to 4.2% (p < 0.001). There was a small, but significant increase
in rate of major bleeding with apixaban (3.5% vs. 1.8%, p = 0.046) [19].
The CASSINI study of rivaroxaban versus placebo in cancer patients was presented
at the American Society of Hematology convention in December 2018.
The CASSINI study prescreened patients for pre-existing DVTs, and 4.53% had a
DVT on baseline screening, explaining the lower event rate in the placebo arm.
In CASSINI, while on drug, the rate of all VTE was reduced by rivaroxaban from
6.41 10 2.62% (p = 0.007). There was a small and non-significant increase in major
bleeding with rivaroxaban (1.98% vs. 0.99%). These two studies suggest that with
appropriate patient selection for Khorana Score of 2 or higher, primary thrombosis
prophylaxis with a DOAC may be justified. We await guidance from the Food and
Drug Administration, the National Comprehensive Cancer Network, and other
regulatory bodies. In addition, the CASSINI study suggests that the baseline rate of
DVT of approximately 4.5% in patients with Khorana Score of 2 or higher justifies
screening ultrasound evaluation.

Chapter 5, Biomarkers of Cancer Associated Thromboembolism, by Anjlee
Mahajan and Ten Wun, follows logically on the development and utilization of
clinical parameters of the Khorana Score with the earlier discussion of the patho-
physiology of cancer-associated thrombosis. The authors address the studies of
biomarkers, which both reflect the mechanisms of enhanced thrombosis in cancer
patients and possible use of these parameters to further improve the risk assessment.



4 G. Soff

There are a number of readily measurable coagulation and inflammation markers,
associated with thrombosis in general, as well as in cancer patients in particular.
These include C-reactive protein (CRP), tissue factor-expressing microparticles
(TF-MP), D-dimer, soluble P-selectin (sP-selectin), plasminogen activator inhibitor
1 (PAI-1), Factor VIII, platelet count, and leukocyte counts.

The authors discuss the status of incorporating biomarkers into existing
thrombosis risk scores, specifically sP-selectin and D-dimer by the Vienna CATS
consortium [21]. They note, “identifying new easily measurable and analytically
robust biomarkers remains an important goal to enhance risk assessment tools, and
guide clinical decision-making.” Thrombosis risk prediction, by clinical parameters
as well as biomarkers, remains an important topic.

Beyond the thrombotic risk associated with cancer itself, cytotoxic chemother-
apy and other cancer-directed treatments may in of themselves contribute to the
thrombotic risk in patients with cancer. This is well addressed in Chap. 6,
“Thrombotic Risk from Chemotherapy and Other Cancer Therapies,” by Debbie
Jiang and Alfred 1. Lee. Systemic cancer therapy is estimated to increase throm-
boembolic risk by six- to sevenfold [22-24]. Tamoxifen, widely used in women
with breast cancer, increases the risk of venous thrombosis, and possibly arterial
thrombosis as well. Immunomodulatory imide drugs (IMiDs), such as thalidomide
and lenalidomide, also significantly increase the risk of thrombosis in patients with
myeloma. This effect has been recognized as sufficiently strong that this represents
one of the first cancer situations where prophylactic anticoagulation has been
routinely used, with aspirin, low-molecular-weight heparin, or warfarin [25, 26].
The monoclonal antibody to vascular endothelial growth factors (VEGF), beva-
cizumab, increases arterial and possibly venous thrombotic risk [27].

Cytotoxic chemotherapy may increase the risk of venous and/or arterial
thrombosis. The chemotherapy drugs with the clearest association include cisplatin,
fluorouracil, and L-asparaginase. The mechanisms of the increased thrombotic risk
from chemotherapy are not clearly established; however, the authors discuss the
current knowledge and limitations. They also address the recommendations for
management.

The state of the art for treatment of VTE in cancer patients is discussed in
Chap. 7, “Treatment of venous thromboembolism in cancer. Historical perspective
and evolving role of the direct oral anticoagulants,” by Marc Carrier, Gerald A.
Soff, and Grégoire Le Gal. The authors provide historical context for treatment, first
clarifying that use of vitamin K antagonists (VKA) has been shown particularly
challenging in cancer patients. [28]. The CLOT study, published by Lee and col-
leagues in 2003, showed that LMWH was more effective than VKA for treatment of
cancer-associated thrombosis [29]. This led to a major change in the standard of
care for anticoagulation treatment of cancer-associated thrombosis, where LMWH
has been widely accepted as the appropriate first-line therapy [30].

However, while LMWH has been the mainstay of treatment of CAT since 2003,
recurrent thrombosis and major bleeding remain a significant risk (Table 1 of
Chap. 7). Further, the discomfort of LMWH injections and the burden of high cost
have been associated with poor compliance [31]. Two randomized clinical trials,
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comparing a DOAC with LMWH, and several large case series evaluating DOACs
for treatment of CAT have now been reported [32-38]. These reports support the
use of a DOAC to treat CAT, with no reduction in efficacy, compared with LMWH.
One important observation, derived from these studies, is that DOACs show a trend
toward increased gastrointestinal and genitourinary tract bleeding in the presence of
luminal pathology [32, 33].

Central venous access devices (CVADs) remain a widely used access device,
throughout cancer management. In Chap. 8, “Etiology and Management of Upper
Extremity Catheter Related Thrombosis in Cancer Patients,” Anita Rajasekhar and
Michael B. Streiff discuss thromboses associated with central venous access devices
in oncology patients. As they note, thromboses may form on the different parts of the
catheters, associated with different impacts on function and patient symptoms. The
authors further discuss the factors associated with increased risk of catheter-related
thrombosis (CRT) and the current understanding of the management of CRT.

While CRT is known to be common complications of central venous catheters
and may lead to catheter failure or symptomatic upper extremity DVT, after
reviewing the literature, they conclude that “current evidence-based guidelines do
not recommend routine thromboprophylaxis for cancer or non-cancer patients with
CVADs.”

Thrombocytopenia is commonly observed in cancer patients, due to
chemotherapy, marrow infiltration, radiation therapy, underlying hematopoietic
stem cell disorders, infection, and other causes [39]. Thrombocytopenia in cancer,
discussed in Chap. 9 “Management of Thrombocytopenia in Cancer Patients” by
Jodi V. Mones and Gerald A. Soff, presents two particular challenges. The first is
related to the consequence of chemotherapy-induced thrombocytopenia on delivery
of full-dose chemotherapy. Chemotherapy-induced thrombocytopenia leads to
delays and dose reduction of planned chemotherapy. Yet there remains no estab-
lished, approved treatment. Mones and Soff review the current understanding of the
problem and ongoing research to treat chemotherapy-induced thrombocytopenia.

A second topic discussed in Chap. 9 is management of anticoagulation in cancer
patients with thrombocytopenia. This challenging situation arises when a cancer
patient has both thrombocytopenia and is on anticoagulation for a thrombosis. The
authors review the guidelines and recent validation of the guidelines.

The pathophysiologic syndrome thrombotic microangiopathy (TMA) may be
observed in cancer patients, due to the underlying malignancy, cancer-related
treatments, or an incidental diagnosis. Cancer-associated TMA is discussed in
Chap. 10, “Microangiopathy in Cancer. Causes, Consequences, and Management,”
by Marie R. Thomas and Marie Scully. The authors discuss the important task of
differential diagnosis and pathophysiology of the various TMA syndromes
observed in the cancer population. The authors address early evidence of the
possible role of eculizumab and other investigational agents for treatment of
stem-cell-transplant-related TMA, although there is no established guidelines for if
and when to use these agents.

In Chap. 11, Kamya Sankar, Brady L Stein, and Raajit K. Rampal address the
pathophysiology of “Thrombosis in the Philadelphia Chromosome-Negative
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Myeloproliferative Neoplasms.” As the authors note, the myeloproliferative neo-
plasms (MPNs) are clonal stem-cell-derived diseases which “are associated with
both microvascular and macrovascular thrombosis, which may occur in the venous
and arterial circulation.” The MPNs are typically due to driver mutations which
activate the JAK-STAT pathway (most commonly JAK2V617F, followed by
CALR and MPL mutations) and are some of the most prothrombotic neoplastic
disorders [40]. Beyond the classic deep vein thrombosis and pulmonary embolism,
MPNs are associated with thromboses of hepatic vein, portal vein, splenic vein, or
mesenteric veins as well as microvascular thrombosis resulting in livedo reticularis,
erythromelalgia, and other characteristic complications. The authors address the
role of the underlying driver mutation, as well as other clinical parameters,
influencing the risk of thrombosis.

Management of thrombosis risk in MPN is based on risk assessment, risk
reduction by cytoreduction, and prophylactic anticoagulation in selected patients.
The authors note, “Anticoagulation therapy is indicated for those patients who
develop venous thrombosis. The choice of anticoagulant and appropriate duration
of therapy, however, is unclear.” The existing data on potential role for the direct
oral anticoagulants is also discussed, but this body of data also remains insufficient
to provide definitive guidance.

Use of anticoagulants in patients with primary or metastatic cancer in the brain is
always a situation resulting in great anxiety on the part of the patient and treating
physician. This is addressed in Chap. 12, “Anticoagulation in the setting of primary
and metastatic brain tumors,” by authors Charlene Mantia and Jeffrey 1. Zwicker.
As the authors note, patients with gliomas and metastatic cancer to the brain are at
very high risk of thrombosis, and yet also have a high baseline risk of intracranial
hemorrhage. There are few clinical scenarios where balancing the risk and benefit
of anticoagulation is as great.

The authors review the existing literature on the scope of the problem and
current understanding of when and in which situations to use anticoagulation. They
note that although the baseline risk of intracranial hemorrhage from metastatic
cancer is high, “In patients with brain metastases, low molecular heparin does not
increase the rates of intracranial hemorrhage.” This provides some reassurance in
managing these complex patients, in challenging situations.

In contrast, they note that anticoagulation does appear to increase the risk of
intracranial hemorrhage in patients with glioma. Their explicit words of caution are,
“In light of the current evidence suggesting an increased rate of intracranial
hemorrhage in patients with glioma, judicial use of therapeutic anticoagulation is
warranted. We advise a careful consideration of risk factors for hemorrhage in
glioma. Until more data becomes available, it is reasonable to consider full dose
anticoagulation with careful monitoring or alternative strategies that may include
dose-modification of anticoagulants and/or placement of IVC filters in those
patients at greatest risk for hemorrhage.”

In the last chapter of this book, Chap. 13, “Bleeding Disorders Associated with
Cancer,” Simon Mantha, MD discusses several hemorrhagic syndromes associated
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with cancer. While none of these syndromes are common, prompt recognition and
appropriate intervention may have a great impact on patient survival.

The primary hyperfibrinolytic syndrome associated with acute promyelocytic
leukemia has been well recognized and is one of the most severe bleeding disorders.
Prompt recognition of this life-threatening hemorrhagic disorder is critical, as delay
in diagnosis and appropriate intervention may be associated with critical bleeding
and death in a patient population with an otherwise good prognosis. Acquired
hemophilia, while rare, may be precipitated by cancer. Acquired hemophilia also
requires prompt recognition, as effective therapy is now available. Other topics
discussed include the various malignancies that are associated with acquired von
Willebrand disease, the role of leukostasis, paraproteins and hyperviscosity, amy-
loidosis, and drug effects. While none of these syndromes are common, familiarity
with the presentations, diagnostic criteria, and appropriate management is a critical
body of knowledge for any provider involved in care for patients with cancer.

This is indeed a very exciting time to be involved in the field of “Thrombosis and
Hemostasis in Cancer.” In some ways, this is a very old area of study, representing
the first paraneoplastic syndrome, eloquently described by Armond Trousseau over
150 years ago. In other ways, it is a new and rapidly evolving field, incorporating
new understandings of pathophysiology, diagnostic tools, and most importantly,
improving treatment. This is best illustrated in a true, “stop the presses” moment,
when Chap. 4, on “Risk of Thrombosis in Cancer: Clinical Factors and Role of
Primary Prophylaxis,” was revised on the eve of going to press, to allow for
incorporation of exciting new results in the role of primary thrombosis prophylaxis.

The ongoing progress in understanding of the pathophysiology, clinical mani-
festations, and appropriate treatment of disorders of thrombosis and hemostasis in
cancer is leading to improved care and outcomes. On behalf of all the authors who
have contributed to this book, we hope that our work will serve as a helpful
contribution.

References

1. Samuels MA, King ME, Balis U (2002) Case records of the Massachusetts General Hospital.
Weekly clinicopathological exercises. Case 31-2002. A 61-year-old man with headache and
multiple infarcts. N Engl J Med 347(15):1187-1194

2. De Bouillaud S (1823) 100bliteration des veines et de son influence sur la formation des
hydropisies partielles: consideration sur la hydropisies passive et general. Arch Gen Med
1:188-204

3. Khorana AA, Francis CW, Culakova E, Kuderer NM, Lyman GH (2007) Thromboembolism
is a leading cause of death in cancer patients receiving outpatient chemotherapy. J Thromb
Haemost 5(3):632-634

4. Falanga A, Marchetti M (2009) Venous thromboembolism in the hematologic malignancies.
J Clin Oncol 27(29):4848-4857

5. Piccioli A, Falanga A, Baccaglini U, Marchetti M, Prandoni P (2006) Cancer and venous
thromboembolism. Semin Thromb Hemost 32(7):694—699

6. Gasic GJ, Gasic TB, Murphy S (1972) Anti-metastatic effect of aspirin. Lancet 2(7783):
7932-7933



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

G. Soff

. Gasic GJ, Gasic TB, Stewart CC (1968) Antimetastatic effects associated with platelet

reduction. Proc Natl Acad Sci USA 61:46-52

. Leader A, Zelikson-Saporta R, Pereg D, Spectre G, Rozovski U, Raanani P et al (2017) The

effect of combined aspirin and clopidogrel treatment on cancer incidence. Am J Med 130
(7):826-832

. Liang HW, Yan X, Pan Y, Wang YS, Wang N, Li LM, et al (2015) MicroRNA-223 delivered

by platelet-derived microvesicles promotes lung cancer cell invasion via targeting tumor
suppressor EPB41L3. Mol Cancer 14

Donatelli SS, Zhou JM, Gilvary DL, Eksioglu EA, Chen XH, Cress WD et al (2014)
TGF-beta-inducible microRNA-183 silences tumor-associated natural killer cells. Proc Natl
Acad Sci USA 111(11):4203-4208

Laffont B, Corduan A, Rousseau M, Duchez AC, Lee CHC, Boilard E et al (2016) Platelet
microparticles reprogram macrophage gene expression and function. Thromb Haemost 115
(2):311-323

Tang ML, Jiang L, Lin YY, Wu XL, Wang K, He QZ et al (2017) Platelet
microparticle-mediated transfer of miR-939 to epithelial ovarian cancer cells promotes
epithelial to mesenchymal transition. Oncotarget 8(57):97464-97475

Agnelli G, Bolis G, Capussotti L, Scarpa RM, Tonelli F, Bonizzoni E et al (2006) A clinical
outcome-based prospective study on venous thromboembolism after cancer surgery: the
@RISTOS project. Ann Surg 243(1):89-95

Moore RA, Adel N, Riedel E, Bhutani M, Feldman DR, Tabbara NE et al (2011) High
incidence of thromboembolic events in patients treated with cisplatin-based chemotherapy: a
large retrospective analysis. J Clin Oncol 29(25):3466-3473

Starling N, Rao S, Cunningham D, Iveson T, Nicolson M, Coxon F et al (2009)
Thromboembolism in patients with advanced gastroesophageal cancer treated with anthra-
cycline, platinum, and fluoropyrimidine combination chemotherapy: a report from the UK
National Cancer Research Institute Upper Gastrointestinal Clinical Studies Group. J Clin
Oncol 27(23):3786-3793

Khorana AA, Kuderer NM, Culakova E, Lyman GH, Francis CW (2008) Development and
validation of a predictive model for chemotherapy-associated thrombosis. Blood 111
(10):4902-4907

Agnelli G, George DJ, Kakkar AK, Fisher W, Lassen MR, Mismetti P et al (2012)
Semuloparin for thromboprophylaxis in patients receiving chemotherapy for cancer. N Engl J
Med 366(7):601-609

Agnelli G, Gussoni G, Bianchini C, Verso M, Mandala M, Cavanna L et al (2009) Nadroparin
for the prevention of thromboembolic events in ambulatory patients with metastatic or locally
advanced solid cancer receiving chemotherapy: a randomised, placebo-controlled,
double-blind study. Lancet Oncol 10(10):943-949

Carrier M, Abou-Nassar K, Mallick R, Tagalakis V, Shivakumar S, Schattner A, et al (2018)
Apixaban to prevent venous thromboembolism in patients with cancer. N Engl J Med
Khorana AA, Soff GA, Kakkar AK, Vadhan-Raj S, Riess H, Wun T, et al (2018) Rivaroxaban
thromboprophylaxis in high-risk ambulatory cancer patients receiving systemic therapy:
results of a randomized clinical trial (CASSINI) (Abstract). Blood

Ay C, Dunkler D, Marosi C, Chiriac AL, Vormittag R, Simanek R, et al (2010) Prediction of
venous thromboembolism in cancer patients. Blood

Heit JA, Silverstein MD, Mohr DN, Petterson TM, O’Fallon WM, Melton LJ 3rd (2000) Risk
factors for deep vein thrombosis and pulmonary embolism: a population-based case-control
study. Arch Intern Med 160(6):809-815

Khorana AA, Dalal M, Lin J, Connolly GC (2013) Incidence and predictors of venous
thromboembolism (VTE) among ambulatory high-risk cancer patients undergoing chemother-
apy in the United States. Cancer 119(3):648-655

Lyman GH, Khorana AA, Falanga A, Clarke-Pearson D, Flowers C, Jahanzeb M et al (2007)
American Society of Clinical Oncology guideline: recommendations for venous thromboem-
bolism prophylaxis and treatment in patients with cancer. J Clin Oncol 25(34):5490-5505



1

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Thrombosis and Hemostasis in Cancer. Scope of the Problem ... 9

Knight R, DeLap RJ, Zeldis JB (2006) Lenalidomide and venous thrombosis in multiple
myeloma. N Engl J Med 354(19):2079-2080

Larocca A, Cavallo F, Bringhen S, Di Raimondo F, Falanga A, Evangelista A, et al (2012)
Aspirin or enoxaparin thromboprophylaxis for patients with newly diagnosed multiple
myeloma treated with lenalidomide. Blood 119(4):933-939; quiz 1093

Zangari M, Fink LM, Elice F, Zhan F, Adcock DM, Tricot GJ (2009) Thrombotic events in
patients with cancer receiving antiangiogenesis agents. J Clin Oncol 27(29):4865-4873
Prandoni P, Lensing AW, Piccioli A, Bernardi E, Simioni P, Girolami B et al (2002)
Recurrent venous thromboembolism and bleeding complications during anticoagulant
treatment in patients with cancer and venous thrombosis. Blood 100(10):3484-3488

Lee AY, Levine MN, Baker RI, Bowden C, Kakkar AK, Prins M et al (2003)
Low-molecular-weight heparin versus a coumarin for the prevention of recurrent venous
thromboembolism in patients with cancer. N Engl ] Med 349(2):146-153

Streiff MB, Holmstrom B, Ashrani A, Bockenstedt PL, Chesney C, Eby C, et al (2015)
Cancer-associated venous thromboembolic disease, version 1.2015. J Natl Compr Canc Netw
13(9):1079-1095

Khorana AA, Yannicelli D, McCrae KR, Milentijevic D, Crivera C, Nelson WW et al (2016)
Evaluation of US prescription patterns: Are treatment guidelines for cancer-associated venous
thromboembolism being followed? Thromb Res 145:51-53

Mantha S, Laube E, Miao Y, Sarasohn DM, Parameswaran R, Stefanik S et al (2017) Safe and
effective use of rivaroxaban for treatment of cancer-associated venous thromboembolic
disease: a prospective cohort study. J Thromb Thrombolysis 43(2):166-171

Raskob GE, van Es N, Verhamme P, Carrier M, Di Nisio M, Garcia D et al (2018) Edoxaban
for the treatment of cancer-associated venous thromboembolism. N Engl J Med 378(7):
615-624

Young A, Marshall A, Thirlwall J, Hill C, Hale D, Dunn J, et al (2017) Anticoagulation therapy
in selected cancer patients at risk of recurrence of venous thromboembolism: results of the
select-D pilot trial. In: ASH 59th annual meeting & exposition. Blood, Atlanta, GA, p. 625
Ross JA, Miller MM, Rojas Hernandez CM (2017) Comparative effectiveness and safety of
direct oral anticoagulants (DOACs) versus conventional anticoagulation for the treatment of
cancer-related venous thromboembolism: a retrospective analysis. Thromb Res 150:86—89
Seo SR, M-H, Kang Y-K, Kim K-P, Chang H-M, Ryoo B-Y, Kim SB, Lee J-L, Park SR
(2016) Oral rivaroxaban versus subcutaneous low molecular weight heparin treatment for
venous thromboembolism in patients with upper gastrointestinal, hepatobiliary and pancreatic
cancer. Ann Oncol 27(Suppl 6):695

Streiff MB, Milentijevic D, McCrae K, Yannicelli D, Fortier J, Nelson WW et al (2018)
Effectiveness and safety of anticoagulants for the treatment of venous thromboembolism in
patients with cancer. Am J Hematol 93(5):664-671

Theberge I, Bowdridge J, Forgie MA, Carrier M, Louzada M, Siquiera L et al (2017)
Rivaroxaban shows promise as effective therapy for cancer patients with venous
thromboembolic disease. Thromb Res 152:4-6

Mantha S, Miao Y, Wills J, Parameswaran R, Soff GA (2017) Enoxaparin dose reduction for
thrombocytopenia in patients with cancer: a quality assessment study. J Thromb Thrombol-
ysis 43(4):514-518

Tefferi A, Vainchenker W (2011) Myeloproliferative neoplasms: molecular pathophysiology,
essential clinical understanding, and treatment strategies. J Clin Oncol 29(5):573-582



®

Check for
updates

Pathophysiology 1. Mechanisms
of Thrombosis in Cancer Patients

Anna Falanga, Francesca Schieppati and Laura Russo

Contents

2.1 INEPOAUCHION........oooiiiiiiiiiiccct ettt 12

2.2 Pathogenic Factors of Cancer-Associated Thrombosis ...............ccccccecvinininininnee 13
2.2.1  General FaCtOrS........ccuiuiiiiiiiiiiiieiiee ettt 14
2.2.2 Disease-Specific Factors 15

2.3 Cancer Cell Prothrombotic MechaniSms...............cccocccriiiiniiiniinncinneincceees 16
2.3.1 Cancer Cell Procoagulant Properties. ..........cccueererieieirinerienieieesesieseeeeeieeieees 16
2.3.2 Host Cell Procoagulant Properties Elicited by Cancer Cells ..........cccoeevereennenne. 21

2.4 The Oncogene Perspectives ...............cccooieiiiriiiiiiiiiiinieieietee ettt 26

2.5 COMCIUSIONS........ouiiiiiiiiiietct ettt ettt 27

REFETEIICES ...ttt 28

A. Falanga (D<) - F. Schieppati - L. Russo

Department of Transfusion Medicine and Hematology, Hospital Papa Giovanni XXIII,

Bergamo, Italy

e-mail: annafalanga@yahoo.com; afalanga@asst-pg23.it

A. Falanga

University of Milan Bicocca, School of Medicine and Surgery, Monza, Italy

© Springer Nature Switzerland AG 2019 1

G. Soff (ed.), Thrombosis and Hemostasis in Cancer, Cancer Treatment
and Research 179, https://doi.org/10.1007/978-3-030-20315-3_2

2



http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-20315-3_2&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-20315-3_2&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-20315-3_2&amp;domain=pdf
mailto:annafalanga@yahoo.com
mailto:afalanga@<HypSlash>asst-pg23</HypSlash>.it
https://doi.org/10.1007/978-3-030-20315-3_2

12 A. Falanga et al.

2.1 Introduction

The close relationship between cancer and thrombosis has been known for more
than a century. Cancer patients present with many types of hemostatic abnormalities
and have an increased risk of both thrombotic and hemorrhagic complications.
A very intimate and reciprocal relation exists between malignant disease, the
occurrence of clotting alterations and thrombosis. Indeed, malignancy most com-
monly induces a procoagulant shift in the host hemostatic balance [1], thus
establishing a condition favorable to the development of thrombosis. Vice versa, the
activation of blood coagulation favors the tumor growth and dissemination.

Cancer is associated with a four- to sevenfold increase in the risk of venous
thromboembolism (VTE) [2, 3], peaking in the first 3 months following cancer
diagnosis [4, 5]. The risk of thrombosis is also increased in metastatic compared
with non-metastatic cancer disease. However, even without thrombosis, the
majority of cancer patients present with clotting alterations detectable by laboratory
tests, which reveal different degrees of coagulation activation and characterize the
hypercoagulable state of these subjects [6]. Currently, it is fully recognized that
cancer patients are at significant risk of developing all types of thrombotic events,
spanning from venous or arterial thrombosis to systemic syndromes, such as dis-
seminated intravascular coagulation (DIC) with severe bleeding. Preventing these
complications is clinically relevant because they considerably contribute to the
morbidity and mortality of these patients [7].

The pathogenesis of the cancer-associated thrombosis (CAT) is complex and
multifactorial. Many clinical factors influence the thrombotic risk of these patients.
Clinical factors include general risk factors (i.e., older age, cardiovascular diseases,
prior VTE, infections, prolonged immobilization), as well as disease-specific fac-
tors, as the cancer site and stage and anticancer therapies. Further, biological
mechanisms are involved in the pathogenesis of CAT. Indeed, tumor cells gain the
capacity to activate the host hemostatic system in several ways, and this phe-
nomenon is often driven by the same oncogenes responsible for the cellular neo-
plastic transformation [8]. By this process, cancer tissues become able to express
different procoagulant proteins (i.e., tissue factor [TF], cancer procoagulant [CP],
factor VII) and to shed procoagulant microparticles. Furthermore, they activate
platelets, leukocytes, and endothelial cells, by direct cell-cell adhesion mecha-
nisms, or through the liberation of inflammatory cytokines or proangiogenic factors.
All these phenomena contribute to the pathogenesis of CAT.

In this chapter, we wish to review the most recent advances in our knowledge on
the pathogenic factors underlying the development of thrombosis in patients with
malignant diseases, with a particular focus on the cancer tissue-specific biological
properties, by which malignant cells are capable to activate the hemostatic system.
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Fig. 2.1 Pathogenesis of thrombophilic state in cancer patients is multifactorial. Clinical risk
factors include general and biological factors, which are common to cancer and non-cancer
patients, whereas in patients with malignancy there are also a number of disease-specific clinical as
well biological factors. Particularly, a unique role is played by the capacity of tumor cells to
interact and activate blood coagulation

2.2 Pathogenic Factors of Cancer-Associated Thrombosis

Multiple clinical factors together with biological procoagulant mechanisms
expressed by cancer tissues concur to the activation of blood coagulation and
importantly contribute to the overall thrombotic risk of these patients [9, 10]
(Fig. 2.1). Clinical risk factors include general and biological factors, which are
common to cancer and non-cancer patients, whereas in patients with malignancy
there are also a number of disease-specific clinical as well biological factors, which
render the pathogenesis of cancer-associated thrombosis unique.

Altogether, these factors favor the shift of the hemostatic balance toward a
prothrombotic condition, as shown by the appearance of subclinical coagulation
changes in almost all of cancer patients, who constantly present with high levels of
circulating biomarkers of hypercoagulability.
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2.2.1 General Factors

General factors include both clinical and biological risk factors, which are common
to all patients, with and without cancer.

As listed in Fig. 2.1, general clinical factors include older age, prior history of
VTE, prolonged immobilization, obesity, infections, cardiovascular risk factors,
renal and respiratory diseases, and anemia.

On the other hand, biological factors carrying a thrombotic risk in the general
population comprise high leukocyte and platelet counts, the inherited throm-
bophilia, and the ABO blood group.

In particular, elevated numbers of platelets and neutrophils are often observed in
patients with cancer, and several studies have demonstrated their association with
an increased risk of thrombosis [11, 12], and with a poor cancer prognosis [13]. It is
possible that granulocyte colony-stimulating growth factor (G-CSF), produced by
many tumors and present in the circulation of many cancer patients, contributes to
increase the number of neutrophils and induce their activation [13]. The “Khorana
risk model,” an important tool that predicts the risk of cancer-associated throm-
bosis, includes pretreatment thrombocytosis (platelet count > 350 x 10°/L) and
leukocytosis (leukocytes > 11 x 10°/L) among the five clinical risk factors
associated with an increased risk of VTE, together with the site of cancer,
hemoglobin < 10 g/dl, and a body mass index > 35 kg/m” [14]. These findings
have now been validated by many other large studies [15-17].

The role of prothrombotic genotypes has been considered in cancer patients [18].
The influence of inherited thrombophilia in patients with cancer may be more
difficult to demonstrate than in the general population, the risk of thrombosis due to
cancer per se possibly outweighing the contribution of thrombophilia factors.
However, in the presence of cancer, prothrombotic genotypes may further increase
the thrombotic risk [19]. Several studies evaluating the role of factor V Leiden or
G202110A prothrombin gene mutation on the risk of CAT have been published
[20]. Overall, although conflicting results were obtained, it appears that patients
with cancer and either of these mutations tend to exhibit a higher risk of thrombosis
than patients with cancer without these mutations. Indeed, in recent large studies the
risk of VTE of patients with both cancer and factor V Leiden mutation was
increased from 2 to 12-fold, compared to patients without factor V Leiden [5, 21,
22]. Studies investigating on the impact of prothrombin 20210A mutation on the
risk of cancer-related VTE have shown conflicting results, possibly due to the rarity
of this mutation. However, a large study found that patients with cancer and pro-
thrombin 20210A mutation had a fourfold increased risk of VTE compared to the
non-carriers with cancer and an 18-fold increase compared to cancer-free
non-carriers [5]. Similar results were reported for central venous catheter-related
VTE [23].
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Finally, an association between ABO blood groups and the risk of VTE has also
been described since 1969, being non-O blood groups associated to an increased
risk of VTE [24], particularly type Al and B groups [25]. The single-nucleotide
polymorphism (SNP) rs8176719 represents a site in the ABO gene essential to
determine the O group and has been used to evaluate the risk of cancer-related VTE
in a case—control study [22]. In cancer patients, a non-O blood type was associated
with a 30% increased risk of VTE, and even higher risk (12-fold increased) if
compared to cancer-free subjects with an O blood type [22].

2.2.2 Disease-Specific Factors

In this category are clinical and biological pathogenic factors that are exclusive to
the malignant disease (Fig. 2.1).

Clinical factors undoubtedly include the site of cancer. Indeed, large epidemi-
ological studies have recognized brain tumors, hematological malignancies, and
pancreatic, gastric, ovarian, uterus, pulmonary and renal adenocarcinomas as hav-
ing the highest risk of VTE [26]. Among hematological malignancies, multiple
myeloma, Hodgkin’s disease, and non-Hodgkin lymphoma have shown the highest
incidence of VTE [27].

The stage of cancer is also an important risk factor for VTE; advanced, meta-
static disease is linked to a higher risk of VTE compared to localized tumors [26].
The initial period after diagnosis of cancer is at high risk of VTE as well [5].

Direct blood clotting

/ activation

Procoagulant factors

+4TF, 1CP, 1 Heparanase
“TE-MP

-1 coagulation factors
TUMOR CELL «impaired fibrinolysis

Adhesion molecules
(VCAM, ICAM)

Soluble mediators:
Inflammatory cytokines
(IL-1, TNF-a)
Proangiogenic factors
(VEGF, B-FGF)

Growth factors

(G-CSF)

Thrombin and Fibrin
Formation

Activation of Host Cell
(endothelial cells, platelets, leukocytes)
pr lant and proadhesive properties

Fig. 2.2 Principal mechanisms of hypercoagulability in cancer. Direct blood clotting
activation by the expression of hemostatic proteins with procoagulant activity by cancer cells;
host cell-cancer cell interaction, through the expression of surface adhesion molecules and through
the release of soluble mediators, including inflammatory cytokines and proangiogenic and
growth-stimulating factors
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Finally, active anticancer treatments, such as chemo-, radio-, and hormone
therapies, antiangiogenetic agents, combination regimens, cancer surgery, the use of
erythropoiesis-stimulating agents and blood transfusions exert a prothrombotic
effect [28]. Chemotherapeutic agents and tumor-derived products can directly
damage the vascular endothelium, leading to a loss of endothelial antithrombotic
properties [28]. Moreover, chemotherapy can induce an overexpression of tissue
factor, an increased exposure of cell membrane phosphatidylserine, and the release
of procoagulant microparticles [29]. All these mechanisms, as well as the presence
of central venous lines to deliver drugs and nutrients, can play a role in the
pathogenesis of CAT.

2.3 Cancer Cell Prothrombotic Mechanisms

The principal procoagulant mechanisms expressed by cancer cells are schematically
depicted in Fig. 2.2 and include:

1. The activation by cancer cells of the clotting system through the expression of
procoagulant properties (such as tissue factor [TF], cancer procoagulant [CP],
and heparanase), TF-bearing procoagulant microparticles (TF-MP), coagulation
factors, and fibrinolysis proteins;

2. The activation by cancer cells of the procoagulant potential of host blood vas-
cular cells, i.e., platelets, leukocytes, and endothelial cells. The latter mechanism
can occur either by cell—cell direct contact mediated by specific surface adhesion
receptors, and/or by the release of inflammatory cytokines, and proangiogenic
and growth-stimulating factors (i.e., vascular endothelial growth factor [VEGF],
basic fibroblast growth factor [bFGF], and G-CSF) by both cancer and host
blood cells. The activation of platelets, endothelial cells, and leukocytes pro-
duces, among other procoagulant features, the release of blood cell-specific
procoagulant microparticles (MP) and neutrophil extracellular traps (NETS).

2.3.1 Cancer Cell Procoagulant Properties
The procoagulant properties expressed by cancer cells include:

e procoagulant proteins,
e microparticles (MPs),
e coagulation factors,
e fibrinolysis proteins.
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2.3.1.1 Cancer Cell Procoagulant Proteins

Among procoagulant proteins, tissue factor (TF) is the best characterized. TF is the
primary initiator of blood coagulation in normal and pathological conditions. It
forms a complex with activated factor VII to trigger blood coagulation by prote-
olytic activation of factors IX and X (clotting extrinsic pathway). Many solid
tumors and hematologic malignancies constitutively express TF, and the levels of
TF expression tend to be associated with an aggressive pattern of the tumor. Indeed,
studies performed in malignant gliomas and pancreatic tumors demonstrated that
the levels of TF expression correlate with the histological grade of malignancy and
vascularity [30-34]. Moreover, TF activity can be potentiated by the expression of
anionic phospholipids on the outer leaflet of glioma cells, leading to coagulation
reactions through the intrinsic pathway and to explosive generation of thrombin
[35]. Other studies conducted in colorectal and pancreatic cancers show that plasma
levels of TF antigen correlate with the tumor size [36, 37]. TF expression by tumor
cells is a consequence of cancer-causing mutations, like oncogenes activation (i.e.,
KRAS and MET) or tumor suppressor genes inactivation (i.e., p53, PTEN) [38]. The
elevated inflammatory status of cancer patients also enhances TF production.
Indeed, endothelial cells and monocyte/macrophages that do not express TF under
normal conditions can be induced to express TF by proinflammatory stimuli (i.e.,
IL-1pB, TNF-o, and bacterial lipopolysaccharides [LPS]) [39].

Tumor-cell-derived TF plays a central role in the generation of thrombin in
cancer, but also contributes to tumor progression by directly influencing the
expression of VEGF by both malignant cells and host vascular cells. This property
regulates tumor neovascularization and provides an important link between acti-
vation of coagulation, inflammation, thrombosis, and tumor growth and metastasis
[1].

Another tumor cell procoagulant is cancer procoagulant (CP) that, unlike TF,
directly activates factor X independently of coagulation factor VII. CP has been
detected in different malignant cells [40], from both solid and hematologic tumors,
but not in normal tissues. Of interest, in patients with acute promyelocytic leukemia
(APL), CP is expressed by bone marrow blast cells at the onset of disease, but
disappears at remission [41]. In addition, in APL patient blasts, CP expression
paralleled the degree of malignant transformation and disappeared upon cellular
differentiation by therapy with all-trans-retinoic-acid (ATRA). In contrast, cells
resistant to ATRA maintained their malignant phenotype and continue to express
CP. Similar observations have been reported for breast cancer [42]. The relative
contribution of this factor to the overall cellular procoagulant activity and/or pos-
sible interactions with TF are unknown at this time.

Among other tumor cell procoagulant activities, the role of the enzyme hep-
aranase is gaining much relevance. Heparanase is a protease that cleaves heparan
sulfate (HS) of the extracellular matrix (ECM). Its expression is restricted to pla-
telets, activated white blood cells, and placenta. Many studies demonstrated an
overexpression of this enzyme in essentially all human tumors, both solid and
hematological [43], which promotes tumor dissemination and metastasis, by
remodeling ECM barrier [44, 45], releasing VEGF-A and bFGF bound to HS [46,
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47], and by facilitating endothelial cells migration and proliferation [48, 49].
Additionally, it upregulates the expression of the blood coagulation initiator TF and
interacts with the tissue factor pathway inhibitor (TFPI) on the cell surface of
endothelial and tumor cells, leading to dissociation of TFPI with resulting increased
cell surface TF activity [50]. Finally, heparanase directly activates the extrinsic
coagulation pathway, increasing the level of factor Xa in the presence of TF/VIIa,
acting as a cofactor of TF [50].

2.3.1.2 Tumor Microparticles

Tumor-cell-shed microparticles (MP) represent an emerging mechanism of
tumor-promoted clotting activation. MP are plasma membrane vesicles of 0.1-1 pm
in diameter, composed of lipids, proteins, and nucleic acids, released from virtually
all types of blood cells upon activation, apoptosis, malignant transformation, and
stress [51]. MP display typical surface cell proteins derived from the cell of origin,
but they can also carry proteins acquired from other cell types by a fusion process.
Platelet-derived MP (PMP) constitute the majority (>80%) of circulating MP,
whereas less than 10% originate from granulocytes and less than 5% from
endothelial cells, red blood cells, and monocytes. However, in pathological con-
ditions, an overall increment of MP occurs also from other sources, including tumor
cells. Under normal conditions, MP express anionic phosphatidylserine (PS) on
their outer leaflet, though several reports show that a subset of circulating PMP may
also express TF [52]. In healthy individuals, the majority (>95%) of circulating
PMP express PS, whereas only a very low number express TF, and circulate at low
levels. MP undergo phenotypic and quantitative changes in several clinical con-
ditions, most of which associated with an increased risk of both arterial and venous
thrombosis (i.e., diabetes, acute coronary syndrome, disseminated intravascular
coagulation, antiphospholipid syndrome) [53-56]. The increased number and
thrombogenic activity of MP in prothrombotic disorders indicate their important
role in the pathogenesis of thrombosis. In the cancer setting, TF-bearing MP are of
particular interest, since, due to the abundance of negatively charged phospholipids
on their surface, they display TF in its “active” form. Elevated levels of circulating
MP have been described in cancer patients, with both solid and hematologic
malignancies [57, 58], and different reports suggest an additional role for these
elements in the establishment of a thrombotic state in cancer [59-61]. Several
studies demonstrated that TF-positive MP can be derived from tumor cells. The
increased production of MP by cancer cells seems to be controlled by definite
genetic events occurring in tumorigenesis, including activating and inactivating
mutations in oncogenes and tumor repressor genes [62]. Studies in animal and
human models showed that tumor-derived TF-positive MP contribute to
cancer-associated thrombosis [63—66]. The intravenous injection into mice of MP
derived from human tumor cells and expressing high levels of TF induced a
TF-dependent activation of coagulation, which resulted in a DIC-like syndrome
[37]. Elevated TF-positive MP have been reported in patients with solid tumors and
VTE gastric and pancreatic cancers being the most studied [59, 61, 67]. Fewer
reports have been published in the setting of hematological malignancies, where
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high levels of blast cell-derived MP have been confirmed in acute promyelocytic
leukemia [68] and acute myeloid leukemia [69]. In patients with multiple myeloma,
TF-positive MP activity was higher in those developing VTE [70]. In one study of
essential thrombocythemia (ET), MP numbers were significantly higher in ET
patients than controls, and the thrombin generation potential of MP-rich plasma
from these patients was significantly increased [71].

MP can also play a role in cancer progression, especially due to their capacity to
influence angiogenesis [72]. In one study, it has been shown that PMP isolated from
healthy donors can promote proliferation, survival, and capillary tube formation of
human endothelial cells [73]. In addition, PMP can stimulate the expression of
proangiogenic factors by tumor cells [74]. Finally, the expression of TF by circulating
MP represents per se an important mechanism of MP-promoted tumor progression,
by means of TF role in tumor growth, angiogenesis, and metastasis [75-77].

The clinical significance of MP as a predictive biomarker of VTE risk in cancer
patients has not been fully elucidated. For this reason, some trials are evaluating the
utility of measuring TF-MP to predict VTE in cancer [78]. Since MP are clearly
involved in thrombosis and cancer, potential modulation of their release and activity
may have important therapeutic implications.

2.3.1.3 Coagulation Factors

The plasma protein factor VII (FVII), under normal conditions, is constitutively
expressed in the liver, mainly by hepatocytes [79]. However, FVII can be expressed
also by monocytes and macrophages in inflammatory conditions [80, 81], and in
cancer, where the expression of ectopic FVII has been described in hepatocellular
carcinoma cells [82], bladder cancer [83], ovarian cancer [84], and laryngeal car-
cinoma [85]. More recent studies on FVII mRNA expression in different cancer cell
lines have demonstrated a frequent expression of endogenous FVII in various
cancer cells [86], especially in colon cancer cell lines [87]. In these experiments,
ectopic FVII was functionally active due to cancer cell expression of y-glutamyl
carboxylase, which facilitates the post-translational edits required for proper posi-
tioning of FVII on the cell membrane [86]. Coagulant-active ectopically expressed
TF:FVIIa was also found on TF-positive ovarian cancer cells, making this complex
a plausible trigger of VTE at distant sites, which is a frequent complication in
patients with ovarian cancer [88].

Factor VIII (FVIII) plays a key role in the coagulation cascade. Several studies
have shown that high factor VIII activity indicates an increased risk for primary and
recurrent venous thromboembolism [89, 90]. High FVIII levels have been observed
in patients with multiple myeloma, breast cancer, and colorectal cancer [91-93].
A small retrospective study reported higher FVIII levels in patients with various
types of cancer and a history of thrombosis in comparison to a matched control
group without thrombosis [94]. A subsequent prospective cohort study confirmed
that high FVIII plasma level is a significant risk factor for symptomatic VTE in
cancer patients [95]. In this study, the risk conferred by FVIII correlated with the
FVIII levels. A significant difference in FVIII according to the tumor site was
described, being FVIII levels highest in cancers of the stomach or pancreas, in
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which an association with disease stage was also seen. Similar findings were
reported in patients with multiple myeloma [91]. However, to what extent the
malignant disease contributes to FVIII plasma levels needs to be further elucidated.

2.3.1.4 Fibrinolysis Proteins
In this context, it is important to consider that tumor cells also generate anticoagulant
forces and interact with the host fibrinolytic system. Indeed, cancer cells can
express fibrinolytic proteins such as the plasminogen activators [i.e., urokinase-type
plasminogen activator (uPA) and tissue-type plasminogen activator (tPA)], their
inhibitors [i.e., plasminogen activator inhibitor-1 (PAI-1) and plasminogen activator
inhibitor-2 (PAI-2)], and receptors (i.e., urokinase-type plasminogen activator
receptor, and annexin II, a co-receptor for plasminogen and tPA). Elevated levels of
PAI-1 antigen and activity have been found in patients with pancreatic cancer and
malignant glioma [96, 97], predisposing to VTE. In a mouse model xenografted with
a human lung adenocarcinoma cell line, the anti-VEGF drug, bevacizumab, induced
an increase in PAI-1 levels and enhanced thrombosis, which was reduced by a PAI-1
inhibitor [98]. In APL, the increased annexin II expression by leukemic cells favors
the assembly of the fibrinolytic cascade proteins on the cell surface and has been
linked to excessive activation of fibrinolysis and bleeding complications [99].
Likely, depending on which side, pro- or antifibrinolytic, prevails, the clinical
manifestations may be quite different, from bleeding symptoms, as observed in
leukemia, to VTE, as evidenced in solid tumors.
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Fig. 2.3 Platelet activation by tumor cells. Tumor cells activate platelets through direct cancer
cell-platelet adhesion, tumor secretion of platelet-activating molecules or by the expression of
podoplanin on cancer cells’ surface. Activated platelets can mediate the onset of hypercoagu-
lability in cancer patients by direct clotting activation and thrombus formation or by interacting
with other blood cells
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2.3.2 Host Cell Procoagulant Properties Elicited
by Cancer Cells

A strong interaction occurs between cancer cells and the host normal vascular cells,
particularly platelets, leukocytes, and endothelial cells, which generally results in
the expression of a procoagulant phenotype by normal cells. As schematically shown
in Fig. 2.2, cancer cells activate the procoagulant potential of host normal vascular
cells by two principal mechanisms, i.e., (1) the expression by cancer cells of surface
adhesion molecules and counter-receptors by which they anchor other blood cells
and attach to the vessel wall and (2) the release of soluble mediators, including
inflammatory cytokines (i.e., TNF-a, IL-1p), proangiogenic and growth-stimulating
factors (i.e., VEGF, bFGF, G-CSF), and platelet aggregation agonists.

2.3.2.1 Platelets’ Activation by Tumor Cells
There is growing evidence that platelets are very important in promoting the
hypercoagulable state of patients with cancer [100]. However, a fundamental step
occurring in malignancy is platelet activation by direct cancer cell-platelet adhesion
[17, 100, 101], and/or by tumor secretion of platelet-activating molecules (i.e.,
ADP, thrombin, matrix metalloproteinases, IL-6) [102], which lead to platelet
adhesion/aggregation (Fig. 2.3). Among adhesion mechanisms, selectins expressed
on platelets, leukocytes, and endothelium can bind tumor cells to form aggregates
[103]. Specifically, P-selectin expressed on the surface of activated platelets binds
to many types of human cancer cells [104], and this interaction can also promote
tumor growth and metastasis [104]. In general, platelet activation, aggregation,
coagulation, and thrombus formation are crucial events in limiting blood loss after
tissue damage but are also major determinants of hematogenous tumor metastasis
[105]. Increased platelet activation and aggregation correlate with the metastatic
potential of cancer cells in both in vitro and in vivo models of experimental
metastasis. Indeed, platelet aggregation protects the tumor cell surface from
immunological recognition in the circulation. Tumor-cell-induced platelet aggre-
gation can result in a “platelet coating” of cancer cells shielding them from natural
killer (NK) cells [106]. Some tumor cells may use podoplanin, a transmembrane
sialoglycoprotein, to activate platelets [107]. Podoplanin is a ligand of the platelet
receptor C-type lectin receptor type-2 (CLEC-2) and induces platelet aggregation in
normal conditions. Podoplanin is present on the surface of certain tumor cells,
including melanoma, squamous cell carcinoma, seminoma, and brain tumor cells
[107]. Increased levels of podoplanin are associated with tumor metastasis or
malignant progression, however, recent data clearly show that podoplanin-positive
MP from brain tumors activate circulating platelets, and are associated with platelet
aggregation and increased thrombotic risk in these patients [108]. Strategies are
now being developed to inhibit podoplanin—~CLEC2 interactions in preclinical
models of solid tumors [109].

Activated platelets can mediate the onset of hypercoagulability in cancer patients
by interacting with other blood cells. First, the interaction of platelets with leuko-
cytes is likely involved in inducing a procoagulant state in cancer patients. In an
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Fig. 2.4 Leukocytes’ procoagulant activities elicited by tumor cells. The subpopulations of
leukocytes involved in the clotting activation in cancer patients are neutrophils and monocytes.
Tumor cells can activate leukocytes by direct cell-cell adhesion or by the release of cytokines and
growth factors in the bloodstream. Neutrophils activated by tumor cells release procoagulant
enzymes and expose on their surface high levels of TF, adhesion molecules for platelets and
endothelial cells, and neutrophil extracellular traps (NETs), thus promoting the activation of blood
clotting cascade. Moreover, activated platelets can provide signals that promote formation of
NETs, which provide a scaffold and a stimulus for platelet adhesion and thrombus formation.
Activated monocytes/macrophages express highly procoagulant TF and coagulation factors on
their surface upon activation by cytokines, leading to fibrin formation and deposition

animal model of CAT, platelet-leukocyte interaction, as mediated by P-selectin on
platelets and P-selectin glycoprotein ligand (PSLGI) on leukocytes, was necessary
for the formation of mucin-induced lung microthrombi [110]. Moreover, platelets
stimulate the release of neutrophil extracellular DNA traps (NETs) by leukocytes,
which promote venous thrombosis (see Sect. 2.3.2.2). Second, the interaction of
platelets with endothelial cells is relevant for platelet-mediated CAT. A study in a
mouse model of deep vein thrombosis suggests that platelets have a critical role in
thrombus formation in a condition of flow restriction, through the interaction with
von Willebrand factor (vVWF) bound to the endothelium [111]. Finally, platelets
promote thrombosis in cancer patients by the activation of the coagulation cascade
leading to thrombin generation. Indeed, activated platelet exposes phos-
phatidylserine (PS) on their outer membrane, which provides a negatively charged
surface for initiation of fibrin clot formation [112]. Furthermore, adherent activated
platelets release procoagulant PMPs, which further contribute to the fibrin depo-
sition and microthrombi formation, as previously described (see Sect. 2.3.1.2).
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2.3.2.2 Leukocytes Activation by Tumor Cells

Leukocyte numbers are frequently elevated in cancer patients, but also they cir-
culate in an activated status as they are challenged by tumor cells to exhibit a
procoagulant phenotype. The most important subpopulations of leukocytes
involved in the clotting activation are neutrophils and monocytes. Tumor cells can
activate leukocytes by direct cell-cell adhesion or by the release of cytokines and
growth factors in the bloodstream (Fig. 2.4). In particular, G-CSF is produced by
many tumors and is found elevated in the circulation of many cancer patients [13].
G-CSF increases the number of neutrophils and induces their activation.

Tumor-cell-activated neutrophils release procoagulant enzymes, including elas-
tase and myeloperoxidase (MPO). They also expose on their surface high levels of
TF and adhesion counter-receptors for platelet and endothelial cell adhesion
molecules, as documented in myeloproliferative neoplasms [113, 114].

There is emerging evidence that cancer cells also predispose neutrophils to the
release of DNA extracellular traps (“neutrophil extracellular traps” or NETs) [115].
NETs were first identified as a host defense mechanism against pathogens. They are
the result of externalized DNA (nuclear or mitochondrial) released from the nucleus
of neutrophils, decorated by histones and granular proteases following activation by
bacterial LPS or cytokines. During sepsis, this mechanism named NETosis creates a
high local concentration of proteases and provides a method of entrapment and
killing of pathogens. However, NETs are also known to promote coagulation,
providing a scaffold and a stimulus for platelet adhesion and thrombus formation
[116]. The prothrombotic effect of NETs can be explained by their high content of
negatively charged nucleic acids and histones, providing a strong activation signal
for platelets, which translates into platelet aggregation and thrombosis [116]. At the
same time, activated platelets can provide signals that promote formation of NETs
[117]. In addition to its implication in thrombosis, the formation of NETSs in cancer
may affect the tumor biology. Tumor infiltrating-neutrophils can exert a role in
promoting different steps of tumor progression. Of interest, the procoagulant
activity of NETs leads to the generation of thrombin, which can affect all aspects of
cancer progression [118].

The role of activated monocytes/macrophages in CAT is well known. Since the
80s, different studies have demonstrated that macrophages infiltrating the tumor are
locally activated toward a procoagulant activity that contributes to fibrin deposition
within malignant tissues [119, 120]. A study in ovarian cancer showed that in
advanced disease, blood monocytes were activated to a procoagulant phenotype,
adding to the activation of intravascular coagulation and thrombo-embolic com-
plications [121]. Notably, monocytes are the only circulating blood cells that are
able to synthetize and express highly procoagulant TF on their surface upon acti-
vation by cytokines (i.e., IL-1p, TNF-a) and LPS [122]. Cancer cells can secrete
these mediators, thus triggering the monocyte-induced mechanism of thrombosis.
Moreover, macrophages infiltrating the tumor have been found to express coagu-
lation factors II, V, VII, and X on their surface [122]. More recent studies have
shown that blood monocytes are also capable to release extracellular traps (ETs) in
response to several inflammatory stimuli. Monocyte ETs display a morphology
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Fig. 2.5 Endothelium prothrombotic activation by cancer cells. Tumor cells can activate
endothelial cells directly by cell-cell adhesion or by the release of proinflammatory cytokines.
Cytokines regulate the expression of endothelial cell products active in hemostasis, including
thrombomodulin (TM), TF, vWF, selectins, and fibrinolysis proteins (PAI-1)

similar to NETs, being associated to MPO, lactoferrin, citrullinated histones, and
elastase, and a procoagulant activity [123]; however, their role in CAT needs to be
further elucidated. Finally, a recent study in lung cancer patients with VTE found a
relation between a high absolute monocyte count with a refractoriness to antico-
agulant therapy and poor prognosis [124].

2.3.2.3 Endothelium Activation by Tumor Cells

Physiologically, the endothelium facilitates the blood flow by providing an
antithrombotic surface that inhibits platelets’ adhesion and coagulation activation.
Several factors can perturb the resting state of endothelium in cancer patients
(Fig. 2.5). Tumor cells can activate endothelial cells directly by cell—cell adhesion,
as demonstrated in studies in non-small cell lung and colorectal carcinomas [125],
or by the release of proinflammatory cytokines and acute phase proteins, which
trigger the activation of endothelial cells as well as of monocytes [126]. In addition,
in malignancy, reactive oxygen species and intracellular proteases released by
activated neutrophils can induce detachment or lysis of endothelial cells, affecting
functions involved in thrombomodulation.

Among cytokines, interleukin-1B (IL-1) and tumor necrosis factor (TNF-ot) can
regulate the expression of endothelial cell products active in hemostasis, including
thrombomodulin (TM), TF, vWF, adhesive receptors (i.e., selectins), and fibrinol-
ysis proteins (i.e., fibrinolysis inhibitor PAI-1) [127]. TM is a membrane receptor of
vascular endothelial cells with a potent anticoagulant function [128], since it binds
and forms a complex with thrombin to activate the natural anticoagulant protein C.
In cancer patients, increased levels of soluble TM and reduced expression of surface
TM have been observed [129], leading to a loss of anticoagulant membrane TM at
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Fig. 2.6 Oncogenes, tumor suppressor genes, and microRNA implicated in hypercoagula-
bility in cancer. Genes for neoplastic transformation also drive the programs for the expression of
hemostatic proteins in cancer tissues

the endothelial outward. Furthermore, soluble TF released from endothelial cells in
response to TNF-a has been demonstrated and is a marker of increased expression
of TF on endothelial cells surface, a potent mechanism of prothrombotic response to
inflammation [130]. Upregulation of the procoagulant TF with downregulation of
the anticoagulant TM/protein C system converts the normal anticoagulant
endothelium into a prothrombotic endothelium. Increased levels of vWF released
from the endothelium are also described in cancer patients, and are of particular
relevance in the pathogenesis of thrombosis in myeloproliferative neoplasms: Once
platelets bind to VWF, they become activated and are able to aggregate and
strengthen a clot [131]. Activated endothelium can also shed soluble adhesion
molecules like selectins, which are commonly expressed by endothelial cells
(P-selectin, E-selectin), platelets (P-selectin), and leukocytes (L-selectin). Increased
levels of circulating E-selectin and P-selectin have been described in patients with
myeloproliferative neoplasms and thrombosis [132], as well as in patients with lung
and breast cancers [133, 134]. Moreover, reduced plasma levels of nitric oxide
(NO) produced by endothelial cells, which inhibits platelet adhesion, activation, and
aggregation, represent another mechanism of thrombus formation in myeloprolif-
erative neoplasms [135]. Finally, circulating endothelial cells (CECs) have been
established as markers of endothelial damage or dysfunction [136]. CEC levels
increase in many types of solid tumors and hematological malignancies, and cor-
relate with angiogenetic activity and tumor progression [137, 138], although their
role in CAT has yet to be established.
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2.4 The Oncogene Perspectives

In the last decade, molecular studies have demonstrated that oncogenes and
repressor genes responsible for neoplastic transformation (i.e., mutation/induction
of KRAS, EGFR, or MET, loss of PTEN, or TP53) also drive the programs for the
expression of hemostatic proteins in cancer tissues (Fig. 2.6). Coagulopathy and
thrombosis have been regarded for a long time as unspecific consequences of
cancer-related disruption in tissue anatomy and vascular continuity, or driven by
vascular hyperpermeability, inflammation, stasis, and toxic side effect [8]. Recent
studies, however, suggest that activated coagulation may possess cancer-specific
properties [8]. Rak and colleagues proposed that the type of cancer cell influenced
the state of the coagulation system, as different cancers differ greatly in terms of risk
of VTE [139]. Indeed, pancreatic, brain, gastrointestinal, ovarian, and hematolog-
ical malignancies are all associated with a higher risk of VTE compared to skin,
breast, and prostate cancer [26].

Specific genotypes of cancer cells may affect the coagulation system either
directly or through changes in tumor environment [140]. For instance, it is docu-
mented that several dominant oncogenes, such as RAS, EGFRVIII, MET, and many
other genetic lesions frequently upregulate VEGF, enhancing neo-angiogenesis
[141]. Oncogenes’ pathways also influence the recruitment of inflammatory cells,
which themselves may exhibit proangiogenic and procoagulant phenotypes
[142, 143]. However, oncogenic pathways also deregulate coagulation effectors
more directly, through several different types of effects, i.e., by the abnormally
high/constitutive expression of TF [144], by triggering the ectopic expression of
coagulation genes [140, 145, 146], or by the emission of TF-bearing large and small
microparticles that can enter biofluids and the general circulation [147]. In addition,
mutations in different oncogenes and the loss of some repressor genes in different
types of tumors may activate the coagulation system using one or another of these
mechanisms. For example, in colorectal cancer, mutant KRAS is able to upregulate
the expression of TF-bearing MPs; nonetheless, in the same type of cells the
deletion of TP53 has been associated to enhanced TF exposure and shedding [36].
Overexpression of EGFR and HER-2, both upstream activators of the RAS sig-
naling cascade, resulted in increased TF production in glioma and carcinoma cells,
respectively [77, 146]. TF may also be upregulated by the mutation of the oncogene
MET in hepatoma [148] and by the loss of PTEN tumor suppressor, especially
under hypoxia, in glioblastoma [149]. Finally, several types of microRNA
(miRNA) have been implicated in alterations of coagulant properties of cancer cells
(i.e., expression and regulation of TF, heparanase, PAR-1, PAI-1, and COX-2)
[150-154].

Genetic regulation of coagulation factors in cancer cells implies that molecularly
different subtypes of cancer should exhibit different coagulation patterns (or “co-
agulomes”). Indeed, molecular profiling of human glioblastoma (GBM) has
recently revolutionized the classification of this malignancy in four molecular
subgroups, which effectively constitute different disease entities but also display a
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different pattern of activation of the coagulation system [108, 140]. These data
suggest that activation of oncogenic pathways contributes to both quantitative and
qualitative rearrangements of the cellular “coagulome,” which seems to be specific
for each tumor type. It may also be possible that in different patients, even if
affected by the same disease, thrombosis could be triggered by somewhat different
mechanisms and could, hypothetically, be opposed using approaches based on the
“coagulome” of the underlying disease. Thus, the coagulant phenotype of cancer
cells could be viewed as one of several important effector mechanisms that link
genetic progression of the disease and its biological and clinical behavior [8]. This
does not necessarily imply a direct proportionality between procoagulant properties
and clinical aggressiveness, but suggests that deregulation of hemostatic proteins
may influence the tumor microenvironment in pathogenically significant ways.
Some authors have also postulated that the coagulation system could play a role at
preclinical, or otherwise occult stage of malignancy, and in particular that thrombin
might trigger the growth of dormant cancer cells [155]. Dormant cells could be
awakened by tissue injury, cardiovascular disease, or other conditions that may
activate the clotting system. In this regard, interestingly, a higher frequency of
colorectal cancer was recently described in certain forms of thrombophilia, espe-
cially in association with the homozygous mutation of the factor V Leiden [156].
Importantly, a recent study has demonstrated that in glioblastoma, exogenous
expression of TF disrupts the dormant state of transformed but indolent tumor cells,
both by recruitment of inflammatory cells and blood vessels and by facilitating gene
mutations and silencing [38].

All these evidences contribute to postulate that procoagulant events are probably
not an accompanying phenomenon in cancer, but an effector in tumor growth and
progression, and possibly an initiator of malignant transformation. For instance, it is
arguable that a better control of hemostatic perturbations may offer new means of
therapy, control, and prevention in cancer.

2.5 Conclusions

Cancer-associated thrombosis is a major clinical issue, since thrombotic events
increase morbidity and mortality of cancer patients. There is now growing
knowledge about the mechanisms of hypercoagulability which predisposes to
thrombotic complications, and this does not only translate into a better under-
standing of the pathogenesis but also offers new potential therapeutic targets of
cancer-associated thrombosis. A very important advance in our knowledge has been
the discovery that these cellular events can be genetically driven, involving the
same genes driving tumorigenesis, as a mechanism of tumor growing and survival.
Thus, targeting the mechanisms of coagulation activation could be beneficial for the
treatment of the tumor itself. Finally, the biological markers of activation of the
clotting system can be a clinical tool, which will help to identify the subgroups of
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patients at higher risk of VTE and to establish more accurate and targeted antico-
agulation strategies to prevent thrombosis in cancer patients.
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3.1 The History of Platelets and Cancer

The observation and naming of platelets in the bloodstream are credited to the
Italian, Julius Bizzozero, in 1882. While others made reference to blood cells that
were likely platelets, it was Bizzozero who suggested the platelet was unique
among blood cells and participated in the arrest of blood flow. However, it was not
until much later that the wound healing properties of a platelet were recognized
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[1, 2]. As the purveyor of the vasculature, an ability to prevent blood loss following
injury and then create a local environment for wound healing and revascularization,
the platelet is again ideally suited for contributing many aspects of the cancer
process. As we shall illustrate, the platelet is well positioned to influence an even
older cancer paradigm—*“tumors: wounds that do not heal” [3, 4].

In the seminal 2000 “Hallmarks of Cancer,” Hanahan and Weinberg provided a
systematic dissection of the malignant process by identifying six characteristics that
contribute to the progression of cancer [5]. Later, the hallmarks would be updated to
include additional characteristics deemed to be necessary for malignant transfor-
mation and changes in the microenvironment [6]. Together, these landmark papers
have provided a guide to the complex changes that occur during disease progression
and dissemination, but more importantly have provided a step-by-step guide where
the contribution of surrogate cancer participants, such as platelets, can be defined.

While the hemostatic attributes of circulating platelets date back to Bizzozero,
their relevance in cancer biology was largely unappreciated and surrounded by
skepticism [7]. As purveyors of vascular integrity, the platelet resides within the key
conduit facilitating metastasis. Indeed, as others have recently pointed out, the
bloodstream is considered a harsh environment for the tumor cell with only a minor
fraction of cells capable of colonizing a distant metastatic site [8]. The platelet
contribution to the metastatic process was recognized by Gasic et al. as an early
milestone in the 1960s [9]. Soon thereafter, the same group provided a second
milestone linking one of the most widely used antiplatelets or antithrombotic drugs,
aspirin, to a reduction in metastasis [10]. Today, the molecular details of platelet
involvement are being dissected in exquisite detail and extend beyond the meta-
static process [7].

Here, we will integrate the older concepts of platelet physiology and tumor
biology with the more recent state-of-the-art mechanistic studies linking the two.
The beauty in the project is several folds: the mature understanding of platelet
biology as it pertains to hemostasis and thrombosis, the availability of unique
animal models, the available large datasets of patients receiving antiplatelet med-
ication for cardiovascular disease, and the roadmap provided by the hallmarks of
cancer. Thus, known platelet properties can be immediately added to the hallmarks
filling important gaps in our understanding of cancer.

3.2 Platelet Structure/Function

Platelet function in hemostasis and thrombosis in its simplest form can be repre-
sented as a temporal sequence of events involving adhesion, activation, and
aggregation to a damaged vascular surface. Major ligands supporting the adhesion
and aggregation include collagen, von Willebrand factor (VWF), and fibrinogen.
Highlighting the exquisite regulation of the platelet’s role in hemostasis is the low
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Fig. 3.1 Depicted is a simplified scheme of key receptors that support the platelet’s role in
hemostasis and thrombosis. The platelet paradigm involves the transition of the circulating
unactivated platelet to an activated platelet releasing oi-granule and dense granule components to
support a platelet-rich thrombi. Among the important adhesion receptors are GPIb-IX, also referred
to as GPIb-IX-V to include a fourth GPV gene product. GPIb-IX binds to surface-bound VWF, a
key step in the initiation of thrombosis. Two platelet collagen receptors, GPVI/FcR-y and a2p1,
also support adhesion and generate activation signals to facilitate irreversible adhesion. Platelet
activation involves stored granular components being released from structurally distinct dense and
a-granules. Among the dense granule components released are ADP that activates platelets via the
P2Y12 receptor. The P2Y12 receptor is clinically relevant as the target of multiple prodrug and
drug therapies. A final step in activation transitions the integrin receptor, olIf3, from a receptor
with a low affinity for fibrinogen to a high-affinity receptor capable of supporting interplatelet
aggregation via fibrinogen

affinity between plasma VWF and fibrinogen as the platelet is circulating in blood.
Yet, once the platelet recognizes surface-bound collagen or VWF, a plethora of
intraplatelet and surface receptor changes are initiated. The molecular details of
these processes have been widely described in detail [11]. Here, we focus on a few
of the most physiologically relevant receptors and intraplatelet pathways, in par-
ticular focusing on those recognized as targets for antiplatelet therapy, acknowl-
edging where there might be efficacy in cancer treatment or a better appreciation for
mechanisms linked to cancer biology (summarized in Fig. 3.1) [12].

Adhesion—While the repertoire of surface membrane receptors on the platelet is
quite extensive, three different complexes have been shown to significantly con-
tribute to normal platelet physiology, glycoprotein (GP)Ib-IX, GPVI, and
GPIIb/IIa (adIbB3). From the adhesion standpoint, we focus on GPIb-IX and GPVI
and their key interactions with VWF and collagen, respectively.
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Human deficiencies of platelet GPIb-IX, (the Bernard—Soulier syndrome), or the
GPIb-IX ligand (VWF)—both result in bleeding phenotypes. The Bernard—Soulier
syndrome is a rare autosomal recessive disorder but associated with often
life-threatening bleeding. The absence or expression of a dysfunctional VWF
results in the most common inherited bleeding disorder, von Willebrand disease
(VWD), and ranges in severity but predictable based on the VWD-type designation
as determined by hematology reference laboratories [13]. The platelet GPIb-IX
complex has been extensively characterized and is encoded by three distinct genes,
the o and B subunits of GPIb and GPIX, each located on different human chro-
mosomes [14]. Mutations in any of the three genes most commonly block intra-
cellular assembly of the complex precluding surface expression of the entire
complex or individual subunits [15]. The absence of the complex coincides with a
macrothrombocytopenia with platelets observed in peripheral smears approaching
the diameter of erythrocytes [16].

Direct proof the macrothrombocytopenia associated with Bernard—Soulier syn-
drome was the result of an absent GPIb-IX complex was established by the gen-
eration and characterization of a murine “knockout” of the GPIb o-subunit [17].
The maintenance of normal platelet size via GPIb-IX is attributed to residues within
the intracytoplasmic tail of the o-subunit which directly interact with filamin-1
within the platelet cytoskeleton [18-20]. Indeed, this places GPIb-IX as an early
initiator of platelet activation owing to interactions with filamin-1 [21]. Due to the
macrothrombocytopenia, the mouse model of Bernard—Soulier syndrome has had
limited utility for dissecting the role of GPIb-IX. Any conclusion using the model
has an existing caveat that the result could be due to the absent receptor complex
and/or the result of structurally abnormal “giant” platelets in reduced quantity. To
circumvent this problem, a second mouse model was generated expressing an
abnormal GPIb-IX lacking the adhesive domain of the a-subunit of GPIb but
retaining the transmembrane and intracytoplasmic tail that still binds filamin-1 and
ameliorates the macrothrombocytopenia [18]. This mouse model, designated
IL-4R/Tbo "8, has become the model of choice for analyzing the pathophysiologic
impact of absent GPIb-IX ligand binding function [22, 23].

Older literature exists describing an endothelial form of the platelet GPIb-IX
complex [24, 25]. Later, it was proposed that the endothelial GPIb-IX complex was
actually a variant complex owing to the expression of an unusual form of the
B-subunit of GPIb [26]. However, this variant B-subunit was shown later to be a
sequencing error and part of a variant transcript from a human septin gene residing
only a few hundred nucleotides from the human [B-subunit gene [27-29]. Inter-
estingly, this placed the [B-subunit gene within with the commonly mutated
DiGeorge syndrome locus (22q11) with some DiGeorge syndrome patients also
having a platelet Bernard—Soulier syndrome phenotype [30]. An endothelial cell
version of platelet GPIb-IX is an idea that is not generally recognized or accepted
today.
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A role for platelet GPIb-IX in promoting tumor metastasis has been supported in
mouse models of experimental metastasis and angiogenesis [31, 32]. However, an
opposite conclusion was put forth by others using a different experimental approach
[33]. The approaches differ with one using a genetically modified mouse, while the
other used an antibody inhibitory approach in wild-type mice. While neither model
is perfect, antibody inhibition of platelet GPIb-IX can lead to varying degrees of
platelet activation and rapid platelet clearance [34]. It is possible that different
kinetics of platelet activation and clearance may play divergent roles in tumor
metastasis. Whether this explains the apparent discrepancy is not known, but clearly
identifies an unmet need in our understanding of GPIb-IX in metastasis. The role of
GPIb-IX as it might fit in the hallmarks of cancer will be discussed in more detail
below.

Among the in vitro agonists used to stimulate platelets, type I fibrillar collagen is
one of the most widely used. The best-characterized platelet membrane collagen
receptors are the GPVI/FcR-y complex and the integrin o231 [35-37]. The rele-
vance of both receptors to hemostasis has been widely reported [38, 39], and both
have been significantly linked to cancer pathogenesis. Again, as in the case of
GPIb-IX, mouse models of GPVI deficiency have a significant reduction of
metastasis using melanoma cells in models of experimental metastasis [40, 41].
However, GPVI is also known to interact with laminin and fibrin, so how much of
the effect in cancer is collagen-dependent and/or other ligands is still unknown [42,
43]. A similar platelet receptor with striking similarities to GPVI is CLEC-2, and its
ligand is podoplanin [44]. Here, there is also emerging data for relevance in tumor
development and metastasis [45]. The same is true and perhaps even more com-
pelling with o231 data. Here, the link with collagen as a matrix protein that alters
the tumor microenvironment has been made along with evidence it contributes to
chemoresistance [46-48].

Activation—Following adhesion, platelets undergo a level of activation that
supports irreversible adhesion, inside-out signaling to activate and transform inte-
grin receptors into high-affinity binding sites for key hemostatic ligands, such as
fibrinogen. As briefly mentioned above, platelets have storage granules that can be
released upon activation. Two distinct granule subtypes have been described, the
a-granule and the dense granule, that release contents many of which are designed
to increase the efficiency of platelet thrombus formation (49]. In general, a-granules
are packed with adhesive proteins, while dense granules contain smaller molecules
capable of further amplifying the platelet activation response. Among the later,
ADP is particularly relevant as a common therapeutic target in cardiovascular
disease.

The platelet ADP receptor, or P2Y12 receptor, becomes an activating and
amplifying receptor following the release of ADP stored in platelet dense granules.
Most commonly, P2Y 12 antagonists are prescribed following a myocardial infarct
as a therapy to reduce mortality caused by a second thrombotic event. The
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inhibitors come in two varieties, thienopyridines (clopidogrel and prasugrel) and the
nonthienopyridine (elinogrel, ticagrelor, and cangrelor). Large datasets are available
with patients treated for their cardiovascular risk where relevance in cancer inci-
dence can be defined. The data can be even more powerful, as some patients also
receive a dual treatment of a P2Y 12 inhibitor, such as clopidogrel, and a low dose
or “baby” aspirin.

In one cohort, 183,912 patients with 21,974 cases of cancer were analyzed.
Approximately half of the patients received aspirin only and approximately 10%
received both aspirin and clopidogrel. The remainder received neither. The data
established that clopidogrel and aspirin treatment were safe and led to the
hypothesis that clopidogrel may reduce cancer incidence [50]. However, there are
unanswered questions including whether the effects are truly platelet-dependent.
The thienopyridines function as prodrugs requiring liver metabolism to generate the
metabolite that irreversibly binds to the P2Y12 receptor. Is the reduction in cancer
incidence the same for different types of cancers? Will similar effects be seen for the
nonthienopyridines, which are not prodrugs? The ability to use the ever-expanding
big data generated by the widespread use of antiplatelet cardiovascular drugs should
provide expedited answers to both biological and clinically relevant questions.

While adhesion and activation platelet receptors can be ascribed to aspects of
cancer development and metastasis, the tumor cell must be carefully studied as it is
also able to essentially hijack normal platelet function for the benefit of survival.
Data exist supporting tumor cell-induced activation of platelets [51]. For example,
tumors cells release soluble platelet activating factors, such as ADP and thrombin
[52, 53]. As will be described below, the platelet—tumor cell interaction driven by
the tumor cell provides a distinct advantage for surviving in circulating blood. In
this regard, the platelet integrin receptor, GPIIb/Illa, becomes engaged with fib-
rinogen, VWF, and fibronectin creating platelet—tumor cell aggregates that are
likely arrested in the microvasculature just based on size alone [51]. The Illa, or 33
subunit, of the platelet integrin contains the RGD sequence for binding each ligand
and is expressed on many cells, including tumor cells. Thus, the B3 subunit com-
monly found on tumor cells as part of the av3 complex provides an anchoring
receptor on the tumor cell side for platelet—tumor cell interactions in the circulation
[54].

Aggregation—One of the most widely studied platelet receptors is the
GPIIb-IIIa or ollbB3 integrin receptor. Interest for this receptor stems from its
ability to facilitate aggregation via the prominent plasma protein, fibrinogen. As
such, it brings the coagulation pathway and the role of platelets in hemostasis and
thrombosis to a commonplace. Fibrinogen bridges activated platelets and support a
growing platelet-rich thrombus coupled with thrombin’s cleavage of fibrinogen, as
part of the blood coagulation pathway, that both contribute to the generation of a
stable clot. In a sense, fibrinogen becomes the mortar holding the bricks (platelets)
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together in a thrombus/brick wall analogy. Thus, GPIIb/IIla becomes an essential
receptor in the hemostatic process.

Mutations in either of the integrin subunit genes encoding GPIIb/IIla produce
another human bleeding disorder referred to as Glanzmann’s thrombasthenia. Not
to be forgotten is the ability GPIIb/IIIa’s ability to bind soluble VWF, but in the
context of activated platelets the plasma concentration of fibrinogen exceeds VWF
and is the more physiologically relevant adhesive ligand for GPIIb/IIla. However,
since VWF and fibrinogen are present in the platelet’s secretory o-granule, full
platelet activation and local ligand concentrations at the site of growing thrombus
are likely to be different than those found in circulating blood. Thus, within the
local milieu of a growing thrombus, the physiologic impact of VWF may be more
relevant.

Interestingly, the platelet/fibrinogen axis supports metastasis in the bloodstream
by limiting tumor cell lysis within micrometastases [55]. The ability of platelets to
reduce tumor cell killing by natural killer (NK) cells was first demonstrated in an
in vitro setting [56]. Later, with some elegant imaging and in vivo metastasis
outcomes, platelets could be seen “coating” circulating tumor cells and presumably
shielding the tumor cell from NK attack [57]. Given the importance of fibrinogen in
these models, it might be assumed the relevant receptor supporting the interaction is
GPIIb/IIa [58].

Anti-GPIIb/IIla therapies are available for patients undergoing percutaneous
intervention [59]. The drug, abciximab, is based on a humanized antibody recog-
nizing GPIIb/IIIa and blocking its ability to bind fibrinogen [60]. However, unlike
studies with aspirin and P2Y 12 antagonists, large datasets to evaluate any potential
cancer effect due to abciximab are simply not available and will likely not be
relevant since their current use is limited to the acute hospital setting.

Platelet Microparticles—The biological importance of platelet microparticles
(PMPs) is a topic that has re-emerged since their original characterization in the
1980s [61, 62]. Originally described as platelet “dust,” these smaller
membrane-bound fragments of platelets have been associated with a wide range of
disease processes, including being procoagulant and proinflammatory. Their rele-
vance in cancer is likely complicated with reports of promoting angiogenesis while
predisposing the cancer patient to thrombotic events. PMPs are arbitrarily defined
as membrane-bound vesicles ranging from 0.5 to 1 micron in diameter. They can be
identified by flow cytometry displaying platelet-specific membrane receptors [63,
64]. The platelet collagen receptor GPVI (described above) is a major contributor to
PMP release in mouse models [65]. Whether the human GPVI receptor functions in
a similar manner has yet to be determined.

The relevance of PMPs in angiogenesis is based on their ability to stimulate
tumor cell expression of proangiogenic factors [66]. In addition, PMPs drive
in vitro capillary tube formation by stimulating endothelial progenitor cells [67].
However, it is the expression of tissue factor by PMPs that is perhaps the most
compelling link and clinically important link to cancer dating back to the associ-
ation with venous thromboembolism by Dr. Armand Trousseau (circa 1865) and
discussed below [68]. The cancer-dependent properties of PMPs along with the
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ability to target platelet activation become an area requiring more detailed analysis
and a topic that is likely to provide innovative insights in tumor progression and
clinical management.

3.3 Hijacking of Normal Platelet Function Facilitates Steps
in Hallmarks of Cancer

Cancer requires many changes, both within the tumor cell and the surrounding
microenvironment, to create a permissive niche for disease progression and dis-
semination. In 2000, Hanahan and Weinberg defined six hallmarks of cancer:
(1) self-sufficiency in growth signals, (2) insensitivity to growth-inhibitory signals,
(3) resisting cell death, (4) limitless replicative potential, (5) sustained angiogenesis,
and (6) metastasis [5]. In 2011, the hallmarks were updated to include not only
tumor cell-intrinsic factors, but modifications within the tumor microenvironment
and systemic changes that occur to fuel “a perfect storm” for tumor progression and
metastatic spread. These include dysregulation of cell energetics, avoidance of
immune destruction, genomic instability, and tumor-promoting inflammation [6].
Many of these hallmarks resemble the physiologic role of platelets, including within
thrombosis and hemostasis, as well as the emerging role of the platelet in inflam-
mation and immune function (Fig. 3.2).

Sustaining
proliferative
signals

Genomic Activation of

instability and invasion,
mutation ‘\ metastasis and
immune evasion

Resisting Inducing
apoptosis angiogenesis

Fig. 3.2 Platelets have been demonstrated to support many of the hallmarks of cancer identified
by Hanahan and Weinberg [5, 6]. Platelets can be viewed as a normal cell which contributes to the
pathological development of cancer through their normal physiological functions. Antiplatelet
therapies will likely represent a future direction in adjuvant cancer therapies
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More than 45 years ago, it was established that thrombocytopenic mice are
protected against metastasis [9]. Since then, extensive data have supported the
relevance of platelets in the progression of cancer [69]. An appreciation for the
relationship between blood coagulation and cancer began in the 1860s, when
French physician Armand Trousseau observed an increased incidence of venous
thrombosis and/or blood hypercoagulability was associated with certain cancers
(Trousseau’s syndrome) [68]. Trousseau later foresaw his own death from gastric
cancer, when he observed a procoagulant state within his own blood. In the
twentieth century, the molecular basis of Trousseau’s syndrome was established
with a direct demonstration of tumor cell-induced platelet aggregation [70, 71].
Subsequent work corroborated these seminal findings in a number of experimental
models, each implicating a wide range of platelet receptors [72-76]. The patho-
physiologic influence of circulating platelets on aspects of tumorigenesis is varied
and substantial, suggesting platelet therapies typically reserved for cardiovascular
disease may have profound implications in cancer, and as mentioned previously,
metadata from these studies could be re-evaluated to elucidate the complicated and
variable role platelets play in tumorigenesis.

Sustaining Proliferative Signals—Tumorigenesis is a multistep process which
requires precise and coordinated changes in both tumor cells and the tumor
microenvironment (TME). Tumor formation is often compared to a wound that
does not heal, with sustained tissue proliferation and remodeling not balanced by
reciprocal apoptosis. Tumor cells require constant growth signals or the ability to
produce these growth signals themselves to form a primary tumor and support
tumor progression. Many tumor cells acquire activating mutations in
growth-sustaining signaling cascades, but these signals can also be received from
the TME. Platelets have the ability to create permissive niches and release factors
upon activation that can sustain these proliferative signals. Janowska-Wieczorek
et al. [66] demonstrated that platelet-derived microparticles (PMPs) stimulate
mitogen-activated protein kinases (MAPK) in lung carcinoma cell lines and
increase cell proliferation. Mutations that lead to constitutive activation of the
MAPK pathway are observed in over 30% of all malignancies and therefore not
surprising that tumor cells are able to usurp activation of this pathway through
mechanisms independent of genomic mutations. Further, incubating A549 lung
carcinoma cells with PMPs led to increased expression of matrix metalloproteinases
(MMPs) and increased invasion through Matrigel. Evasion from the primary tumor
mass is a critical first step in the metastatic cascade. Platelets and the growth factors
that they secrete have the ability to activate the same pathways activated through
oncogenic mutations, thus driving tumorigenesis and metastasis.

Inducing Angiogenesis—Rapid proliferation and growth of tumor cells require
adequate neovascularization to support blood supply for the growing tumor. It was
once believed that the tumor cells were the primary suppliers of these proangio-
genic factors; however, it is now clear that the tumor microenvironment and stromal
cells provide significant support for creating a tumor-promoting niche, including the
remodeling of surrounding vascular networks. These remodeled vascular networks
not only transport in vital nutrients and provide oxygenation of the tumor, but also
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remove waste, and provide access to the vascular “highway” for tumor dissemi-
nation to distant sites. Platelets have the ability to deliver many proangiogenic
factors to the tumor, in addition to stimulating the tumor to express its own intrinsic
angiogenic stimuli [66]. In 1998, Judah Folkman proposed that platelets provided
angiogenic stimuli to the tumor and hypothesized that platelets could contribute to
tumor vascular remodeling through both pro- and antiangiogenic stimuli released
by platelets [77]. Indeed, loss of GPIba in mice reduces tumor vascularization,
increases tumor necrotic area, and reduces experimental metastasis of the B16
melanoma cell line (Ware, unpublished observation). Platelets are a major source of
vascular endothelial growth factor (VEGF) [77, 78], platelet-derived growth factor
(PDGF) and basic fibroblast growth factor (bFGF), all of which have been
demonstrated to promote tumor growth in multiple in vitro and in vivo models [79,
80]. Platelet—tumor cell interactions can lead to the activation of platelets and
stimulate the release of PMPs. Platelets and ovarian tumor cells have been shown to
interact within the tumor microenvironment, the bloodstream, and in ascites fluid
[81], providing angiogenic and growth-sustaining stimuli within all these
microenvironments. It has been shown that VEGF, platelet factor 4, and PDGF
storage in platelets are increased in colon cancer patients [82] Further, increased
PMPs are found in the plasma of patients with both hematologic malignancies and
solid tumors [83]. PMPs have also been shown to promote proliferation and sur-
vival of endothelial cells in both vitro and in vivo [84, 85], further supporting the
creation of a proangiogenic niche to increase tumor growth and avenues for
metastatic dissemination.

Activation of Invasion, Metastasis, and Immune Evasion—Metastasis is the
leading cause of cancer-associated mortality and remains the greatest challenge in
oncology to improving cancer prognosis and improving patient outcomes. In order
for tumor cells to successful metastasize to a distant site, they must detach from the
primary tumor mass, extravasate into circulation, evade the immune system and
survive the shear force within the circulatory system, extravasate out of circulation
into a premetastatic niche, and finally grow at that distant site. These distinct steps
represent multiple opportunities for tumor cells to co-opt stromal cells and circu-
lating cells within the vasculature, in particular platelets, to facilitate and support
the metastatic cascade. Platelets have been suggested to form a protective cloak
surrounding tumor cells in circulation to protect from immune surveillance and to
provide protection from the shear forces present within the circulatory system [57].
These micro-emboli are likely a significant contributor to the metastatic cascade,
providing protection from normal immune responses and natural killer cells [56,
57]. The “cloak” and multiple surface receptors upon the exposed platelets are also
likely to play a role in these micro-emboli being able to stick to exposed
endothelium, in essence docking circulating tumor cells and facilitating extrava-
sation at distant sites. PMP releasates, as previously described, can also further
enhance the ability of tumor cells to survive in the hostile environment of circu-
lation and new environment of a distant site.



3 Pathophysiology 2: The Role of Platelets in Cancer Biology 47

Platelets have been described to induce a mesenchymal phenotype in tumor cells
through transforming growth factor B (TGF) signaling [86] which further facili-
tates a tumor cells ability to extravasate and promote metastatic seeding. In both a
murine model of colon carcinoma and breast cancer cell lines, platelets were shown
to prime cells for metastasis, suggesting that even brief interactions between pla-
telets and tumor cells in vitro led to the acquisition of a tumor phenotype more
permissive to metastatic seeding [86]. It was further shown that platelets were able
to activate the TGFB/Smad pathway in tumor cells, inducing an epithelial to
mesenchymal transition (EMT). Direct contact between tumor cells and platelets led
to increased expression of genes associated with a prometastatic phenotype, directly
linking platelet—tumor cell interaction with increased propensity to metastasize.
More recently, platelets have been shown to promote EMT in tumor cells through
genomic transfer of miRNAs, described later.

Platelets can directly support metastasis at distant sites. Osteolytic bone
metastasis in breast cancer can be stimulated by platelet-derived lysophosphatidic
acid (LPA) [87]. MDA-BO2 breast cancer cells stimulate platelet aggregation and
secretion of LPA, which in turn has potent paracrine effects upon the MDA-BO2
cells stimulating growth. LPA further stimulates the release of IL-6 and IL-8 from
MDA-BO2, which is hypothesized to stimulate bone remodeling and osteoclast
activation, supporting metastatic growth [87]. It is not clear whether platelet-derived
LPA can stimulate metastasis in other tumors with tropism to bone or stimulate a
permissive niche in tissue other than bone. However, these studies highlight the
ability of platelets to signal through paracrine networks both with tumor cells and
other stromal cells that drive the creation of permissive niches for metastatic spread.

Genomic Instability and Mutation—Platelet microparticles have been recently
proposed to contain genomic material that can be transferred from platelets to
recipient cells. MicroRNAs (miRNAs) from PMPs are proposed to modulate gene
expression of recipient cells, thus priming stromal cells toward a protumorigenic or
prometastatic phenotype. PMP transfer of miRNA-223 to endothelial cells has been
shown to suppress FBXW7 and EFNA1 possibly triggering endothelial cell
apoptosis  [88, 89]. Transfer of miRNA-223 suppressed the expression of
EPBB41L3 in lung cancer cells, resulting in increased invasiveness [90]. Addi-
tionally, miRNAs from PMPs have been shown to modulate immune surveillance
miRNA-183 suppresses natural killer cell activation [91, 92] while transfer of
miRNA-126-3p from platelets to primary macrophages increases their phagocytic
phenotype [93]. Recently, PMP transfer of miR-939 has been shown to support
EMT in ovarian cancer cells [94]. PMP secretions stimulated the proliferation and
migration of SKOV3 ovarian cancer cells, and induced an EMT phenotype,
hypothesized to be through the transfer of miRNA-939, which is upregulated in
thrombin stimulated PMPs. The emerging role of PMPs to directly transfer genetic
material and modulate expression of target genes in recipient cells needs to be
confirmed in other cancer subtypes. However, it is clear that PMPs may have the
ability to modulate gene signatures and induce molecular signaling that pheno-
copies genetic mutations.
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Resisting Apoptosis—Reduction of platelet counts in nude mice injected with
MDAH-2774 human ovarian cancer cells significantly reduced tumor cell apoptosis
in the ascites [95]. Reduced platelet counts also reduced the number of liver nodules
detected in mice with intersplenic injection of SW620 cells. Haemmerle et al. went
on to demonstrate that platelets were able to stimulate YAP15'?7 and YAP15%%7
phosphorylation in cancer cells, inducing anoikis resistance and thus increased
tumor cell survival in ascites. Resisting apoptosis signals not only allows the tumor
to grow without restriction, but also allows disseminating tumor cells that would be
susceptible to detachment-induced apoptosis to survive in hostile environments
such as the ascites and circulation.

3.4 Platelet Pharmacology and Impact on Cancer,
the Aspirin Studies to Date

The intracellular effects of aspirin are well established and occur via cyclooxyge-
nase (COX) inhibition and an inability to convert arachidonic acid into pros-
taglandins. In the case of platelets, this inhibition blocks platelet activation, an
essential step in normal hemostasis and thrombosis. Since platelets are devoid of
COX-2, the platelet-dependent aspirin effect occurs exclusively via inhibition of
COX-1. A major gap in our understanding of the aspirin effect is discriminating
effects on platelet COX-1 from effects on COX-2, which is expressed by a wide
range of other cell types including tumor cells [96, 97].

Epidemiological data do not support an anticancer effect of aspirin for all tumor
types. It is not clear if this is due to insufficient data of aspirin use in all tumor types
or if the antitumor effects of aspirin are tumor type-specific. Future studies will need
to dissect the role of platelets and aspirin therapy in cancer prevention and tumor
inhibition in multiple models of tumorigenesis. It is not yet clear whether the
chemoprotective effects of aspirin on cancer prevention are tumor-specific or
applicable to many tumors. Further, specificity to driver mutations has not been
established, and future studies will need to incorporate the role of genetic mutation
in aspirin’s preventative effects [98].

As mentioned above, the antimetastatic properties of aspirin were first described
in the 1970s using models of experimental metastasis [99]. However, other studies
reported no such effect [100]. More recent retrospective analyses support an anti-
cancer effect of aspirin [101-104]. Thus, the topic has once again gained interest.
Understanding the risks and benefits of antiplatelet therapies in cancer patients is
needed and should provide the practicing clinician with knowledge to facilitate
active dialogue with patients on the best plan for treatment and care.
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3.5 “Provocative” Questions and Future Studies

The plethora of historical data and modern studies clearly illustrate a dynamic
orchestra that exists between platelets and cancer. Their relationship is complicated
by the fact that it is not always clear whether it is causal or correlative, nor is it clear
who is benefiting whom. However, it is clear that platelets and hemostasis play a
critical role in cancer and that a better understanding of the dynamic mechanisms
between platelets and tumors cells will allow us to leverage this knowledge for better
predictive and therapeutic target identification. Collectively, the studies we have
presented demonstrate how critical platelet—tumor interactions are to the initiation of
disease through metastatic dissemination. Many diagnostic and prevention targets
have been identified which will likely continue to revolutionize our diagnosis and
treatment of cancer. We must evaluate and appreciate the critical role of the platelet
in maintaining hemostasis, with the pathological role that it can play facilitating
cancer, and closely evaluate the risks and benefits to the cancer patient, and tailor our
interventions appropriately. Understanding the impact of thrombocytopenia or
thrombocytosis on the cancer patient is clearly an area in need of an improved
understanding. The National Cancer Institute and The National Heart, Lung, and
Blood Institute recognized the need for improved understanding of thrombosis in
cancer and convened a strategic working group to establish research priorities [105].

In 2012, the National Cancer Institute recognized the lack of understanding of
the dynamic role of platelets and anticoagulants in tumorigenesis and called for
applications to address with gap through the Provocative Questions Initiative. PQI:
What is the molecular mechanism by which a drug (such as aspirin) that is
chronically used for other indications protects against cancer incidence and
mortality? Six years later, we have made many advances, but many gaps still exist.
Future studies will need to continue to test new hypotheses and develop novel
experimental systems to elucidate the relationship between platelets and tumor cells
in vivo. But we must also utilize the data and resources from large population
studies across disciplines, particularly the large cardiovascular studies on the pro-
tective effects of aspirin and antiplatelet therapies to reduce thrombosis. This will
require collaborative efforts between basic and clinical scientists and integration of
bioinformatics approaches to develop future protocols and interventions that bal-
ance the critically important physiological role of platelets with the pathologic role
they can play during malignancy.
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4.1 Introduction

Thromboembolism in cancer is a problem of major public health concern world-
wide. Venous thromboembolism (VTE) is a major cause of morbidity and mortality
in patients with cancer [1]. Cancer is responsible for nearly one-fifth of all cases of
incident VTE. Across all patients with cancer, the risk for VTE is elevated sev-
enfold; in certain subgroups such as specific primary sites of cancer, the risk for
VTE may be increased up to 28-fold [2]. Although it is commonly stated that one in
five cancer patients will develop VTE during the course of the disease, the converse
is less commonly acknowledged: Four in five cancer patients will not develop VTE.
In other words, there is substantial variation in risk between individual cancer
patients and subgroups as well as settings of cancer patients. This concept has led
researchers over the past decade to develop formal risk assessment tools and
approaches to identifying cancer patients especially at risk for VTE [3].

Venous thromboembolism is a potentially preventable illness with several agents
and classes of drugs that have been demonstrated to safely do so [4]. Primary
thromboprophylaxis is an important development in the supportive care of cancer,
with established criteria for certain settings such as surgery or hospitalization for
medical illness. However, the vast majority of cancer patients are seen, and develop
VTE, in the outpatient setting where thromboprophylaxis is not currently routine.
This chapter will focus on identifying cancer patients at high risk for VTE and offer
an overview of utilizing risk stratification as a way to safely and effectively select
patients for thromboprophylaxis.

4.2 Clinical Risk Factors

Many risk factors have known to be linked with cancer-associated thrombosis, and they
can be broadly classified into cancer-specific, patient-specific, treatment-specific, and
biomarker-specific factors [2].

4.2.1 Cancer-Specific Factors

4.2.1.1 Primary Site of Cancer

Many studies have found the primary site of cancer to have a significant effect on
VTE rates on cancer patients. In a study from the California Cancer Registry, the
development of VTE was particularly high for patients with cancer of the pancreas,
stomach, kidney, bladder, uterus, and lung [5]. The variation in rates was striking:
VTE occurred in 20 and 10.7% of patients with advanced pancreas and stomach
cancers, respectively, but only 0.9 and 2.8% of patients with advanced prostate and
breast cancers, respectively [5]. In 2005, a large population-based, case-control
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study of 3220 patients in Netherlands reported that hematological malignancies had
the highest risk of venous thrombosis, adjusted for age and sex (adjusted OR, 28.0;
95% CI, 4.0-199.7), followed by lung cancer and gastrointestinal cancer [6]. In
another recent population-based study in Denmark, the incidence rates of VTE
among patients with subtypes of hematological cancer were studied and increased
in all types of hematological cancer (including chronic lymphocytic leukemia)
compared with reference subjects except indolent lymphomas [2]. Even within the
same primary site of cancer, rates of VTE can vary by histological sub-type. In a
study of the lung cancer cohort from the California Cancer Registry discussed
above, among patients with non-small-cell lung cancer, rates of VTE were high in
adenocarcinoma (HR = 1.9) compared to those with squamous cell carcinoma
95% CI = 1.7-2.1) [7].

4.2.1.2 Stage of Cancer

The stage of cancer has been associated with the rate of VTE in cancer. Among
surgical oncology patients, advanced stage was found to be associated with
increased risk of VTE (OR = 2.7; 95% CI, 1.4-5.2), although it is not clear if this is
related to tumor burden or the association of advanced stage with poor performance
status and greater use of therapeutic interventions, particularly prolonged systemic
therapy [8]. Indeed, in ambulatory cancer patients with good performance status
receiving chemotherapy, stage was not identified to be a predictor of VTE [9].
Similarly, in another study of ovarian cancer patients, there was no association
between stage of cancer and VTE [10].

4.2.1.3 Time Period After Diagnosis

The risk of VTE has been identified to be highest in the period following the initial
diagnosis of cancer. In a large population-based study, the risk of VTE was highest
in the first few months after the diagnosis of malignancy (adjusted OR, 53.5; 95%
CI, 8.6-334.3) [6]. Only 2 years after initial diagnosis did the relative risk of
developing VTE decrease and yet remained higher than in individuals without
cancer. The etiology of this increased risk is unclear and may be related to either the
biology of cancer, or to the increased number of therapeutic interventions including
biopsies, surgical resection, placement of central venous catheters, and initiation of
systemic therapy all of which are more likely in this early phase of diagnosis and
treatment [6].

4.2.2 Patient-Specific Factors

4.2.2.1 Patient Demographics

Patient-specific factors such as age, race, and sex may also contribute to risk of
VTE in cancer. In a study of 2373 surgical oncology patients, VTE occurred more
frequently in patients older than 60 years of age (OR of VTE was 2.6 (95% CI,
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1.2-5.7) [8]. However, among ambulatory cancer patients, age was not significantly
associated with VTE when the study population had a good performance status [9].
Overall there was no association found between sex and VTE rates; however, one
study in hospitalized oncology patients found an increased risk of VTE in women
[11]. Studies have demonstrated some association between race and rates of VTE,
with African Americans found to have increased risk compared to Asians/Pacific
Islanders [12]. However, this has not been demonstrated in other studies, for
instance in an analysis of the placebo arm of a global thromboprophylaxis trial [12].

4.2.2.2 Performance Status

Immobility by itself is a known risk factor for VTE irrespective of the presence of
cancer. The rates of VTE were found to be significantly higher for surgical
oncology patients who were on a bed rest for a period longer than 3 days [8]. In the
patient group with the first episode of VTE (n = 223), performance status (a sur-
rogate for mobility) showed a nonsignificant trend of higher rates of VTE in
patients with poor performance status [1].

4.2.2.3 Comorbid Conditions

The presence of medical comorbidities greatly impacts the risk of VTE in cancer
patients. Some of the comorbidities that are strongly associated include infection
(OR = 1.8), arterial thromboembolism (OR = 1.5), renal disease (OR = 1.5), pul-
monary disease (OR = 1.4), and anemia (OR = 2.4) [2]. Also, past history of
thrombosis and obesity are well-known risk factors for VTE [2].

4.2.3 Treatment-Related Factors

The different treatment-related factors that influence risk of VTE in cancer include
systemic therapy, hospitalization, surgery, central venous catheters (CVCs), sup-
portive therapy, and radiation. Surgery is a known risk factor of VTE in all patients.
In a recent study of cancer surgical patients, risk factors for postoperative VTE
included age more than 60 years (OR-2.6; 95%CI, 1.2-5.7), previous VTE
(OR-6.0; 95% CI, 2.1-16.8), advanced cancer (OR-2.7; 95% CI, 1.4-5.2), anes-
thesia lasting more than 2 h (OR-4.5; 95% CI, 1.1-19), and bed rest longer than
3 days (OR-4.4; 95% CI, 2.5-7.8) [7].

Chemotherapy is associated with a two-to-sixfold increase in VTE risk com-
pared to the general population. Platinum-based drugs are significantly associated
with VTE with higher rates for cisplatin compared to oxaliplatin [13]. CVCs are
associated with VTE, and the main risk factors include more than one insertion
attempt, previous CVC insertion, left-sided placement, catheter tip position in the
superior vena cava compared with right atrium and arm ports compared with chest
ports. Infusion of antineoplastic agent through the port has also found to increase
the rate of catheter-associated DVT [2].
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Bevacizumab, an antiangiogenic agent which acts against vascular endothelial
growth factor (VEGF), has shown to be effective against several cancers [14].
Several clinical trials have identified bevacizumab to be associated with arterial
thromboembolic events. Other VEGF tyrosine kinase inhibitors like sunitinib and
sorafenib have been shown to increase arterial thrombotic complications (RR, 3.0;
95% CI, 1.25-7.37; P = 0.015) [15].

4.3 Biomarkers

The various biomarkers that have been known to be associated with VTE include
platelet and leukocyte counts, tissue factor (TF), D-dimer, C-reactive protein, and
soluble-P-selectin. For patients initiating a new chemotherapy regimen, elevated
platelet and leukocyte counts have been shown to be associated with increased VTE
risk [16]. For patients with pancreatic cancer, high TF expression in tumor tissue
has shown to be associated with increased VTE as well. However, it is unclear
whether TF is a biomarker for VTE in non-pancreatic cancer patients. Elevated
D-dimer levels are shown to be associated with recurrent VTE in cancer patients
(HR, 1.8; 95% CI, 1.0-3.2; P = 0.048). Elevated C-reactive protein of more than
400 mg/dl has been associated with the development of VTE in a prospective
single-institution observational study of 507 patients. In newly diagnosed or
recurrent cancer patients, elevated P-selectin levels of more than 53.1 ng/mL were
predictive of VTE [17].

4.4 Risk Assessment Scores for Cancer-Associated VTE

In 2008, a validated risk assessment tool now known as the “Khorana score” was
developed to stratify VTE risk in cancer patients (Table 1). The five patient char-
acteristics used in this score are all universally available clinical parameters:

Table 1 Predicting risk of treatment-associated venous thromboembolism in cancer (Khorana
score) [16]

Patient characteristic Risk score
Site of cancer 2
Very high risk (stomach, pancreas) 1

High risk (lung, lymphoma, gynecologic, bladder, testicular)
Prechemotherapy platelet count > 350,000/uL
Hemoglobin level < 10 g/dL or use of red cell growth factors
Prechemotherapy leukocyte count > 11,000/uL

[ N N S

Body mass index > 35 kg/m2

High risk defined as score of greater than or equal to 3
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Clinical applications of VTE risk assessment tools

! l l

Education Screening Prophylaxis Prognosis
I sed Early Early Early Preventing Cancer
n{:rease reporting of detection of treatment of VTE in high roaression Mortality
awareness symptoms VTE VTE risk patients progressio

Fig. 1 Various applications of risk assessment for VTE in cancer [18]

(1) primary site of cancer, (2) pre-chemotherapy platelet count, (2) hemoglobin
level, (3) pre-chemotherapy leukocyte count, and (4) body mass index. The risk
score was categorized into three categories: low (score 0), intermediate (score 1-2),
and high (score > 3). This model had a negative predictive value of 98.5%,
positive predictive value of 7.1%, sensitivity of 40%, and specificity of 88%. This
tool has been studied widely for the screening, identification, selection, and
exclusion of patients for thromboprophylaxis and early detection of VTE [16]. The
various clinical applications of this risk model are described in Fig. 1. Recently,
multiple new papers have attempted to modify or create new prediction tools, most
of which are still unvalidated but point to ways that risk assessment can be further
streamlined (Table 2).

4.5 Venous Thromboembolism Prophylaxis in Patients
with Cancer

The different expert panels such as American Society of Clinical Oncology
(ASCO), the National Comprehensive Cancer Network (NCCN), the International
Society of Thrombosis and Hemostasis (ISTH), the European Society of Medical
Oncology (ESMO), the International Initiative on Thrombosis and Cancer (ITAC)
have all issued guidelines on the prophylaxis of cancer-associated thrombosis in
major groups of cancer patients including surgical and postsurgical patients, hos-
pitalized medical patients, outpatients and patients with indwelling catheters, with
large areas of consensus between the various panels. Current guideline for pro-
phylaxis of VTE in cancer patients in various settings is shown in Table 3.
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Table 3 Current guidelines recommendations for prophylaxis of VTE in cancer patients in
various settings

Hospitalized medical Cancer outpatients Surgical cancer patients
cancer patients
ASCO LMWH for duration of Not routinely Pre-operative LMWH and
[26] hospitalization, for patients recommended except in postoperative LMWH for
with acute medical illness = high-risk patients on 7-10 days in low risk
case-by-case basis, e.g., patients and up to 4 weeks
Khorana score > 3 or in high-risk patients
pancreas cancer
NCCN UFH and pneumatic Not routinely Postoperative LMWH up
[27] venous compression device recommended except in to 4 weeks
high-risk patients
ISTH LMWH for the course of  Not routinely Postoperative LMWH
[28] the hospital admission and  recommended except in
not recommended for high-risk patients
patients admitted for minor
illness

4.5.1 Surgical Patients

Clinical trials have shown the efficacy of low-dose unfractioned heparin (UFH) in
preventing DVT and PE in nearly all patients undergoing major surgery without
significantly increasing bleeding complications. Low-molecular-weight heparin
(LMWH) has a more predictable anticoagulant response than UFH, a longer plasma
half-life, better bioavailability when administered subcutaneously, and the conve-
nience of once-daily dosing. A meta-analysis incorporating 16 randomized trials
with 12,890 patients with cancer showed no difference in either safety or efficacy
comparing prophylactic LMWH to UFH in postoperative setting [2]. Current
guidelines recommend extended prophylaxis after major abdominal pelvic cancer
surgery. A full discussion of the approach to surgical prophylaxis is found else-
where in this text.

4.5.2 Hospitalized Medical Cancer Patients

No cancer-specific studies of thromboprophylaxis in hospitalized cancer patients
have been conducted, so recommendations are derived largely from studies
involving general medical patients. Three large randomized, double-blind,
placebo-controlled trials in acutely ill medical patients demonstrated reduced rates
of VTE with the use of prophylactic LMWH or fondaparinux [29]. These studies
reported an absolute risk reduction of 2-10% in the incidence of symptomatic and
screen-detected VTE over a 3-month follow-up period. However, cancer patients
represented a minority of the patients in these studies. This remains a major
knowledge gap in the area. Current ASCO guidelines recommend LMWH for
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Fig. 2 Forest plot and pooled estimates of the relative risk of VTE in cancer patients with
Khorana score > 3 assigned to thromboprophylaxis or placebo in subgroup analyses of prior
randomized trials; relative risk for VTE with thromboprophylaxis was 0.41 (95% CI: 0.22-0.78;
p = 0.006) in a random effects model (From Khorana et al. [32])

hospitalized medical patients with an acute medical illness but not for cancer
patients admitted for routine procedures [26].

4.5.3 Cancer Outpatients

Major studies focusing on outpatient thromboprophylaxis for solid tumor or mye-
loma patients receiving systemic therapy have been reported. The prophylaxis of
thromboembolism during chemotherapy trial (PROTECHT) evaluated the efficacy
of daily administration of nadroparin, a LMWH, in patients with cancer at
“high-risk” sites, including those with locally advanced or metastatic lung, gas-
trointestinal (GI), pancreatic, breast, ovarian, and head/neck cancers who were
actively receiving chemotherapy. Event rates were low: 2% of the treatment group
and 3.9% of the placebo group experienced a thromboembolic event (one-sided
95% CI, 0.303%; P = 0.02), with a nonsignificant increase in major bleeding.
Similar low event rates were reported with the SAVE-ONCO trial which utilized an
ultra-low-molecular-weight heparin, semuloparin [30]. Other randomized con-
trolled trials focused on specific cancer types, particularly pancreas, and showed a
substantial absolute and relative risk reduction in VTE [31].

In a recent study, cancer patients with Khorana score > 3 starting a new sys-
temic regimen were screened for VTE and if negative randomized to dalteparin
5000 units daily or observation for 12 weeks. Subjects were screened with lower
extremity ultrasound every 4 weeks on study and with chest CT at 12 weeks.
Thromboprophylaxis was associated with a non-significantly reduced risk of VTE
and significantly increased risk of clinically relevant bleeding in this study [32]. In a
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pooled analysis of various trials that have provided data on subgroups of patients
with risk score of 3 or higher, the pooled relative risk for VTE with thrombopro-
phylaxis was 0.41 (95% CI: 0.22-0.78; p = 0.006) in a random effects model
(Fig. 2) [32].

The potential role of direct oral anticoagulants (DOACs) in prevention of
cancer-associated VTE is the subject of two large randomized studies that recently
completed analyses [33, 34]. The only published trial prior to this was a pilot study
of 125 patients, in which 3 of 29 (10.3%) of placebo-treated patients developed
VTE compared to none of 93 apixaban treated patients, in three different dosing
cohorts. No major bleeding incidents were reported with either a 5 or 10 mg dose of
apixaban, but two (6.3%) of 32 patients had a major bleed in the 20 mg group [35].
Currently, routine thromboprophylaxis is not recommended for cancer patients in
the outpatient setting except a selective high-risk patient group [26].

The two most recent landmark studies in the outpatient setting are CASSINI and
AVERT [33, 34]. CASSINI was a double-blinded, randomized, placebo-controlled,
parallel-group, multicenter trial in adult ambulatory patients, receiving new sys-
temic therapy for their cancer diagnoses who are at increased risk for venous
thromboembolism (VTE) with a Khorana score of 2 or higher. All patients
underwent baseline screening ultrasonography of lower extremities prior to ran-
domization, and interestingly, 4.5% already had a preexisting but asymptomatic
DVT and were not randomized. Patients without DVT were randomized 1:1 to
either rivaroxaban 10 mg once daily or placebo for up to 180 days. Primary efficacy
endpoint included DVT, PE, and VTE-related deaths, including screen-detected
DVT (lower extremity screening ultrasonography conducted every 8 weeks on
study). The primary safety endpoint was major bleeding. Overall, 841 patients were
randomized to rivaroxaban (n = 420) or placebo (n = 421). Rivaroxaban signifi-
cantly reduced VTE and VTE-related deaths during the on-treatment period [11 of
420 patients (2.62%) in rivaroxaban and 27 of 421 (6.41%) in placebo group (HR
0.40, 95% CI 0.20-0.80, p = 0.007)] (number needed to treat, NNT = 26) but not
during the full study period [25 of 420 patients (5.95%) in rivaroxaban and 37 of
421 (8.79%) in placebo group (HR 0.66, 95% CI 0.40-1.09, p = 0.101) (NNT =

35). The primary safety endpoint of major bleeding occurred in 8 of 405 (1.98%)
in the rivaroxaban group and in 4 of 404 (0.99%) patients in the placebo group (HR,
1.96; 95% CI, 0.59-6.49; p = 0.265) (number needed to harm, NNH = 101).
Clinically relevant non-major bleeding occurred in 2.72 and 1.98% of rivaroxaban
and placebo groups, respectively (HR, 1.34; 95% CI, 0.54-3.32; p =0.53)
(NNH = 135). A pre-specified composite of the primary endpoint with all-cause
mortality showed a significant reduction with rivaroxaban [23.1% in rivaroxaban
group and 29.5% in placebo group (HR 0.75, 95% CI 0.57-0.97, p = 0.03)] [33].

The second study, AVERT, studied the efficacy of apixaban to prevent VTE in
cancer patients in the ambulatory setting [34]. Study eligibility was similar to
CASSINI with a focus on ambulatory cancer patients with a Khorana score of 2 or
higher and with primary efficacy outcome of VTE over a period of 180 days and
primary safety outcome of major bleeding. However, AVERT did not involve
baseline or on-study ultrasonography screening. Overall, 574 patients were
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randomized to receive either apixaban (n = 288) 2.5 mg twice daily or placebo
(n = 275). The primary efficacy outcome of VTE occurred in significantly fewer
patients (4.2%) in the apixaban group compared to 10.2% in the placebo group
[HR, 0.41; 95% CI, 0.26-0.65; p < 0.001] (NNT = 17). Major bleeding during the
treatment period occurred in 6 of 288 patients (2.1%) in the apixaban group and 3
of 275 patients (1.1%) in the placebo group (HR, 1.89; 95% CI, 0.39-9.24)
(NNH = 100) [34].

Together, these findings demonstrate clear benefit to cancer patients with a
primary prevention approach with small risk of harm. Given the favorable
NNT/NNH ratios in both CASSINI and AVERT, individual patients would be
likely to benefit from outpatient thromboprophylaxis; the absolute risk reductions
observed here are among the highest seen in any medical thromboprophylaxis
study. The potential reduction in mortality observed in CASSINI, but not in
AVERT suggests that baseline screening for preexisting DVT may further add to
net benefit of prophylaxis by identifying patients who need therapeutic doses of
anticoagulation and focusing on a true thrombosis-free population for benefit of
thromboprophylaxis. Together, these findings should inform future guidelines on
outpatient thromboprophylaxis and change practice to reduce the public health
burden of VTE and potentially arterial events in cancer patients.

4,54 Cancer Patients with Indwelling Catheters

Strategies for the prevention of venous catheter-associated thrombosis in patients
with cancer have also been studied. These approaches have evaluated the use of a
vitamin K antagonist at a fixed low dose (1 mg/day), a vitamin K antagonist with
dosage adjusted to maintain a target international normalized ratio (INR), UFH, and
LMWH. A meta-analysis by Akl e al. summarized the findings of nine of these
studies encompassing about 2000 cancer patients with central catheters [36]. Based
on pooled estimates from four randomized studies, treatment with heparin (UFH or
LMWH) resulted in a nonsignificant trend toward reduced risk of symptomatic
VTE, with no difference in the rate of asymptomatic VTE, infection, or bleeding.
Currently guidelines do not support use of thromboprophylaxis solely for preven-
tion of catheter-associated thrombosis, largely based on marginal benefit and low
event rates observed with newer studies [26].

4.6 Conclusions

The variation in risk for VTE between individual cancer patients is better under-
stood with emerging data regarding clinical risk factors, D-dimers, and validated
risk score, with several proposed and innovative modifications. We anticipate that
future iterations of risk tools will take advantage of “-omics” data that is being
steadily gathered for cancer patients from both cancer tissue and blood and are
optimistic that such future risk tools will substantially improve on existing
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sensitivity and specificity benchmarks. Given emerging data demonstrating benefit
of thromboprophylaxis for cancer outpatients, ways to implement risk assessment
and identification of patients who would benefit from prophylaxis are urgently
needed. The goal of both risk assessment and thromboprophylaxis should be to
reduce the overall burden and consequences of VTE in cancer, without adding to
the clinical burden and complications suffered by patients.
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5.1 Overview

Cancer patients are known to be at increased risk of venous thromboembolism
(VTE) as compared to the general population. In the nineteenth century, Armand
Trousseau first reported the association between gastric cancer and thrombosis.
Up to 20-30% of all VTE events are thought to be cancer associated [1]. Multiple
studies have shown cancer-associated VTE (CAT) is associated with increased
morbidity and mortality in patients [2-8]. The compromised survival of patients
with CAT is present even when adjusting for co-morbidities and tumor stage, and as
such venous thromboembolism is an independent risk factor for mortality [2].

In one prospective study, 8% of the cancer patients developed a venous
thromboembolism within one year after diagnosis of their malignancy or progres-
sion of the disease [9]. In a study linking databases in the UK, the incidence rate of
VTE in all cancers was 13.9 per 1000 person-years [10]. Among high-risk patients
(with metastatic disease, high-grade tumors or treatment that increased VTE risk),
the overall incidence rate was 68 per 1000 person-years (95% CI: 48-96) [11]. The
incidence of VTE in cancer patients has continued to increase over time [12, 13].
This may be due to increased detection by serial scanning, change in treatments
which may be more thrombogenic, and the fact that many cancer patients now have
improved survival, increasing the time at risk [1].

There are likely multiple mechanisms for cancer-associated VTE, many of which
are not well understood. In the nineteenth century, Virchow described the combi-
nation of stasis of blood flow, endothelial disruption, and hypercoagulability of
blood as the risks for thrombosis, now commonly referred to as “Virchow’s Triad.”
[14]. Initiation of coagulation is known to occur when tissue factor and factor VIla
come together to activate factor X via the extrinsic pathway. Tissue factor can occur
in two forms, one in microparticles and the other form are expressed by platelets,
leukocytes, and endothelial cells [15-17]. Tissue factor expressing microparticles
have been found to be increased in patients with cancer and associated with
increased risk of CAT [18]. Studies have suggested that malignant cells may also
produce proteases, which directly cleave factor X to activate factor Xa [19, 20]. As
part of the common pathway activated factor Xa then combines with factor V to
convert prothrombin to thrombin.

C reactive protein (CRP) induces tissue factor expression from monocytes and
endothelial cells [21-23] and is often elevated in inflammatory states, including
cancer. CRP can also promote cellular P-selectin production, which mediates cell-
cell interactions [21, 24]. Microparticles can also express P-selectin glycoprotein
ligand 1 (PSGL-1) which allows them to bind P-selectin on the surface of
endothelial cells, this then further propagates thrombosis formation [25, 26]. Pla-
telets use glycoprotein Ib and IIb/Illa for binding and adhesion, and tumor cells can
also express these ligands [19, 27] and use them to initiate coagulation. Malignant
cells are also known to inhibit fibrinolytic pathways. Plasminogen activator



5 Biomarkers of Cancer-Associated Thromboembolism 71

Table 5.1 Common biomarkers for cancer-associated thrombosis and proposed mechanism

Biomarker = Proposed mechanism References

CRP Levels rise in response to inflammation, activates compliment [21, 24,
31]

TF MP TF MPs activate platelets and coagulation system [36-42,
45-49]

D-dimer Fibrin degradation product often used to predict VTE due to strong | [52]
negative predictive value

P-selectin = Cell adhesion molecule which enhances release of TF MP [59, 60]
PAI-1 Inhibits plasminogen and fibrinolysis [61]
Factor VIII Levels rise with inflammation, works to form thrombin through [9]

intrinsic coagulation pathway

Platelets Adhere to damaged endothelium, aggregate and then activate the [68, 70,
coagulation system 71]

Leukocytes = Neutrophils activate thrombotic pathways by generating NETs; [79-82]
Monocytes express TF

Abbreviations: CRP C reactive protein; TF MP Tissue Factor Containing Microparticles; PAI-1
Plasminogen Activator Inhibitor 1; NET Neutrophil Extracellular Traps

inhibitor 1(PAI-1), a serine protease inhibitor that functions as the inhibitor of tissue
plasminogen activator and urokinase (i.e., fibrinolysis), has been detected in neo-
plastic cells [19, 20].

Understanding how cancer cells are able to manipulate and activate the physi-
ologic coagulation system is key to improving our knowledge of cancer-associated
thrombosis and how these phenomena may be prevented. Biomarkers such as C
reactive protein, tissue factor, D-dimer, P-selectin, PAI-1, and factor VIII may all
serve as clinically important molecules which can be measured to assess an indi-
vidual’s risk of thrombosis. In addition, studying the role of neutrophils and pla-
telets in the activation of coagulation in patients with cancer may be beneficial in
predicting the risk of cancer-associated thrombosis. Table 5.1 lists the common
biomarkers for cancer-associated thrombosis covered in this chapter and the pro-
posed mechanism. Many of the above-mentioned biomarkers are also known to
increase with other inflammatory conditions besides cancer and can be elevated in
the setting of infection as well, making specificity an issue.

The risk of venous thrombosis is dependent on multiple factors including cancer
type and stage, individual patient characteristics, laboratory values, and treatments.
Different risk assessment tools have been created to predict incident CAT [28, 29].
These tools take into account tumor-related factors, cancer subtype, and baseline
laboratory values. For example, the Khorana score uses the type of cancer,
thrombocytosis, anemia, leukocytosis, and body mass index to stratify patients who
are low to high risk of CAT while receiving systemic therapy. The Vienna Cancer
and Thrombosis (CATS) Study expanded on the Khorana score by also incorpo-
rating two additional biomarkers, soluble P-selectin (sP-selectin) and D-dimer [29].
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Composite risk assessment tools using multiple different clinical and laboratory
parameters are likely to be the key to enhancing predictive value.

5.2 Biomarkers to Predict Incident VTE
5.2.1 C Reactive Protein

C reactive protein (CRP) is a non-specific maker of inflammation and can be
induced in tumors by lymphocytes and monocytes. CRP acts as an activator of the
complement system [21] and levels have been found to correlate with tumor mass,
often decreasing after surgical resection of tumors [30]. In preliminary studies, CRP
has been shown to have some promise as a biomarker for cancer-associated
thrombosis [21, 31].

The Vienna Cancer and Thrombosis Study (CATS), as mentioned above,
evaluated CRP as one of several laboratory biomarkers [21]. Patients with high
CRP (greater than 1.8 mg/dL, the 75th percentile for the cohort) were found to have
an increased risk of developing a VTE in the first 12 months after entry (11.7% vs.
4.9%, p = 0.03). However, when analyzed in a multivariate model (adjusted for
chemotherapy, radiation, surgery, tumor stage, and sP-selectin levels) CRP was no
longer an independent predictor of VTE. CRP and sP-selectin levels were not
correlated with each other. Lung and pancreatic cancer patients were found to have
the highest levels of CRP, whereas breast and prostate cancer patients had the
lowest levels. Kaplan—-Meier analyses showed patients with an elevated baseline
CRP level had significantly decreased 6- and 12-month survival rates (66 and 43%,
respectively, vs. 90 and 82%, respectively), and this reduced survival was consis-
tent across all tumor subtypes. In addition, as a continuous variable, CRP was
associated with a HR of 1.3 (95% CI 1.2-1.3, P < 0.0001) for overall mortality, and
this persisted after adjusting for age, gender, BMI, sP-selectin levels, and distant
metastases. This study suggests that although CRP may not be an independent
biomarker to predict VTE development, it may be predictive of mortality in patients
with cancer.

5.2.2 Tissue Factor Expressing Microparticles (TF MP)

Tissue factor is a transmembrane receptor for factor VII/VIIa, and once the
endothelial barrier is disrupted, exposure of extravascular TF leads to rapid acti-
vation of the extrinsic pathway of the clotting cascade. Tissue factor (TF) is
expressed on tumor cells and expression has been shown to increase with histologic
grade [32]. Microparticles (MP) are small membrane vesicles (<1 um) that are
released from normal cells during activation or apoptosis and may also be released
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by tumor cells [33]. In vitro studies have shown tissue factor microparticles (TF
MP) to have procoagulant activity by facilitating the assembly of different coagu-
lation factor complexes [34]. Previous studies have shown in vitro that tissue factor
bearing microparticles from human breast [35] and pancreatic adenocarcinoma cells
trigger the activation of coagulation and platelets by generating thrombin [36].

Injection of exogenous TF MP derived from human and mouse pancreatic cancer
cells activates coagulation and increases thrombosis in different mouse models [36—
39], however, the relevance in humans remains uncertain. Studies have examined
thrombosis in a xenograft mouse model with human pancreatic cell lines expressing
high TF [36, 38]. A recent study by Geddings et al. using human pancreatic
adenocarcinoma cell lines showed TF-MP-activated human platelets and induced
aggregation in vitro in a TF and thrombin-dependent manner [36]. Another study
using mouse models showed inhibition of human TF significantly reduced clot size
in tumor-bearing mice compared to mice in the control arm [40]. Taken together
this research suggests that TF is responsible for increased clot size in tumor-bearing
mice and may contribute to VTE in patients with pancreatic cancer.

While circulating TF-bearing MPs have been detected in patients with a variety
of malignancies [41], pancreatic adenocarcinoma has been associated with the
highest reported levels [42]. An explanation for these high levels of TF MP in
pancreatic cancer patients may be related to the endocrine function of the pancreas,
which allows for transport of MP into the bloodstream [43]. Because of the high
levels of TF MP, this particular biomarker may be particularly useful in patients
with pancreatic malignancy. TF MP has also been extensively studied in
glioblastoma multiforme (GBM), another malignancy associated with a high rate of
venous thrombosis, and different levels of expression have been found among
different glioma subtypes [44].

There have been many prospective studies in humans examining the relationship
between TF MP and VTE with different results. Thaler et al. performed a
prospective cohort study to determine whether elevated TF MP activity at study
entry was predictive of VTE in four cancer types (pancreatic, gastric, colorectal, and
brain) [45]. Patients were followed for 24 months for the development of symp-
tomatic VTE. Plasma TF MP activity was measured using a chromogenic endpoint
and kinetic assays (in which TF-dependent factor Xa generation was quantified).
Across all tumor types, there was no statistically significant association between
TF MP activity and occurrence of VTE during follow up for either assay. Only in
pancreatic patients was a borderline association between TF MP activity and
increased risk of VTE found at the chromogenic endpoint assay [in a multivariable
analysis hazard ratio (HR) 1.5, 95% CI 1-2.4, p = 0.051].

In a case control study, Zwicker et al. showed that elevations in plasma TF MP
(as measured by flow cytometry) were associated with a near fourfold increase in
VTE in ambulatory cancer patients (adjusted odds ratio, 3.72; 95% confidence
interval, 1.18-11.76; p = 0.01) [46]. The same group then went on to perform a
randomized phase II trial to evaluate the cumulative incidence of VTE in advanced
cancer patients. They compared those with lower levels of TF MP not receiving
thromboprophylaxis with low molecular weight heparin (LMWH) to those with
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higher levels of circulating TF MP randomized to LMWH (Enoxaparin dose of
40 mg daily) or observation alone. Levels of TF MP were measured by flow
cytometry and “high” levels were defined by reference repository of plasma from
60 cancer patients, using the top tercile from the reference specimens (3.5 x 10*
microparticles/uL). The cumulative incidence of VTE (as diagnosed by bilateral
lower extremity ultrasound at day 60) in the high TF MP group who received
LMWH was 5.6% versus 27.3% in the high TF MP group who underwent
observation alone (Gray test p = 0.06). The cumulative incidence of VTE in the
low TF MP group was only 7.2% at day 60 [47]. The study was very promising but
limited by the small size (70 patients), lack of power, and short follow-up.
Ongoing TF MP research is limited by lack of consensus on the definition of tissue
factor bearing microparticles and the different assays for measurement, which
include both ELISA and flow-cytometry-based techniques [46—49].

5.2.3 D-Dimer (and F 1+2)

D-dimer is a fibrin degradation product that results from proteolytic cleavage of
dimerized fibrin in a clot. It has clinical utility in diagnostic algorithms for venous
thrombosis; as a normal (or low) value has high negative predictive value. How-
ever, the utility is limited in patients with underlying malignancy due to a lack of
specificity, and patients with ongoing inflammation often have elevated levels [50,
51]. Ay et al. examined the utility of D-dimer and prothrombin fragment 1+2 (F 1
+2), which reflect the activation of blood coagulation and fibrinolysis, to predict
incident cancer-associated thrombosis [52]. Eight-hundred twenty-one patients
were followed for a median of 500 days, and D-dimer and F 1+2 were determined.
Baseline D-dimer and F 142 were significantly elevated in patients who developed
a VTE, as opposed to those who did not (in a multivariate analysis, the hazard ratio
(HR) for VTE in patients with elevated F 1+2 levels was 2.0; 95% CI, 1.2-3.6;
p = 0.015). In addition, a twofold increase in D-dimer was associated with an
increased risk of VTE (HR 1.3, 95% CI 1.2-1.6; p < 0.001), after adjusting for age,
sex, surgery, chemotherapy, and radiation. The cumulative risk of developing VTE
at six months was highest in patients with both elevated D-dimer and F 142
(15.2%) compared to those with normal levels (5%; p < 0.001).

Predicting cancer patients at risk for recurrent VTE, after an incident event, is
also a clinical problem. D-dimer would be an interesting biomarker to investigate,
as multiple models, including the Vienna Prediction Model and the DASH pre-
diction rule, have shown D-dimer to be a useful predictor of VTE recurrence risk in
the general population [53, 54]. Palereti et al. showed that patients with an
abnormal D-dimer one month after discontinuing anticoagulation therapy had a
significantly higher incidence of recurrent venous thromboembolism compared to
those with a normal D-dimer level (HR 2.27; 95% CI, 1.15-4.46; p = 0.02) [55].
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5.2.4 P-Selectin

P-selectin is a protein encoded by the SELP gene that functions as a cell adhesion
molecule and is located on activated endothelial cells and platelets. P-selectin may
also mediate cancer cell adhesion, inflammation, growth, and thrombosis [56—58].
P-selectin binds to P-selectin glycoprotein ligand-1 (PSGL-1) present on mono-
cytes, which then results in tissue factor expression and the release of TF-bearing
microparticles [59, 60].

The CATS study examined soluble P-selectin (sP-selectin) as biomarker for
cancer-associated thrombosis [56]. Six hundred eighty-seven cancer patients were
followed for a median of 415 days, and multiple cancer subtypes were included
(solid tumors and hematologic malignancies). In a multivariable analysis elevated
sP-selectin (above a cutoff level of 53.1 ng/mL, the 75th percentile of the study
population) was a statistically significant risk factor for VTE after adjusting for age,
sex, surgery, chemotherapy, and radiation (HR 2.6, 95% CI 1.4-4.9, p = 0.003).
The cumulative probability of VTE six months after enrollment was 11.9% in
patients with sP-selectin above the 75th percentile, and the authors concluded that
high sP-selectin plasma levels independently predicted VTE in cancer patients.

5.2.5 PAI-1

Plasminogen activator inhibitor-1 (PAI-1) is a serine protease that functions to
inhibit tissue plasminogen activator and urokinase, which are activators of plas-
minogen and fibrinolysis. Some research has suggested that patients with VTE have
prolonged clot lysis times compared with healthy controls, and therefore concluded
that elevated PAI-1 may contribute to diminished fibrinolytic activity [61]. There
are limited studies, to date that examine the role of PAI-1 in cancer-associated
thrombosis. One study showed higher levels of PAI-1 in patients with gliomas
(compared to healthy controls) and another found that patients with pancreatic
cancer may have higher levels of PAI-1 antigen and activity [62, 63]. Interestingly,
a study showed that treatment with bevacizumab, an antiangiogenic monoclonal
antibody, significantly increased expression of PAI-1 in tumor and plasma with
associated increased thrombi in mice [64]. Additionally, bevacizumab did not
enhance venous thrombosis in PAI-1 deficient mice, which suggested that PAI-1
may mediate the prothrombotic effect of bevacizumab.

5.2.6 Factor VIl

Factor VIII is produced liver sinusoidal cells and endothelial cells and circulates in
the blood bound to von Willebrand factor multimers. It mediates coagulation
through the intrinsic pathway, which activates Factor X leading to thrombin for-
mation. Elevated factor VIII is often present in inflammatory states and has been
shown to be elevated in certain malignancies [9, 65-67].
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In an observational study using the Vienna CATS cohort, the cumulative
probability of VTE after six months in 840 patients was 14% in those with an
elevated Factor VIII, compared to 4% in those with normal levels (p = 0.001) [9].
The association was strongest in younger patients and declined with increasing age:
a 20% increase in FVIII resulted in a twofold increased risk of VTE in
forty-year-old subjects (95% CI 1.5-2.7, p < 0.0001), but only a 1.4-fold increased
risk of VTE in 60-year-old patients (95% CI 1.2-1.6, p < 0.00001).

5.2.7 Platelets

Thrombocytosis is often observed in patients with malignancy, particularly of
gastrointestinal, breast, lung, and ovarian origin [68]. While platelets are known to
mediate the formation of arterial thrombosis, they also contribute to the initiation of
venous thrombosis [69].

In pre-clinical models, clopidogrel (an inhibitor of adenosine diphosphate to the
P2Y 12 receptor on platelets) reduced binding of tumor-derived microparticles to the
site of thrombus [70]. Other studies have shown that TF MP activate platelets,
through increased thrombin production. This initiation of thrombosis in mice (by
injection of TF MP) was also reduced by clopidogrel [36]. This suggests platelet
inhibitors may be useful in preventing VTE in some cancer patients. Indeed, aspirin
appears to be efficacious in the prevention of lenalidomide-associated VTE in
patients with multiple myeloma [71]. Studies in ovarian cancer patients have also
showed a reduction in VTE with use of aspirin, though this was not replicated for
patients with breast cancer [72, 73].

As a biomarker, there has been some exploration of pre-treatment platelet counts
to predict cancer-associated thrombosis. Khorana et al. performed an observational
study of over 3000 patients who had received at least one cycle of chemotherapy to
investigate the relationship between thrombocytosis and VTE development [74].
A pre-treatment platelet count of >350 x 10°/L was associated with a significantly
higher risk of VTE (adjusted OR 2.81, 95% CI 1.63-4.93, p = 0.0002).
Pre-chemotherapy platelet count, in addition to cancer site, anemia (hemoglobin of
<10 g/dL), body mass index (BMI), and leukocyte count are all now incorporated
into the Khorana Risk Score [28].

The Vienna CATS study also determined the utility of pre-chemotherapy platelet
count in the prediction of cancer-associated thrombosis [75]. In an adjusted multi-
variate analysis, for every incremental increase in platelet count by 50 x 10%/mm?,
the hazard ratio for VTE increased by 1.3 (95% CI 1.12-1.46; p = 0.0003). The
authors also found that for platelet counts greater than 443 x 10°/L (the 95th per-
centile for the cohort) the hazard ratio for VTE development was 3.5 (CI 1.5-8.1,
p = 0.003).
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5.2.8 Leukocytes

Neutrophils may contribute to the activation of thrombotic pathways by generating
neutrophil extracellular traps (NETs) [76]. Pre-clinical studies have also shown that
leukocytes contribute to venous thromboembolism by forming NETs [77, 78].
NETs are thought to help capture microvesicles and platelets, which then stabilize
the thrombus. NETs also increase tissue factor activity [79-81]. In addition, acti-
vated monocytes express tissue factor. In mouse mammary carcinoma models,
neutrophilia is found and thought to be mediated by increased granulocyte
colony-stimulating factor [82, 83]. Thus, increased levels of cytokines that mediate
hematopoiesis lead to leukocytosis, and neutrophilia in patients with cancer.

An elevated white blood cell count has been associated with an increased risk of
VTE in cancer patients and is part of the Khorana Risk Score [28, 84]. In a
multicenter observational study from 2010, data from 4000 patients with solid
tumors and lymphomas was analyzed and leukocyte counts (prior to chemotherapy
initiation and before each treatment cycle) were stratified in quartiles between 5.7
and 11 x 10°/L [85]. Pre-chemotherapy leukocytosis was associated with a hazard
ratio of 2.1 (95% CI 1.3-3.4, p = 0.003) for VTE (adjusted for malignancy type,
stage, baseline platelet and hemoglobin count, BMI and use of erythropoietic
stimulating agents). Patients with the highest absolute monocyte and neutrophil
counts (as well as overall white blood cell count) had the highest rates of VTE.
Leukocytosis remained an independent predictor of VTE after adjusting for con-
current thrombocytosis.

5.3 Biomarkers to Predict Recurrent VTE

While there have been many studies examining the pathophysiology and epi-
demiology of cancer-associated venous thromboembolism, most have focused on
the incident VTE event. It is well known that patients with malignancy and venous
thrombosis are at higher risk of VTE recurrence compared to those without cancer
(HR =32, 95% CIL: 1.9-5.4) [86]. In a prospective study of patients receiving
anticoagulation for VTE, those with active malignancy were found to have a sig-
nificantly increased rate of recurrent VTE within a 12-month follow-up period
compared to those without cancer [86]. In this same study, patients with lung and
gastrointestinal (GI) cancers had a higher risk of recurrent VTE compared to other
primary sites. The hazard ratio of recurrent thrombosis in lung cancer patients was
6.9 (95% CI: 3—-15.9), and GI malignancy patients were 5.1 (95% CI: 2.3-11.3),
compared with non-cancer controls. Breast cancer, in this cohort, was not associ-
ated with an increased risk of recurrent VTE. Accurate predictors of recurrent VTE
in patients with, or without, malignancy remains elusive. In the Computerized
Registry of Patients with Venous Thromboembolism (REITE registry), predictive
variables for recurrent VTE included younger age (<65yo), clinically overt
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pulmonary embolism (PE) as the initial presentation of VTE, or diagnosis of cancer
within three months of VTE presentation [87].

The CATCH trial was a large, internationally randomized controlled trial com-
paring the use of tinzaparin versus warfarin for the treatment of acute symptomatic PE
and/or DVT in patients with malignancy [88]. Thirty-one patients (6.9%) in the
tinzaparin group and 45 patients (10%) in the warfarin group developed recurrent
VTE during the 6-month follow-up period. Only hepatobiliary cancer, and venous
compression secondary to tumor bulk or adenopathy, were found to be significantly
associated with recurrent VTE. The authors recently published an analysis of the
patients included in the CATCH cohort and examined CRP, D-dimer, Factor VIII,
Tissue factor (TF) as measured by ELISA, and soluble P-selectin levels as predictors
of the risk of VTE recurrence over a 6-month follow-up period [48]. Tissue factor
levels in the highest quartile (>64.6 pg/mL; RR 3.3, 95% CI 2.1-5.1, p < 0.0001),
and CRP levels >75 mg/L (RR 2.4, 95% CI 1.3-4.2, p = 0.007) were found to be
associated with recurrent VTE, although on regression analysis only TF levels
remained significantly associated with recurrent VTE (HR 3.4, 95% CI 2.1-5.5,
p < 0.001). Elevated baseline (at the time of incident VTE) D-dimer, FVIII and
sP-selectin were not associated with increased risk for recurrent VTE in this study.

A recent prospective study by van Es et al. [89] measured D-dimer and
sP-selectin levels at 1, 4, 5, 12, and 24 weeks post-treatment initiation in patients
with active cancer, and VTE receiving anticoagulation with low molecular weight
heparin [89]. One-hundred seventeen patients were enrolled, and the authors found
that baseline sP-selectin levels, but not D-dimer levels, were significantly associated
with a higher risk of VTE recurrence. Interval biomarker levels during treatment
were not associated with a higher risk of recurrent VTE.

The REITE (Computerized Registry of Patients with Venous Thromboem-
bolism) database examined the white blood cell count at time of incident
cancer-associated VTE and then again if a recurrent VTE occurred at 3-month
follow-up [87]. Those patients with a white blood cell count of greater than
11 x 10°/L were found to have a significant increase in recurrent thrombotic events
(OR 1.6) and death (OR 2.7).

Some studies have suggested that the presence of residual thrombus after anti-
coagulation, particularly for patients with lower extremity DVT, increased the risk
of recurrent VTE [86, 90, 91]. Young et al. examined 316 patients with DVT; they
were stratified based on the complete resolution of thrombus (45%) versus those
with residual thrombus (55%) after the completion of anticoagulation (which ran-
ged from 3 to 6 months after the initial VTE event depending on the location of
thrombus) [90]. Patients with residual thrombus on ultrasound were at higher risk of
recurrence (HR = 2.2, 95% CI 1.19-4.21, p = 0.012), which remained significant
after multivariable adjustment for age, gender, and cancer type.

In another study, 38 patients with cancer were serially monitored (at months 1, 3,
6 and 12) with compression ultrasound (CUS) after a first symptomatic DVT episode
[92]. In this study, the absence of CUS normalization was the only predictor of
recurrent thrombosis occurring at 3 and 6 months from the index DVT. Napolitano
and colleagues evaluated the role of residual vein thrombosis to assess the optimal
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duration of anticoagulant in patients with cancer who had lower extremity DVTs
[93]. Three-hundred forty-seven patients were included. After initial anticoagulation
for six months with LMWH, those with residual vein thrombosis (RVT) were
randomly assigned to continue anticoagulation for six more months while those
without RVT stopped anticoagulation. During a 12-month follow-up period,
recurrent VTE occurred in only 3 of 105 patients without RVT compared to 22 of the
119 patients with RVT who received 12 total months of anticoagulation (HR 6, 95%
CI: 1.7-21.2, p = 0.005). It remains unclear whether malignancy itself is a risk factor
for residual venous thrombosis, or if residual thrombosis in patients with underlying
malignancy is truly biomarker for recurrence.

5.4 Risk Assessment Models for CAT

The clinical relevance of studying biomarkers in cancer-associated thrombosis is to
incorporate them into a decision tool that clinicians can use to help guide
antithrombotic prophylaxis (primary and secondary) and therapy. As previously
noted, Khorana et al. stratified cancer patients undergoing chemotherapy into dif-
ferent risk categories based on primary care site, pre-chemotherapy leukocyte count
>11 x 10°/L, platelet count >350 x 10°/L, BMI >35 kg/m?, and hemoglobin
<10 gm/dL or use of erythropoietic stimulating agents [28]. Primary cancer sites
were classified as “very high risk” (gastric and pancreatic cancer), “high risk” (lung,
lymphoma, genitourinary excluding prostate, and gynecologic), and “average risk”
(breast, colorectal, and prostate cancer). Risk of VTE was then divided into low risk
(score = 0), intermediate (score 1-2), and high risk (score > 3). Rates of VTE in
the validation cohort were 0.3% (low risk), 2% (intermediate risk), and 6.7% (high
risk) groups over a median time period of 2.5 months. This model is meant to
identify those with a short-term risk of symptomatic VTE and was externally
validated by the Vienna CATS consortium and other retrospective cohort studies
[29, 94].

Table 5.2 Ottawa score for Variable Points

recurrent VTE risk in F ) ]

cancer-associated thrombosis cmale

[95] Lung cancer 1
Breast cancer -1
TNM stage 1 -2
Previous VTE 1

Adapted from Louzada et al. [95]. Patients with a score <0 had
low risk ( <4.5%) for recurrence and patients with a score >1 had
a high risk (> 19%) for VTE recurrence
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As an extension of the Khorana score, the Vienna CATS consortium also
incorporated the laboratory biomarkers sP-selectin and D-dimer [29]. The investi-
gators showed that the incorporation of these two biomarkers resulted in more
precise risk prediction. The follow-up time was also longer in this study (21 months
vs. 2.5 months) than the original Khorana study, and the subsequent overall VTE
rates were higher (7.4% vs. 2.1% in the derivation study for the Khorana score).
The Vienna CATS study included a higher proportion of patients with high-risk
cancer sites such as brain, gastric, and pancreatic tumors. However, a disadvantage
of the Vienna risk model is that soluble P-selectin levels are not available in the
routine clinical setting.

A risk model for the recurrence of cancer-associated thrombosis is the Ottawa
Score, which was derived from a retrospective cohort of 543 cancer patients with
PE or proximal DVT [95]. Female gender and type of cancer were independent
predictors of recurrence in a multivariable model, although the final model also
included prior history of VTE and cancer stage. In this model, the total score ranged
between —3 and 3 points (Table 5.2). Patients with a score <0 had low risk
(£4.5%) for VTE recurrence and patients with a score >1 had a high risk
(>19%) of recurrence. The Ottawa score was subsequently validated after
applying it to patients from the CLOT and CANTHANOX trials [96, 97].

5.5 Future Directions

There are many factors associated with the increased risk of VTE in patients with
underlying malignancy. The above-mentioned biomarkers and pathways likely act
synergistically to activate the coagulation system in vivo. To date, hospitalized and
surgical patients with malignancy have been targeted for primary pharmacologic
prophylaxis, however, the utility of providing the primary prophylaxis to ambula-
tory cancer patients receiving therapy remains unclear. Tumor subtype, extent of
malignancy, underlying patient characteristics and treatment contribute to overall
VTE risk. While most of these variables are incorporated into current risk models,
identifying new easily measurable and analytically robust biomarkers remains an
important goal to enhance risk assessment tools, and guide clinical decision mak-
ing. As cancer-associated thrombosis is associated with increased morbidity and
mortality, continued research into the development of predictive biomarkers may
lead to improved survival and quality of life for patients with malignancy.
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6.1 Introduction

Cancer was first noted by Trousseau to be associated with thrombosis in the 1860s
[1]. Compared to healthy counterparts, patients with active malignancy have a four-
to sevenfold higher incidence of symptomatic venous thromboembolism (VTE),
including deep venous thrombosis (DVT) and pulmonary embolism (PE), and a
twofold increase in incidence of arterial thromboembolic events such as myocardial
infarction and stroke [2, 3]. The absolute incidence of thrombosis in cancer patients
ranges from <1% to almost 20% in database and prospective cohort studies [2, 4].
This wide range likely reflects the many contributing factors to thromboembolic
risk, including type of malignancy, stage, treatment, underlying hypercoagulable
disorders, surgical procedures, and use of central venous catheters.

Systemic cancer therapy is estimated to increase thromboembolic risk by six- to
sevenfold, with an annual incidence of about 10-20% [2, 5-7]. The risk of
chemotherapy-induced thrombosis is highest during the first few months after
initiation of treatment; a retrospective observational cohort study of 17,284 pa-
tients with different types of solid tumor malignancies reported that 18% of VTE
events occurred within 1 month of starting chemotherapy, while 73% of events
occurred within the first 6 months [2]. The mechanisms by which cancer therapies
lead to thrombosis are diverse and vary according to the specific type of agent
used.

Tamoxifen and L-asparaginase were among the first cancer therapeutic agents
described in association with thrombosis, during the 1970s [8, 9]. With time,
other conventional cytotoxic chemotherapies also became recognized as inde-
pendent risk factors for thrombosis [10, 11]. An increase in the rates of cancer
thrombosis in the late 1990s through early 2000s was thought to be at least partly
due to the use of drugs with antiangiogenic properties, e.g., bevacizumab or
immunomodulatory imide drugs (IMiDs) [2, 12, 13]. This chapter discusses the
thrombotic risks of different cancer therapies, the mechanisms by which such
therapies modulate thrombosis risks, and how such risks may be appropriately
managed.

6.2 Hormone Therapy
6.2.1 Selective Estrogen Receptor Modulators (SERMs)

Since its initial use as adjuvant therapy and chemoprevention for breast cancer,
tamoxifen has been observed to increase the risk of VTE, with a relative risk of
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two- to sevenfold in different studies [10, 11, 14, 15]. In two major randomized
clinical trials of breast cancer prevention in high-risk women, the National Surgical
Adjuvant Breast and Bowel Project (NSABP) P-1 Study and the International
Breast Cancer Intervention Study (IBIS-I), the relative risk of VTE with tamoxifen
was 2.5-3 times greater than placebo [16, 17]. Similar effects were observed in the
NSABP B-14 trial of adjuvant tamoxifen versus placebo, and in the NSABP B-20
trial of adjuvant tamoxifen plus chemotherapy versus tamoxifen or chemother-
apy alone, following surgery for early-stage breast cancer [18, 19].

The incidence of tamoxifen-associated VTE is highest during the first 2 years
after starting the drug and normalizes upon its discontinuation [6, 16, 20]. DVT is
more common than PE, although the development of PE from tamoxifen use is
linked to increased mortality [6, 16, 17]. The risk of tamoxifen-induced VTE is
further amplified with menopause, advancing age, or major surgery [10, 14, 16].
Other risk factors include body mass index, cigarette smoking, traditional coronary
artery risk factors such as hypertension and hypercholesterolemia, or a family
history of coronary artery disease [21-23].

The presence of thrombophilia may augment the thrombotic risk of tamoxifen,
although the literature is divided in this regard. In a case-control study from the
Cancer and Leukemia Group B (CALGB), the presence of Factor V Leiden
(FVL) significantly increased the risk of VTE from tamoxifen use [23]. Other
studies either failed to demonstrate such an association or observed this only with
FVL but not with other heritable thrombophilias [21, 24, 25]. The mechanism by
which tamoxifen increases VTE risk is thought to be its estrogen agonist properties
(which may also explain the possible association with FVL).

Tamoxifen’s effect on arterial thrombosis is less well characterized. The Early
Breast Cancer Trialists’ Collaborative Group (EBCTCG) meta-analysis of 21,457
patients receiving 5 years of adjuvant tamoxifen versus placebo noted a trend
toward increased stroke death that was balanced by a similar trend toward decreased
cardiac mortality [6]. The NSABP P-1 trial also showed a non-statistically signif-
icant increase in stroke risk with tamoxifen, while the IBIS-I trial did not. The
reported decrease in myocardial infarction with tamoxifen in the EBCTCG trial has
been observed in other studies as well, although the magnitude of this effect has
generally been low [26].

Raloxifene, another SERM, has also been tied to thrombosis. In a multicenter
randomized control trial comparing raloxifene to placebo for fracture prevention in
patients with osteoporosis, raloxifene had a threefold increased risk of VTE [27].
A meta-analysis of 24,523 women enrolled on several clinical trials reported a 62%
increase in VTE risk with raloxifene [28]. However, the thrombotic risk of ralox-
ifene appears to be less than tamoxifen; in a head-to-head trial of raloxifene versus
tamoxifen for primary prevention of breast cancer, VTE risk was 30% lower with
raloxifene [29].
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6.2.2 Aromatase Inhibitors

Aromatase inhibitors such as anastrozole and letrozole have not been associated
with thrombosis. The MA.17 trial from the National Cancer Institute of Canada
Clinical Trials Group, which studied adjuvant tamoxifen followed by either letro-
zole or placebo in 5170 patients with breast cancer, found no statistically significant
increase in thrombotic events in the letrozole arm [30]. The arimidex, tamoxifen
alone, or in combination trial of 9366 breast cancer patients reported similar risks of
VTE in patients treated with tamoxifen with or without anastrozole, suggesting that
thrombotic risk was attributed to tamoxifen and not anastrozole [31].

Approach to treatment: For women with a personal history of VTE or a known
thrombophilia, or who are otherwise deemed to have a high risk of VTE, caution is
advised with tamoxifen or raloxifene use, while aromatase inhibition is viewed as a
safer option. Thrombophilia testing may be considered in the event of a family
history of thrombosis, although the clinical implications of such findings are
unclear. In women with a high risk of thrombosis who must take tamoxifen or
raloxifene, prophylactic anticoagulation is advisable for the duration of therapy.

6.3 Immunomodulatory Drugs: Thalidomide,
Lenalidomide, and Pomalidomide

On their own, the immunomodulatory imide drugs (IMiDs), thalidomide and its
derivative and lenalidomide, have not been found to increase the risk of VTE.
However, when used in combination with dexamethasone or cytotoxic
chemotherapy in the treatment of multiple myeloma (MM), thrombosis risk
increases enormously. The incidence of thrombosis in MM is less than 5% for
thalidomide alone, versus 10-20% for thalidomide with dexamethasone and 20—
40% for thalidomide with chemotherapy [14, 15, 32-34]. Similar effects have been
observed with lenalidomide plus dexamethasone [34]. An increase in VTE risk has
not been reported with pomalidomide in combination with dexamethasone, but this
may be related to standardized use of thromboprophylaxis [35].

MM patients with newly diagnosed disease have a higher risk of VTE with
thalidomide-containing drug regimens than those with relapsed disease [34, 36].
The use of erythropoiesis-stimulating agents (ESAs) also increases thrombotic risk
in MM patients treated with thalidomide- or lenalidomide-containing regimens [37,
38]. Interestingly, the protease inhibitor bortezomib appears to have a protective
effect against thrombosis from IMiDs in MM [39].

The risk of thrombosis in non-Hodgkin lymphoma patients treated with
lenalidomide is similar to that in MM patients but is lower when lenalidomide is
used in combination with biologic agents such as rituximab [40, 41]. By contrast,
the risk of thrombosis in myelodysplastic syndrome (MDS) patients treated with
lenalidomide is low [42].
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The mechanism of thrombosis due to IMiDs in treatment of MM is thought to
be multifactorial [15]. In vitro, cells treated with doxorubicin followed by
thalidomide have enhanced expression of protease-activated receptor-1 (PAR-1), a
G protein-coupled receptor expressed by platelets and endothelial cells that binds
thrombin and participates in platelet activation and aggregation [43]; this effect is
not observed in cells treated with either agent alone. Thalidomide also induces
conformational changes in platelet glycoprotein IIb/Illa (oy,Ps) on platelet sur-
faces, which may further activate platelets [44]. In some patients on thalidomide,
levels of procoagulant factors such as von Willebrand factor (vWF) or factor VIII
may rise, while endogenous anticoagulants such as protein S, antithrombin, and
thrombomodulin may decline [45]. One study found a decrease in thrombomodulin
levels in thalidomide-treated MM patients, while another did not [46, 47]. In vitro
and in MM patients, lenalidomide may decrease levels of PU.1, a transcription
factor involved in granulocyte differentiation, resulting in accumulation of
promyelocytes and an increase in cathepsin G, a platelet aggregation agonist that
may lead to VTE [48]. Acquired activated protein C resistance and changes in
tissue factor or vascular endothelial growth factor (VEGF) may also play a role
[49, 50].

Genetics may underlie some of the observed thrombotic risk with IMiDs in MM.
In one study, thalidomide-treated MM patients who developed VTE were more
likely to have a heritable thrombophilia such as FVL, prothrombin gene mutation,
or a deficiency in antithrombin or protein S [51]; another study of
lenalidomide-induced VTE, however, found no such association [52]. A study of
MM patients treated with thalidomide-containing regimens from three large clinical
trials identified single-nucleotide polymorphisms (SNPs) involved in cytokine
balance, DNA repair, and drug transport and metabolism in those who developed
VTE [53]. Another study of lenalidomide-treated MM patients found that those
with a particular SNP in transcription factor NKxB were more likely to develop
VTE while on low-dose aspirin [52].

The protective mechanism of bortezomib against thrombosis in MM may be
partly related to changes in platelet count or platelet aggregation, as observed in
bortezomib-treated patients [54]. Bortezomib also inhibits transcription factor
NF-xB, which in turn affects expression of plasminogen activator inhibitor-1, with
potential effects on thrombomodulin or tissue factor [39].

The risk of VTE for MM patients receiving lenalidomide and dexamethasone
drops from 11-27% down to 1-3% with thromboprophylaxis using aspirin or
low-molecular-weight heparin (LMWH) [55]. The landmark GIMEMA study, a
randomized controlled trial evaluating aspirin, warfarin, and LMWH prophylaxis in
MM patients receiving thalidomide-based regimens, found no significant difference
in VTE events overall except in elderly patients, where warfarin was inferior to
LMWH and aspirin [56]. Expert reviews and consensus guidelines from the
American Society of Clinical Oncology, the International Myeloma Working
Group, and Europe recommend thromboprophylaxis with aspirin, LMWH, or
warfarin for MM patients on IMiD-containing regimens [34, 35, 57, 58].
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Approach to treatment: All MM patients who are treated with thalidomide,
lenalidomide, or pomalidomide should receive thromboprophylaxis with aspirin,
prophylactic-dose LMWH, or warfarin. For MM patients receiving single-agent
thalidomide or lenalidomide in whom the risk of aspirin or other thromboprophy-
lactic drugs is thought to outweigh the potential benefits, such thromboprophylaxis
may be deferred. In MM patients receiving IMiDs with high-dose dexamethasone
or with combination chemotherapy, LMWH or warfarin is favored over aspirin.
For MM patients on IMiDs who develop VTE, full-dose anticoagulation should be
continued for the duration of IMiD therapy.

6.4 Cytotoxic Chemotherapy

Conventional cytotoxic chemotherapy damages endothelial cells and causes
apoptosis, which may lead to increased thrombin generation via tissue
factor-dependent mechanisms [59, 60]. Certain chemotherapy agents may also
reduce endogenous anticoagulant factors such as protein C and protein S and may
alter intercellular interactions and platelet reactivity [14, 61].

6.4.1 Cisplatin

An association of cisplatin with thrombosis was first reported during the 1980s in
treatment of testicular or ovarian cancer. A retrospective review comparing
cisplatin-based and non-cisplatin-based chemotherapies in solid tumor malignancies
and lymphoma reported a threefold increase in VTE among patients receiving cis-
platin [62]; in this study, 88% of thromboembolic events occurred within the first
100 days of treatment. A meta-analysis of 8216 patients comparing cisplatin against
non-cisplatin regimens in solid tumor patients similarly reported a 1.67 relative risk
of VTE with cisplatin treatment [63]; subgroup analyses suggested a dose-dependent
effect, with the highest doses of cisplatin demonstrating the highest thrombotic risk.
Other trials of cisplatin-based regimens have reported a thrombotic incidence
ranging from 8 to 18% [14, 15]. The mechanism of cisplatin-induced thrombosis is
thought to be related to direct endothelial damage and augmented procoagulant
effects, including increased tissue factor (TF) activity and vWF levels [15].

6.4.2 Fluorouracil

An association of fluorouracil with thrombosis has been reported in some, but not
all, studies. A Surveillance, Epidemiology, and End Results (SEER) database
analysis identified fluorouracil as a risk factor for VTE among 11,086 patients with
metastatic colorectal cancer [64]. A single-institution study reported a VTE rate of
15% in patients receiving fluorouracil, which occurred in increased preponderance
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among those with colorectal cancer [65]. A phase I study of fluorouracil in com-
bination with granulocyte colony stimulating factor (G-CSF) in metastatic gas-
trointestinal cancer found a VTE incidence of up to 29% [14, 15, 66]. In other
randomized controlled trials, however, VTE rates with fluorouracil have been
reported to be low, in the range of 1% [67].

An acquired protein C deficiency has been reported to occur in breast cancer
patients treated with fluorouracil in combination with cyclophosphamide and
methotrexate [68]. Changes in levels fibrinopeptide A and thrombin have also been
observed with fluorouracil and other cytotoxic chemotherapy drugs [69]. Interest-
ingly, fluorouracil cardiotoxicity, which occurs with an incidence ranging from 4 to
19%, may underlie some instances of thrombosis via direct myocardial toxicity,
arterial vasoconstriction, endothelial damage, and changes in coagulation molecules
[15, 70].

Approach to treatment: Despite the reported risks of VTE with cisplatin and
possibly fluorouracil, current guidelines do not recommend the use of prophylactic
anticoagulation on the basis of either of these cytotoxic chemotherapy drugs alone.
Patients who develop VTE on these or other cytotoxic chemotherapies should be
treated with therapeutic anticoagulation according to standard guidelines.

6.5 L-Asparaginase

In 1980, a case report documented 4 incidences of CNS thrombosis and hemorrhage
in children with acute lymphoblastic leukemia (ALL) on L-asparaginase therapy
[71]. Subsequent studies in ALL patients treated with L-asparaginase have reported
thrombosis rates of up to 5% in children and 34% in adults [72]. The classic
thrombotic manifestation associated with L-asparaginase is CNS thrombosis, par-
ticularly intradural sinus thrombosis, although upper extremity DVT (in association
with catheters), lower extremity DVT, PE, portal vein thrombosis, and stroke have
also been observed [73-75].

Age is an independent risk factor for thrombosis due to L-asparaginase, with the
incidence of thrombosis in patients older than 30 climbing to 42% in
single-institution series [72]. Other risk factors include high-risk ALL, male gender,
and a decreased response rate during induction treatment [76-78]. In a
meta-analysis of 17 trials of pediatric ALL patients, a lower daily dose and higher
number of total days of L-asparaginase treatment were both associated with
increased thrombosis, the former possibly a function of the intensity of other
cytotoxic chemotherapies used [79].

L-asparaginase is believed to induce thrombosis through perturbations in normal
hemostasis, as depletion of L-asparagine decreases hepatic production of both
natural procoagulants and anticoagulants, including protein C, protein S,
antithrombin, and fibrinogen [15, 80]. Among these factors, acquired antithrombin
deficiency may be the most strongly correlated with thrombosis [81]. Plasma or
antithrombin replacement raises antithrombin levels in patients with ALL who are
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treated with L-asparaginase and may decrease the risk of thrombosis as well, but this
remains investigational [76, 8§1-84].

Approach to treatment: Patients with ALL who receive L-asparaginase may be
considered for prophylactic anticoagulation with LMWH. In such patients, routine
measurements of antithrombin, and the use of plasma or antithrombin replacement,
are performed at some, but not all, centers. ALL patients who develop thrombosis
on L-asparaginase should be given therapeutic anticoagulation for the duration of
the time that they receive L-asparaginase and may be candidates for antithrombin
replacement.

6.6 Targeted Therapies
6.6.1 VEGF Inhibitors

Monoclonal antibodies directed against VEGF have been reported to be associated
with venous and arterial thrombosis, but also hemorrhage. However, the specific
associations have varied according to different studies. In a phase II trial comparing
5-FU and leucovorin with and without bevacizumab for treatment of metastatic
colorectal cancer, venous or arterial thrombosis was observed in 19% of patients in
the bevacizumab arm versus 9% of the non-bevacizumab arm [85]. A meta-analysis
of 7956 patients on 15 randomized controlled trials of bevacizumab in advanced
solid tumors demonstrated a relative risk of 1.33 for VTE in patients taking
bevacizumab versus control [86]; the elevated risk was similar for patients on low-
and high-dose bevacizumab. Another meta-analysis in colorectal cancer, which
studied 13,185 patients on 22 randomized controlled trials, also reported signifi-
cantly increased risks of venous and arterial thrombotic events (relative risks of
1.244 and 1.627, respectively) [87].

By contrast, a separate meta-analysis of 1700 patients with metastatic colorectal,
breast, or non-small cell lung cancer from five randomized controlled trials found
no difference in VTE rates for patients irrespective of bevacizumab use, although
bevacizumab-treated patients had a higher rate of arterial thrombosis [88].
A CALGB randomized controlled trial of patients with metastatic
castration-resistant prostate cancer treated with docetaxel and prednisone with or
without bevacizumab also found an increase in arterial but not venous thrombosis in
the bevacizumab arm [89]. Another large, randomized controlled trial of metastatic
colorectal cancer patients treated with irinotecan, fluorouracil, and leucovorin with
or without bevacizumab found no significant difference in VTE in the two arms
[14]. A systematic review examining the thrombotic risk associated with epidermal
growth factor (EGFR) inhibitors reported no increased risk in those receiving
bevacizumab [90]. Curiously, a SEER database study of 11,086 patients with
metastatic colorectal cancer actually found a lower risk of VTE in patients who
received bevacizumab [64].
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Taken together, the impression from these studies is that the risk of arterial
events with bevacizumab is supported, while the risk of VTE is uncertain. Aspirin
does not appear to adequately prevent arterial thrombosis in bevacizumab-treated
patients and may lead to increased hemorrhage [88].

A study of colorectal cancer patients identified obesity, prior VTE events, ESA
use, cardiac disease, and use of exogenous hormones as predictors of thrombosis in
bevacizumab-treated patients [91]. Another study of ovarian cancer patients treated
with bevacizumab identified a high body mass index and elevated pretreatment
D-dimer level as thrombotic risk factors [92]. The mechanisms by which beva-
cizumab might lead to increased arterial and/or venous thrombosis are uncertain.
Hypertension induced by bevacizumab may provide the basis for some arterial
events [93]. Changes in VEGF may alter expression of proinflammatory genes, with
consequent effects on the potential for thrombus formation on endothelial cells [94].
VEGEF effects may also lead to changes in nitric oxide and prostacyclin production,
which can alter platelet function [93].

Tyrosine kinase inhibitors (TKI) with VEGF inhibition have also been impli-
cated in thrombosis. A phase I trial of semaxanib demonstrated 8 out of 19 patients
had VTE, which ultimately prevented the drug from getting to market [12]. Newer
generation TKIs such as sorafenib, sunitinib, pazopanib, and vandetanib have not
been found to increase thrombosis in meta-analyses [15, 95].

6.6.2 EGFR Inhibitors

EGFR inhibitors like cetuximab and panitumumab have been tied to a significant
increase in VTE. A systematic review of phase II and III randomized control trials
comparing standard regimens with and without an EGFR inhibitor found a RR of
1.5 for VTE and a RR of 1.6 for PE [90].

Approach to treatment: While a risk of arterial thrombosis with VEGF inhi-
bitor treatment is well defined, a risk of VTE has been debated in the literature.
Thromboprophylaxis with aspirin or LMWH is not indicated on the basis of VEGF
or EGFR inhibitor use. In patients on a VEGF or EGFR inhibitor who develop a
thrombotic event, the decision to continue or discontinue the inhibitor must be
individualized.

6.7 Other Cancer Therapies
6.7.1 Supportive Therapies

ESA use confers an increase in thrombosis risk in cancer patients. A Cochrane
review of 57 trials found relative risks of 1.5-1.67 for VTE in cancer patients
receiving ESAs [96, 97]. A prospective study evaluating thrombotic risk factors in
cancer patients also reported EPO as a significant risk with an odds ratio of 1.83
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[98]. An increase in incidence of VTE from 3 to 23% with ESA use was reported in
a trial of vaginal or cervical cancer patients undergoing chemoradiation [14]. By
contrast, ESAs do not appear to increase the risk of DVT in myelodysplastic
syndrome [99].

The use of G-CSF in patients with gastrointestinal cancer, lung cancer, and
lymphoma was reported to have an odds ratio of 2.09 for VTE in a prospective trial
[98]. Healthy patients receiving G-CSF for stem cell donation have increased
procoagulant factors including von Willebrand factor, thrombomodulin, thrombin—
antithrombin complexes, D-dimer, and prothrombin fragment, which may affect
some of this risk [15].

Glucocorticoids are observed to increase clotting factors VII, VIII, XI, and
fibrinogen in healthy controls [15]. Cancer patients receiving high-dose steroids for
nausea have been an odds ratio of 3.5 for VTE [14]. Similarly, a large case-control
study involving nearly 39,000 patients on steroids for a variety of indications found
VTE was 2.3 times more likely in the group receiving steroids compared to controls
[100].

6.7.2 Radiation Therapy

Although radiation is known to induce inflammation, endothelial activation, and
cell death, it has not been definitively associated with thrombosis. A retrospective
analysis of 9284 French cancer patients with prior VTE found higher rates of PE
recurrence while on anticoagulation for patients receiving radiation compared to
those not [101]. However, the subgroup analysis examining rates of DVT found no
significant difference and overall recurrent VTE rates were not significantly dif-
ferent. Likewise, radiation was not identified as a significant thrombotic risk factor
in a prospective study [98].
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7.1 History of Cancer-Associated Thrombosis

The association of venous thromboembolism (VTE) with cancer has been recog-
nized for well over 100 years. As early as 1823, Jean-Baptiste Bouillaud published
a description of cancer-associated thrombosis (CAT) [1-3]. Armand Trousseau is
most widely credited with recognizing the association between VTE and cancer,
publishing his treatise in 1865 [4—6]. Illityd James and Matheson published the first
description of VTE as the first sign of occult cancer in 1935 [7]. These and
numerous subsequent articles led to the appreciation that VTE is common and
associated with increased morbidity and mortality among cancer patients [8—10].
The focus of this chapter will be to provide a historical perspective and summary of
the evidence of the different anticoagulants for the management of
cancer-associated thrombosis (CAT).

7.2 Historical Perspective on the Management of Venous
Thromboembolism

Heparin was discovered in 1916 and has been used in humans as early as 1935 [11,
12]. The first study of unfractionated heparin (UFH) in patients with acute VTE was
published in 1938 [13]. Oral vitamin K antagonists (VKAS), such as warfarin, were
introduced shortly after and allowed for chronic anticoagulation treatment [14, 15].
Barritt and Jordan published a randomized trial of patients with pulmonary
embolism in 1960, demonstrating a dramatic difference in survival with chronic
anticoagulation with a VKA, thus establishing the standard of care of acute treat-
ment with heparin, followed by chronic anticoagulation with a VKA [16].

The development of low-molecular-weight-heparin (LMWH) allowed for out-
patient management of VTE. LMWH was introduced in Europe in the early 1980s
and entered widespread use within 10 years [17, 18]. Many clinical trials and
meta-analyses have shown that subcutaneous injections of a LMWH are compa-
rable to continuous infusions of UFH for initial therapy; however, oral VKA
remained the cornerstone of anticoagulation for long-term treatment or secondary
prevention [19].

However, VKA use is known to be particularly challenging in cancer patients.
Prandoni and colleagues published that treatment of VTE in cancer patients with a
VKA was associated with significantly higher rates of recurrent thrombosis (Hazard
Ratio 3.2) and significantly higher rates of major bleeding (Hazard ratio 2.2),
compared with non-cancer patients with VTE [20]. Cancer patients have incon-
sistent diet, nausea/vomiting, and diarrhea from cancer-directed therapy, and fre-
quent drug—drug interactions that can lead to unpredictable anticoagulant responses
to VKA. It is no surprise that VKA use is associated with high rates of failure and
bleeding.
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Given the aggressive natural history of VTE in cancer patients, their comorbid
conditions, numerous potential drug interactions, and their heightened risk of
bleeding, it is important to evaluate the efficacy and safety of anticoagulation
specifically in the cancer population.

7.3 Treatment of Cancer-Associated Thrombosis

The management of cancer-associated thrombosis is complex. In addition to higher
rates of recurrence and bleeding, thrombotic complications can delay or interfere
with first-line anticancer therapy, precipitate or prolong hospitalization, and con-
sume healthcare resources. Therefore, effective and appropriate treatment of VTE is
an important strategy for minimizing morbidity and mortality, and potentially
increases patient quality of life and reduces healthcare costs.

7.3.1 Initial Treatment of Cancer-Associated Thrombosis
(First 5-7 Days)

Traditionally, initial treatment for an acute episode of VTE is the same for patients
with or without cancer. No study has demonstrated significant differences in safety
or efficacy with acute treatment of CAT with UFH, LMWH, or fondaparinux. The
major advantage of LMWH over UFH is its availability for outpatient management.

Table 7.1 Randomized controlled trials for long-term treatment of VTE associated with cancer

Trial N | Intervention Duration = Major Recurrent = Death
bleeding VTE (%) (%)
(%)
CANTHANOX = 67 | Enoxaparin 1.5 mg/Kg/OD ' 3 months | 7 3 227
(23] 71 VKA 16 4.2 113
CLOT [24] 336  Dalteparin (200 IU/Kg/OD) 6 months 4 9 39
X 1 month then 150 IU/Kg
X 5 months
336 VKA 6 17 41
ONCENOX* 29 | Enoxaparin 1 mg/Kg/OD | 3 months | 6.5 6.9 6.5
[25] 32 | Enoxaparin 1.5 mg/Kg OD 11.1 6.3 19.4
30 VKA 2.9 10 8.8
LITE [26] 100 ' Tinzaparin 3 months | 7 6 19
(175 TU/Kg/OD)
100 VKA 7 10 20
CATCH [27] 449 Tinzaparin 6 months 2.7 7.2 33
(175 TU/Kg/OD)
451 VKA 24 10.5 31

“All groups started with enoxaparin 1 mg/kg BID x 5 days
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This availability makes LMWH an attractive therapeutic option for cancer patients
with acute VTE because it reduces hospitalization and improves quality of life. Data
indicate that VTE treated at home with LMWH in cancer patients is safe and
feasible in most of the cases [21]. Fondaparinux has a long half-life and renal
clearance. Therefore, LMWH was recommended for the initial treatment of
cancer-associated thrombosis [22].

7.3.2 Chronic Treatment of Cancer-Associated Thrombosis
(Initial 3-6 Months, and Beyond)

Oral VKA anticoagulant therapy with adjustment to maintain a target international
normalized ratio (INR) of 2.0-3.0 was the mainstay of long-term anticoagulation
for CAT over many decades, but as noted, was particularly challenging. This led to
a series of clinical trials comparing LMWH to VKA for chronic treatment of CAT.
A total of five trials have compared LMWH with VKA for the treatment of acute
CAT (Table 7.1).

The first report comparing LMWH (enoxaparin) and VKA was the CANTHA-
NOX study in 2002 [23]. A non-significant trend toward lower recurrent thrombosis
and less major bleeding was encouraging. A total of 21% of the patients assigned to
VKA experienced major bleeding or recurrent VTE, as compared with 10.5% of
patients assigned to enoxaparin (P = 0.09) [23]. Also of note, the death rate was
actually twice as high in the LMWH group. However, the study was limited by
small numbers and the use of a combined endpoint of recurrent VTE and major
bleeding. Therefore, no conclusions could be drawn [23].

The landmark CLOT trial, published in 2003, compared dalteparin to VKA for
chronic anticoagulation, and was the first definitive study to demonstrate superior
efficacy of LWMH over VKA. There was an approximately 50% relative risk
reduction in recurrent thrombosis in six months [24]. In this study, the LMWH
group received dalteparin at a therapeutic dose for the first month followed by 75—
80% of the full dose for the next five months. There were no significant differences
in the rates of major bleeding episodes or death between the two groups.

More recently, the CATCH trial which randomized patients with CAT to ther-
apeutic doses of tinzaparin (i.e. no dose reduction) or VKA was reported [27].
Although the trial reported a 35% reduction in the cumulative risk of recurrent CAT
for patients receiving LMWH, this was not statistically significant (P = 0.07).
Similarly, there were no differences in the rates of major bleeding episodes or death
between the two groups, but the patients receiving tinzaparin had a lower risk of
clinically relevant non-major bleeding. A systematic review and meta-analysis
combining the results of all the randomized controlled trials comparing LMWH to
VKA for the management of CAT supports the conclusion that LMWH is asso-
ciated with a significant reduction in the risk of recurrent VTE (RR: 0.56; 95% CI:
0.43-0.74) without a significant difference in the risk of major bleeding episodes
(RR: 1.07; 95% CI: 0.66-1.73) [28, 29]. Therefore, the consensus has been that



7 Treatment of Venous Thromboembolism in Cancer ... 107

LMWH has a favorable benefit-risk profile for the management of
cancer-associated thrombosis compared with VKA and have been recommended by
international clinical practice guidelines [22, 30].

7.3.2.1 Direct Oral Anticoagulants

Over the last decade, there has been an exciting introduction into practice of the
direct oral anticoagulants (DOACs). The DOACs include the direct thrombin
inhibitor (dabigatran) and the direct Factor Xa inhibitors (rivaroxaban, apixaban,
edoxaban, and betrixaban). In a growing range of indications, DOACs offer an
attractive alternative for the treatment of thrombosis as well as prophylaxis.
Unlike LMWH, they are administered orally and have less drug—drug interactions
and dietary limitations than VKA.

Randomized controlled trials have shown that DOACs are comparable to VKA
for the treatment of VTE in the general population. Three systematic reviews and
meta-analyses assessing the efficacy and safety of DOACs for the treatment VTE
specifically in cancer subgroups have been published [28, 31, 32]. Overall,
1132 patients with CAT were included in the analyses and showed that using a
DOAC was associated with trends toward lower risk of recurrent VTE (RR: 0.66;
95% CI: 0.39—1.11) and major bleeding episodes (RR: 0.78; 95% CI: 0.42-1.44)
compared to VKA. The eligibility criteria for the parent studies in those
meta-analyses, however, tended to exclude the most complicated cancer patients.
The cancer patients receiving DOACs included in these meta-analyses had a lower
annualized risk of recurrent VTE and major bleeding, suggesting that lower-risk
cancer patients were included, compared to the patients included in the CAT trials
(e.g., CLOT and CATCH trials) [28].

A network meta-analysis based on indirect comparisons also suggested that
DOACSs may also have similar effectiveness and safety to LMWHs for the man-
agement of cancer-associated thrombosis [33]. Although the efficacy and safety of
DOAC:S in this specific patient population seemed to be comparable to those of
VKA or LMWH, the quality of evidence was low considering that the trials were
underpowered to show non-inferiority or superiority of DOACs to VKA in cancer
patients. Therefore, clinical guidelines continued to recommend LMWHs over
DOACS as the preferred initial treatment of CAT due to the lack of high-quality
data from dedicated trials as recently as 2016 [34].

Nonetheless, the use of DOACs for the treatment of cancer-associated throm-
bosis has been growing. Due to the pain and cost from chronic LMWH use, only
approximately 50% of patients adhere to long-term treatment with LMWH despite
strong recommendations from clinical practice guidelines [35]. Patients and treating
physicians were anxious for a less burdensome alternative. Further, the FDA
approved rivaroxaban in 2012 for treatment of DVT and PE, and did not explicitly
address thrombosis in the setting of cancer. Therefore, starting late 2012 when
rivaroxaban was approved for VTE treatment, there has been increasing the use and
multiple observational cohort studies published supporting safe and effective use of
DOACs in CAT [36-40]. Fairly abundant real-world data preceded the first
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randomized clinical trials, comparing a DOAC with LMWH, which were published
in late 2017 and 2018 [41, 42].

A recently published systematic review summarized the incidence of recurrent
VTE and major bleeding episodes in over 5000 patients with CAT [43] treated with
DOACS. Overall, the on-treatment duration of DOAC use was usually longer than
that of LMWH which may reflect unstated patient preferences for oral agents or cost
barriers. A majority of the included studies reported lower rates of recurrent VTE
for patients on DOACSs as compared to those on LMWHs [43]. Major bleeding
outcomes were heterogeneous across these studies.

At one of our institutions (GAS at Memorial Sloan-Kettering Cancer Center), we
established a Clinical Pathway in 2013, to guide the use of rivaroxaban for the
treatment of CAT [36-40]. The key was patient selection. An oral direct anticoag-
ulant would entail biologically active concentrations within the gastrointestinal tract
lumen, with a high risk of GI bleeding in the presence of GI lesions. Similarly,
rivaroxaban and other DOACs are renally cleared and would be concentrated in the
genito-urinary (GU) tract. LMWH is also cleared by the kidney but would not exert
an anticoagulant effect in the absence of antithrombin III. Therefore, our clinical
pathway specified that patients with GI or GU lesions were to be treated with a
LMWH, while others without those contraindications can be treated with rivaroxaban
[36—40]. With the MSKCC Clinical Pathway, six-month rates of recurrent thrombosis
(4.4%, 95% CI = 1.4-7.4%) and major bleeding (2.2%, 95% CI = 0—4.2%) were
lower than historical controls treated with LMWH [36-40].

Recently, two randomized controlled trials (HOKUSAI-Cancer and SELECT-D)
comparing DOACs to LMWH for the treatment of cancer-associated thrombosis
have been published (see Table 7.2) [41, 42]. The HOKUSAI-Cancer was an
open-label, non-inferiority trial that randomized 1050 patients with cancer and
acute symptomatic or incidental VTE to LMWH for at least five days followed by
oral edoxaban 60 mg once daily or dalteparin [41]. Treatment was given for at least
six and up to 12 months. The primary outcome was a composite of recurrent VTE
or major bleeding during 12 months after randomization and occurred in 12.8 and
13.5% of patients receiving edoxaban and dalteparin (HR, 0.97; 95% CI, 0.70-1.36;
P = 0.006 for non-inferiority), respectively. There was a non-significant trend to a
lower rate of recurrent VTE with edoxaban (HR 0.71, 95% CI 0.48-1.06). How-
ever, the rate of major bleeding episodes was higher in patients receiving the
edoxaban (HR 1.77, 95% CI 1.03-3.04). The difference in major bleeding episodes
between the groups was mostly related to the upper gastrointestinal bleeding event,
especially in patients with gastrointestinal cancers on edoxaban.

Select-D was a prospective, randomized, open-label, multicenter pilot trial
randomizing 406 cancer patients with acute CAT to dalteparin or rivaroxaban
(Table 7.2) [42]. The results were similar to the HOKUSAI-Cancer study;
rivaroxaban showed a trend toward a lower rate of recurrent thrombosis with
rivaroxaban compared with dalteparin, (3.9% vs. 8.9%), and a trend toward higher
rate of bleeding (5.4% vs. 3%), although neither trend was significant [42]. Gas-
trointestinal cancer patients were especially at risk for bleeding, so much so that
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upper gastrointestinal cancer (gastric and gastro-esophageal junction tumors)
patients were excluded toward the end of the study.

A meta-analysis of these two trials showed that DOACs had a lower incidence of
six-month recurrent VTE when compared to LMWHs [RR: 0.65 (95% CI: 0.42—
1.01)]. However, DOACs had a higher incidence of six-month major bleeding when
compared to LMWHs [RR: 1.74 (95% CIL: 1.05-2.88)] [43]. Similarly, clinically
relevant non-major bleeding was higher [RR: 2.31 (95% CI: 0.85-6.28)] for patients
with cancer-associated thrombosis receiving a DOAC. There was no difference in
mortality [RR: 1.03 (95% CI: 0.85-1.26)].

7.3.2.2 Guidance on the Management of Acute
Cancer-Associated Thrombosis

Several factors need to be considered to assess the risk: benefit ratio of the different
anticoagulant options in the acute treatment of cancer-associated thrombosis.
Clinicians need to make an individual treatment decision and tailor anticoagulant
needs based on the patient’s characteristics and preferences. The perceived benefits
of DOAC:s (oral administration, lower recurrent VTE rate, and no monitoring) need
to be considered against their perceived negative attributes (increased bleeding and
potential drug—drug interactions) and the strength of value an individual patient
gives to each feature. Drug—drug interactions of DOACs with anticancer therapy
that inhibit or induce p-glycoprotein or cytochrome P450 3A4 are important to
consider [44, 45]. Furthermore, there is a perception among clinicians that subcu-
taneous injections of LMWH might be too burdensome and unacceptable for cancer
patients. Qualitative studies have shown that cancer patients view LMWH injec-
tions as inconsequential compared to other interventions encountered during their
cancer journey [46, 47]. Patients consider the most important attribute of their
anticoagulation regimen to be that it does not interfere with their cancer treatment.
Efficacy and safety are the second and third most important attributes followed by
the preference of oral instead of a parenteral route of administration [48]. Therefore,
clinical decision making needs to weigh these competing factors within the context
of individual patients’ preferences and values.

With the evolving body of data, derived from prospective clinical trials as well
as real-world cohort reports, there is a growing appreciation and acceptance of the
use of DOACS in the cancer setting. A recently published Guidance Statement for
the International Society of Thrombosis and Hemostasis (in which two of us have
been co-authors) recommends individualized treatment regimen after shared deci-
sion making with patients [49]. The use of DOACS is suggested for cancer patients
with an acute diagnosis of VTE, low risk of bleeding, and no drug—drug interactions
with current systemic therapy. The guidelines specifically recommend “use of
specific DOACs for cancer patients with an acute diagnosis of VIE, low risk of
bleeding and no drug—drug interactions with current systemic therapy. LMWHs are
an acceptable alternative,” and “use of LMWHs for cancer patients with an acute
diagnosis of VTE and high risk of bleeding, including: patients with luminal gas-
trointestinal cancers with an intact primary; cancers at risk of bleeding from
genitourinary tract, bladder or nephrostomy tubes;, or patients with active
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gastrointestinal mucosal abnormalities such as duodenal ulcers, gastritis,
esophagitis or colitis. Specific DOACs (edoxaban and rivaroxaban) are an
acceptable alternative if no drug—drug interactions exist with current systemic
therapy.” Edoxaban and rivaroxaban are the only DOACSs with current randomized
trial evidence compared with LMWH in cancer patients [49].

Similarly, the current NCCN guidelines for cancer-associated thrombosis
(March 22, 2018), endorsed LMWH as first choice anticoagulation for CAT.
[https://www.nccn.org/professionals/physician_gls/pdf/vte.pdf].  However, the
NCCN guidelines note that patients may refuse or be “poor candidates for LMWH
injections because they are painful, inconvenient, and expensive.” In those cases, a
DOAC is a reasonable alternative, again with the qualifier to use a DOAC with
caution in patients “with urinary or gastrointestinal tract lesions, pathology or
instrumentation.”

7.3.3 Extended Treatment (Beyond the Initial Six Months)

Data on the management of cancer-associated thrombosis beyond the initial six
months of therapy is scarce. The length of anticoagulation for secondary prevention
of recurrent VTE is usually guided by the presence of ongoing factors increasing
the risk of recurrent VTE and/or cancer recurrence. Risk stratification based on the
tumor type, stage of disease (e.g., metastatic) and patient co-morbidities is
important and may help clinicians to stratify patients according to their underlying
risk of developing recurrent cancer-associated thrombosis [50, 51]. Patients at high
risk of recurrent VTE (active cancer, undergoing chemotherapy, etc.) may poten-
tially benefit from indefinite anticoagulation. However, the length of anticoagula-
tion is still debated, and it is unlikely that a clinical randomized controlled trial is
feasible in this patient population to answer this important clinical question, due to
strong held patient and physician preferences regarding anticoagulation [52].
Only two prospective cohort studies have evaluated the safety of extending
anticoagulation with LMWH beyond the initial six months (up to 12 months) in
patients with CAT [53]. In the DALTECAN study, a total of 334 patients with
cancer-associated thrombosis were treated with dalteparin, of whom 185 (55.4%)
completed six months of therapy and 109 (33%) completed 12 months. LMWH
therapy beyond six months did not seem to be associated with an increased risk of
major bleeding episodes or recurrent VTE compared to the initial period of therapy.
Furthermore, the rates of recurrent VTE and major bleeding on anticoagulation
therapy were similar. Therefore, the rate of recurrent CAT if anticoagulation is
discontinued is likely to be higher than the major bleeding risk [53]. Similarly, the
Ti-CAT study enrolled a total of 247 patients with cancer-associated thrombosis
treated with tinzaparin and followed those over 12 months [54]. Overall, the
incidence of the major bleeding episode was 4.9%. The rates of clinically relevant
non-major bleeding over the first and second six-month periods were 0.9% (95%
CL 0.5-1.2%) and 0.6% (95% CI:. 0.2-1.4%), respectively. Therefore, LMWH
seems to be an attractive option given its strong data in the acute and extended
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treatment of cancer-associated thrombosis. In general, one should treat CAT for at
least six months of anticoagulation, and then reassess ongoing risks of recurrent
thrombosis and bleeding. In a patient with active cancer, without a high risk of
bleeding, indefinite anticoagulation may be the appropriate course.

The data supporting the use of DOACs beyond the initial six months of antico-
agulation therapy is scarce. Although the HOKUSAI-Cancer trial followed patients
for up to 12 months, the details on the efficacy and safety of DOACs beyond the
initial six months of anticoagulation remains unknown. However, some patients
might prefer to consider an alternative oral anticoagulant instead of the parenteral
LMWH injections. The Guidance document from the SCC of the ISTH suggests that
for patients who are currently on anticoagulation for a prior diagnosis of
cancer-associated thrombosis for whom indefinite anticoagulation is being consid-
ered, a discussion about continuing on current anticoagulation versus transitioning to
a different class of anticoagulants be conducted. DOACs, LMWHs, and VKAs are all
acceptable options in patients who have completed six months of anticoagulation,
given lack of data to support any one class of anticoagulants in this setting.

In conclusion, the management of anticoagulant therapy for a patient with CAT
is complex. Clinicians need to tailor anticoagulation management based on the
risk-benefit profiles on a case-by-case basis. Cancer patients are highly heteroge-
neous with a variety of different tumor types (with different risks of recurrent VTE
and major bleeding complications), anticancer treatments (with different drug—drug
interactions), co-morbidities, experiences, and preferences. The recent data on the
DOAC:Ss for the management of cancer-associated thrombosis provides clinicians
with new options of treatment. The emphasis needs to be on patient selection and
tailored anticoagulation treatment.
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8.1 Introduction

Central venous access devices (CVADs) are essential to the care of many oncology
patients. CVADs facilitate the delivery of cancer chemotherapy, antibiotics, stem
cell collection/reinfusion, blood products, and parenteral nutrition and provide
venous access for hemodialysis and laboratory blood draws. CVADs can be
inserted directly into a central vein or tunneled through subcutaneous tissues for
more permanent access or placed peripherally and threaded to a central location
(e.g., peripherally inserted central catheters [PICC]). CVAD-related thrombosis
(CRT) is the most common non-infectious complication of CVAD insertion.
Oncology patients are particularly vulnerable to CRT given their underlying
hypercoagulable state. CRT is critical to prevent and treat in a timely manner
because it leads to interruptions in therapy, increases the cost of care, and can
precipitate chronic venous occlusion and loss of vascular access, post-thrombotic
syndrome (PTS), and rarely, pulmonary embolism (PE). However, addressing CRT
in cancer patients may be more complex than in the general population given the
higher risk of recurrent thrombosis and anticoagulation-associated bleeding expe-
rienced by cancer patients. Further, there are limited randomized controlled trials
focused on the management of CRT so most recommendations are based upon
observational studies or extrapolation from studies of non-CVAD-related
lower-extremity deep vein thrombosis (LEDVT). Herein, we highlight the diag-
nosis and management of CRT in adult cancer patients.

8.2 Pathophysiology

CVAD:s predispose to venous thrombosis because they adversely influence all three
components of Virchow’s triad: altered blood flow, hypercoagulability, and
endothelial injury. CVAD insertion results in local vessel wall injury activating the
coagulation and pro-inflammatory cascades. Continuous friction of CVADs against
the vessel wall, as well as turbulent inflow from the catheter and the toxic effects of
some medications, promotes ongoing endothelial injury and thrombus formation. In
addition, the presence of CVADs in the vessel lumen slows blood flow leading to
stasis. Finally, the synthetic materials used to construct CVADs likely activate
coagulation as evidenced by the development of fibrin sheaths and
catheter-associated thrombus soon after CVAD insertion [1, 2].

Thrombus can form within, surrounding, or at the tip of the catheter (Fig. 8.1).
Fibrin sheaths, sock-like structures that deposit on the external surface of the
catheter, begin to form within 24 h of insertion and can impair flow into and out of
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the catheter [1, 2]. Intraluminal thrombus develops when blood refluxes into the
catheter. These occlusions can be partial or complete and result from insufficient
flushing, inadequate infusion rates, or frequent blood draws. The majority of fibrin
sheaths and intraluminal occlusions can be lyzed with the intraluminal instillation of
a thrombolytic agent (i.e., 2 mg of alteplase). Thrombus that forms on the vessel wall
adjacent to the CVAD is termed mural thrombus. CRT refers specifically to a DVT
that partially or completely occludes the vein in which the catheter resides [1, 2].

8.3 Epidemiology and Risk Factors for CRT

The concept that upper-extremity DVT (UEDVT) is rare and clinically insignificant
is being revaluated. Recent studies report that the incidence of UEDVT has more
than doubled from <2 to 4-10% of all newly diagnosed DVT [1-6]. Secondary
events after UEDVT including pulmonary embolism, recurrent VTE, and
post-thrombotic syndrome appear to be less frequent than with LEDVT [7]. The
presence of CVAD is a strong independent risk factor for UEDVT (OR 14.0; 95%
CI 5.9-33.2), and CRT accounts for 50-90% of all UEDVT [3, 5, 6, 8]. The
incidence of CRT has been estimated at 0.4—1.0 per 10,000 persons in the general
population with the majority of CRT occurring within 100 days of catheter
placement [9, 10]. CRT is particularly common in cancer patients in whom the
frequency of CRT has been estimated to be 5-10% [11-15]. A recent study of 5043
central lines inserted in 3218 cancer patients found that the overall incidence of
CRT was 3.55% at a rate of 0.45 per 1000 line days [16].

Fibrin
sheath
Intraluminal
clot

Mural
thrombosis
thrombosis

Fig. 8.1 Type of CVAD-related thrombotic occlusions. Permission from Baskin et al. [2]
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Table 8.1 Potential risk factors for CRT

Device-related factors Patient-related factors Treatment-related factors
Multiple insertion attempts [9] Malignancy Ongoing cancer therapy [4,
Metastatic > localized [17, @ 29, 30]
28] Radiation therapy to the chest

[17]

Bolus (vs. diluted)
chemotherapy infusions [18]
Antiangiogenic agents and
platinum therapy [31]

Catheter insertion site Recent trauma/surgery Erythrocyte-stimulating
(femoral > jugular > subclavian) = within 30 days [5, 20] agents [28]

[8, 25, 27, 28, 32]

Large catheter History of VTE [20, 32] Parenteral nutrition [21]

size-to-vein-diameter ratio [4, 7]
CVT subtype (PICC > centrally = End-stage renal disease [4, Surgery [30]

inserted catheter > implanted 20, 22]
port) [4, 8, 32, 33]
Catheter infection [34] Critically ill patients [33]

Improper catheter position (not at = Systemic or catheter-related
atriocaval junction) [32] infection [5, 34]

Number of lumens and catheter = Older age [27]
size (6F triple-lumen > SF

double-lumen > 4F

single-lumen) [20, 29, 28]

CVAD material (polyethylene or Immobilization within
polyvinylchloride > silicone or ' 30 days [5]
polyurethane) [23]

Previous CVAD [8, 28] Inherited thrombophilia
[24, 28, 35]

Variability in the reported risk factors for CRT exists due to differences in study
design, patient population, use of thromboprophylaxis, and outcome assessment.
Risk factors for CRT can be grouped into device-related, patient-related, and
treatment-related factors (Table 8.1) [7, 8, 17-23]. CRT risk varies by insertion site
with the femoral vein being the highest risk site followed by the jugular and
subclavian veins. In a multicenter, randomized controlled trial (RCT) of 3027 adult
ICU patients and 3471 CVAD insertions, symptomatic DVT was diagnosed more
frequently with femoral vein catheters versus subclavian catheters (15 vs. 5, hazard
ratio [HR] 3.4 [95% CI 1.2-9.3]) and jugular catheters (20 vs. 9, HR 2.4 [95% CI
1.1-5.4]) (pairwise comparisons) [24]. Similar findings have been noted in some
studies [25, 26] but not all [27]. In their patient data-level meta-analysis of 5636
subjects with 425 CRT, Saber et al. found that a subclavian insertion site was
associated with a twofold increased risk of CRT compared to an upper arm
insertion site [27]. Unlike the previous studies, the Saber meta-analysis focused
only on studies of cancer patients which primarily used tunneled Hickman
catheters, ports, and PICCs as opposed to non-tunneled central lines. In addition,
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only upper-extremity sites were used in the included studies and the median
duration of insertion was 15-237 days compared to 5-11 days in the previous
studies [24-27].

A meta-analysis of 11 studies found that PICCs were associated with a 2.5-fold
higher risk of DVT than centrally inserted venous catheters [32]. Implanted ports
were associated with a significantly lower risk for CRT compared with PICCs (odds
ratio [OR] 0.43 [95% CI 0.23-0.80]) [27]. Larger PICCs (6 French [F] triple-lumen
8.8% > 5F double-lumen 2.9% > 4F single-lumen 0.6%) and brachial and cephalic
vein insertion sites are associated with a greater risk for symptomatic CRT [4, 33].
Catheter tips dwelling above the proximal superior vena cava have a sevenfold
higher risk of CRT compared with catheter tips located closer to the right atrium
[27, 29]. An indwell time exceeding 2 weeks also increases the risk of CRT [36].

Patient-related factors also influence CRT risk. Older age and body mass index
have been associated with increased risk, while gender and ethnicity have not [26,
34]. Cancer and ICU patients are at increased risk as are patients with
CVAD-related infections [30, 32, 34]. UEDVT is associated with cancer in 40% of
cases [37]. Unfortunately, treatment of UEDVT in cancer patients remains chal-
lenging due to a two-threefold higher risk for recurrent VTE, eightfold increased
risk of mortality, and fourfold increased risk of bleeding compared to non-cancer
patients [38]. In cancer patients, age <50 (HR 1.46, 95% CI 1.06-2.00, p = 0.019)
and the number of prior CRT (HR 1.95, 95% CI 1.30-2.92, p = 0.01) have been
associated with higher thrombosis rates; however, cancer subtype and insertion side
were not predictive [16]. The presence of inherited thrombophilia as well as a
personal history of VTE increases the risk of CRT [4, 27, 33, 39]. Treatment-related
risk factors for CRT include chemotherapy and surgery while therapeutic antico-
agulation reduces the risk of thrombosis (Relative risk [RR] 0.47; 95% CI, 0.23—
0.99) [4, 26, 33, 34].

8.4 Prevention of CRT

Prevention practices should target patient-, treatment-, and device-related risk
factors for CRT. For example, clinicians should utilize the smallest caliber catheter
possible, ensure proper catheter tip location, and remove CVADs when they are no
longer needed. Measures to prevent catheter-related infections can reduce CRT risk.
Although flushing or locking catheters with heparin or saline has been standard
practice for years, data demonstrating the effectiveness of these practices are
lacking [35]. Anticoagulant thromboprophylaxis to prevent CRT has been the
subject of multiple clinical trials [40-52]. Early studies suggested that
fixed-low-dose warfarin (1 mg daily) or LMWH (dalteparin 2500 units daily) was
associated with reduced rates of CRT in cancer patients [40, 41]. However, more
recent larger prospective RCTs have failed to confirm these benefits [46—48].



122

A. Rajasekhar and M. B. Streiff

Table 8.2 Summary of clinical guideline recommendations for the prevention and treatment of

CRT
Guideline Prevention
“ACCP 2012 |« In outpatients with cancer and .
[55], 2016 indwelling CVAD, suggest against
[60] routine prophylaxis with LMWH or
LDUH (Grade 2B) or vitamin K
antagonists (VKA) (Grade 2C)
ASCO 2013 = In cancer patients with CVADs .
[57, 61] — Routine thromboprophylaxis is not
recommended
— Routine CVAD flushing with saline
is recommended
— Data are insufficient to recommend
routine thrombolytics to prevent
catheter occlusion
bESMO, 2015 < In cancer patients with CVADs .
[59] — Routine thromboprophylaxis is not
recommended

Treatment

In patients with acute UEDVT
— Recommend parenteral
anticoagulation (LMWH,
fondaparinux, IV UFH, or SC UFH)
over no anticoagulation (Grade 1B)
— Suggest LMWH or fondaparinux
over IV UFH (Grade 2C) and over
SC UFH (Grade 2B)
— Suggest anticoagulant therapy alone
over thrombolysis (Grade 2C)
If thrombolysis is administered,
recommend the same intensity and
duration of anticoagulant therapy
compared to non-thrombolysis patients
(Grade 1B)
Suggest that the CVAD not be removed
if it is functional and there is an ongoing
need for the catheter (Grade 2C)
If CVAD is removed, 3 months of
anticoagulation is recommended over a
longer duration of therapy in non-cancer
patients (Grade 1B). The same approach
is suggested in cancer patients (Grade
2C)
If CVAD is not removed,
anticoagulation is recommended over
stopping after 3 months of treatment in
cancer patients (Grade 1C). The same
approach is suggested in non-cancer
patients (Grade 2C)
In cancer patients with CRT
— t-PA is recommended to restore
patency and preserve catheter
function
— CVAD removal is recommended if
thrombosis does not respond to
fibrinolytic therapy or if fibrinolytic
or anticoagulation therapy is
contraindicated
— 3 to 6 months of anticoagulant
therapy with LMWH or LMWH
followed by warfarin (INR, 2.0-3.0)
is recommended for treatment of
symptomatic CRT

In cancer patients with CRT
— LMWH is preferred over VKA
[1I, A]
(continued)
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Table 8.2 (continued)

Guideline Prevention Treatment
— Prophylaxis with thrombolytic — Anticoagulation treatment should be
agents is not recommended [I,A] continued for the time length of time
— Saline flushing is recommended [I11, the catheter is in use [III, C]
C] — If CVAD is non-functional, the

CVAD should be removed after a
short course (3-5 days) of
anticoagulation [I, A]

— LMWH alone or LMWH followed
by warfarin should be used for a
minimum of 3-6 months [I, C]

— After treatment of CRT,
prophylactic doses of
anticoagulation should be continued
as long as the CVAD remains
indwelling [I, C]

— Thrombolytic therapy is not
routinely recommended [I,B]

“International |« In cancer patients with CVADs * In cancer patients with CRT
Guideline — Routine thromboprophylaxis is not — Anticoagulation is recommended for
2013 [62] recommended [Grade 1A]. a minimum 3 months
— Catheters should be inserted on the — LMWHs are suggested but VKA can
right side, in the jugular vein, with also be used
catheter tip in the junction of the — CVAD removal is not required if
superior vena cava and the right functional, well positioned, and not
atrium [Grade 1A] infected

— Whether or not the CVAD is
removed, no standard approach in
terms of duration of anticoagulation
is established [best clinical practice]

INCCN 2015 |« In cancer patients with CVADs * In cancer patients with CRT
[58] — Routine thromboprophylaxis is not — Anticoagulation is recommended for
recommended (GRADE 2A) as long as the CVAD remains
indwelling

— If the CVAD is removed, at least
3 months of anticoagulation is
recommended

— Consider CVAD removal if
symptoms persist, CVAD is
non-functional or no longer
necessary

— Consider catheter-directed
thrombolysis in select cases

“Levels of evidence and grades of recommendation adapted from the ACCP-modified GRADE approach
[63]

"Levels of evidence and grades of recommendation adapted from the Infectious Diseases Society of
America-United States Public Health Service Grading System

“Levels of evidence and grades of recommendations utilized the international GRADE approach [64, 65]
YLevels of evidence and grading of recommendations based on the NCCN categories of evidence and
consensus [66]
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The WARP study, a large open-label multicenter RCT of CVAD thrombopro-
phylaxis in cancer patients, found that fixed-low-dose warfarin (1 mg daily) did not
reduce the rate of CRT (RR 0.99, 95% CI 0.57-1.72) compared to no warfarin [51].
However, dose-adjusted warfarin (INR 1.5-2.0) was associated with a significant
reduction in CRT (RR 0.38, 95% CI 0.20-0.71) compared to fixed-dose warfarin,
albeit at the cost of a trend toward increased major bleeding (3.4% vs. 1.5%, OR
2.28, 95% CI 0.95-5.48, p = 0.09) [51]. Randomized controlled trials comparing
LMWH with placebo have not demonstrated any benefit of thromboprophylaxis
[46, 48, 49]. A meta-analysis of CVAD thromboprophylaxis in cancer patients
noted a reduction in symptomatic DVT with heparin and a reduction in asymp-
tomatic DVT with vitamin K antagonists but no impact on infections, bleeding, or
mortality with low-to-moderate quality of evidence due to heterogeneous patient
populations and low event rates [53]. More recently, a multi-disciplinary expert
panel concluded in the FOTROCON Delphi consensus statement that the system-
atic use of thromboprophylaxis to prevent CRT was not indicated [54]. Taken
together, current evidence-based guidelines do not recommend routine thrombo-
prophylaxis for cancer or non-cancer patients with CVADs [55-59] (Table 8.2). In
our practice, we do not routinely use thromboprophylaxis in cancer patients with
CVADs beyond standard catheter care including use of heparin or saline flushes.

8.5 Presentation

The majority of CRT are asymptomatic or present with CVAD dysfunction (in-
ability to infuse or aspirate from the catheter) or fever from a CVAD-associated
infection. Symptomatic CRT occurs in 1-5% of patients and typically presents with
discomfort, edema, or discoloration at the catheter insertion site or in the ipsilateral
upper extremity. Venous collaterals may be visible in the neck, arm, or chest. Septic
thrombophlebitis can herald progression to CRT. Therefore, clinicians should
examine the catheter entry site for signs of CVAD-related infection. CVADs are the
most common non-malignant cause of SVC syndrome, so facial or neck swelling,
plethora, pain, headaches, or head fullness should prompt investigation for CRT [1,
2, 35].

8.6 Diagnosis

Clinical diagnosis of CRT is unreliable [67]. To standardize and optimize the
clinical evaluation, Constans et al. developed a clinical prediction rule to assess the
pre-test probability of UEDVT [68]. The Constans clinical decision score uses a
combination of four factors that were found to be associated with the risk of
UEDVT. The presence of an intravenous device (pacemaker or central venous
catheter) (1 point), localized pain (1 point), unilateral edema (1 point), or an
alternative plausible cause for symptoms (—1 point) is used to calculate the
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Constans score. In a prospective management study of 406 patients, an unlikely
Constans clinical decision score (0—1 point) in conjunction with a negative D-dimer
was associated with a failure rate of 0% at 3-month follow-up (95% CI 0.0% to
4.2%) [69]. If these results are confirmed, this algorithm may become the standard
diagnostic approach to UEDVT.

Although the reference standard for diagnosis of UEDVT is contrast venogra-
phy, venous duplex ultrasonography remains the first-line diagnostic test for CRT.
A systematic review of 793 patients from 17 studies with UEDVT reported a
sensitivity and specificity of 97 and 96% for compression ultrasound, 84 and 94%
for Doppler ultrasound, and 91 and 93% for duplex ultrasound, although the studies
were small and heterogeneous [70]. Since the thoracic cavity and clavicle interfere
with Doppler flow assessment and compression of the brachiocephalic and sub-
clavian vein and the superior vena cava, CT venography (CTV) should be con-
sidered in patients with a negative ultrasound and high clinical suspicion. In
patients with suspected UEDVT, the American College of Chest Physicians
(ACCP) guideline recommends duplex ultrasound over other initial tests, including
highly sensitive D-dimer or venography (Grade 2C). If the ultrasound is negative
and clinical suspicion remains high, further testing with D-dimer, serial duplex
ultrasound, or venography is advocated (Grade 2C) [71].

8.7 Treatment

The rationale for treatment of CRT is to reduce symptoms, prevent/eliminate
catheter dysfunction, minimize the risk of progressive or recurrent thromboem-
bolism, and prevent PTS. Treatment strategies include catheter removal, antico-
agulation, catheter-directed pharmacomechanical thrombolysis/thrombectomy, or
surgical thrombectomy. Given the lack of level 1 data, recommendations are largely
based on the results of LEDVT/PE treatment trials in cancer and non-cancer
patients.

8.7.1 Anticoagulation

The preferred treatment of CRT is anticoagulation alone. In 74 cancer patients with
CRT, Kovacs et al. found that treatment with dalteparin transitioned to warfarin
(INR 2-3) without catheter removal was associated with no episodes of recurrent
thromboembolism and only three episodes of major bleeding (4%) [72]. Delluc
et al. reported similar outcomes in 89 cancer patients with CRT treated with dal-
teparin alone (200 units/kg daily for 1 month followed by 150 units/kg daily).
During a median duration of anticoagulation of 124 days (range: 40—1849 days),
there were no recurrent DVT/PE occurred and only two major bleeds (3.7 per 100
patient-years [95% CIL: —0.1 to 9.0]) were reported [73]. In a systematic review of
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Table 8.3 Authors’
recommendations for

Clinical indication

Prevention
management of central
venous access device Place CVAD in subclavian > jugular > femoral insertion site
(CVAD)-related thrombosis Place port > Hickman > PICC

(CRT) Place smallest caliber catheter feasible

Place catheter tip at SVC-RA junction

Do not use anticoagulant thromboprophylaxis
Diagnosis

Ultrasound to confirm suspected thrombosis
No ultrasound surveillance

CT (or MR) venography to confirm suspected thrombosis in
patients with negative venous ultrasound

Treatment

Anticoagulation for 3 months or until CVAD removed
(whichever is longer)

Thrombolysis for limb-threatening CRT or severe symptoms
and failure to respond to AC

CVAD removal if AC contraindicated or infected or no longer
needed (add AC once CI resolves)

Avoid SVC filter use

Graduated compression garment for symptomatic
upper-extremity PTS but not PTS prevention

CVAD central venous access device; PICC peripherally inserted
central catheter; SVC-RA superior vena cava-right atrium
junction; CT computed tomography; MRI magnetic resonance
imaging; CRT catheter-related thrombosis; AC anticoagulation;
CI contraindication; PTS post-thrombotic syndrome

CRT, 7% experienced recurrent UE or LEDVT and 2.8% suffered a PE. Major
hemorrhage occurred in 4.9% of patients [28].

These data and results from RCTs of LEDVT and/or PE treatment provide the
evidence basis for current guidelines (Table 8.2) [S6—62]. Agreement among the
guidelines exists with regard to initial anticoagulation for CRT involving proximal
upper-extremity deep veins (e.g., axillary, subclavian, etc.) rather than CVAD
removal unless anticoagulation is contraindicated. While thromboembolic compli-
cations associated with DVTs distal to the axillary vein (e.g., brachial vein) are less
frequent, if the catheter is not removed clinicians should strongly consider using at
least prophylactic doses of anticoagulation to prevent thrombus progression. If the
CVAD is removed, clinical surveillance without anticoagulation may be an option
for a distal arm vein DVT.

The ACCP 2016 guidelines give a Grade 2B recommendation for the new oral
anticoagulants over vitamin K antagonist (VKA) therapy in non-cancer patients
with VTE based on the greater convenience and accumulating evidence that direct
oral anticoagulants (DOACs) have similar efficacy in non-cancer patients and an
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improved adverse event profile, particularly less intracranial bleeding. For
non-cancer patients not treated with a DOAC, VKA therapy is still recommended
over low-molecular weight heparin (LMWH) (Grade 2C) [60] (Table 8.3).

In cancer patients with VTE, all major evidence-based guidelines recommend
LMWH as the primary choice of anticoagulant and VKA as an inferior alternative
[56-62]. Although LMWH is the preferred agent for CRT in cancer patients, a
LMWH bridge to warfarin is an acceptable option [72]. It should be noted that trials
showing superiority of LMWH over VKA for cancer-associated thrombosis
excluded UEDVT patients, and specifically those with CRT. If upper-extremity
symptoms fail to improve with anticoagulation or there is a catheter-associated
infection, then CVAD removal should be considered. The guidelines recommend a
minimum of 3 months of anticoagulation for CRT over shorter or longer durations,
regardless of CVAD removal. If the CVAD is not removed, then anticoagulation
should continue as long as the CVAD remains in place rather than stopping after
3 months of treatment [56-62].

However, due to the need for daily subcutaneous injections, discontinuation
rates of long-term LMWH in cancer patients are as high as 58 and 11-20% of
cancer patients prefer to switch to oral anticoagulation within the first 3—6 months
of treatment to avoid injections [74-79]. In fact in one prospective multicenter
cohort study, one in five cancer patients with VTE stopped LMWH because of side
effects [80]. The unique burden associated with long-term use of a parenteral
anticoagulant is important to consider in light of trials examining direct oral anti-
coagulants for the prevention and treatment of cancer-associated VTE. Since the
publication of the key evidence-based guidelines advocating the use of DOACs in
non-cancer patients with VTE, more data on the use of DOACs in the treatment of
cancer-associated thrombosis have become available. Four recent meta-analyses of
large RCT trials evaluating DOACs in the treatment of VTE suggest efficacy and
safety of DOACs in cancer patients [81-84]. However, these meta-analyses are
limited by the small percentage of cancer patients (6-9%) enrolled in these RCTs
and the fact that patients with CRT were excluded. Further, since all the studies
compared only VKA to DOACSs, no head-to-head comparisons of DOACs to
LMWH were available to inform these meta-analyses. The network meta-analysis
of Posch et al. provides indirect estimates of the comparative effectiveness of
LMWH to DOACSs in cancer patients with thrombosis [85]. DOACs provided
comparable efficacy to LMWH (RR = 1.08, 95% CI: 0.59-1.95, p = 0.81) and a
non-significant trend toward improved safety (RR = 0.67, 95% CI. 0.31-1.46,
p =0.31). Recently, two randomized controlled trials (Select-d and
HOKUSAI-VTE Cancer) which compared dalteparin to a DOAC (rivaroxaban and
edoxaban, respectively) for long-term treatment of cancer-associated VTE were
reported. Both showed a trend toward a lower incidence of recurrent VTE but a
higher risk of bleeding, specifically gastrointestinal (GI) bleeding [86, 87]. A recent
meta-analysis including these two RCTs revealed that DOACs had a lower 6-month
recurrent VTE event rate compared with LMWH (RR 0.65; 95% CI 0.42-1.01), but
a higher rate of major bleeding (RR 1.74; 95% CI 1.05-2.88) and clinically relevant
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non-major bleeding (CRNMB) (RR 2.31; 95% CI 0.85-6.28) with no difference in
mortality (RR 1.03; 95% CI 0.85-1.26) [88].

Few studies have addressed DOACs as treatment for cancer-associated CRT.
A single-center retrospective study reviewed the outcome of 83 cancer patients
treated with rivaroxaban for CRT [89]. The majority of patients (73%) had
advanced stage cancer. Approximately half had an incidentally discovered CRT.
Ninety-three percent of events were associated with a port. At 90 days, there were
six deaths (unclear causes), three recurrent VTE at different locations, two major
bleeds (2.4%), and one CRNMB that led to discontinuation of rivaroxaban. Only
3.6% of patients required catheter removal due to line dysfunction [89]. The
catheter 2 study was a multicenter prospective cohort study which treated 70 cancer
patients with CRT with rivaroxaban [90]. After 12 weeks of therapy, line function
was preserved in 100% of subjects, one suffered recurrent VTE (1.43%; fatal PE),
and seven suffered major bleeding (10%). Bleeding events tended to occur in the GI
and genitourinary (GU) tracts [90]. The high rate of bleeding over a short follow-up
period raises safety concerns particularly in patient with GI or GU malignancies.
Further investigation of DOACs is warranted to determine their role in the treatment
of CRT.

8.7.2 Catheter Removal

Catheter removal is an acceptable alternative to anticoagulation particularly in
patients who no longer need central venous access or are at high risk of bleeding
[56—62]. When acute thrombus is adherent or in close approximation to the catheter,
there is understandable concern about clot embolization upon CVAD removal.
Unfortunately, the available literature does not permit an evidence-based recom-
mendation regarding the need for anticoagulation and the minimal duration of
therapy required to reduce the frequency of embolization. However, we suggest a
short course of therapeutic anticoagulation (at least 7 days, if possible) prior to
CVAD removal as the first week after diagnosis is associated with the highest risk
of recurrent thromboembolism [91]. Given that this suggestion is based upon data
on the treatment of LEDVT/PE, we encourage decision-making in this regard be
made on a case-by-case basis depending upon the location and size of the thrombus,
the risk for embolization and its related sequelae, and the potential complications
resulting from delayed removal (i.e., CVAD-associated sepsis). Reasons to consider
early catheter removal include catheter dysfunction, concomitant CVAD-related
infection, or failure of symptoms to resolve with anticoagulation alone [1, 6].
After CVAD removal, at least 3 months of anticoagulation is recommended
[56-62].
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8.7.3 Superior Vena Cava (SVC) Filters

In patients with absolute contraindications to anticoagulation, some have recom-
mended insertion of a SVC filter. At present, no vena cava filter has been specif-
ically approved for deployment in the SVC. When utilized, an SVC filter is placed
at the junction of the left and right brachiocephalic veins. SVC filters are associated
with a significant risk of major complications including SVC perforation, cardiac
tamponade, SVC thrombosis, aortic perforation, and pneumothorax [92]. This risk
when combined with the relative infrequency of PE associated with UEDVT
suggests that filters should not be used for CRT except in the most extreme cir-
cumstances. This suggestion is particularly valid for cancer patients who are
inherently hypercoagulable and presumably at higher risk for thrombotic compli-
cations. Instead, CVAD removal should be considered. In patients with acute
proximal lower-extremity CRT and an absolute contraindication to anticoagulation,
an inferior vena cava filter can be considered.

8.7.4 Thrombolysis

The goal of catheter-directed thrombolysis (CDT) with or without the use of per-
cutaneous mechanical thrombectomy devices (PMT) is to prevent limb loss in
patients presenting with acute limb ischemia, facilitate the rapid relief of symptoms
(particularly in patients whose symptoms have not resolved with anticoagulation),
and reduce the incidence or severity of PTS. However, these benefits must be
weighed against the increased risk for major bleeding. Support for the efficacy of
CDT =+ PMT comes primarily from studies of extensive LEDVT. In patients with
acute LEDVT, successful lysis of thrombus can be achieved in 80-90% subjects
with CDT [93]. In the CAVENT study, patients with acute proximal LEDVT
randomized to CDT had a 26% lower risk of PTS at 2 years compared with anti-
coagulation alone (41.1% vs. 55.6%; P 5.04); however, these patients also had a
3.2% increased risk of major bleeding [94]. At 5 years, the reduction in PTS was
greater between the two groups (43% vs. 71%; P < 0.001); however, there was no
difference in quality of life scores after 6 months [95]. In patients with acute
UEDVT treated with CDT, one retrospective study demonstrated >90% clot lysis in
20 (67%) patients and >50% clot lysis in 29 (97%) patients. No PE occurred but
major bleeding developed in 3 (10%) patients [96]. In a retrospective series of 68
patients with UEDVT (33 associated with CVAD, 35 with cancer), Maleux et al.
reported 88.6% clot lysis in the cancer patients and major bleeding in 1 (fatal
intracranial bleed in a patient with metastatic cancer) [97]. Using a regional infusion
of urokinase (75-150,000 units/hour for 24-96 h), Schindler et al. treated 18
patients undergoing high-dose chemotherapy with or without autologous stem cell
transplant who developed upper-extremity CRT. Eight patients (44%) developed
complete resolution of symptoms and 9 (50%) achieved 50% or greater clot lysis.
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One patient (5.6%) suffered a major GI bleed [98]. More recently, the results of the
multicenter randomized ATTRACT trial showed that addition of pharmacome-
chanical CDT to systemic anticoagulation alone did not result in a lower risk of the
post-thrombotic syndrome (47% CDT vs. 48% anticoagulation, p = 0.56) but was
associated with a higher risk of short-term major bleeding (1.7% CDT vs. 0.3%
anticoagulation, P = 0.049) compared to anticoagulation alone. The severity of
PTS and symptoms of leg pain and swelling were reduced by CDT; however,
quality of life was similar in the two groups of patients. It is important to note that
this study included only acute proximal LEDVT. No patients had CRT, and active
cancer patients were excluded [31].

These data suggest that CDT =+ PMT should not be routinely used for acute
DVT, whether catheter-related or not. Carefully selected cancer patients with acute
limb ischemia can be considered for CDT, with particular attention to bleeding risk
in this population. The 2016 ACCP guidelines recommend anticoagulant therapy
alone over thrombolysis in patients with acute UEDVT that involves the axillary or
more proximal veins (Grade 2C). In patients who meet all the following criteria,
thrombolysis can be considered: severe symptoms, extent of thrombus from sub-
clavian to axillary vein, symptoms <14 days, good performance status, life
expectancy >1 year, and low risk for bleeding [60]. Risk factors for bleeding
include recent or active bleeding, recent major surgery/trauma, hepatic dysfunction,
thrombocytopenia, a bleeding disorder, cardiopulmonary resuscitation, and lesions
in organs at high risk for life-threatening bleeding (e.g., brain metastasis). In
selecting patients for CDT £ PMT careful attention must be paid to the risk/benefit
profile of each patient. The timing of thrombolysis should be determined on a
case-by-case basis weighing the severity and extent of the patient’s clot and their
risk of bleeding. The duration and intensity of anticoagulation for CRT remain the
same regardless of whether CDT 4+ PMT is undertaken or not (Grade 1B) [60].

8.8 Complications of CRT

CRT is associated with a number of clinically relevant complications including
catheter dysfunction, recurrent DVT, PE, PTS, and anticoagulation-associated
bleeding. An analysis of recurrent VTE and bleeding outcomes in patients with
CRT included in the RIETE registry revealed that cancer was the leading risk factor
associated with CRT (65% of 558 patients with CRT) [99]. The rate of recurrent
(UE and LE) DVT during and after therapy was 2.83 and 2.88 per 100
patient-years, respectively [99]. An important long-term consequence of recurrent
CRT is the loss of central venous access, which can have significant implications
for cancer patient care and outcomes. Although PE is 4.6-fold more common with
LEDVT than UEDVT, the frequency of symptomatic PE associated with UEDVT
was 5.4% in one review of the literature [92]. Among 558 patients with CRT in the
RIETE registry, 45 (8.1%) were associated with initial symptomatic PE including 1
fatal PE [99].
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Risk factors for recurrent DVT/PE among patients with CRT in the RIETE
registry included PE at presentation (hazard ratio [HR] 2.41 [90% CI 0.98-5.94])
and a creatinine clearance <60 ml/min (HR 3.93 [2.00-7.70]). Age >65 years (HR
0.23 [0.10-0.54]) and a duration of anticoagulation >90 days (HR 0.23 [0.10-
0.56]) were associated with a reduced risk of recurrent VTE while the presence of
transient risk factors was associated with a reduced risk of recurrent DVT (HR 0.07
[0.01-0.45]). Interestingly, cancer patients had a 60% less or recurrent VTE
compared with patients without risk factors for CRT. Most recurrent thrombotic
events occurred within the first 2 months of therapy. After completion of antico-
agulation, recurrent DVT/PE occurred at a rate of 1.4-1.8% per year [99].

CRT is also complicated by PTS. A 2006 meta-analysis found that the weighted
mean frequency of PTS after UEDVT was 15% (range 7-46%). Risk factors for PTS
after UEDVT include residual thrombosis on ultrasound (HR 4.0 [95% CI 1.1-15.0])
and involvement of the axillary and subclavian veins (HR 2.9 [95% CI 0.8-10.7]).
CRT may be associated with a lower risk of PTS compared with other UEDVT [100].
The 2016 ACCP guideline does not recommend the use of graduated compression
stockings, sleeves, or bandages for patients with acute symptomatic UEDVT.
However, in light of the limited data on the utility of these measures in patients with
UEDVT, clinicians may consider these strategies in select patients in whom their
benefits are judged to exceed their harms and costs (Grade 2C) [60].

8.9 Conclusion

Central venous access device-related thrombosis (CRT) is an increasingly common
cause of venous thromboembolism. To reduce the risk of CRT, clinicians should
use CVADs only when necessary and minimize patient exposure to known risk
factors for thrombosis. Cancer patients are particularly high risk for thrombosis in
general and CRT in particular. Currently, there is no indication for routine anti-
coagulant thromboprophylaxis in patients with CVADs. Ultrasound remains the
preferred imaging modality for objective confirmation of CRT. Anticoagulation
without CVAD removal remains the preferred approach to treatment. CVAD
removal is appropriate when symptoms fail to resolve with anticoagulation or when
the device is no longer needed or catheter-related bacteremia is present. Throm-
bolysis should be reserved for patients at low risk for bleeding who have extensive,
limb-threatening thrombosis, or persistence of severe symptoms despite a trial of
anticoagulation. SVC filters are likely associated with more complications than
benefits and thus are not recommended.
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9.1 CIT—Definition, Current Treatment with Treatment
Complications

Chemotherapy-induced thrombocytopenia (CIT) is a frequent complication of
cancer therapy. While there is no standard definition of CIT, we use the term here to
specify thrombocytopenia (<100,000/mcL) that persists despite adequate recovery
time from prior chemotherapy nadir, in the context of recovery of white cells and
red cells. In addition to bleeding, CIT may result in delay or dose reduction in
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subsequent cycles of chemotherapy and reduced relative dose intensity (RDI;
delivered dose intensity/standard dose intensity) [1-3].

The only current standard management of CIT is support with platelet transfu-
sions. In 2001, an ASCO panel examined the literature regarding platelet transfu-
sions. The purpose of the panel was to determine whether or not a prophylactic
transfusion schedule or transfusion upon bleeding was safer and cost-efficient. The
ensuing guidelines from this panel propose that for patients with either solid tumors
or acute leukemia, a prophylactic approach be followed at platelet nadir of
10,000/mcL or less [4]. Subsequently, in 2015, the AABB reported a similar
strategy in accordance with the earlier ASCO panel [5].

In 2017, ASCO published updated guidelines. This update, which incorporated
the 2015 AABB recommendations, maintained that patients with CIT be transfused
prophylactically at a nadir of 10,000/mcL. This strategy holds true for patients with
both hematologic malignancies as well as solid tumor neoplasms. Nonetheless, one
of the key changes in the 2017 ASCO update was in adult patients undergoing
autologous stem cell transplants. In this patient population, clinicians may decide to
wait until the first sign of bleeding to transfuse platelets rather than prophylactically
transfuse at a predefined threshold [6].

Stanworth and colleagues, in the Trial of Prophylactic Platelets study (TOPPS)
conducted a randomized trial comparing different transfusion strategies in patients
with acute leukemia. This study randomized 600 patients with acute leukemia to
either receive prophylactic platelet transfusions once platelet counts reached below
10,000/mcL or observation. In the observation group, the use of platelet transfusions
was significantly lower; however, the risk of bleeding (using the WHO scale) was
higher. In the prophylaxis, cohort bleeding occurred in 43% of patients, whereas in
the no-prophylaxis group, 50% of patients bled (P = 0.06, CI 1.7-15.2) [7].

The use of prophylactic transfusions, while decreasing the morbidity and mor-
tality associated with hemorrhage, does have risks and complications. Platelets are
stored at room temperature and thus have a shelf-life of only five days. The ability
to maintain an adequate supply of platelet products requires significant resources,
especially in a cancer center where CIT is commonplace. Putting cost aside, there
are other risks associated with transfusion of platelets. Bacterial contamination of
platelets leading to infection or even sepsis is an uncommon but a real concern due
to storage at room temperature [8]. Patients can also develop allergic and/or febrile
reactions to platelet products. Finally, with frequent transfusions, patients run the
risk of alloimmunization, becoming refractory to ongoing platelet transfusion
support.

9.2 Causes of Thrombocytopenia in Cancer Patients

Chemotherapy is the major cause of thrombocytopenia in cancer patients. However,
there are other causes of thrombocytopenia in cancer patients as well. Myeloph-
thisis (marrow infiltration), infection, graft versus host disease, other drugs, and
liver dysfunction may also contribute to thrombocytopenia [9]. The liver is the
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primary source of thrombopoietin production [10]. Tumor invasion, underlying
liver disorders, and chemotherapy, together or independently, can have ill-effects on
the liver resulting in a decrease of thrombopoietin production. Both solid and
hematologic malignances can invade the bone marrow resulting in decreased pla-
telet production by limiting megakaryocyte growth and/or maturation. Hepatic
sinusoidal obstructive syndrome as well as splenic enlargement which have been
associated with adjuvant FOLFOX can contribute to resultant thrombocytopenia
often seen in patients with colorectal cancer [11]. Mitomycin-C, gemcitabine, and
oxaliplatin among others can cause a micro-angiopathic hemolytic anemia
(MAHA). Hemolysis from gemcitabine is typically dose-dependent, whereas
oxaliplatin can have an idiosyncratic effect [12, 13]. Fludarabine is well known in
some instances to cause an immune-mediated thrombocytopenia [14].

9.3 Complications of CIT: Bleeding, Dose Reductions,
Alloimmunization

Chemotherapy-induced thrombocytopenia, regardless of the cause, carries with it
several complications. In addition to the risk of bleeding, reduction in RDI is
common and may impact cancer control. One retrospective study of 609 patients
with both solid tumors and lymphoma illustrated the risk of bleeding with CIT,
defined here as <50,000/mcL. Patients were stratified according to tumor type.
Overall bleeding occurred in 9% of patients, and most bleeds were minor per the
WHO definition of grade 1 and 2 bleeding. In 8% of patients who developed CIT
(<50,000/mcL), there was a dose delay of at least seven days until the next treat-
ment cycle and 17% had at least a 20% reduction in their subsequent doses. Among
patients who did have bleeding associated with CIT 22% had dose delays or
reductions. Of particular interest was that in patients whose treatment was com-
plicated by a major bleeding episode survived on average 5.9 months versus
15 months in patients without major bleeding (P < 0.0001). This difference was
limited to the patient with disseminated disease [2].

What role does the reduction of chemotherapy dosing play? Nakayama and
colleagues evaluated RDI in patients with metastatic colorectal cancer [15]. The
overall response rates (ORR), disease control rates (DCR), and progression-free
survival (PFS) were shorter in patients with lower RDI. Patients treated with
fluorouracil and irinotecan (FOLFIRI) receiving full RDI (>80%) mean
progression-free survival were 9.9 months, compared with 5.6 months in patients
requiring reduced RDI (P < 0.01). There also was a marked improved overall
survival (OS) with full RDI versus reduced RDI (26.7 months vs. 12.9 months,
P =0.01). For patients treated with fluorouracil and oxaliplatin (mFOLFOX6),
there was a trend toward improved PFS as well with full versus reduced RDI
(8.5 months vs. 6.2 months, P = 0.06), but no impact on OS [15]. While there are a
number of factors that may impact RDI, CIT is a major cause, and this supports the
need to develop better strategies for the treatment of CIT.
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9.4 Background of Alternate Treatments to Transfusions

At present, the most common way for clinicians to manage CIT is with dose delays,
dose reductions, or platelet transfusions. Quantifying the frequency and severity of
these strategies is difficult given the variation among practitioners. For example, an
investigation of the consequences and treatment of CIT in two large clinical trials
using FOLFOX4 and FOLFIRI was presented at ESMO in 2017. All patients had
metastatic colorectal cancer either to the liver or another site. 37% of patients on
FOLFOX4 and 4% on FOLFIRI experienced CIT during a median of one-year
follow-up. In the FOLFOX4 cohort, dose delay, dose change, or both occurred at
81, 63, and 59%, respectively. For FOLFIRI, the numbers were lower at 72, 49, and
47% for dose delay, dose change, or both, respectively [16].

In addition to dose delay/reduction, practitioners often use platelet transfusions
as a way to treat CIT. However, the duration of the effect of platelet transfusions is
short and cannot prevent the severity of subsequent nadir. Further, frequent platelet
transfusions are fraught with complications. Because of these difficulties, alternative
CIT treatment strategies have been sought. One early attempt was the development
of recombinant human IL-11 (rhIL-11). rhIL-11 was studied in a randomized,
placebo-controlled study comparing two doses of rhIL-11 to placebo [17]. Patients
could have had either solid malignancies or non-Hodgkin’s lymphoma. Patients
who received rhIL-11 at 50 mcg/kg did have a significant (P < 0.05) decrease in
platelet transfusion requirements compared to placebo [17]. However, it should be
noted that platelet threshold at the time was <20,000/mcL, higher than the current
recommendations. Also, the side-effect profile of rhIL-11 was problematic,
including edema, headaches, tachycardia, and palpitations. Similar results were
published the following year in patients receiving dose-intense cyclophosphamide
with doxorubicin for breast cancer [17]. Patients were given rhIL-11 or placebo for
ten or seventeen days after their first two chemotherapy cycles. Results showed a
significant decrease (P = 0.04) in platelet transfusion requirement compared to
placebo. Adverse events were related to fluid retention and included dyspnea,
edema, and pleural effusions [17]. The FDA approved rhIL-11, however, due to the
adverse side-effect profile use of the medication did not enter standard practice.

9.5 Development of TPO Agents

In 1994, several groups reported the cloning of a megakaryocyte growth factor that
was a ligand for the c-Mpl receptor [18, 19]. Subsequently, two recombinant
thrombopoietin proteins were developed: recombinant human thrombopoietin
(rhTPO) and pegylated human recombinant megakaryocyte growth and develop-
ment factor (PEG-rHuMGDF) [20]. Unfortunately, clinical development of these
first-generation TPO growth factors was stopped after volunteers developed
auto-antibodies to endogenous TPO after exposure to PEG-rHuMDGEF [21]. Since
then, several second-generation thrombopoietin growth factors have been
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developed. These are TPO “mimetic” agents: both peptide and non-peptide forms
[20]. Two, in particular, romiplostim and eltrombopag, have been approved and
made their way into clinic use in a variety of settings, particularly immune
thrombocytopenia.

More recently, an additional oral TPO-receptor agonist, Avatrombopag, has
been shown to be effective in patients with chronic ITP [22]. Several abstracts at the
2017 ASH meeting showed the efficacy of avatrombopag in liver disease as well as
chronic ITP [23-25], and in 2018, it was approved for the treatment of thrombo-
cytopenia in adult patients with chronic liver disease who are scheduled to undergo
a procedure.

9.6 Recent Studies of TPO Agents in CIT

Currently, no TPO growth factor has been approved for CIT. Both eltrombopag and
romiplostim are currently under exploration for this indication. Investigation of
eltrombopag began in early 2010 in patients receiving chemotherapy for solid
tumors [26, 27]. In 2016, a small study was published evaluating eltrombopag
25 mg twice weekly in patients receiving cytotoxic chemotherapy. Indications for
chemotherapy varied and included both solid tumors and non-Hodgkin’s lymphoma
(DLBCL). Endpoints were to avoid platelet nadir <50,000/mcL, avoid platelet
transfusions, prevent bleeding, and reduce the number of chemotherapy dose
delay/reductions. Eltrombopag was begun once platelet counts fell below
80,000/mcL and was continued throughout treatment. Twenty-two patients were
enrolled; twenty-one responded to the planned dose. There were no
treatment-related toxicities. The primary endpoints were met with a mean platelet
nadir of 60,000/mcL [28].

Recently, a phase II placebo-controlled study was published looking at the use of
eltrombopag in solid tumor patients receiving gemcitabine-based chemotherapy.
Patients were randomized in 2:1 fashion either to eltrombopag 100 mg daily or
placebo starting on day —5 to —1 and then again on days 2—6 of each cycle. In this
study, patients could be either treatment naive or on a subsequent line of therapy.
The eligible platelet counts were as follows: (1) platelets < 150,000/mcL on days
—8 to —5 prior to starting the first cycle; (2) platelets < 150,000/mcL. on day 1;
(3) platelets < 100,000/mcL on day 8 of the preceding cycle in patients who have
already received treatment. Also of note is that patients were excluded if they had a
history of either arterial or venous thrombosis within the preceding 6 months. The
primary endpoint was the average day 1 platelet count across six cycles [29].

Seventy-five patients were enrolled. 64% of the eltrombopag-treated patients
withdrew from the study for both adverse events as well as at the investigator’s
discretion. Ultimately, 11 patients on gemcitabine monotherapy arm and eight in
the combination chemotherapy arm completed the study. Patients in the eltrom-
bopag groups had fewer dose delays, dose reductions, or missed doses (combina-
tion 77 vs. 91%; monotherapy 62 vs. 83%). The most common adverse event in the
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eltrombopag arms was hepatobiliary toxicity. While an encouraging trend, the small
numbers and a high number of patients withdrawing from the study limits con-
clusions [29].

Chawla et al. looked at eltrombopag in patients with soft tissue sarcomas
receiving Ifosfamide/doxorubicin (AI) chemotherapy. Historically, this regimen is
associated with a 63% incidence of grade 3/4 thrombocytopenia [30]. This was a
phase I dose escalation investigation. Patients were started on eltrombopag 75 mg
either 5 days prior (—5) to the start of their second cycle of Al with continuation for
5 days after (+5) or days 5-14 after Al. Escalation was safely executed up to the
150 mg dose without significant adverse events. Unfortunately, due to slow
recruitment, the study was closed early so definite conclusions are limited. How-
ever, the use of eltrombopag with Al in soft tissue sarcomas appears to be safe and
well tolerated [31].

Studies looking at the use of romiplostim for CIT are promising. A cohort of 20
patients with solid tumors and dose-limiting CIT, treated with romiplostim, was
published in Supportive Care in Cancer [32]. Weekly dosing of romiplostim was
started at 1-2 mcg/kg and titrated up until recovery (>100,000/mcL). All patients
had an improvement in their platelet counts and 19 of the 20 corrected their platelet
counts to >100,000/mcL within 2 weeks for romiplostim treatment. Romiplostim
was well tolerated with very few adverse events. Three patients developed deep
vein thrombosis, consistent with what is expected of patients in this population [33].

To further investigate the efficacy and safety of romiplostim for CIT, our group
at Memorial Sloan Kettering began a Quality Assessment/Improvement Initiative.
The purpose of this project was to analyze the patients at MSKCC who received
romiplostim off-label and off-study for CIT and evaluate the efficacy and rates of
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thrombosis. We identified 239 patients from 2010 to 2017. The majority of the
patients had solid tumors. However, the analysis did include patients with myeloma
as well as lymphoid malignancies. The mean platelet counts doubled by day 14 in
subjects with both solid and hematologic malignancies (Fig. 9.1) [34].

The safety analysis of the Quality Assessment Initiative focused on assessing the
risk of venous thrombosis in patients receiving romiplostim. There were a total of
15 venous thrombotic events. This translates into 11.6% venous thrombotic events
per patient-year; well within the expected rate of VTE in cancer patients [33].

A recent retrospective case series by Al-Samkari and colleagues also suggests
that the use of romiplostim for chemotherapy-induced thrombocytopenia (CIT) can
reduce dose reductions/delays in chemotherapy [35]. In this retrospective case
series, romiplostim treatment of CIT led to a significant reduction in both
chemotherapy dose delays and dose reductions. The median dose of romiplostim
was 3 mcg/kg (range 1-10). Also encouraging was that there were no thrombotic
events observed [35]. Whether or not such improvements in chemotherapy delivery
will translate into improved overall survival is yet to be determined. As mentioned
earlier, past studies suggest preservation of chemotherapy relative dose intensity
results in better outcomes [15, 36]. However, more data and randomized
prospective studies are needed to establish such conclusions.

A prospective, randomized study of romiplostim treatment for CIT in solid
tumor patients has been completed and was presented at the American Society of
Hematology in 2017 [37]. This was a phase II open-label study in solid tumor
patients with a platelet count of <100,000/mcL. Initially, patients were randomized
in a 2:1 ratio to romiplostim or observation. However, after an interim analysis
revealed a significant benefit of romiplostim (P = 0.0002), with IRB approval, the
observation arm was discontinued. Primary endpoint was correction of platelet
counts to >100,000/mcL within 3 weeks [37].

At the time of presentation, 40 patients were enrolled of which the majority had
gastrointestinal malignancies. Thirty-two received romiplostim upfront. 84% met
the primary endpoint reaching a platelet count of >100,000/mcL within three
weeks. Romiplostim treatment was superior to observation control in correcting
thrombocytopenia within 3 weeks (84% vs. 12.5%, p = 0.0002), and allowing for
the resumption of chemotherapy. The mean effective dose was 2.5 mcg/kg (range
1.8-4.1). Most importantly, 25 patients were able to resume their chemotherapy
after correction of their platelet counts. Only one patient had a recurrence of their
CIT [37].

The secondary safety endpoints of the study were also favorable. There was no
evidence of myelofibrosis in any of the patients in the study. Four patients (12.5%)
had venous thrombotic events (two with pulmonary emboli and two with deep vein
thrombosis), which is within the expected range for this high-risk population [33].
The final report of this study has been submitted for publication. Romiplostim
treatment of CIT appears to be safe in cancer patients when used to treat CIT, with
no evidence of increased thrombotic risk [34, 35, 37]. Cancer itself, as well as
ongoing chemotherapy, predispose to thrombosis. However, in this new case series
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Table 9.1 Analysis from phase II study of romiplostim versus observation control for
chemotherapy-induced thrombocytopenia [37]

A: Primary endpoint (ITT): Interim analysis

>100,000/mcL. Failed to correct Total

within 3 weeks within 3 weeks
Romiplostim (randomized phase) 14 (93%)** 1 15
Observation 1 (12.5%)** 7 8

**P = 0.0002 by Fisher’s exact test

B: Primary endpoint: Romiplostim single-arm phase, and all romiplostim-treated patients

>100,000/mcL. Failed to correct Total

within 3 weeks within 3 weeks
Romiplostim (single-arm phase) 30 (81%) 7 37
Romiplostim (all patients) 44 (85%) 8 52
Tal_)le 9.2. TreaFment of Day 0 Day 7 Day 14 Day 21
fy“‘;;?ﬁidwigzﬁzﬁgntcﬂor " Solid tumor 63 95 130 124
(lymphoma or myeloma) with (n = 183) &) |[&8) |(F14) |[(£13)
romiplostim resulted in a Lymphoid malignancies® 35 60 88 75
greater than doubling of mean (7 = 24) (£12) | (£27) (£53)  (£32)
platelet counts by day 14. Platelet count x 10%/L; + margin is 95% confidence interval
From [34] “Lymphoma/myeloma: The analysis of hematologic malignancies

does not include leukemia, MDS, or BMT patients

as well as past studies, the rate of thrombosis in patients treated with romiplostim
does not exceed the anticipated rate (Table 9.1).

In summary, the use of TPO-stimulating agents to treat CIT is promising and
may provide a way for patients to receive potentially life-saving chemotherapy.
Both eltrombopag and romiplostim have been studied and appear effective.
Eltrombopag has the advantage of oral administration. However, dietary and
medication interactions as well as a box warning for risk of hepatotoxicity limit use
[38]. It is also worth noting that in the recent clinical trial of eltrombopag for CIT,
almost two-thirds of the patients were withdrawn from the study [29]. Romiplostim,
administered as a subcutaneous injection, has minimal adverse events and
drug-drug interactions [39]. The efficacy and safety of romiplostim in CIT have
been demonstrated in several case series, as well as one recent randomized phase 11
trial.

It is yet to be determined if successful treatment of CIT with a TPO-receptor
agonist will translate into improved cancer outcomes. Whether or not use of TPO
agents to lessen dose reductions and dose delays of therapy will translate into
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improved overall survival or progression free survival is ultimately what matters
most to our patients (Table 9.2).

9.7 Management of Anticoagulation in the Setting of CIT

Clinicians caring for cancer patients are often faced with the dilemma of managing
anticoagulation in the setting of thrombocytopenia. Although there was little data to
base guidelines, in 2009, Lee suggested a reasonable strategy of anticoagulation
dose modification in the setting of chemotherapy-induced thrombocytopenia [40].
Based on the article, in 2010, Memorial Sloan Kettering Cancer Center the following
guideline: Administer full-dose enoxaparin for a platelet count >50,000/mcL,
half-dose enoxaparin for a platelet count between 25,000 and 50,000/mcL, and no
anticoagulation in patients whose platelet count is <25,000/mcL.

Subsequently, this approach was validated in a Quality Assessment Initiative
(QAI), the results from which were published in 2017 [41]. At MSKCC, 99 patients
(140 episodes) experienced thrombocytopenia (<50,000/mcL) lasting >7 days
while on therapeutic enoxaparin prior to their platelet nadir. The key findings from
this QAI were that there were no episodes of major bleeds among the patients who
had their anticoagulation adjusted per the MSKCC guidelines. Equally important
was that there were no recurrent VTEs during the 140 episodes of thrombocy-
topenia and dose-reduced enoxaparin. This provides assurance for clinicians
regarding the safety and efficacy of reduced dose anticoagulation in patients with
thrombocytopenia [41, 42].

The National Comprehensive Cancer Network (NCCN) has now incorporated
this dosing strategy into the current Cancer-Associated Venous Thromboembolic
Disease guidelines [43]. The updated International Society of Thrombosis and
Hemostasis (ISTH) guidelines regarding management of anticoagulation among
patients with thrombocytopenia due to cancer or cancer treatment are similar [44].
However, the ISTH recommends full-dose anticoagulation with platelet transfu-
sions to a goal of >40,000/mcL in cancer patients with an acute cancer-associated
thrombus and a high risk of thrombus progression [44, 45].

References

1. Denduluri N, Patt DA, Wang Y, Bhor M, Li X, Favret AM et al (2015) Dose delays, dose
reductions, and relative dose intensity in patients with cancer who received adjuvant or
neoadjuvant chemotherapy in community oncology practices. J Natl Compr Canc Netw 13
(11):1383-1393

2. Elting LS, Rubenstein EB, Martin CG, Kurtin D, Rodriguez S, Laiho E et al (2001) Incidence,
cost, and outcomes of bleeding and chemotherapy dose modification among solid tumor
patients with chemotherapy-induced thrombocytopenia. J Clin Oncol 19(4):1137-1146



148 J. V. Mones and G. Soff

3. Lyman GH, Dale DC, Crawford J (2003) Incidence and predictors of low dose-intensity in
adjuvant breast cancer chemotherapy: a nationwide study of community practices. J Clin
Oncol 21(24):4524-4531

4. Schiffer CA, Anderson KC, Bennett CL, Bernstein S, Elting LS, Goldsmith M et al (2001)
Platelet transfusion for patients with cancer: clinical practice guidelines of the American
Society of Clinical Oncology. J Clin Oncol 19(5):1519-1538

5. Kaufman RM, Djulbegovic B, Gernsheimer T, Kleinman S, Tinmouth AT, Capocelli KE et al
(2015) Platelet transfusion: a clinical practice guideline from the AABB. Ann Intern Med 162
(3):205-213

6. Schiffer CA, Bohlke K, Delaney M, Hume H, Magdalinski AJ, McCullough JJ et al (2018)
Platelet transfusion for patients with cancer: American Society of Clinical Oncology Clinical
practice guideline update. J Clin Oncol 36(3):283-299

7. Stanworth SJ, Estcourt LJ, Powter G, Kahan BC, Dyer C, Choo L et al (2013) A
no-prophylaxis platelet-transfusion strategy for hematologic cancers. N Engl J Med 368
(19):1771-1780

8. Stramer SL (2007) Current risks of transfusion-transmitted agents: a review. Arch Pathol Lab
Med 131(5):702-707

9. Mantha S, Miao Y, Wills J, Parameswaran R, Soff GA (2017) Enoxaparin dose reduction for
thrombocytopenia in patients with cancer: a quality assessment study. J] Thromb Thrombol-
ysis 43(4):514-518

10. de Sauvage FJ, Hass PE, Spencer SD, Malloy BE, Gurney AL, Spencer SA et al (1994)
Stimulation of megakaryocytopoiesis and thrombopoiesis by the c-Mpl ligand. Nature 369
(6481):533-538

11. Politano S, Pathak P, Hoff PM, Charnsangavej C, Overman MJ, Loyer E et al (2008) The use
of 5-fluorouracil and oxaliplatin (FOLFOX) for colorectal cancer is associated with the
development of splenomegaly and thrombocytopenia. J Clin Oncol 26(15_suppl):4102

12. Al-Nouri ZL, Reese JA, Terrell DR, Vesely SK, George JN (2015) Drug-induced thrombotic
microangiopathy: a systematic review of published reports. Blood 125(4):616-618

13. Glezerman I, Kris MG, Miller V, Seshan S, Flombaum CD (2009) Gemcitabine nephrotox-
icity and hemolytic uremic syndrome: report of 29 cases from a single institution. Clin
Nephrol 71(2):130-139

14. Hegde UP, Wilson WH, White T, Cheson BD (2002) Rituximab treatment of refractory
fludarabine-associated immune thrombocytopenia in chronic lymphocytic leukemia. Blood
100(6):2260-2262

15. Nakayama G, Tanaka C, Uehara K, Mashita N, Hayashi N, Kobayashi D et al (2014) The
impact of dose/time modification in irinotecan- and oxaliplatin-based chemotherapies on
outcomes in metastatic colorectal cancer. Cancer Chemother Pharmacol 73(4):847-855

16. Cetin K, Toler A, Eisen M, Soff GA (2017) Chemotherapy-induced thrombocytopenia
(CIT) in metastatic colorectal cancer (mCRC) patients. Ann Oncol 28(suppl. 5):596

17. Tepler I, Elias L, Smith JW 2nd, Hussein M, Rosen G, Chang AY et al (1996) A randomized
placebo-controlled trial of recombinant human interleukin-11 in cancer patients with severe
thrombocytopenia due to chemotherapy. Blood 87(9):3607-3614

18. Bartley TD, Bogenberger J, Hunt P, Li YS, Lu HS, Martin F et al (1994) Identification and
cloning of a megakaryocyte growth and development factor that is a ligand for the cytokine
receptor Mpl. Cell 77(7):1117-1124

19. Lok S, Kaushansky K, Holly RD, Kuijper JL, Lofton-Day CE, Oort PJ et al (1994) Cloning
and expression of murine thrombopoietin cDNA and stimulation of platelet production
in vivo. Nature 369(6481):565-568

20. Kuter DJ (2007) New thrombopoietic growth factors. Blood 109(11):4607-4616

21. Basser RL, O’Flaherty E, Green M, Edmonds M, Nichol J, Menchaca DM et al (2002)
Development of pancytopenia with neutralizing antibodies to thrombopoietin after multicycle



9 Management of Thrombocytopenia in Cancer Patients 149

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

chemotherapy supported by megakaryocyte growth and development factor. Blood 99
(7):2599-2602

Bussel JB, Kuter DJ, Aledort LM, Kessler CM, Cuker A, Pendergrass KB et al (2014) A
randomized trial of avatrombopag, an investigational thrombopoietin-receptor agonist, in
persistent and chronic immune thrombocytopenia. Blood 123(25):3887-3894

Frelinger AL, Smolensky Koganov E, Forde EE, Carmichael SL, Michelson AD (2017)
Avatrombopag, a novel thrombopoietin receptor agonist, increases platelet counts without
increasing platelet activation in patients with thrombocytopenia due to chronic liver disease.
Blood 130(Suppl 1):290

Jurczak W, Chojnowski K, Mayer J, Krawczyk K, Bibbiani F (2017) Avatrombopag, a novel
oral thrombopoietin receptor agonist, demonstrates superiority to placebo for the treatment of
chronic immune thrombocytopenic purpura in a phase 3, multicenter, randomized,
double-blind, placebo-controlled trial. Blood 130(Suppl 1):17

Terrault N, Kuter DJ, Izumi N, Kayali Z, Mitrut P, Tak WY et al (2017) Superiority of
Avatrombopag to placebo in increasing platelet counts in patients with chronic liver
disease-associated thrombocytopenia undergoing scheduled procedures: results from 2, phase
3 randomized studies. Blood 130(Suppl 1):18

Hayes S, Mudd PN Jr, Ouellet D, Johnson BM, Williams D, Gibiansky E (2013) Population
PK/PD modeling of eltrombopag in subjects with advanced solid tumors with
chemotherapy-induced thrombocytopenia. Cancer Chemother Pharmacol 71(6):1507-1520
Kellum A, Jagiello-Gruszfeld A, Bondarenko IN, Patwardhan R, Messam C, Mostafa
Kamel Y (2010) A randomized, double-blind, placebo-controlled, dose ranging study to
assess the efficacy and safety of eltrombopag in patients receiving carboplatin/paclitaxel for
advanced solid tumors. Curr Med Res Opin 26(10):2339-2346

Tuliano F, Iuliano E, Perricelli A, Santoro MA, Pomillo A, Luci M et al (2016) Low doses of
eltrombopag are safe and effective in the prophylaxis of the chemotherapy-induced
thrombocytopenia (CIT). Blood 128(22):4926

Winer ES, Safran H, Karaszewska B, Bauer S, Khan D, Doerfel S et al (2017) Eltrombopag
for thrombocytopenia in patients with advanced solid tumors receiving gemcitabine-based
chemotherapy: a randomized, placebo-controlled phase 2 study. Int J Hematol 106(6):765—
776

Worden FP, Taylor JM, Biermann JS, Sondak VK, Leu KM, Chugh R et al (2005)
Randomized phase II evaluation of 6 g/m? of ifosfamide plus doxorubicin and granulocyte
colony-stimulating factor (G-CSF) compared with 12 g/m2 of ifosfamide plus doxorubicin
and G-CSF in the treatment of poor-prognosis soft tissue sarcoma. J Clin Oncol 23(1):105-
112

Chawla SP, Staddon A, Hendifar A, Messam CA, Patwardhan R, Kamel YM (2013) Results
of a phase I dose escalation study of eltrombopag in patients with advanced soft tissue
sarcoma receiving doxorubicin and ifosfamide. BMC Cancer 13:121

Parameswaran R, Lunning M, Mantha S, Devlin S, Hamilton A, Schwartz G et al (2014)
Romiplostim for management of chemotherapy-induced thrombocytopenia. Support Care
Cancer 22(5):1217-1222

Khorana AA, Dalal M, Lin J, Connolly GC (2013) Incidence and predictors of venous
thromboembolism (VTE) among ambulatory high-risk cancer patients undergoing chemother-
apy in the United States. Cancer 119(3):648-655

Li V], Miao Y, Wilkins C, Soff GA (2017) Efficacy and thrombotic adverse events of
romiplostim use in patients with thrombocytopenia related to underlying malignancies. Blood
130(Suppl 1):2324

Al-Samkari H, Marshall AL, Goodarzi K, Kuter DJ (2018) The use of romiplostim in treating
chemotherapy-induced thrombocytopenia in patients with solid tumors. Haematologica 103
(4):e169-172



150 J. V. Mones and G. Soff

36. Moskowitz CH, Hamlin PA, Gabrilove J, Bertino JR, Portlock CS, Straus DJ et al (2007)
Maintaining the dose intensity of ICE chemotherapy with a thrombopoietic agent,
PEG-rHUMGDF, may confer a survival advantage in relapsed and refractory aggressive
non-Hodgkin lymphoma. Ann Oncol 18(11):1842-1850

37. Soff GA, Miao Y, Devlin SM, Mantha S, Mones JV, Li VJ et al (2017) Romiplostim for
chemotherapy-induced thrombocytopenia (CIT). Results of a phase 2 trial. Blood 130(Suppl
1):289

38. Information PeP. https://www.pharma.us.novartis.com/sites/www.pharma.us.novartis.com/
files/promacta.pdf

39. Information NrP. https://pi.amgen.com/~ /media/amgen/repositorysites/pi-amgen-com/nplate/
nplate_pi_hcp_english.pdf

40. Mantha S, Miao Y, Wills J, Parameswaran R, Soff GA (2017) Enoxaparin dose reduction for
thrombocytopenia in patients with cancer: a quality assessment study. J] Thromb Thrombol-
ysis 43:514-518

41. Lee Agnes YY (2009) Anticoagulation in the treatment of established venous thromboem-
bolism in patients with Cancer. J Clinic Oncol 27(29):4895-4901. https://doi.org/10.1200/
JCO.2009.22.3958

42. Mantha S, Gupta D, Salmane C, Khaddr M, Soff GA, Steingart R (2018) Anticoagulation in
the patient with cancer. In: Lau JF, Barnes GD, Streiff MB (eds) Anticoagulation therapy.
Springer International Publishing, Cham, pp 425-440

43. NCCN Guidelines Version 1.2019 Cancer-Associated Venous Thromboembolic Disease
February 28, 2019. https://www.nccn.org/professionals/physician_gls/pdf/vte.pdf

44. Samuelson Bannow BT, Lee A, Khorana AA, Zwicker JI, Noble S, Ay C, Carrier M (2018)
Management of cancer-associated thrombosis in patients with thrombocytopenia: guidance
from the SSC of the ISTH. J Thrombosis Haemost 16:1246-1249

45. Samuelson Bannow BR, Lee AYY, Khorana AA, Zwicker JI, Noble S, Ay C et al (2018)
Management of anticoagulation for cancer-associated thrombosis in patients with thrombo-
cytopenia: a systematic review. Res Pract Thrombosis Haemost 2(4):664—-669


https://www.pharma.us.novartis.com/sites/www.pharma.us.novartis.com/files/promacta.pdf
https://www.pharma.us.novartis.com/sites/www.pharma.us.novartis.com/files/promacta.pdf
https://pi.amgen.com/%7e/media/amgen/repositorysites/pi-amgen-com/nplate/nplate_pi_hcp_english.pdf
https://pi.amgen.com/%7e/media/amgen/repositorysites/pi-amgen-com/nplate/nplate_pi_hcp_english.pdf
https://doi.org/10.1200/JCO.2009.22.3958
https://doi.org/10.1200/JCO.2009.22.3958
https://www.nccn.org/professionals/physician_gls/pdf/vte.pdf

®

Check for
updates

Microangiopathy in Cancer: Causes, 1 0

Consequences, and Management

Mari R. Thomas and Marie Scully

Contents

10.1 Differential Diagnosis of TIMA ............ccccoiiiiiiiiieeee e 152
10.2 INVESEIZALION .....c.oviiiiiiiciic ettt 155
10.3 Treatment

REFEIEIICES ...ttt sb ettt

Thrombotic microangiopathy (TMA) is a syndrome defined clinically by frag-
mentation haemolysis/microangiopathic haemolytic anaemia (MAHA) and throm-
bocytopenia (MAHAT). There is red cell fragmentation on the blood film and a
reduced platelet count. Additional evidence of haemolysis includes elevated lactate
dehydrogenase (LDH), reticulocytosis, low/absent haptoglobin, and often raised
unconjugated bilirubin. Clinical symptoms and signs can be variable and will
depend in part on the underlying diagnosis [20]. Histologically, there is systemic
thrombus formation affecting small or larger vessels, with thrombi varying in their
constituents depending on the underlying cause of the TMA.
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10.1 Differential Diagnosis of TMA

TMA in cancer patients may be directly related to the underlying malignancy (either
the initial presentation or with progressive disease), to treatment of the cancer, or
it may be a separate incidental diagnosis. It is vital to differentiate thrombotic
thrombocytopenic purpura (TTP) and atypical haemolytic uraemic syndrome
(aHUS) in patients presenting with MAHAT as quickly as possible, as they have
different treatment strategies, and prompt initiation of treatment has a critical impact
on the outcome.

TTP is caused by severe ADAMTSI13 deficiency, leading to persistence of
highly haemostatically reactive ultra-large VWF multimers resulting in VWF-
platelet microthrombi formation. Presenting features are diverse and related to
organ dysfunction, with neurological and cardiac involvement being common. The
majority of TTP cases are immune-mediated (iTTP), although a congenital form of
the condition may be seen due to biallelic mutations in the ADAMTS13 gene.

Shiga toxin-induced HUS (STEC-HUS) is caused by enteric infection with
Shiga toxin-secreting bacteria such as E. coli 0157. It is more frequently seen in
children with a prodrome of abdominal pain and classically bloody diarrhoea.
Complement-mediated HUS (CM-HUS, also described as atypical HUS, aHUS) is
an extremely rare but increasing appreciated cause of a TMA which is important to
recognise because of its response to complement inhibition.

Cancer TMA: TMA may be the presenting feature of an underlying cancer or
seen in end-stage metastatic disease. Cancer can cause MAHAT by systemic
microvascular metastases, as microvascular obstruction by tumour cells causes red
cell fragmentation and platelet consumption in the tumour emboli. MAHAT can
also be due to extensive bone marrow involvement with cancer or secondary
necrosis [14]. The majority of cases are solid tumours, but haematological cancers
such as lymphoma make up approximately 8% of all cases [10]. Gastric, lung,
breast, and prostate cancers, primarily adenocarcinoma, are the most likely diag-
noses. Cancer-associated TMA is more likely to have bone pain at presentation than
TTP and have an inadequate response to PEX [3].

Respiratory symptoms (which are rare in TTP) have been associated with over
70% of cases of cancer-associated TMA in one series [2] with an increase in
disseminated intravascular coagulation (DIC). Abnormal liver function tests and
moderate to severe renal impairment are also more common in cancer-associated
TMA [14]. Review of the blood film and an early bone marrow biopsy may help
expedite the underlying cancer diagnosis [8].

Disseminated intravascular coagulation (DIC) is a clinicopathological syn-
drome that can be precipitated in oncology patients by sepsis or driven by the
cancer itself. Certain tumours are more prone to provoking DIC, particularly ade-
nocarcinomas of the gastrointestinal tract (frequently signet ring cell type), pan-
creas, lung, breast, or prostate. Mucinous tumours can secrete enzymes capable of
activating coagulation factor X [14]. DIC occurs in most patients with acute
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promyelocytic leukaemia, caused by the release of procoagulants by abnormal
promyelocytes [21].

Thrombocytopenia is the first and most sensitive sign of DIC present in >90% of
cases, and 50% of cases have platelet levels <50 x 10°/L. The falling platelet count
is associated with increased thrombin formation and fibrinolytic activity, resulting
in raised D-dimers. There is variability in the coagulation screen (PT (prothrombin
time) and/or APTT (activated partial thromboplastin time)), which is prolonged in
60-70% cases, but can be normal or indeed shortened. Fibrinogen may be reduced
but is not commonly below the normal laboratory range unless very severe DIC. It
is the sequential changes in these laboratory parameters that is more helpful in
confirming a diagnosis of DIC. Use of scoring systems improves diagnostic
accuracy, with the ISTH scoring system for DIC being >90% sensitive and specific,
and associated with increased mortality [11].

Drugs and TMA are a rare but important cause of TMA and may cause TMA
either by dose-dependent toxicity or immune-mediated reaction after the develop-
ment of drug-dependent antibodies [1]. In the majority of cases, the clinical pre-
sentation involves primarily a renal component in conjunction with MAHAT.
A drug-dependent antibody should be considered if symptoms are sudden and
recurrent with repeated administration of a drug. However, if there is slow pro-
gressive kidney injury with a TMA, then dose-dependent toxicity may be more
likely [14].

Chemotherapeutic agents which have been associated with TMA include gem-
citabine, which causes dose-dependent, predominantly renal, endothelial damage,
and oxaliplatin where drug-dependent antibodies against red cells and platelets
occur. Proteasome inhibitor-associated thrombotic microangiopathy is increasingly
recognised. One recent case series describes 11 patients who developed TMA while
being treated with bortezomib or carfilzomib at a median of 21 days (5 days—
17 months) after starting the drug in myeloma therapy. Nine had a resolution of
TMA after the withdrawal of proteasome inhibitor (PI); two had stabilisation of
laboratory values but persistent haemolysis despite medication withdrawal, and one
patient had a recurrence of TMA with rechallenge of PI [26]. A list of drugs which
have been associated with TMA with potential mechanisms and therapy is given in
Table 10.1.

Transplant-associated TMA (TA-TMA) may affect either solid organ or
HSCT patients. TA-TMA remains a difficult complication to address due to its high
mortality rate, lack of standard diagnostic criteria, and limited therapeutic options
[9]. The underlying pathology is complex with multiple contributing factors that
converge on a final pathway involving widespread endothelial injury and com-
plement activation. Risk factors leading to endothelial damage include underlying
conditioning therapy, HLA-mismatched transplants, and calcineurin inhibitors used
to prevent rejection. It is important to consider additional underlying infections such
as adenovirus, with nearly 50% of patients at post-mortem having evidence of
viraemia. Mortality is significant, and poor prognostic factors include proteinuria,
raised LDH, and hypertension [5].
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Table 10.1 Drugs associated with thrombotic microangiopathy

Drug
Ticlopidine

Gemcitabine

Platinum-based drugs, e.g.
oxaliplatin
Mitomycin C

VEGEF inhibitors, e.g.
bevacizumab and aflibercept

Proteasome inhibitors, e.g.
bortezomib and carfilzomib
Pentostatin

EGFR inhibitor cetuximab

IFN-B

Calcineurin inhibitors, e.g.
ciclosporin and tacrolimus

Quinine

Oxymorphone hydrochloride
(Opana ER)

Emicizumab (in conjunction with

bypassing agents)

Oestrogen-containing drugs, e.g.

CcoC
Adapted from [19]

Possible pathogenesis and treatment

Specific to ticlopidine, and not other thienopyridines
Anti-ADAMTS13 antibodies present
Respond to PEX

Dose-dependent endothelial damage, predominantly
glomerular arterioles/capillaries

May respond to complement inhibition
Oxaliplatin-dependent antibodies against erythrocytes and
platelets

Dose-dependent toxicity, cumulative renal damage with
microthrombi in glomerular capillaries and arterioles

Dose-dependent toxicity

Microthrombi limited to glomerular capillaries.
Hypertension

Renal impairment and hypertension with TMA
Favourable response to stopping culprit drug

Dose-dependent toxicity-mediated TMA at excessive
doses

Renal TMA, clinically nephrotic syndrome
Resolved 2 months after stopping drug

Dose-dependent toxicity with endothelial hyperplasia,
luminal occlusion and microaneurysm formation
May occur years after drug initiation

Variable recovery

Primarily affect glomerular arterioles
Reducing the dose/stopping the drug can improve/reverse
the TMA

Idiosyncratic. Antibodies against platelets, leucocytes,
erythrocytes and endothelial cells. Endothelial cell
damage

role of PEX

IV abuse leads to renal TMA with cardiac and retinal
ischemia

Pathogenesis unknown ?XS thrombin generation leading
to endothelial damage

Stop drug, symptomatic management

PEX used ?role

Drug has been reintroduced on a resolution

Precipitation of congenital TTP and association with
immune TTP

Infections may present as a TMA. HIV can present with TTP with severe
ADAMTSI13 deficiency with immune-mediated pathogenesis. Many other infec-
tions may present with a TMA picture such as CMV, dengue, or even tuberculosis,
and differential diagnosis requires a careful history, microbiological and virology
assessment. Other infections such as influenza may be associated with the precip-
itation of iTTP or CM-HUS [19].
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Patient with MAHA and thrombocytopenia

Investigations
FBC, reticulocytes, blood film, haptoglobin, DAT
Biochemistry - UE, LFT, LDH, troponin, C3/C4
Clotting screen- PT, APTT, fibrinogen. D Dimers
Virology — hepatitis A/B/C, HIV,
STEC serology/PCR from stool
Al screen — ANA/dsDNA, ENA, RF, aPL

Pregnancy test

Initiate PEX until

ADAMTS13 activity
known

unless diagnosis clear

Urine dipstick
Drug history
CT chest /abdo / pelvis

Bone marrow aspirate & trephine

Other causes
TP DIC Cancer TMA Drugs Post transplant TMA HUS i |
nfection — viral,
A13 activity Coagulopathy | Often Z“’P culprit Do not PEX STEC-HUS bacterial
o rug Alter -
<10% Treat cause adenoCa or ) »
Do not PEX immunosuppression Supportive Vit B12 deficiency
PEX -sepsis metastases management
d Do not PEX 2eculizumab Treat infection & GVHD Malignant
Steroids -cancer for Control BP hypertension
Anti CD20 Supportive Rx | Treat cancer gemcitabine ' CM-HUS Autoimmune eg SLE
?eculizumab/ novel Initial PEX
Do not PEX agents nitia Treat cause
Eculizumab

Fig. 10.1 Investigation and management of TMA in cancer patients

Other causes of TMA: An uncommon but highly treatable cause of a TMA
picture is severe vitamin B12 deficiency. The presentation may appear identical to
TTP, and PEX has even been initiated in some cases [25]. Other differential
diagnoses to consider include malignant hypertension and autoimmune conditions
such as lupus nephritis and vasculitides.

10.2 Investigation

Laboratory tests should be performed to confirm haemolysis and help to elucidate
the underlying cause or precipitating factors (Fig. 10.1). The initial definition of a
TMA remains a clinical one. However, the increasing availability of commercial
ADAMTS13 assays means that confirmation/exclusion of the underlying diagnosis
can occur in real time. ADAMTS13 activity levels <10% are in keeping with TTP,
while ADAMTS13 activity levels between 10 and 20% require exclusion of
anti-ADAMTS13 antibodies.

ADAMTSI3 activity levels are typically within the middle or normal range in
HUS [4]. Any reduction in ADAMTSI13 levels in HUS is likely to be the result of
consumption of ADAMTSI13 due to raised VWF levels. A severe reduction in
ADAMTSI13 can be documented in severe sepsis-associated DIC, with increased
UL VWF multimers, and related to the risk of renal failure [15]. ADAMTSI13 is
synthesised in the liver; therefore, any degree of liver failure may also lead to low
ADAMTSI13 activity. The differential between cancer-associated TMA,
chemotherapy-associated TMA, and atypical HUS can be challenging, as all are
diagnoses of exclusion and none are associated with severe ADAMTS13 deficiency.
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10.3 Treatment

The initial treatment for TMAs is plasma exchange (PEX). This should be under-
taken as soon as the diagnosis is considered, as TTP is a life-threatening disorder.
The benefit of PEX in TTP has been confirmed in a randomised study [18], and
PEX should be continued to remission in TTP patients. However, in other differ-
ential diagnoses, need for ongoing PEX will depend on response and the results of
further laboratory investigations (Fig. 10.1).

The use of plasma exchange is not without risks, for example, central line
insertion, infection, citrate toxicity, and reactions to plasma [24]. However, many of
the investigations to identify the cause of the TMA should be available within 24—
48 h from admission, and PEX can be stopped if another diagnosis is suggested for
which PEX has no benefit. If TTP is confirmed by severe reduction in ADAMTS13
activity, further immunosuppressive therapy with steroids and anti-CD20 mono-
clonal antibody therapy are required.

Diagnosis of a cancer TMA is important as there is no beneficial role for PEX,
steroids, or other immunosuppression used in TTP. The use of platelet transfusions
for severe thrombocytopenia (normally withheld in TTP because of risk of wors-
ening microthrombotic complications) would be appropriate in cancer TMA, fol-
lowing usual platelet transfusion thresholds. Treatment for anti-tumour therapy has
been associated with improved survival in cancer TMA [10], but many patients
have an extremely poor prognosis [14].

In evaluating patients with suspected TMA, chemotherapeutic agents and other
drugs should be considered as a potential aetiology, and any potential culprit drug
discontinued promptly. There is a very limited role for plasma exchange in
drug-induced TMA as only a small proportion of cases (associated with ticlopidine)
are associated with anti-ADAMTS13 antibodies. There are emerging case reports of
complement inhibition [13, 23] and even anti-CD20 therapy being used to treat
gemcitabine-induced TMA [17], but further data is required before any recom-
mendation about these therapies can be made.

PEX is not of benefit in transplant-associated TMA (TA-TMA), and current
first-line management includes discontinuation or alteration of the immunosup-
pressive regimen, treatment of coexisting infections and GVHD, aggressive
hypertension control and supportive therapy. More recently, since an inherited or
acquired defect in complement involved with endothelial damage [7] has been
suggested, the use of complement inhibition with eculizumab has been described
[6] as well as newer agents that target nitric oxide pathways [9].

Treatment of STEC-HUS is supportive. CM-HUS is initially a diagnosis of
exclusion but is confirmed by finding mutations affecting the regulation of the
alternative pathway of complement (present in about two-thirds of cases) [22]. The
role of PEX in aHUS has, overall, not been confirmed as demonstrating a benefit.
However, PEX at acute presentation is associated with an improvement in
haematology parameters and often stabilisation of renal impairment [16]. Definitive
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treatment of CM-HUS is with complement inhibition and, the earlier therapy is
initiated, the better the renal outcome [12].

Management of other causes of TMA centres around treating the underlying
condition, e.g. vitamin B12 injections for deficiency, BP control for malignant
hypertension, and PEX, should be stopped.

In summary, the differential diagnosis of a TMA in a cancer patient is wide.
Early exclusion of TTP (with the initiation of PEX until the diagnosis is excluded)
is vital, but it is the precise diagnosis which drives appropriate and relevant therapy.
The potential for drug-induced TMA should be considered and any potential cau-
sative agent avoided. Many of the causes of TMA seen in the oncology patient do
not respond to plasma exchange.
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11.1 Introduction

The myeloproliferative neoplasms (MPNs) are clonal stem cell-derived diseases [1].
The 2016 WHO classification for MPN includes polycythemia vera (PV), essential
thrombocythemia (ET), primary myelofibrosis (PMF), chronic myeloid leukemia
(CML), as well as chronic neutrophilic leukemia, chronic eosinophilic leukemia
(not otherwise specified), and unclassifiable MPN. In this chapter, we will focus on
PV, ET, and PMF, which are all subcategorized as the Philadelphia (Ph) chromo-
some-negative classical MPNs.

Our understanding of MPNs has greatly improved after discovery of the
molecular genetic abnormalities associated with these diseases. Many
MPN-associated mutations have been described, including driver mutations which
activate the JAK-STAT pathway (most commonly JAK2V617F, followed by, CALR
and MPL mutations), and additional somatic mutations (including, but not limited
to TET2, ASXLI, IDHI, IDH2, CBL, IKZFI, LNK, and EZH?2). These aid in
diagnostic capabilities, contribute to understanding of disease pathogenesis, and
inform prognosis [1, 2].

Common features among MPNs include tendencies toward myeloproliferation,
splenomegaly, potential for progression to leukemia or myelofibrosis and throm-
bohemorrhagic events. It is well established that MPN patients have significantly
elevated rates of arterial and venous thromboses when compared to the general
population [3]. Thrombotic complications include microvascular events, which
impact quality of life and macrovascular events (typically arterial > venous), which
contribute to morbidity and prognosis. The pro-thrombotic and chronic inflam-
matory states contribute to the increased cardiovascular mortality in these patients.
In the European Collaboration Study on Low-dose Aspirin in Polycythemia
(ECLAP), cardiovascular mortality accounted for 45% of all deaths in PV patients,
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whereas hematologic transformation accounted for 13% of deaths [4]. Accordingly,
treatment strategies for the Ph-negative MPNs, especially ET and PV, are centered
around prevention of incident and recurrent thrombohemorrhagic complications. In
this chapter, we will discuss the epidemiology and prevalence, risk factors, potential
surrogates or biomarkers, and treatment strategies for MPN-associated thrombosis.

11.2 Epidemiology, Prevalence and Types of Thrombosis
11.2.1 Prevalence

The general prevalence of major thrombosis at or prior to diagnosis of an MPN is
estimated to be 34-38.6% in PV, 9.7-29.4% in ET, and 13% in PMF [5]. The
cumulative rate of thrombosis after diagnosis of MPN is estimated to be approxi-
mately 3% per patient-year in PV and ET, and 2% per patient-year in PMF [6].
Recently, a large population-based cohort study in Sweden aimed to assess the risk
for arterial and venous thrombosis in MPN compared to matched-control partici-
pants using the Sweden Cancer Registry between 1987 and 2009. This study
confirmed that the rate of thrombosis is significantly higher in MPN patients as
compared to the general population and peaks shortly after diagnosis of MPN [3].

This population-based cohort study reported a hazard ratio (HR) for overall
thrombosis at one year of 2.5 (95% CI, 2.2-2.8), 2.2 (95% CI, 1.9-2.5), and 2.7
95% CI, 2.2-3.2) in PV, ET, and PMF, respectively. The HRs for arterial
thrombosis among patients with MPNs compared to the general population at
3 months, 1 year, and 5 years were 3.0 (95% CI, 2.7-3.4), 2.0 (95% CI, 1.8-2.2),
and 1.5 (95% CI, 1.4-1.6), respectively. The HRs for venous thrombosis were 9.7
(95% CI, 7.8-12.0), 4.7 (95% CI, 4.0-5.4), and 3. 2 (95% CI, 2.9-3.6), respectively
[3]. The rates of both arterial and venous thromboses were similar among the MPN
subtypes, apart from a trend toward higher HRs for arterial thrombus shortly after
diagnosis in PMF patients. In this study, arterial events were twice as common as
venous events, similar to prior reports [3].

11.2.2 Overview of Thrombosis Type

Microvascular events in MPNs can include erythromelalgia, headaches, atypical
chest pain, visual disturbances (e.g., amaurosis fugax, scotomata, and/or ophthalmic
migraines), acral paresthesias, digital discoloration/ischemia, and livedo reticularis.
Erythromelalgia is thought to reflect platelet hypersensitivity and manifests as a
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Table 11.1 Risk factors for thrombosis in MPN

Risk factor

Study population

Conventional risk factors

Age > 60

History of
thrombosis

Cardiovascular
risk factors

Cell counts
Erythrocytosis

Leukocytosis

Sweden Cancer Registry
(1987-2009)

N = 9429

PV patients across 94 hematologic
centers (international)

N = 1630

WHO-defined ET patients across
seven international centers
N=2891

Sweden Cancer Registry
(1987-2009)

N = 9429

PV patients across 94 hematologic

centers
N = 1630
WHO-defined ET patients across

seven international centers
N =891

WHO-defined ET patients across
seven international centers

N =891

WHO-defined low-risk PV patients
across 7 international centers

N = 604

JAK2V617F PV patients
N =365

PV patients across 94 hematologic
centers
N = 1630

Mutational status and allele burden

JAK2V617F
allele burden

CALR mutation

WHO-defined PV patients
N=173

ET patients
N =107

K. Sankar et al.

Findings

HR for arterial and venous
thromboses was 2.4
(P < 0.001)

Cardiovascular complications higher
in PV patients > 65 years
(P < 0.006)

HR for major thrombosis was 1.5

HR for development of subsequent
thrombotic event was 2.7
(P < 0.001)

Cardiovascular complications higher
in PV patients with history of
thrombosis (P = 0.0017)

Patients with history of thrombosis
had a significantly increased risk for
developing subsequent thrombotic
event (HR 1.93)

Presence of cardiovascular risk
factors gives HR of 1.6 for
development of thrombosis
Hypertension was associated with a
nonsignificant increase in thrombotic
risk, while tobacco use was
associated with a significant increase
in risk of arterial thrombosis

(HR 1.9, P = 0.012)

Patients with less intense hematocrit
control had higher risk of CV events
(HR 3.9, P =0.007)

WBC > 15 x 10°/L correlated to
increased risk of thrombosis (HR
1.71, P = 0.017)

Allele burden > 75% associated with
T risk of major CV (RR 7.1,

P = 0.003) and thrombotic events
(RR 7.1, P = 0.003)

CALR-mutated patients had a lower
risk of thrombosis compared to
JAK?2 + patients (P = 0.003)

(continued)
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Table 11.1 (continued)

Risk factor Study population Findings
CALR mutation  PMF patients CALR-mutated PMF patients had a
N =617 lower risk of thrombosis than
JAK?2-mutated PMF patients
(P =0.021)

Emerging risk factors

CHIP mutations® ' Patients with coronary heart disease = CHIP carriers had a 1.9 x risk of

N = 4726 coronary heart disease compared to
non-carriers
Inflammatory WHO-defined PV and ET patients | Major thrombosis was highest in the
markers N =244 highest CRP tertile (P = 0.01) and
lowest in the highest PTX-3 tertile
(P =0.045)
Biomarkers Patients with PV and ET Plasma P-selectin was significantly
N =32 elevated in patients with PV and ET
compared to healthy controls
Patients with PV and ET Patients with MPN had significantly
N=092 increased microparticle levels as

compared to healthy controls.
Microparticle levels were also
significantly increased in those who
developed thrombosis

“Mutations in JAK2, TET2, DNMT3A and ASXLI

burning pain in the feet or hands, usually accompanied by erythema, pallor, or
cyanosis. These events certainly impact quality of life, but do not influence
prognosis.

Macrovascular thrombotic events associated with MPNs may occur in several
locations. Examples include cerebrovascular accidents, cerebral venous thrombosis,
transient ischemic attacks, renal artery or venous occlusion, coronary artery
ischemia, deep vein thrombosis, pulmonary embolism, hepatic, portal, or splenic
vein thrombosis, and superficial thrombophlebitis.

Abdominal vein thromboses (hepatic vein, portal vein, splenic vein, or mesen-
teric veins) are uniquely associated with MPNs. The prevalence of abdominal vein
thrombosis ranges from 1 to 23% [7]. The disease-specific prevalence for PV, ET,
and PMF is estimated to be 10, 13, and 1%, respectively [7]. In addition, MPNs are
the most frequent underlying pro-thrombotic state in hepatic vein thrombosis
(Budd—Chiari syndrome) and non-malignant, non-cirrhotic portal vein thrombosis.
A systematic meta-analysis of the EMBASE and MEDLINE databases showed that
the prevalence of MPNs is 40.9% in Budd—Chiari syndrome and 31.5% in
non-cirrhotic portal vein thrombosis [8]. The presence of JAK2V617F was found in
41.1% of patients with Budd—Chiari syndrome and 27.7% of patients with
non-cirrhotic portal vein thrombosis. PV was found to be more prevalent in
Budd—Chiari syndrome as compared to portal vein thrombosis (P = 0.001) [8]. The
high prevalence of MPNs and JAK2V617F in abdominal vein thromboses validates
routine screening for JAK2V6I7F in the diagnostic workup of this patient
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population, even in the absence of myeloproliferative features on blood count
analysis (erythrocytosis, thrombocytosis, and leukocytosis). Cerebral venous
thrombosis, to the contrary, is infrequent in MPN patients.

11.3 Risk Factors

The increased risk for MPN-thrombosis as compared to the general population
likely rests upon many causes (Table 11.1). These include clinical characteristics,
the presence of cardiovascular risk factors, an increase in blood cell counts (i.e.,
leukocytosis, erythrocytosis), inflammatory stress, mutational status and burden,
and endothelial changes leading to upregulation of certain biomarkers [1].

11.3.1 Clinical Factors

The traditional risk factors for thrombosis in MPNs include advanced age (age >
60) and history of a prior thrombotic event. In the large population-based cohort
study mentioned above, though the risk for both arterial and venous thrombosis
appeared to be elevated in patients with MPNs across all age groups, the HR for
patients with MPNs aged 60 and older was 2.4 compared to patients younger than
60 (95% CI, 2.1-2.6, P < 0.001) [3]. In patients who had a history of thrombosis,
HR for development of subsequent thrombotic event was 2.7 compared to those
with no prior thromboses (95% CI, 2.5-2.9, P < 0.001). When combining the
traditional risk factors, in patients who were aged 60 and older and had a history of
thrombosis, the HR for thrombosis was 7.0 (95% CI, 6.2-8.0) [3].

The traditional risk factors have been supported by other studies as well. In the
ECLAP study, the incidence of cardiovascular complications was higher in PV
patients aged 65 and older (5.0% patient-years, P < 0.006) or with a history of prior
thrombosis (4.93% patient-years, P = 0.0017) than in patients who were younger
with no history of thrombosis (2.5% patient-years) [4]. In a large study of 891
patients with WHO-defined ET, the predictors for major thrombosis during a
median follow-up of 6.2 years included age above 60 years (HR 1.5) and prior
thrombosis (HR 1.93) [9]. The HR for arterial thrombosis in these patients was 1.7
for age greater than 60 and 2.1 for those with a history of thrombosis. Additional
risk factors for predicting arterial thrombotic events included cardiovascular risk
factors (HR 1.9), white blood cell count of greater than 11 x 10°/L (HR 1.7), and
the presence of the JAK2V617F mutation (HR 2.6) [9].

An exception includes younger women, who appear to be preferentially affected
by splanchnic vein thrombosis [7]. In a retrospective analysis of 120 young patients
with PV (age less than 45), compared to 84 older patients (age above 65), younger
patients had similar overall rates of vascular complications compared to older
patients (27 vs. 31%). However, there were significant differences when looking at
the involved vascular bed. For example, splanchnic vein thrombosis occurred more
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frequently in younger patients (13 vs. 2%, P = 0.0056) [10], most of whom where
women. Women have also been shown to have higher rates of abdominal venous
thromboses and comparable rates of all other vascular complications in another
retrospective analysis of MPN patients. This was despite less prevalent dyslipi-
demia or smoking history, lower white blood cell (WBC) count and lower JAK2
allele burden [11].

11.3.2 Cardiovascular Risk Factors

Hypertension, diabetes, dyslipidemia, and tobacco use are traditional risk factors for
atherosclerosis. While important to manage, CV risk factors have been only vari-
ably associated with MPN-thrombosis risk. However, in ET, the presence of car-
diovascular risk factors has been shown to be an independent risk factor for
development of thrombosis and was included in a risk classification model for these
patients. The “IPSET-thrombosis” score (and subsequently, the “revised
IPSET-thrombosis” score) for ET was developed and validated in 2012. Previously,
risk stratification for ET patients was two-tiered (low-risk vs. high-risk) and based
on the traditional risk factors mentioned above (i.e., age and history of thrombosis).
The IPSET-thrombosis model included additional independent factors: cardiovas-
cular risk and JAK2V617F mutational status. In a cohort of 1220 patients, the
presence of cardiovascular risk factors (HR 1.6) received one point in this classi-
fication, and the presence of JAK2V617F mutation (HR 2.0) received two points.
This 3-tiered prognostic model (low-risk vs. intermediate-risk vs. high-risk) out-
performed the 2-tiered conventional risk stratification in predicting vascular
thrombotic events [12].

The results in PV have been more inconsistent. In one study, hypertension was
associated with a nonsignificant increase in thrombotic risk, while smoking was
associated with a significant increase in risk of arterial thrombosis (HR 1.9, 95% (I,
1.15-3.14, P = 0.012) [13]. Another study of the impact of arterial hypertension on
thrombotic risk in low-risk PV patients revealed a nonsignificant correlation
between hypertension and arterial events (P = 0.09). However, patients without
hypertension had a thrombosis-free survival that was twice that of patients with
hypertension. The frequency of hypertension in the group with the highest hema-
tocrit was also significantly higher compared to the group with the lowest hemat-
ocrit (P = 0.043) [14]. This may be related to increased blood viscosity causing
higher peripheral vascular resistance leading to increased frequency of hyperten-
sion. This study raises the notion that perhaps low-risk PV patients with hyper-
tension should be considered as candidates for cytoreduction, though further
prospective studies are required to support this.
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11.3.3 Cell Counts

Both erythrocytosis and leukocytosis have been shown to increase thrombosis risk
in MPNs. The association between erythrocytosis and thrombotic risk has been
studied in PV. In the CYTO-PV study, 365 JAK2V617F-positive PV patients were
randomized to more intensive treatment (with goal hematocrit of less than 45%) or
less intensive treatment (with target hematocrit of 45-50%), using phlebotomy
and/or hydroxyurea. During a median follow-up period of 31 months, those with
hematocrit less than 45% had a significantly lower rate of cardiovascular death and
major thrombosis than those with a higher hematocrit target (HR 3.9, P = 0.007).
Patients in the higher hematocrit target group also had a higher white blood cell
count, which may have been a confounding cause of thrombosis, but otherwise,
there was no significant heterogeneity found according to age, prior thrombosis,
splenomegaly, or prior therapies. This study confirmed that PV patients should be
treated to a goal hematocrit of less than 45% [15].

Baseline leukocytosis in both PV and ET patients has been shown to be an
independent risk factor for thrombosis [16]. In a study involving the ECLAP
database, PV patients with a WBC count greater than 15 x 10°/L compared to less
than 10 x 10°/L had a significant increase in risk of thrombosis (HR 1.71,
P = 0.017), mainly deriving from increased risk of myocardial infarction (HR 2.84,
P = 0.013). Leukocytosis associated more with arterial than venous thrombosis.
The presence of inflammatory stimuli may partially account for the association
between leukocytosis and vascular risk.

Thrombocytosis, on the other hand, has been usually associated with bleeding,
particularly when platelet count is greater than 1000 x 10°/L to 1500 x 10°/L. The
association between thrombocytosis and bleeding may be mediated by the devel-
opment of acquired von Willebrand disease. In a study with 69 ET patients com-
pared to 69 controls and 10 patients with reactive thrombocytosis, the von
Willebrand factor activity-to-antigen ratio was significantly reduced in ET patients
by 35 £ 17% (P < 0.001) [17]. In a different study, a major reduction in large von
Willebrand factor multimers was shown in ET patients with platelet count of greater
than 1000 x 10%/L [18]. Therefore, patients with extreme thrombocytosis should
be screened for acquired von Willebrand disease, prior to consideration of anti-
platelet therapy, and especially in the setting of bleeding symptoms.

11.3.4 Mutational Status and Burden

The driver mutations in PV, ET, and PMF include JAK2 V6I7F (and in PV,
occasionally, JAK2 exon 12), CALR, and MPL mutations. There are clear differ-
ences in thrombosis risk by driver mutational status in ET. In this MPN subtype,
those with CALR mutations have a lower risk of thrombosis as compared to those
with the JAK2 V617F mutation (P = 0.003) [19]. JAK2-mutated ET patients and
JAK2-mutated PV patients have a similar risk of thrombosis which is twice as high
as those with CALR mutation [20]. In addition, when assessing ET patients by
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means of IPSET-thrombosis score and mutational status, the CALR patients and
“triple-negative” (absence of any driver mutation) patients more frequently
belonged to the low-risk group by IPSET and had a significantly more favorable
thrombosis-free rate than those with the JAK2 mutation (P < 0.001) [21].

The JAK? allele burden has been considered as a novel means of stratifying PV
patients for risk of cardiovascular events. In a study of 173 PV patients, a JAK2
allele burden of greater than 75% was found to be significantly associated with risk
of major cardiovascular events (RR 7.1, P = 0.003) and thrombotic events (RR 7.1,
P =0.003). In a multivariate analysis including age, previous thrombosis, and
leukocytosis, the JAK2 allele burden was still found to be significantly associated
with cardiovascular events (P = 0.039) [22].

In PMF patients, those with CALR mutations have a lower risk of thrombosis
than those with JAK2 mutations (P = 0.021), which remained significant after
adjusting for age. The CALR-mutated PMF patients additionally had a lower risk of
anemia, thrombocytopenia, and leukocytosis. Not surprisingly, the estimated risk of
thrombosis is twofold higher in JAK2-mutated PMF patients as compared to CALR-
mutated PMF patients [23].

11.3.5 CHIP Mutations

Somatic mutations and cytopenias have been described in patients in the absence of
an established diagnosis of a primary marrow disorder. Clonal hematopoiesis of
indeterminate potential (CHIP) refers to a context in which somatic mutations are
identified in individuals who do not yet meet criteria for a hematologic neoplasm.
Idiopathic cytopenia of undetermined significance (ICUS) refers to patients who
have single or multiple cytopenias in the absence of an identified clonal mutation.
Clonal cytopenia of undetermined significance (CCUS) refers to patients who have
an identified clonal mutation as well as one or more cytopenias, again in the
absence of an established hematologic neoplasm.

The most common clonal mutations include mutations in JAK2, DNMT3A,
TET2, and ASXLI. These mutations are usually identified in older patients. Patients
with CHIP have ten times the risk of hematologic cancers, and interestingly, are at
increased risk for coronary heart disease, and at increased risk of death from any
cause [24]. From two prospective cohorts, carriers of CHIP had a 1.9-fold increased
risk of coronary heart disease. In two retrospective cohorts, the risk of myocardial
infarction was fourfold. CHIP patients with the JAK2 mutation had 12.1 times the
risk of incidence of coronary artery disease as compared to those with no mutations
[24]. The association between CHIP mutations and coronary artery disease may be
mediated by inflammatory responses. Importantly, in addition to driver mutations,
MPN patients may also have mutations in TET2, DNMT3A, and ASXLI. Whether
the presence of these additional somatic mutations adds to thrombotic risk is not yet
established.
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11.3.6 Inflammatory Stress

Other biomarkers have also correlated inflammation with thrombosis risk. For
example, hs-CRP and PTX-3 are biomarkers which may be useful to improve upon
vascular risk assessment in MPN patients. Among 244 patients with PV and ET, the
major thrombosis rate was significantly and independently increased with high
levels of hs-CRP [25]. In another study of 305 ET patients and 172 PV patients,
hs-CRP levels were independent of mutational profile and also found to be an
independent risk factor for major thrombosis (OR 2.57). On the other hand, high
levels of PTX-3 have been associated with a lower risk of thrombosis [26]. It is
possible that PTX-3 may have a protective role against the detrimental effects of
inflammation in cardiovascular risk. In yet another study of 244 patients with ET
and PV, the highest hs-CRP tertile as compared to the lowest correlated with the
presence of cardiovascular risk factors (P = 0.012) and JAK2 allele burden of
greater than 50% (P = 0.045). Major thrombosis was highest in the highest CRP
tertile (P = 0.01) and lower at the highest PTX-3 tertile (P = 0.045) [27].

11.3.7 Biomarkers

Platelet activation leads to increased expression of certain biomarkers which have
been investigated in MPN-thrombosis. For example, platelet activation leads to
increased expression of P-selectin, thrombospondin, and activated fibrinogen
receptor (GPIIb/IIIa), which has been found to correlate with thrombosis. Enhanced
platelet activation has been demonstrated in PV and ET patients. Platelet interaction
with other blood components has the capacity to provoke endothelial activation
and/or damage. A marker of leukocyte, platelet, and endothelial cell activation is
the family of adhesion molecules known as selectins. In patients with PV and ET,
increased levels of soluble plasma selectins were observed as compared to healthy
controls [28].

Platelets and vascular endothelial cells produce pro-coagulant microparticles,
which may lead to the hypercoagulable state found in MPNs [29]. In a study of 92
MPN patients, microparticle levels were found to be significantly increased as
compared to controls. In addition, microparticle levels were significantly increased
in those patients who developed thrombosis [30].

An increase in global thrombin generation due to an acquired activated protein C
(APC) resistance may also contribute to the pro-thrombotic state of MPNs [29].
Alteration of coagulation proteins induces an APC-resistant phenotype in these
patients. By use of a thrombin generation assay, an APC-resistant phenotype has
been shown in ET and PV patients, particularly in JAK2V617F carriers [31]. Allele
burden correlated with higher thrombin generation [32]. The role of these
biomarkers in assessing thrombosis risk has yet to be validated, would ideally
require prospective trials before entering into clinical practice.
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Table 11.2 Treatment strategies to reduce MPN-thrombosis risk

Treatment

Antiplatelet
therapy

Phlebotomy

Cytoreduction

Anticoagulation

Plateletpheresis

Abdominal
venous
thrombosis

Pregnancy

Perioperative
state

Findings
Arterial and venous thrombosis risk
reduction in PV

Reduction in CV event rate in PV

Randomized data supports frontline
use of HU for high-risk ET

No randomized data for use of HU
in PV, but typically frontline based
on consensus

Recommended as per standard
guidelines for management of
venous thrombosis

Consensus recommendation in the
setting of symptomatic
thrombocytosis with thrombotic
event

Prevalent in younger women, MPN
often occult

No evidence to support that
therapeutic maneuvers reduce risk
for adverse maternal/fetal outcomes
Literature in ET > PV > MF

Risk for thrombosis or hemorrhage
around 8%, despite aggressive
count control

Comment

Recommended in the absence of
contraindication for PV pts
Inconsistent evidence in ET

No prospective data in PMF

Hematocrit target 45% or less now
established

Recommended for high-risk ET
and PV patients, or in low-risk
patients with uncontrolled
symptoms, symptomatic
thrombocytosis, progressive
leukocytosis

HU, interferons frontline in PV;
some consider anagrelide as
frontline in ET (along with HU and
IFN’s)

Choice of agent and duration of
anticoagulation remain
heterogeneous

Scarce evidence regarding use of
DOAC:s

Contemporary use less common,
given access to cytoreduction, and
lack of strong association between
thrombocytosis and thrombosis

Consensus recommendation for
indefinite anticoagulation,
co-management with hepatology
Low-dose aspirin in low-risk
patients

Hematocrit control in pregnant PV
patients

Enoxaparin postpartum in low-risk
patients

Antepartum enoxaparin in
high-risk patients

IFN is cytoreductive of choice
(consensus) if required (previously
on cytoreduction, symptomatic
thrombocytosis)

Blood count control for elective
surgeries

VTE prophylaxis when appropriate
Antiplatelet use
post-cardiovascular or vascular
procedures

Hematology co-management
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11.4 Treatment

The survival in WHO-defined ET patients is near normal, with an estimated 15-year
survival of approximately 80%. In WHO-defined PV, 10-year projected rates for
survival are > 75%. However, the risk of thrombosis exceeds 20%, and many
patients additionally develop microvascular disturbances which interfere with
quality of life. Treatment for these classical MPNs is principally aimed at pre-
venting thrombohemorrhagic complications [33] (Table 11.2).

11.4.1 PV

Patients with PV should be managed with low-dose aspirin and phlebotomy to
maintain hematocrit at less than 45% [34]. Currently, the conventional model of
risk stratification in PV which categorizes patients as “low-risk” or “high-risk” is
recommended. The presence of either age above 60 and/or history of thrombosis
defines a high-risk patient [35]. In PV, low-dose aspirin is indicated in all patients
who do not have a contraindication, regardless of risk category [36]. In a multi-
center double-blinded randomized control trial, PV patients were randomized to
either placebo or 100 mg of aspirin. After a median follow-up of 3 years, aspirin
was shown to reduce the combined primary end point (RR 0.4, 95% CI, 0.18-0.91,
P = 0.027), which included cardiovascular death, non-fatal myocardial infarction,
non-fatal stroke, and major venous thromboembolism, without increasing risk of
bleeding as compared to placebo [37].

Phlebotomy is another cornerstone of treatment for PV and is used to maintain
hematocrit at less than 45% in PV patients. The multicenter randomized clinical
trial “CYTO-PV” showed a reduction in the primary end point of cardiovascular
death and major thrombosis when hematocrit was maintained at a target of less than
45% as compared to a higher goal of 45-50% (HR in the high-hematocrit
group = 3.91, P = 0.007). This study supported the use of phlebotomy to maintain
a hematocrit of less than 45% in PV patients in order to prevent thrombosis.

Cytoreductive therapy is indicated if patients have poor tolerance to phlebotomy,
symptomatic or progressive splenomegaly, severe symptoms, platelet counts greater
than 1500 x 10/L and/or progressive leukocytosis [34]. Options for cytoreductive
therapy include hydroxyurea or interferon-alpha. In PV, there are no contemporary
randomized trials proving that hydroxyurea modifies risk for thrombosis; rather, use
is based on prior PVSG studies, tolerability, perceived safety, and consensus rec-
ommendations. A prior phase 2 study suggested that pegylated interferon may
reduce risk for thrombosis, as no events were observed over a short follow-up.
Phase 3 studies comparing hydroxyurea and pegylated interferon (as well as a novel
interferon, Ropeginteferon) are underway [38]. Preliminarily, non-inferiority has
been suggested, when comparing these two strategies, but detailed analysis
regarding thrombosis event rates are not yet published. Ruxolitinib is a second-line
option if there was an inadequate response to hydroxyurea [39]. Thrombotic events
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were not analyzed as part of a primary or secondary end point, but fewer events
were reported in the ruxolitinib arm, compared to best available therapy [40]. In
addition, cardiovascular risk factors (i.e., tobacco use, hypertension, hyperlipi-
demia, diabetes) must be aggressively managed.

11.4.2 ET

Most recently, the “revised IPSET-thrombosis” model was developed to assess
vascular risk in ET patients. This model includes thrombotic history, age above 60,
and JAK2V617F mutational status. Using such variables, there are four risk cate-
gories: “very low-risk” (no adverse features), “low-risk” (presence of JAK2V617F
only), “intermediate-risk” (presence of age above 60 only), and “high-risk” (pres-
ence of thrombosis history or presence of both JAK2V617F and advanced age).
This classification was then validated in a study with 585 ET patients.
Thrombosis-free survival from time of diagnosis to first thrombotic event after
diagnosis was calculated, and patients were grouped according to conventional
stratification (two-tiered), “IPSET-thrombosis” (three-tiered), and the “revised
IPSET-thrombosis” (four-tiered) models. There was a significant difference in
thrombosis-free survival between the “very low-risk” and “low-risk” groups
(P = 0.024), as well as the “intermediate-risk” compared to the “high-risk” groups
(P =0.03) [33]. This validated model may provide useful information in ET
patients regarding thrombotic risk and can be used to direct treatment. Typically,
cytoreductive therapy would be reserved for the high-risk group. Additionally,
those falling into lower risk groupings, but with uncontrolled vascular symptoms
(or bleeding due to thrombocytosis) would be candidates for cytoreduction.
Unlike in PV, there are no randomized, controlled trials to support aspirin use in ET
patients. In 433 low-risk ET patients, antiplatelet therapy did not affect the risk of
thrombosis in CALR-mutated ET patients, however, was associated with a higher
incidence of bleeding. In comparison, aspirin reduced the incidence of venous
thrombosis in JAK2V617F-mutated ET patients, without increasing the risk of
bleeding. Therefore, antiplatelet therapy may be of benefit in JAK2-mutated ET
patients [41]. This was replicated in another study of patients with low-risk ET who
either received antiplatelet monotherapy or observation [42]. JAK2-mutated ET
patients not receiving antiplatelet therapy had an increased risk of venous thrombosis
(IRR 4, P = 0.02). In addition, patients with known cardiovascular risk factors had
increased rates of arterial thrombosis while on observation (IRR 2.5, p = 0.04).
Increased risk of bleeding was only seen in patients with platelet count of greater than
1000 x 10°/L while under antiplatelet therapy (IRR 5.4, P = 0.004). However, the
effect of antiplatelet therapy still remains unknown. In a systematic meta-analysis
involving 24 observational studies with 6153 ET patients, the findings were imprecise
and inconsistent [43]. The reported relative risks for thrombosis or bleeding while on
antiplatelet therapy showed wide confidence intervals. In addition, certainty was rated
low or very low for all outcomes. Therefore, antiplatelet therapy may be an indication
for reduction in VTE in JAK2-mutated ET patients and reduction in rate of arterial
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thromboses in patients with known cardiovascular risk factors. In the remaining
patients, observation may be an adequate option.

Unlike in PV, there have been two randomized controlled trials involving
hydroxyurea in high-risk ET patients. In 114 patients with high-risk ET randomized
to hydroxyurea versus observation, hydroxyurea was effective at preventing
thrombosis in high-risk ET patients (P = 0.003) [44]. High-risk ET patients should
be treated with cytoreductive therapy though the choice of cytoreductive agent
remains unclear. In 809 patients with high-risk ET randomized to low-dose aspirin
plus either anagrelide or hydroxyurea, hydroxyurea plus aspirin reduced the com-
posite end point of arterial and venous thrombosis as compared to anagrelide plus
aspirin (P < 0.01) [45]. In a subsequent randomized control trial (the “ANAHY-
DRET” trial), 259 previously untreated high-risk ET patients were treated with
either anagrelide or hydroxyurea. Anagrelide was shown to be non-inferior to
hydroxyurea after a 36-month observation period, and there was no significant
difference between the groups in incidences of thromboses or bleeding events [46].
Society guidelines differ. The NCCN includes hydroxyurea, interferons, and ana-
grelide as first-line choices; ELN guidelines offer anagrelide as a second-line
option. As with PV, pegylated interferon is under evaluation in ET; again, detailed
analysis regarding thrombosis risk reduction from phase 2 and phase 3 consortium
studies are not yet published. Ruxolitinib is not recommended in ET. In 110 ET
patients who were resistant to hydroxyurea, a randomized control trial comparing
ruxolitinib to best available therapy did not show any evidence of improvement in
complete response within one year (46.6 vs. 44.2%, P = 0.40) [47]. In addition, the
rates of thrombosis, hemorrhage, and hematologic transformation were not signif-
icantly different at two years. Platelet-lowering treatment should be considered at
platelet counts greater than 1500 x 10°/L in order to reduce the risk of bleeding.
Again, cardiovascular risk factors must be aggressively managed.

11.4.3 Anticoagulation Therapy

Anticoagulation therapy is indicated for those patients who develop venous
thrombosis. The choice of anticoagulant and appropriate duration of therapy,
however, is unclear. Some advise long-term anticoagulation given the intrinsic
thrombophilic nature of MPNs, which may represent an ongoing/permanent risk
factor for recurrence. Even hematologists who specialize in MPN lack consensus in
long-term treatment of thrombosis in MPN patients. In a survey-based study of
hematologists who primarily treated patients with MPNs, the duration of antico-
agulation and/or use of aspirin varied [48]. Overall, there was a tendency to prolong
treatment with aspirin in those with arterial thrombosis, whereas in patients with
venous thrombosis, there was a tendency for more prolonged treatment with a
vitamin K antagonist (VKA) with or without aspirin. There was no statistical dif-
ference between any of the treatment choices and no association between physician
expertise, volume of patients, or years of practice to treatment choice.
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In one study, the risk of thrombotic recurrence in ET or PV patients treated with
VKA for arterial or venous thrombosis was analyzed. The decision on duration of
VKA therapy was made by the attending physician on the basis of clinical
guidelines at that time. After an observation period of 7.7 years, there was a
2.8-fold reduction in the risk of thrombotic recurrence (P < 0.0005) in the
VKA-treated group, without any higher incidence of bleeding. Direct oral antico-
agulants (DOAC) have not been well studied in MPNs. In a single-institutional
registry of 760 MPN patients, 25 had been treated with a DOAC. After a median
follow-up of 2.1 years, this case—control study did not detect a significant difference
in thrombotic or hemorrhagic events between patients treated with low-dose aspirin
and DOACs [49]. Therefore, DOACs may be efficient and safe for use in MPN
patients, however further prospective randomized control studies are required.

Abdominal vein thrombosis, which includes hepatic vein occlusion, extrahepatic
portal vein occlusion, and mesenteric vein thrombosis, is strongly associated with
MPNs. Indefinite anticoagulation is typically indicated in these patients, based on
consensus recommendations. The general consensus for treatment includes low
molecular weight heparin followed by indefinite oral anticoagulation. Usually, these
patients require joint management with hepatology, for surveillance and manage-
ment of esophageal varices, which follow with portal hypertension. In addition, in
those with thrombocytosis, erythrocytosis, and/or leukocytosis, cytoreductive
therapy should be used to normalize counts.

11.4.4 Plateletpheresis

Though cytoreductive therapy remains the mainstay of therapy for extreme throm-
bocytosis, plateletpheresis may be offered as a temporizing measure in certain
instances where rapid reduction in platelet count is required. In a case-based review of
plateletpheresis in the management of extreme thrombocytosis in MPNs, platelet-
pheresis was successfully used in patients for the following indications: neurological
symptoms due to transient thromboembolic episode, hyperthrombocytosis-related
acquired von Willebrand disease, as a prophylactic measure to reduce platelet counts
below a particular range, and for symptomatic relief in context of an ischemic toe [50].
Though data on clinical utility of plateletpheresis is largely case report-based, this
treatment modality may be an option for patients with extreme thrombocytosis
complicated by a thrombohemorrhagic event, when rapid reduction is required prior
to emergent surgery, or when cytoreductive agents are contraindicated. The decision
to use plateletpheresis is individualized to the patient and clinical scenario. In
asymptomatic ET patients, current guidelines do not specify a platelet count threshold
at which apheresis should be performed. In patients with counts above 1500 x 10°/L,
plateletpheresis should be considered due to increased risk of major hemorrhage
related to an acquired von Willebrand deficiency [51].
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11.4.5 High-Risk Situations

11.4.5.1 Pregnancy

There is an increased risk of miscarriages and other complications of pregnancy
such as abruptio placentae, pre-eclampsia, and intra-uterine growth retardation
associated with MPN. The fetal loss is estimated to be 3—4-fold higher as compared
to the general population [34]. Additional risk factors include prior pregnancy
complication and potentially the presence of JAK2 mutation. In general, for
low-risk pregnancies, the target hematocrit should be less than 45% in those with
PV. Low-dose aspirin is given for prophylaxis, and low molecular weight heparin
may be advised postpartum, especially after cesarean section. In high-risk preg-
nancies, consideration for antepartum LMWH should be given. One could consider
interferon-alpha therapy if previously on cytoreduction (hydroxyurea cannot be
used during pregnancy) or if the platelet count exceeds 1500 x 10%/L*'.

11.4.5.2 Surgery

MPN patients are considered high-risk surgical candidates due the increased risk of
thrombohemorrhagic complications in the perioperative period. Currently, there are
no definitive guidelines for the perioperative management of MPN patients.
A multicenter retrospective analysis to estimate thrombosis and hemorrhage after
311 surgical procedures in patients with PV and ET showed that there was variability
in the use of perioperative prophylaxis (54.3% received subcutaneous heparin and
15.4% received antiplatelet therapy). During the 3-month follow-up period, there
were 12 arterial thrombotic events, 12 venous thrombotic events, 23 major and seven
minor hemorrhages, and five deaths [52]. There was no correlation between bleeding
episodes, type of diagnosis, use of antithrombotic prophylaxis, or type of surgery.
Further investigations are required for optimal management of these patients.

11.5 Conclusions

Patients with MPNs are at increased risk for both arterial and venous thrombosis as
compared to the general population [3]. These include microvascular and
macrovascular events which lead to increased morbidity and mortality. In addition
to the traditional risk factors of older age (age above 60) and history of prior
thrombosis, many factors, including mutational status, contribute to this
pro-thrombotic state found in MPNs. The MPNs also induce a chronic inflamma-
tory state which leads to increased cardiovascular mortality in these patients [4].
Treatment is based on thrombotic risk assessment. Treatment strategies are aimed at
preventing thrombohemorrhagic complications and include aspirin, phlebotomy,
cytoreductive therapies, and anticoagulation therapy. Future direction in MPN
research will hopefully identify more precise and personalized surrogates/
biomarkers for thrombosis risk and clarify whether or not novel therapies, such
as JAK inhibitors or interferons reduce risk for thrombosis.
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12.1 Brain Tumors

Primary and secondary brain tumors represent a diverse group of neoplasms. There
were 23,800 new cases of primary brain neoplasms in the USA in 2017 [1]. The
incidence of secondary brain tumors from metastatic disease is not as well-known
but represents the most frequent type of brain tumor in adults. It is estimated that
one-fourth of patients with cancer will develop an intracranial metastasis [2]. The
incidence of metastatic brain tumors has been increasing which is thought to be the
result of improved diagnosis with more sensitive imaging techniques, longer sur-
vival of patients with cancer due to more effective treatment options, and an older
patient population overall [2]. As the population of patients living with brain tumors
increases, so does the frequency of inherent complications such as venous throm-
boembolism (VTE) and intracranial hemorrhage.

12.2 Incidence and Pathophysiology of Venous
Thromboembolism

Patients with brain tumors frequently develop VTE. It is estimated that patients with
primary and secondary brain tumors have one of the highest rates of VTE seen in
patients with cancer. About 20% of patients with metastatic brain tumors will be
diagnosed with a VTE [3]. In patients with glioma, the most common type of
primary brain tumor, VTE is estimated to occur in upwards of 30% of patients [4].

There are direct and indirect factors contributing to hypercoagulability in
patients with brain tumors. The tumors themselves are known to release procoag-
ulant factors into circulation. For example, patients with glioma have elevated
levels of tissue factor, which is a transmembrane receptor that binds factor VII/VIla
to initiate coagulation in vivo. Tumors that express high levels of tissue factor are
associated with increased rates of VTE when compared with tumors that express
lower levels of tissue factor [5-8]. Tumor cells release tissue factor-bearing
microparticles into circulation and high levels of these procoagulant microparticles
are associated with an increased risk of VTE and shortened overall survival [5, 6, 9—
17]. Tissue factor is commonly over-expressed in glioma and expression levels are
linked to histologic grade [18]. In fact, labeled tissue factor antibodies are currently
being evaluated by single-photon emission computed tomography to radiologically
assess glioma tumor grade [19]. Increased circulating microparticles have similarly
been demonstrated in glioma patients diagnosed with a VTE relative those without
VTE [15].

Platelet activation has increasingly been implicated as playing a central role in
cancer-associated thrombosis with platelet activation occurring by a number of
potential mechanisms including neutrophil extracellular traps (NETSs) interaction
and podoplanin secretion. Neutrophils are found in the tumor microenvironment
and can release extracellular DNA traps called NETs which activate platelets,
causing aggregation and thrombosis [20]. While there is limited data on NETs as
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mediating thrombosis in patients with brain tumors, circulating tumor-derived
microparticles have been shown to interact with NETs and augment thrombus
formation in animal models of cancer-associated thrombosis [21]. Gliomas also
express the glycoprotein podoplanin, which can induce platelet activation through
the CLEC2 receptor. Increased levels of podoplanin expression in tumor cells have
been shown to be associated with increased D-dimer levels, lower platelet counts
and the development of VTE suggesting a potential contributing role in the
development of thrombosis [22, 23]. Beyond the tumor microenvironment, patients
with brain tumors commonly have additional factors that can increase risk of VTE
such as neurosurgery, chemotherapy, and decreased mobility.

12.3 Incidence and Pathophysiology of Intracranial
Hemorrhage

Spontaneous intracranial hemorrhage is a common complication in patients with
primary and secondary brain tumors. The incidence of intracranial hemorrhage
varies between studies based on the definition of intracranial hemorrhage used,
method used to identify cases, and types of malignancy. The definition of
intracranial hemorrhage can range from asymptomatic hemosiderin deposition
within tumors noted on routine imaging to large bleeds with associated edema
causing clinical symptoms [4]. The cumulative incidence of intracranial hemorrhage
in primary brain tumors is estimated at 30% at 1 year [24]. Rates of intracranial
hemorrhage for patients with intracranial metastases are considered lower (ap-
proximately 20% at 1 year) but the rates vary widely according to tumor type [25].
Renal cell carcinoma and melanoma are considered tumors with the highest rates of
intracranial hemorrhage with rates of hemorrhage approaching 50% [25].

For patients with primary brain tumors or metastatic solid tumors to the brain,
the majority of hemorrhages occur at the site of the tumor. In a study of 208 cancer
patients who suffered from spontaneous intracranial hemorrhage at Memorial
Sloan-Kettering Cancer Center between 2000 and 2007, 87% had cerebral hem-
orrthage and a smaller percentage of patients had subarachnoid hemorrhage or
intraventricular hemorrhage [26]. Approximately, two-thirds of all hemorrhages
occurred within the tumor. Less than one-half of patients had evidence of coagu-
lopathy at the time of hemorrhage. The vast majority of patients in this study were
identified because they were symptomatic (94%) with hemiparesis, headache,
impaired consciousness, or seizure [26].

The pathophysiology of hemorrhage into a primary or secondary brain tumor is
not fully understood but is thought to be due to the instability of newly formed
blood vessels. Vascular endothelial growth factor (VEGF) is expressed by tumor
cells to stimulate neovascularization and tumor growth. These new blood vessels
have been shown to be fragile and permeable [27]. Several studies have suggested
an association between the level of VEGF expression and intratumoral hemorrhage
[28-30]. Tumor cells also secrete enzymes called matrix metalloproteinases
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(MMPs) that degrade extracellular matrix proteins, allowing tumor cells to invade
surrounding tissue and spread [30]. Destruction of the matrix surrounding blood
vessels can lead to instability and rupture. Patients with aneurysms have been found
to have higher levels of MMPs in the vasculature [31]. In a study of patients with
metastatic brain tumors, higher levels of VEGF and MMPs were seen in the
pathological specimens of brain tumors with hemorrhage compared to tumors
without hemorrhage [30]. These studies suggest that VEGF and MMPs expressed
by tumors may contribute to spontaneous intracranial hemorrhage.

Clinical outcomes following spontaneous intracranial hemorrhage in patients
with brain tumors are poor. Patients are more likely to experience symptoms from
an intracranial hemorrhage than from other cerebrovascular events such as ischemic
stroke. In one study, among the patients who were hospitalized with intracranial
hemorrhage and survived to hospital discharge, only 15% were completely inde-
pendent while 63% were partially or completely dependent on others for their care
[26]. Overall survival is short for patients with malignancy who experience an
intracranial hemorrhage. One month after intracranial hemorrhage, mortality
exceeds 30% and at one year the mortality rate is over 75% [26]. The outcomes
following intracranial hemorrhage are in large part dictated by initial presentation
and poor overall prognosis of brain tumors. Predictors of poor outcome and
increased mortality rates include multiple areas of hemorrhage, treatment for
intracranial hypertension, metastatic solid tumor or hematologic central nervous
system neoplasms, active chemotherapy treatment, and clinical hemiparesis [26].

12.4 Anticoagulation in the Setting of Metastatic Brain
Tumors

VTE is a serious complication in patients with malignancy and represents one of the
leading causes of death [32]. Anticoagulation is considered standard of care to treat
VTE in cancer patients in order to minimize morbidity and mortality; however,
there is often hesitancy to start patients with brain tumors on anticoagulation given
the concern for intracranial hemorrhage.

Despite the high rates of hemorrhage in patients with secondary brain tumors,
there is increasing evidence to support the safety of therapeutic anticoagulants. One
of the first studies to evaluate the use of anticoagulation in patients with brain
metastases by Schiff et al. reviewed outcomes of 51 patients who were treated for
VTE between 1980 and 1992 [33]. In this study, 42 patients received varying doses
of anticoagulation with heparin or warfarin. There were three cases (7%) of
intracranial hemorrhage associated with significant morbidity and mortality as well
as three cases (7%) of clinically silent intracranial hemorrhage. Two of the patients
who died from intracranial hemorrhage demonstrated supratherapeutic levels of
anticoagulation. The other nine study patients were either not treated or had an
inferior vena cava (IVC) filter placed with high rates of VTE recurrence. The
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Fig. 12.1 No difference in the rate of major intracranial hemorrhage with anticoagulation
in brain metastases. One-year cumulative incidence of major intracranial hemorrhage with
enoxaparin (red) was 21% versus 22% without anticoagulation (blue), (Gray test P = 0.87) [25]

authors concluded that anticoagulation was effective at preventing recurrent VTE
and was considered safe in patients with brain metastases [33].

More recent studies have also concluded that anticoagulation does not confer an
increased risk of intracranial hemorrhage in patients with solid tumor malignancies
metastatic to the brain. Our group performed a matched, retrospective cohort study
of 293 patients with cancer and brain metastases [25]. Outcomes of patients with
VTE who received therapeutic enoxaparin were compared to controls with brain
metastases who were matched for age, sex, diagnosis, and date of treatment. All
radiologic imaging with evidence of hemorrhage was re-reviewed in a blinded
manner, and the size of hemorrhages was calculated. We did not observe a sta-
tistical difference in the incidence of major intracranial hemorrhage in patients
treated for venous thromboembolism with enoxaparin compared with patients not
on anticoagulation (Fig. 12.1). The cumulative incidence of significant intracranial
hemorrhage (defined as greater than 10 mL in volume, symptomatic or requiring
surgical intervention) occurred in 21% in patients on enoxaparin and 22% in
patients who were not on anticoagulation. These results are consistent with several
other smaller studies that did not identify an increased risk of intracranial hemor-
rhage with anticoagulation. In our meta-analysis of nine retrospective cohort
studies, there was no statistically significant increase in the odds ratio for
intracranial hemorrhage in patients with brain metastases treated with therapeutic
anticoagulation (OR 1.07; 95% CI, 0.61-1.88) [34].

Rates of spontaneous intracranial hemorrhage vary based on the type of
malignancy, and there is less data regarding the safety of anticoagulation in those
tumors considered greatest risk for hemorrhage such as renal cell carcinoma or
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Fig. 12.2 Higher rate of major intracranial hemorrhage in glioma patients on anticoag-
ulation. One-year cumulative incidence of major intracranial hemorrhage was 14.7% with
enoxaparin (red) and 2.5% without anticoagulation (blue), (P = 0.036) [24]

melanoma. We observed approximately 50% of the 60 patients with renal cell
carcinoma or melanoma had evidence of any intracranial hemorrhage ranging in
size from trace to significant [25]. Among patients with renal cell carcinoma or
melanoma on enoxaparin for treatment of VTE, 35% experienced a significant
intracranial hemorrhage which was similar to the 34% of patients who were not on
anticoagulation (P = 0.88) [25]. Another study of 74 patients with brain metastases
from melanoma did not find any increased risk of intracranial hemorrhage for
patients on anticoagulation compared with those who were not [35]. More data on
specific tumor types at highest risk of intracranial hemorrhage is needed before we
can definitively establish the safety of therapeutic anticoagulation in these
populations.

Study name  Subgroup within st Statistics for each st Odds ratio and 95% CI
Odds Lower  Upper
ratio lirnit limit  ZValue PValue
Ruff, 1983 Glioma 0.88 017 442 -0.16 0.87 +
Olin, 1987 Both 3.00 012 77.91 0.66 0.51
Pan, 2009 Glioma 37.80 189 757.06 2.38 0.02
Norden, 2012 Glioma 3.70 1.25 10.99 2.36 0.02
Khoury, 2015 Glioma 6.77 1.50 30.59 2.48 0.01
375 1.42 9.95 2.66 0.01
0.01 1 100
Favors Favors no

Fig. 12.3 Forest plot and pooled estimate of odds ratio of intracranial hemorrhage in patients
with glioma on anticoagulation [34]
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Fig. 12.4 Overall survival
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influenced by
anticoagulation status.
Overall survival following
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shorter in the enoxaparin
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12.5 Anticoagulation in the Setting of Primary Brain
Tumors

Studies evaluating the safety of anticoagulation in patients with primary brain
tumors have reported varying results. An older, retrospective study by Choucair
et al. reviewed the cases of 36 patients with glioma, the most common type of
primary brain tumor, who developed VTE from 1977 to 1986 [36]. Of the 22
patients who were treated with anticoagulation for at least 3 months, none expe-
rienced an intracranial hemorrhage. In a more recent retrospective study of 64
patients who were diagnosed with VTE, 36 were treated with anticoagulation and 3
patients (8.3%) suffered an intracranial hemorrhage [37].

We recently published intracranial hemorrhage outcomes among 133 patients
with glioma [24]. In a matched, retrospective cohort study with blinded radiology
review, the risk of a major intracranial hemorrhage was greater than 3-fold higher in
the patients who received anticoagulation with enoxaparin compared with those
patients who did not receive anticoagulation (Fig. 12.2). During the time of
exposure to enoxaparin, there was more than a 13-fold increased risk of developing
a major intracranial hemorrhage (HR 13.29; 95% CI, 3.33-52.85; P < 0.0001).
These results are similar to the conclusions of a meta-analysis that included five
studies [34]. Therapeutic anticoagulation in glioma was associated with a signifi-
cant increase in intracranial hemorrhage with a pooled odds ratio of 3.75 (95% CI,
1.42-9.95) (Fig. 12.3).

Clinical outcomes are poor in patients with primary brain tumors who suffer an
intracranial hemorrhage while on anticoagulation. We observed that the median
survival following the diagnosis of intracranial hemorrhage while on enoxaparin
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was 3.3 months compared with 10.2 months for patients who had an intracranial
hemorrhage and were not on anticoagulation [24] (Fig. 12.4).

12.6 Alternative Treatments for VTE in Patients with Brain
Tumors

Although there appears to be an increased risk of intracranial hemorrhage in
patients with primary brain tumors treated with anticoagulation, it is not known
whether outcomes are better with alternative treatments. Other management options
include placement of an IVC filter, reduced-intensity anticoagulation, direct oral
anticoagulants (DOACs), or conservative management without intervention. A ret-
rospective cohort study analyzed outcomes of 145 patients with glioblastoma and
VTE at the Cleveland Clinic from 2007 to 2013 [38]. Interestingly, the relative
distribution of no treatment, IVC filter placement alone, and therapeutic enoxaparin
were roughly similar (approximately 25% each) with another 15% receiving anti-
coagulation in combination with IVC filter placement. Of all the patients who had
IVC filters placed, 30% suffered a recurrent VTE and 5% required filter removal
due to mechanical complications which highlights the potential disadvantages of
IVC filter placement in a highly thrombotic population.

There is limited data available on the safety of DOACs for the treatment of VTE
in patients with brain tumors. In a randomized trial of edoxaban versus dalteparin
for the treatment of cancer-associated thrombosis, edoxaban was noninferior to
dalteparin for the composite endpoint for recurrent VTE and major hemorrhage
[38]. Among the 74 patients in this study with brain tumors, the rates of recurrent
VTE and major hemorrhages were similar with edoxaban and dalteparin (19.4 vs.
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Fig. 12.5 PANWARDS score predicts a higher likelihood of major intracranial hemorrhage
on anticoagulation in glioma. The cumulative incidence of major intracranial hemorrhage at
1 year in glioma patients receiving anticoagulation with scores > 25 (blue) was 23% (95% CI,
9.91-39.41) compared with 0% for lower scores (green, P = 0.03) [24]
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18.6%, respectively, p = 0.68). Only two of these patients with brain tumors
receiving edoxaban and four receiving dalteparin suffered a major hemorrhage but
the location and specifics of the major bleeds were not described [39].

At the present time, the decision to use anticoagulation is individualized based
on a specific patient’s perceived risk of recurrent clotting versus bleeding.
A number of hemorrhage prediction tools have been developed and validated for
therapeutic anticoagulation in atrial fibrillation. However, these models are skewed
to predict the more common gastrointestinal hemorrhages. Hankey et al. reported a
model that was developed to predict intracranial hemorrhage in patients with atrial
fibrillation on anticoagulation [40]. This scoring system called PANWARDS uses
risk factors such as low platelet count, low albumin, no history of congestive heart
failure, use of warfarin as anticoagulant, older age, race, hypertension, and history
of stroke or transient ischemic attack to estimate the risk of intracranial hemorrhage.
We applied the risk score to patients in glioma and it appears to accurately predict a
cohort of patients who are unlikely to bleed on therapeutic anticoagulation [24].
There were no cases of major intracranial hemorrhage in patients with a PAN-
WARDS score of less than 25 (sensitivity of 100%, specificity of 40%) (Fig. 12.5).

12.7 Summary

Venous thromboembolism and intracranial hemorrhage are common complications
in the setting of primary and secondary brain tumors. In patients with brain
metastases, low molecular heparin does not increase the rates of intracranial
hemorrhage. In light of the current evidence suggesting an increased rate of
intracranial hemorrhage in patients with glioma, judicial use of therapeutic anti-
coagulation is warranted. We advise a careful consideration of risk factors for
hemorrhage in glioma. Until more data becomes available, it is reasonable to
consider full dose anticoagulation with careful monitoring or alternative strategies
that may include dose-modification of anticoagulants and/or placement of IVC
filters in those patients at greatest risk for hemorrhage.
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13.1 Introduction

Human neoplasms encompass a wide range of organ systems and manifestations,
and alterations of hemostasis are commonly encountered in the oncology setting.
Cancer-associated thrombosis is well described and the subject of much active
research, but bleeding disorders secondary to malignancy are also clinically
important and can be at times challenging for the treating physician. The mecha-
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nisms underlying alterations of hemostasis in cancer are diverse and can be related
to both direct disease effect and treatment. Chemotherapy-induced thrombocy-
topenia is arguably the most common risk factor for bleeding in the cancer patient
and is discussed in a separate chapter.

13.1.1 Acute Promyelocytic Leukemia

Acute promyelocytic leukemia (APL) is an uncommon myeloid neoplasm char-
acterized by the t(15;17) genetic translocation and associated with a distinct
coagulopathy resulting in a substantial risk of lethal bleeding during induction
chemotherapy, estimated at about 5% of patients with modern treatment modalities
[1-3].

The main coagulation abnormality seems to be a primary hyperfibrinolytic state
mediated by the presence of Annexin II at the surface of malignant leukocytes [4,
5]. Annexin II catalyzes the activation of tissue plasminogen activator (TPA), which
in turns cleaves plasminogen to the primary fibrinolytic enzyme plasmin [6].
Plasmin generated by this reaction will then lead to fibrinolysis and fibrinogenol-
ysis. Another, less important mechanism at play in the coagulopathy of APL is
disseminated intravascular coagulation triggered by tissue factor (TF) which is
present in the leukemic blasts [7, 8]. TF is responsible for the activation of factor
VII. The TF:factor VIla complex will activate factor X and cause subsequent
consumption of platelets, fibrinogen and other coagulation factors, further wors-
ening the hemorrhagic diathesis [9].

Clinical manifestations of this coagulopathy can be of variable severity, ranging
from mild mucocutaneous bleeding to hemorrhagic death [3]. Epistaxis, bruising,
gastrointestinal (GI) or genitourinary bleeding, or bleeding at indwelling vascular
catheter sites are all common. Hemostatic parameters are usually abnormal. The
activated partial thromboplastin time (APTT) and prothrombin time (PT) tend to be
prolonged and the fibrinogen level is typically depressed, while the platelet count is
almost always decreased [10, 11]. Hemorrhagic mortality is usually secondary to
intracranial or pulmonary bleeding.

The cornerstone of APL treatment consists of prompt administration of all-trans
retinoic acid (ATRA) as soon as the diagnosis of APL is suspected [12]. ATRA has
been demonstrated to cause differentiation of APL blasts, which leads to decreased
production of TF and Annexin II, thus improving the coagulopathy [8, 13].
Aggressive blood product administration is also recommended during induction
chemotherapy for APL, with a usual goal platelet count above 30,000-50,000/mcL
and a desired fibrinogen above 100-150 mg/dL [12].

The main predictor of hemorrhagic death during induction chemotherapy for
APL remains the total white blood cell count [14, 15]. Values above 10,000—
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20,000/mcL signal a higher probability of dying from bleeding in the first 30 days
after starting treatment. Unfortunately, there is still no specific intervention
demonstrated to be useful in mitigating the coagulopathy for this high-risk strata.

13.1.2 Disseminated Intravascular Coagulation in Cancer

Disseminated intravascular coagulation (DIC) is commonly encountered in the
cancer setting and may be acute, associated with hemorrhage, or chronic, associated
with thrombosis [16]. Exposure of TF to the intravascular space is usually the
primary mechanism leading to this consumptive coagulopathy, and the basis of
management remains to treat the precipitating condition. Outside of APL, acute
DIC related to cancer is found on occasion in other acute leukemias [17, 18]. In
most cases of clinically significant acute DIC, the APTT is prolonged and the
platelet count is decreased. Fibrinogen is an acute phase reactant and will not
always be decreased in early acute DIC. However, most instances of DIC in cancer
are chronic and do not lead to exhaustion of coagulation factor levels and bleeding
due to compensation through increased synthesis by the liver. Chronic DIC is
commonly encountered in patients with solid tumors and is associated with an
increased risk of thrombosis, secondarily to enhanced fibrin production.

DIC in non-M3 (i.e., non-APL) AML can lead to bleeding manifestations;
however, typically other factors also contribute to the risk of such events, including
thrombocytopenia secondary to administration of cytotoxic chemotherapy [19]. TF
is thought to play a role in thrombin activation and exhaustion of coagulation factor
reserves; however, this process has not been fully elucidated. The cornerstone of
treatment for acute DIC secondary to non-M3 AML remains to replete platelets,
fibrinogen and other coagulation factors with blood products, along with cytore-
duction [20]. Recombinant soluble thrombomodulin is being explored as another
therapeutic avenue [21, 22].

13.1.3 Acquired Hemophilia

Acquired hemophilia is an autoimmune disorder characterized by the production of
an antibody against coagulation factor VIII. This antibody is usually directed
against a phospholipid binding site of the enzyme and acts as an inhibitor [23].
Factor VIII activity in affected patients will often be markedly decreased or absent
(<1%) [24]. The APTT will be prolonged.

The APTT mixing study of 1:1 patient:normal plasma will show prolongation,
particularly with 37 C incubation [25]. As antibody binding to the factor VIII
antigen in the normal plasma is time-dependent, sometimes the APTT mixing study
will be normal or minimally prolonged at the immediate time-point. However, with
incubation, the APTT will be prolonged [25].

Acquired hemophilia is very rare in the general population, with a yearly inci-
dence of about 1.5/million and a median age at presentation of 78 years [24].
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Patients tend to present with soft tissue hematomas, surgical, GI, genitourinary or
other mucocutaneous bleeding [26]. In one large population study, about 15% of
cases were associated with cancer [24]. Prostate cancer (25.3%), lymphoma
(24.4%), chronic lymphocytic leukemia (22.3%), plasma cell dyscrasias (20.0%)
and lung cancer (15.8%) were the most commonly associated neoplasms in a recent
literature review [27].

There is no prospective trial dedicated to evaluating treatment modalities for
acquired hemophilia occurring in the setting of cancer. Corticosteroids,
cyclophosphamide, rituximab, prothrombin complex concentrate, recombinant
activated factor VII, human factor VIII (recombinant or plasma-derived) and
recombinant porcine factor VIII have all been used with an overall complete
response rate of 62.1% in the oncology setting in one series. The best predictor of
inhibitor response was successful treatment of the malignancy [27].

13.1.4 Acquired von Willebrand Disease

von Willebrand factor (VWF) is involved in the process of platelet adhesion to
exposed subendothelium and protects coagulation factor VIII from proteolytic
degradation in the peripheral blood. While inherited von Willebrand disease is by
far more frequent, acquired forms have been described including cases mediated by
cancer [28]. The two main categories of malignancy encountered in association
with acquired von Willebrand disease (AVWD) are myeloproliferative and lym-
phoid neoplasms, reported in 15 and 48% of patients, respectively, in one inter-
national registry [29].

An elevated platelet count in the setting of a myeloproliferative neoplasm like
essential thrombocythemia has been shown to increase the risk of AVWD, perhaps
through adsorption of VWF multimers at the surface of platelets or the action of
proteases [30-33]. Administration of a myelosuppressive agent like hydroxyurea
typically helps mitigate bleeding symptoms, which usually consist of mucocuta-
neous bleeding (purpura, epistaxis, gingival bleeding, etc.). Laboratory evaluation
is usually suggestive of the type 2A variant, with a decreased VWF activity, a
preserved VWF antigen level and a relative decrease in high-molecular-weight
VWF multimers on electrophoresis [33].

A broad range of lymphoid neoplasms have been associated with AVWD,
including non-Hodgkin lymphoma, chronic lymphocytic leukemia, multiple mye-
loma, Waldenstrdm’s macroglobulinemia (WM) and monoclonal gammopathy of
unknown significance (MGUS) [34, 35]. Several mechanisms are potentially
involved, including direct interference by a paraprotein, proteolytic cleavage of
VWF and formation of auto-antibodies against VWF [36]. Bleeding tends to be
mucocutaneous. Treatment of the primary neoplasm with chemotherapy has been
shown to improve the bleeding diathesis in select cases.
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AVWD has also been described in association with Wilm’s tumor, the most
common renal neoplasm in children. The exact mechanism is unclear, and this
bleeding disorder might be multifactorial. A recent series of 186 patients with
Wilm’s tumor reported an incidence of 4.3% for AVWD [37]. The coagulation
defect cleared in all cases following initiation of cancer-directed therapy.

13.1.5 Leukostasis

Leukostasis is a clinical syndrome characterized by occlusion of the microvascu-
lature by malignant white cells, usually in the setting of acute myeloid leukemia and
more rarely in the setting of acute lymphoblastic leukemia and other leukemias
[38]. This syndrome is usually encountered only in patients with a myeloid blast
count above 100,000/mcL, although it can occur at lower levels. The manifestations
mostly consist of respiratory insufficiency and cerebral ischemia; however, some-
times bleeding can occur [39, 40]. The latter might be mediated by cytokines
released by blasts or cell surface receptors interacting with the vascular wall. The
main approach to treatment is cytoreduction with chemotherapy or leukapheresis.

13.1.6 Paraproteins and Hyperviscosity Syndrome

Paraproteins can be found in MGUS, multiple myeloma and WM. Bleeding is
especially common in WM and was noted in 23% of patients at diagnosis in one
series [41]. These clonal immunoglobulins have been associated with bleeding
through several mechanisms, including interference with VWF (see above), platelet
coating and hyperviscosity [42]. It is unclear how platelet coating mediates
bleeding, but paraprotein specificity for GPIIla has been demonstrated in one case
[43]. It has also not been elucidated why hyperviscosity causes mucocutaneous
bleeding. Hyperviscosity is a common phenomenon in WM, and long-term treat-
ment is based on controlling the primary neoplasm with chemotherapy. In the short
term, plasmapheresis is recommended for severe manifestations [44].

13.1.7 Amyloidosis

Amyloid light chain (AL) amyloidosis occurs secondarily to production of free
immunoglobulin light chains by a plasma cell clone, often in the setting of multiple
myeloma but also associated with MGUS and more rarely WM. Those free chains
accumulate in tissues and lead to organ dysfunction. Bleeding manifestations are
common and appear to be due to several mechanisms [45, 46].

The most common is a defect in small vessels secondary to amyloid infiltration,
causing vascular wall fragility and impaired vasoconstriction following injury [47].
This usually manifests itself only by purpura and easy bruising; however, GI
bleeding has been reported. The finding of periorbital purpura, or “raccoon eyes,”



196 S. Mantha

has been well described in the setting of AL amyloidosis. No specific treatment is
available, short of reducing the amount of amyloid deposits through chemotherapy.

A less common finding in AL amyloidosis is acquired coagulation factor X
(FX) deficiency, as noted in 8.7% of patients in one series [48]. This occurs through
adsorption of FX on amyloid deposits and eventual depletion of circulating factor
levels, with ensuing bleeding manifestations [49, 50]. Clinical features include
mucocutaneous bleeding (purpura, easy bruising, epistaxis), GI bleeding and
impaired surgical hemostasis. Both the APTT and PT can be prolonged, with
complete correction noted on mixing study. Infusion of exogenous FX by means of
fresh frozen plasma or prothrombin complex concentrate has been used; however,
the biological half-life of this factor will be reduced and administering sufficient
amounts can be challenging [51]. Treatment with recombinant activated factor VII
has been attempted in some cases in an attempt to circumvent this problem [52].
Splenectomy has been shown to alleviate the FX deficiency in select cases,
potentially through removal of amyloid [53].

13.1.8 Platelet Aggregation Defects in Myeloid Malignancies

Myeloproliferative neoplasms are commonly accompanied by bleeding [54].
Essential thrombocythemia and polycythemia vera in particular have long been
associated with mucocutaneous bleeding manifestations, including easy bruising
and GI bleeding. This can be attributed to AVWD as discussed above, but there is
also evidence of primary platelet dysfunction, with aggregation and secretion
defects identified [55-57]. The exact mechanism is unclear, but this could arguably
stem from abnormal gene expression mediated by clonal defects associated with the
neoplasm. However, given the lack of correlation between platelet function assay
results and overt bleeding manifestations, it is unclear at this point if intrinsic
platelet defects contribute to the risk of bleeding beyond AVWD [58].

Myelodysplastic syndrome (MDS) has also been associated with platelet
aggregation defects. Decreased aggregation has been reported for epinephrine,
arachidonic acid, ADP, collagen and ristocetin in 75, 54, 46, 43 and 22% of patients
in one review of the literature [59]. However, clinical bleeding in the absence of
thrombocytopenia is uncommon so the significance of these laboratory abnormal-
ities is unclear.

13.1.9 Drug Effects

Thrombocytopenia is by far the most common mechanism by which anti-neoplastic
drugs have been known to cause bleeding; this is discussed in a dedicated chapter.
Other types of drug-induced hemostatic impairment have been found to occur
secondarily to vessel wall alterations from anti-vascular endothelial growth factor
(VEGF) therapy and platelet dysfunction from ibrutinib.
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Most of the evidence in regard to bleeding from anti-VEGF therapy comes from
published experience with bevacizumab, an anti-VEGF monoclonal antibody.
A meta-analysis of 20 randomized trials showed an incidence of 30.4% for any
bleeding event, with grade >3 bleeding occurring in 3.5% of participants on
bevacizumab [60]. The relative risk (RR) of any bleeding for bevacizumab versus
control was 2.48 (95% CI = 1.93-3.18), with a dose effect noted. The increase in
risk of high-grade bleeding for bevacizumab versus control was modest, with a RR
of 1.91 (95% CI = 1.36-2.68). A less pronounced effect was noted with tyrosine
kinase inhibitors (TKI’s) of the VEGF receptor, of which several are approved for
clinical use. A meta-analysis of 27 randomized trials of vandetanib, gefitinib,
erlotinib, sunitinib, axitinib, sorafenib, pazopanib or regorafenib showed a risk of
any bleeding event of 9.1% in the TKI group, compared with 1.3% for grade >3
bleeding. The RR of any bleeding event for TKI versus control was 1.67 (95% CI
1.19-2.33), but no significant difference was found for high-grade events [61].
There are also meta-analytic data evaluating the risk of bleeding on ramucirumab, a
monoclonal antibody directed against the VEGF receptor. An analysis combining 6
randomized trials noted a RR of any bleeding of 2.0 (95% CI = 1.8-2.2) for
ramucirumab versus control, but no significant difference in grade >3 events [62].
Lastly, substantially less data on bleeding complications are available for afliber-
cept, a recombinant fusion protein which binds circulating VEGF. In one large
randomized trial of systemic use of aflibercept in metastatic colorectal cancer,
epistaxis was noted in 27.7% of participants in the aflibercept group, compared to
7.4% for controls (p-value not reported) [63]. A higher risk of grade >3 bleeding
was noted in the aflibercept arm, at 2.9% versus 1.7% for controls (p-value not
reported).

Ibrutinib is the only currently approved Bruton’s tyrosine kinase (BTK) in-
hibitor, used for treatment of B cell cancers including mantle cell lymphoma,
chronic lymphocytic leukemia and WM. BTK participates in platelet signaling, but
it is believed that additional off-target effects of the drug mediate platelet dys-
function and confer an increased risk of bleeding [64]. Mucocutaneous bleeding has
been the most commonly noted event, but intracranial hemorrhage was also
reported. In one randomized trial of ibrutinib for chronic lymphocytic leukemia, the
risk of major hemorrhage was 4% in the ibrutinib arm and 2% in the control arm
[65]. A report on the long-term follow-up of patients enrolled in a phase II mantle
cell lymphoma study noted a risk of any bleeding event of 50% and a risk of grade
> 3 bleeding of 6% after a median follow-up of 26.7 months [66].

13.1.10 Paraneoplastic Hyperfibrinolysis

Physiological fibrinolysis of intravascular thrombi is initiated by the conversion of
plasminogen to plasmin by one of several enzymes, including tissue plasminogen
activator (TPA) and urokinase-type plasminogen activator (UPA). TPA is normally
present in the subendothelial space, and when vascular injury occurs, clot formation
is normally followed by resorption secondary to exposure of TPA. TPA is not
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perfectly selective and it can also mediate fibrinogenolysis, so large amounts of this
enzyme in the systemic circulation can result in decreased levels of fibrinogen.

A rare syndrome of isolated primary hyperfibrinolysis has been described in
association with prostate and breast malignancies [67-70]. It is characterized pri-
marily by mucocutaneous bleeding (easy bruising, epistaxis, menorrhagia), but has
also been described in association with soft tissue hematomas. Laboratory findings
include a low fibrinogen level, prolonged APTT, increased D-dimers and elevated
TPA levels. The exact pathophysiological mechanism is unclear; however,
expression of UPA (for prostate cancer) or TPA (for breast cancer) by the tumor
might explain the observed coagulopathy [70, 71]. The successful administration of
fibrinolytic inhibitors like tranexamic acid has been reported in this setting [72].

13.2 Conclusion

Cancer-associated bleeding disorders are diverse and relatively uncommon, with
the notable exception of thrombocytopenic states. The coagulopathy of APL and
acquired hemophilia are life-threatening emergencies which must be recognized
promptly. AVWD and other less common paraneoplastic bleeding disorders tend to
be more indolent in their presentation, but can result in clinically significant
bleeding manifestations. In all cases, a good understanding of hemostasis and
coagulation laboratory testing is necessary to make the correct diagnosis and
maximize the chances of a favorable outcome.
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