
13Bleeding Disorders Associated
with Cancer

Simon Mantha

Contents

13.1 Introduction.................................................................................................................... 191
13.1.1 Acute Promyelocytic Leukemia ....................................................................... 192
13.1.2 Disseminated Intravascular Coagulation in Cancer ......................................... 193
13.1.3 Acquired Hemophilia ....................................................................................... 193
13.1.4 Acquired von Willebrand Disease ................................................................... 194
13.1.5 Leukostasis........................................................................................................ 195
13.1.6 Paraproteins and Hyperviscosity Syndrome .................................................... 195
13.1.7 Amyloidosis ...................................................................................................... 195
13.1.8 Platelet Aggregation Defects in Myeloid Malignancies .................................. 196
13.1.9 Drug Effects ...................................................................................................... 196
13.1.10 Paraneoplastic Hyperfibrinolysis ...................................................................... 197

13.2 Conclusion ...................................................................................................................... 198
References ................................................................................................................................. 198

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 VIIa 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, Waldenström’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 GPIIIa 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,”
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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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