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Abstract

Bevacizumab, a humanized monoclonal antibody against vascular endothelial growth factor (VEGF), is an angiogenesis inhibitor
used to treat a variety of cancers, including lung, colon, cervical, ovarian, and renal cancers as well as glioblastoma. A significant
adverse effect associated with its use is one of thromboembolic events. We report a case of a 74-year-old male with diagnosis of
glioblastoma multiforme treated with partial resection, radiation, temozolomide, and bevacizumab. He presented to a plastic
surgeon with a several week history of asymptomatic crusted hemorrhagic ulcers and purpuric patches on the lower legs shortly
following the initiation of bevacizumab. A biopsy showed an occlusive pauci-inflammatory thrombogenic vasculopathy
associated with ischemic epidermal and dermal changes and accompanied by extensive vascular C5b-9 (complement C5b-9
membrane attack complex) deposition. Bevacizumab has been associated with thrombotic complications including atypical
hemolytic uremic syndrome and arterial and venous thrombosis. C5b-9 may be the factor most important in the mechanism of
vascular thrombosis given the extent of deposition in our index case. Thrombotic events in the skin associated with bevacizumab
therapy are without precedent and dermatologists should be aware of this potential complication.
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Case synopsis

The patient was a 74-year-old male with a history of glioblastoma multiforme treated with partial resection, radiation,
temozolomide, and bevacizumab. He presented to the plastic surgeon with a several week history of multiple asymptomatic heme-
crusted ulcers and purpuric patches on the lower legs (Figure 1) that had developed shortly after starting bevacizumab therapy.
The patient did not have any prior history to suggest a thrombophilic state as revealed by the lack of any history of recurrent deep
venous thromboembolic events, symptoms of pulmonary embolism and/or strokes. Owing to the unusual clinical presentation, a
biopsy was performed of one of the ulcers.

The biopsy showed an ulcer with supervening marked degenerative changes of the epidermis and within the dermis (Figure 2A).
There was extensive necrosis of the eccrine coil. In the deeper-seated vessels of the dermis and extending into the subcutaneous
fat a striking pauci-inflammatory thrombogenic vasculopathy accompanied by intravascular papillary endothelial cell hyperplasia
was observed (Figure 2B). There was concomitant lipomembranous fat necrosis.
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To better evaluate the nature of the thrombotic diathesis, a series of immunohistochemical stains were conducted. There was
extensive vascular deposition of C3d (complement C3d), C4d (complement C4d), and C5b-9 (complement C5b-9 membrane
attack complex) (Figure 3). The foci of lipomembranous fat necrosis were also highlighted by the C5b-9 stain.

Figure 1 ' ' o Figure 2

Figure 1. Clinical presentation of heme-crusted ulcers involving the lower extremities.

Figure 2. A biopsy shows epidermal and dermal necrosis associated with a thrombotic diathesis (A). Vessel is occluded with thrombus (B).




Figure 3. The thrombotic process is associated with extensive deposits of C5b-9 in the microvasculature.

Discussion

We have presented a case of a multifocal ulcerating pauci-inflammatory thrombogenic vasculopathy temporally associated with
bevacizumab therapy. We postulate a role for the administration of bevacizumab in the pathogenesis of this multifocal ulcerative
process.

Bevacizumab, a humanized monaoclonal antibody against vascular endothelial growth factor (VEGF), is an angiogenesis inhibitor
used to treat a variety of cancers, including lung, colon, and renal cancers, as well as glioblastoma multiforme [1, 2, 3, 4].
Bevacizumab binds directly to VEGF extracellularly preventing interaction with VEGF receptors on the surface of endothelial
cells [5]. Given the dependency of certain tumors on angiogenesis, it is most effective in those tumors that are highly dependent
upon an adequate vascular supply. Often combined with other chemotherapy, it improves response and survival in certain cancer
types, including advanced cervical cancer [6]. Given the inhibitory effects on neovascularization, intraocular diseases associated
with the formation of new vessels, such as age-related macular degeneration and diabetic retinopathy, may also benefit from
bevacizumab intervention [7]. In addition to bevacizumab, there are many other drugs that target the VEGF pathway and
angiogenesis, including other VEGF ligands, VEGFR blockers, and tyrosine kinase inhibitors, such as sunitinib and sorafenib, that
block VEGF-induced cellular signaling [8].

Although bevacizumab has a defined role in medical treatment, it is not without complications as is well exemplified by this case.
Bevacizumab therapy is associated with an increased risk of a number of toxicities, including hypertension, hemorrhage, and
thrombosis [6, 9]. Thrombotic complications are significant and can include arterial thrombosis, venous thrombosis, including
portal vein, superior vena cava, and internal jugular vein thrombosis, renal thrombotic microangiopathy, and hemolytic uremic
syndrome (HUS) [10, 11, 12, 13, 14, 15, 16]. In most of the reported cases, the patients received combination chemotherapy. The
onset of thrombotic complications ranged from shortly after initiation of therapy to a few months after the first cycle [17, 18].

The mechanisms for thrombosis in the setting of bevacizumab therapy is multifactorial and may include direct endothelial cell
injury, production of endothelial nitric oxide, increased platelet aggregation, and activation of the FcyRIla platelet receptor [19,
20]. Perhaps one of the critical mechanisms, however, is one related to a lack of replenishment of endothelial cells given the
critical role of vascular endothelial cell growth factor in endothelial cell survival and growth. In particular any reduction in the
potential pool of endothelial cells needed to replenish dying endothelial cells will result in a thrombotic diathesis and may also
contribute to other forms of arteriopathy, most notably the obliterative fibrointimal arteriopathy of lupus erythematosus and
scleroderma (16). In essence, the inhibition of VEGFR activation by anti-VEGF antibodies and by the inhibition of the VEGF
intracellular signaling pathway would be highly deleterious to normal endothelial cell function, survival, and replenishment. C5b-
9 may be the factor most involved in the mechanism of vascular thrombosis, at least based on the extent of deposition in our index
case.

The differential diagnosis of a multifocal ulcerative process in the skin associated with a pauci-inflammatory thrombogenic
vasculopathy encompasses defects in anticoagulation, hyperviscosity states, and endothelial cell dysfunction. These include
hypercoagulability owing to factor V Leiden, deficiency of protein C, protein S, or antithrombin C, presence of antiphospholipid
antibodies, cryopathies, and elevated homocysteine levels. In addition, drugs such as warfarin, heparin, and enoxaparin can cause
microvascular thrombosis. Although the thrombotic complications of bevacizumab in other organ systems are well known, an
ulcerating thrombotic diathesis involving the skin is without precedent and dermatologists should be aware of this potential
complication.
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