
Bevacizumab-Associated Osteonecrosis of
the Wrist and Knee in Three Pediatric
Patients With Recurrent CNS Tumors

Introduction

Despite significant treatment advances and survival improve-
ment in a variety of pediatric CNS tumors, there remains a large
number of children who succumb to their disease. A variety of novel
biologic and targeted therapies have been evaluated in an effort to
improve survival. One class of therapeutics that is being widely ex-
plored is antiangiogenic agents.

Angiogenesis is the development of new vasculature and is criti-
cally important for tumor growth, invasion, and metastases.1 Vascular
endothelial growth factor (VEGF) and its isoforms play a role in tumor
angiogenesis, are overexpressed in a variety of human cancers, and
may be associated with tumor progression.2 Among the many antian-
giogenic agents, bevacizumab (BVZ) has been widely studied in pedi-
atric and adult patients since its development in 1997.3-8 BVZ is a
humanized monoclonal immunoglobulin G1 antibody against all hu-
man VEGF isoforms and their proteolytic fragments.9,10 BVZ has been
shown to decrease vascular permeability and increase cellular apopto-
sis in a variety of tumor xenografts, including CNS tumors.11 As with
most new agents, the understanding of its adverse effect profile is
evolving as new patterns of adverse events are reported.

Numerous reports have documented osteonecrosis of the jaw
associated with BVZ alone and/or in combination with other che-
motherapies, steroids, and bisphosphonates. Maxillary osteone-
crosis has previously been well described in association with the use
of bisphosphonates and steroids.12-14 In the case of bisphospho-
nates, this phenomenon usually occurs after trauma. However,
spontaneous osteonecrosis has developed in a subset of patients.15

It is hypothesized that bisphosphonates inhibit osteoclast function,
thereby causing a defect in remodeling and wound healing of the
jaw.15,16 There appears to be an increased risk of jaw osteonecrosis
in adult patients treated with either single-agent BVZ or concom-

itantly with bisphosphonates.17-21 Although most case reports have
described osteonecrosis of the jaw in adults, there are a few case
reports that have described antiangiogenic-associated osteonecro-
sis in the appendicular skeleton (Table 1).22-24

We report osteonecrosis in the lunate bone of the wrist and the
knee in three children with recurrent CNS tumors treated with BVZ in
combination with irinotecan (CPT-11) on a phase II study that en-
rolled children with recurrent brain tumors. In this trial, patients
received BVZ (10 mg/kg per day) and CPT-11 (125 to 250 mg/m2 per
day) intravenously every 2 weeks (one course � 4 weeks of treatment)
until disease progression, unacceptable toxicity, or a maximum of 24
months of therapy. As a result of possible deleterious effects of epiph-
yseal growth resulting from VEGF inhibition, patients were required
to have a baseline x-ray of the left knee and periodically thereafter
during therapy and if they had symptoms of skeletal pain.25 To our
knowledge, this is the first case series to describe BVZ-associated
osteonecrosis in children.

Case Report 1

Patient 1 was a 13-year-old girl who began therapy after being
enrolled on a study for a multiply recurrent hypothalamic/chiasmatic
pilocytic astrocytoma with ventricular metastases. She had never re-
ceived steroids or bisphosphonates. After 16 courses of treatment, she
began complaining of wrist pain. On examination, the patient had
tenderness to palpation of the left dorsal wrist with a decreased range
of motion. A radiograph of the wrist did not reveal any bony abnor-
malities. However, magnetic resonance imaging (MRI) of the affected
wrist revealed diffuse bone marrow edema with mild fragmentation
and collapse of the lunate bone consistent with Kienbock’s malacia
(osteonecrosis of the lunate bone; Fig 1, arrow). The patient was taken
off study because these findings were possibly attributable to BVZ. She
was placed in a wrist brace, and her pain subsequently improved over
a 6-week period.

Case Report 2

Patient 2 was a 17-year-old boy who began protocol therapy for a
multiply recurrent supratentorial grade 2 ependymoma. The patient

Table 1. Antiangiogenic-Associated Osteonecrosis Outside of the Jaw

Reference Sex
Age

(years) Primary Tumor
Antiangiogenic

Agent
Duration of

Therapy (months) Osteonecrosis Location

Mir et al22 M 62 Colon adenocarcinoma Bevacizumab 5 Left femoral head
Mir et al22 M Unknown Renal cell carcinoma Sunitinib 4.3 Bilateral femoral heads
Mir et al22 M 64 Rectal adenocarcinoma Bevacizumab 4.5 Left femoral head
Koczywas and Cristea23 F 43 Lung adenocarcinoma Bevacizumab 12 Left humeral head
Guillet et al24 M 53 Hepatocellular carcinoma Sorafenib 10 Bilateral femoral heads
Current F 13 Pilocytic astrocytoma Bevacizumab 17 Lunate bone
Current M 17 Ependymoma Bevacizumab 11 Bilateral femurs
Current F 10 Pilocytic astrocytoma Bevacizumab 6 Bilateral distal femurs and

proximal tibias
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was on a low dose of steroids at the initiation of treatment, but the
steroids were subsequently discontinued. After approximately 11
courses of therapy, a surveillance knee radiograph revealed increased
sclerosis within the left lateral femoral condyle. The patient was
asymptomatic without complaints of pain, discomfort, swelling, or a
decreased range of motion. An MRI of both knees revealed bilateral
medullary bone infarcts consistent with osteonecrosis of the diame-
taphyses (Fig 2, arrows). The patient was taken off study. Follow-up
knee radiographs showed stable areas of sclerosis, and the patient
remains without symptoms.

Case Report 3

Patient 3 was a 10-year-old girl who began protocol therapy for a
recurrent cervicomedullary pilocytic astrocytoma. The patient had
been on a stable dose of steroids, which was successfully discontinued
after the initiation of protocol therapy. She began complaining of
bilateral knee pain after five courses of therapy. The pain was initially
thought to be musculoskeletal in nature. Her pain continued, and
radiographs of both knees revealed poorly defined areas of increased

density (Fig 3A, arrows), and an MRI performed at an outside hospital
revealed changes of the distal femurs that were suggestive of early
osteonecrosis. Because of the increasing pain and radiographic find-
ings, the patient was taken off study, and her pain diminished within a
few months. The patient subsequently received involved field radia-
tion therapy for her recurrent CNS tumor; however, she developed
severe, symptomatic radiation-related swelling and was treated with
both dexamethasone and BVZ (every 3 weeks). Shortly thereafter, she
again complained of bilateral knee pain. Although repeat knee radio-
graphs were normal, an MRI scan revealed avascular necrosis of both
distal femurs and proximal tibias, with the left worse than the right,
with noted involvement of the distal femoral epiphysis (Fig 3B, ar-
rows). The BVZ was subsequently discontinued, and dexamethasone
was replaced with hydrocortisone. The patient continued to have
chronic hip and knee pain approximately 6 months since the end of
BVZ and dexamethasone treatment.

Discussion

BVZ is increasingly used in pediatric and adult patients with
newly diagnosed and recurrent malignant diseases, including CNS
tumors. Common adverse effects of BVZ include hypertension, pro-
teinuria, hemorrhage, poor wound healing, and thromboembolic
events.26 The understanding of rarer toxicities, however, is still evolv-
ing. Osteonecrosis has been previously well described in patients
treated with either steroids or bisphosphonates alone and, more re-
cently, in combination with BVZ-containing regimens. The published
reports that have described BVZ-associated osteonecrosis have mostly
been isolated to the jaw in adult patients with cancer.17,27-29 There is
also a case report that described the development of lytic lesions within
metaphyses of the radial and ulnar bones in an infant treated with BVZ
for cutaneovisceral angiomatosis with thrombocytopenia syn-
drome.30 In this article, we described three unique pediatric cases of
osteonecrosis after BVZ and CPT-11 treatment.

In addition to its known role in angiogenesis, VEGF plays a
crucial role in osteogenic differentiation and bone formation, which
may explain this toxicity.31 Preclinical data has documented the im-
portance of impaired angiogenesis in the development of osteonecro-
sis.32 In case reports of BVZ-related osteonecrosis of the jaw, one
hypothesis has been that BVZ impairs maxillary bone cell differentia-
tion through a direct VEGF blockade.17,27-29 This blockade may result
in compromised bone that is more susceptible to physiological
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trauma. It has also been hypothesized that the antiangiogenic proper-
ties of BVZ may impact the integrity of the microvasculature within
the jaw and lead to a compromised osteon. This, too, may be exacer-
bated by minor trauma such as tooth brushing, which may make the
jaw bones more susceptible to osteonecrosis.31

In our three cases, each patient had osteonecrosis outside of the
jaw, which has been rarely described. Our patients developed osteone-
crosis in locations (wrist and knee) of high impact, daily trauma,
and/or repetitive use, which could easily have added to an already
compromised microvasculature or defective bone differentiation pro-
cess in the setting of BVZ use. It is unclear whether other risk factors
also contributed to the formation of osteonecrosis in our patients.
Patients 2 and 3 had a history of steroid use, which certainly could have
induced or exacerbated the development of osteonecrosis. None of the
patients described in the current report were taking concomitant
bisphosphonates or had experienced any significant localized trauma.

These cases highlight the fact that osteonecrosis is a rare but real
toxicity associated with BVZ use that can occur in pediatric patients
and in locations remote from the jaw. They also suggest that routine
imaging in patients with localized bony pain, swelling, or decreased
range of motion is warranted to make this diagnosis early enough that
BVZ can be discontinued before symptoms become chronic and/
or irreversible.
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