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Case Report

Progressive bevacizumab-associated renal thrombotic
microangiopathy∗
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Abstract
Vascular endothelial growth factor (VEGF) is integral to
the integrity of the glomerular filtration barrier. Beva-
cizumab is a humanized monoclonal antibody directed
against VEGF with expanding clinical applications for
metastatic solid tumours. We describe a case of a 61-year-
old female with ovarian cancer and baseline chronic kidney
disease who received three doses of bevacizumab and sub-
sequently developed progressive renal clearance dysfunc-
tion and nephrotic range proteinuria. A renal biopsy was
performed 4 months after drug discontinuation and was
consistent with TMA. At baseline, prior to bevacizumab
exposure, her estimated glomerular filtration rate (eGFR)
was 44 mL/min/1.73 m2 and she had no proteinuria. At
the completion of therapy, eGFR was 27 mL/min/1.73 m2

with 1+ proteinuria on urinalysis. Her renal failure and
proteinuria continued to progress 5 months after discontin-
uation of bevacizumab therapy, at which time eGFR was
11 mL/min/1.73 m2 and proteinuria was 5.5 g/24 h. Non-
remitting TMA after bevacizumab therapy in patients with
pre-existing chronic kidney disease has not been previously
reported. Further studies are needed to assess the safety of
this drug in patients with chronic kidney disease.
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Background

Bevacizumab (Avastin, Genentech, South San Francisco,
CA, USA) is a humanized monoclonal antibody directed
against vascular endothelial growth factor (VEGF) [1]. The
drug’s clinical application has expanded from its initial in-
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dication for metastatic colorectal cancer to breast, ovarian,
renal cell and other solid tumour malignancies [2]. The im-
portance of VEGF to the integrity of the glomerular filtra-
tion barrier is evidenced by the induction of proteinuria with
anti-VEGF therapy, which, along with hypertension, may
occur in over 50% of treated patients [3]. In addition, nine
cases have been reported of biopsy-proven, renal-limited
thrombotic microangiopathy (RL-TMA) after exposure to
bevacizumab [4–7]. In all of these cases, the clinical find-
ings of renal dysfunction and proteinuria improved or re-
solved after cessation of bevacizumab.

We report the first case of a patient with baseline chronic
kidney disease and advanced ovarian cancer who received
bevacizumab therapy and developed progressive RL-TMA
marked by renal function decline and nephrotic range pro-
teinuria despite cessation of anti-VEGF therapy.

Case

The patient is a 61-year-old female with a medical history
significant for metastatic ovarian cancer. She was initially
diagnosed in August 2004 and treated with carboplatin and
paclitaxel. In September 2005, she was treated with doxoru-
bicin and bevacizumab for relapse and attained remission.
In mid-2007, she developed a progressive rise in serum CA-
125 along with increasing pelvic and abdominal adenopa-
thy. In August 2007, treatment with doxorubicin was
initiated and, in January 2008, bevacizumab therapy was
re-initiated in combination with the doxarubicin. She re-
ceived six total infusions of bevacizumab (15 mg/kg/dose)
between January and March 2008. One week prior to
starting this regimen, she was normotensive, had no
proteinuria by urine dipstick and serum creatinine was
1.7 mg/dL.

In February 2008, after the second dose of bevacizumab,
she developed marked hypertension (blood pressure 179/
89 mmHg). Her serum creatinine at that time was
2.5 mg/dL. A renal ultrasound showed preserved renal cor-
tical thickness (1.2 cm or greater bilaterally) and renal sizes
(left and right kidneys each >12 cm in long axis). She re-
ceived her last dose of bevacizumab in mid-March and her
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Fig. 1. (a) Glomerulus showing mesangiolysis with extravasated RBCs and probable thrombus in peripheral capillary loop (haematoxylin and eosin,
400×). (b) Renal parenchyma displaying interstitial fibrosis and tubular atrophy with associated chronic inflammation (haematoxylin and eosin, 200×).

serum creatinine was 2.6 mg/dL with 70–100 mg/dL pro-
teinuria by urine dipstick.

She presented to our institution in early April 2008. Addi-
tional medical history was notable only for a remote history
of isolated nephrolithiasis. Medications included nifedipine
and metoprolol. Her examination was significant for a blood
pressure of 186/98, and 2+ lower extremity pitting oedema.
Initial lab work showed a serum creatinine of 2.1 mg/dL
and an estimated 2.0 g of proteinuria/24 h by random urine

protein-to-urine creatinine ratio. There was no evidence of
anaemia or thrombocytopaenia on admission. Urinalysis
revealed 3+ protein by urine dipstick and no blood. Exami-
nation of the urine sediment showed two to four fragmented
granular casts/hpf and two to four hyaline casts/hpf.

Over the ensuing 3 months, serial changes to her antihy-
pertensive medication regimen were made in an attempt to
control her blood pressure prior to the renal biopsy. Her
renal function continued to decline in conjunction with
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Fig. 2. Serum creatinine and proteinuria in patients before, during and after bevacizumab therapy. Baseline: median and range of baseline serum
creatinine (n = 8) and proteinuria (n = 8) for patients prior to with bevacizumab therapy. Cessation of bevacizumab: median and range of peak serum
creatinine (n = 7) and proteinuria (n = 9) for patients during bevacizumab therapy. Recovery: median and range of recovery serum creatinine (n = 5)
and proteinuria (n = 7) for patients after recovery with bevacizumab therapy. For previous cases, if a serum creatinine value was not reported but kidney
function was described as ‘normal’, a serum creatinine value of 1.2 was assigned. Vertical lines are median and range values for serum creatinine
(dashed) and proteinuria (solid) in previously reported cases; the horizontal lines are values for creatinine and proteinuria for the patient reported in this
case.

increased proteinuria. In July 2008, her serum creatinine
was 3.6 mg/dL, and a random urine protein-to-creatinine
ratio was 5.5 g/g. A renal biopsy was performed. Notable
histologic findings include widened and irregular capillary
loops, probable thrombi in peripheral capillary loops and ar-
eas of mesangiolysis with extravasated red blood cells con-
sistent with thrombotic microangiopathy. In addition, the
surrounding renal parenchyma demonstrated patchy inter-
stitial fibrosis and tubular atrophy with associated chronic
interstitial inflammation (Figure 1a and b).

After discussions regarding prognosis and treatment op-
tions with her and her primary oncologist, she declined
further therapy and began hospice care in September 2008
with a serum creatinine of 4.4 mg/dL (eGFR 11 mL/min/
1.73 m2). This occurred ∼6 months after her last exposure
to bevacizumab.

Discussion

We describe a patient with chronic kidney disease prior to
the re-initiation of bevacizumab who developed progressive
renal failure secondary to RL-TMA. To our knowledge, this
is the first report of VEGF inhibitor-associated TMA that
failed to resolve after withdrawal of the drug.

Since the original report by Frangié et al., in 2007, eight
additional cases of bevacizumab-associated renal TMA
have been reported. All nine of these patients had normal
renal function prior to initiation of anti-VEGF therapy with
the exception of one patient, a 70-year-old male with a sin-
gle kidney after nephrectomy for renal cell carcinoma, who

had a baseline eGFR of 41 mL/min. After drug withdrawal,
two patients died. Proteinuria improved in the remaining
seven patients. Time course to resolution of proteinuria
was only reported in five of these cases (median 3 months,
range 2–9.5 months). Renal clearance function after drug
withdrawal was reported in four of the nine cases, and im-
proved to baseline in three and stabilized at 1.4 mg/dL in
one. This occurred within the same time frame as protein-
uria resolution. Consistent with these observations, most
authors reporting on this condition note that anti-VEGF in-
hibitor TMA is a reversible disease process after the drug is
withdrawn. This contrasts with our experience (Figure 2).

The reasons behind this patient’s lack of response to
drug withdrawal are not clear, but may relate to her pre-
existing chronic kidney disease, co-existent severe hyper-
tension and/or heavy proteinuria. Additionally, we do not
know what role, if any, the prior bevacizumab exposure
played in this disease process. We do not have informa-
tion beyond measurement of serum creatinine and urinaly-
sis about the condition of her kidneys prior to re-exposure
to the drug in early 2008. Although the patient had sta-
ble chronic kidney disease with no proteinuria prior to
re-exposure, without a previous biopsy we do not know
the severity of her underlying kidney disease and how this
may have impacted her inability to tolerate bevacizumab
therapy. However, from the biopsy performed ∼4.5 months
after stopping the VEGF inhibitor, we do know that the
TMA was still active, and evidence for an ongoing and ac-
tive glomerular lesion is clinically supported by worsening
nephrotic-range proteinuria at the time of, and after, renal
biopsy.
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Our case raises several important questions. What is
the natural history of VEGF inhibitor-associated RL-
TMA in patients with pre-existing chronic kidney dis-
ease? Is the disease course different than that in patients
with normal baseline renal function? What is the appro-
priate diagnostic and management strategy for patients
with chronic kidney disease exposed to VEGF-inhibitor
therapy who develop proteinuria, hypertension and/or re-
nal failure? The answers to these questions require addi-
tional data. While the indication for therapeutic plasma
exchange for cases of drug-associated TMA is not clear,
it is not at all apparent that this intervention would have
yielded substantial return of renal clearance function in
this patient with fairly advanced tubulointerstitial fibrosis
[8].

Currently, neither the drug manufacturer nor the FDA
provides any guidance regarding use of this class of medica-
tion in patients with pre-existing kidney disease [9]. Given
our reported findings, we believe it prudent to consider
additional counselling of patients with chronic kidney dis-
ease prior to initiating anti-VEGF therapy about the risks of
TMA associated with this drug and the lack of prognostic,
patient-level data which would allow for an accurate esti-
mate of these risks. Additionally, given that patients devel-
oping VEGF inhibitor-associated TMA do not universally
exhibit the clinical, multi-system organ manifestations and
laboratory findings classically associated with TMA, we
recommend a low threshold for renal biopsy in patients

administered these agents who develop proteinuria, hyper-
tension and renal insufficiency.
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