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Proteinuria in a patient receiving anti-VEGF
therapy for metastatic renal cell carcinoma
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SUMMARY

Background A 59-year-old man who had undergone a left nephrectomy
for renal cell carcinoma was found to have metastatic disease during

a restaging examination. The patient was started on treatment with
interferona2b plus bevacizumab, a humanized monoclonal anti-vascular
endothelial growth factor antibody. After 9 months of this therapy, the
patient developed proteinuria, which gradually increased to over 6 g/day.

Investigations Physical examination, urine and blood analysis, biopsy of
the right kidney, and histologic evaluation of the non-neoplastic portion
of the left nephrectomy specimen.

Diagnosis Thrombotic microangiopathy and IgA immune-complex
deposition in the glomerular capillary walls and mesangium.

Management Discontinuation of interferoran2b and bevacizumab,
control of blood pressure with an angiotensin-converting-enzyme
inhibitor and an angiotensin-receptor blocker.
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THE CASE

A 59-year-old white male with a past medical
history significant only for well-controlled
hypertension and type Il diabetes mellitus
presented with progressive fatigue, abdominal
pain and weight loss. An abdominal CT scan
revealed two large left renal masses indicative of
malignancy. The patient underwent a left radical
nephrectomy. Examination of the tumor demon-
strated conventional clear cell renal carcinoma
staged as T3aNOMO.

Three months after nephrectomy, a restaging
investigation showed evidence of metastatic
disease in the lungs. Treatment with inter-
feron a2b plus bevacizumab was initiated.
Bevacizumab is a humanized monoclonal anti-
vascular endothelial growth factor (anti-VEGF)
antibody?l thought to inhibit tumor growth
by blocking the angiogenesis that is supported
by VEGF-induced endothelial cell proliferation
and survivak Corticosteroids were not used. A
detailed chronology of changes in the patient’s
kidney function, proteinuria, and blood pres-
sure is presented in Table 1. At the start of
therapy, the patient’s serum creatinine level was
115umol/l and urinalysis was unremarkable—
specifically there was no proteinuria or hemat-
uria. Four months later, the patient's serum
creatinine level had increased to fidfbl/|
and his angiotensin-converting-enzyme inhib-
itor (quinapril) was discontinued. His serum
creatinine level remained elevated. Nine months
after therapy was started, serial dipstick evalua-
tions of the patient’s urine demonstrated the
development of grade 1-2+ proteinuria. A 24-
hour urine collection at this time contained
1,836 mg of protein. Between 9 months and
14 months after the start of therapy, protein-
uria remained in the range 600-1,500 mg/day;
however, it then increased significantly, despite
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Table 1 Summary of the main case.

Time from start Serum Proteinuria  Urine Proteinuria  Blood Medications and procedures
of treatment with creatinine dipstick specific (mg/day) pressure

interferon 02b and level test gravity (mmHg)

bevacizumab (Mmolll)

—2 months 106 ND ND ND 140/72 Quinapril 20 mg/day

0 months (treatment
with interferon 02b
and bevacizumab
started)

2 months

4 months

9 months

11 months
11.5 months
12 months

13 months

13.5 months
14 months

15 months

15.5 months

16 months
17 months
17.25 months
18 months
21 months

25 months

115

ND

141
ND
ND
ND
141
124

124
133
150

ND

141
150
150
ND
167
111

Hydrochlorothiazide 12.5mg/day
Glimepiride 2 mg/day

Negative 1.029 ND 148/80 Interferon 012b started at 9 million units
subcutaneously 3 times/week
Bevacizumab started at 10mg/kg
intravenously over 1.5 hours every 2 weeks

ND ND ND ND Interferon 02b dose decreased to 6 million
units 3 times/week

Negative 1.030 ND ND Quinapril discontinued

1+ 1.030 1,836 ND No medication changes or procedures

2+ ND ND 150/74 Amlodipine started at 5mg/day

1+ ND 660 120/84 No medication changes or procedures

ND ND ND 140/80 No medication changes or procedures

1+ 1.030 ND 148/70 Telmisartan added at 40 mg/day
Amlodipine increased to 10 mg/day

ND ND 1,045 148/84 No medication changes or procedures

ND ND 1,593 148/84 No medication changes or procedures

3+ ND ND 144/94 Interferon 02b discontinued because of
anxiety and depression

ND ND ND 157/100 Bevacizumab discontinued because of
persistent proteinuria and elevated creatinine

4+ ND 6,958 ND No medication changes or procedures

ND ND 5,580 142/80 Lisinopril added at 10 mg/day

ND ND ND ND Renal biopsy performed

ND ND 4,640 ND No medication changes or procedures

ND ND 2,744 148/86 No medication changes or procedures

ND ND 1,899 132/92 No medication changes or procedures

Abbreviation: ND, not done.

initiation of an angiotensin-receptor blocker therapies were discontinued (Table 1). Physical
(telmisartan) at 13 months (Table 1). Interferonexamination found a thin, but not cachectic,
02b was discontinued after 15 months becausehite male in no distress. His blood pressure
of neuropsychiatric symptoms including anxietywas 142/80 mmHg. He had no cervical lymph-
and depression. Bevacizumab was stopped aftadenopathy, findings from his cardiopulmonary
15.5 months as a result of the proteinuria andexam were normal, and his abdomen showed a
elevated serum creatinine level. The patientvell-healed scar, no masses, and no enlargement
achieved complete remission of metastatiof the liver or spleen. He had mild to moderate
renal cell carcinoma and remains disease-frelgilateral lower extremity edema to the level
25 months after therapy was started. of the midshinAnalysis of the patient’s urine
As a result of continued nephrotic-range sediment showed 3-4 white blood cells per
proteinuria and renal insufficiency after stop- high power field, 0—2 red blood cells per high
ping interferon a2b and bevacizumab, the power field, no dysmorphic red blood cells, and
patient was referred to a nephrology clinic foran occasional white blood cell cast. Hepatitis,
evaluation approximately 2 months after theseautoimmune, and HIV serologies were all negative
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DISCUSSION OF DIAGNOSIS sirolimus-induced thrombotic microangiopathy
Targeting VEGF in cancer treatment has recentlin kidney transplant recipients, and adminis-
received considerable attention. Anti-VEGF anti-tering VEGF in experimental thrombotic micro-
body therapy has mainly been used in clinicaingiopathies improved glomerular capillary
trials for metastatic colorectal cancer and renahealing® A caveat in the cases presented is that
cell carcinoma;® but recent data indicate that interferon a therapy has also been associated
these antibodies also have activity in breast canceith the development of renal thrombotic micro-
and lung cancét.’ The role of VEGF in human angiopathy? It will, therefore, be important to
renal physiology is not known; however, VEGHook at kidney pathology in patients treated with
is constitutively expressed by podocytes, and i@nti-VEGF antibodies in the absence of treatment
receptors are found on normal glomerular capil-with interferona.
lary endothelial cel Anti-VEGF therapy has  The finding of glomerular IgA deposition
been associated with the development of proteinin the main case presented, and its absence in
uria in 23-38% of patients with colorectal cancerthe second patient (Box 1), is intriguing. The
and in up to 64% of patients with renal cell carci-glomerular IgA deposition was not a pre-existing
noma3-°> Although this proteinuria has largely condition, a conclusion based on immuno-
been asymptomatic and low-grade, it exceedefluorescence and electron microscopy exami-
3.5g/day in 6.5% of all renal cell carcinomanations of the patient's original nephrectomy
patients in one large stuélhese findings indi- specimen before any chemotherapy had been
cate that VEGF might be involved in the main-given. While systemic and renal VEGF expression
tenance of the glomerular capillary permeabilitymight be altered in IgA nephropathythere is
barrier. To date, there have been no descriptionso evidence that blocking the actions of VEGF
of kidney histology from patients receiving anti- predisposes to the development of IgA immune
VEGF therapies. In this Case Study, we report theomplexes. Similarly, interferantreatment has
renal pathologic findings of a patient treated withnot been associated witle novo IgA nephro-
bevacizumab. The kidney biopsy demonstrateghathy, although it has been suggested that the
glomerular capillary endothelial injury indica- treatment exacerbates existing IgA nephttis.
tive of a thrombotic microangiopathy, a finding It will be important to determine whether IgA
consistent with the notion that VEGF is important immune-complex glomerulonephritis is found
for glomerular capillary integrity. The additional in other patients treated with anti-VEGF anti-
observation of an IgA-predominant immune- bodies who develop renal insufficiency and
complex glomerulonephritis was surprising, andhigh-grade proteinuria, but not in patients
is difficult to explain in the context of VEGF's who develop only minor proteinuria. If the case
currently known biologic activities. Interestingly, described here does not represent an isolated
a partial nephrectomy specimen from a secondinding, and if glomerular IgA deposition occurs
patient treated with bevacizumab was also consi#n the absence of interferortherapy, then there
tent with endothelial injury secondary to a throm- could be implications for the understanding of
botic microangiopathy, but lacked any evidenceghe pathogenesis of IgA nephropathy.
of immune-complex glomerulonephritis (Box 1 Manipulation of the VEGF axis in experi-
and Figure 6). mental animals supports the importance of
To explain the development of a throm- VEGF in glomerular capillary integrity. In
botic microangiopathy during anti-VEGF normal mice, administration of antibodies to
antibody treatment, it is reasonable to postu-VEGF, or neutralization of VEGF with soluble
late that blocking VEGF prevents the repai’VEGF receptor 1, caused a significant increase in
of endothelial damage that probably occursroteinuria within 3 hours; this increase was asso-
daily in blood vessels. Anti-VEGF therapy alseiated with hypertrophy of glomerular endothelial
commonly causes hypertension, which couldcells, endothelial detachment from the basement
contribute to such endothelial inju® This membrane, and loss of slit diaphragta3hese
endothelial injury mightreate a thrombogenic animals also showed reduced glomerular expres-
endothelium and predispose to intravascularsion of nephrin. The chronic administration of
clotting. Relevant to this hypothesis, arterialanti-VEGF receptor 2 antibodies to mice prone to
thrombosis is a recognized side effect of bevaystemic lupus erythematosus markedly increased
cizumab therapy. Furthermore, decreased mortality and accelerated the development
levels of VEGF have been associated withf lupus nephritis and proteinuri.Finally,
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CONCLUSIONS 6
The cases presented here are an important first step
towards understanding the mechanisms under-
lying the renal toxicity of a cancer therapy that will?
be widely used in the future. The kidney biopsy
findings in patients treated with bevacizumab plus;
interferona2b for renal cell carcinoma, along with
the data from experimental animals, indicate thag,
this therapy, and in particular anti-VEGF anti-
bodies, might cause glomerular capillary injury
consistent with a thrombotic microangiopathy.
This injury can be associated with severe or minor
proteinuria, and impaired or normal renal func-
tion. Factors that affect the clinical manifestation'’
of the renal injury remain to be determined, but

it is intriguing to speculate that immune-complex
deposition might be required for severe presenta-
tions. The pathologic findings described in these
cases will need to be confirmed in other patients
treated with anti-VEGF antibodies, and a large,,
series of patients will be required for clinical
correlations to be made.
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