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ABSTRACT

Angiogenesis has been known for decades to be an essential step in cancer growth. In
recent years, the vascular endothelial growth factor (VEGF) family was identified as a crucial
stimulus (and product by tumors) for neovascularization, nutrition, oxygen delivery, and
metastatic dissemination; VEGF inhibition currently has an important role in cancer therapy.
The development and increased use of VEGF inhibitors has led to the identification of side
effects and renal complications. Vascular endothelial growth factor is produced by renal
podocytes to maintain a healthy endothelium, mesangium, and tubular structures. With the
disruption of nutritional processes in the kidney, there can be renal injury starting at the cellular
level and referred to by some experts as anti-VEGF nephropathy (hypertension, thrombotic
microangiopathy, proteinuria, renal failure).

Here we present the case of a man with renal cell carcinoma who was treated with surgical
resection and later started on sunitinib. He developed several acute and chronic medical
problems, including some related to anti-VEGF toxicity.
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Angiogenesis has been known to be an essential
step in cancer growth for decades. In recent years,
the vascular endothelial growth factor (VEGF) fam-
ily was identified as a crucial stimulus (and product
by tumors) for neovascularization, nutrition, oxygen
delivery, and metastatic dissemination; VEGF inhi-
bition currently has an important role in cancer ther-
apy.' The development and increased use of VEGF
inhibitors have led to the identification of side effects
and renal complications. Vascular endothelial growth
factor is produced by renal podocytes to maintain a
healthy endothelium, mesangium, and tubular struc-
tures. With the disruption of nutritional processes
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in the kidney, there can be renal injury starting at
the cellular level which has been called anti-VEGF
nephropathy (hypertension, thrombotic microangi-
opathy, proteinuria, renal failure).? This case report
demonstrates some of these side effects.

CASE

A 71-year-old man with a history of stage IV renal
cell carcinoma status post right radical nephrectomy,
chronic kidney disease stage lll, hypertension, hyper-
lipidemia, and hypothyroidism was admitted with diz-
ziness, weakness, and decreased urine output for
two days starting after his latest round of chemother-
apy. He noted shortness of breath, orthopnea, and
nausea. His wife also reported that he had decreased
oral intake. His medical history included clear cell
carcinoma with extensive sarcomatoid features (pT4,
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pNx, pMx, stage IV) treated with right radical open
nephrectomy. After surgery, he received eight cycles
of gemcitabine. In August 2015 sunitinib (Sutent,
Pfizer Inc.) was started at 25 mg daily with a schedule
of four weeks on and two weeks off. The dose was
increased to 50 mg daily for a brief period but then
reduced to 37.5 mg daily due to significant transam-
initis. He was also restarted on a monthly schedule
of gemcitabine (Gemzar, Eli Lilly) every four months
before this hospitalization.

Upon admission, the physical examination rev-
ealed no significant abnormalities other than ortho-
static hypotension, pale skin, and conjunctivae. The
initial laboratory showed pancytopenia, hypoglycemia,
elevated creatinine (2.9 mg/dl from a baseline serum
creatinine of ~1.2 mg/dl), hyperkalemia (6.3 mEq/L),
high anion gap metabolic acidosis, hypoalbuminemia,
hyperbilirubinemia, and transaminitis (AST 2,600 IU/L,
ALT 1,500 IU/L). The peripheral blood film revealed
macrocytosis and polychromasia with burr cells, tar-
get cells, and tear drop cells with large platelets. A
chest x-ray showed mild cardiomegaly with pulmonary
edema. Additional workup revealed elevated D-dimer
(44,946 ng/ml), lactate dehydrogenase (961 Units/L),
haptoglobin (250 mg/dl), and a mildly decreased
ADAMTS13 activity (30%) with high inhibitor 0.5 (ref-
erence range <0.4). His fractional excretion of sodium
was 2%, and urine eosinophil stain was negative. Urine
microscopy revealed muddy brown casts with isomor-
phic hematuria. He was diagnosed with chemotherapy-
induced thrombotic microangiopathy and acute liver
injury in addition to combined pre-renal and chemo-
therapy-induced acute kidney injury for which the
chemotherapy was held.

During his hospitalization, he also developed
acute congestive heart failure with hypoxemic res-
piratory failure and was transferred to the medical
intensive care unit. Transthoracic echocardiogram
revealed new findings of heart failure with an ejec-
tion fraction of 25-29% and no regional wall motion
abnormalities. Urine output never improved. After dis-
cussion with his providers, the patient and his family
opted for inpatient hospice to allow a natural death,
and later he was transferred to the supportive care
unit. The patient died shortly afterward.

DiscussioN
VEGF MODULATION AND RENAL EFFECTS

The refined permeability of the glomerular cap-
illary wall is mediated mainly by three factors: the
negatively charged glomerular basement membrane
(GBM), the podocytes or visceral epithelial cells, and
the fenestrated endothelial cells. The podocyte pro-
duces and secretes vascular endothelial growth fac-
tor (VEGF) which is specific for the survival, nutrition,
and development of glomerular capillaries, mesan-
gium, and glomerular endothelial cells which are
capable of expression of VEGF receptors in the kid-
ney.® There is more than one VEGF ligand produced in
the body, and these interact with different cells, such
as the endothelial cells. VEGF-A binds to its specific
receptor (VEGFR- 1, 2, 3) and has an essential role
in promoting angiogenesis and therefore a healthy
endothelium (Figure 1).

In 1971, Dr. Juda Folkman proposed the hypoth-
esis that cancer growth was dependent on neovascu-
larization for nutrition. Since then, oncologists have
tried to develop therapies that prevent malignan-
cies from getting the nutrients needed for adequate
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Figure 1. VEGF family, receptors, and effects.
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Table 1. FDA approved anti-VEGF drugs

Name Type

Bevacizumab Monoclonal antibody

Sorafenib VEGEF signal inhibitor
Sunitinib VEGEF signal inhibitor
Pazopanib VEGEF signal inhibitor

development, and these efforts led to the develop-
ment of VEGF modulators.* Table 1 details some
of the VEGF modulators currently approved by the
Federal Drug Administration.

Our patient was taking sunitinib, a VEGF mod-
ulator which affects the intracellular pathway of
tyrosine kinase inhibition that decreases the VEGF
effect distally to the response signaling. Swelling of
the glomerular endothelial cells with loss of glycoc-
alyx, reductions of nephrin (a protein necessary for
a healthy filtration barrier), disruption of the slit dia-
phragms, and fibrin deposition cause microangiopa-
thy and thrombosis.*

Many cases have been reported in the literature
over the last five years describing VEGF modulation
and renal involvement (Table 2). In contrast to the
usual time course for nephrotoxicity related to medi-
cation side effects, VEGF modulators may take up to
three years of chronic therapy to produce renal side
effects.?2 This may be related, in part, to the difficulty
in linking some of the side effects with the medication
early during the treatment course. Side effects, such
as new onset hypertension, worsening chronic hyper-
tension, new onset/worsening proteinuria, focal and
segmental glomerulosclerosis, and even thrombotic
microangiopathy (TMA), may go unrecognized while
the patients are taking VEGF modulators. The renal
effects we discuss below are the ones most com-
monly described in the literature.

HYPERTENSION

One of the most significant side effects encoun-
tered at the time VEGF inhibitors are started is

hypertension. Changes in blood pressure develop
in nearly all patients started on these medications.
Hypertensive blood pressure levels are noted in
19-24% of patients receiving VEGF modulators,
but this can increase to 80% with some of the newly
approved and experimental forms of these medica-
tions.>8 It can also happen with intra-ocular injections
used by some ophthalmologists for diseases like
age-related macular degeneration.’

As a consequence of VEGF inhibition, there is
a decrease in nitric oxide (NO) production result-
ing in peripheral vasoconstriction and increased
vascular resistance. Because VEGF has an active
role in endothelial health, blocking VEGF will cause
endothelial dysfunction with increased production of
endothelin-1 (ET-1), which is a strong vasoconstric-
tor (Figure 2).2 Management of high blood pressure
largely depends on the experience of the providers in
charge of the patient care and comorbidities; the tar-
get per JNC-7 blood pressure goals is <140/90 mmHg.
The National Cancer Institute also recommends close
monitoring of blood pressure weekly during the first
round of VEGF inhibitors and then every 2—-3 weeks
for the duration of treatment.®

Calcium channel blockers (especially dihydropyri-
dine) have been widely used and recommended by
experts due to the reduction in smooth muscle con-
tractility of the vessels affected by the lack of NO and
increased of ET-1." Angiotensin-converting enzyme
inhibitors and angiotensin |l receptor blockers have
also been reported as adequate therapies for VEGF
related hypertension, especially when proteinuria is a
comorbid condition.

THROMBOTIC MICROANGIOPATHY

With the disruption of the healthy endothelium
secondary to VEGF inhibition, there will be fibrin
deposition and ultimately enhanced clotting with the
development of thrombotic microangiopathy (TMA).
The incidence of TMA is high," and expert opinion
considers TMA as the most common complication of
VEGF inhibitors.? Our patient was also receiving gem-
citabine, a drug known to cause TMA'? (not the focus
of this review but essential to know).
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Table 2. Case reports between 2013 and 2018

agent, bevacizumab?®

Year | Case Report Title VEGF Modulator Renal Effects

2018 | Lenvatinib-induced renal failure: two first-time case Lenvatinib Glomerular injury and
reports and review of literature' proteinuria Tubulointerstitial

injury

2017 | BRAF signaling pathway inhibition, podocyte injury, | Dabrafenib and Nephrotic syndrome
and nephrotic syndrome'¢ Trametinib

2017 | Posterior reversible encephalopathy syndrome (PRES) | Bevacizumab Severe hypertension
with sub-arachnoid hemorrhage after bevacizumab
and 5-FU"

2016 | Fatal posterior reversible leukoencephalopathy Bevacizumab Severe hypertension
syndrome associated coma induced by bevacizumab in
metastatic colorectal cancer and review of literature'®

2017 | Posterior reversible encephalopathy syndrome with Pazopanib Severe hypertension
concurrent nephrotic syndrome in a patient treated with
pazopanib for metastatic renal cell carcinoma: case
report and review of the literature'

2016 | Anti-VEGF-related thrombotic microangiopathy in a Bevacizumab Thrombotic microangiopathy
child presenting with nephrotic syndrome®

2015 | Symptomatic secondary polycythemia induced by anti- | Axitinib, Pazopanib, | Severe hypertension
VEGF therapy for the treatment of metastatic renal cell | Bevacizumab,
carcinoma: a case series and review.”! Sorafenib

2015 | Intravitreal antivascular endothelial growth factor Intravitreal Proteinuria
therapy may induce proteinuria and antibody mediated | Bevacizumab
injury in renal allografts*

2014 | A case of glomerulopathy associated with the vascular | Bevacizumab Proteinuria
endothelial growth factor inhibitor bevacizumab®

2014 | Clinicopathological spectrum of kidney diseases Bevacizumab, Hypertension, proteinuria,
in cancer patients treated with vascular endothelial Sorafenib and thrombotic
growth factor inhibitors: a report of 5 cases and review microangiopathy
of literature®*

2014 | Renal injury following intravitreal anti-VEGF Intravitreal VGEF Chronic kidney disease
administration in diabetic patients with proliferative inhibitor (not progression
diabetic retinopathy and chronic kidney disease—a specified)
possible side effect??

2013 | Osteonecrosis of the mandible due to anti-angiogenic | Bevacizumab Osteonecrosis of the jaw
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Figure 2. Mechanisms linked to hypertension with
VEGF inhibition.

Discontinuation of the VEGF modulator has
become standard management. Upon stopping the
offender drug, blood pressure control needs to be
optimized to avoid more endothelial injury, and other
medications that might exacerbate the endothelial
injury need to be adjusted and sometimes stopped
(e.g., calcineurin inhibitor, clopidogrel, ticlopidine). In
general, plasmapheresis is avoided, since it has not
shown any benefit in previous studies.”™ The prog-
nosis seems to be variable and mostly dependent
on the timing of diagnosis and comorbidities. With
early diagnosis and discontinuation of the drug, one
may expect a regression of the microangiopathy and
thrombosis.™

SummMARY

This patient developed acute kidney injury with
anemia, thrombocytopenia, and laboratory tests con-
sistent with microangiopathic hemolytic anemia. He
was hypertensive throughout his hospitalization. His
clinical condition deteriorated despite supportive care
and withholding chemotherapeutic agents. Multiple
organs rapidly failed. This case illustrates the severe
side effects associated with VEGF inhibitors.
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