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Abstract
The use of anti-angiogenic agents as part of the therapeutic armamentarium for advanced stage
solid tumors has become standard of care in several instances, particularly for renal cell
carcinoma, non-small cell lung carcinoma, colorectal carcinoma, and gastrointestinal stromal
tumors. These agents primarily target vascular endothelial growth factor (VEGF) and/or its
receptors, and include bevacizumab, a humanized monoclonal antibody against VEGF, as well as
tyrosine kinase inhibitors that target several receptor tyrosine kinases (RTK), including VEGF
receptors. These therapies, as a general class of angiogenic medications, have been shown to have
common adverse vascular effects attributable directly or indirectly to their anti-VEGF effects,
including hypertension, renal vascular injury, often manifested by proteinuria and thrombotic
microangiopathy, and congestive heart failure. Knowledge of these common side effects and their
underlying mechanisms may allow for more accurate and prompt diagnoses, timely clinical
interventions, and the development of rational and standard treatments. These measures may
minimize patient morbidity and mortality, not only by the treatment of side effects, but also by
minimizing the disruption of treatment of the underlying malignancy, as well as improving patient
quality of life.
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Introduction
The concept of inhibiting angiogenesis as a strategy for the treatment of certain
malignancies was proposed by Folkman in 1971 [1]. The use of angiogenesis inhibition as a
therapeutic modality, either as monotherapy or as part of combination chemotherapy, has
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become standard treatment for several tumor types, particularly solid tumors, such as
metastatic renal cell carcinoma (mRCC), non-small cell lung carcinoma, gastrointestinal
stromal tumors (GIST), and colorectal carcinoma. One of the main angiogenic growth
factors, and its downstream pathways, that is a major therapeutic target, is vascular
endothelial growth factor (VEGF) and its receptors. This review will concentrate largely on
the renal and vascular effects of VEGF inhibition.

The current FDA approved medications that target VEGF include, bevacizumab, a
humanized monoclonal antibody directed against VEGF-A, through extracellular blockade
of ligand-receptor binding, and more recently, the small molecule tyrosine kinase inhibitors
(TKI), sunitinib, sorafenib, and pazopanib, which target VEGF receptors
(VEGFR1,VEGFR-2, and VEGFR3), platelet derived growth factor receptor-α (PDGFRα),
and/or PDGFRβ, FLT-3 (fms-related tyrosine kinase 3), the stem cell factor receptor (KIT),
and the product of the RET proto-oncogene [2]. Sorafenib, in addition, inhibits Raf serine/
threonine kinase [2]. The number and severity of the potential target and “off-target”
toxicities of these anti-angiogenic agents are dependent in large part on their molecular
target(s), whether they are used as monotherapy or in combination with other anti-neoplastic
medications, tumor type and extent, as well as patient co-morbidities. However, regardless
of the specific medication, certain adverse vascular effects to varying extents are shared
among these anti-angiogenic agents, as a class, specifically, abnormalities involving the
vasculature, hypertension, proteinuria, renal insufficiency, and congestive heart failure [3].

Vascular Endothelial Growth Factor (VEGF)
VEGF is a 45 kDa glycoprotein expressed in multiple organs which plays a key role in
maintaining homeostasis and cell survival. Specific cells that express VEGF include
progenitor endothelial cells, endothelial cells (EC), podocytes (renal epithelial cells),
fibroblasts, macrophages, and certain tumor types [4, 5•]. The gene undergoes alternative
splicing, and six VEGF isoforms have been identified, with the most biologically active
variant being VEGF165 (VEGF-A) [4, 5•]. VEGF binds 3 tyrosine kinase receptors,
VEGFR-1 (fms-like tyrosine kinase [Flt-1]), VEGFR-2 (kinase domain region [KDR]
human homologue or Flk-1 murine homologue), and VEGFR-3 (fms-like tyrosine kinase
[Flt-4]), which only responds to VEGF-C or VEGF-D, and is found predominantly on
lymphatic endothelium [4, 5•]. VEGFR-1 and VEGFR-2 have extracellular domains, and the
extracellular domain of Flt-1 has a soluble form (s-Flt-1), capable of binding and
inactivating circulating VEGF, as well as membrane bound VEGFR-1 and VEGFR-2 [6].
These two receptors are also expressed on multiple cell types, such as tumor cells, EC
progenitors, and mature endothelial cells, including glomerular, preglomerular and
peritubular [5•]. Most of the significant VEGF signaling in EC cells is mediated by
VEGFR-2 [5•].

VEGF Dysregulation and Renal and Vascular Disease
The role of VEGF as a survival, trophic and proliferative factor for vascular endothelium is
well recognized. However, only recently evidence has emerged implicating its role in the
regulation of renal vascular endothelium both in health and disease [7]. Anti-VEGF therapy,
leading to low free VEGF levels, may cause endothelial dysfunction and glomerular
epithelial cell (podocyte) dysregulation, leading to the two main clinical adverse effects,
hypertension and proteinuria, respectively (Figure 1).

Hypertension
Bevacizumab was the first anti-VEGF drug introduced into clinical practice, and
hypertension and proteinuria were described as adverse effects. Zhu, et al reported that the
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relative risk for hypertension with bevacizumab at low doses (3, 5, or 7.5 mg/kg/dose) was
3.0, compared to 3.5 at a high dose (10 or 15 mg/kg) [8]. Similarly, there appeared to be a
dose-dependent increase risk for proteinuria; 1.4 at the lower doses, and 2.2 for the high
doses [8]. Reportedly, the systolic pressure is affected more than the diastolic pressure [9,
10], and up to 36% of patients receiving bevacizumab demonstrate increases in blood
pressure [11–13].

In a phase II randomized trial in patients with mRCC, those patients treated with
bevacizumab at 3mg/kg, the rate of hypertension was only 3%, compared to 36% in those
patients treated at the 10 mg/kg dose [13]. Small molecule TKIs also result in dose
dependent increases in blood pressure, with reported incidences of 11–43% [14]. The
relative potencies of the TKIs also impact the rates of hypertension. The more potent and
specific TKIs, axitinib and cediranib (not FDA approved), not surprisingly, have shown
higher rates of hypertension than sorafenib and sunitinib at the maximum tolerated dose
(MTD) [15, 16]. Similarly, in a phase II study evaluating pazopanib in relapsed or refractory
soft tissue sarcomas, during the first month of treatment, virtually all patients developed
some degree of hypertension [17].

The accurate determination of the rates of significant hypertension, grades 3 and 4 (Table 1),
for anti-VEGF agents has been confounded by several issues. In general, most clinical trials
will formally exclude patients with poorly controlled hypertension. In addition, the grading
of hypertension was changed from the National Cancer Institute’s, Common Toxicity
Criteria of Adverse Events (CTCAE) version 2.0, to CTCAE version 3.0 in 2003, and, more
recently, to version 4.0 in 2010 (Table 1) (http://ctep.cancer.gov) [18–20]. These changes in
definitions have affected the evaluation and reporting of the adverse blood pressure effects
of anti-VEGF medications, and particularly bevacizumab, which has been available for more
than 10 years. The most recent classification, version 4.0, is using the blood pressure
threshold values that are comparable to those from the Seventh Report of the Joint National
Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure
[21]. This may lead to more consistent reporting of adverse blood pressure outcomes, and,
ultimately, to improved understanding and management of anti-VEGF therapy-related
hypertension and its complications. With respect to the definitions of the severity of
proteinuria, the different classification systems are in agreement, defining proteinuria as
grade 1 (urinary protein <1 gr/24 hour urine), grade 2 (1.0–3.4 gr/24 hour urine), or grade 3
(≥ 3.5 gr/24 hour urine). The classifications are not consistent in reporting nephrotic
syndrome (grade 4 adverse effect in versions 2.0 and 3.0) and death (grade 5 adverse effect
in version 3.0 only).

Additional factors that impact the development and/or grade of hypertension while using
anti-VEGF therapy include a previous history of hypertension, the concurrent use of more
than one anti-VEGF medication, as well as tumor type. It repeatedly has been reported that
patients with mRCC treated with anti-angiogenic therapies have higher rates of hypertension
than those patients with other tumor types, such as carcinomas of non-small cell lung,
hepatocellular, and breast, due to frequent previous nephrectomy and baseline renal
insufficiency. However, in a meta-analysis by Wu, et al, the risk of hypertension was similar
in those patients treated for mRCC and those being treated for other malignancies [22]. The
incidence of hypertension increases with the use of two anti-angiogenic medications
concurrently. The combination of bevacizumab and sunitinib and that of bevacizumab and
sorafenib in advanced solid tumors, including mRCC, resulted in rates of 92% and 67%,
respectively [23, 24]. The first cycle of therapy with an anti-VEGF medication is usually
when the majority of blood pressure elevations occur, including in those patients without a
history of pre-existing cardiovascular disease [25].
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Possible Mechanisms of Hypertension
Inhibition/downregulation of nitric oxide

VEGF is known to stimulate ECs to release NO (nitric oxide) via the upregulation of eNOS
(endothelial nitric oxide synthase), as well as prostacyclin (PGI2), resulting in vasodilation,
through the activation of the mitogen-activated protein kinase (MAPK) and
phosphatidylinositol 3-kinase (PI3K) downstream pathways [4, 9, 26–29]. This effect of
VEGF has been shown to be mediated predominantly through VEGFR-2 (KDR) receptor
binding and signaling [5, 30].

This role of VEGF in blood pressure control has been demonstrated in both pre-clinical and
clinical studies, in which the infusion of VEGF has been shown to result a drop in blood
pressure [30, 31]. The VIVA (VEGF in Ischemia for Vascular Angiogenesis) trial infused
recombinant human VEGF, both intravenously and intra-coronary, producing dose-
dependent drops in blood pressure, of up to 22% [31]. The antagonism of VEGF by anti-
angiogenic therapies is, therefore, considered one of the major contributors to the
development of hypertension, through vasoconstriction as a result of decreased NO.

NO also participates in tubuloglomerular feedback, pressure natriuresis and sodium balance,
and thus decreased levels may lead to the development of hypertension through sodium
retention and direct renal effects [32, 33].

Rarefaction of the microvasculature
Discussion regarding the importance of the microcirculation in the predisposition for and the
development of hypertension, both primary and secondary, has been debated, particularly
over the past decade. Much of the microvasculature, in the resting state, is closed, allowing
for additional vessel recruitment in the event of an increase in metabolic activity.
Rarefaction of the microcirculation has been defined as a reduced spatial density of
microvascular networks [34]. It can be further divided into functional rarefaction, ie, the
abnormal prevalence of existing, but underperfused vessels, versus structural rarefaction, an
anatomical absence of microvessels as a result of impaired angiogenesis or capillary
apoptosis[34].

One mechanism by which rarefaction has been linked to hypertension is through NO
dysregulation[34]. This has been shown in an experimental setting, in which hypertension
was induced by pharmacologic inhibition of NO synthesis [33, 35].

The reduction in the microvasculature, whether structural or functional, is postulated to lead
to increased systemic vascular resistance and hypertension. The correlation of the
development of hypertension with rarefaction in an oncology setting was demonstrated by
Steeghs, et al as a side study of a phase I protocol of telatinib, a small molecule TKI of
VEGFR-2 and 3, PDGFR, and c-KIT in patients with advanced solid tumors [36]. Several of
these patients developed new onset proteinuria, or had worsening of pre-existing proteinuria.
Capillary rarefaction was also shown in the finger skin of patients receiving bevacizumab
for metastatic colorectal cancer [33]. The degree of rarefaction correlated with the
development of hypertension, as well as with the total dose of bevacizumab. However, the
cause and effect relationship between rarefaction and hypertension remains unclear.

Neuro-endocrine Mechanisms
The possible contribution of hormonal factors in the development of anti-angiogenesis-
induced hypertension continues to be examined. Veronese, et al assessed patients treated
with BAY-43-9006 (sorafenib) for three weeks for changes in the following plasma levels:
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endothelin-1, renin, aldosterone, urotensin II, and catecholamines [37]. Blood pressures rose
by 20 mm Hg in 60% of the patients, despite no significant changes in the plasma levels of
vasoactive mediators. This suggested that the hypertension is not related to the renin-
angiotensin or sympathetic nervous system. Vascular stiffness, as measured by the aortic
pulse wave velocity and central aortic augmentation index, was significantly increased [37].
As with rarefaction, however, whether it is a cause or consequence of the hypertension has
not been definitively determined. In contrast, Mariette, et al reported a significant reduction
in plasma renin levels in patients treated for four weeks with sunitinib [5].

Glomerular Epithelial Cells and Slit Diaphragm
The glomerulus is a highly specialized filtration apparatus with selective permeability that
allows free passage of water and solutes, but not protein. It is comprised of three layers that
are structurally and functionally distinct. The first layer consists of capillary ECs that are
highly fenestrated and allow free passage of albumin. The second is the glomerular
basement membrane that is negatively charged and thus repels negatively charged proteins.
The third layer is composed of visceral glomerular epithelium, with highly specialized cells
situated on the outer aspect of the glomerular basement membrane, also known as
podocytes. These cells originate from mesenchyme, in contrast to most other non-renal
epithelial cells that are derived from ectoderm [38]. During glomerular development,
immature podocytes maintain a high proliferation index [39]. With the acquisition of a
mature phenotype, podocytes lose their mitotic activity and develop a highly differentiated
cytoarchitecture. Mature podocytes consist of cell bodies, major processes and foot
processes. Foot processes are anchored to the glomerular basement membrane. The foot
processes interdigitate and connect via specialized cell-to-cell junctions, also known as
glomerular slit diaphragms. The slit diaphragm appears to be a modified adherens junction
that provides the main size selective filtration barrier in the kidney [40].

The critical role of the slit diaphragm in the normal function of the glomerular filtration
barrier has been supported by studies of inherited nephrotic syndromes. In 1998, NPHS1,
the gene mutated in the congenital nephrotic syndrome of the Finnish type, was cloned
[41].The gene product, nephrin, was localized to podocytes, which likely represent the major
structural component of the slit diaphragm. Subsequently, several new proteins that localize
either to the slit diaphragm or foot process cytoskeleton have been identified over the past
few years, which, through complex interactions, contribute to the maintenance of the
structural and functional integrity of the slit diaphragm and podocytes. These include
Neph-1, a homologue of nephrin [42], podocin [43], CD2AP, a protein that localizes to the
cytoplasmic portion of the slit diaphragm, that may play an important role in protecting the
filtration barrier [44], and synaptopodin, which is linked to the formation of foot processes,
and thus considered to be a marker of the differentiated podocyte phenotype [45].

Proteinuria
In addition to hypertension, proteinuria is a common adverse side effect attributable to the
anti-angiogenic agents. VEGF is crucial to the maintenance of normal renal function, and
both over- and under-expression of VEGF may disrupt normal glomerular function. The
interaction between VEGF generated by podocytes and VEGFR-2 on glomerular ECs is
necessary to maintain the integrity of the glomerular slit diaphragm. It has been theorized
that reductions in VEGF lead to down regulation of nephrin expression, subsequently
resulting in podocyte injury and proteinuria [46]. Experiments in mice with selective
heterozygous or homozygous knock-out of podocyte-specific VEGF have demonstrated the
absence of a glomerular filtration barrier in null phenotypes and marked glomerular
endothelial cell swelling, bloodless glomeruli, and endotheliosis, (similar to kidney findings

Hayman et al. Page 5

Curr Oncol Rep. Author manuscript; available in PMC 2013 August 19.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



in preeclampsia), proteinuria, followed by end-stage kidney failure in haplo-insufficient
mice [47]. Eremina, et al further noted that glomerular damage preceded hypertension,
suggesting that hypertension per se is not the sole determinant of the development of
proteinuria, although there is some association. Yang, et al reported that in patients with
mRCC treated with bevacizumab, 54% of the patients who developed grade 2 or 3
hypertension, developed grade 2 or 3 proteinuria, and 16% of patients with no or minimal
hypertension (grade 0 or 1) developed proteinuria [13]. In the randomized phase III study
evaluating capecitabine alone with capecitabine and bevacizumab in those with previously
treated breast cancer, the patients who developed proteinuria were more likely to develop
hypertension than those patients who did not have proteinuria (47.1% vs 16.9%, p ≤ 0.001)
[12].

Proteinuria related to bevacizumab, as with hypertension, is dose-dependent and has been
reported in 41–63% of patients [8]. Despite the high incidence, most cases are asymptomatic
and not severe, with nephrotic range proteinuria (> 3.5 g/day) reported in approximately
6.5% [13]. It has been mentioned in the literature that there appears to be a decreased
incidence in proteinuria with the TKIs compared to bevacizumab. However, an accurate
incidence is unknown given that proteinuria was not evaluated for in the initial studies.
Patel, et al reported that 2.8% of 298 patients treated with either sorafenib or sunitinib
developed significant proteinuria, with an average of 3.8 g/day, after a median treatment
time of 6 months [48]. In a phase I study of RTKI KRN951, 20% of patients developed dose
limiting proteinuria, while all but one patient developed hypertension [49].

Patients receiving concurrent intravenous bisphosphonates and/or non-steroidal analgesics
while on anti-VEGF treatment have an increased risk for the development or exacerbation of
proteinuria [5, 50]. In the phase III metastatic breast cancer study evaluating capecitabine +/-
bevacizumab, the incidence of proteinuria was 33.9% in patients receiving bevacizumab and
pamidronate vs. 8.5 % (p < 0.026) in the patients receiving just bevacizumab [12].

Renal Pathology
There have been few renal biopsies performed in patients who develop proteinuria+/-
hypertension while on therapy. The most probable cause is that few patients have developed
frank nephrotic range proteinuria, and also proteinuria, hypertension, and acute renal
insufficiency typically resolve or markedly improve after discontinuation of anti-angiogenic
therapy. There are usually otherwise few or no other concerning clinical abnormalities.

The renal pathology diagnoses that have been documented to date in these patients include,
cryoglobulinemic glomerulonephritis (GN) [51] in a chronic lymphocytic leukemia patient,
acute interstitial nephritis attributed to sunitinib and sorafenib [52, 53], collapsing and
crescentic GNs thought to reflect the combined toxicity of an intravenous bisphosphonate
and anti-angiogenic treatment [12, 54, 55], and focal segmental glomerulosclerosis plus
thrombotic microangiopathy in a patient with mRCC on sunitinib [56]. The most common
renal pathologic findings, and also the ones most associated with VEGF derangement, are
endotheliosis and thrombotic microangiopathy (TMA), indicative of vascular damage
(Figure 2) [2, 27, 57, 58]. This pathology is identical to that seen in patients with severe
forms of preeclampsia, also believed to be a result of systemic VEGF dysregulation and
resulting widespread endothelial damage. In most reported cases in patients who are on anti-
VEGF therapy, the TMA appears to be renally localized, rather than part of a systemic
process, in which thrombocytopenia, schistocytes on peripheral smear, hemolytic anemia,
and rarely, reversible posterior leukoencephalopathy occur. The true rate of renally localized
TMA is unknown given the infrequency of renal biopsies. However, there continue to be
intermittent reports of systemic organ dysfunction, even with intravitreal injections of anti-

Hayman et al. Page 6

Curr Oncol Rep. Author manuscript; available in PMC 2013 August 19.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



VEGF therapy for macular degeneration [59]. Using more than one anti-VEGF concurrently
may increase the risk of systemic wide damage. In a phase I dose escalation trial of
bevacizumab and sunitinib, 5 of the 12 patients developed systemic TMA [23].The renal
biopsy abnormalities, aside from TMA, may or may not be directly related to therapy. Other
possibilities would include paraneoplastic nephropathies, “off-target” effects of the
medication, or the concurrent presence of unrelated renal disease.

Of concern to clinicians, is the not uncommon discrepancy of minimal non-invasive clinical
findings and relatively mild proteinuria, and the severe renal pathology that is obtained from
biopsy, suggesting that a renal biopsy should be considered at some point prior to the
development of severe proteinuria, in order to maximize the chances of intervening at a time
when toxicities may be reversed or at least more easily managed. The additional issue raised
is how accurately does the degree of proteinuria, in general, reflect the extent of underlying
glomerular damage? Recent publications have suggested that quantifying urinary podocyte
excretion, as a measure of podocyte injury, may be a more sensitive indicator of glomerular
damage than proteinuria [60]. Muller-Deile et al recently reported for the first time the
presence of podocyturia in patients with proteinuria treated with anti-VEGF agents [61••].

Reversibility of Nephrotoxicity and Hypertension
In the majority of cases, proteinuria and hypertension resolve or significantly improve with
removal of anti-VEGF therapy. There have been reports, however, of resolution of nephrotic
range proteinuria after cessation of treatment, but with limited recovery of actual renal
function [62]. Steeghs, et al studied a small group of patients, with either breast or colorectal
cancer, being treated with chemotherapy regimens that included bevacizumab, as to whether
there was objective evidence of reversibility of capillary density (rarefaction) and/or changes
in blood pressure after discontinuation of bevacizumab treatment for 3 months [63••]. There
was clear reversibility of capillary regression, with most capillaries growing back within two
weeks. This reversal in functional rarefaction, however, did not correlate with significant
changes in blood pressure within the 3 month time frame. Renal function was not evaluated.

Medication Toxicities vs. Clinical Benefits
The development or worsening of hypertension during anti-VEGF treatment is not without
possible positive aspects. Multiple publications have noted that hypertension may be a
surrogate marker of the effectiveness of VEGF blockade [64–68]. Osterlund et al evaluated
101 patients with metastatic colorectal carcinoma treated with bevacizumab. Blood
pressures were monitored and graded according to severity. Overall response rate,
progression free survival, and overall survival were superior in those who developed
hypertension compared to those who did not [69•]. The development of hypertension within
3 months was an independent prognostic factor. Whether dose escalations of anti-VEGF
agents to the point of the development of some degree of hypertension as a marker of
successful VEGF blockade should be considered, or whether lack of hypertension within a
certain period of time after starting therapy should result in a change in therapeutic strategy,
remain unknown.

Possible molecular markers to predict the development of hypertension and disease response
are being investigated. Associations of certain VEGF and VEGFR-2 single nucleotide
polymorphisms (SNPs) with hypertension and clinical outcome have been found in a
retrospective, preliminary study of patients with mRCC treated with sunitinib [70]. Certain
SNPs were also found to be associated with response and toxicity in patients also with
mRCC treated with first-line sunitinib in a multi-center, observational, prospective study
[71].
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Initial Patient Assessment/Choice of Anti-hypertensive Medications
There are no established guidelines for the treatment of hypertension arising from or
worsening as a result of anti-VEGF therapy, as there are few prospectively collected data
collected on its management. The results of the first prospective investigation of
hypertension management during treatment with cediranib were published in JCO in 2009
[72]. Formal incorporation of hypertension and its management into future clinical studies
evaluating anti-VEGF agents should ultimately aid in establishing formal general guidelines.
A consensus report by the Investigational Drug Steering Committee of the NCI convened an
interdisciplinary panel comprised of cardiovascular toxicity experts to make
recommendations to the Cancer Therapy Evaluation Program regarding this particular issue
[25]. It has suggested conducting formal cardiovascular risk assessments on patients prior to
the start of anti-VEGF treatment and maximizing control of pre-existing hypertension.
Optimal blood pressure target goals and monitoring are also addressed.

The choice of agent (s) needs to be made in the context of the patients’ other co-morbidities
and medications, as well as the metabolism of the particular anti-angiogenic treatment. In
the case of some of the TKIs, they undergo hepatic metabolism via the cytochrome P450
system, especially CYP3A4. As the calcium channel blockers (CCB), verapamil and
diltiazem inhibit the CYP3A4 system, resulting in increased plasma concentrations of the
TKIs, they are best avoided. This would not be an issue with the dihydropyridine class of
CCB, although some take several days before any significant anti-hypertensive effect is
seen. Nifedipine has been shown to induce VEGF secretion, and so felodipine or amlodipine
are preferred [73]. The use of ace inhibitors (ACEI) or angiotensin II receptor blockers
(ARB) has been advocated by some due to several factors. If there is concurrent proteinuria,
ACEI and ARBs may confer a renal protective effect.

Angiotensin II is known as a mitogenic agent stimulating growth through epidermal growth
factor, transforming growth factor beta, and tyrosine kinase [74]. The potential inhibition of
angiotensin II has obvious appeal. In addition, ACEI have been shown to upregulate
expression of nephrin in diabetic nephropathy, and also improve endothelial function and
capillary density [75], [19, 76]. As one of the mechanisms of action of anti-VEGF therapy is
a decrease in NO, with subsequent vasoconstriction and increase in systemic vascular
resistance, the use of agents that increase NO are attractive. Dirix, et al reported excellent
responses in patients with long acting nitrates [77]. However, the use of nitrates for the
control of anti-VEGF induced hypertension has to be weighed against the possible adverse
effects, such as tumor progression, with increasing NO levels. Oliver et al, reported that
phosphodiesterase inhibitor type 5 (sildenafil) was effective [75, 78]. The use of nebivolol,
whose mechanism of action is through reduction in peripheral resistance, has been
considered as well [75, 79]. Finally, other antihypertensive agents (such as beta blockers,
diuretics, alpha blockers, centrally acting agents, and direct vasodilators) may be required to
achieve goal blood pressure [21]. Pre-existing conditions may affect the choice of a specific
agent. One notable example is the use of beta blockers for patients with ischemic heart
disease.

Special Considerations
Patients that may require more intensive monitoring and earlier intervention are those with
nephrectomy and/or renal insufficiency as a result of mRCC. Launay-Vacher et al evaluated
the renal function of mRCC patients, on anti-VEGF therapy, by GFR using the aMDRD
formula, who had previously undergone nephrectomy [80]. All 73 patients demonstrated
declining renal function over time, especially those with pre-existing hypertension. Gupta et
al reported that 33% of the mRCC patients they studied had renal insufficiency, as defined
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by a GFR ≤ 60 mL/minute [81]. Compared to the patients with normal renal function, those
with renal insufficiency had larger median increases in blood pressure with bevacizumab
and sunitinib. There was no difference with respect to other toxicities, time to progression,
response or overall survival [81]. The use of anti-VEGF therapy should be carefully
considered in patients with polycystic kidney disease (PKD) [82]. An anti-VEGF-A
antibody was administered in a PKD rat model and compared to controls. Those with PKD
displayed increased tubular epithelial cell proliferation, increased kidney and cyst growth, as
well as severe renal failure associated with glomerular damage [82]. These findings were
correlated with low renal VEGF levels and high HIF-1-alpha.

Conclusion
Patients with solid tumors who are currently being treated with anti-VEGF monotherapy or
in combination with chemotherapy are typically older, with a higher likelihood of
cardiovascular and renovascular co-morbidities. The approved indications for anti-VEGF
treatment are largely for incurable metastatic disease, with limited therapeutic options and
median survivals. In addition, most, but not all of these medications, have been shown to
improve progression free survival, rather than overall survival. The decision as to how to
best treat and manage the accompanying toxicities in this setting, while maintaining a
reasonable quality of life, should rely on a careful, ongoing evaluation of risks vs. benefits in
each individual patient. Future progress in treatment of these patients is critically dependent
on development of early markers of vascular injury that would identify those at risk before
hypertension and/or proteinuria develop. Early identification may allow for timely dose
adjustments and continuation of anti-VEGF therapy, which is commonly the only option for
these patients, rather than holding or discontinuing these drugs when severe side effects
develop.
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Figure 1.
Anti-VEGF therapy, by causing low free VEGF levels, may cause endothelial dysfunction
and podocyte dysregulation, leading to hypertension and proteinuria, respectively.
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Figure 2.
64 year old male with metastatic liver angiosarcoma treated with bevacizumab, who, after
35 months of treatment, developed nephrotic range proteinuria and an active urinary
sediment. A renal biopsy (silver stain) showing double contouring (arrow), consistent with
thrombotic microangiopathy.
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Table 1

National Cancer Institute grading systems for HTN as an adverse effect of cancer treatment [18–20]; http://
ctep.cancer.gov

Classification Category Definition

CTCAE Version 4.0 Grade 1 Pre-HTN (systolic BP120 – 139 mm Hg or diastolic BP 80 – 89 mm Hg)

Grade 2 Stage 1 hypertension (systolic BP 140 – 159 mm Hg or diastolic BP 90 – 99 mm Hg); medical
intervention indicated; recurrent or persistent (≥24 hrs); symptomatic increase by >20 mm Hg
(diastolic) or to >140/90 mm Hg if previously WNL; monotherapy indicated Pediatric: recurrent or
persistent (≥ 24 hrs) BP>ULN; monotherapy indicated

Grade 3 Stage 2 hypertension (systolic BP ≥160 mm Hg or diastolic BP ≥100 mm Hg); medical intervention
indicated; more than one drug or more intensive therapy than previously used indicated Pediatric:
Same as adult

Grade 4 Life-threatening consequences (e.g., malignant hypertension, transient or permanent neurologic
deficit, hypertensive crisis); urgent intervention indicated Pediatric: Same as adult

Grade 5 Death

CTCAE version 3.0 Grade 1 Asymptomatic, transient (<24 hrs) increase by >20 mmHg (diastolic) or to >150/100 if previously
WNL; intervention not indicated Pediatric: Asymptomatic, transient (<24 hrs) BP increase >ULN;
intervention not indicated

Grade 2 Recurrent or persistent (≥24 hrs) or symptomatic increase by >20 mmHg (diastolic) or to >150/100 if
previously WNL; monotherapy may be indicated Pediatric: Recurrent or persistent (≥24 hrs) BP
>ULN; monotherapy may be indicated

Grade 3 Requiring more than one drug or more intensive therapy than previously Pediatric: Same as adult

Grade 4 Life-threatening consequences (e.g., hypertensive crisis) Pediatric: Same as adult

Grade 5 Death

Common toxicity
criteria: version 2.0

Grade 0 None

Grade 1 Asymptomatic, transient increase by 20 mmHg (diastolic) or to 150/100, if previously WNL; not
requiring treatment

Grade 2 Recurrent or persistent or symptomatic increase by 20 mmHg (diastolic) or to 150/100, if previously
WNL; not requiring treatment. For pediatric patients, use age and sex appropriate normal values .
95th percentile ULN

Grade 3 Requiring therapy or more intensive therapy than previously

Grade 4 HTN crisis

HTN hypertension; CTCAE Common Terminology Criteria for Adverse Events BP blood pressure; WNL within normal limits; UN upper limit of
normal
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