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ABSTRACT

Background: Bevacizumab is increasingly being used in the treatment of gynecologic malignancies, but has significant
side-effects including hypertension and reversible posterior leukoencephalopathy (RPLS), which must be recognized by
the gynecologic oncologist. Methods: A 26-month institutional retrospective review of bevacizumab in the treatment of
gynecologic malignancies. Patients were grouped according to whether they had bevacizumab-related hypertension
(defined as at least a grade one hypertensive toxicity) or not. There were no differences in patient demographics be-
tween the groups. Risk factors for developing bevacizumab-related hypertension were assessed using t-tests, Wilcoxon
rank sum test and Fisher’s exact test. Results: Our group has treated 45 patients with bevacizumab. Fifteen (33%) pa-
tients had a pre-existing diagnosis of hypertension, 12 (80%) of whom had at least one elevated blood pressure during
treatment. The 30 (67%) patients who did not have a pre-existing diagnosis of hypertension still had a high incidence of
bevacizumab-related elevated blood pressure (14, 47%). The majority of patients (26, 58%) had at least one therapy
cycle complicated by hypertension. Patients who experienced bevacizumab-related hypertension were significantly
more likely than not to have a history of hypertension (odds ratio of 4.6, 95% CI 1.1-19.6). There was a 4.4% incidence
of reversible posterior leukoencephalopathy. Patients with age equal to or greater than 75 years, stage IV disease, and
creatinine elevations greater than or equal to 1.4 mg/dL were significantly more likely to develop bevacizumab-related
hypertension. Other factors such as numbers of prior chemotherapies, cycles of bevacizumab, BMI, cancer site, and
histology were not significantly associated with bevacizumab-related hypertension. Conclusions: Hypertension is a
problem for patients on bevacizumab whether or not they have a pre-existing diagnosis. However, those with a history
of hypertension were significantly more likely to have bevacizumab-related hypertension.

Keywords: Ovarian Cancer, Bevacizumab, Hypertension, Posterior Reversible Leukoencephalopathy

1. Introduction Bevacizumab (Avastin; Genetech Inc, South San
Francisco, CA) is a monoclonal humanized recombinant
IgG1 antibody that binds and inhibits vascular endothe-
lial growth factor (VEGF) [5]. Bevacizumab has been
demonstrated to reduce tumor perfusion by inhibiting
endothelial cell proliferation and angiogenesis [6]. Be-
vacizumab has FDA approval for use in metastatic colo-

rectal cancer. Clinical trials are underway to evaluate its

Ovarian cancer ranks fifth in cancer deaths among Ame-
rican women, accounting for more deaths than any other
cancer arising in the female reproductive system. It is
estimated that there will be 21,880 new cases and 13,850
deaths from ovarian cancer in the United States during
2010 [1]. Despite advances in surgical techniques and

chemotherapy the overwhelming majority of women
diagnosed to have advanced stage ovarian cancer will
ultimately develop recurrent disease refractory to therapy
and succumb to the disease. Since the introduction of
paclitaxel in the 1980s [2-4] there have not been substan-
tial therapeutic advances to the treatment of this disease.

Copyright © 2011 SciRes.

therapeutic efficacy in other solid tumors including renal
cell carcinoma, metastatic breast cancer, metastatic
non-small cell lung cancer, pancreatic and prostate can-
cer [7,8], in addition to advanced ovarian cancer and pri-
mary peritoneal carcinoma.

One of the most common side-effects of bevacizumab
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is hypertension, which has been reported to occur in up
to 67 percent of patients and can occur at any point dur-
ing treatment [7]. Importantly the hypertension is dose
dependant and is more commonly seen at higher doses
(10 or 15 mg/kg) versus lower doses (3, 5 or 7.5 mg/kg)
of bevacizumab [7,8]. The hypertension associated with
bevacizumab is usually easily managed [9] but is occa-
sionally dose-limiting [10] with an incidence of grade 3
or 4 hypertension in 3 to 14.8 percent in ovarian cancer
studies [11] (Table 1). Importantly, in addition to caus-
ing new hypertension, bevacizumab can worsen pre-ex-
isting hypertension [12]. Indeed, the hypertension asso-
ciated with bevacizumab is so common that some have
suggested using blood pressure as a clinical indicator for
dose titration and drug efficacy [7,10].

Reversible posterior leukoencephalopathy syndrome
(RPLS) is clinically characterized by headache, nausea,
vomiting, vision disturbances, cortical blindness, altered
mental status and seizures. Patients often present with
hypertension, may have renal disease, eclampsia, or be
on immune-modulating or cytotoxic medications for ma-
lignancy or auto-immune conditions [13], such as cyc-
losporine [14]. Radiographically RPLS appears as pos-
terior white matter lesions bilaterally in the parieto-
temporal-occipital region of the cerebral hemispheres
without evidence of infarction or hemorrhage on brain
imaging.

To date there have been several published case reports
of RPLS in association with treatment with bevacizumab
for malignancies including renal carcinoma [15], colo-
rectal cancer [16-20], breast cancer [21], and pediatric
hepatoblastoma [22]. A recent review of the literature
estimates an incidence of RPLS of less than 0.1 percent
in clinical approval studies [7].

The objective of this study was to investigate which
factors increased a patient’s likelihood for hypertension
while undergoing treatment with bevacizumab. Specifi-
cally, we postulated that women who had co-existing
renal disease, increased age, advanced stage disease, and
extended treatment with bevacizumab (more than 6 cy-
cles) would have a higher rate of bevacizumab-related
hypertension. We also investigated the relationship be-

tween numbers of prior chemotherapies, BMI, cancer site,
histology and development of bevacizumab-related hy-
pertension.

2. Materials & Methods

This study is a twenty-six month retrospective chart re-
view of the forty-five consecutive patients at the Yale
Gynecologic Oncology Center treated with bevacizumab.
Forty-two were on study; either Ovarian Cancer Evalua-
tion of Avastin and Safety (OCEANS) or Gynecologic
Oncology Group-218 (GOG-218) while three were off-
study. All patients were treated at a standard dose of 15
mg/kg of actual weight, for ovarian, fallopian tube and
primary peritoneal carcinoma either alone or in combina-
tion with other anti-cancer agents (bevacizumab plus
either carboplatin and gemcitabine or carboplatin and
paclitaxel). Patients were grouped according to whether
they had bevacizumab-related hypertension (defined as at
least a grade one hypertensive toxicity using the National
Cancer Institute (NCI) common toxicity criteria for hy-
pertension) (26 patients) or not (19 patients) (Table 1).
There were no differences in patient demographics be-
tween the two groups as presented in Table 2. Risk fac-
tors for developing bevacizumab-related hypertension
were assessed using t-tests, Wilcoxon rank sum test and
Fisher’s exact test.

3. Results

Twelve (80%) of the 15 patients with a history of hyper-
tension had bevacizumab-related hypertension during
treatment (> 140 mm Hg systolic and/or > 90 mm Hg
diastolic), including one in whom the hypertension was
attributed to a paclitaxel reaction (Table 3). The 30 pa-
tients who did not have a pre-existing diagnosis of hy-
pertension still had a high incidence of bevacizu-
mab-related hypertension (14, 47%) (Tables 3 and 4). In
total, 26 patients (58%) had bevacizumab-related hyper-
tension (Table 3). Sixteen of the 19 (84%) patients who
did not experience bevacizumab-related hypertension
lacked a history of hypertension (Table 4). Patients who
experienced bevacizumab-related hypertension were
more likely than not to have a history of hypertension

Table 1. National cancer institute common toxicity criteria [34].

Criteria 0 1

2 3 4

Asymptomatic, transient
increase by > 20 mm Hg
(diastolic) or to

> 150/100 if previously
WNL; not requiring
treatment

Description None

Number of patients 19 (42%) 16 (35.6%)

Recurrent or persistent
or symptomatic increase
by >20 mm Hg
(diastolic) or to
>150/100 if previously
WNL; not requiring
treatment

Requiring therapy or
more intensive therapy
than previously

Hypertensive crisis

3(6.7%) 4 (9%) 3(6.7%)
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Table 2. Patient demographics and characteristics.
Demographic Bevacizumab-related HTN  No bevacizumab-related HTN P-value
Age (mean in years) 64.12+11.91 58.47 + 8.89 0.089*
Number of prior chemotherapies (median) 1(0-4) 0(0-2) 0.180°
Cycles of bevacizumab (median) 7(1-18) 9(2-28) 0.301°
BMI (mean, in kg/m?) 29.83 £ 6.34 27.27£5.75 0.172*
Baseline SBP (mean, in mm Hg) 136 £ 18 129+ 17 0.190*
Baseline DBP (mean, in mm Hg) 78 £11 74 £8 0.131*
Baseline Cr (mean, in mg/dL) 0.89 £0.41 0.79+£0.14 0.314*
Cancer Site (# of patients Ovary 22 16 .
( P ) Tubal & Peritoneal 3 4 0.6822
FIGO Stage (# of patients) EIC(’I IF\?’ 1B ;3 41‘ 5 0.4329°
Serous 17 14
Histology (# of patients Mixed, Transitional, .
ey ( P ) Endometrioid, Clear Cell, 9 5 0.7460
Undifferentiated
o . Caucasian 24 17
Ethnicity (# of patients) Hispanic, Indian, African 2 2 0.841
American
Comorbidity” (# of patients Yes 5 4 .
y (#of p ) Ne o 15 0.821

*t-test; °Wilcoxon rank sum; “Fisher’s exact test; ‘diabetes mellitus or cardiovascular disease such as hypercholesterolemia or CAD.

Table 3. Incidence of elevated blood pressure (BP)* by his-
tory of hypertension.

History Of. No elevated BP  >1 elevated BP  Total
hypertension

None (30) 16 (53%) 14 (47%) 30 (100%)
Positive history (15) 3 (20%) 12 (80%) 15 (100%)
Total (45) 19 (42%) 26 (58%) 45 (100%)

*At least one blood pressure > 140 mm Hg systolic and/or > 90 mm Hg
diastolic.

Table 4. Prevalence of hypertension in patients with and
without elevated blood pressure (BP)*.

No history of History of

Blood Pressure . . Total
hypertension hypertension
No elevated BP (19) 16 (84%) 3 (16%) 19 (100%)
> 1 elevated BP (26) 14 (54%) 12 (46%) 26 (100%)
Total (45) 30 (67%) 15 (33%) 45 (100%)
) =
0dds 0.875 4 4.6 (95% CI

1.1-19.6)

*At least one blood pressure > 140 mm Hg systolic and/or > 90 mm Hg
diastolic.

(12, 46% versus 14, 54%) with a significant odds ratio of
4.6 (95% CI= 1.1 - 19.6; p-value = 0.05) (Tables 4 and 5).

Sixteen patients had grade 1 elevations in blood pres-
sure not requiring initiation of medication or postpone-
ment of treatment, including one in whom the hyperten-
sion was attributed to a paclitaxel reaction, one who later
had a bowel perforation and one who had a seizure while
undergoing treatment and was diagnosed with new brain
metastases (Table 1). Three patients required at least one

Copyright © 2011 SciRes.

cycle to be held in the setting of grade 2 hypertension, all
of whom had pre-existing diagnoses and were on anti-
hypertensive medications. Four additional patients had
grade 3 hypertension and were initiated on anti-hy-
pertensive medications during or after treatment, none of
whom had a pre-existing diagnosis, including one who
subsequently required a cycle to be held due to hyperten-
sion. One patient had treatment complicated by RPLS
and one by hypertension requiring discontinuation of be-
vacizumab. Lastly, one patient had bevacizumab discon-
tinued due to hypertension and presented 8 weeks later
with an encephalopathy, an intracranial bleed and a fatal
bowel perforation. In this small series the incidence of
reversible posterior leukoencephalopathy was 4.4%.

Patients with age equal to or greater than 75 years
were significantly more likely to have hypertensive tox-
icity while on bevacizumab with a p-value of 0.03 (Ta-
ble 5). Patients with stage IV disease were also signifi-
cantly more likely to have bevacizumab-related hyper-
tension with an odds ratio of 9 (95% CI = 1.02 — 80;
p-value = 0.03) (Table 5). Patients whose creatinine
peaked at greater than or equal to 1.4 mg/dL were sig-
nificantly more likely to have bevacizumab-related hy-
pertension with a p-value of 0.03 (Table 5). Other factors
such as numbers of prior chemotherapies, cycles of ba-
vcizumab, BMI, cancer site, and histology were not sig-
nificantly related with development of bevacizumab-
related hypertension (Table 5).
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Table 5. Results of patient demographics and bevacizumab-related hypertension.

Demographic Bevacizumab-related HTN No bevacizumab-related HTN P-value
Highest SBP (median, in mm Hg) 153 (141 - 204) 130 (99 - 139) <0.005°
Highest DBP (median, in mm Hg) 90 (75 - 126) 80 (58 - 89) 0.01°
Age > 75 (number of patients) 6 0 0.03*
Cr 2> 1.4 mg/dL (number of patients) 7 0 0.03*
Demographic Odds Ratio 95% CI P-value
History of hypertension 4.6 1.07-19.5 0.05°
Stage IV disease 9 1.02 - 80 0.03°
Number of prior chemotherapies >2vs<2 2.34 0.22-24 0.63*
Cycles of bevacizumab <6vs>6 1.86 0.54 - 6.40 0.37°
BMI (in kg/m?) >30vs <30 2.05 0.57-7.41 0.35°
Cancer site Ovary v other 1.03 0.20-5.26 1.0°
Histology Serous v other 0.87 0.23-3.26 1.0°
Ethnicity Caucasian v other  1.41 0.18-11.0 1.0°
Comorbidity” v none 0.91 0.24-3.43 1.0°

°Wilcoxon rank sum; “Fisher’s exact test; ‘diabetes mellitus or cardiovascular disease such as hypercholesterolemia or CAD.

4. Discussion

As increasing numbers of patients with gynecologic ma-
lignancies are treated with bevacizumab, early recogni-
tion of the hypertension associated with it and the signs
and symptoms of RPLS will be required by treating phy-
sicians. There is some evidence that this clinical syn-
drome is more prevalent in women [23,24] making
awareness among gynecologic oncologists even more
important. Guidelines for monitoring patients undergoing
treatment with bevacizumab have been suggested in-
cluding routine monitoring of blood pressure with initia-
tion of antihypertensive medications as needed [25]. Spe-
cifically, patients who develop grade 1 hypertension can
be continued on bevacizumab with weekly blood pres-
sure monitoring [11]. Those with grade 2 hypertension
need to be initiated on antihypertensives with bevacizu-
mab held if they are symptomatic [11,26]. Those with
grade 3 hypertension require escalation of their anti-
hypertensives (dose increase or addition of a second
agent) with bevaizumab held until they have asympto-
matic grade 2 hypertension [11]. Lastly, those with grade
4 hypertension (including RPLS) require permanent dis-
continuation of bevacizumab [11,17].

Since bevacizumab inhibits VEGF, and therefore
vasodilatation, the mechanism of bevacizumab-induced
hypertension has been postulated to be via a decrease in
nitric oxide production, which leads to vasoconstriction
and decreased sodium excretion [7]. An alternative
mechanism has been described, vascular rarefaction,
which is a functional decrease in arterioles and capillar-
ies that causes increased peripheral vascular resistance
[7]. The latter process takes time to develop and resolve
and therefore cannot account for the sometimes rapid
clinical development and resolution of hypertension seen
with bevacizumab [10]. Additionally, bevacizumab has

Copyright © 2011 SciRes.

been postulated to precipitate hypertension by inducing
vasospasm [26].

These mechanisms may lead to a hypertensive crisis,
in which severe blood pressure elevations are associated
with endothelial failure, release of pro-inflammatory
molecules, and dysregulation of the normal balance be-
tween endogenous vasodilatory mechanisms and vaso-
constriction [27]. Treating bevacizumab-associated hy-
pertension with vasodilating medications including an-
giotensin converting enzyme inhibitors (ACEIs) and cal-
cium channel blockers (CCBs) has been widely described
[7,10], although it is unclear which class of agents is
best.

The pathophysiology of RPLS, first described by
Hinchey et al., is believed to be cerebral edema without
infarction due to disruption of the vascular endothelium
leading to a brain capillary leak syndrome [13]. Severe
and sudden elevations in blood pressure which exceed
the autoregulatory capability of the brain vasculature
(usually at mean arterial blood pressures greater than 120
mm Hg) cause arteriolar vasodilatation and endothelial
dysfunction, leakage of tight junctions with capillary
leakage and break down of the blood-brain barrier
thereby allowing transudation of fluid and vasogenic
edema [28,29]. The posterior circulation has less sympa-
thetic innervation than the anterior circulation, which is
supplied by the carotid vasculature. Thus, the vertebro-
basilar system is more vulnerable to loss of vasoconstric-
tive properties as blood pressure increases [14,30]. In
addition to severe hypertension, immune-modulating
medications may contribute to the pathophysiology of the
syndrome by disrupting the vascular endothelium of the
blood-brain barrier either indirectly or by a direct cyto-
toxic effect [13,28].

The treatment of this condition involves aggressive
control of the blood pressure, anticonvulsants and elimi-
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nation or dose-reduction of immunosuppressive or cyto-
toxic therapy [28]. Blood pressure reduction should fol-
low the same guidelines as those in hypertensive en-
cephalopathy (reduction by 20 to 25 percent within the
first one to two hours or diastolic blood pressure reduc-
tion to less than 100 mm Hg). Anticonvulsants are usu-
ally not required once radiographic evidence of RPLS is
no longer present [28].

Importantly, despite some cases in the literature to the
contrary [28] (including reported fatalities [31,32]—
sometimes in association with intracranial hemorrhage
[16,33]), RPLS is reversible with patients showing near
or complete resolution on follow-up neuroimaging as
well as resolution of symptoms as soon as one week after
presentation [13]. Prompt recognition is paramount as it
is believed that its reversibility is related to immediate
treatment and that delays in normalization of blood pres-
sure or continued use of implicated medications may lead
to permanent sequelae.

The specific mechanism for bevacizumab-related
RPLS has yet to be elucidated, but has been postulated to
work indirectly via a combination of hypertension and
vasospasm versus direct cytotoxic effects on systemic
and cerebral endothelium [10]. All but one case of
bevacizumab-related RPLS reported rapid resolution of
the syndrome with aggressive blood pressure control.
The exception was a case where the patient was nor-
motensive, but was also being treated with three addi-
tional chemotherapies [18]. Given the resolution in
bevacizumab-related RPLS with normalization of blood
pressure, despite a half-life of bevacizumab of 20 days, it
seems reasonable to conclude that the syndrome is
caused by the side-effect of hypertension and not a direct
cytotoxic effect of the medication on the endothelium.

The reversibility of the syndrome with prompt recog-
nition and control of blood pressure and the frequency of
bevacizumab-induced hypertension with increasing re-
ports of RPLS associated with bevacizumab mandate
fastidious attention to patient’s blood pressure as they are
undergoing treatment. The treating physicians should
have a low threshold to initiate antihypertensives and, if
that therapy fails to control blood pressure, to dose-reduce
or terminate bevacizumab therapy in patients who have
escalating hypertension. We initiated patients on anti-
hypertensives if they had blood pressure elevations to >
140 mm Hg systolic or > 90 mm Hg diastolic on more
than one occasion, usually starting with an ACEIL.

5. Conclusions

It is important to note that hypertension is a problem for
patients on bevacizumab whether or not they have a pre-
existing diagnosis of hypertension. It can arise de-novo

Copyright © 2011 SciRes.

during treatment or worsen pre-existing hypertension. In
our experience, patients with or without preexisting hy-
pertension had a high risk of elevated blood pressure dur-
ing bevacizumab treatment, but those with a pre-existing
diagnosis were significantly more likely to have hyper-
tensive complications. This small study suggests that
clinicians should be even more vigilant in monitoring
patients older than 75 years, those with stage IV disease,
and those with creatinine toxicity (equal to or greater
than 1.4 mg/dL) while on bevacizumab.

Despite its small size this study demonstrates that hy-
pertension can be a real problem for patients undergoing
treatment with bevaziumab. Larger scale prospective
studies will be needed to better characterize the nature of
the risk factors associated with bevaizumab-related hy-
pertension. Further studies will also be needed to inves-
tigate the relationship between development of hyperten-
sion and RPLS.
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