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ABSTRACT

Objectives: This study aimed to determine the effects of vascular endothelial growth factor (VEGF) inhibitors on arterial blood pressure
levels by performing ambulatory blood pressure measurement evaluation before and after the treatment.

Patients and methods: In this prospective study, A total of 33 patients (13 males, 20 females; mean age: 58.3+10.6 years;
range, 33 to 82 years) were selected among those who applied to the cardiology clinic for cardiac evaluation before VEGF inhibitor
treatment between September 2020 and November 2021. Twenty-four-hour ambulatory blood pressure examinations were performed
before the treatment, and after four to six weeks of treatment (30 days for oral medications; after the third cycle for bevacizumab),
ambulatory blood pressure examinations were repeated.

Results: With the evaluation of mean, ambulatory blood pressure measurement results, an increase was found in systolic and diastolic
measurements during the day, night, and over 24 h. A statistically significant increase was observed in mean systolic, mean diastolic,
daytime systolic, and daytime diastolic measurements.

Conclusion: Findings demonstrate that VEGF inhibitors increased the mean arterial blood pressure (all day mean, day time, and night
time) and both systolic and diastolic pressures regardless of hypertension history. In this context, patients receiving VEGF inhibitor
therapy should be more closely followed in their oncological evaluation.

Keywords: Ambulatory blood pressure measurement, hypertension side effects, VEGF inhibitors.

Hypertension is a common condition in the daily
cardiology practice. Therefore, its management,
treatment, and preventive measures are relatively
well-defined. Although the diagnosis and treatment
of hypertension might slightly differ in different
sources and guidelines, a consensus can be reached
regarding clinical studies and possible complications
of hypertension.? Along with increasing the
coordination and awareness between clinical branches,
knowledge and experience of noncardiac hypertensive
conditions have been increasing. With the progression
of oncological science and research, new drugs and
treatment protocols are emerging day by day. However,
the usage of these drugs also creates possible side
effects. Vascular endothelial growth factor (VEGF)
inhibitors’ clinical use started in 2004 with the USA
Food and Drug Administration approval for the
usage of bevacizumab in colorectal carcinoma. They
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are effective molecules that are increasingly used in
cancer treatment by preventing the formation of new
vessels.4

Vascular endothelial growth factor is one of the
primary regulators of angiogenesis and triggers
and promotes endothelial cell growth following
its activation. Vascular endothelial growth factor
molecules are encoded by a family of genes, including

VEGF-A, VEGF-B, VEGF-C, and VEGF-D, as well

as placental growth factor. These are mainly required
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for blood and lymphatic vessel formation.”! Vascular
endothelial growth factor inhibitors were developed to
decrease tumor angiogenesis and destabilize existing
tumor vascularization by blocking tumor blood
flow.’] Vascular endothelial growth factor causes
increased nitric oxide (NO) production by stimulating
endothelial NO synthase through the activation of
VEGEF receptor 2. Therefore, inhibition of the VEGF
pathway and decreased NO bioavailability are believed
to cause vasoconstriction and the development of
hypertension.[®7]

The clinical appearance of hypertension is relatively
well-known. Some signs and symptoms can verify
hypertension development besides the arterial blood
pressure measurements. For instance, side effects
such as headache, fatigue, developing retinopathy,
or vascular complications, as well as some unusual
metabolical parameters regarding newly developing
hypertension, such as asymmetric dimethylarginine
levels.®®! Furthermore, sometimes an infective state like
the COVID-19 (coronavirus disease 2019) pandemic
can cause hypertension-related symptoms.”) These
might be explained by psychological or diet-related
factors or the infection itself. Nevertheless, none of
the above could make the hypertension side effect
diagnosis without obvious evidence. Therefore, with
a molecule that relates to the hypertension side effect,
these signs and measurements of the arterial blood
pressure should be assessed regularly.

This study aimed to determine the effects of
VEGEF inhibitors on arterial blood pressure levels by
performing ambulatory blood pressure measurement
evaluation before and after the treatment.

PATIENTS AND METHODS

In this prospective study, the patients included in
the study group were selected from patients who were
referred to the cardiology outpatient clinic at the
Manisa Celal Bayar University Faculty of Medicine
between September 2020 and November 2021 after an
assessment by the oncology outpatient clinic and were
decided to commence a VEGF inhibitor treatment. A
total of 57 patients who were diagnosed with colorectal,
ovarian, renal cell, breast, gastrointestinal stromal
tumor, and rectum carcinoma were included in our
study. However, within the first assessments, a total
of 24 patients were excluded. Among these patients,
those who already had a hypertension diagnosis,
those taking antihypertensive drugs, and those who
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were diagnosed with systolic or diastolic heart failure
were excluded. Subsequently, some patients were
excluded due to a hypertensive state at the first
ambulatory measurement during the follow-up Among
these patients, there were no additional symptoms,
except for headaches some patients had described.
All the patients who had hypertension were treated
with oral antihypertensive drugs according to the
guidelines, and subsequently, all the arterial blood
pressure measurements were controlled within normal
ranges. Finally, 33 patients (13 males, 20 females;
mean age: 58.3+10.6 years; range, 33 to 82 years) were
included in the study. The baseline characteristics
and demographic characteristics of the patients are
summarized in Table 1. Twenty-four-hour ambulatory
blood pressure measurements were performed before
the treatment, and the results were evaluated. Blood
tests were requested during the patient's routine
outpatient examinations. After approximately four to
six weeks of treatment (30 days for oral medications;
after the third cycle for bevacizumab treatment),
24-h ambulatory blood pressure measurements were
repeated, and the results before and after the treatments
were compared. Twent-four-hour ambulatory blood
pressure measurements were performed with hourly
measurements during the day and night (12 daytime
and 12 nighttime measurements). Valid measurements
from 22 to 24 hours were accepted for evaluation.
The study protocol was approved by the Manisa Celal
Bayar University Ethics Committee (date: 31.12.2020,
no: E-85252386-050.04.04-10360). Written informed

Table 1
Baseline characteristics of patients (n=33)

n % Mean+SD

Age (year) 58.3+10.6
Sex

Female 20 60.6
Body mass index (kg/m?) 27.59+3.63
Comorbidities

Diabetes mellitus 10 10.3

Coronary artery disease 5 15.2

Chronic kidney disease 1 3

Smoking 3 9.1
Medications

Bevacizumab 28 84.84

Sunitinib 4 12.12

Sorafenib 1 3

SD: Standard deviation.
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consent was obtained from all participants. The study
was conducted in accordance with the principles of the
Declaration of Helsinki.

Statistical analysis

Statistical analysis was performed using the IBM
SPSS version 26.0 software (IBM Corp., Armonk,
NY, USA), and figures were constructed using
GraphPad Prism version 8 (GraphPad Software,
La Jolla, CA, USA). The Shapiro-Wilk test was
used to assess whether the continuous variables
were distributed normally. Categorical variables
were summarized with the use of frequencies and
proportions and were compared with the use of
Pearson’s chi-square test or Fisher’s exact test in
cases where applicability conditions were not met.
Continuous variables were summarized as mean *
standard deviation (SD) and were compared using
paired or unpaired Student’s t-tests or nonparametric
Wilcoxon rank-sum tests if the normal distribution
of the variables could not be demonstrated. A p-value
<0.05 was considered statistically significant.

RESULTS

Basal blood values of the patients were examined
before and after the treatment. The mean hemoglobin
values were 12.5+1.6 before the treatment and
12.7+1.5 after the treatment (p=0.132). The mean
creatinine values were 0.72+0.2 before the treatment
and 0.71x0.2 after the treatment (p=0.718). Similarly,
glucose and other electrolytes of the patients, along

with other hemogram parameters were examined, and
no statistically significant change was found before
and after the treatment. Blood values changes are
summarized in Table 2.

The patients included in the study were receiving
bevacizumab, sunitinib, and sorafenib treatment.
The number of patients who received treatment was
28 patients with bevacizumab, four patients with
sunitinib, and one patient with sorafenib. When
the ambulatory blood pressure measurements were
evaluated, after the VEGF inhibitor treatment, it
was observed that a total of 12 patients had blood
pressure measurements above the hypertension limit
values. Of these, 10 were receiving bevacizumab,
and two were receiving sunitinib. When the patient's
mean ambulatory blood pressure measurement
results were evaluated, an increase was found
in all the systolic and diastolic measurements
during the day, night, and over 24 h. The mean
systolic (118.3+10.9 - 123.8+14.5, p=0.017), mean
diastolic (69.8+8.2 - 73.4+10.0, p=0.018), daytime
systolic (120.5+10.9 - 126.3+14.1, p=0.011), and
daytime diastolic (72.1¢8.1 - 75.8+10.1, p=0.023)
measurements showed a statistically significant
increase (Table 3).

When the blood pressure values were examined
before and after VEGF inhibitor treatment, there was
a statistically significant increase in the mean systolic
(117.8+11.6 - 123.6+17.2, p=0.044), mean diastolic
(69.7+7.9 -73.6211.0, p=0.049), and daytime mean
systolic (119.6+11.4 - 125.6+16.7, p=0.049) values in

Table 2
Laboratory parameters of the study population

Pretreatment Posttreatment

n % n % ?
Glucose (mg/dL) 103 36 102 33 0.922
Creatinine (mg/dL) 0.67 0.27 0.69 0.34 0.879
Sodium (mEq/L) 138 1.5 139 2.7 0.119
Potassium (mEq/L) 4.2 0.3 4.2 0.6 0.139
AST (u/L) 21 9.5 22 13 0.875
ALT (u/L) 16 19 16 17 0.868
Hemoglobin (g/dL) 13 2 13.3 1.9 0.203
CRP (mg/dL) 0.56 0.77 0.63 0.78 0.903

AST: Aspartate transaminase; ALT: Alanine aminotransferase; CRP: C-reactive protein. Changes of parameters
from pre-treatment to post-treatment were analyzed using paired samples Wilcoxon signed-rank test.
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Table 3
Comparison of ambulatory blood pressure parameters before and after treatment with VEGF inhibitors
Pretreatment Posttreatment Delta
Mean+SD Mean+SD Mean+SD ? Cohen’s d
24h-systolic ABP (mmHg) 118.33+10.92 123.81+14.54 5.48+11.58 0.017 0.439
24h-diastolic ABP (mmHg) 69.85+8.26 73.43+10.04 3.58+7.18 0.018 0.434
Daytime systolic ABP (mmHg) 120.52+10.96 126.36+14.17 5.84+12.0 0.011 0.469
Daytime diastolic ABP (mmHg) 72.17+8.19 75.87+10.11 3.70+8.38 0.023 0.417
Nighttime systolic ABP (mmHg) 113.43+11.94 117.66+16.59 4.60+14.19 0.081 0.325
Nighttime diastolic ABP (mmHg) 64.74+8.47 67.15+10.32 2.67+8.71 0.098 0.307

SD: Standard deviation; ABP: 24h-ambulatory blood pressure; Changes of parameters from pretreatment to posttreatment were analyzed using paired samples
Student’s t-test. Delta: value at posttreatment subtracted from the value at pretreatment. P<0.05 was regarded significant (bold type). Cohen’s d is reported for the

effect size.

females and the mean diastolic (70.0£9.0 - 73.1+8.7,
p=0.017) values in males. All day, daytime, and
nighttime blood pressure changes are shown in
Figure 1.

DISCUSSION

The findings of this study showed a progression
in ambulatory blood pressure measurements.
Compared to the pretreatment measurements,
there was a statistically significant increase in the
mean systolic, mean diastolic, daytime systolic,
and daytime diastolic blood pressure measurements
throughout the day after the treatment. In addition,
when the distribution of these data was examined
according to sex, we found a statistically significant
increase in mean all day systolic and diastolic and
daytime systolic measurements in females, as well
as in daytime diastolic measurements in males.
Some previous studies mentioned sex differences in
ambulatory blood pressure measurement differences.
One study found that diastolic pressures were higher
in males than females.'” Another ambulatory
blood pressure study revealed that males had
higher mean ambulatory diastolic and mean arterial
blood pressures than females.' However, there
were no studies that specifically mentioned sex
differences in patients using VEGF inhibitors
and its hypertension side effects. This topic needs
further evaluation.

The incidence of hypertension after VEGF
inhibitor treatment was observed in a total of 10
patients, with the ambulatory blood pressure limit
values taken as the basis (mean 130/80 mmHg
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for mean measurement, 135/85 mmHg for mean
daytime, and 120/70 mmHg for mean night
time). Ten of 28 patients taking bevacizumab and
two of four taking sunitinib were hypertensive.
However, because the number of patients who
received sorafenib and sunitinib treatment in the
study was very small, it is not possible to draw
conclusion about such a proportional relationship.
For bevacizumab, this rate was found to be 35%,
and this rate is similar to previous studies in the
literature.? However, the design of our study and
the difference from most previous studies was not to
just determine the number of patients who crossed
the absolute hypertension limit as the endpoint.
Moreover, the ambulatory measurements of patients
who did not exceed the hypertensive limit were
compared before and after treatment. Additionally,
the mean arterial blood pressure measurements of
the whole patient group, with the normotensive
patients included, showed statistically significant
progression.

Hypertension is one of the common side
effects that encountered with the wusage of
VEGEF inhibitors.’® It was determined that the
hypertension side effect was observed from the
first week at the beginning of the treatment.l'* In
a different study with 313 patients comparing IFL
(irinotecan, fluorouracil, and leucovorin) treatment
and IFL + bevacizumab treatment, the hypertension
side effect was observed approximately 2.75 times
more in patients with bevacizumab treatment added.
5] Tn another study with VEGF inhibitors, the

patients were evaluated with ambulatory blood
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Figure 1. All day, daytime, and nighttime blood pressure measurement changes.

pressure measurements and were found to be
hypertensive within six to 10 days after the treatment.
Furthermore, it was found that this hypertensive
effect started in the first 24 h of the treatment.
tel However, within the results of other trials,
regardless of the specific molecules, with VEGF
inhibitor-related hypertension, the rise of arterial
blood pressure was observed by four weeks, and it
could be reversible.l>17]
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Ambulatory mean arterial blood pressure changes
with sunitinib were previously demonstrated
before and after treatment, and an increase of
10.8 mmHg in mean systolic blood pressure and
8 mmHg in mean diastolic blood pressure was
observed in that study.'? In a study, in which
bevacizumab treatment was given intraocularly and
ambulatory blood pressures were measured before
the treatment after 72 h, it was observed that
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the arterial blood pressure values progressed.!®
However, when the literature was reviewed, it was
observed that similar ambulatory blood pressure
measurement evaluations before and after treatment
with systemic bevacizumab treatment were not
performed as much. In this sense, we believe that
our study is important, although more voluminous
clinical studies are needed in the future in terms of
the number of patients.

It was observed that VEGF inhibitors increased
the mean arterial blood pressure (all day mean,
daytime, and nighttime measurements) and both
systolic and diastolic blood pressure, regardless of
hypertension history. When the results obtained
by ambulatory blood pressure measurement are
evaluated, it should be noticed that even if the blood
pressure was below the limit values determined by
the guidelines for the diagnosis of hypertension,
the progression could have occurred after the
treatment. Although it is thought that ambulatory
blood pressure measurement brings more burden in
terms of time and finance, it could be more cost-
effective. For instance, in the case of white coat
hypertension, it ensures that patients are correctly
diagnosed (not misdiagnosed as hypertension) and
that antihypertensive medication that would not
normally be required is not prescribed. In addition,
it is stated that adjusting antihypertensive treatment
according to ambulatory blood pressure measurement
rather than office blood pressure results in less
antihypertensive drug prescribing without affecting
the target organ involvement rate, and thus may be
more cost-effective.l”)

This study had several limitations, including its
small sample size. The most important factor is that
it is a single-center study and the oncology clinic
has limited patient capacity. These results need to be
verified by further studies with a larger number of
patients.

In conclusion, it should be kept in mind that, as
in patients in our study group, in cases where the
incidence of hypertension side effects significantly
increases with treatment, ambulatory blood
pressure measurement should be considered in the
foreground. Moreover, although office blood pressure
measurements may be normal in the pretreatment
evaluations, there may be a progression in the arterial
blood pressure values during the follow-up of patients
during their treatment. Patients should be informed
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about this issue and encouraged to adapt to their
follow-up and lifestyle changes.
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