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Abstract

There are concerns by the United States Food and Drug Administration (FDA) regard-
ing a potential link between tyrosine kinase inhibitors targeting vascular endothelial
growth factor (VEGF-TKIs) and the risk of aortic dissection. Elevation of blood pres-
sure induced by VEGF-TKIs has been discussed as part of the pathomechanism. To
address this important safety issue, we conducted a large pharmacovigilance study
assessing the risk of aortic dissection reporting associated with the use of VEGF-TKIs,
thereby exploring the role of blood pressure. We queried the FDA Adverse Event
Reporting System from 2004 to 2019 for reports including VEGF-TKIs and aortic dis-
section and estimated reporting odds ratios (RORs) and 95% confidence intervals (Cls)
of aortic dissection associated with the use of VEGF-TKIs. Secondary analyses strati-
fied by the strength of blood pressure elevation (210 mmHg vs. <10 mmHg increased
systolic or diastolic bloods pressure) and pre-existing arterial hypertension. There
were 81 reports of aortic dissection related to VEGF-TKIs during the study period.
VEGF-TKIs were associated with an increased risk of aortic dissection reporting (ROR,
4.31; 95% Cl, 3.43 to 5.42). The risk was higher among compounds strongly increasing
blood pressure (ROR, 5.33; 95% Cl, 3.88 to 7.32) than among compounds moderately
increasing blood pressure (ROR, 2.79; 95% Cl, 1.83 to 4.27). Pre-existing arterial hy-
pertension did not modify the association. Overall, our study showed an increased
risk of aortic dissection reporting associated with the use of VEGF-TKIs. Blood pres-

sure elevation seems to play a role in the pathophysiology of this adverse effect.
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INTRODUCTION

Tyrosine kinase inhibitors targeting vascular endothelial growth fac-
tor (VEGF-TKIs) suppress angiogenesis in several cancers and have
shown high efficacy in randomized controlled trials.> However, there
are ongoing concerns by regulatory agencies such as the United
States (US) Food and Drug Administration (FDA) with respect to
their cardiovascular safety and particularly the potential risk of aor-
tic dissection.? Indeed, multiple case reports have linked the use of
VEGF-TKIs to this often-fatal adverse effect.®>* The hypothesized
pathomechanism involves an elevation of blood pressure caused by
VEGF-TKIs with accompanying vascular rarefaction, endothelial dys-
function, and vasoconstriction.™

To date, there has been only one observational study in the area.”
This study was based on Japanese pharmacovigilance data and as-
sessed the risk of aortic dissection reporting associated with the use
of VEGF pathway inhibitors overall (also including VEGF receptor
antibodies such as bevacizumab) and not specifically VEGF-TKIs.”
Moreover, the elevation of blood pressure induced by VEGF-TKIs
was not considered in the analyses, which precluded inferences
about its potential role in the pathophysiology of the adverse ef-
fect. Given the scarcity of available clinical evidence, we conducted
a large pharmacovigilance analysis to assess the risk of aortic dissec-
tion reporting associated with the use of VEGF-TKIs, with a specific

focus on blood pressure elevation.

2 | MATERIALS AND METHODS

For the present study, we used the US FDA Adverse Event Reporting
System (FAERS) database. The FAERS is a database that contains ad-
verse event reports, medication error reports, and product quality
complaints resulting in adverse events that were submitted to the
FDA. It is based on voluntary reporting by health-care profession-
als and patients as well as mandatory reporting by pharmaceutical
companies.® The FAERS was queried from the third quarter of 2004
(when the first report with a VEGF-TKI was submitted to the FAERS)
to the third quarter of 2019 (most recent data available at the time
of the analysis) for reports including VEGF-TKIs (i.e., axitinib, cabo-
zantinib, lenvatinib, nintedanib, pazopanib, ponatinib, regorafenib,
sorafenib, sunitinib, and vandetanib) documented as a “primary
suspect” drug. To define the study outcome, we used the Medical
Dictionary for Regulatory Activities terms “aortic dissection” and
“aortic dissection rupture”.

In the primary analysis, we estimated crude as well as age- and
sex-adjusted RORs and accompanying 95% Cls of aortic dissection
associated with the use of VEGF-TKIs, as compared to all other drugs
in the FAERS. The crude ROR is calculated using the formula (a/b) /
(c/d), where a is the number of cases using VEGF-TKIs and devel-
oping aortic dissection, b is the number of cases using VEGF-TKIs
and developing adverse events other than aortic dissection, c is the
number of cases using drugs other than VEGF-TKIs and developing
aortic dissection, and d is the number of cases using drugs other

what is already known about this subject

e There are concerns by regulatory agencies regarding a
potential link between tyrosine kinase inhibitors target-
ing vascular endothelial growth factor (VEGF-TKIs) and
the risk of aortic dissection.

e The hypothesized pathomechanism of this adverse ef-
fect involves an elevation of blood pressure caused by
VEGF-TKIs.

what this study adds

e Our large pharmacovigilance study showed that VEGF-
TKiIs are associated with an almost 4-fold increase in the
risk of aortic dissection reporting.

e The risk was higher among compounds strongly increas-
ing blood pressure than among compounds moderately

increasing blood pressure.

than VEGF-TKIs and developing adverse events other than aortic
dissection.’

In secondary analyses, we examined the role of blood pres-
sure elevation given its potential role in the pathophysiology of
the adverse effect. First, leveraging recently published data about
the effects of several VEGF-TKIs (i.e., axitinib, cabozantinib, pazo-

! we stratified

panib, sorafenib, and sunitinib) on blood pressure,
the respective compounds by strength of blood pressure elevation
(“strong” vs. “moderate”; see below). The average increase in blood
pressure due to VEGF-TKIs is 8.5 mmHg for systolic blood pressure
and 6.7 mmHg for diastolic blood pressure.! Thus, we chose an el-
evation of 10 mmHg in systolic or diastolic blood pressure, a clini-
cally significant change, as the “cut-off” for the stratification. The
two groups were: (i) compounds strongly elevating blood pressure
(defined as 210 mmHg increase in systolic or diastolic blood pres-
sure) including axitinib and sunitinib, and (ii) compounds moderately
elevating blood pressure (defined as <10 mmHg increase in systolic
and diastolic blood pressure) including cabozantinib, pazopanib, and
sorafenib.! Other compounds were not considered in this second-
ary analysis due to the lack of respective data on blood pressure.
Second, we stratified our analyses by pre-existing arterial hyper-
tension using information from the comorbidity section of the case
reports. All analyses were conducted using SAS statistical software
version 9.4 (SAS Institute, Cary, North Carolina, USA). RORs were

obtained using the SAS procedure proc logistic.

3 | RESULTS

Overall, there were 6,395,662 cases with valid information on age
and sex submitted to the FAERS during the study period (overall
11,014,871 cases). Among those, 1186 cases referred to aortic dis-
sectionand 71,717 cases involved the use of VEGF-TKIs. Specifically,
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there were 81 reports of aortic dissection that involved VEGF-TKIs,
with the most commonly documented compounds being sunitinib
(n = 34), sorafenib (n = 19), and lenvatinib (n = 9). In these 81 reports,
the median time-to-onset was 89.5 days (interquartile range: 15 to
393 days).

Compared to all other drugs in the FAERS, the use of VEGF-TKIs
was associated with an increase in the risk of aortic dissection re-
porting (ROR, 4.31; 95% Cl, 3.43 to 5.42) (Table 1). The risk of aortic
dissection reporting was higher among VEGF-TKIs strongly increas-
ing blood pressure (ROR, 5.33; 95% Cl, 3.88 to 7.32) than among
VEGF-TKIs moderately increasing blood pressure (ROR, 2.79; 95%
Cl, 1.83 to 4.27). Moreover, the risk was similar between patients
with pre-existing arterial hypertension (ROR, 5.21; 95% Cl, 2.88 to
9.41) and those without pre-existing arterial hypertension (ROR,
4.27;, 95% Cl, 3.34 to 5.47) (Table 1).

4 | DISCUSSION

Our large pharmacovigilance analysis identified a more than 4-fold
increase in the risk of aortic dissection reporting associated with
the use of VEGF-TKIs. Importantly, the risk was even more pro-
nounced among compounds strongly increasing blood pressure,
concordant with previous observations showing a “dose-response”
relation between blood pressure elevation and aortic aneurysms.®

Pre-existing arterial hypertension, however, did not seem to modify

TABLE 1 Crude and adjusted RORs for
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the association. Thus, we hypothesize that a de novo elevation of
blood pressure due to the use of VEGF-TKIs rather than pre-existing
hypertensive disease could be involved in the development of aortic
dissection.

The risk of aortic dissection reporting associated with the use
of VEGF-TKIs observed in our study was lower than what was pre-
viously shown by Oshima et al (ROR [95% Cl] 19.4 [10.2 to 40.8]).
However, directly comparing the results of the two studies is chal-
lenging given the several differences in design and analysis. First,
Oshima et al. considered all VEGF pathway inhibitors and did not
focus on VEGF-TKIs. Second, they restricted their study population
to patients with a cancer diagnosis. Third, they adjusted only for ar-
terial hypertension, while we adjusted for age and sex. That being
said, we think that our results corroborate the results by Oshima
et al, since they provide further evidence of a link between the use
of VEGF-TKIs and the development of aortic dissection.

Our study has the following strengths. First, the large sample
size of the FAERS allowed us to quantify the risk of reporting of aor-
tic dissection, which is a rare adverse effect. Moreover, we assessed
this risk in clinically important subgroups. Second, taking into ac-
count the role of blood pressure, we were able to provide useful
mechanistic insights. Expectedly, the main limitation of our study is
underreporting and other reporting biases inherent to the utilized
data source. Moreover, while we adjusted for age and sex, we were
not able to adjust for other potential confounders such as smoking

or infections, since respective data are not available in the FAERS.

e Cases
tThIfI assc:jclahtlor'l Eetfweez tr:f usetc')f VEGF with aortic Crude ROR® Adjusted* ROR
s arl e risk of aortic dissection dissection (95% CI) (95% Cl)
reporting
Primary analysis
VEGF-TKIs overall 81 6.47 (5.16 to 8.11) 4.31(3.43t05.42)

Secondary analyses

VEGF-TKIs strongly increasing 40 8.10(5.91 to 11.11)

blood pressure®

VEGF-TKIs moderately 22
increasing blood pressure?

4.24 (2.78 to 6.46)

VEGF-TKIs in patients with 12 6.85(3.81t012.32)

arterial hypertension

VEGF-TKIs in patients without 69
arterial hypertension

6.46 (5.06 to 8.25)

Abbreviations: Cl, confidence interval; ROR, reporting odds ratio.

5.34(3.88 to 7.32)

2.79 (1.83 to 4.27)

5.20(2.88 to 9.41)

4.27 (3.34 to 5.47)

Includes axitinib and sunitinib. Defined as an increase of 210 mmHg in systolic or diastolic blood

pressure.l

2Includes cabozantinib, pazopanib and sorafenib. Defined as an increase of <10 mmHg in systolic

and diastolic blood pressure.t

3The crude reporting odds ratio is calculated using the formula (a/b) / (c/d), where a is the number
of cases using VEGF-TKIs and developing aortic dissection, b is the number of cases using VEGF-
TKIls and developing adverse events other than aortic dissection, c is the number of cases using
drugs other than VEGF-TKIs and developing aortic dissection, and d is the number of cases using
drugs other than VEGF-TKIs and developing adverse events other than aortic dissection.

“Adjusted for age and sex.
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Overall, our pharmacovigilance study showed an increase in the
risk of aortic dissection reporting associated with the use of VEGF-
TKls, albeit the adverse event was rare. Moreover, it provided data
that support the role of blood pressure elevation in the pathophysi-
ology of this adverse effect. Observational studies using large elec-
tronic health-care databases are needed to confirm this association.
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