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Abstract
Whether or not vascular endothelial growth factor pathway inhibitors (VPIs) in-
crease the risk of artery dissection is still unknown. This study aimed to quan-
titatively evaluate the possibility of artery dissection as a class effect of VPIs 
using nationwide real- world data. This cohort study was conducted based on the 
National Database of Health Insurance Claims and Specific Health Checkups of 
Japan (NDB), which spans nearly the entire Japanese population of over 100 mil-
lion individuals. We included the patients prescribed with 12 types of VPIs be-
tween 2012 and 2020. The incidence rate (IR) ratio of artery dissection for each 
VPI were estimated in comparison with bevacizumab, the only VPI in Japan with 
artery dissection listed in the package insert. Artery dissection as an outcome 
was targeted for acute artery dissection requiring hospitalization (including dis-
secting aneurysm). As a reference, a natural IR standardized by sex and age of 
bevacizumab- prescribed patients was also estimated using the direct method for 
the general population of NDB. Of 503,342 patients, the IR of artery dissection 
for bevacizumab was 44.4 (/100,000 person- years), and the adjusted IR ratios 
for each VPI compared with bevacizumab were consistently similar to or >1.0. 
The IRs for each VPI were also higher than the crude natural IR (1.66/100,000 
person- years; 95% CI: 1.59–1.73) and the standardized natural IR (2.18/100,000 
person- years; 95% CI: 1.86–2.50). Real- world evidence suggests the risk of artery 
dissection as a class effect of VPIs. More attention on this risk will be necessary 
when using VPIs in clinical practice.
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INTRODUCTION

The engagement of vascular endothelial growth factor 
(VEGF) with VEGF receptors (VEGFR) on endothelial 
cells results in heightened proliferation, migration, de-
generation, and permeability of normal blood vessel.1 
Targeting the VEGF pathway for pharmacological inhi-
bition of angiogenesis is a crucial therapeutic objective, 
aiming to impede tumor growth and the development 
of metastases.2 Bevacizumab, the world's first anticancer 
drug that inhibits the VEGF pathway, received approval 
from the U.S. Food and Drug Administration (FDA) in 
February 2004.3 In Japan, this drug was approved in April 
2007 for the treatment of metastatic colorectal cancer,4 
followed by the approval of indications for seven areas of 
oncology as of February 2024.5

Accumulating case reports have linked the use of VEGF 
pathway inhibitors (VPIs) to abnormal structural changes 
in the arterial wall, leading to aortic dissection.6–8 At the cel-
lular and molecular levels, inhibition of the VEGF pathway 
is suggested to lead to overexpression of matrix metallo-
proteinase 9 (MMP9), which in turn degrades the extra-
cellular matrix, possibly causing degeneration of the aortic 
media; however, the mechanism remains to be fully eluci-
dated.9,10 In August 2019, the European Medicines Agency 
(EMA), based on assessments utilizing EudraVigilance 
and discussions with manufacturers, recommended the 
addition of artery aneurysm and artery dissection to the 
“Special warnings and precautions for use” section of the 
Summary of Product Characteristics for systemically ad-
ministered VEGF/VEGFR inhibitors.11 Subsequently, the 
signals were detected in the FDA Adverse Event Reporting 
System (FAERS) from January to March 2020 regarding the 
possible association of artery aneurysm and artery dissec-
tion with VEGF/VEGFR inhibitors, and the United States 
Prescribing Information updated the “Adverse Reactions” 
section to include artery aneurysm and artery dissection.12

In Japan, considering the accumulation of mul-
tiple domestic cases in the adverse reaction reports 

for bevacizumab, artery dissection was added to the 
“Clinically Significant Adverse Reactions” section of the 
bevacizumab's package insert in June 2020.5 However, the 
risk of artery dissection by VPIs other than bevacizumab 
remains unclear. Sufficient data substantiating this asso-
ciation were not available because of (i) difficulty in dis-
tinguishing between whether the occurrence was related 
to background factors such as hypertension or to VPIs; (ii) 
previous studies have primarily relied on disproportional-
ity analyses based on spontaneous adverse drug reaction 
reports13–15 or series of case reports16 and; (iii) no nation-
wide cohort study having been reported at the planning 
stage of this study.

The purpose of this cohort study was to quantitatively 
evaluate the possibility of artery dissection as a class effect 
of VPIs by examining the incidence rate (IR) of artery dis-
section for each VPI in patients prescribed VPIs based on a 
nationwide medical information database in Japan.

METHODS

Study design and setting

We conducted a cohort study, utilizing the National 
Database of Health Insurance Claims and Specific Health 
Checkups of Japan (NDB). The NDB was selected be-
cause of the following points: (i) NDB stands as one of the 
largest health- related databases, encompassing compre-
hensive electronic health insurance claims and specific 
health check- up data obtained from most medical facili-
ties including hospitals, clinics, pharmacies, and dental 
clinics,17 (ii) NDB spans the medical records of nearly the 
entire Japanese population, exceeding 100 million indi-
viduals, and (iii) NDB allows for tracking of patients as 
they move from the hospital where they were treated, en-
suring robust data for analysis.18 The study period (data 
period available for this study) was from August 1, 2010 
to March 31, 2020.

WHAT QUESTION DID THIS STUDY ADDRESS?
Does VPIs increase the risk of artery dissection as a class effect?
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
This nationwide cohort study of 503,342 patients based on the National 
Database of Health Insurance Claims and Specific Health Checkups of Japan 
(NDB) suggests a class effect of VPIs on the risk of artery dissection, with ad-
justed incidence rate ratios consistently equal to or greater than 1.0 compared 
with bevacizumab.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR 
TRANSLATIONAL SCIENCE?
More attention to this risk will be necessary when using VPIs in clinical practice.
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Since this study was conducted as an official activ-
ity of the Pharmaceuticals and Medical Devices Agency 
(PMDA) under the PMDA Law Article 15–5–(c) and (f),19 it 
was not subject to review by institutional review boards.20 
This study was reported in line with the Strengthening 
the Reporting of Observational Studies in Epidemiology 
guidelines.21

Target population

For the primary analysis, the patients who were pre-
scribed at least one VPI (aflibercept beta, axitinib, bevaci-
zumab, lenvatinib, nintedanib, pazopanib, ramucirumab, 
regorafenib, sorafenib, sunitinib, or vandetanib) between 
April 1, 2012 and March 31, 2020 (“Prescription identifi-
cation period”) were included. Notably, the present study 
included multi- kinase inhibitors (excluding topical for-
mulations), such as sunitinib and vandetanib, since our 
aim was to target VPIs that have been approved in Japan. 
If a patient had received prescriptions for multiple dif-
ferent VPIs during the prescription identification period, 
they were entered into a cohort for each VPI, resulting in 
a possibility of the same patient being entered into two 
or more cohorts. This strategy was adopted to collect in-
formation on VPIs prescribed as the second line or the 
subsequent line of chemotherapy. The earliest prescrip-
tion date of VPIs triggered for cohort entry of a patient 
was defined as “t0.” Patients with 0 days of follow- up or 
patients prescribed the same VPI as t0 between August 1, 
2010 and March 31, 2012 (a period before the prescription 
identification period) were excluded for focusing on new 
users of a particular VPI.

For the secondary analysis in comparison with his-
torical control, patients who prescribed docetaxel or ra-
mucirumab (the earliest prescription date set as “t0”) for 
lung cancer were included (see Figure S1). Based on the 
type of regimen at t0, the patients were categorized into 
the combination therapy of docetaxel and ramucirumab 
as the exposure group, or the docetaxel monotherapy as 
the historical control group. A historical control group 
was selected because of the possibility that patients pre-
scribed docetaxel monotherapy in the period after the 
ramucirumab approval (June 2016)22 may have a worse 
general condition, potentially leading to confounding by 
indication.

For the additional analysis to calculate the natural IR 
of artery dissection, the broader population (general pop-
ulation) was identified by including patients with at least 
one claims data between August 1, 2010 and December 31, 
2017 and excluding patients with death and artery dissec-
tion between August 1, 2010 and December 31, 2018.

Follow- up period

For the primary analysis, the follow- up period continued 
with the prescription of the same VPIs, starting on the day 
after t0 (“start date”) and ending at the earliest date accord-
ing to the following: (i) the date of occurrence of atrial dis-
section, (ii) 30 days after the prescription end date of VPI, 
or (iii) the end date of the study period. The prescription 
period comprised the start date and duration until the lat-
est prescription end date and an additional 30 days. The 
prescription end date was set as 20 days after the latest pre-
scription date for intravenous drugs, and the number of 
prescription days minus 1 day for capsules or tablets.

For the secondary analysis, the prescription period 
comprised the start date and duration to the latest pre-
scription end date. If the gap between the end date of the 
preceding prescription and the start date of the subsequent 
prescription was within 90 days, we considered it a con-
tinuous prescription period for the patient. The censoring 
criteria were basically the same as the primary analysis 
except with one additional criterion: (iv) switching to the 
different group from t0 (i.e., exposure or historical control 
groups).

For the additional analysis, the follow- up period of this 
population started on January 1, 2019 and ended at the 
earliest date of the following: (i) date of the occurrence 
of artery dissection, (ii) date of the death record, or (iii) 
December 31, 2019.

Outcome definitions

The primary outcome was the occurrence of “artery 
dissection” targeting “acute artery dissection requiring 
hospitalization (including dissecting aneurysm)” during 
the follow- up period. The cases of artery dissection were 
defined when either algorithm A or algorithm B as de-
scribed below was met (also see Table S1). Algorithm A 
was defined based on observations from at least one of 
the following therapeutic interventions, that is, nicardi-
pine drip, thoracic endovascular aortic repair, or aortic 
aneurysmectomy on the day or day after the date of ad-
mission for artery dissection. Algorithm B was defined 
based on discharge on the same day or the next day of 
admission for artery dissection (intended to capture 
cases of discharge due to death without treatment being 
performed). These definitions were based on results of 
the outcome validation study (unpublished) for artery 
dissection events by utilizing data from MID- NET®, an-
other medical information database in Japan,23 with few 
minor modifications applied to the original definitions 
to ensure that data categories fitted to the data source 
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of this study (i.e, NDB). We considered these defini-
tions can be applied to this study and clinically plausi-
ble because artery dissection is mainly treated in a large 
hospitals such as university hospitals and regional core 
hospitals, which are the cooperative hospitals of the 
MID- NET®.

Statistical analysis

As the primary analysis, for each VPI, the total follow-
 up period, the number of patients with artery dissection, 
and IR of artery dissection with a 95% confidence interval 
(CI) were estimated. Crude and adjusted IR ratios (IRRs) 
of each VPI compared with bevacizumab were estimated 
using the multivariable Poisson model with the follow-
ing adjusted factors: age group (over or under 65 years 
old), sex, the presence of diseases and corresponding 
treatments (cardiovascular events [including cerebral in-
farction, cerebral hemorrhage, and acute coronary syn-
drome], hypertension, diabetes mellitus, dyslipidemia; 
see Table S2 for more details of covariate definitions), and 
past medical history of artery dissection (see “Outcome 
definitions” section above). Bevacizumab was used as 
a reference because it is the only VPI for which artery 
dissection is listed under “Clinically Significant Adverse 
Reactions” in the package insert in Japan. As subgroup 
analyses, the IR and IRR of artery dissection were also 
calculated in the population without each covariate de-
scribed above.

For the secondary analysis, the total follow- up period, 
the number of patients with artery dissection, and IR of 

artery dissection with 95% CI were calculated for each 
group. Calculation of crude and adjusted hazard ratios 
using the multivariable Cox regression model with the 
adjusted factors listed above in addition to the history of 
G- CSF (Granulocyte- colony stimulating factor) prescrip-
tion was planned but was impossible to carry out due to no 
cases in the exposure group (see “Results”).

Finally, as an additional analysis, we calculated the 
crude natural IR of artery dissection in the general 
population by dividing the number of people who de-
veloped the artery dissection by the follow- up period, 
and its 95% CI was estimated. A natural IR standardized 
with the sex and age of the bevacizumab- prescribed co-
hort was also estimated using the direct method for the 
general population. All analyses were conducted using 
the SAS statistical software (version 9.4; SAS Institute, 
Cary, NC, USA). No tests of statistical difference were 
conducted.

RESULTS

In total, 503,342 patients were included in the primary 
analysis after applying all inclusion and exclusion crite-
ria (Figure 1). The most prescribed VPI was bevacizumab 
(n = 278,722), followed by ramucirumab (n = 73,593), and 
sorafenib (n = 33,849). It should be noted that since no 
patients were identified for cabozantinib in this study, 
further analysis was omitted for this drug. As shown in 
Table 1, in all VPIs, patients were predominantly aged 50 
and above and generally had hypertension, diabetes melli-
tus, or hyperlipidemia in their medical history. VPIs were 

F I G U R E  1  Study flowchart for 
the cohort identification in the primary 
analysis. NDB, the National Database of 
Health Insurance Claims and Specific 
Health Checkups of Japan; VPI, VEGF 
pathway inhibitor.
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usually prescribed more for males, but a relatively higher 
percentage of females were prescribed bevacizumab, prob-
ably as a treatment for breast, ovarian, or cervical cancer.

The results of the primary analysis are shown in 
Figure  2. The IR of artery dissection for bevacizumab 
was 44.4 (/100,000 person- years). The adjusted inci-
dence rate ratio (aIRR) of artery dissection for each VPI 
compared with bevacizumab was consistently similar 
to or >1.0. The highest aIRR was observed for vande-
tanib, but the point estimate had a wide CI due to the 
inclusion of fewer patients compared with other VPIs. 
The consistently higher aIRRs were also observed in the 
subgroup analyses limited to patients without each co-
variate (Tables S1) and to incident new users (Table S8). 
Kaplan–Meier curve for the entire population cohort 
is shown in Figure  S2. In order to investigate changes 
in IRR depending on the timing of outcome onset, we 
divided the follow- up period into two or four inter-
vals (separated by the median date of outcome onset 
for the entire population, and separated by the period 
considered clinically important) and estimated the IRR 
for each VPI compared with bevacizumab. The results 
showed that as in the primary analysis, the IRR was con-
sistently similar to or >1.0, except for some intervals for 
ramucirumab (Figures S3 and S4).

In the secondary analysis, 12,583 patients were eligible 
for the exposure group, while 17,867 patients were placed 
in the control group (Figure S1). The backgrounds of pa-
tients in the exposure and control groups were not signifi-
cantly different (Table 2a). The median and interquartile 
range (IQR) of a follow- up period were 0.252 years (IQR: 
0.164–0.427) for the exposure group and 0.222 years (IQR: 
0.164–0.375) for the control group. As a result, the number 
of patients with artery dissection was 0 in the exposure 
group and <10 in the control group, making it impossible 
to conduct a comparative analysis (Table 2b).

Furthermore, in the additional analysis, the crude 
natural IR of artery dissection in the general population 
was 1.66 (/100,000 person- years; 95% CI: 1.59–1.73), and 
the standardized IR (sex and age were standardized to 
the bevacizumab- prescribed patient population) was 2.18 
(/100,000 person- years; 95% CI: 1.86–2.50).

DISCUSSION

In the present study, we have evaluated the possibility of 
whether the risk of artery dissection is a class effect of 
VPIs using nationwide real- world data (RWD). Among 
503,342 patients prescribed with VPIs, the aIRR for each 
VPI compared with bevacizumab, the only VPI to men-
tion artery dissection under “Clinically Significant Adverse 
Reactions” in its package insert, was consistently similar 
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to or >1.0, suggesting an increased risk of artery dissection 
by all VPIs. This observation was supported by the results 
of the subgroup analysis showing results consistent with 
the primary analysis, as well as by the additional analysis 
showing that the IR of artery dissection for each VPI was 
higher than the standardized natural IR. Although cau-
tion may be needed in comparison with the standardized 
natural IR because of possible differences in patient back-
grounds, the incidence of artery dissection according to the 
Japanese guidelines was reported as ~ 3 per 100,000 people 
per year in Japan,24 indicating a similar range to that of the 
natural IR in this study. Thus, our findings from this study 
provided an important insight into VPIs, indicating the risk 
of artery dissection as a class effect.

In the previous studies, an increased safety signal on 
aneurysms and/or artery dissection by VPIs has been re-
ported based on the disproportionality analyses of data 
from spontaneous adverse drug reaction reports in the 
United States,13 EU,14 and Japan.15 However, our find-
ing provides more robust evidence than previous studies 
through (i) utilization of a nationwide database (NDB), (ii) 
use of more accurate outcome definition for identifying 
artery dissection, and (iii) analyzing data by pharmaco- 
epidemiological approaches. Therefore, the IRs based on 
RWD obtained in this study are valuable information for 
the use of VPIs in clinical practice and the consideration 
of safety measures required. Recently, Kang et al. reported 
the incidence rate (IR) of aneurysm and artery dissection 
in the tyrosine kinase inhibitors targeting the VEGFR 
(VEGFR- TKIs) group to be 6.0 per 1000 person- years in 
Korean population, which is nearly 10 times of IRs for 
bevacizumab and ramucirumab discovered in this study.25 
A reason for this may be due to differences in outcome 
definitions (only on the disease name in the previous 
study vs. the composite definition considering treatment 
and a case of aneurysm in this study) or in the analytical 

methods used (propensity score matching in the previous 
study vs. general population in this study).

In the secondary analysis, there were no cases of artery 
dissection in the exposure group. The median follow- up 
duration of a patient was 0.252 years, and a similar median 
time of 94 days from the start of VPI to the incidence of ar-
tery aneurysm/dissection has been reported.26 Therefore, no 
cases of artery dissection in the exposure group in this study 
could be due to an insufficient sample size for testing drugs. 
Further studies with expanded study periods are warranted.

The PMDA conducted a safety assessment on the risk 
of artery dissection by VPIs based on the present study as a 
major evidence for review and other available data includ-
ing adverse drug reaction reports and literature. Finally, 
the package inserts of all VPIs included in the present 
study were revised on February 15, 2024 to add a precau-
tion about the risk of artery dissection under “Clinically 
Significant Adverse Reactions.”27

Limitations

This study had certain limitations. First, caution may be 
necessary in interpreting the IRR of VPIs compared with 
bevacizumab due to a confounding indication between 
bevacizumab and other VPIs. For this possibility, the sec-
ondary analysis in comparison with a historical control 
group was designed in this study, but no cases were identi-
fied in the exposure group as described above. Consistent 
results showing a similar or higher risk of artery dissection 
among different VPIs in comparison with bevacizumab 
may imply that such factors do not have large impacts in 
interpreting study results. Second, it is difficult to exclude 
the possibility that unmeasured confounding, such as pe-
ripheral vascular disease, previous radiotherapy for ma-
lignancy, phenotypes of each patient that influence blood 

F I G U R E  2  Risk of artery dissection in patients prescribed VEGF pathway inhibitors in the primary analysis. CI, confidence interval; IR, 
incidence rate; IRR, incidence rate ratio; PY, person- year. *Adjusted covariates: Sex, age category (<65 years old or ≥65 years old), the past 
medical history of diseases and their treatment (artery dissection, cardiovascular events, hypertension, diabetes mellitus, and dyslipidemia). 
†Based on NDB publication standards, aggregated values <10 were masked so that they could not be identified.
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pressure response to drugs, and time- dependent changes 
in blood pressure after exposure to drugs may have im-
pacted the results despite sex, age, and five covariates hav-
ing been taken into consideration in this study.

CONCLUSION

The results of the present study suggest a class effect of 
VPIs on the risk of artery dissection. Further attention to 
this risk is needed when VPIs are used in clinical practice, 

and patients with a priori predictions of high risk should 
be followed more closely for artery dissection events and 
be managed for minimizing their risk by optimal cardio-
vascular care.
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T A B L E  2  Patient background and results of the secondary analysis: (a) Patient background of the secondary analysis. (b) Results of the 
secondary analysis.

Exposure group (combination therapy of 
docetaxel and ramucirumab)

Control group (docetaxel 
monotherapy)

(a)

Number of patients 12,583 17,867

Age category

0–9 0 0% 0 0%

10–19 0 0% 0 0%

20–29 <10 <0.08% <20 <0.11%

30–39 112 0.89% 103 0.58%

40–49 620 4.93% 521 2.92%

50–59 1679 13.34% 1840 10.30%

60–69 4963 39.44% 6217 34.80%

70–79 4818 38.29% 7344 41.10%

80–89 382 3.04% 1820 10.19%

90- <10 <0.08% <10 <0.06%

Sex

Female 3836 30.49% 4476 25.05%

Male 8747 69.51% 13,391 74.95%

Past medical history

Artery dissection 20 0.16% 21 0.12%

Cardiovascular event 194 1.54% 263 1.47%

Hypertension 5216 41.45% 6197 34.68%

Diabetes mellitus 2192 17.42% 2854 14.46%

Hyperlipidemia 3498 27.80% 3743 20.95%

Past prescription history

G- CSF 3389 26.93% 4623 25.87%

(b)

Number of artery dissection cases 0 0% <10 <0.056%

Follow- up duration (year, median) 0.252 0.222

Follow- up duration (year, quartile 
range)

[0.164–0.427] [0.164–0.375]

Total follow- up duration (PY) 4212.04 5788.21

Incidence rate (/PY) 0 < 0.00173

Abbreviations: G- CSF, granulocyte- colony stimulating factor; PY, person- year.
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