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ABSTRACT

Introduction: The risk of thromboembolic
events or death in patients treated with intrav-
itreal anti-vascular endothelial growth factor
(IVT anti-VEGF) is poorly described on a large
scale and by molecule. This study aimed to
assess the risk of myocardial infarction (MI),
stroke, or death in new users of IVT aflibercept
versus ranibizumab in real-world practice.
Methods: A nationwide cohort study using the
French National Health Insurance databases
covering 99% of the French population was
conducted in patients aged 18 years or older
who initiated IVT therapy with ranibizumab or

aflibercept between 2014 and 2018. Patients
were followed for up to 6 years until December
31, 2019. The risks of MI, stroke, and death were
compared in new aflibercept versus ranibizu-
mab users using Kaplan–Meier and multivariate
Cox proportional hazards models adjusted on
sociodemographic characteristics and cardio-
vascular disease or risk factors. Subgroup anal-
yses were performed according to history of
ischemic heart disease or stroke, diabetes, indi-
cation for treatment, sex, age, and number of
IVT anti-VEGF injections.
Results: When compared to new users of rani-
bizumab (n = 174,794, mean age
76.0 ± 11.9 years, 59.2% female), new users of
aflibercept (n = 76,242, mean age
76.6 ± 11.2 years, 59.2% female) did not have
an increased risk of MI (n = 1523 incident MI,
adjusted hazard ratio [aHR] 1.00; 95% CI
0.89–1.11), stroke (n = 2306 incident strokes,
aHR 1.03; 95% CI 0.95–1.13), or death (n = 4135
deaths, aHR 0.98; 95% CI 0.92–1.05). However,
a small but non-statistically significant increase
in the risk of stroke was observed in new users of
aflibercept versus ranibizumab among patients
with diabetes (aHR 1.15; 95% CI 0.98–1.35),
particularly those with diabetic macular edema
(aHR 1.20; 95% CI 1.00–1.44). The remaining
subgroup analyses did not change the results.
Conclusion: Aflibercept and ranibizumab
appear to have similar safety profiles with
respect to the risk of MI, stroke, or death under
real-world conditions of use.
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Key Summary Points

Why carry out this study?

Uncertainties remain regarding the risk of
thromboembolic events or death in
patients treated with intravitreal anti-
vascular endothelial growth factor, which
is poorly described on a large scale and by
molecule.

These potential risks may be more likely to
occur with aflibercept due to possible
systemic accumulation than with
ranibizumab. Assessing this potential risk
could help improve patient management.

What was learned from the study?

This French population-based
retrospective cohort study showed that
initiation of intravitreal aflibercept was
not associated with an increased risk of
myocardial infarction, stroke, or death
compared to initiation of intravitreal
ranibizumab under real-life conditions of
use.

The safety profiles appear to be similar for
aflibercept and ranibizumab intravitreal
injections with respect to the risk of
myocardial infarction, stroke, or death
under real-world conditions of use.

INTRODUCTION

Intravitreal (IVT) anti-vascular endothelial
growth factor (anti-VEGF) agents have radically
changed the management of neovascular reti-
nal diseases [1]. Ranibizumab and aflibercept
were approved in Europe in 2007 and 2012,

respectively, for IVT treatment of neovascular
age-related macular degeneration (nAMD).
Bevacizumab, which was approved in oncology,
received a recommendation for IVT use in
nAMD in France in 2015 because of its benefi-
cial cost-effectiveness ratio [2]. Since 2011,
ranibizumab and aflibercept have been
approved in Europe for the treatment of other
ocular diseases associated with retinal edema
and/or neovascularization, such as diabetic
macular edema (DME), macular edema sec-
ondary to retinal vein occlusion (RVO), and
myopic choroidal neovascularization (CNV). In
France, IVT anti-VEGF treatments are com-
pletely covered by the national health insur-
ance, subject to an ophthalmological
prescription attesting that the indication for
treatment is justified, and the number of reim-
bursed injections is not limited.

VEGF is a potent vasodilator and also plays
an important role in the development of col-
lateral circulation in peripheral arterial ischemia
or myocardial ischemia. Therefore, prolonged
systemic use of anti-VEGF agents in oncology
has been associated with an increased risk of
hypertension and embolism [3]. Although the
doses used for IVT injections are much lower
than those in oncology, the systemic passage
(even small) of these agents makes cardiovas-
cular risks plausible, especially in high-risk
patients (e.g., elderly patients, diabetics,
patients with a recent cardiovascular event) [4].
The risk of thromboembolic events has not
been established in randomized clinical trials,
which are generally based on selected popula-
tions and are not sufficiently powered to detect
rare side effects [4]. The vast majority of obser-
vational studies conducted on the topic have
found that IVT anti-VEGF treatment is safe
[5–15]. However, most of these studies lacked
the statistical power to assess the risk in sub-
groups of patients with risk factors and may
have been subject to bias, particularly related to
the choice of a comparative group not exposed
to IVT anti-VEGF.

Comparative data on systemic risk between
the molecules under actual conditions of use are
limited, although their distinct pharmacoki-
netic and pharmacodynamic profiles may be
associated with differences in the occurrence of
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such risks. Ranibizumab appears transiently in
the systemic circulation, is cleared rapidly, and
has little effect on plasma-free VEGF levels,
whereas bevacizumab and aflibercept have
greater systemic exposure, appear to accumulate
with repeated dosing, and produce a marked
reduction in plasma-free VEGF, making the
occurrence of systemic side effects possible,
particularly with the latter two molecules
[4, 16]. Observational studies comparing the
systemic safety of IVT anti-VEGF are scarce and
generally found no difference between the
molecules [5, 11–13]. However, they rarely
included patients using aflibercept, because of
its more recent approval. This longitudinal
study aimed to evaluate the risk of myocardial
infarction (MI), stroke, and death in patients
initiating treatment with aflibercept versus
ranibizumab in the general French population.

METHODS

Data Source

Patients with a first injection of IVT anti-VEGF
between January 1, 2014, and December 31,
2018, were identified from the French National
Health Insurance Databases, i.e., Système
National des Données de Santé (SNDS), cover-
ing 99% of the French population (i.e., more
than 66 million inhabitants). The SNDS con-
tains anonymized individual data on all reim-
bursed health expenditures, including drugs
(coded according to the Anatomical Therapeu-
tic Classification [ATC]), ambulatory health
care, and outpatient laboratory tests. The SNDS
does not contain the medical indications of the
reimbursements recorded, but the existence of
100% coverage of the patient for care related to
a serious and costly long-term illness (cancer,
diabetes, ischemic heart disease, etc.) is indi-
cated and coded according to the International
Classification of Diseases, 10th Revision (ICD-
10), as well as the date of the onset of the illness.
The SNDS also contains sociodemographic data,
such as age, sex, area of residence (zip code),
and deprivation index, corresponding to an
index of the participant’s area of residence cal-
culated from socioeconomic data [17]. This

information is linked, via a unique and anony-
mous individual identifier, to the national
hospital database, which contains data on all
stays in public and private hospitals (i.e.,
admission and discharge dates, ICD-10 coded
diagnoses, care and surgical procedures per-
formed, costly drugs, or medical devices pro-
vided). The SNDS has been described and used
in other pharmacoepidemiological studies
[18–22]. This research adheres to the Declara-
tion of Helsinki of 1964 and its later amend-
ments. Institutional review board approval was
not required because the data in the SNDS are
fully anonymous.

Study Population

Individuals 18 years of age or older with at least
one IVT injection of aflibercept (ATC code
S01LA05) or ranibizumab (S01LA04) between
2014 and 2018 registered in the SNDS databases
were initially identified. IVT bevacizumab users
were not included because in France this drug is
only prescribed in hospitals and its use is rare
(n = 180 patients who initiated treatment
between 2014 and 2018). Patients with a first
injection of IVT ranibizumab or aflibercept (i.e.,
new users) were included. New use was defined
as the absence of any IVT anti-VEGF (i.e., rani-
bizumab, aflibercept, pegaptanib-S01LA03, and
bevacizumab-L01XC07) injection in the last 2
years. The index date corresponds to the first
IVT anti-VEGF dispensing date recorded during
the inclusion period.

Exposure Definition

Patients who initiated aflibercept therapy were
compared to those who initiated ranibizumab
therapy.

In the main analyses, we hypothesized that
only sufficient anti-VEGF accumulation in the
blood could be consistent with the occurrence
of a systemic adverse outcome [23]. Thus,
patients who received a single IVT anti-VEGF
injection, those who received different mole-
cules, or those who were lost to follow-up or
died within 3 months of the index date were
secondarily excluded. These patients were re-
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Table 1 Characteristics of new users of aflibercept or ranibizumab between 2014 and 2018 in France

Patient characteristics New users of aflibercept
n = 76,242

New users of ranibizumab
n = 174,794

p

Sociodemographic characteristics

Age, years:

Mean (SD) 76.6 (11.2) 76.0 (11.9) \ 10–3

Median (IQR) 79 (69–85) 78 (68–85) \ 10-3

Age groups, years, no. (%):

B 50 1828 (2.4) 5641 (3.2) \ 10–3

51–60 4985 (6.5) 12,871 (7.4)

61–70 13,612 (17.9) 32,658 (18.7)

71–80 22,964 (30.1) 49,928 (28.6)

81–90 27,712 (36.4) 61,476 (35.2)

[ 90 5141 (6.7) 12,220 (7.0)

Female, no. (%) 45,124 (59.2) 103,498 (59.2) 0.90

Deprivation index (fifths), no. (%):

1 (least deprived) 13,354 (17.5) 29,386 (16.8) \ 10–3

2 13,234 (17.4) 29,631 (17.0)

3 14,814 (19.4) 35,025 (20.0)

4 15,360 (20.1) 36,250 (20.7)

5 (most deprived) 15,500 (20.3) 36,073 (20.6)

Missing 3980 (5.2) 8429 (4.8)

Year of inclusion, no. (%)

2014 11,344 (14.9) 34,283 (19.6) \ 10–3

2015 13,557 (17.8) 35,304 (20.2)

2016 17,142 (22.5) 34,055 (19.5)

2017 17,063 (22.4) 34,376 (19.7)

2018 17,136 (22.5) 36,776 (21.0)

Non-ophthalmological medical history

Diagnoses, no. (%):

Ischemic heart disease 9058 (11.9) 21,203 (12.1) 0.08

Arrhythmia or conduction disorders 7658 (10.0) 17,357 (9.9) 0.38

Including non-valvular atrial fibrillation 4919 (6.5) 11,072 (6.3) 0.27

Heart failure 3840 (5.0) 8952 (5.1) 0.37
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included in a secondary analysis described
below.

Follow-Up

Patients who initiated treatment were followed
from the index date plus 3 months until one of
the following events, whichever came first:

occurrence of an outcome of interest or cancer,
end of study (12-31-2019), loss to follow-up,
change of IVT anti-VEGF molecule, or treat-
ment interruption. A treatment interruption
was considered to have occurred when a period
of more than 6 months was observed between
two IVT anti-VEGF injections or between the
last IVT anti-VEGF injection and the end of
follow-up. The interruption date corresponded

Table 1 continued

Patient characteristics New users of
afliberceptn = 76,242

New users of
ranibizumabn = 174,794

p

Non-ophthalmological medical history

Diagnoses, no. (%):

Stroke 2644 (3.5) 6059 (3.5) 0.98

Chronic smoking index 8628 (11.3) 19,698 (11.3) 0.73

Morbid obesity index 7449 (9.8) 16,967 (9.7) 0.62

Chronic alcoholism index 1423 (1.9) 3534 (2.0) 0.01

Medications, no (%):

Antihypertensives 52,669 (69.1) 119,638 (68.5) \ 0.01

Lipid-lowering drugs 32,210 (42.3) 74,114 (42.4) 0.47

Antidiabetic drugs 20,246 (26.6) 47,692 (27.3) \ 10–3

Antiplatelet drugs 25,666 (33.7) 59,085 (33.8) 0.50

Oral anticoagulants 9372 (12.3) 27,339 (12.2) 0.55

Antiarrhythmics 8595 (11.3) 19,250 (11.0) 0.06

Ophthalmologic comorbidities and care

IVT anti-VEGF indications, no. (%): \ 10–3

AMD 56,638 (74.3) 127,582 (73.0)

DME 16,775 (22.0) 39,629 (22.7)

RVO-related macular edema 898 (1.2) 2356 (1.3)

Myopic CNV 408 (0.5) 1231 (0.7)

Mixed indications or not determined 1523 (2.0) 3996 (2.3)

Origin of the first IVT anti-VEGF prescription, no. (%): \ 10–3

Hospital 23,946 (31.4) 47,283 (27.1)

Private practice 52,296 (68.6) 127,511 (72.9)

IVT intravitreal, VEGF vascular endothelial growth factor, SD standard deviation, IQR interquartile range, AMD age-related
macular degeneration, DME diabetic macular edema, RVO retinal vein occlusion, CNV choroidal neovascularization
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to the most recent date in these intervals, and
patients were censored 9 months after the
interruption date.

Outcome Definition

The outcomes were defined as the occurrence of
MI or stroke resulting in hospitalization during
the follow-up or death. MI and stroke were
identified by using the main or related diag-
noses of incident hospital stays registered in the
national hospital database (ICD-10 codes for
MI: I21, I22; ICD-10 codes for stroke: I60, I61,
I62, I63, I64). In the main analyses, MI and
stroke that occurred between the index date and
the start of follow-up (i.e., 3 months after the
index date) were considered as medical history.

Covariates: Sociodemographic
Characteristics and Medical History
of Intravitreal Anti-VEGF Users

Age, sex, and deprivation index were measured
at the index date. History of ischemic heart
disease (including MI), arrhythmia or conduc-
tion disorders (including non-valvular atrial
fibrillation), heart failure, stroke, chronic
smoking index, morbid obesity index, and
chronic alcoholism index were measured within
6 years before the index date. Dispensing of
antihypertensive, lipid-lowering, antiplatelet,
antidiabetic, anticoagulant, and antiarrhythmic
treatments was measured during the year pre-
ceding the index date. Likely and possible
indications for IVT anti-VEGF were inferred on
the basis of medical information recorded in the
2 years before and after the index date. Medical
history was identified on the basis of ICD-10
codes recorded on the day of a hospitalization
or diagnosis of a long-term illness, or reim-
bursements for medications or disease-specific
care. Medical history and indications for IVT
anti-VEGF therapy were identified using the

algorithms provided in the electronic Supple-
mentary Material, Table S1.

Statistical Analysis

New users of aflibercept and ranibizumab were
described according to the distribution of
covariates mentioned previously. Incidence of
MI, stroke, and death was calculated for each
group. Kaplan–Meier analyses were used to
assess the 6-year risk of MI, stroke, or death in
new users of aflibercept and ranibizumab.

The risks of MI, stroke, or death in new users
of aflibercept compared to new users of ranibi-
zumab were assessed using univariate and mul-
tivariate Cox proportional hazards regression
models. Multivariate models were adjusted on
year of inclusion, sociodemographic variables
(i.e., age, sex, deprivation index, and region of
residence), cardiovascular diseases or risk factors
(i.e., history of ischemic heart disease including
MI, heart failure, stroke, arrhythmia diagnosis
or antiarrhythmic treatment, history of treat-
ment by antihypertensive, lipid-lowering, anti-
platelet, oral anticoagulant, and antidiabetic
drugs, history of chronic smoking, morbid
obesity, and chronic alcoholism), and origin of
the prescription (i.e., private or hospital
practitioner).

The risks of MI, stroke, or death in patients
initiating treatment with aflibercept versus
ranibizumab were also assessed using multi-
variate models weighted by the inverse
propensity score to validate the findings of the
main multivariate models. Weights were
derived from the reciprocal of the propensity
scores containing the same covariates as those
described in the main multivariate models. To
reduce instability induced by large weights, the
stabilized weights were computed and then
were truncated at the first and 99th percentiles.
The standardized differences method for
assessing balance in observed baseline covari-
ates between new users of aflibercept and new
users of ranibizumab was applied to compare
the prevalence of covariates in the stabilized
weighted sample. Imbalances below 10% were
considered negligible. Adjustments on age, sex,
and region of residence were added in

Fig. 1 Kaplan–Meier analyses examining the 6-year
cumulative risk of myocardial infarction (a), stroke (b),
or death (c) in new users of intravitreal aflibercept and
ranibizumab

b
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multivariate models weighted by the inverse
propensity score.

Subgroup analyses were conducted accord-
ing to history of ischemic heart disease (in-
cluding MI) or stroke, treatment indications
(AMD or DME), history of diabetes, age groups
(B 70, 71–80 or[ 80 years), sex, and number of
IVT anti-VEGF injections received during the
follow-up (2–3, 4–8, or[ 8).

Secondary Analyses

Secondary analyses were conducted to assess
potential variations in outcomes by (1) chang-
ing the definition of censoring (i.e., 1, 3, or

6 months after treatment interruption versus
9 months in the main analyses), (2) considering
only ischemic stroke as an event (ICD-10 code:
I63) instead of all strokes (i.e., ischemic and
hemorrhagic), and (3) reintroducing patients
who received a single injection of IVT anti-
VEGF. In the latter analysis, patients were fol-
lowed from the index date until the occurrence
of one of the censoring events.

All statistical tests were two-tailed, and we
considered p values less than 0.01 to be statis-
tically significant. Statistical analyses were per-
formed using SAS Enterprise Guide software,
version 7.15.

Table 2 Risk of myocardial infarction, stroke, or death among new users of aflibercept versus new users of ranibizumab
between 2014 and 2018 in France

Event of
interest

New users of
aflibercept

New users of
ranibizumab
(reference)

Univariate modela Multivariate model
1b

Multivariate model
2c

HR [95%
CI]

p HR [95%
CI]

p HR [95%
CI]

p

n = 76,242

(%)

n = 174,794 (%)

MI 504 (0.7) 1019 (0.6) 0.98

[0.88–1.09]

0.70 1.00

[0.89–1.11]

0.96 0.97

[0.88–1.08]

0.63

Stroke 784 (1.0) 1522 (0.9) 1.01

[0.93–1.10]

0.79 1.03

[0.95–1.13]

0.48 1.02

[0.94–1.11]

0.63

Death 1356 (1.8) 2779 (1.6) 0.97

[0.91–1.04]

0.37 0.98

[0.92–1.05]

0.53 0.97

[0.91–1.04]

0.37

MI or

stroke

1285 (1.7) 2540 (1.5) 1.00

[0.93–1.07]

0.91 1.02

[0.95–1.09]

0.64 1.00

[0.94–1.07]

1.00

MI, stroke,

or death

2631 (3.5) 5292 (3.0) 0.98

[0.94–1.03]

0.43 1.00

[0.95–1.04]

0.88 0.98

[0.94–1.03]

0.46

HR hazard ratio, CI confidence interval, MI myocardial infarction
aAdjusted on age and sex
bAdjusted on age, sex, deprivation index, year of inclusion, region of residence, prescriber (at hospital or not), history of
ischemic heart disease, heart failure, and stroke diagnoses, history of arrhythmia diagnosis or antiarrhythmic treatment,
history of treatment by antihypertensive, lipid-lowering, antiplatelet, oral anticoagulant, and antidiabetic drugs, history of
chronic smoking, morbid obesity, and chronic alcoholism
cAdjusted by inverse propensity score weighting based upon age, sex, deprivation index, year of inclusion, region of residence,
prescriber (at hospital or not), history of ischemic heart disease, heart failure, and stroke diagnoses, history of arrhythmia
diagnosis or antiarrhythmic treatment, history of treatment by antihypertensive, lipid-lowering, antiplatelet, oral antico-
agulant, and antidiabetic drugs, history of chronic smoking, morbid obesity, and chronic alcoholism. Supplementary
adjustment on age, sex, and region of residence
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Table 3 Risk of myocardial infarction, stroke, or death among new users of aflibercept versus ranibizumab between 2014
and 2018 in France according to history of ischemic heart disease or stroke

Event of

interest

New users of

aflibercept

New users of ranibizumab

(reference)

Univariate modela Multivariate model

1b
Multivariate model

2c

HR [95%

CI]

p HR [95%

CI]

p HR [95%

CI]

p

No history of ischemic heart disease or stroke:

n = 65,036 (%) n = 148,793 (%)

MI 347 (0.5) 702 (0.5) 0.96

[0.85–1.09]

0.56 0.98

[0.86–1.11]

0.74 0.96

[0.85–1.10]

0.56

Stroke 579 (0.9) 1134 (0.8) 0.99

[0.89–1.09]

0.81 1.00

[0.91–1.11]

0.97 1.00

[0.90–1.10]

0.93

Death 958 (1.5) 1941 (1.3) 0.97

[0.90–1.05]

0.45 0.97

[0.90–1.05]

0.46 0.96

[0.89–1.04]

0.36

MI or stroke 924 (1.4) 1835 (1.2) 0.98

[0.90–1.06]

0.54 0.99

[0.91–1.07]

0.83 0.98

[0.91–1.06]

0.62

MI, stroke, or

death

1877 (2.9) 3753 (2.5) 0.97

[0.92–1.03]

0.36 0.98

[0.93–1.04]

0.53 0.97

[0.92–1.03]

0.33

History of ischemic heart disease or stroke:

n = 11,206 (%) n = 26,001 (%)

MI 157 (1.4) 317 (1.2) 1.04

[0.86–1.26]

0.67 1.04

[0.85–1.26]

0.71 1.02

[0.84–1.24]

0.81

Stroke 205 (1.8) 388 (1.5) 1.10

[0.93–1.31]

0.25 1.12

[0.94–1.33]

0.20 1.12

[0.94–1.32]

0.20

Death 398 (3.6) 838 (3.2) 0.99

[0.88–1.12]

0.89 1.00

[0.89–1.13]

0.98 1.00

[0.89–1.13]

1.00

MI or stroke 361 (3.2) 705 (2.7) 1.07

[0.95–1.22]

0.28 1.08

[0.95–1.23]

0.23 1.07

[0.95–1.22]

0.28

MI, stroke, or

death

754 (6.7) 1539 (5.9) 1.02

[0.94–1.11]

0.63 1.03

[0.94–1.13]

0.51 1.02

[0.94–1.12]

0.60

HR hazard ratio, CI confidence interval, MI myocardial infarction
aAdjusted on age and sex
bAdjusted on age, sex, deprivation index, year of inclusion, region of residence, prescriber (at hospital or not), history of heart failure

diagnosis, history of arrhythmia diagnosis or antiarrhythmic treatment, history of treatment by antihypertensive, lipid-lowering, anti-

platelet, oral anticoagulant, and antidiabetic drugs, history of chronic smoking, morbid obesity, and chronic alcoholism
cAdjusted by inverse propensity score weighting based upon age, sex, deprivation index, year of inclusion, region of residence, prescriber (at

hospital or not), history of heart failure diagnosis, history of arrhythmia diagnosis or antiarrhythmic treatment, history of treatment by

antihypertensive, lipid-lowering, antiplatelet, oral anticoagulant, and antidiabetic drugs, history of chronic smoking, morbid obesity, and

chronic alcoholism. Supplementary adjustment on age, sex, and region of residence
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Table 4 Risk of myocardial infarction, stroke, or death among new users of aflibercept versus new users of ranibizumab
between 2014 and 2018 in France according to treatment indication

Event of interest New users of

aflibercept

New users of

ranibizumab

(reference)

Univariate modela Multivariate model

1b
Multivariate model

2c

HR [95% CI] p HR [95% CI] p HR [95% CI] p

Patient with AMD n = 56,638 (%) n = 127,582

(%)

MI 307 (0.5) 616 (0.5) 0.97

[0.84–1.11]

0.63 0.97

[0.84–1.11]

0.65 0.97

[0.84–1.11]

0.63

Stroke 542 (1.0) 1092 (0.9) 0.96

[0.87–1.06]

0.43 0.96

[0.86–1.06]

0.43 0.97

[0.87–1.07]

0.50

Death 974 (1.7) 1958 (1.5) 0.99

[0.91–1.07]

0.76 0.97

[0.90–1.05]

0.52 0.99

[0.91–1.07]

0.71

MI or stroke 848 (1.5) 1707 (1.3) 0.96

[0.88–1.04]

0.35 0.96

[0.88–1.05]

0.36 0.97

[0.89–1.05]

0.40

MI, stroke, or

death

1814 (3.2) 3646 (2.9) 0.97

[0.92–1.03]

0.36 0.97

[0.91–1.02]

0.25 0.97

[0.92–1.03]

0.36

Patients with DME n = 16,775 (%) n = 39,629

(%)

MI 178 (1.1) 355 (0.9) 1.06

[0.88–1.27]

0.55 1.11

[0.92–1.34]

0.26 1.05

[0.87–1.25]

0.63

Stroke 197 (1.2) 366 (0.9) 1.13

[0.95–1.35]

0.16 1.20

[1.00–1.44]

0.05 1.15

[0.97–1.37]

0.12

Death 370 (2.2) 793 (2.0) 0.99

[0.87–1.12]

0.85 1.07

[0.94–1.21]

0.31 1.04

[0.92–1.18]

0.51

MI or stroke 373 (2.2) 721 (1.8) 1.09

[0.96–1.23]

0.18 1.15

[1.01–1.31]

0.04 1.09

[0.96–1.24]

0.17

MI, stroke, or

death

741 (4.4) 1506 (3.8) 1.04

[0.95–1.13]

0.40 1.11

[1.01–1.21]

0.03 1.07

[0.98–1.17]

0.14

HR hazard ratio, CI confidence interval, AMD age-related macular degeneration, DME diabetic macular edema, MI myocardial infarction
aAdjusted on age and sex
bAdjusted on age, sex, deprivation index, year of inclusion, region of residence, prescriber (at hospital or not), history of ischemic heart

disease, heart failure, and stroke diagnoses, history of arrhythmia diagnosis or antiarrhythmic treatment, history of treatment by anti-

hypertensive, lipid-lowering, antiplatelet, oral anticoagulant, and antidiabetic drugs, history of chronic smoking, morbid obesity, and

chronic alcoholism
cAdjusted by inverse propensity score weighting based upon age, sex, deprivation index, year of inclusion, region of residence, prescriber (at

hospital or not), history of ischemic heart disease, heart failure, and stroke diagnoses, history of arrhythmia diagnosis or antiarrhythmic

treatment, history of treatment by antihypertensive, lipid-lowering, antiplatelet, oral anticoagulant, and antidiabetic drugs, history of

chronic smoking, morbid obesity, and chronic alcoholism. Supplementary adjustment on age, sex, and region of residence
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RESULTS

Description of the Study Population

A total of 76,242 new users of aflibercept (mean
age 76.6 ± 11.2 years, 59.2% female) and
174,794 new users of ranibizumab (mean age
76.0 ± 11.9 years, 59.2% female) who received
at least two injections in the first 3 months were
included. The characteristics of these patients
are described in Table 1. New users of aflibercept
and ranibizumab presented similar sociodemo-
graphic and medical characteristics. In particu-
lar, cardiovascular comorbidities or risk factors
(i.e., history of ischemic heart disease, arrhyth-
mia or conduction disorders, heart failure,
stroke, chronic smoking, morbid obesity, and
chronic alcoholism) and the use of systemic
cardiovascular (i.e., antihypertensives, lipid-
lowering drugs, antiplatelet drugs, oral antico-
agulants, and antiarrhythmics) and antidiabetic
drugs were common, with similar prevalence in
the comparison groups. The main treatment
indications were AMD (74.3% for aflibercept
and 73.0% for ranibizumab new users) and DME
(22.0% for aflibercept and 22.7% for ranibizu-
mab new users). For patients who initiated
aflibercept therapy, the primary prescription
was more often hospital-based than for patients
who initiated ranibizumab therapy (31.4 versus
27.1%).

Risk of Myocardial Infarction, Stroke,
or Death

During a maximum follow-up of 6 years (mean
12.1 ± 9.2 months; 13.5 ± 10.3 months for
aflibercept and 11.5 ± 8.7 months for ranibizu-
mab), 1523 MI, 2306 strokes, and 4135 deaths
occurred after a mean of 9.0, 9.6, and
9.8 months, respectively. Other censoring rea-
sons were treatment interruption (62.8%),
change of IVT anti-VEGF molecule (18.0%), end
of the study period (12.5%), cancer (3.0%), and
loss to follow-up (0.5%), as shown in the elec-
tronic Supplementary Material, Table S2.

In Kaplan–Meier analyses, new users of
aflibercept and ranibizumab had similar cumu-
lative risk of MI, stroke, or death (log-rank test

p = 0.76 for MI; p = 0.80 for stroke; p = 0.18 for
death) (Fig. 1). Among patients who initiated
aflibercept therapy, incidence rates per 1000
person-years were 5.9 for MI, 9.2 for stroke, and
15.9 for death. These rates were 6.1 for MI, 9.1
for stroke, and 16.6 for death among patients
who initiated ranibizumab therapy. Compared
with new use of ranibizumab, new use of
aflibercept was not associated with an increased
risk of MI (adjusted hazard ratio [aHR] 1.00;
95% CI 0.89–1.11), stroke (aHR 1.03; 95%CI
0.95–1.13), or death (aHR 0.98; 95% CI
0.92–1.05) (Table 2, and Table S3 in the elec-
tronic Supplementary Material presenting the
full models).

Subgroup analyses by history of ischemic
heart disease (including MI) or stroke (Table 3),
indications for treatment (Table 4), history of
diabetes (see Table S4 in the electronic Supple-
mentary Material), age or sex (see Table S5 in
the electronic Supplementary Material), and
number of IVT anti-VEGF injections received
during the follow-up (see Table S6 in the elec-
tronic Supplementary Material) did not alter the
conclusions. However, a small but non-statisti-
cally significant increase in the risk of stroke
was found for new users of aflibercept compared
to new users of ranibizumab among individuals
with DME (aHR 1.20; 95% CI 1.00–1.44) or
diabetes (aHR 1.15; 95% CI 0.98–1.35) (see
Table 4 and Table S4 in the electronic Supple-
mentary Material).

After weighting by the inverse propensity
score, the prevalence of categorical covariates
was very similar between the comparison
groups (see Figure S1 in the electronic Supple-
mentary Material). Similar estimates were found
in the multivariate models weighted by the
inverse propensity score, which validated our
main multivariate approach (Table 2).

Secondary Analyses

Changing the definition of censoring (i.e., 1, 3,
6 months after treatment interruption or with-
drawal instead of 9 months in the main analy-
ses) did not alter the conclusions (see Table S7
in the electronic Supplementary Material).
Considering ischemic stroke as the event
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instead of all strokes did not modify the con-
clusions (n = 1880 ischemic strokes, aHR 1.03;
95% CI 0.94–1.14). Moreover, reintroducing
patients with a single IVT anti-VEGF injection
within the 3 three months (i.e., 17,010 new
users of aflibercept and 47,786 new users of
ranibizumab) did not change the results (see
Table S8 in the electronic Supplementary
Material).

DISCUSSION

Main Results

This observational cohort study, conducted on
the scale of the entire French population using
national health insurance databases, showed
that there was no increased risk of myocardial
infarction, stroke, or death in patients initiating
treatment with aflibercept (n = 76,242) com-
pared to patients initiating treatment with
ranibizumab (n = 174,794). Similar findings
were obtained when assessing these risks by sex,
age, history of ischemic heart disease (including
MI) or stroke, and number of injections received
during the follow-up (2–3, 4–8, or[8). How-
ever, a small but non-statistically significant
increase in the risk of stroke was observed in
patients initiating aflibercept therapy compared
with those initiating ranibizumab therapy in
patients with diabetes, and particularly in those
also being managed for DME.

Comparison with Other Studies

Few studies have compared the systemic safety
of IVT anti-VEGF agents. Our results are sup-
ported by safety data from the two pivotal phase
III clinical trials, VIEW 1 and VIEW 2, which
enrolled 2457 patients to assess the non-inferi-
ority and clinical equivalence of aflibercept
versus ranibizumab and showed no differences
in the incidence of systemic adverse events
between the molecules [24, 25]. A meta-analysis
of 24 randomized controlled trials involving
6000 patients treated for DME also concluded
that there were no signals of difference in
overall safety between ranibizumab,

bevacizumab, and aflibercept, but reported that
estimates were imprecise for cardiovascular
events and death [26]. Nevertheless, the clinical
trials and meta-analyses of these trials may have
limitations including a lack of power to detect
these rare adverse events and poor generaliz-
ability to patients receiving the treatment in
routine clinical practice [4, 13, 27, 28]. There-
fore, large-scale post-marketing observational
studies, such as the one presented here, provide
important safety information that comple-
ments the clinical trial data. Our results are
supported by a retrospective cohort study
comparing patients initiating treatment for
nAMD, diabetic retinal disease, or retinal
venous occlusive disease, with bevacizumab
(n = 69,007), ranibizumab (n = 10,895), or
aflibercept (n = 7942), registered in a large US
administrative claims database of commercially
insured and Medicare Advantage enrollees. The
study showed no difference between the mole-
cules in the risk of acute MI, acute cerebrovas-
cular diseases, major bleeding or stroke, or all-
cause hospitalization within 180 days of start-
ing treatment. As in our study, no statistically
significant difference in risk was found in the
subgroups of patients with risk factors [5].
However, this study did not assess the potential
risks beyond 6 months after initiation of treat-
ment, unlike ours. Other observational studies
have compared the risk of systemic adverse
events between bevacizumab and ranibizumab.
It is interesting to compare the results of these
studies with our own, as for both bevacizumab
and aflibercept, the risks of systemic accumula-
tion and subsequent adverse events after IVT
injections appear to be greater than for ranibi-
zumab. A retrospective cohort study of 146,942
Medicare beneficiaries treated for AMD between
2005 and 2006 showed significantly lower haz-
ards of all-cause mortality, incident MI, and
stroke with ranibizumab injection compared to
bevacizumab injection after a maximum of
1 year of follow-up [12]. However, significant
differences in study outcomes were no longer
observed when taking potential indication bias
into account. A nested case–control study con-
ducted among 91,378 patients with retinal dis-
ease registered in the Ontario Health Insurance
Plan database between 2006 and 2011 reported
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no increased risk of MI, stroke, venous throm-
boembolism, or heart failure in patients treated
with bevacizumab compared to those treated
with ranibizumab [13]. Other observational
studies have been conducted to assess the safety
of IVT anti-VEGF agents with respect to car-
diovascular risk or mortality, but they were not
designed to compare potential risk by molecule
and are therefore not directly comparable to our
results [6–8, 10, 29–31].

Strengths and Limitations

This observational cohort study conducted on
the scale of the entire French population has
several strengths. First, the real-world approach
and the large sample size made it possible to
assess the risk of rare systemic side effects. This
allowed assessment of these risks in different
subgroups of patients based on cardiovascular
risk factors, and maximized the generalizability
of the results. Second, our study had a maxi-
mum follow-up of 6 years, which enabled the
evaluation of long-term adverse effects. Third,
our study assessed systemic adverse effects in
patients treated with IVT aflibercept versus
ranibizumab. Most observational studies con-
ducted on the subject have not compared the
risk of systemic adverse events between IVT
anti-VEGF molecules [6–8, 10, 29–31], whereas
at least from a theoretical point of view, these
risks could be higher with aflibercept and
bevacizumab than with ranibizumab, due to
pharmacokinetic differences [16]. Fourth, this
study included a large sample of patients initi-
ating aflibercept therapy, whereas most previ-
ous observational studies have been conducted
in patients treated with ranibizumab or beva-
cizumab due to their earlier approval. Finally,
the introduction of an active comparator (i.e.,
patients treated with ranibizumab) minimized
residual confounding [32]. In routine practice,
there does not appear to be a strong argument
for prescribing a particular molecule, and
patients who initiated treatment with afliber-
cept or ranibizumab were highly comparable in
terms of sociodemographic characteristics, car-
diovascular comorbidities potentially related to

increased risk of cardiovascular outcome, and
indications for treatment.

This study also has several limitations. First,
information about treatment indication was
not available directly in the SNDS databases.
Although significant efforts were made to
develop algorithms to identify indications for
IVT anti-VEGF therapy, some misclassification
cannot be ruled out. Because patients with
nAMD and DME do not necessarily have the
same cardiovascular risk profile, an imbalance
between the comparison groups regarding
treatment indications would compromise the
validity of the results. Nevertheless, the distri-
bution of treatment indications was similar
between the groups, and differential misclassi-
fication of treatment indications between the
comparison groups is unlikely. Second, some
confounding factors, such as smoking, alco-
holism, or obesity, are not measured perfectly
from the SNDS databases. Nevertheless, selec-
tion of an IVT anti-VEGF agent based on these
potential confounders is unlikely. Third, the
purpose of this study was not to determine the
systemic risk of all or any of the IVT anti-VEGF
agents compared with a control group not
treated with IVT anti-VEGF. Previous observa-
tional studies that have compared users of any
IVT anti-VEGF to non-users (e.g., patients with
dry AMD or other ocular disease, treated with
intravitreal implants or photocoagulation, or
with other chronic disease) may have intro-
duced confounding due to associations of ocu-
lar disease with systemic cardiovascular risk in
patients who require anti-VEGF therapy.

CONCLUSIONS

This study suggests that aflibercept and ranibi-
zumab have similar risk profiles for myocardial
infarction, stroke, or all-cause death after
intravitreal injection in the management of
retinal disease in routine clinical practice. The
small but non-statistically significant increase
in the risk of stroke observed in diabetic patients
using aflibercept versus ranibizumab may war-
rant further investigations or precautions in
these high cardiovascular risk patients.
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