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Purpose: To provide an update of summary of risk factors and side effects of long-term use
and contamination of intravitreal anti-VEGF injections.

Methods: We reviewed relevant publications of the topic of contamination of anti-VEGF
injections and long-term side effects due to this reason.

Results: Due to the long-term use of anti-VEGF drugs and the higher number of injections
worldwide, various studies have shown side effects in recent years, ranging from increased
intraocular pressure to visual disturbing silicone oil vesicles in the vitreous cavity. Several
studies have demonstrated that both the drug and the processing, storage, environmental
factors and the material and design of the syringes have a decisive influence on these side
effects.

Conclusion: The risks of deposits from syringes in the eye can be significantly reduced by
various optimizations in transport, storage and syringe and cannula selection.

Keywords: contamination, intraocular pressure, protein particles, silicone oil, syringes,
macular diseases

Introduction

Since 2005 the intravitreal anti—vascular endothelial growth factor (VEGF) drug
bevacizumab (Avastin®; Genentech, USA) and after approval the agents ranibizu-
mab (Lucentis®; Genentech, San Francisco, CA, USA) and aflibercept (Eylea®™;
Regeneron Pharmaceuticals, Inc., Tarrytown, NY, USA) are used to treat several
types of retinal vascular disorders. Currently, choroidal neovascularization (CNV)
due to age-related macular degeneration, macular edema due to retinal vein occlu-
sion, diabetic macular edema, CNV due to pathological myopia, secondary CNVs
and retinopathy of prematurity are approved treatment targets. Injection intervals in
active lesions are typically 4 weeks while several treatment schemes are in use to
extend this range (eg, Treat and Extend [T&E] injection scheme).' New drugs
such as brolucizumab (Beovu™; Novartis, Basel, Switzerland) and Abicipar pegol
(Abicipar®, Allergan, Dublin, Ireland) have already been approved or are about to
be approved. Brolucizumab (Beovu®) is a low molecular weight humanized single-
chain variable (scFv) antibody fragment VEGF. This new agent binds and inhibits
three main isoforms of VEGF-A (VEGF 110, VEGF 121 and VEGF 165). In
addition, it prevents interaction with VEGFR-1 and VEGFR-2 receptor proteins,
thereby suppressing vascular permeability, endothelial cell proliferation and neo-
vascularization. Brolucizumab has a higher affinity than bevacizumab for human
VEGF-A and a comparable affinity to ranibizumab. It should be administered every
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8-12 weeks.® Abicipar-Pegol has a higher affinity and
longer intraocular half-life than ranibizumab (>13 days
vs 7.2 days). This suggests that this new drug can also
be used as a therapeutic agent with a longer duration and
less frequent injections.>*

The number of patients in need of an anti-VEGF treat-
ment is expected to dramatically increase in the coming
years due to new indications and an aging population.’
Recently, data from the DRCR.net Protocol S study have
led to the approval of ranibizumab for the treatment of
proliferative diabetic retinopathy.® As these patients are
younger on average and require even longer treatment
cycles than wet AMD patients, the number of injections
per affected eye will continue increasing in the future.
Cumulative risks from frequent injections are the result.

The three approved medicinal substances are currently
prepared, stored and distributed in four different contain-
ers. Ranibizumab is supplied in two possible containers.
Primarily, the single-dose vial has been introduced to the
market, which is drawn into a syringe shortly before
injection in the operating theatre. Since 2013, a pre-filled
syringe has been available in the European Union, which
was also approved by the US Food and Drug
Administration (FDA) in 2016. In Central Europe, the
prefilled syringe is currently the most commonly used
syringe.”'’ Brolucizumab and aflibercept are currently
supplied as originally ranibizumab as a single-dose vial,
which is drawn into a syringe immediately before injec-
tion. A pre-filled syringe, as used for ranibizumab, will be
used for brolucizumab in Europe. By August 2019
Regeneron announced a prefilled syringe that should be
available by the end of the year 2019 in the US.'"
Bevacizumab has not yet been approved as an intravitreal
drug. The manufacturer is not expected to seek approval.
Bevacizumab is therefore taken from larger vials, which
are used and approved for systemic chemotherapy, by
compounding pharmacies and then filled into several syr-
inges. These syringes must be stored in the refrigerator at
approx. 2°C to 8°C before use'? (Figure 1). Theoretically,
any of these processing steps (compounding, refilling,
inadvertent freeze and thaw) carries an increased risk for
aggregate and particle generation.

Due to the high cost of intravitreal anti-VEGF drugs,
compounding pharmacies around the world separate all
these drugs in order to be able to use the entire quantity
of active ingredients of the vials or syringes. The approved
drugs are thus taken from their transport or injection con-
tainers with as little loss as possible in order to make them

Figure | Examples of three different intravitreal injection syringes. Left: filter
cannula and vial of aflibercept with Braun syringe with plugin 30G needle, middle:
ranibizumab syringe with luer lock 30G needle design, right: low volume loss
compound pharmacy 30G staked-on needle syringe.

available to surgeons in even lower-loss syringes. In third-
world countries, bevacizumab is sometimes repacked
directly by ophthalmic surgeons, which entails additional
risks due to the lack of standardization and suboptimal
conditions.

Currently, there are no worldwide standards in syringe
preparation. Contaminations can easily occur and this
depends on many factors. Even the volume of an anti-
VEGF injection can vary up to 25% due to the different
syringe systems as shown by Loewenstein et al.'®

This review summarizes previous studies on risk fac-
tors and side effects of anti-VEGF injections and their
possible solutions.

Possible Side Effects from
Intravitreal Injections

Elevated Intraocular Pressure
After intravitreal injection, a short-term increase in IOP
often occurs, which can be explained by the injection of
the fluid volume into the vitreous body.'*'> The described
long-term IOP increases have been clearly demonstrated in
various large studies and case reports and case series, but
the mechanism has not yet been finally clarified. For the
first time, Bakri et al'® reported a long-term IOP increase
after ranibizumab injections, which required medical treat-
ment in a small series of four patients, and Kahook et al
reported similar findings in six patients.'” Over the years,
several other studies have been published with varying
numbers of patients reporting the prevalence of long-
term IOP increase after treatment with bevacizumab, rani-
bizumab or aflibercept injections.'’>°

One of the studies with the largest number of patients
(retrospective analysis of VIEW 1 and 2 study data from
a total of 2457 patients) showed a significantly higher IOP
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increase in eyes after ranibizumab treatment than in
patients after aflibercept treatment.'

In 2016 Zhou et al conducted a meta-analysis of 5
randomized controlled trials (RCT) in 1428 patients and
8358 patients from 17 non-RCTs.*? The risk of a sustained
increase in IOP after not excluding existing glaucoma
patients was higher than the risk after excluding existing
glaucoma patients. In non-RCTs, the pooled prevalence of
elevated IOP was 4.7% regardless of the diagnostic cri-
teria. Zhou et al found a pooled prevalence of elevated
IOP in 8.3% with criteria of IOP above 22 mmHg and 5
mmHg above baseline on 2 visits during follow-up.
Additionally, they could show that the number of intravi-
treal anti-VEGF injections is associated with an increased
risk of sustained IOP elevation (in this study more than 29
injections). In conclusion, Zhou calculated a 2-fold risk of
developing elevated IOP after repeated intravitreal injec-
tions of anti-VEGF agents.**

Unfortunately, all published studies that evaluated IOP
elevations after anti-VEGF injections have been retrospec-
tively evaluated and are therefore of limited value.

In order to explain the clinically significant IOP
increase after anti-VEGF treatment, several hypotheses
were put forward. These include the theory of mechanical
trauma of the trabecular meshwork due to recurrent IOP
peaks caused by the injections and a decrease in aqueous
humor outflow due to VEGF blockade, possibly caused by
inhibition of nitric oxide synthesis or by inflammation or
obstruction by silicone microdroplets or high molecular
weight protein aggregates.*>>> A possible toxic effect of
the anti-VEGF drugs on the trabecular meshwork was also
postulated, but even at much higher doses than clinically
used, there is no toxic effect in laboratory tests.*®

The (bevacizumab has
a molecular weight of 149 kDa, aflibercept of 115 kDa
and ranibizumab of 48 kDa) were also assumed to be the

different molecular sizes

cause of the intraocular pressure increases. In this theory, it
is assumed that the substances accumulate in the trabecular
meshwork mainly after long-term repeated administration,
leading to a reduction of the outflow possibilities via direct
or indirect obstruction. A direct obstruction could also be
caused by the accumulation of silicone oil droplets or
protein aggregates from the needle tips and syringes
used.'**-7 In a laboratory analysis of repackaged beva-
cizumab from three different compounding pharmacies in
the USA, Kahook et al were able to detect protein aggre-

gates as well as particles >1 pm.'?

Wen et al performed two analyses to investigate if
prolonged exposure to anti-VEGF therapy is a risk factor
for a reduction in outflow facility and if patients with
ocular hypertension were more likely to experience
a substantial reduction in outflow facility from anti-
VEGF treatment.*® The study results from 40 examined
patients showed a moderate reduction of outflow facility in
eyes with a high number of injections (>20) compared to
their non-injected fellow eyes. These findings suggest that
increasing numbers of anti-VEGF injections are associated
with a modest decline in the outflow facility on average. In
patients with baseline ocular hypertension, the injected eye
consistently demonstrated almost a 2-fold reduction in
outflow facility compared to the non-injected eye. From
these data, Wen et al concluded that ocular hypertension is
an additional risk factor for facility reduction in response
to anti-VEGF therapy. The exact mechanism of outflow
reduction remains unknown.

Intraocular Inflammation and
Endophthalmitis

Since intravitreal administration takes place under sterile
surgical conditions in most countries, the risk of surgical
complications has been greatly reduced, with bacterial
endophthalmitis being by far the most devastating.

Several small series of intraocular inflammation after
intravitreal injections of anti-VEGF presenting as uveitis
have been described in the literature.** Non-infectious
vitritis has been reported by Williams et al in 0.10%
after 66,356 bevacizumab injections, 0.02% after 26,161
ranibizumab injections and 0.16% after 8071 aflibercept
injections.”” A true immune reaction to the anti-VEGF
drug itself might be the explanation for the sporadic
cases in which a rechallenge does result in a recurrent
uveitis event. The clustered cases described in the litera-
ture however probably resulted from a problem in the
preparation or delivery process.

Two large population-based studies have been pub-
lished in recent years analyzing the endophthalmitis rate
after intravitreal injection.*!*?
Baudin et al evaluated the incidence of acute
endophthalmitis after intravitreal injection of corticoster-
oids or anti-VEGF agents in a nationwide study in France.
Taking only the anti-VEGF injections into account,
1.67 million injections were evaluated from the French
medical-administrative database. The total incidence of

endophthalmitis was 0.020%, whereas the endophthalmitis

Clinical Ophthalmology 2020:14

899

Dove


http://www.dovepress.com
http://www.dovepress.com

Schargus and Frings

Dove

incidence of prefilled ranibizumab syringes was only
0.013%. The prefilled ranibizumab syringe therefore had
decreased the rate of endophthalmitis by 40% compared
with ranibizumab in a vial and by 46% for aflibercept in
a vial.”/

Storey et al analysed 243 754 injections of ranibizumab
in 10 centers in the USA (2016 to 2017) and Japan (2009
to 2017).*> The suspected rate of endophthalmitis with an
injection of ranibizumab in a vial was 0.026%, the rate of
culture-positive endophthalmitis was 0.013%. The rate of
suspicious endophthalmitis of prefilled syringes containing
ranibizumab was 0.015% and 0.0026% for culture-positive
endophthalmitis.

All population-based studies have numerous limita-
tions that limit the interpretation of the results, not least
due to the study design and the method of data collection.
Nevertheless, these are the most comprehensive data ever
published on this topic. Both studies suggest that the
endophthalmitis rate can be significantly reduced by pre-
filled syringes.*'**

The main reason for decreased risk of endophthalmitis
while using prefilled syringes is due to lack of need for
transfer of drug into another syringe, thus reducing the
manipulations. This results in improved safety. This reason
is consistent with published endophthalmitis series asso-
ciated with repackaged bevacizumab.*****

Bande et al conducted a meta-analysis to investigate
whether the prophylactic administration of antibiotics sig-
nificantly reduces the endophthalmitis rate. This could not
be confirmed by the analysis; on the contrary, the group
with antibiotic administration showed a higher rate of
endophthalmitis (1.7 times). Also, the location of the opera-
tion (operating theatre or outpatient clinic) did not play
a role in the endophthalmitis rate. According to the current
study situation, the peri- or postoperative administration of
antibiotics can therefore be abandoned. Both findings have
implications for patient comfort as well as for the cost and
efficiency of intravitreal drug administration.*’

Silicone Oil Droplets and Protein
Aggregates

In addition to the active ingredient, other undesirable
particles are injected into the eye. These include silicone
oil droplets that detach themselves from the inner coating
of the syringe walls (Figure 2). The manufacturing process
of most commercially available syringes relies on silico-
nisation of the inner surface of the syringe barrel, which

Figure 2 Prepapillary silicone oil droplet after 30 intravitreal injections of anti-
VEGF agent in a patient with wet AMD.

facilitates reduced force to initiate the movement of the
plunger and its subsequent gliding.*® Furthermore, trans-
port and storage can lead to aggregation of protein parti-
cles in the syringes.

In the American Academy of Ophthalmology’s annual
survey presented at the 2018 Chicago Annual Meeting,
1019 ophthalmologists (US American and international)
were asked if they had seen silicone oil droplets after
intravitreal injections of bevacizumab within the
last year. A 60.4% of the US American and 27% of the
international participants answered yes to this question,
but without the silicone oil droplets being symptomatic
for the patients. A 5.2% of the US American and 1.4% of
the international ophthalmologists, however, have already
had to perform vitrectomies due to symptomatic silicone
oil vesicles and 1.8% (US) and 0.7% (international) of the
ophthalmologists interviewed answered that some patients
have sought legal action.

It has been known for some time that if silicone oil
remains in the eye for more than 12 to 18 months, it can be
trapped by the trabecular meshwork and the Miiller cells
of the retina; this is also believed to cause an increase in
intraocular pressure.*’

As already mentioned, Kahook et al already reported in
a laboratory analysis of particles >1 pm and protein aggre-
gates in repackaged bevacizumab from three different
compounding pharmacies in the USA.'? Khurana et al
have estimated the incidence of presumed intraocular sili-

cone oil droplets after intravitreal bevacizumab injection
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in their study population in the USA with insulin syringes
to range from 0.03% (3230 injections) to 1.7% (3402
injections) at different time periods.*® Bakri et al were
able to detect silicone oil droplets in 15 of 1529 injections
in their patient population in the USA (0.1%).*

On the other hand, Melo et al were able to detect a very
high proportion of 68-76% with silicone oil droplets in the
vitreous body after intravitreal injections in Brazil. The
greater the number of injections, the higher was the likelihood
of finding silicone oil. Attention is already drawn here to the
clear differences in the syringe systems used in Brazil.*’

Several studies have shown that flicking or agitation of
the syringes results in a high amount of silicone oil dro-
plets inside the syringes.*”->°

The authors carried out further investigations on the
particle count in two bevacizumab syringes filled by dif-
ferent compounding pharmacies (University and External),
as well as the aflibercept vial and the ranibizumab ready-to
-use syringe available in Germany. The transport route was
also taken into account.”!

The results showed that the quality of the repackaged
bevacizumab from the university pharmacy, the aflibercept
vial and the siliconized ranibizumab glass syringe were very
similar. A much higher particle load (as seen in examination
by light obscuration) was found in the bevacizumab repack-
aged by the external compounding pharmacy. One reason
for the higher particle count could be the staked-in needle,
which was only used for the repackaged drugs.

The contents of the ranibizumab pre-filled syringe
showed the lowest number of protein-based submicron-
particles in most analytical methods, although it should
be noted that the concentration of proteins in the ranibi-
zumab solution is expected to be lowest.

Ranibizumab shows the highest quality in terms of
protein-based submicron particles in the majority of the
analytical methods used. However, one should keep in
mind that protein concentration in ranibizumab is the low-
est one. In future studies comparing the ranibizumab pre-
filled-syringe with aflibercept vials, at least the correlation
between particle numbers assumed in VIEW 1 and VIEW
2 study analyses can no longer be taken as a basis. The
results showed that repackaging does not automatically
lead to a worse quality in terms of particle burden com-
pared to “original” products. Nevertheless, it was found
that significant differences were already observed in two
bevacizumab products repackaged from different com-

pound pharmacies.

Options to Reduce Contamination
and Side Effects

Hardly any syringe system is approved for intravitreal
injections except the prefilled syringe of ranibizumab and
aflibercept. For the time being, there will be no approved
syringe system for the administration of bevacizumab
without corresponding approval of the drug.

Moisseiev et al were able to demonstrate that differ-
ent types of syringes, despite having the same labelling,
deliver different volumes and thus deviate significantly
from the values that the surgeon would like to administer
during the injection.’? The three syringe models tested in
this study injected a significantly higher volume than the
intended 50 pL. In the study described, the syringe
design with low dead space showed the highest reprodu-
cibility of the delivered volume. Sampat et al also found
significant deviations between 3.8% and 6% from the
planned injection volume of 0.05 mL when examining
seven different syringe systems.>®> This shows that it is
almost impossible to inject the exact same amount of
anti-VEGF into the eye. Since different syringes have
different long stroke lengths, the shortest possible stroke
length should be selected to minimize silicone abrasion
on the inner walls of the syringe.

Compared to the staked-on syringe design, syringes
with luer cone design have a significantly lower frequency
of occurrence of intravitreal silicone oil droplets as
demonstrated in the study “Standard Care versus
COrticosteroid in REtinal Vein Occlusion” (SCORE).
The authors attribute this to the increased residual space
in the needle hub with the luer cone design.*’

Luer Lock syringes preserve a residual volume of
about 50 pL inside the syringe. This prevents the residual
volume, which probably contains the largest amount of
silicone oil droplets from the walls of the coated syringe,
from being injected into the eye. In contrast, the staked-on
syringe design has no such residual space, so “squeegeed”
silicone oil is injected into the eye if the plunger is pushed
all the way down the barrel of the syringe.47

Therefore, syringes without staked-on needles should
be used for maximum reduction of silicone oil particles
even if these syringes are not the most reproducible in kind
of the exact volume.

In the laboratory study by Liu et al both repackaged
bevacizumab syringes from compounding pharmacies and
direct samples of bevacizumab and ranibizumab vials were

tested for the content of sub-visible particles and protein
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aggregates.”’ Several interesting mechanical, temperature
depended and temporal effects on individual bevacizumab
syringes were investigated. Simulating shocks by 20 times
throwing a cool box with syringes over 1.2 m to the
ground, the number of particles in microflow imaging
increased 4.5 times. (silicone oil particles and protein
aggregates were not differentiated). Repeated freezing, as
can occur with a narrow positioning on a cold pack, also
led to a strong increase in particle count; at 5 times freez-
ing/thawing cycle the particle count was increased 7.5
times. Exposure to light for 8 weeks increased the particle
count by 2.5 times. Storage over 12 weeks under optimal
conditions showed no significant change in particle
number.

Light, mechanical shocks as well as repeated freezing
and thawing increases the proportion of particles in bev-
acizumab syringes, sometimes considerably. Syringes
should, therefore, be transported protected from light.
Long transport routes inevitably increase the risk of
repeated mechanical shocks and should, therefore, be
avoided, especially if the transport service is not specia-
lized in transporting sensitive medical goods. When pack-
ing transport boxes, scrupulous care should be taken to
ensure that the syringes cannot come into direct contact
with frozen cold packs and should be packed as shock
proofed as possible.

Khurana et al described an increase in the incidence of
intravitreal silicone oil droplets over a 7-month period
observed in their practice in 2016.** Other US physicians
have reported similar findings. The compounding phar-
macy denied any change in the preparation or handling
of bevacizumab during the time in question, a change in
the used insulin syringes may explain increased silicone
oil droplets but there was no information given from the
manufacturer.

Surgeons cannot monitor and control the entire produc-
tion process. Therefore, it is important to have
a trustworthy pharmacy at hand, which informs the sur-
geon in case of changes in the production process, so that
the surgeon can immediately detect possible abnormalities.

The ready-to-use syringe for ranibizumab introduced
by Novartis in 2013 already has a number of advantages
that set it apart from simple insulin syringes. These include
a non-reactive borosilicate glass for optimized storage
stability, a non-retractable plunger and a so-called “backed
siliconization process” glass which reduces the amount of

silicone on the inside of the syringe and thus also the

transfer of silicone oil droplets into the injection solution.
This allows a storage period of up to 3 years.

Compared to vials with separately supplied syringes
and filter cannulas, pre-filled syringes have many advan-
tages. These include accuracy, affordability, improved con-
venience, safety and sterility. But the benefits are even
more far-reaching: the use of pre-filled syringes reduces
the risk of needle stick injuries that can occur when taking
medication from vials, improves dosing accuracy and
reduces dosing errors. Economically speaking, the reduced
overfilling of the syringe also makes sense because the
minimization of drug waste means that costs can be
reduced. Further advantages of the ready-to-use syringe
are the significant time savings in the preparation of the
syringes but also the faster elimination of air bubbles from
the substances to be injected. The ready-to-use syringe
simplifies the injection considerably, so that in some coun-
tries, injections by non-ophthalmologists can also be car-
ried out more easily, quickly and safely.>*>"

However, glass syringes such as the approved ranibi-
zumab pre-filled syringe are prone to breakage and have
a relatively large weight compared to plastic syringes.

Lode et al recently published a method for refilling
anti-VEGF drugs into silicone oil-free plastic syringes in
Norway.”® In the test performed, a stability of the anti-
VEGF drugs over 1 week could be proven. Further studies
are necessary to make this desirable filling method avail-
able to other countries.

Conclusion

The described studies show how important it is that
ophthalmologists who treat patients with intravitreal injec-
tions must be aware of the possible changes and described
findings. Monitoring of patients with known elevated
intraocular pressure, such as ocular hypertension or
patients with known glaucoma, is strongly recommended.
Larger, prospective studies are needed to better understand
the exact consequences of long-term therapy with anti-
VEGF drugs. Furthermore, the occurrence of silicone oil
droplets in the vitreous body after multiple anti-VEGF
injections should be closely observed. Patients should
also be informed, in addition to the known other risks,
that an accumulation of silicone oil droplets can cause
visual impairment. The handling of anti-VEGF syringes
contributes significantly to the number of injected particles
and should, therefore, be handled with care. The choice of
syringes used should be discussed and modified with the
compounding pharmacy in accordance with the properties
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outlined in this article. In future, pre-filled silicone-free

plastic syringes with exact volume dispensing for optimum

patient treatment would be desirable.
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