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Abstract
The treatment of neovascular AMD (nAMD) has been revolutionized by the introduction of anti-vascular endothelial growth
factor (VEGF) agents. Though, there is a tremendous gap between the outcomes in randomized clinical trials and real-world
settings, where long-term outcomes are not as good as expected. This is due to undertreatment, i.e., fewer injection and low
monitoring frequency. Treatment burden due to frequent injections remains a major limitation. Long-lasting treatments
provide promising solutions for this unmet need by achieving better results with less mandatory injections. This review aims
to cover the current state in this field and also discuss the mechanism of action, data from pivotal trials, and safety profile of
long-acting treatments in present and future, going into details about the following agents: Brolucizumab, Faricimab,
Abipicar, and Conbercept.

Introduction

Age-related macular degeneration (AMD) is the leading
cause of vision loss in people over 50 years of age in
developed countries [1]. Severe visual loss due to AMD is
caused by the advanced forms of the disease: geographic
atrophy secondary to non-neovascular AMD and neovas-
cular AMD (nAMD) [2]. It is estimated that 15 million
(85–90% of all AMD patients) currently have non-
neovascular AMD and 1.7 million (10–15% of all AMD
patients) have nAMD. An estimated 200,000 new cases of
wet AMD develop each year in the US [3]. Choroidal
neovascularization in AMD is driven mainly by vascular
endothelial growth factor (VEGF), a diffusible cytokine that
promotes angiogenesis and vascular permeability and also

promotes disease progression leading to macular oedema
and vision loss. Based on this concept, anti-VEGF therapy
has become the primary treatment option for nAMD.
Intravitreal anti-VEGF injections of ranibizumab, bev-
acizumab, and aflibercept are the current treatment for
nAMD. These agents have been shown to be safe and
efficacious, leading to improvement in retinal anatomy and
preservation of vision [4, 5]. However, a high proportion of
patients lose sight in the longer term (>4 years) and are
unable to read and drive, mainly due to development of
macular fibrosis and atrophy [6–10]. Post hoc analysis of
the CATT study has shown that follow-up clinic visit
adherence plays an important role in visual outcomes [11].
Moreover, undertreatment and noncompliance in real-world
settings lead to visual outcomes that fall far short of ran-
domized clinical trials (RCTs) [12]. Patients in real life
settings do not comply with mandatory follow-up visits and
might miss appointments and injections [13]. Loss to fol-
low-up, i.e., receipt of one or more injections with no
subsequent follow-up visit within 12 months, was reported
in 22% of patients in real-world studies [14, 15]. There are a
myriad of limitations in the current treatment of nAMD.
The first is related with the drugs themselves, i.e., high costs
to health systems and patient affordability, lack of acces-
sibility, insufficient response, high treatment burden due to
short duration of action of existing drugs, and need for
monthly loading. The second is related with the current
treatment regimens [fixed, treat and extend, and pro re nata].

* Matias Iglicki
matiasiglicki@gmail.com

1 Private Retina Office, University of Buenos Aires, Buenos Aires,
Argentina

2 Division of Ophthalmology, Tel Aviv Sourasky Medical Center,
affiliated to Sackler Faculty of Medicine, Tel Aviv University,
Tel Aviv, Israel

These authors contributed equally: Matias Iglicki, David Pérez
González

12
34

56
78

90
()
;,:

12
34
56
78
90
();
,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41433-020-01309-9&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41433-020-01309-9&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41433-020-01309-9&domain=pdf
http://orcid.org/0000-0001-5074-8197
http://orcid.org/0000-0001-5074-8197
http://orcid.org/0000-0001-5074-8197
http://orcid.org/0000-0001-5074-8197
http://orcid.org/0000-0001-5074-8197
http://orcid.org/0000-0003-1147-444X
http://orcid.org/0000-0003-1147-444X
http://orcid.org/0000-0003-1147-444X
http://orcid.org/0000-0003-1147-444X
http://orcid.org/0000-0003-1147-444X
mailto:matiasiglicki@gmail.com


While we may be overtreating part of the patients, others
might be undertreated—both situations might lead to visual
loss. To date, there is not enough information available to
guide customized treatment with anti-VEGF. The last lim-
itation is related to the patient: low adherence to frequent
injections and missed injections due to comorbidities,
patient perception, anxiety and discomfort, financial burden,
lack of transportation etc. As has been pointed out in
Goodman and Gilman’s Pharmacological Basis of Ther-
apeutics [16], the best drug to treat any disease, such as
nAMD, is an agent which might be administered once
without any side effects and cure the disorder in the first
treatment. We do not have such a drug yet, but science is on
track by performing clinical trials to find long-acting treat-
ments for nAMD. New agents for nAMD might offer the
potential to improve treatment outcomes and reduce treat-
ment burden associated with current therapy. This review
aims to introduce the new promising drugs for treatment of
nAMD, explain their mechanism of action, summarize
pivotal trials results, discuss potential limitations and safety
profile for brolucizumab, abipicar, faricimab, and
conbercept.

Brolucizumab

The drug

Brolucizumab, also known as RTH258 (Beovu®; Novartis),
is a humanized single-chain antibody fragment approved in
October 2019 by the US Food and Drug Administration
(FDA) for the treatment of nAMD [17]. It is considered the
smallest subunit of an antibody for treatment in medicine
tested for human use, with a molecular weight of ~26 kD.
The primary molecular interaction of this substance consists
of inhibiting VEGF-A binding to VEGF receptors VEGFR1
and VEGFR2 [18]. Its small molecular size and the absence
of the crystallizable fragment provide amplified bioavail-
ability and reduction of immunogenicity with better tissue
penetration, more sustained effect, and less systemic
exposure with the potential consequent decrease in adverse
effects compared to full-size antibodies [19]. The molecule
can be concentrated in a smaller amount of net liquid
volume, allowing to supply 6 mg of brolucizumab in as little
as 50 μl for intravitreal injection, which means eleven times
higher than aflibercept [20].

Preclinical data has shown higher penetration of the drug
through the retina, and the retinal pigment epithelium
compared to ranibizumab, hinting that brolucizumab might
provide better control over all retinal layers and decrease
fluid in all retinal compartments [19]. The phase 2 OSPREY
study showed that brolucizumab was as efficacious as

aflibercept at 8 and later at 12 weeks intervals providing the
base for phase 3 clinical trials [21].

Pivotal trials

The HAWK and HARRIER clinical trials were two similarly
designed phase 3 trials comparing brolucizumab with afli-
bercept in the treatment of nAMD. Both were double-
masked, multicenter, active-controlled, randomized trials.
After three initial monthly injections, the frame interval was
modified to every 8 and weeks in the HAWK and every
12 weeks in the HARRIER trial. HAWK utilized broluci-
zumab at 3 mg and 6 mg dosing, and HARRIER only at 6
mg dosing. Patients on the aflibercept group received a
fixed 2 mg dose at 8 weeks interval. Both studies showed
good results in the brolucizumab groups with reduction in
intraretinal fluid and subretinal fluid compared to aflibercept
at time points of 16, 48, and 96 weeks. Regarding best-
corrected visual acuity (BCVA), brolucizumab showed
noninferiority vs. aflibercept. More than 50% of the patients
in both trials were able to maintain a 12-week scheduling
interval with brolucizumab [22, 23].

Safety profile

Intraocular inflammation (IOI) was seen in 5.3% and 2.7%
in HAWK and HARRIER, respectively. In the aflibercept
group, only <1% presented evidence of IOI. A total of 6/
730 patients (0.82%) presented retinal arterial occlusions in
the brolucizumab 6 mg group. Post marketing, eleven more
cases of occlusive retinal vasculitis were reported [23]. By
March 2020, twenty-seven cases were reported by the
American Society of Retina Specialists Research and Safety
in Therapeutics committee in conjunction with
brolucizumab-induced inflammation reports by The Amer-
ican Academy of Ophthalmology [24, 25] Recent publica-
tions have raised concerns about these serious adverse
events and reveal more detailed information [26]. Careful
evaluation for inflammation and continued vigilance in
monitoring brolucizumab treatment outcomes are advised
[26].

Abicipar

The drug

Designed ankyrin repeated molecules (DARP) are con-
sidered one of the new potential substances to overcome
antibody-based therapeutics. They are small and stable, with
high specificity and affinity [27] and therefore considered a
potential tool for VEGF inhibition [28].
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Abicipar pegol (Abicipar, Allergan) is a DARP molecule
of 14 kDa coupled to a 20 kDa polyethylene glycol (PEG)
moiety to yield a 34 kDa molecule, directed to inhibit all
isoforms of VEGF-A, with a prolonged intraocular effect to
up to 13 days [29, 30].

Pivotal trials

The REACH study, a phase 2, multicenter, RCT, compared
the efficacy of abicipar 1 mg, abicipar 2 mg, and ranibizu-
mab in patients with naïve nAMD which included 64 par-
ticipants. At the first endpoint (16 weeks), mean change in
BCVA was similar between the groups (+6.2, +8.3, and
+5.6 for abicipar 1 mg, 2 mg, and ranibizumab, respec-
tively). At 20 weeks, there was a continued improvement in
the abicipar groups with a mean change in BCVA of +8.2,
+10.00 letters in the 1 mg, and 2 mg, each, with an asso-
ciated reduction in central macular thickness (CMT) com-
pared to baseline, while BCVA in the ranibizumab group
changed by +5.3 letters.

After the third abicipar injection, anatomical and func-
tional changes were maintained for 3 months [31]. These
encouraging results promoted phase 3 trials: The SEQUOIA
and CEDAR studies were two multicenter, randomized,
double-masked, clinical trials, comparing the efficacy of
abicipar in two different dosing regimens vs. ranibizumab
for patients with nAMD. The patients were randomized in
the following manner (1:1:1):

1. Abicipar 2 mg every 8 weeks after a loading dose of
3 monthly injections.

2. Abicipar 2 mg, every 12 weeks after a loading dose of
3 monthly injections.

3. Ranibizumab 0.5 mg monthly.

Patients in all treatment groups remained stable vision in
>91% of cases. Compared to monthly ranibizumab, abicipar
was non-inferior with Q8 and Q12 weeks intervals in
terms of anatomical and visual outcomes, with less injec-
tions given in the abicipar groups (8 and 6 vs. 13, respec-
tively) [32].

Safety profile

At 96 weeks, the rate of IOI was reported to be 15% in the
abicipar group compared to 0.3% in the ranibizumab group.
Initially, the average onset of IOI events was 22.3 days,
being present in 68.7% of the patients after one of the first
three monthly injections. However, after subsequent
administration, these inflammatory responses were seen
more rapidly, within 1 week after the drug was adminis-
tered. The majority of participants in the abicipar group had

mild to moderate IOI events (77.6%) with uveitis and
vitritis being the most common clinical finding, whereas
severe events were reported in 3.4% (43 patients), including
retinal vasculitis in 1.8% [23, 30, 32].

Due to the high incidence of IOI, the manufacturer tried
to improve this by modifying the manufacturing process.
The safety results of this modification were shown in the
MAPLE trial which was a 28-week open-label study which
enrolled 123 participants. The incidence of IOI events was
reduced to 8.9%, and severe IOI was reported in 2 cases
(1.6%) with iritis and uveitis. No case of retinal vasculitis
was seen in this study [33].

Despite the results shown in the MAPLE study, the FDA
argued that the rate of IOI still results in an unfavorable
benefit-risk ratio in the treatment of nAMD. The manu-
facturer is answering concerns raised by the FDA to
approve the drug [34].

Faricimab

The drug

Faricimab, also known as RG7716, is a bispecific antibody
and the first of its kind designed for intraocular use.
Besides, it is a single molecule with a dual mechanism of
action blocking angiopoietin-2 (ang-2) and VEGF-A
simultaneously [35]. Ang-2 blocking promotes pericyte
stabilization, decreased leakage, and inflammation.

Pivotal trials

The AVENUE trial was a 36-week, multiple-dose-regimen
(1.5 and 6 mg faricimab), double-masked, phase 2 rando-
mized clinical study comparing to ranibizumab. Although
the primary endpoint of superiority of faricimab over rani-
bizumab in BCVA was not met, overall visual and anato-
mical gains supported pursuing phase 3 trials.

The STAIRWAY trial is a 52-week, multicenter, rando-
mized, phase 2 study, aiming to assess the durability of
faricimab for the treatment of nAMD vs. ranibizumab.
Seventy-six nAMD patients were enrolled and randomized
2:2:1, to faricimab 6.0 mg Q12, 6.0 mg Q16 weeks (both
with 4 monthly initial injections), and monthly ranibizumab
0.5 mg. Both faricimab arms were non-inferior to monthly
ranibizumab injections in terms of functional and anato-
mical results [36].

TENAYA and LUCERNE are ongoing phase 3
trials with the primary outcome to compare 6.0 mg far-
icimab Q16 weeks interval to aflibercept 2.0 mg Q8
weeks. These studies are expected to be completed in 2022
[37, 38].
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Safety profile

The STAIRWAY and AVENUE trials showed similar
results: Faricimab was well tolerated, and there were no
new or unexpected safety events. Results from the phase 3
trials need to be awaited for further safety results.

Conbercept

The drug

Conbercept is a recombinant fusion protein with a mixture
of domains related to VEGF receptors 1 and 2, fused with
the constant region (Fc) of human IgG1. Like aflibercept,
conbercept binds to all isoforms of VEGF-A, VEGF-B, and
PlGF [39]. In 2013, this fusion protein was approved in
China for nAMD and has been used widely since then.

Pivotal trials

Clinical trials conducted in China have proven that con-
bercept is safe and effective with patients experiencing an
improvement in BCVA and decrease in CMT [40, 41].

The PANDA 1 and 2 trials are ongoing multicenter,
double-masked phase 3 RCT’s evaluating conbercept in the
treatment of nAMD with two different doses and regimens
compared to aflibercept. Their primary objective is to
evaluate safety, durability, and efficacy of 0.5 mg con-
bercept Q8 weeks and 1.0 mg conbercept Q12 weeks,
compared to aflibercept 2.0 mg Q8 weeks, after 3 manda-
tory initial loading dose injections in all arms.

In PANDA-2, at week 40, all three groups will perform a
disease activity evaluation with VA and OCT driven
assessment and continue on a PRN regimen until week 92
in case of stability [42, 43].

Safety profile

Data from phase 2 trials has shown that conbercept is well
tolerated, and there were no new or unexpected safety
events. Further safety results from the phase 3 trials are
needed.

Discussion and conclusion

Anti-VEGF drugs have impacted positively in the man-
agement of retinal disease. However, health providers and
patients are having to cope with the high burden of injec-
tions (including costs, as well as the frequent time con-
suming monitoring visits, and therapies in the current
treatment). Minimizing the monitoring and injection burden

is an important unmet need in the management of patients
with nAMD. In real life settings, most of the patients do not
receive the number of treatments and retreatments necessary
to achieve anatomical and functional result shown in clin-
ical randomized trials [4, 5, 44, 45]. This situation has led to
frequent undertreatment [12].

A new era of therapies is characterized by more durable
intravitreal effect, lasting up to 16 weeks. Although these
new drugs have not shown superiority to the current stan-
dard of care in terms of vision gain, they do have the
potential to improve real-world results by receiving less
procedures per year i.e., improving patient’s compliance.

Despite the promise of these new therapies, other
potential therapies have failed to reach clinic used in the
past. Besides, we have been reading and experiencing
sudden inflammation and extreme devastating side effects
from long-lasting effect drugs. As such we must stay alert
and report any side effects properly to the Health
Authorities.

However, this new generation of therapies that has made
it to phase 3 trials appears to be the strongest group yet to
display the potential effectiveness and durability needed for
approval.

In conclusion, the long-lasting drugs discussed in this
manuscript open the door for a better nAMD treatments.
Others are expected to follow in the future.

These long-lasting effect treatments should demonstrate
better efficacy with longer effect and less frequent injec-
tions, in order to ameliorate the current algorithm of treat-
ment in nAMD. In consequence, these treatments might
lead to achieve less frequent checkups and fewer side
effects. While these aims have not been achieved yet,
ongoing trials might offer us answers in the near future.
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