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Brolucizimab—leading an era of structural revolution for long-term
VEGF suppression
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Biologics since their inception have been the breakthrough
treatment modality for many retinal pathologies such as
neovascular age-related macular degeneration (nAMD),
diabetic macular edema, retinal vein occlusion etc. [1].
It has been long hypothesized that the modular nature of
these molecules can be exploited to deliver customized
therapeutics with specific pharmacological properties like
valency, affinity, and tissue penetration intended for the
specific pathology [2].

These biologics have varied molecular structure targeting
VEGF molecule because VEGF–VEGF receptor (VEGFR)
pathway is one of the main pathological pathways recruited
in the majority of retinal vascular pathologies. VEGF-A,
member of the VEGF proteins family, plays the central role
in the angiogenic pathway. VEGF-A binds to VEGFR1
and VEGFR2 and causes stimulation of endothelial cells,
macrophage migration, increased vascular permeability,
and causes the breakdown of blood–retinal barrier. The
VEGF-A is encoded by a single gene and thus by variable
gene-splicing during expression, several isoforms of VEGF-
A exist, out of which VEGF-165 is the most abundant and
potent. Other pathways include Angiopoietin-Tie receptor
axis, Ephrin-Eph pathway, Delta-Notch pathway, as well as
employs insulin-like growth factor-1 and interleukin-8 [1].

Ophthalmology holds a unique place in the development
and adoption of these biologics. The molecular structures of
the drugs aimed for intravitreal use range from RNA apta-
mers (pegaptanib) to full-sized monoclonal antibodies

(mAb: bevacizumab) to Fab fragments (ranibizumab) to
antibody conjugate (aflibercept). In addition, single-chain
variable fragment (scFv: brolucizumab), bispecific mono-
clonal antibody (faricimab), and DARPin (abicipar pegol)
are in an advanced phase of clinical trials and are showing
promising results. All of these biologics are intended to be
used intravitreally for similar indications like nAMD, and
thus provide a unique opportunity for a head-to-head ana-
lysis of drugs with different structures and their efficacy.
With the advent of optical coherence tomography of the
retina, the in vivo pathological status of the disease and the
effect of these drugs on the pathology can be studied,
recorded, and compared across the timeline. The changes in
levels of intraretinal fluid, subretinal fluid are the direct
indicator for the tissue penetration capabilities of these
molecules [3]. Thus, ophthalmologists are poised to lead the
innovation by providing real-world feedback to the anti-
body drug designers.

The varying drug structure has many pharmacokinetic
implications. The antibody fragments such as ranibizumab,
brolucizumab have a higher molar concentration of the
drug, better tissue penetrance, and less immunogenicity risk
[4]. The antibody fragments also have the ability to be
linked to other fragments leading to bispecific, multi-
specific, multimeric, or multifunctional molecules [2].
Pegaptanib is a 28-base RNA aptamer, which selectively
binds to VEGF-A165 and prevents its binding to VEGFR1
[5]. Bevacizumab is used as an off-label drug for retinal
neovascularization, is a full-sized humanized anti-VEGF
monoclonal antibody, while ranibizumab is a humanized
Fab fragment that neutralizes soluble splice variants and
proteolytic fragments of VEGF-A. Aflibercept (VEGF trap)
is a chimeric molecule carrying soluble receptors VEGFR1
and VEGFR2 linked to an Fc fragment of human IgG1,
which essentially binds to VEGF and prevents its action [5].
Brolucizumab is a 28 kDa humanized scFv molecule that
binds to all the isoforms of VEGF-A and renders them
ineffective [3]. Faricimab is a bispecific molecule bound
to an optimized Fc fragment that has anti-VEGF-A and
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anti-Ang2 action and thus targets a major and a minor
pathway of retinal neovascularization [6]. The abicipar
pegol, in contrast, is a novel class of engineered ankyrin
repeat domain that bind to VEGF-A with high affinity and
specificity [7]. Recent trials have shown faricimab (BOU-
LEVARD) to give better visual outcomes than ranibizumab,
while brolucizumab (HAWK, HARRIER) provided a sig-
nificantly longer duration of action than aflibercept [3, 6].
Abicipar in initial trials was found to have 100-fold greater
affinity than ranibizumab (Fig. 1) [8].

Absence of the Fc region in the smaller molecules is
thought to be advantageous. Fc region binds to various
receptors and leads to activation of bystander immune cell
activation and antibody effector functions such as antibody-
dependent cellular cytotoxicity, antibody-dependent cellular
phagocytosis, or complement-dependent cytotoxicity. The
absence of Fc region thus leads to fewer side effects [4]. Fc
region though binds to FcR receptors and so takes a long
time for systemic clearance, while smaller molecules have
rapid renal clearance. A recent head-to-head analysis by Joo
et al. of a novel VEGF trap molecule with and without its Fc
region showed that absence of Fc region leads to a longer

intravitreal life, though the absence of Fc region makes
the fragments more susceptible for aggregation and are
thermolable [9]. The fusion of scFv with albumin or poly-
ethylene glycol leads to better stability but also reduces the
economic advantage of the molecule [10, 11]. Abicipar
pegol is a 14 kDa repeat ankyrin molecule that is attached
with a 20 kDa polyethylene glycol moiety, which binds to
soluble VEGF molecules [7].

The smaller antibody fragments do not only hold phar-
macokinetic advantage but also have a relatively easier
manufacturing process. The full mAb requires a mammalian
cell line for production, while scFv can be produced on the
genetically engineered bacterial cell line [12, 13]. The VH

and VL chains of brolucizumab are genetically linked, and
this unique structure can be expressed from a single genetic
transcript, without balancing the production of different
components as required for a full mAb. This gives faster
turnover, higher yield, easier handling, and has relatively
less manufacturing cost. Reduced cost of manufacturing
coupled with less frequent injection requirements positions
the smaller molecules like brolucizumab as a better option
to combat retinal neovascularization.

Fig. 1 Variation in molecular structure of originator biologics used in ophthalmology
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