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COMMENT

Biotherapeutics and immunogenicity: ophthalmic perspective
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Biotherapeutics have revolutionized the treatment of many
retinal pathologies since their inception by their virtue of
directly disrupting the pathophysiological mechanism of the
diseases, such as age-related macular degeneration (AMD),
diabetic macular edema (DME), retinal venous occlusion
(RVO), etc. [1]. The attributable blindness to AMD has
been reduced by 50–72% since the commercial introduction
of anti-vascular endothelial growth factor (VEGF) agents
for its treatment [2, 3]. The innovator anti-VEGF molecules
such as Bevacizumab, Ranibizumab, and Aflibercept, and
their biosimilar (Razumab (Ranibizumab), India) are the
current therapeutic options available in the market and
are having high level of efficacy for the indications they are
approved for. There are though reports of these proteins
causing immunogenic reactions upon intra-vitreal injection
[4–6].) These reactions are being attributed to the batch to
batch variability in production and storage of biologics [7].
But it is also pertinent to understand that these reactions are
a complex interplay between various drug and host factors.
This immunogenicity raises question that how this immune
reaction to a drug is taking place in an immune privileged
organ like eye where adaptive immune reaction is not in
play under normal circumstances.

The initial reactions to systemic administration of bio-
therapeutic drugs were attributed to the adjuvants of the
injections [8]. It was then disproved by eliciting immune

reaction upon injection of pure proteins and was attributed
to the chimeric non-self-nature of the molecules. This
hypothesis again failed when fully humanized therapeutic
proteins were also reported to elicit reactions, though at a
lower rate [9]. These immune responses have led to dis-
covery of anti-drug antibodies (ADA), which are postulated
to be developing against the freely available monoclonal
antibodies due to their inherent protein structure. They are
produced in two variants, epitope neutralizing ADA (anti-
idiotypic ADA) and non-neutralizing ADA (binding ADA)
against the backbone [10]. These neutralizing ADA com-
pete and bind to the antigen-binding site and thus bring
down amount of freely available drug, producing treatment
failure or resistance. The more severe effect these ADA are
postulated to induce is hypersensitivity or anaphylactic
reactions to biotherapeutics, which cause devastating phe-
nomenon like sterile endophthalmitis upon intra-vitreal
injections.

It is very important to understand that these ADA are
induced by the complex nature of biotherapeutics and thus
more complex molecules will theoretically have a higher
incidence of adverse drug reactions (ADR). The almost
double incidence of endophthalmitis in patients taking
Aflibercept injections when compared to Bevacizumab or
Ranibizumab is a witness to this hypothesis [4, 5]. Future
research may be required to find out methods to decrease
ADR with rising complexity of molecules.

These ADA have been recruited in the in vitro analysis
of immunogenicity of the drugs during their development
by various commercially available assays [11]. In the era
where biosimilars are on the front runners in development
of new agents, it is pertinent to establish the similar
immunogenicity safety of these agents [12]. This basic
criterion is one of the most difficult parameters to be eval-
uated because of the nature of assays and limited avail-
ability of ADA. While the regulators have included
establishment of comparative immunogenicity in the
guidelines, there is no quantification of the allowed devia-
tion in the parameters. No two assays are similar in nature
and their minimum cut-off parameters differ widely [13].
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The ADA are usually found in bound state with these drugs
in human serum and so free ADA is available in a very
limited quantity, and thus large trials establishing similar
efficacy on different assays is not possible. While there are
advances in these assays to evaluate presence of bound
ADA even in low concentrations, they are not standardized,
validated, or globally available yet. The regulatory autho-
rities should mandate a head-to-head establishment of
equivalency for each biosimilar with its reference molecule
using same assay.

The immune privilege of eye was established with ana-
tomical demonstration of blood ocular barriers and activa-
tion of retinal innate immunity in response to foreign
antigens. Demonstration of ADA in patient’s serum who
took intra-vitreal anti-VEGF injections was attributed to be
in response to the molecules which entered systemic cir-
culation via aqueous drainage pathways. Intra-vitreal pre-
sence of these ADA have now been established and
confirms presence of adaptive immunity in the eye in cer-
tain pathologies like AMD [14].

AMD is now being evaluated as an auto-immune con-
dition where production of VEGF is a consequence of
derailed innate and adaptive immunity [15, 16].The breach
of internal limiting membrane (ILM) in neovascular AMD,
with recruitment of inflammatory cells at the site of breach,
thus exposes the vitreous cavity to hypersensitive immune
system. Heritability of AMD is now gaining evidence based
on its auto-immune pathogenesis [16]. With production
ADA also linked to the polymorphism in human leukocyte
antigens (HLA), it is logical to anticipate a genetic predis-
position to treatment resistance and hypersensitive reactions
to anti-VEGF [17]. As a clinician, this becomes very
important to understand and implement in day to day
practice. With variety of biologics and biosimilars available
at disposal, the choice of therapy should strictly be for
the proven indications. Unjustified injections might induce
ADA and lead to treatment failure when it actually will
be required. Also, use of molecules who share similar
structure cannot be justified, if one of them has been proven
to be ineffective, or has a secondary treatment failure, and
might put the patient on risk of a hypersensitive reaction.

What the future beholds?

It is prudent that immunogenic safety of all the biother-
apeutics and especially biosimilars are well validated. The
regulators should implement post-marketing surveillance
measures to ensure that no ADR should happen due to the
adjuvants or contamination. With evaluation of reasons of
treatment failure, it is now being established that the dis-
eases being treated with biotherapeutics are multifactorial.
The role of immunity in failure and ADR is also gaining

evidence. With advent of more complex biologics, these
reactions may render the drug unsafe. This has led to
innovators evaluate a fixed drug combination, where an
intra-vitreal immuno-modulator is injected along with bio-
therapeutic molecule which will supress the induction of
ADA, as well as help in treating the immunological part of
the disease itself. Also, it will be clinically unviable to
evaluate each patient for genetic predisposition or send for
ADA assays. The intra-dermal test dose is being evaluated
with various dilutions for biologics in systemic use [18].
Future will unfold whether adoption of such tests can be of
some role prior to intra-vitreal biologics.
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