
PGR2026-00039 
Biocon Ex.1029 

Page 1 of 10



PGR2026-00039 
Biocon Ex.1029 

Page 2 of 10



PGR2026-00039 
Biocon Ex.1029 

Page 3 of 10



PGR2026-00039 
Biocon Ex.1029 

Page 4 of 10



377Ocular delivery systems for the administration of antibody therapeutics  

1 3

of human, weight: 3.9  g, volume: 3.9–5.0  mL, vitreous 

path length: 1.65 cm, and 2.5–3.0 µL/min; vitreous humor 

of rabbit, weight: 1.4–1.7 g, volume: 1 mL, vitreous path 

length: 0.78 cm, and 3.6 µL/min) (Laude et al. 2010). Vit-

reous diffusional path length is defined as the distance from 

the injection site to the macula, and it is related to drug 

clearance, predicting higher clearance in small animals.

Application methods

Various techniques such as eye drops and injections have 

been extensively used for the application of drugs into the 

eye (Fig. 3) (Grossniklaus et  al. 2010). Extraocular deliv-

ery of drugs is used for the treatment of ocular diseases in 

the external, corneal, and anterior segments. In the case of 

extraocular delivery, drugs can be topically applied using 

an eye drop. Eye drops (Fig. 3a) are the most popular dos-

age form in ophthalmic delivery systems because it is non-

invasive and easy to handle (Achouri et al. 2013). However, 

macromolecules in the eye drop show a low bioavailabil-

ity owing to their restricted absorption and rapid clearance 

caused by limited permeability and residence time of drugs. 

Thus, other routes are needed to apply macromolecules 

into the eye. The intraocular route is necessary to bypass 

the ocular barriers for delivering Ab therapeutics to the eye 

(Kim et  al. 2014). In addition, administration of Abs via 

intraocular routes has advantages of prolonging the resi-

dence time and reducing the distance of the diffused drug 

from the matrix and target. For intraocular routes, sclera 

plug (Fig.  3b), subconjunctival implant (Fig.  3c), supra-

choroidal implant (Fig. 3d), suprascleral injection (Fig. 3e), 

intravitreal implant (Fig.  3f), and intravitreal injection 

(Fig. 3g) are used to administer Abs in diseases of the pos-

terior segment of the eye (Mandal et al. 2017).

Among the different application methods via intraocu-

lar routes, anti-VEGF drugs, aflibercept, bevacizumab, and 

ranibizumab are intravitreally injected into the eye approx-

imately once a month (Malik et  al. 2014; Network 2015; 

Radhakrishnan et al. 2017; Schmid et al. 2015). Intravitreal 

injection is a generally used, invasive technique to deliver 

drugs into the intravitreal cavity in the center of the eye 

(Radhakrishnan et al. 2017). The normal volume of intra-

vitreal injection that does not affect vision is in the range 

of 20–100  µL. Krohne et  al. monitored the ranibizumab 

concentration in aqueous humor after a single intravitreal 

injection of 0.5 mg (Krohne et al. 2012). Ranibizumab in 

the aqueous humor remained in the range of 36.9–66.1 µg/

mL on the first day after injection. The half-life of ranibi-

zumab was 7.2 days, which was lower than that of beva-

cizumab (9.8 days). Saunders et  al. reported the deter-

mination of VEGF-A bound to ranibizumab following 

intravitreal injection in patients with wet AMD (Saunders 

et al. 2015). A single dose of ranibizumab at 0.5 mg would 

lead to a concentration of approximately 2  µM at an ini-

tial intraocular region. The ocular pharmacokinetic profile 

of VEGF-A bound to ranibizumab showed that the dura-

tion of VEGF-A suppression in the aqueous humor and the 

elimination half-life were 41 ± 9.5 days (28–67 days) and 

3.5 days (2.3–5.5 days), respectively. Muether et  al. also 

reported that the time period for complete VEGF-A sup-

pression in patients with AMD was 36.4 ± 6.7 days (26–69 

days) (Muether et al. 2013).

Ocular delivery systems

Ocular delivery systems of Ab therapeutics are extensively 

studied and developed to overcome the limitations of con-

ventional administration systems (e.g., poor bioavailability, 

rapid clearance, potential toxicity of drugs, and the com-

plications of endophthalmitis, retinal detachment, iritis, 

uveitis, intraocular hemorrhage, cataract, and hypotony by 

repeated injections) (Zelikin et al. 2016; Baranowski et al. 

2014). Representative systems such as liposomes, hydro-

gels, and nanoparticles (Fig. 4) are used for prolonged and 

extended residence time of ocular therapeutics at disease 

sites, thereby minimizing the frequency of invasive admin-

istration (del Amo et al. 2017; Diebold and Calonge 2010). 

The recently developed ocular delivery systems, along with 

their compositions, models, and pharmacokinetic/pharma-

codynamic (PK/PD) effect are presented in Table 2.

Liposomes

Liposomes (Fig. 4a) are biocompatible and biodegradable 

systems composed of a phospholipid bilayer that mimics 

the constituents of the cell membrane. They are spheri-

cal in shape, with nanoscale size and minimal cytotoxic-

ity. Liposomes enhance the residence time of drugs at the 

target site and minimize the adverse response of drugs. 

They have already been used for the intraocular delivery 

of small molecules such as brinzolamide (Li et  al. 2016) 

and amphotericin B (Bae and Lee 2015). Liposomal hybrid 

system coated with polymers of chitosan (Tan et al. 2017) 

and in  situ deacetylated gellan gum gels (Yu et  al. 2015) 

for timolol maleate were studied for use as an eye drop to 

improve the PK parameters. Davis et al. reported the ocular 

delivery of Ab therapeutics using annexin A5-associated 

liposomes containing bevacizumab (Davis et  al. 2014). 

In rat and rabbit models, bevacizumab-loaded annexin 

A5-associated liposomes penetrated the corneal epithe-

lial barriers after topical application. After penetration of 

bevacizumab into the eye, bevacizumab-loaded annexin 

A5-associated liposomes showed an enhanced in  vivo 

delivery potential and reached physiologically significant 

concentrations at the posterior segment of rats (127 ng/g) 
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