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Abstract

Purpose: Dexamethasone intravitreal implant (DEX implant, Ozurdex�; Allergan, Inc.) is used to treat
noninfectious posterior uveitis and macular edema associated with retinal vein occlusion and diabetic re-
tinopathy. Two recently published reports of DEX implant fragmentation shortly after injection have raised
concerns about the potential for faster implant dissolution and elevated ocular dexamethasone concentrations.
This study compared the in vivo release profile and pharmacokinetic behavior of intact and fragmented DEX
implants.
Methods: DEX implant was surgically implanted as a single unit or fragmented into 3 pieces in the posterior
segment of opposing eyes of 36 New Zealand white rabbits. The release of dexamethasone over time from
1-piece and 3-piece fragmented implants dissolved in solution in vitro was compared with that from the 1-piece
and 3-piece fragmented implants placed in the rabbit eyes. In addition, dexamethasone concentrations in the
vitreous and aqueous humors of each eye were measured at 3 h and days 1, 7, 14, 21, and 28. High-performance
liquid chromatography and liquid chromatography–tandem mass spectrometry were used for assays.
Results: Dexamethasone release from the 1-piece and 3-piece DEX implants in vivo was not different and was
consistent with the in vitro release pattern. Moreover, the concentration profile of dexamethasone in the vitreous
and aqueous humors was similar for the 1-piece and 3-piece DEX implants at each time point measured.
Conclusions: DEX implant fragmentation neither accelerated its dissolution nor increased the dexamethasone
concentration delivered at a given time. Accordingly, DEX implant fragmentation is unlikely to have clinically
significant effects in patients.

Introduction

Retinal vein occlusion (RVO), which includes branch
RVO and central RVO, is the second most common retinal

vascular disease worldwide after diabetic retinopathy.1,2 It is
characterized by variable degrees of ischemia and edema,
which frequently lead to vision loss and blindness if inade-
quately treated.1–3 Uveitis is also a leading cause of visual
impairment,3 accounting for 30,000 new cases of legal blind-
ness annually in the Western world.4 Posterior uveitis affects
the retina, choroid, and occasionally the optic nerve and com-
prises 10%–40% of all uveitis cases.4 However, more cases of
visual loss caused by inflammation and macular edema (among
others) are associated with posterior uveitis than anterior or
intermediate uveitis.4 Treating inflammation and edema is thus
critical to improving outcomes in RVO and uveitis.

Corticosteroids such as dexamethasone, triamcinolone,
and fluocinolone are the first-line therapy for noninfectious
uveitis.3,4 They are also used to inhibit various proin-
flammatory mediators that contribute to RVO pathogene-
sis.1,3 Dexamethasone intravitreal implant (DEX implant,
Ozurdex�; Allergan, Inc., Irvine, CA)5 was developed to
provide sustained delivery of dexamethasone (which typi-
cally has a short half-life of 3–6 h in solution), while re-
taining advantage of its potency (3–6 times higher compared
with triamcinolone).4,6 DEX implant is made of a polylactic
acid-glycolic acid matrix that is gradually converted into
CO2 and water in vivo and eliminated by ocular tissues.4 As
the matrix dissolves, impregnated dexamethasone is slowly
released into the vitreous and retina where it alleviates
edema and inflammation,4 starting as soon as 1 day after
injection.7

1Allergan, Inc., Irvine, California.
2Oculex, Sunnyvale, California.
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Several large studies in patients with persistent macular
edema caused by RVO, uveitis, diabetic retinopathy, or other
causes showed that a single DEX implant 0.7 mg significantly
improves best-corrected visual acuity (BCVA).8–16 Notably,
the sham-controlled randomized phase 3 GENEVA trials, in-
cluding 1,267 patients with RVO-associated macular edema
and vision loss, demonstrated that the DEX implant reduced the
risk of vision loss (P < 0.001) and accelerated visual improve-
ments (P < 0.001) without raising the incidence of cataracts or
increased intraocular pressure (IOP), compared with controls.9

In the sham-controlled, phase 3 HURON trial, including 229
patients with noninfectious posterior uveitis, a single DEX
implant 0.7 mg improved intraocular inflammation and BCVA
for over 6 months.10,11 The proportion of eyes with a vitreous
haze score of 0 at 8 weeks was 47% in the DEX implant group
versus 12% in the sham group (P < 0.001). Moreover, the in-
cidence of cataracts and increased IOP was similar between
groups (P > 0.05),10 consistent with results from an earlier
study.12 Thus, the 0.7-mg dose has been approved by the Food
and Drug Administration as first-line therapy for RVO and
uveitis since 2009 and 2010, respectively, and is being used
worldwide in 45 countries.3,13,14 The efficacy and safety of
DEX implant was also recently demonstrated in diabetic
macular edema,15 which led to its approval for this indication
in adult patients.

Recently, 2 reports have been described in the literature
in which the DEX implant has split into 2 pieces shortly
after injection.16,17 Concerns regarding the potential for
faster dissolution of the fragmented implant (compared with
an intact implant) and higher drug concentrations were
raised.18 We report herein results from an in vivo study
in rabbits showing that the pharmacokinetic behavior of
intact (1-piece) and fragmented (3-piece) DEX implants
does not differ.

Methods

Reagents

Solvents were high-pressure liquid chromatography
(HPLC) grade (EMD Millipore, Gibbstown, NJ). Deionized
water was obtained from a Milli-Q system from Millipore
Corporation (Billerica, MA). All other chemicals were an-
alytical grade from Sigma-Aldrich (St. Louis, MO). DEX
filament was obtained from Allergan, Inc.

Preparation of DEX implants

One-piece (lot No. 247-01) and 3-piece (lot No. 247-03)
DEX implants were prepared from a single lot of filament (lot
No. 238-01a). The 1-piece DEX implants were cut to an
approximate weight of 1,050–1,284mg, and each fragment of
the 3-piece DEX implants was cut to a weight of 350–428mg
[for a total of 1,050–1,284mg after loading 3 fragments into a
trocar (Covidien, Mansfield, MA, or equivalent)]. The aver-
age (range) dose of dexamethasone in the 1-piece and 3-piece
DEX implants was 0.7 mg (630–770mg).

In vitro assessment of dexamethasone release
over time from 1-piece and 3-piece DEX implants

Six 1-piece and 3-piece DEX implants were dissolved at
37�C – 1�C in 30 mL saline for ‡ 1 h until complete disso-
lution. At days 1 (24 – 1 h), 4 (96 – 1 h), 7 (168 – 2 h), 14

(336 – 4 h), 21 (504 – 4 h), and 28 (672 – 4 h), 25 mL was
removed for HPLC analysis and replaced with 25 mL saline.
Samples were then returned to 37�C. Chromatographic sep-
aration of dexamethasone was achieved on a Waters Alliance
HPLC system using a Rainin Varian Microsorb MV, C18,
5-mm column (4.6 · 250 mm) and a mobile phase of 44:55
acetonitrile/water. Detection was at 238 nm on a photodiode
array detector. The percentage of dexamethasone released at
each time point was calculated as follows, based on the label
strength (LS) of 700mg dexamethasone per implant:

Day 1 : % DEX1¼ Sample concentration1 · 30mL ·
100%

LS

Day 4 : % DEX4¼ (sample concentration4 · 30mLþ sample

concentration1 · 25mL) ·
100%

LS

Day 7 : % DEX7¼ (sample concentration7 · 30mLþ sample

concentration4 · 25mLþ sample

concentration1 · 25mL) ·
100%

LS
; and

so on for days 14; 21; and 28:

Surgical placement of DEX implant in rabbit eyes
and sampling procedure

All animal procedures were performed in accordance with
the Association for Research in Vision and Ophthalmology
Statement for the Use of Animals in Ophthalmic and Vision
Research. The research was approved by an institutional
review board and conducted in accordance with Good La-
boratory Practices.

Thirty-six New Zealand white rabbits were implanted
with a single DEX implant into the posterior segment of 1
eye and a fragmented 3-piece DEX implant into the poste-
rior segment of the opposite eye as follows: animals were
weighed and anesthetized with an intravenous injection of
ketamine 87 mg/mL–xylazine 13 mg/mL cocktail (Sigma-
Aldrich, or equivalent) at 0.1–0.2 mL/kg. Ten minutes be-
fore surgery, all eyes were topically treated with 2 drops of
Betadine� 2.5% solution (Purdue Pharma, Stamford, CT, or
equivalent) for 2–5 min, washed with sterile saline, and to-
pically treated with 1–2 drops of proparacaine hydrochloride
0.5% (AKORN, Inc., Lake Forest, IL, or equivalent). A
sclerotomy was then performed on the right eye (between
10 and 12 o’clock) and on the left eye (between 1 and
2 o’clock), using a 20-gauge MVR blade (Rumex Interna-
tional, Clearwater, FL, or equivalent). Vitreous humor (50–
100mL) was removed by paracentesis, and a sterile trocar
preloaded with a single-unit DEX implant or a 3-piece DEX
implant was inserted *5 mm in the incision for injection.
The incision was then closed with 7.0 Vicryl suture (Ethi-
con, Inc., Somerville, NJ, or equivalent), and each animal
was monitored daily for symptoms of endophthalmitis (e.g.,
conjunctival congestion, swelling, and discharge).

At 3 h and days 1, 7, 14, 21, and 28 postimplantation, 6
animals were euthanized with an intravenous injection of
commercial euthanasia solution (e.g., Euthasol�; Virbac,
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Fort Worth, TX, or equivalent). Aqueous humor was then
separately collected from both eyes, after which the globes
were enucleated and frozen at - 70�C for at least 1 h to
allow each vitreous humor to be divided into 2 (one-half
with the implant remnants, the other remnant-free). Vitreous
humor with and without DEX remnants and aqueous humor
samples were stored at - 70�C until analysis.

Determination of the percentage of dexamethasone
released by HPLC analysis of vitreous humor
containing DEX implant remnants

The volume of each vitreous sample containing DEX implant
remnants was measured before dissolving in 10% acetonitrile
(2.5–5 mL), sonicating for 30 min in a Branson 2210 bath, and
cooling to room temperature. Sample vials were rinsed twice
with water (5 mL/each), and washes were combined with the
corresponding samples. After mixing, samples were sonicated
for an additional 10 min, centrifuged at *9,900 g for 10 min,
and 1-mL aliquots of supernatant were filtered through a 0.2-mm
Gelman Acrodisc� CR PTFE syringe before HPLC analysis (as
described above). The percentage of dexamethasone released
was calculated as follows:

% DEX = (LS - DEXVH)/(700 mg · 100%), where label
strength is the LS and DEXVH is the amount of dexametha-
sone recovered from the vitreous humor = concentration
result from HPLC · volume of dissolution solvent (mL).

Determination of dexamethasone concentration
in the aqueous and vitreous humors by liquid
chromatography–tandem mass spectrometry
analysis

Samples of aqueous humor (100mL) and DEX implant
remnant-free vitreous humor (200mL) were mixed with an
equal volume of internal standard (beclomethasone 1mg/mL)
and centrifuged at *14,000 g for 12 min. Supernatant was
then analyzed by liquid chromatography–tandem mass spec-
trometry. Separation of dexamethasone and internal standard
was achieved with a Waters Xterra 2.5–mm column (50 ·
2.1 mm) using mobile phase A [0.02% (w/v) ammonium
acetate and 0.04% (v/v) acetic acid in water] and phase
B [0.1% (v/v) acetic acid in acetonitrile] according to the
following gradient (time in min/% A): 0/80, 4/20, 5/20, 6/80,
6/80. Mass spectrometry detection was performed using an
API 2000� triple quadrupole mass spectrometer (AB Sciex,
Foster City, CA) equipped with a TurbolonSpray� ioniza-
tion source. Data acquisition was performed in a positive ion
multiple reaction monitoring mode for highly selective de-
tection of the dexamethasone and internal standard in the
complex vitreous humor sample matrix. Quantitation was
performed based on the internal standard.

Statistical analysis

The 2-sample t-test was used with Minitab� 15 (Minitab,
Inc., State College, PA) to compare 1-piece and 3-piece
DEX implants at individual time points, after exclusion of
outliers. Significance was set at P < 0.05. The extreme stu-
dentized deviate (ESD)19 procedure was used to detect statis-
tical outliers among samples at a given time point. Because the
expected ESD value for a sample size of 6 at a 5% significance
level is 1.82,19 samples with ESD values greater than 1.82
were marked as outliers and excluded from further analysis.

Results

In vitro analyses showed that the 1-piece and 3-piece
DEX implants exhibited similar release of dexamethasone
over time (Fig. 1); there was no statistically significant
difference in vitro between intact and fragmented DEX
implants at any of the time points assessed.

In vitro data were supported by in vivo findings. Figure 2
shows that the in vivo release profile of dexamethasone in
rabbits was indeed similar to that observed in vitro. A sta-
tistically significant difference was noted between the 1-piece
and 3-piece DEX implants at day 1 (P = 0.025), although it
is expected to have no clinical impact. Otherwise, the re-
lease of dexamethasone from 1-piece and 3-piece DEX
implants in rabbits was not statistically significant at any
other time point (P ‡ 0.167), with > 95% of dexamethasone
released by day 28 from both the 1-piece and 3-piece DEX
implants (Fig. 2).

In Fig. 3, the concentration profile of dexamethasone in-
dicates that the 1-piece and 3-piece DEX implants exhibited
similar pharmacokinetic behavior in the vitreous humor. The
concentration of dexamethasone detected after implantation
of intact versus fragmented DEX implants in rabbits was not
statistically different at any of the time points assessed
(P ‡ 0.102). In the aqueous humor, a statistically significant
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FIG. 1. Cumulative release of dexamethasone from 1-
piece and 3-piece dexamethasone intravitreal implants
(DEX implants) in vitro. Results are expressed as mean
percentage – standard deviation based on 6 replicates per
time point.
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FIG. 2. Cumulative release of dexamethasone in the vit-
reous humor of rabbits after implantation of 1-piece or 3-
piece DEX implants in the posterior segment of opposing
eyes. Results are expressed as mean percentage – standard
deviation based on 6 replicates per time point. P = 0.025 at
day 1, but not significant at any other time point.
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difference was observed at day 21 (P = 0.032), although its
impact is expected to be negligible (see Discussion section).
Otherwise, there was no statistically significant difference at
any other time points (P ‡ 0.376). Figure 3 also shows that the
concentration of dexamethasone stayed constant over time in
both the vitreous and aqueous humor. Moreover, the con-
centration of dexamethasone in the aqueous humor remained
minimal over time, hence confirming that the release of
dexamethasone was restricted to the vitreous cavity and that
the difference between the 1-piece and 3-piece DEX implants
observed at day 21 in the aqueous humor is unlikely to be
clinically relevant.

Discussion

The results of this in vivo study in rabbits indicate that
fragmentation of DEX implant does not affect its pharma-
cokinetic behavior. Overall, there was no difference in the
percentage of dexamethasone released from 1-piece versus
3-piece DEX implants or in the concentration detected in the
corresponding vitreous and aqueous humors over time.
These findings are notable because the augmentation in
surface area that results from fragmentation could have
accelerated dissolution of DEX implant and increased the
concentration of dexamethasone delivered at a given time.
However, Bourgault and Albiani18 determined that follow-
ing segmentation perpendicular to the long axis of the rod-
shaped DEX implant (which is the most likely scenario
given the 6 · 0.46 mm dimensions, and was reported by Roy
and Hedge17 as well as Rishi et al.16), the increase in surface
area would only amount to 3.7%. The authors thus con-
cluded that a fractured DEX implant was unlikely to have
any significant clinical effect,18 which is consistent with the
data presented herein.

Lee et al.20 described the DEX implant drug release
process in monkeys and noted that once most of the drug
had diffused out of the implant, fragmentation can be ob-
served. Another preclinical study of DEX implant 0.7 mg in
monkeys also showed that although the implants eventually
fragmented spontaneously when they became smaller and
translucent (i.e., from day 60 onward), the fragments con-
tinued to degrade slowly without a drug burst.19 A high
concentration of dexamethasone was detected in the DEX
implant remnant-free vitreous humor from day 7 to 60
(Cmax = 213 – 49 ng/mL). However, the concentration de-
creased rapidly between day 60 and 90,21 which is incon-
sistent with the notion that fragmentation of DEX implant
increases the release of dexamethasone. The above studies
thus suggest that late fragmentation is part of the normal

dissolution process of the DEX implant and does not affect
the drug release rate.

In the current study, experiments were performed with 3-
piece DEX implants (even though both case reports of split
DEX implants mentioned 2 fragments16,17) to amplify the
effect, if any, on the surface area and subsequent dissolution
of the implants. Our results with 3-piece DEX implants
revealed no significant difference in the release and con-
centration profiles, compared with 1-piece DEX implants,
thus suggesting that early fragmentation of the DEX implant
(as reported Roy and Hedge17 and Rishi et al.16) does not
affect the drug release rate either. Importantly, Chang-Lin
et al.22 previously conducted pharmacokinetic studies of
intact DEX implant in rabbits and concluded that dexa-
methasone remained present in the eyes for at least 31 days
(their longest time point), which is consistent with our re-
sults showing high levels of dexamethasone for at least 28
days (our longest time point).

Finally, our findings are consistent with the degradation
mechanism described by Robinson and Whitcup.3 After in-
travitreal injection of the dry implant, water immediately
starts diffusing in the implant pores, causing dexamethasone
to diffuse out. As water penetrates deeper into the implant
core, the implant swells and the polylactic acid-glycolic acid
polymer undergoes a process of random chain scission, which
eventually leads to biodegradation and mass loss as the
polymer breaks down due to internal cavitation.3 Scission/
cracking of the implant over its entire surface is thus an early
integral part of the dexamethasone sustained-release mecha-
nism that increases the surface area of the implant and cross-
sectional fragmentation (as reported by Roy and Hedge17 and
Rishi et al.16) is not expected to have an additional significant
impact.

These findings thus indicate that fragmentation of DEX
implants does not cause faster dissolution compared with
intact DEX implant. Consequently, fragmentation of DEX
implant does not expose the vitreous humor to higher con-
centrations of dexamethasone. Anatomic and physiologic
differences between rabbit and human eyes should be con-
sidered, but the overall results obtained in rabbits and
monkeys indicate that fragmentation of DEX implant in it-
self does not compromise its efficacy or safety.
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