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Purrose. We created implantable intraocular devices capable of constant and continuous
rapamycin release on the scale of months to years.

MetHoDs. Polycaprolactone (PCL) thin films were used to encapsulate rapamycin to create
implantable and biodegradable intraocular devices. Different film devices were studied by
modifying the size, thickness, and porosity of the PCL films.

Resuwrs. In vitro release of rapamycin was observed to be constant (zero-order) through 14
weeks of study. Release rates were tunable by altering PCL film porosity and thickness. In vivo
release of rapamycin was observed out through 16 weeks with concentrations in the retina-
choroid in the therapeutic range. Rapamycin concentration in the blood was below the lower
limit of quantification. The drug remaining in the device was chemically stable in vitro and in
vivo, and was sufficient to last for upwards of 2 years of total release. The mechanism of
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release is related to the dissolution kinetics of crystalline rapamycin.

Concrusions. Microporous PCL thin film devices demonstrate good ocular compatibility and
the ability to release rapamycin locally to the eye over the course of many weeks.
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Uveitis is a significant cause of blindness characterized by
inflammation in the anterior, intermediate, and/or poste-
rior uvea or retina of the eye, with posterior uveitis as the most
challenging to treat. Noninfectious uveitis often is treated first
with corticosteroids but is followed by immunosuppressants if
corticosteroids fail to control inflammation, if inflammation
reoccurs despite corticosteroid use, or if systemic side effects
occur.!

Rapamycin (also known as sirolimus) is a macrolide drug
used currently for immunosuppression in renal transplanta-
tion,? prevention of restenosis by elution from coronary
stents,>% and for the treatment of chronic uveitis.>® However,
the oral administration of rapamycin against uveitis can result in
severe side effects, so an alternative delivery method is
desirable. Currently, an intraocular injection of a liquid
formulation of rapamycin is in clinical trials for treatment of
uveitis.” The injection is delivered directly into the vitreous,
and treatment requires bimonthly injections for the duration of
the chronic disease.®® Intraocular administration of rapamycin
in a small cohort of patients demonstrated no significant
adverse effects, and levels of rapamycin in the blood were well
below the concentration where systemic side effects occur.®
Intraocular administration of rapamycin is a potential route for
the treatment of posterior uveitis that bypasses the side effects
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associated with systemic administration. Recent work has
explored the use of silicon microparticles for the intravitreal
delivery of rapamycin, but release kinetics appear to be limited
to approximately 1 month.1%:11

Long-term zero-order release behavior is a goal for drug
delivery devices because a constant drug elution rate will
equilibrate to a steady-state drug concentration, which can be
engineered within the therapeutic window of the drug. In the
posterior of the eye, zero-order release offers additional
potential benefits in treating chronic diseases that otherwise
require repeated drug injections into the eye. In addition,
zero-order drug release devices can maximize the effect of
small drug payloads imposed by the size limits of the eye.
Current administration techniques for rapamycin, such as eye
drops!? and injections,® fall short in their ability to achieve
sustained drug concentrations in the eye over periods of a
month or longer. The importance of long-duration rapamycin
delivery is indicated by another mTOR inhibitor, everolimus,
which in one study was shown to be effective in refractory
uveitis, but uveitis returned in four of eight patients following
the end of everolimus therapy.!® Patient compliance also is a
major issue for treatments using eye drops, as one study of
compliance in glaucoma patients found improper medication
delivery (missing a dose or improper administration) in 53.3%
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Polycaprolactone devices were sealed by heating PCL thin films inside of a weighted jig (A). Loose rapamycin powder was heat-sealed

inside of 16-mm microporous devices (B). Microporous PCL thin films were approximately 10 um in thickness with micron-sized pores throughout
its bulk (C). Rapamycin release behavior from a bulk-loaded film shows nonlinear burst release while drug release from 16-mm microporous and 16-

mm unfeatured devices maintains linear kinetics (D).

of patients.'® Other drug delivery systems for the treatment
of uveitis with corticosteroids are available, but none are
currently approved for the delivery of rapamycin or similar
immunosuppressants.!>-17

Zero-order drug delivery devices implanted intravitreally
are one way to improve the amount of time an administered
drug resides within the therapeutic window at its ocular site
of action. One approach in development for sustained drug
release in the eye is a device composed of nanoporous,
biodegradable polycaprolactone (PCL) thin films which allow
zero-order release of therapeutic proteins through the
nanopores.'® Polycaprolactone is a polyester with a favorable
intraocular biocompatibility profile that can be fabricated
into thin films with thicknesses in the range of 10 to 40
pum.18-20 Additionally, PCL thin films can be patterned with
nanofeatures or microfeatures by solvent-casting to modify
diffusion behavior through the thin films.?! Control of the
nano- and microstructure of a PCL thin film allows tuning of
drug diffusion behavior across the film. Previous in vivo
studies on the safety of these PCL thin films has shown them
to be well tolerated in the posterior chamber of rabbit eyes
over 6 months, in addition to showing minimal changes in
morphology from degradation.!® Based on previous in vivo
studies it is estimated that PCL will remain intact for
approximately 3 years before losing mechanical integri-
ty.20-22.23

We investigated a drug delivery device for rapamycin that
demonstrates zero-order release behavior up to 14 weeks in
vitro. The device is composed of a solid rapamycin pellet
encapsulated by two PCL thin films, which can be modified
to alter the release profile of the device. In vivo results show
that the drug is stable in the device, reaches its target tissue
at the retina/choroid, and sustains release behavior up to 16
weeks. No systemic adverse effects were observed, and the
concentration of rapamycin in the blood was below
detection limits.

MATERIALS AND METHODS

Materials

Polycaprolactone (80 kDa M,), 2,2,2-trifluoroethanol (TFE),
and 2 kDa M,, polyethylene glycol (PEG) were obtained from
Sigma-Aldrich Corp. (St. Louis, MO, USA). Rapamycin was
obtained from Santen, Ltd. (Osaka, Japan). Phosphate-buffered
saline (PBS) was obtained from VWR (Radnor, PA, USA),
polyoxyl-40-stearate (also known as polyoxyethylene [40]
monostearate, Myrj 52) from Spectrum Chemical (New
Brunswick, NJ, USA), seco-rapamycin from Santa Cruz Biotech
(Dallas, TX, USA), polydimethylsiloxane (PDMS) from Thermo
Fisher Scientific (Waltham, MA, USA), and nichrome wire from
Consolidated Electronic Wire and Cable (Franklin Park, IL,
USA).

Film Fabrication

Polycaprolactone was dissolved in TFE and then spun-cast on a
3-inch silicon wafer to make unfeatured PCL films. Concentra-
tions of PCL in TFE were varied between 100 and 300 mg/mL
to change the resulting thickness of the spun-cast film.
Microporous PCL films were made by adding polyethylene
glycol at a concentration of 150 mg/mL in solutions of PCL and
TFE. Films that were rapamycin-loaded in their bulk were
prepared by combining solutions of 5 mg/mL rapamycin in TFE
with solutions of 150 mg/mL PCL in TFE, or a solution of PCL
and PEG at 150 mg/mL in TFE. Polycaprolactone film
morphology was investigated by scanning electron microscopy
(SEM) performed on a Carl Zeiss Ultra 55 FE-SEM (Carl Zeiss,
San Francisco, CA, USA).

Device Fabrication

Rapamycin-loaded devices were prepared by heat-sealing PCL
films around a central rapamycin payload (Fig. 1A). Two sets of
devices were made, one set 16 mm in diameter and another set
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6 mm in diameter. Devices 16 mm in diameter encapsulated
0.5 to 2.0 mg pure loose rapamycin between two PCL films. No
excipient was used. These 16-mm devices were made either
with two unfeatured PCL films, or one microporous and one
unfeatured PCL film. The second set of devices were 6 mm in
diameter with a pelleted rapamycin disc of mass 1.0 to 2.5 mg.
The drug pellets consisted of pure rapamycin without
excipients. Devices 6 mm in diameter were assembled either
with two unfeatured PCL films or with one microporous film
and one unfeatured PCL film.

Devices were assembled by placing the drug pellet between
PCL films atop a PDMS slab with an embedded nichrome wire
as a heating element. A PDMS annulus and a weight on top of
the device held the films together for sealing. Current passed
through the wire heat-seals the circumference of the devices.

In Vitro Release Experiments and Analysis

In vitro release experiments were conducted in 2 mL elution
media of PBS (pH 7.4) with 0.1% (wt/vol) polyoxyl-40-stearate
to increase rapamycin solubility and stability in the elution
media. A 2-mL elution volume was used as it is approximately
the same as the vitreous volume in New Zealand White rabbits
(~1.5 mL). Polyoxyl-40-stearate has been shown to improve
solubility and stability of rapamycin by approximately a factor
of 10.24 Polyoxyl-40-stearate also was added to reduce the
tendency of rapamycin to adsorb to the surface of tubes used in
elution studies. Devices were incubated in elution media at
37°C with constant shaking on an orbital shaker. Elution media
was completely replaced at sampling intervals. Rapamycin
concentrations were assayed by ultraviolet spectrophotometry
at 278 nm. Rapamycin stability in the devices and dissolution
media was assayed by HPLC as described previously.?> Release
studies were designed carefully with frequent time points to
avoid saturation of the elution media with drug. At all time
points the signal from drug loaded devices were blanked to
empty controls. Linear regressions were calculated using
Microsoft Excel (Microsoft Corp., Redmond, WA, USA).

Adsorption Release and Powder X-Ray Diffraction
(PXRD)

Rapamycin was dissolved in methanol and pipetted onto the
surface of PCL films. Rapamycin adsorbed to the PCL thin film
after methanol evaporation. For release experiments, rapamy-
cin was dissolved to 10 mg/mL and adsorbed by adding varying
volumes of the methanol solution to the films. For release
experiments, 1, 2.5, and 5 pL solution (10, 25, and 50 pg
rapamycin) was adsorbed. For PXRD analysis, rapamycin was
dissolved to 200 mg/mL and 30 pL was adsorbed onto PCL thin
films.

In Vivo Experiments and Analysis

In vivo release experiments were performed in New Zealand
White rabbits for vitreous drug release. Devices 6 mm in
diameter with one microporous and one unfeatured PCL film
were implanted into the posterior chamber of the right eye
under general anesthesia and sterile conditions via a 2-mm
scleral incision made circumferentially 2 mm posterior to the
limbus using a 20-gauge MVR blade, then closing the incisions
with 7-0 vicryl sutures. The left eye was left as an untreated
control. In vivo safety and tolerability were evaluated by
monitoring IOP, adverse events, and inflammation. Inflamma-
tion of the conjunctiva/sclera and surgical insertion site,
edema, vitreous leakage, cataract formation, polymer appear-
ance and location, hyphema, retinal detachment, anterior
chamber fibrin or cell debris, and vitreous humor change were
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specifically monitored. Intraocular pressure was taken with a
benchtop pneumotonometer (Model 30 Classic; Mentor O&O,
Inc., Norwell, MA, USA) for eyes.

The study design had two arms. One arm was designed for
six rabbits, with animals euthanized, and whole eye collection
and dissection for vitreous and ocular tissue samples, two
animals at each time point of 4, 8, and 16 weeks. A second arm
was designed for three rabbits as survival studies, to allow
longitudinal pharmacokinetic studies with multiple serial
vitreous samples taken from each study eye at weeks 1, 2, 4,
8, and 12 by partial microvitrectomy, with a final sample at
week 16 after animal euthanization. Microvitrectomy was
performed in a sterile fashion under anesthesia using the
Intrector (Insight Instruments, Stuart, FL, USA), a 23-gauge
sutureless vitreous cutting/aspiration device, entering the
sclera 2 mm posterior to the limbus at a site 180° from the
thin-film device insertion to collect 100 to 200 pL vitreous at
each sampling procedure. As planned, rabbits were killed at 4,
8, and 16 weeks with the exception of one killed at day 3 and
one killed at week 3 due to complications from nonocular
infections unrelated to the device. The data from the two
euthanizations due to complications are included in the results
presented.

Rapamycin concentration and stability in the vitreous and
the retina-choroid was assayed via LC/MS-MS with positive
electrospray ionization in multiple reaction monitoring mode.
The lower limit of quantitation for vitreous samples was 0.06
ng/mL, the limit for retina-choroid samples was 1.06 ng/g, and
the limit for whole blood samples was 0.5 ng/mL. The ion
transition monitored was 931.6 to 864.6 and tacrolimus was
used as an internal standard to control for any loss of
rapamycin during purification, most notably due to surface
adsorption. Owing to the specificity of liquid chromatography/
mass spectrometry (LC/MS-MS), the assay is specific to stable
rapamycin in the samples tested of the residual drug in the
devices and the vitreous.

Data is reported as mean *= SD. Statistics were performed
using Student’s f-test with a significance threshold at 0.05.
ARVO guidelines for the care and use of laboratory animals
according to the ARVO Statement for the Use of Animals in
Ophthalmic and Vision Research have been observed.

RESULTS

Rapamycin Release From 16-mm Devices and Bulk
Films

Release characteristics of rapamycin devices 16 mm in
diameter (Figs. 1A-C) were tested in vitro and compared
against the rapamycin release from films that were bulk-loaded
with rapamycin. Figure 1D shows the difference in kinetics
between rapamycin that has been bulk-loaded throughout a
PCL film and rapamycin released from either microporous or
unfeatured rapamycin devices. When fit by linear regression,
microporous devices released 2.92 pg/d (R? = 0.999) and
unfeatured devices released 2.02 pg/d (R* =0.997). Rapamycin
release from a bulk-loaded film was nonlinear, though the
initial pseudolinear region up to day 6 shows a release of 16.6
pg/d (R? = 0.822).

Rapamycin Release From 6-mm Devices

A second form factor of device was designed based on
enhanced fabrication techniques to result in a 6-mm device
containing a pelleted rapamycin payload (Figs. 2A, 2B). In vitro
release experiments with 6-mm devices (Fig. 2C) show the
release of rapamycin from microporous devices (1.78 mg/d, R>
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FiGure 2. Devices 6 mm in diameter and composed of unfeatured PCL (A) or microporous PCL (B). Surface SEMs also are shown for an unfeatured
film (A) and a microporous film (B). Rapamycin release from an unfeatured device is significantly lower than release from either a microporous
device or a pellet alone (C). Changing the thickness of the PCL films in an unfeatured device results in a correlated change in the release rate of
rapamycin (D). For each condition in (C) and (D), n = 4 and error bars are = SD.

= 0.993) as nearly identical to the release from rapamycin
pellets not contained by a PCL device (1.73 mg/d, R?> =0.987).
Rapamycin released from an unfeatured device shows signif-
icantly slower release (0.493 mg/d, R*> = 0.978) while
maintaining a zero-order release profile. Release in all device
types continued to be zero-order out to 14 weeks, and
sufficient payload remained in the devices to release for a
further 1.6 years for microporous devices and 4.6 years for
unfeatured devices.

The ability of PCL thickness to modulate release kinetics
was studied using films constructed of two layers of unfeatured
4, 16, or 66 pum thick PCL. Over 5 weeks, devices constructed
from 4-um thick films released 37 mg rapamycin, while devices
of 16- and 66-um thick films released 30 and 22 pg rapamycin,
respectively (Fig. 2B). The similar release rates of the three
thicknesses of device after week 2 suggest that the impact of
PCL film thickness on rapamycin release is focused in the initial
2 weeks of release. The differences in release during the first 2
weeks may be attributed to the amount of time rapamycin
takes to reach equilibrium across the films of varying PCL
thicknesses.

The stability of solid rapamycin in the device was confirmed
in vitro by HPLC and in vivo by LC-MS/MS. In vitro 6-mm
unfeatured devices were incubated in an elution experiment
for 14 weeks and then dissected to remove the solid rapamycin
pellet. High performance liquid chromatography (HPLC)
performed on the drug pellets (# = 3) showed peaks identical
to pure rapamycin and no presence of the primary degradation
product seco-rapamycin, nor any other significant peak
indicative of degradation (Supplementary Fig. S1). For in vivo
quantification, LC-MS/MS was used to detect the presence of
intact rapamycin in the device through 16 weeks of
implantation and for in vivo vitreous samples.

Adsorption Release and PXRD

Rapamycin adsorbed to a surface showed an initial burst
release followed by slower sustained release out to 3 days (Fig.
3A). Rapamycin pellets in the same in vitro experiment
demonstrated zero-order release which continued past 3 days,
and demonstrated a much longer potential release in other in
vitro experiments. To examine drug crystallinity, PXRD was
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Ficure 3. Elution experiments (A) of adsorbed rapamycin show
nonlinear burst release, while rapamycin pellets maintain linear
release. Mass given in the legend is mass attempted to adsorb onto
the film. For each condition, n = 4 and error bars are + SD. Powder x-
ray diffraction analysis (B) of rapamycin (1), rapamycin adsorbed onto
PCL films (2), and blank PCL films (3). Adsorbed rapamycin on a PCL
film (2) shows the gentle hill of a halo effect between zero and 30°. The
presence of the halo and sharp peaks for adsorbed rapamycin indicates
the presence of amorphous and crystalline rapamycin.
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microvitrectomy as a sampling method (squares), sampling of microvitrectomy-arm animals at euthanization yielded results consistent with the

acute sampling-only arm (circles).

performed on rapamycin powder and on rapamycin adsorbed
to the surface of unfeatured PCL films. The results (Fig. 3B)
show characteristic peaks for rapamycin powder, which
confirms the crystallinity of the drug. However, PXRD analysis
of rapamycin adsorbed to the surface of PCL films showed the
loss of peaks and the presence of a halo pattern between zero
and 30° for adsorbed rapamycin, indicating the presence of
amorphous rapamycin.

In Vivo Rapamycin Pharmacokinetics

Microporous devices 6 mm in diameter were used for in vivo
trials and show constant release kinetics up to 16 weeks (Fig.
4; Supplementary Fig. S2). Vitreous concentrations at week 16
were 5.2 ng/mL with a standard deviation of 3.1 (n = 5).
Retina-choroid concentrations at week 16 were on average
206 ng/g with a standard deviation of 74 (n = 5) and were
relatively constant over the course of the study. Drug
concentrations at 4- and 8-week time points in the vitreous
averaged 3.6 £ 1.5 ng/mL (# = 4) and in the retina-choroid
averaged 407 * 387 ng/g (n = 4). The concentration of
rapamycin in whole blood and the control eye was below the
lower limit of quantitation for the assay (0.5 ng/mL)
throughout the study. The outlying data point for vitreous
concentration at day 3 may imply a burst release immediately
following device implantation before equilibrium is reached
throughout the eye. Further in vivo trials may investigate early
release behavior of these devices.

Following implantation, eyes were monitored for adverse
events and device migration. No evidence of device migration
was seen and no evidence of fibrosis or other cellular debris
was evident on the devices after explantation (Fig. 5A).
Differences in IOP between pre- and postimplantation eyes
were not statistically significant for device and control eyes
(Fig. 5B). The lone adverse event observed was a cataract
attributed to surgical trauma during device implantation (Fig.
5C). No intraocular inflammation was observed during the
course of the in vivo study.

DIsCcUSSION

The release behavior of rapamycin is dependent upon device
structure and rapamycin crystalline properties. The use of PCL
thin films to encapsulate crystalline rapamycin creates a device
capable of sustained, zero-order release in vitro and in vivo.
More traditional bulk-loaded films show a characteristic release
curve with an initial burst release phase that decays into a
slower rate of release. Microporous PCL devices show a zero-

order release curve for rapamycin with a constant amount of
drug released per day. Unfeatured rapamycin devices also
released drug in a zero-order curve, except with a lower slope
owing to the absence of micropores. Due to the small
percentage of rapamycin releasing from the devices over the
studied period of time, much of the drug mass still was intact.
The percentage of drug mass remaining in each in vivo device
by week 16 is 84% * 15% (Supplementary Fig. S3). Future
work will further examine the long-term behavior of the
devices, including mass balance and release behavior as the
devices near exhaustion of their drug payloads.

The zero-order release behavior of unfeatured devices,
microporous devices, and unencapsulated rapamycin pellets
was explored by comparing solid crystalline rapamycin to
amorphous rapamycin adsorbed onto PCL films. The PXRD
results and the in vitro release results support crystallinity as
the quality driving slow rapamycin dissolution, which results in
linear release rates from these types of encapsulation devices.
As the crystal structure of rapamycin also is lost through its
dissolution for the formation of rapamycin bulk-loaded films,
the release behavior of bulk-loaded films is not dependent on
rapamycin crystallinity and instead follows traditional burst
release kinetics.?®

The differences in behavior between rapamycin releasing
devices may be attributed to the microporosity of the film, the
thickness of the film, and the surface area of crystallized
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Ficure 5. Devices maintained consistent position in the eye over the
course of observation and no fibrosis was found after device removal
(A). No statistically significant difference in IOP was found between
pre- and postimplantation eyes (B). Only one adverse event was
observed and it was attributed to contact between the lens and the
device during implantation (C).
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rapamycin available for dissolution. The influence of porosity is
seen in the contrast between the release rates of the
unfeatured devices when compared to the microporous
devices. Drug diffusion through the films is hindered in
unfeatured devices due to a lack of pores in their PCL films,
while the microporous films have porous networks through
their bulk. Varying the thickness of 6-mm unfeatured devices
also resulted in differences in cumulative release in the first 5
weeks, as thicker PCL films decreased the release of rapamycin
from the devices.

In vivo performance of the microporous 6-mm device
demonstrated zero-order release behavior by showing relative-
ly constant vitreous concentrations over time. The concentra-
tion of rapamycin in the retina-choroid averaging 206 *= 74
ng/g at 16 weeks demonstrates significantly longer sustained
delivery than other rapamycin delivery technologies. A study
using repeated injection of solubilized rapamycin in rabbit
vitreous in vivo results in a dose-dependent concentration
between 109 and 1050 ng/g at 4 weeks after injections,
followed by a decline to approximately 20 ng/g by 8 weeks.® A
study using a nanomicellar eye drop formulation achieved 362
+ 56 (SEM), but was only measured at 1 hour after a single
dose.1?

For our in vivo study, there was a large variability in the
concentration of rapamycin measured in the retina-choroid for
one device measured at week 4. For this device, the
concentration of the drug in the vitreous and the blood did
not show a similar increase. Two possible reasons for the
increase seen only in the retina-choroid could be the
implantation of the device extremely near to the retina, or
contamination of the retina-choroid sample during dissection
or analysis.

The risk of systemic side effects from this type of device is
potentially much lower than other delivery methods. The
effective concentration for systemic immunosuppression by
rapamycin is measured typically in whole blood at 5 to 15 ng/
mL.% Concentrations above this range are at risk of side effects.
The concentration of rapamycin in whole blood was below the
lower limit of quantitation for the assay (0.5 ng/mL) which
suggests that local administration of rapamycin in these devices
minimizes systemic exposure to the drug and avoids the
associated side effects. Of note, the concentration of rapamy-
cin in retina-choroid is much higher than the 5 to 15 mg/mL
threshold value, which is desirable when targeting the choroid
as a site of uveitis. The above-threshold concentrations of
rapamycin suggest that an effective dose of the drug exists in
the retina-choroid.

The risk of obstructing the visual axis also must be
considered; however, throughout the course of this study no
change in the location of the device was observed. Given the
location of the device outside of the visual axis, it is unlikely
the device or its soluble degradation products will result in a
visual obstruction over the complete lifetime of the device.

An attempt was made with this study to use micro-
vitrectomy to reduce the number of animals required for
studying pharmacokinetics in the vitreous. Samples taken from
the partial microvitrectomy arm consistently yielded rapamy-
cin concentrations approximately a factor of 5 lower than
samples from the nonmicrovitrectomy arm. However, samples
taken from the animals in the microvitrectomy arm at time of
death yielded drug concentrations on par with the non-
microvitrectomy arm. Thus, for rapamycin it seems that partial
microvitrectomy may not yield representative drug concentra-
tions in the vitreous. Potential reasons for this failure may be
related to inhomogenous distribution of rapamycin within the
vitreous due to altered vitreous structure after repeated partial
vitrectomy, the hydrophobic nature of rapamycin limiting
diffusion in the vitreous, or the tendency of dissolved
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rapamycin to form a drug depot in the vitreous.® Further work
may be necessary to find out if and how this result extends to
other drugs administered intravitreally and if the behavior can
be predicted by drug hydrophobicity.

The ability to release rapamycin in the vitreous was
demonstrated over 16 weeks in vivo, with a drug payload
capable of lasting on the order of years, which is significantly
longer than the 2 months between the necessary dosing of
rapamycin by injection.® Rapamycin concentrations in the
vitreous and retina-choroid were relatively unchanging over
the course of the study, demonstrating the potential for a
continuous therapeutically effective drug concentration over
the lifetime of the drug payload.

CONCLUSIONS

A drug delivery system composed of PCL thin films surround-
ing rapamycin is an effective means to deliver the drug up to
16 weeks, with the potential for an additional 2 to 5 years of
release. Release behavior of rapamycin is zero-order in in vitro
and in vivo experiments. Drug concentration is high in the
retina-choroid site of action after intravitreal implantation, and
systemic concentrations are well below the limit for immuno-
suppression. The release behavior observed in this study may
be attributed to the dissolution properties associated with
crystalline rapamycin and further research on this property is
merited.
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