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Macular edema is the most frequent cause of visual deterioration in noninfectious uveitis. The treatment of noninfectious uveitis 
with associated macular edema commonly includes systemic or locally administered corticosteroids, with long-term use limited by 
significant side effects. The need for a treatment with an improved safety profile has driven the development of a novel ophthalmic 

therapy a proprietary triamcinolone acetonide suspension (CLS-TA) administered in the suprachoroidal space (XIPERE™; Clearside Biomedical, 
Alpharetta, GA, USA). Suprachoroidal delivery of corticosteroids allows higher steroid concentration in the posterior segment and decreases the 
risk of other adverse ocular effects. Recent results from the PEACHTREE trial, a phase III trial with two suprachoroidal injections of CLS-TA at  
0 and 12 weeks with follow-up lasting 24 weeks, show the significant improvement in visual acuity and reduction in central subfield thickness all 
without increasing the risk of elevated intraocular pressure or accelerated cataract progression. 
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Uveitis consists of a wide array of inflammatory disorders of the uveal tract and surrounding structures 

that may lead to irreversible ocular damage and lasting visual impairment if not appropriately treated 

in a timely manner. As the fifth most common cause of vision loss in the developed world, uveitis 

accounts for between 3 and 10% of legal blindness in the United States and Europe.1–4 The etiologies 

of uveitis may be infectious or noninfectious in origin. Noninfectious uveitis may be associated 

with systemic autoimmune diseases or may be limited to the eye and can be classified as anterior, 

intermediate, posterior, or panuveitis according to the primary site of inflammation.5

Macular edema, a multifactorial structural complication of uveitis, involving the breakdown of the 

blood–retinal barrier, is the leading cause of vision loss associated with uveitis.1,6 The disease burden 

of macular edema is significant, and is observed in nearly one-third of all patients with uveitis, 

including 60% of patients with intermediate and panuveitis, 40% of individuals with posterior uveitis, 

and an estimated 20% of individuals with anterior uveitis.7 Therapeutic options for macular edema 

may include either systemic or locally administered immunomodulatory agents. Locally administered 

therapies primarily utilize corticosteroids and may be administered via topical eye drops, intraocular 

or periocular injections, or corticosteroid implant technology.8,9 The use of anti-vascular endothelial 

growth factor (VEGF) agents has been limited given its modest efficacy and increased frequency of 

injections compared to local corticosteroids.10 

Corticosteroid delivery approaches may act via diffusion from periocular administration, redistribution 

via the vascular system after systemic absorption, or direct administration into the vitreous to target 

the disease process. Given the side effects of local therapies, including cataract and glaucoma, as 

well as the inefficient localization of medication when administered systemically, additional local 

treatment options with an improved safety spectrum are needed to help control macular edema 

associated with noninfectious uveitis.11–17

The suprachoroidal space—anatomy and favorable drug kinetics 
The suprachoroidal space is a physiologic space between the sclera and choroid that traverses the 

circumference of the posterior segment of the eye. It is essential in maintaining intraocular pressure 

(IOP) via uveoscleral outflow and is an expandable space that is collapsed in physiologic conditions.18 

Given its close proximity to the choroid, retinal pigment epithelium, and retina, the suprachoroidal 

space is an attractive target for pharmacotherapy.19
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Access to the suprachoroidal space has traditionally been via sclerotomy or 

ab interno surgical approaches (such as implantation of glaucoma drainage 

devices).20 The suprachoroidal space proved to be difficult to reliably, safely, and 

efficiently access this area, and as such, intravitreal administration remains the 

prevailing drug delivery method. Recently, microneedles have been developed 

and evaluated for drug administration by ophthalmologists in an outpatient 

clinic setting. Once administered, the fluid delivered into the suprachoroidal 

space distributes circumferentially around the eye, allowing medication to 

slowly diffuse to the retinal pigment epithelium and retina. Higher levels of 

molecules are found within chorioretinal tissues with suprachoroidal space 

injections, along with significantly faster clearance when compared to 

intravitreal injections in drug distribution studies in animal models.21 

Initial studies of triamcinolone acetonide, administered in the suprachoroidal 

space in rabbits, showed relatively minimal amounts of drug in the lens and 

anterior segment, but roughly 12-fold higher amounts of drug within the 

retina and choroid.22–24 These pharmacokinetic studies support the principle 

that localized administration leads to more targeted medication delivery 

while sparing non-diseased tissues. Further studies added evidence that 

high levels of medication were maintained in these areas of interest for 

up to 3 months, supporting the therapeutic potential for human disease.25

<1>Suprachoroidal injection of triamcinolone acetonide in clinical studies

Suprachoroidal injection of triamcinolone acetonide (CLS-TA; XIPERE™ 

[Clearside Biomedical, Alpharetta, GA], a proprietary, preservative-free 

triamcinolone acetonide formulation) was first administered to human 

patients in a phase I/II trial, where nine patients with bilateral noninfectious 

uveitis and macular edema received an injection of CLS-TA in one eye. A 

single injection of 4 mg triamcinolone acetonide in 100 μL was administered 

on day 1 and observed for 26 weeks. The medication was well-tolerated with 

no systemic adverse events. Mild ocular adverse events were observed 

with the most common complaint being eye pain. Eight subjects showed 

improvements in best corrected visual acuity (BCVA) and seven patients, 

who entered with macular edema, showed at least a 60 μm reduction in 

central subfield thickness CST) on optical coherence tomography (OCT).26 

The subsequent phase II DOGWOOD study was a dose-randomized, controlled, 

masked trial observing the safety and efficacy of a single suprachoroidal 

injection of CLS-TA (4.0 and 0.8 mg in a 4:1 ratio). Twenty-two individuals 

with macular edema due to noninfectious uveitis were enrolled. The primary 

efficacy endpoint was change in CST on OCT from baseline. Patients were 

observed at 1 and 2 months after injection. The primary endpoint was 

met in the 4.0 mg group with a reduction in CST of >20% at month 2, with 

improvement of >5 Early Treatment of Diabetic Retinopathy Study (ETDRS) 

letters in 65% of patients with a mean improvement of 9.2 letters. The safety 

endpoint was met, as no patients showed significant increases in IOP. During 

this short-term study, no significant development of cataracts was observed.27

More recently, the results of the phase III PEACHTREE sham-controlled, 

multicenter, randomized clinical trial were published in Ophthalmology.28 In 

this study, 160 patients with macular edema associated with a spectrum of 

noninfectious uveitis involving all anatomic locations were randomized 3:2 

to receive a suprachoroidal injection of CLS-TA or a sham treatment at day 0 

and a repeat injection at week 12. Patients were monitored for 24 weeks with 

the primary endpoint of improvement of ≥15 ETDRS letters from baseline. 

Secondary endpoints included reduction of CST from baseline OCT. Additional 

endpoints included changes in BCVA in ETDRS letters by visit, mean change 

in CST by visit, and changes in signs of intraocular inflammation by visit.5 

Rescue therapy was administered if indicated the study investigators. 

The primary efficacy endpoint of a ≥3-line BCVA gain (>15 ETDRS letters) 

was achieved at 24 weeks with 47% of the 96 individuals who received 

suprachoroidal CLS-TA. By comparison, only 16% of the 68 controls achieved 

this endpoint (p<0.001). Improvement in BCVA of nearly 10 letters was 

observed by the week-4 time point, with continued improvement during 

follow-up.  A reduction in macular edema, as measured by the change in 

CST on OCT, was also significantly greater in the treatment group when 

compared to patients in the sham arm. Specifically, the mean reduction of 

CST was 153 microns in the CLS-TA arm compared with 18 microns in the 

sham arm (p<0.001)

Adverse effects were also monitored closely during the phase III trial with 

close attention to IOP and cataract. Elevated IOP and cataract development 

was comparable between groups (elevated IOP in 12% of treatment versus 

16% of sham groups; cataract progression in 7% of treatment versus 6% 

in the sham groups). While one patient in the treatment arm developed a 

retinal detachment approximately 8 weeks after injection, this event was 

deemed unrelated to the procedure given the delayed onset and location. 

Notably, no cases of endophthalmitis, choroidal detachment or hemorrhage 

were observed.  

The PEACHTREE study outcomes support XIPERE as a potential therapeutic 

for macular edema associated with noninfectious uveitis. The visual 

outcomes highlighted above (mean gain of 14 ETDRS letters in 6 months) 

compare favorably with the previously reported literature on the visual 

outcomes of three currently administered local corticosteroids, which 

was reported in the Periocular and Intravitreal Corticosteroids for Uveitic 

Macular Edema (POINT) Trial. In the POINT trial, approximately 9 ETDRS 

letters of improvement was achieved by the intravitreal triamcinolone 

acetonide and intravitreal dexamethasone arms, and 4 letters were gained 

with periocular steroid administration.29 

The safety data regarding IOP elevation requiring additional treatment also 

are compelling in PEACHTREE.28 IOP elevations occurred in approximately 

11.5% in the treatment arm. It is notable that only 7.3% of patients in the 

treatment arm of PEACHTREE required medication to lower IOP. While 

PEACHTREE did not directly compare CLS-TA with other intravitreal 

corticosteroids, the POINT study provides helpful information regarding the 

incidence of IOP elevation with intravitreal corticosteroid. Specifically, in 

the POINT study, approximately 32–43% of patients required initiation of an 

IOP-lowering medication.29 No patients underwent IOP-lowering surgery or 

cataract surgery in either the PEACHTREE or POINT trials. 

Future applications
Access to the suprachoroidal space provides another target for therapeutic 

development aimed at other sight-threatening diseases. Recent studies 

have examined the feasibility, efficacy, and safety in drug delivery within the 

suprachoroidal space for macular edema due to diabetes and retinal vein 

occlusions (RVO). Further studies have started to explore suprachoroidal 

space  utility in neovascular age related macular degeneration as well as 

potential gene therapy for inherited retinal conditions.30–32

The phase I/II HULK trial examined the safety and efficacy of suprachoroidal 

CLS-TA alone or in combination with intravitreal aflibercept for diabetic 
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macular edema. Twenty patients were separated into treatment-naïve 

groups and those previously treated with either anti-VEGF agents or 

intraocular steroids. The treatment-naïve arm received aflibercept (Eylea®; 

Regeneron, Tarrytown, NY, USA) at initial baseline visit, and all participants 

received CLS-TA at the baseline visit and then as needed based on CST 

measurements at months 2 through 5. Eighty-nine percent of all patients 

achieved a ≥50% reduction in CST and a mean improvement in visual acuity 

of 5.2 letters (8.5 mean letter gain in the treatment-naïve group versus a 1.1 

mean letter gain in the previously treated group).33

The subsequent phase II TYBEE trial described the treatment of 71 patients 

with diabetic macular edema who were randomized to aflibercept alone 

or aflibercept in combination with suprachoroidal triamcinolone acetonide. 

Both arms showed visual acuity gain; however, patients in the combination 

arm required fewer intravitreal aflibercept injections when compared to the 

aflibercept monotherapy arm in the as-needed treatment stage.34

Suprachoroidal CLS-TA was also evaluated for the treatment of macular 

edema associated with retinal vein occlusions. The recent phase III clinical 

trial, SAPPHIRE, enrolled 460 patients with treatment-naïve RVO and 

randomized them to receive aflibercept or aflibercept plus suprachoroidal 

CLS-TA. The primary endpoint of improved BCVA in the combined 

aflibercept plus suprachoroidal CLS-TA treatment group compared to 

aflibercept alone was not observed. Specifically, approximately 50% of 

patients in both arms demonstrated ≥15 ETDRS letters of improvement in 

BCVA at 8 weeks, showing comparable efficacy for patients in the XIPERE 

plus intravitreal aflibercept combination and aflibercept only arms.35,36 

Thus, In treatment-naïve patients with RVO, XIPERE does not provide 

additional benefit when combined with aflibercept when compared 

to aflibercept alone. However, while no additional studies are currently 

planned, the benefit of suprachoroidal triamcinolone in combination 

with aflibercept may warrant future study, especially in recalcitrant RVOs, 

given the potential for improved durability with medication delivery to the 

suprachoroidal space.

Besides instillation of triamcinolone into the suprachoroidal space, 

other ocular therapeutics may benefit from suprachoroidal delivery. 

Suprachoroidal delivery of gene therapy via an AAV8 vector has been 

reported to achieve similar expression of an anti-VEGF Fab (monoclonal 

antibody fragment) as achieved with subretinal delivery of the AAV8 vector 

with corresponding functional suppression of vascular leakage in a rat 

model.32 Suprachoroidal delivery of axitinib, a tyrosine kinase inhibitor with 

anti-VEGF properties,30 as well as viral-like particle conjugates delivered 

to the suprachoroidal space for choroidal melanoma, are also currently 

under investigation.37 

Implementation in clinical practice
The studies summarized in this review highlight the suprachoroidal injection 

drug delivery platform and potential niche of CLS-TA in the therapeutic 

armamentarium for retinal and inflammatory diseases. The PEACHTREE 

trial showed promising visual and anatomical results in patients with uveitic 

macular edema. It also demonstrated a low risk of IOP elevation and minimal 

risk of cataract development with a favorable safety profile compared to 

sham. These findings compare favorably with the reported literature related 

to intraocular and periocular administration of corticosteroid for macular 

edema associated with uveitis. 

Basic and translational research is ongoing for additional disease 

indications that will further leverage the suprachoroidal drug delivery 

technology. Additional studies may provide ophthalmologists a novel 

therapeutic approach for posterior segment disease, including uveitis and 

retinal vascular disease conditions in the future. q

Table 1: clinical trials utilizing suprachoroidal drug delivery

Study name Study type Disease 

indication

N Major efficacy outcome Safety considerations

Safety Study of Suprachoroidal Triamcinolone 

Acetonide Via Microneedle to Treat Uveitis26

Phase I/II NIU 9 Safe and tolerable. All patients 

with improvement in  

visual acuity

No systemic AEa related to study drug, most 

common ocular AE was pain.

Suprachoroidal Injection of Triamcinolone Acetonide 

in Subjects With Macular Edema Following Non-

Infectious Uveitis (DOGWOOD)27

Phase II ME due  

to NIU

22 69% of patients had decreased 

central subfield thickness 

of >20%, improved vision in 65%

No steroid-related increase in IOP

Suprachoroidal Injection of CLS-TA in Subjects With 

Macular Edema Associated With Non-infectious 

Uveitis (PEACHTREE)28

Phase III ME due  

to NIU

160 Significant improvement in 

vision & CST compared to sham

No serious AEs related to treatment. 

Comparable rates of elevated IOP & cataract 

between CLS-TA & sham groups

Suprachoroidal Injection of CLS-TA Alone or With 

Aflibercept in Subjects With Diabetic Macular Edema 

(HULK)33 

Phase I/II Diabetic ME 20 CLS-TA alone or in combination 

with intravitreal aflibercept, 

improved VA in treatment  

naïve patients

Equal tolerability in both groups, no 

significant cataract or elevation in IOP

Suprachoroidal CLS-TA With Intravitreal Aflibercept 

Versus Aflibercept Alone in Subject With Diabetic 

Macular Edema (TYBEE)34

Phase II Diabetic ME 71 Aflibercept alone or with  

CLS-TA. Combination of CLS-TA 

and aflibercept required fewer 

injections

No AEs over 24 weeks. 8.3% in combination 

arm and 2.9% in control arm with elevated 

IOP.  Comparable rates of cataract formation 

between groups

Suprachoroidal Injection of Triamcinolone Acetonide 

With IVT Aflibercept in Subjects With Macular Edema 

Following RVO (SAPPHIRE)35,36

Phase III Retinal vein 

occlusion 

with ME

460 Aflibercept alone or with 

CLS-TA. Comparable efficacy 

across both groups at 8 weeks

N/A 

AE = adverse event; CST = central subfield thickness; IOP = intraocular pressure; ME = macular edema; NIU = noninfectious uveitis; VA = visual acuity.
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