OCT BIOMARKERS'IN

UVEITIC MACULAR EDEMA

Noninvasive indicators of disease severity and prognosis may help guide management.
BY AUMER SHUGHOURY, MD, AND THOMAS A. CIULLA, MD, MBA

Macular edema (ME) is the most retina in vivo. Several OCT biomarkers have been proposed
common cause of vision loss in as measures of disease severity and visual prognosis
intraocular inflammatory disease in UME, such as microscopic patterns of ME, central
and is a common feature of active subfield thickness (CST), ellipsoid zone (EZ) integrity, and
uveitis."? However, the diagnosis and disorganization of retinal inner layers (DRIL).
management of uveitic ME (UME) can be challenging, owing Research continues to enhance our understanding of the
in part to its often subtle examination findings and variable correlations between these OCT biomarkers, baseline BCVA,
effects on visual acuity. Inconsistent correlations between and visual prognosis.>*> Here, we provide a brief overview of
UME severity, response to treatment, and visual prognosis the use of these various biomarkers as indicators of visual

can complicate the development of individualized treatment function and long-term prognosis in UME.
plans and make it difficult to provide patients with accurate

prognostic counseling. [NETH

OCT has revolutionized the field of ophthalmology Three major patterns of ME have been described based
by providing a simple, noninvasive modality for reliably on their OCT appearance (Figure 1).%” The most common
studying the microscopic cross-sectional structure of the pattern, cystoid ME (CME), is characterized by clearly

AT A GLANCE

» Several OCT biomarkers have been proposed as
measures of disease severity and visual prognosis
in uveitic macular edema.

» Tracking central subfield thickness at baseline and
across treatment sessions may hold some value in
clinical prognostication and patient counseling.

» Recent research suggests that foveal
disorganization of retinal inner layers could be a

Figure 1. This OCT image demonstrates all three major patterns of ME in one unlucky

patient. CME (arrows) appears as large, clearly defined, cystoid spaces. Diffuse ME valuable biomarker for BCVA in uveitic macular
(arrow heads) anmlaars as small, sponge-like, Iow-.reflectlve areas. Serous ret.mal edema in addition to E||iDSOid 70ne integrity and
detachment (asterisk) appears as a clean separation of the neurosensory retina from the . .

retinal pigment epithelium. ME is also associated with increased central retinal thickness central subfield thickness.

(double-headed arrow).
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defined, large, low-reflective intraretinal spaces.” Diffuse ME
is characterized by generalized increased retinal thickness
with small, sponge-like, low-reflective spaces. Serous retinal
detachment is a clean separation of the neurosensory retina
from the retinal pigment epithelium.” Correlations between
each of these OCT patterns and baseline BCVA, response to
treatment, and long-term visual prognosis in UME have been
widely studied.®

CENTRAL SUBFIELD THICKNESS

One of the simplest objective OCT measures of the degree
of ME is retinal thickness.? The most useful measure of
retinal thickness as a biomarker of visual prognosis is CST,
calculated by OCT software as the average thickness (in
microns) across a 1-mm diameter circular area centered
around the fovea (from the internal limiting membrane to
the inner third of the retinal pigment epithelium on Cirrus
OCT (Carl Zeiss Meditec), to Bruchs membrane on the
Spectralis OCT (Heidelberg Engineering), or to the EZ on the
Stratus OCT (Carl Zeiss Meditec). CST serves as a reliable,
objective measure of the severity of vision-threatening ME
and can be tracked over time.™

Increased CST has been shown to correlate negatively with
baseline BCVA and visual prognosis in ME."" However, early
studies of CST in UME demonstrated only a weak correlation
between macular thickness and visual acuity.>'>'> More
recently, data from 128 eyes enrolled in the Multicenter
Uveitis Steroid Treatment (MUST) trial suggested a
moderately negative correlation between CST and BCVA at
baseline, as well as between change in CST and change in
BCVA at 6 months.™

MUST trial data also demonstrated a 6.5-letter increase
in BCVA on average for every 100-um reduction in CST
following therapy,'® whereas other studies showed that
eyes with UME that achieved at least a 20% decrease in CST
tended to demonstrate an increase in BCVA of at least 10 to
15 letters."'> Notably, some research has suggested that CST
may be more strongly correlated with visual acuity in CME
compared with other patterns of UME."

A recent pooled analysis of 198 UME patients enrolled
in the PEACHTREE and AZALEA trials examined the use of
suprachoroidal injection of a triamcinolone acetonide corti-
costeroid formulation (CLS-TA, Clearside Biomedical) in ME
and found only a moderately negative correlation between
CST and BCVA at baseline, with CST accounting for 14.6% of
the variation in baseline BCVA."! There was also a moder-
ately negative correlation in the change from baseline to
24 weeks between BCVA and CST, although change in CST
accounted for only 17.5% of the total variation in the change
in BCVA."" Further analysis of the same pooled cohort sug-
gested that CST changes may precede BCVA improvement
by up to 6 weeks (3 weeks vs 9 weeks, respectively) following
treatment of UME, with earlier CST response significantly

RARE AND INHERITED RETINAL DISEASES

Figure 2. The intact EZ (arrows) loses its integrity (bracket) within the area of UME. Note the
mild serous retinal detachment (between arrow heads) causing significant EZ disruption.
Overlying large central cystoid spaces and diffuse ME are also seen.

associated with better visual prognosis.®

These findings suggest that tracking CST at baseline and
across treatment sessions may hold some value in clinical
prognostication and patient counseling. However, because
correlations between CST and BCVA are at best moderate
and fail to account for a large portion of BCVA variability,
evaluation of other biomarkers such as those representing
severity of retinal tissue damage or structural derangement
may provide more information than analysis of CST alone.®

EZ INTEGRITY

The EZ corresponds anatomically to the photoreceptor
inner segment—outer segment junction and is thought
to represent the mitochondria of photoreceptor inner
segments.”” The evaluation of its reflectivity and integrity
on OCT imaging serves as an important biomarker of
photoreceptor health."1®

Loss of EZ integrity is associated with decreased visual
acuity in a large number of retinal diseases (Figure 2). In
UME, the degree of central subfield EZ disruption at base-
line was associated with poorer baseline BCVA and poorer
response to treatment in the pooled AZALEA/PEACHTREE
trial UME cohort, although it may account for less than 30%
of the total variation in BCVA, on average.>'" A smaller study
by Grewal et al analyzed 56 eyes from the VISUAL-1 trial of
UME and found EZ integrity on OCT to be weakly associated
with BCVA when averaged across all visits.” Finally, degree
of EZ disruption has been associated with intensity of cor-
ticosteroid therapy required to treat UME.2’ These findings
suggest that EZ analysis may be helpful in predicting clinical
response to treatment; however, as with CST, EZ analysis
alone is not sufficient for accurate prognostication in UME.

DRIL

Precise organization of the inner retina is critical to physi-
ologic visual function. Complex interactions between bipolar
cells and networks of horizontally and vertically oriented
amacrine cells in the inner retinal layers are responsible for
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» RARE AND INHERITED RETINAL DISEASES

Figure 3. This OCT image demonstrates DRIL in UME. Note the loss of clearly delineated
boundaries between the inner retinal layers (between arrows) adjacent to the large central
cystoid space.

processing photoreceptor signals and relaying the visual
image to the brain.?’ Macular or foveal disruption of these
intricate networks may profoundly impact visual acuity.?
DRIL, an OCT biomarker of retinal disease, appears as loss
of clearly delineated boundaries between the ganglion cell-
inner plexiform layer complex, the inner nuclear layer, and
the outer plexiform layer (Figure 3).23

DRIL has been robustly associated with poorer baseline
BCVA and visual prognosis in diabetic ME, even after
treatment and resolution of edema.???* One study found
that the volume of retinal tissue between the inner and
outer plexiform layers as determined by OCT imaging
predicted 80% of the variance in baseline BCVA compared
with 14% predicted by CST; this validates retinal tissue
integrity with preserved axonal connections as an indicator
of visual function.?> DRIL may also be a sign of inner retinal
ischemia or inflammatory neurodegeneration."

Few studies have assessed DRIL as a biomarker in UME.
Grewal et al first reported a significant association between
baseline BCVA and both the horizontal and vertical retinal
area of foveal DRIL in UME." Liu et al similarly found that
the transverse and vertical diameter of DRIL on baseline
OCT imaging was associated with worse baseline BCVA and
poorer final BCVA, while baseline macular thickness was not
correlated with improvement in BCVA at 6 months.2® While
more research is necessary, these findings suggest that DRIL
may ultimately prove to be a robust and useful biomarker of
disease severity and prognosis in UME.

MORE WORK AHEAD

Continued research clarifying the precise significance
of these biomarkers and others in the diagnosis and
management of retinal disease may prove them to be invalu-
able for guiding the management of UME. Integration of
such biomarkers into machine-learning algorithms may
ultimately provide the key to developing personalized
therapeutic strategies and accurate prognostic guidance in
the management of uveitis and other retinal diseases. m
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