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ORIGINAL ARTICLE

Intravitreal dexamethasone sodium
phosphate challenge to predict implant
response in refractory diabetic macular
edema: a pilot study
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Gabriel Rocha Lira", Maria Isabel Lynch Gaete’

1.Universidade Federal de Pernambuco, Recife, PE, Brazil.

ABSTRACT

Purpose: To evaluate the accuracy of a short-term intravitreal dexamethasone sodium phosphate
challenge in predicting the anatomical response to a sustained-release dexamethasone implant (Ozurdex)
in patients with refractory diabetic macular edema. Methods: This prospective, non-randomized, Phase
2 pilot study enrolled 12 pseudophakic eyes with diabetic macular edema refractory to anti-vascular
endothelial growth factor (anti-VEGF) therapy. Participants underwent a challenge phase (Day 0)
consisting of a single intravitreal injection of 0.08-mg dexamethasone sodium phosphate, followed by
a maintenance phase (Day 7), during which all subjects received a 0.7-mg dexamethasone implant. The
primary outcome was concordance between the anatomical response at Day 3 (post-dexamethasone
sodium phosphate) and Day 60 (post-implant), defined as a >10% reduction in central macular thickness.
Secondary outcomes included achieving a clinically “dry” macula (central macular thickness <300 um)
at Day 60, changes in best-corrected visual acuity, safety outcomes (intraocular pressure), and spectral-
-domain optical coherence tomography biomarker analysis. Results: The dexamethasone sodium phosphate
challenge induced significant macular drying by Day 3 (median central macular thickness reduction, -21 um;
p=0.002). A positive response to dexamethasone sodium phosphate strongly predicted response to the
dexamethasone implant, with a positive predictive value and specificity of 100%. The negative predictive
value was 80%. Irreversible biomarkers, including disorganization of retinal inner layers and ellipsoid
zone disruption, were more prevalent among nonresponders (60% vs. 28.6%). Safety outcomes were
acceptable; 16.7% of patients developed ocular hypertension, which was successfully managed with
topical therapy. Conclusion: A short-term dexamethasone sodium phosphate challenge is a safe,
low-cost, and highly specific predictor of dexamethasoneimplant efficacy. This “test-and-treat” strategy
may optimize resource allocation in resource-constrained settings by identifying responders before

high-cost implantation.
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INTRODUCTION

Diabetic macular edema (DME) remains the leading cause
of vision loss among the working-age population worldwide,
imposing a substantial burden on public health systems®2.
The condition is characterized by breakdown of the blood-
retinal barrier, resulting in extracellular fluid accumulation
and structural disruption of the macula®?. Although vascular
endothelial growth factor (VEGF) was historically identified
as the primary driver of vascular permeability—Ileading
to the widespread adoption of anti-VEGF agents as first-
line therapy—real-world outcomes have demonstrated
important limitations. Approximately 30%-50% of patients
with DME show a suboptimal response to anti-VEGF
monotherapy, presenting with persistent fluid and limited
visual improvement despite intensive treatment®®,

Emerging evidence suggests that in chronic or refractory
DME, disease pathophysiology shifts from a predominantly
angiogenic, VEGF-driven process to one mediated by a
broader inflammatory milieu, including cytokines such as
interleukin-6 (IL-6) and tumor necrosis factor-a. (TNF-a.). This
“cytokine switch” provides a strong biological rationale
for corticosteroid therapy®®. The 0.7 mg biodegradable
dexamethasone implant (Ozurdex; Allergan/AbbVie) targets
thisinflammatory cascade throughsustainedintraoculardrug
release, offering prolonged control of macular edema(®).
However, widespread adoption of this implant—particularly
in resource-constrained settings such as the Brazilian Unified
Health System (SUS)—is limited by high cost and safety
concerns, including cataract progression and intraocular
pressure (I0P)elevation(™).

Clinicians, therefore, face a therapeutic dilemma. With-
holding the implant due to cost or safety concerns may de-
prive true responders of meaningful visual recovery, whereas
indiscriminate use leads to unnecessary financial burden and
exposure to adverse effects in nonresponders—patients
whose edema may be driven by irreversible structural
damage or steroid-insensitive pathways. Consequently,
there is an unmet need for a reliable biomarker to predict
corticosteroid responsiveness.

In this context, we propose a novel diagnostic strategy
using alow-cost, short-acting formulation of dexamethasone
sodium phosphate (DSP) as a pharmacological “challenge
test”. DSP is highly soluble and has a short vitreous half-
life (3.5-5.5 h), producing a rapid but transient therapeutic
effectt+7), We hypothesized that the early anatomical
response to this corticosteroid pulse, assessed on Day
3, would reflect the presence of corticosteroid-sensitive
pathways and thereby predict the efficacy of the sustained-
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release dexamethasone implant. This Phase 2 pilot study
aimed to validate the predictive accuracy of this “test-and-
treat” protocol in pseudophakic eyes with refractory DME.

METHODS

Study design and ethics

This prospective, non-randomized, interventional, longi-
tudinal Phase 2 pilot study was conducted at a specia-
lized retina center in Recife, Brazil. The study protocol
adhered to the Declaration of Helsinki and the ICH-GCP
guidelines. Ethical approval was obtained from the Ethics
Committee of the Federal University of Pernambuco (CAAE:
80023924.5.0000.5208), and the trial was registered in the
Brazilian Registry of Clinical Trials (REBEC: RBR-2bgcvwj).
Written informed consent was obtained from all participants
before enrollment.

Eligibility criteria

Patients with type 2 diabetes mellitus and center-in-
volved DME refractory to anti-VEGF therapy were eligible for
inclusion. Refractory DME was defined as a central macular
thickness (CMT) >300 um on spectral-domain optical coherence
tomography (SD-OCT), with <10% reduction in CMT following
at least six consecutive monthly intravitreal injections of 2
mg aflibercept. Inclusion was limited to pseudophakic eyes
to eliminate cataract progression as a confounding factor for
visual acuity outcomes. Best-corrected visual acuity (BCVA)
was required to be between 1.3 logMAR (20/400 Snellen
equivalent) and 0.2 logMAR (20/32 Snellen equivalent).

Exclusion criteria included recent treatment for DME
(laser photocoagulation or intravitreal steroids within 4
months); panretinal photocoagulation within 6 months;
intraocular surgery within 4 months; history of pars plana
vitrectomy (PPV); open-angle glaucoma; steroid-induced
ocular hypertension; or baseline IOP 221 mmHg.

Study protocol

The “challenge-and-treat” protocol consisted of two
sequential phases:

1. Phase 1 (Challenge): On Day o, participants received a
single intravitreal injection of DSP (Decadron; Ache).
A dose of 0.08 mg (0.04 mL of a 2-mg/mL solution)
was administered via the pars plana under topical
anesthesia using standard aseptic technique. Post-injec-
tion care included topical moxifloxacin 0.5%; no topical
corticosteroids were prescribed.
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2. Phase 2 (Implant): On Day 7, all participants received a 0.7
mg sustained-release dexamethasone implant (Ozurdex®;
Allergan/AbbVie), irrespective of the response to the DSP
challenge. This interval allowed for functional washout
of DSP, corresponding to approximately five vitreous
half-lives. The implant was administered via a shelved
scleral injection technique.

Assessments and outcomes

Clinical evaluations included BCVA assessment using
ETDRS charts (converted to logMAR), Goldmann applanation
tonometry, and slit-lamp biomicroscopy. SD-OCT imaging
(Cirrus; Zeiss) was performed at all study visits. Baseline OCT
images were assessed for established prognostic biomarkers,
including disorganization of retinal inner layers (DRIL),
ellipsoid zone (EZ) disruption, hyperreflective foci, and cyst
location.

The primary outcome was the predictive accuracy of
the anatomical response at Day 3 (DSP effect) for the
clinical response at Day 60 following dexamethasone
implantation. A “DSP Responder” was defined as achieving
a >10% reduction in CMT from baseline at Day 3. An
“Ozurdex Responder” was defined as achieving either a
>10% reduction in CMT from baseline or an absolute CMT
<300 pum at Day 60. Secondary outcomes included mean
changes in CMT and BCVA through Day 120 and the
incidence of adverse events.

Statistical analysis

Sample size calculation indicated that a total of 12
participants would provide 80% power to detect a 0.5
standard deviation difference in macular thickness. Statistical
analyses were performed using SPSS software (version
21.0; IBM Corp.). Data normality was assessed using the
Shapiro-Wilk test. Longitudinal changes were analyzed
using paired t tests or Wilcoxon signed-rank tests, as
appropriate. Predictive performance was evaluated using
2 x 2 contingency tables to calculate sensitivity, specificity,
positive predictive value (PPV), and negative predictive value
(NPV), with corresponding 95% confidence intervals. Changes
in the frequency of categorical OCT biomarkers between
Day o and Day 120 were analyzed using the McNemar exact
test. Fisher’s exact test was used to assess associations
between categorical variables. Statistical significance was
set at p<0.05. Due to the limited sample size, multivariate
regression analysis was not performed to minimize the risk
of model overfitting.

RESULTS

Twelve eyes from 12 participants completed the
study protocol. Baseline characteristics were consistent
with a population exhibiting advanced, chronic diabetic
macular edema (Table 1).

Anatomical and functional responses

The sequential corticosteroid regimen resulted in rapid
and sustained anatomical improvement. Following the single
0.08 mg DSP injection, median CMT decreased significantly
from 375.0 um at baseline to 354.0 um on Day 3 (p=0.002).
After dexamethasone implant administration on Day 7,
further macular drying was observed, with median CMT
decreasing to 341.0 um on Day 30 (p=0.002) and reaching a
nadir of 305.0 um on Day 60 (p=0.002). A mild trend toward
recurrence was noted by Month 4, consistent with the
known pharmacokinetics of the dexamethasone implant.

Functional outcomes were more modest compared with
anatomical improvements. Mean BCVA improved from 0.67
logMAR at baseline to 0.57 logMAR at Day 60 (p=0.003),
corresponding to a gain of approximately five ETDRS letters
(Table 2).

Predictive accuracy

A reduction of >10% in CMT at Day 3 (DSP response) was a
strong predictor of achieving a >10% reduction in CMT at Day
60 following dexamethasone implantation. The DSP challenge
demonstrated a sensitivity of 88% (95% confidence interval
[95% Cl], 45-97) and a specificity of 100% (95% Cl, 51-100). The
positive predictive value (PPV) was 100% (95% Cl, 65-100),
indicating that all patients who responded to the low-cost
DSP challenge subsequently responded to the sustained-
release implant. The NPV was 80% (95% Cl, 38-96; Table 3).

Baseline characteristics

Characteristic

Age (yr), mean (SD) 66.7 (6.8)
HbA1c (%), mean (SD)? 7.84 (0.71)
Sex (female), n (%) 7(58.3)
Eye (left), n (%) 7(58.3)
Baseline CMT (um) and median (IQR) 375.0 (185)
Baseline BCVA (IogMAR), mean (SD)* 0.67 (0.20)
Baseline IOP (mmHg), mean (SD)* 16 (1.7)
Previous response to six consecutive monthly intravitreal 5.44 (1.77)

injections of 2-mg aflibercept (CMT reduction, %), mean (SD)*

BCVA= best-corrected visual acuity; CMT= central macular thickness; IOP= intraocular pressure;
IQR= interquartile range (Q1-Q3); SD= standard deviation.
2Normal distribution on Shapiro-Wilk test.
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Longitudinal assessment of ophthalmic outcomes (CMT, BCVA, and I10P)

Outcome Do Median (IQR) D3 Median (IQR) D30 Median (IQR) D60 Median (IQR) D9o Median (IQR) D120 Median (IQR)
CMT (um) 375.0 (175) 354.0 (181) 341.0 (152) 305.0 (162) 344.0 (180) 356.0 (192)
IOP (mmHg) 16 (2) 19:5(2) 19(3) 18(3) 17(2) 16 (2)
Outcome Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
BCVA (logMARY* 0.67 (0.20) 0.66 (0.21) 0.62(0.22) 0.57(0.23) 0.59 (0.26) 0.63(0.24)
Paired comparisons p- value p- value p- value p- value p- value

(vs. Do) (Do vs. D3) (Do vs. D30) (Do vs. D60) (Do vs. D90) (Do vs. D120)
CMT (um)° 0.002 0.002 0.002 0.002 0.002

I0P (mmHg)° 0.005 0.004 0.005 0.015 0.675

BCVA (logMAR)* 0.109 0.005 0.003 0.018 0.034

BCVA= best-corrected visual acuity; CMT= central macular thickness; Do= day of dexamethasone sodium phosphate (DSP) injection; D3, 3 days post-DSP injection; D30, D60, D90, and D120 (30, 60, 90, and

120 days post-Ozurdex injection, respectively); IOP= intraocular pressure; IQR= interquartile range; SD= standard deviation.

*Normal distribution on Shapiro-Wilk test.
“Wilcoxon signed-rank test.
“Paired t test.

Predictive accuracy of the response 3 days post-dexamethasone sodium
phosphate injection for the response 60 days after a 0.7-mg intravitreal dexame-
thasone implant

Outcome: Reduction in CMT >10% at D60

Reduction in
R tion in CMT
eduction in € CMT <10% at Total  p-value
>10% at D60
D60
Reduction in CMT TP=7 FP=0 7 0.01°
>10% at D3
Reduction in CMT FN=1 TN=4 5
<10% no D3
Total 8 4 12
Outcome: CMT <300 um at D60
CMT <300 pm CMT >300 um
Total -val
at D6o at D6o GEL P
Reduction in CMT TP=6 FP=1 7 0.0152
>10% at D3
Reduction in CMT FN=0 TN=5 5
<10% no D3
Total 6 6 12

CMT= central macular thickness; D3= 3 days post-dexamethasone sodium phosphate injection;
D60= 60 days post-Ozurdex injection; TP= true positives; FP= false positives; TN= true negatives;
FN= false negatives.

“Fisher’s exact.

Similarly, a >10% reduction in CMT at Day 3 strongly
predicted the achievement of a clinically “dry” macula
(CMT <300 um) at Day 60 (Ozurdex effect). In this analysis,
sensitivity was 100% (95% Cl, 60-100), specificity was 83.3%
(95% Cl, 45-97), PPV was 86% (95% Cl, 54-97), and NPV was
100% (95% Cl, 57-100; Table 3).

Safety

Mean IOP increased from 16.0 mmHg at baseline to 19.5
mmHg on Day 3 following DSP injection (p=0.005). After
dexamethasone implant placement, IOP remained stable,
with a mean of 18 mmHg at Day 60. Clinically significant
ocular hypertension (>21 mmHg) occurred in two patients
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(16.7%) and was successfully controlled with topical timolol.
No cases of endophthalmitis or retinal detachment were
observed.

Biomarker analysis

SD-OCT analysis demonstrated a high prevalence of
inflammatory and neurodegenerative features at baseline.
The proportion of eyes with extrafoveal cysts decreased
from 75% at baseline to 33.3% at Day 120 (p=0.063), while
foveal cysts decreased from 58.3% to 16.7% over the same
period (p=0.063), indicating a trend toward macular
drying. Hyperreflective foci were present in all eyes at
baseline and persisted at Day 120 despite the resolution of
intraretinal fluid.

Markers of irreversible structural damage, including
DRIL and EZ disruption, were present in 41.7% of eyes. These
features were more frequently observed in nonresponders
to the DSP challenge (60.0%) than in responders (28.6%);
however, this difference did not reach statistical significance
(p=0.558), likely due to the limited sample size.

DISCUSSION

This Phase 2 pilot study validates a pragmatic strategy
for the management of refractory DME: the use of a low-
cost pharmacological “challenge” to stratify patients before
sustained-release corticosteroid therapy. Our findings
demonstrate that a single intravitreal injection of DSP
is a highly specific predictor of anatomical response to
the 0.7 mg dexamethasone implant. With a PPV and
specificity of 100%, the DSP challenge effectively functions
as a “pharmacological biopsy”, distinguishing eyes with
corticosteroid-responsive edema from those with steroid-
insensitive disease or irreversible structural damage.
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The success of this strategy is supported by the comple-
mentary pharmacokinetic and pharmacodynamic profiles
of the two corticosteroid formulations. DSP is a highly
soluble ester that rapidly achieves high intravitreal peak
concentrations, triggering an immediate genomic response
that suppresses proinflammatory mediators such as IL-6
and VEGF. This short but potent “pulse” effect is sufficient
to induce measurable intraretinal fluid reabsorption within
72 h(®19), In contrast, the dexamethasone implantrelieson a
polylactic-co-glycolic acid matrix for sustained drug delivery
and typically exhibits a pharmacological “lag phase” during
the first postoperative week before stable therapeutic
levels are achieved®®. A favorable response to the DSP
challenge, therefore, indicates preserved glucocorticoid
receptor signaling and functional fluid clearance pathways
within the retina.

Spectral-domain OCT biomarker analysis revealed a high
prevalence ofinflammatory and neurodegenerative features,
including DRIL and EZ disruption®*®). Although significant
anatomical improvement was achieved, functional gains
were modest, averaging approximately five ETDRS letters.
This dissociation highlights a key clinical reality in refractory
DME: while anatomical drying is a necessary prerequisite
for disease stabilization, it does not invariably translate into
substantial visual recovery. The high prevalence of DRIL and
EZ disruption in our cohort (41.7%) suggests that chronic
neurodegenerative damage imposes a ceiling on functional
improvement. In this context, preventing further vision
loss and achieving a dry macula (CMT <300 um) should be
regarded as realistic and clinically meaningful therapeutic
objectives.

The economicimplications of this strategy are particularly
relevant for public health systems such as the Brazilian SUS.
The cost of a compounded DSP injection is minimal (less
than $5), whereas the dexamethasone implant represents
a substantial financial investment. Using the DSP challenge
as a diagnostic “gatekeeper” enables early identification
of nonresponders at negligible cost, thereby improving
resource allocation. In addition, the challenge serves as a
safety probe; identifying a clinically significant IOP response
to a short-acting corticosteroid is inherently safer than
detecting steroid responsiveness after implantation of a
long-acting device.

Despite the excellent positive predictive performance,
the NPV of 80% warrants careful interpretation. A negative
DSP challenge does not categorically exclude benefit from
the sustained-release implant, as a subset of patients without
early response still demonstrated anatomical improvement

at Day 60. This observation suggests that some eyes may
require prolonged, steady-state corticosteroid exposure to
overcome chronic inflammatory resistance—an effect not
captured by the transient DSP pulse. Accordingly, a negative
challenge should be interpreted as indicating reduced
prognostic favorability rather than serving as an absolute
contraindication to implantation.

The discrepancy between robust anatomical drying
and modest visual improvement underscores the impact
of chronic neurodegeneration in refractory DME. The
high baseline prevalence of DRIL and EZ disruption likely
established a functional “ceiling” for visual recovery. In this
clinical context, preventing further vision loss and achieving
a dry macula should be considered realistic and clinically
meaningful therapeutic goals.

The primary limitation of this study is the small sample
size (n=12), which is typical of a Phase 2 pilot investigation
but results in wider confidence intervals. In addition,
the absence of a control arm receiving dexamethasone
implantation alone limits precise quantification of the
incremental benefit conferred by the DSP induction
challenge. The exclusion of phakic eyes further restricts
generalizability; however, this design choice was necessary
to isolate retinal function from lens-related confounding.
Large,randomized controlled trials are therefore warranted
to validate this treatment algorithm.

In conclusion, this study provides initial evidence that
a short-term intravitreal challenge with DSP is a safe,
accessible, and highly promising predictor of anatomical
response to dexamethasone implantation in refractory DME.
Based on these findings, we propose a clinical decision-
making algorithm to optimize the management of refractory
DME in resource-limited settings (Figure 1). This “test-and-
treat” approach employs the DSP challenge as a diagnostic
tool for both efficacy and safety before commitment to high-
cost sustained-release therapy.
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The "Test and Treat" Decision-Making Algorithm for Refractory DME

Patient Selection
Inclusion: Center-involved DME refractory to anti-VEGF therapy (<10%
CMT reduction after > 6 consecutive monthly aflibercept injections)
Prerequisite: Pseudophakic eyes with baseline CMT > 300 ym

Step 1: The Pharmacological Challenge (Day 0)
Action: Administer DSP 0.08 mg/0.04 mL

Step 2: Early Anatomical Evaluation (Day 3)
Action: Perform SD-OCT to measure Central Macular Thickness (CMT)
Secondary Check: Monitor IOP as a safety assessment for “steroid responders”

[NO]
Steroid Non-Responder

‘Assess for structural damage
(DRIL or EZ disruption)

v

If structural damage is
present: Manage
expectations for limited
functional recovery

v

ﬂ structural damage is
absent: Consider alternative
cytokine pathways or high-
\ dose maintenance

[YES]

Steroid Responder

Step 3: Therapeutic
Maintenance (Day 7)
ction: Administer Ozurde

Decision Node?
Is CMT reduction
210%?

Long-term Monitoring:
Peak anatomical and
functional effect
anticipated at Day 60.
Monitor for CMT
recurrence and |OP spikes,
through Day 120

The “Test-and-Treat” clinical algorithm for refractory DME. This flowchart illustrates the proposed sequential protocol for using a low-cost dexamethasone sodium
phosphate (DSP) challenge to predict long-term anatomical response to a sustained-release dexamethasone implant. Patients with refractory DME—defined as <10% re-
duction in central macular thickness (CMT) after 26 consecutive monthly intravitreal aflibercept injections, as assessed by spectral-domain optical coherence tomography
(SD-OCT)—undergo a pharmacological challenge on Day 0. An anatomical response, defined as a 210% reduction in CMT at Day 3 following DSP injection, serves as a high-
-precision predictor (100% PPV) of treatment response to the 0.7-mg dexamethasone implant at Day 60. The algorithm also incorporates an early IOP safety assessment and
emphasizes baseline evaluation of structural biomarkers, including disorganization of the retinal inner layers (DRIL) and ellipsoid zone (EZ) disruption, to guide prognosis

and manage functional expectations in chronic disease.
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