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ABSTRACT

Introduction: The fluocinolone acetonide (FAc)
intravitreal drug-delivery system implant is a
recent, second-line, intravitreal drug for the
management of diabetic macular edema (DME).
FAc acts against DME with a major anti-in-
flammatory effect. Despite the already proved
efficacy, a number of patients still show persis-
tent DME and require anti-VEGF retreatment.
The main aim of the present study was to assess
the  relationship  between  quantitative
biomarkers of inflammation and both DME
recovery and the need for additional anti-VEGF
in eyes treated by FAc implant.

Methods: The study was designed as prospec-
tive and interventional with 1 year of follow-up.
We analyzed structural optical coherence
tomography (OCT) quantitative biomarkers of
inflammation, namely choroidal hyperreflec-
tive foci (HF) and the choroidal vascularity
index (CVI), and we assessed the relationship
with other clinically relevant biomarkers and
the outcome achieved after 1year. Moreover,
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we stratified DME eyes in good and poor
responders to FAc implant to highlight clini-
cally relevant differences.

Results: Our study included 50 eyes (50
patients) treated by FAc implant. We found
significant best-corrected visual acuity (BCVA)
and central macular thickness (CMT) improve-
ments after 1year. Good responders started
with worse visual acuity and higher CMT than
poor responders, but gained letters significantly
at the end of the follow-up, whereas poor
responders showed stable BCVA values. Good
responders were characterized by significantly
higher choroidal HF and lower CVI than poor
responders. Poor responders required signifi-
cantly higher additional anti-VEGF treatments.
Conclusions: Quantitative  structural OCT
biomarkers of inflammation allowed distin-
guishing different inflammatory profiles of
DME. The inflammatory component helped to
categorize DME eyes in good and poor respon-
ders to FAc implant.

Keywords: Choroidal biomarkers; Choroidal
vascularity index; Diabetic macular edema;
Fluocinolone acetonide implant;
Hyperreflective foci; Inflammation

I\ Adis


http://orcid.org/0000-0003-4715-8414
https://doi.org/10.6084/m9.figshare.12860672
http://crossmark.crossref.org/dialog/?doi=10.1007/s40123-020-00297-z&amp;domain=pdf
https://doi.org/10.1007/s40123-020-00297-z

972

Ophthalmol Ther (2020) 9:971-980

Key Summary Points

Diabetic macular edema pathogenesis has
inflammation and vasculopathy as key
factors. The different contribution of
these two elements may justify the
heterogeneous response to anti-VEGF and
intravitreal steroid treatments.

Fluocinolone acetonide (FAc) intravitreal
drug-delivery system implant is a recent
second-line treatment for the long-term
management of DME.

In the present study, we evaluated the
relationship between quantitative
structural OCT biomarkers of
inflammation and the response to FAc
implant.

We quantitatively categorize DME eyes,
accordingly to the inflammatory profiles,
in good and poor responders to FAc
implant.

We proposed quantitative cutoff values for
the selection of good DME candidates for
FAc implant.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. To view
digital features for this article go tohttps://doi.
0rg/10.6084/m9.figshare.12860672.

INTRODUCTION

Diabetic macular edema (DME) represents a
possible complication of diabetic retinopathy
(DR), leading to progressive visual acuity loss
[1, 2]. The current treatments include both
intravitreal anti-VEGF injections and corticos-
teroids [3]. The two main issues related to DME
management are the heterogeneous response to
each intravitreal drug and the need for even

more long-term duration treatments. More
recently, the fluocinolone acetonide (FAc)
0.19 mg intravitreal drug-delivery system (ILU-
VIEN®; Alimera Sciences, Inc., Alpharetta, GA,
USA) has been introduced to provide a safe and
efficient long-term therapeutic approach, with
up to 3-year duration [4-9]. Since the FAc
implant mainly has an anti-inflammatory
mechanism of action, the variable response to
this specific treatment may depend on the
amount of inflammation characterizing DME.

The main aim of the present study was to
quantitatively investigate retinal morphologic
features in DME patients treated by FAc implant
to assess the presence of quantitative structural
optical coherence tomography (OCT) biomark-
ers related to good response to FAc treatment.

The secondary goal was the identification of
two different subgroups of DME eyes according
to the quantitative inflammatory profiles
detected by structural OCT.

METHODS

The study was designed as a prospective, inter-
ventional cohort study including DME eyes
treated with the FAc implant at the Department
of Ophthalmology, San Raffaele Hospital,
Milan, Italy. The study was approved by the the
ethics committee of San Raffaele Hospital,
Milan, Italy, and was conducted in accordance
with Helsinki Declaration. All the patients
signed an informed consent before inclusion in
the study.

The inclusion criterion was the presence of
DME treated with an intravitreal FAc implant,
with at least 1 year of follow-up. The adminis-
tration of the FAc implant was caried out in
accordance with the Italian guidelines, com-
prising refractory DME in pseudophakic
patients. Exclusion criteria consisted of macular
edema secondary to other causes than DME,
high media opacities, any ophthalmic surgery
in the last 6 months before FAc implant,
uncontrolled glaucoma or any ophthalmic or
systemic disease potentially affecting the results
of the study. All the patients underwent com-
plete ophthalmologic examination including
ETDRS best corrected visual acuity (BCVA),
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anterior and posterior segment slit-lamp evalu-
ation and Goldmann applanation tonometry.
We performed structural OCT examinations
(Spectralis HRA, Heidelberg Engineering; Hei-
delberg, Germany) with radial, raster and dense
scans with a high number of frames (ART > 25).
Enhanced depth imaging (EDI) was applied to
highlight choroidal structures. From structural
OCT images, we measured the following
parameters: central macular thickness (CMT),
inner retinal thickness (IRT), outer retinal
thickness (ORT), disorganization of the inner
retinal layers (DRIL), epiretinal membrane
(ERM), ellipsoid zone (EZ) and external limiting
membrane (ELM) status, retinal and choroidal
hyperreflective foci (HF), subretinal fluid (SRF)
and choroidal thickness (CT). With respect to
the HF calculation, to make the HF quantifica-
tion clinically feasible, we arbitrarily considered
a number of macular HF > 15 positive, consid-
ering retinal and choroidal HF separately.

Moreover, we calculated the choroidal vas-
cularity index (CVI) parameter starting from a
horizontal high-resolution structural OCT scan.
We loaded the images in Image] software [10].
Then, two expert ophthalmologists (AA, LC)
segmented the choroid, excluding those regions
affected by reflectivity hyper-transmission sec-
ondary to retinal pigmented epithelium dam-
age. They also excluded all the rest of the retina
and binarized the choroidal images, applying a
mean threshold. In this way, choroidal vessels
were black whereas choroidal stroma white.
Lastly, in-house scripts were used to calculate
the ratio between white and black signals, thus
obtaining the final CVI value.

The main outcome measure of this study was
the assessment of the relationship between
choroidal parameters and the final visual and
anatomical outcome after 1 year of follow-up.
To achieve this goal, we stratified patients into
good and poor responders at the end of the
1-year follow-up. The a priori arbitrary criterion
adopted to define good responders was the
improvement of at least 30% of the CMT. For
the analysis, we considered baseline (the last
visit before FAc implant) and 1-year examina-
tions. The interclass correlation coefficient
(ICC) was measured to assess the agreement
between the two graders through a two-way

random-effects model. Age, gender, systemic
hypertension, type and duration of diabetes
mellitus (DM), glycate hemoglobin (HbAlc),
stage of DR, duration of DME, previous history
of vitrectomy, previous panretinal photocoag-
ulation (PRP), previous nature and number of
treatments (anti-VEGF, intravitreal corticos-
teroids), baseline features (BCVA and CMT),
retinal and/or choroidal HF > 15, ERM, DRIL,
ELM/EZ status (normal/interrupted/absent) and
SRF were considered fixed factors. We also
considered the eventual presence of additional
anti-VEGF treatment (yes/no) administered
during the follow-up in accordance with oph-
thalmologists’ discretion for persistent DME. All
the statistical analyses were performed using the
SPSS software package (SPSS, Chicago, IL, USA),
through univariate and multivariate analyses,
with Bonferroni correction applied to assess
multiple comparisons. Kendall tau correlation
analysis was adopted to assess the relationship
among the included parameters. Statistical sig-
nificance was set at p < 0.05.

RESULTS

We collected data from 50 eyes of 50 patients
(29 males; mean age 68 + 9 years) affected by
DME. All the eyes were pseudophakic and had
been previously treated with intravitreal dex-
amethasone implants. All the patients were
followed for a least 1year. Clinical data are
extensively reported in Table 1. In particular, we
found a slightly significant BCVA improvement
after 1 year (p = 0.03) together with a significant
reduction of the macular edema (p < 0.01).

The overall inter-grader agreement was 93%
(range 89-98%) ICC.

The post-hoc analysis between poor and
good responders highlighted statistically sig-
nificant clinical differences.

Good responders started with worse visual
acuity than poor responders (p = 0.03), but sig-
nificantly gained letters at the end of the follow-
up (p = 0.03), whereas poor responders main-
tained stable BCVA values.

CMT results were significantly higher in
good responders at baseline compared to poor
responders (p = 0.02) and showed a significant
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Table 1 Clinical data in fluocinolone acetonide intravit-

real drug-delivery system treated eyes

Clinical data

Parameter Mean + SD p value
Number of patients 50

Age (years) 68 +9

Gender (M/F) 29/21 > 0.05
Ethnicity Caucasian (%) 50/50 (100%)

HbAlc (%) 7.02 £+ 0.89

Duration of diabetes (years) 22 %+ 10
Non-proliferative DR (%) 23 (46%) > 0.05
Proliferative DR (%) 27 (54%)

Duration of DME > 3 years  86%

Prior vitrectomy (%) 16%

Prior PRP (%) 48%

Prior DEX implant (%) 90%

Prior anti-VEGF (%) 72%

ETDRS BCVA baseline 59 + 18 0.03*
ETDRS BCVA 1Y 64+ 16

CMT baseline 476 £ 125 < 0.01*
CMT 1Y 327 £ 107

CT baseline 244 £ 81 < 0.01*
CT 1Y 216 + 74

DR Diabetic retinopathy, DME diabetic macular edema,
PRP panretinal photocoagulation, DEX dexamethasone,
BCVA best corrected visual acuity, CMT central macular
thickness, CT choroidal thickness

macular edema regression at the end of the
follow-up (p < 0.01); contrarily, poor respon-
ders showed uneven reductions of the CMT
(p > 0.05).

With respect to the choroidal biomarkers,
namely choroidal HF and CVI, good responders
showed significantly higher choroidal HF and
lower CVI than poor responders (p < 0.01), both
at baseline and at 1-year follow-up. Both
parameters disclosed no significant changes in

poor responders over the follow-up (p > 0.05);
good responders showed only the CVI incre-
ment, registered at the end of the follow-up
(p < 0.01). On the other hand, CT was always
similar between good and poor responders
(p > 0.05) (Fig. 1).

Interestingly, a mean CVI value of 0.40
helped to identify good and poor responders to
the FAc implant.

DRIL and SRF were similar between the two
groups, both at baseline and at 1-year follow-up
(p > 0.05).

Good responders showed higher baseline IRT
(p = 0.02), resulting in recovery after 1 year
(p < 0.01), but was unchanged in poor respon-
ders (p > 0.05). ORT and ELM/EZ status was
always similar in both groups, with unremark-
able changes detected at the end of the follow-
up (p > 0.05).

The mean number of additional anti-VEGF
injections was 2 + 1. Poor responders under-
went more additional anti-VEGF treatments
than good responders in terms of the number of
eyes treated (p = 0.02). We found no statistical
difference in terms of the number of additional
anti-VEGF injections between good and poor
responders (p > 0.05).

All the values are extensively described in
Table 2.

The correlation analysis (Table 3) high-
lighted the strict relationship between chor-
oidal inflammatory status (characterized by low
CVI and high choroidal HF number) and the
good response to the FAc implant. Additional
anti-VEGF treatments were only related to the
final CMT values.

DISCUSSION

In the present study, we evaluated the impact of
structural OCT biomarkers of inflammation on
the response to FAc implant over 1 year of fol-
low-up. The stratification of good and poor
responders to this intravitreal corticosteroid
treatment, based on the anatomical outcome
(DME reduction) achieved after 1 year, high-
lighted two important features.

First, good responders were characterized by
significantly higher inflammatory biomarkers
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Fig. 1 Representative cases of good and poor responders
to FAc implant. A good anatomical responder case
showing low CVTI at baseline (a) and showing a complete
recovery of the foveal profile after 1 year (b), with just

together with a significantly higher amount of
macular edema at baseline. This means that the
presence of a pronounced inflammatory profile
at baseline, assessed through a quantitative
analysis, is associated to a greater efficacy of
intravitreal corticosteroids. Second, the func-
tional recovery after 1 year of FAc activity was
remarkably better in good responders than in
poor responders, as shown by the BCVA and
CMT improvements.

It is worth noting that poor responders
globally maintained stable CMT and BCVA
values at the end of the follow-up, thus indi-
cating FAc treatment as a feasible treatment also
in DME eyes characterized by less pronounced
inflammatory profiles.

It is well known that the pathogenesis of DR
and DME is extremely complex and involves
different metabolic pathways and retinal cyto-
types [11, 12]. The two faces of the DME coin
are represented by inflammation and vascu-
lopathy [11, 12]. Although present at the same
time, it can be assumed that different DME eyes
might disclose different inflammatory and vas-
culopathy contributions. The different involve-
ment of these two pathogenic factors represents
a relevant basis to understand the heteroge-
neous DME response to different intravitreal
drugs.

some intraretinal residual small cysts. A poor responder
case showing high CVI at baseline (¢) and almost
unchanged DME features after 1 year of treatment (d)

Both anti-VEGF and corticosteroids were
efficient for the management of DME [3]. The
more recently introduced FAc implant addres-
sed important issues related to the treatment of
DME patients, i.e., the target of chorioretinal
inflammation pathways and the frequency of
retreatments. However, as highlighted by pre-
vious studies [13-15], also in the case of the FAc
implant, the proper patient selection is funda-
mental to normalizing the heterogeneity of the
treatment response and to reaching the thera-
peutic goal.

In this context, structural OCT offered the
opportunity to evaluate useful biomarkers in a
non-invasive way. Indeed, this technique
highlighted how heterogeneous DME can be in
terms of retinal morphology and coexisting
alterations [16, 17].

Choroidal OCT biomarkers, including HF
and CVI, have already been proposed as feasible
and useful metrics for the evaluation of DR and
DME and for their monitoring over the follow-
up [18, 19]. Although both parameters may be
related to inflammation, their meaning is quite
different.

HFs are commonly interpreted as inflamma-
tory cell aggregates, affecting both the retina
and the choroid [18]; CVI, intended as the ratio
between the choroidal stroma and vessels,
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Table 2 Good-poor responder sub-analysis in fluocinolone acetonide intravitreal drug-delivery system treated eyes

Parameter Good-poor responder sub-analysis

Poor responders (1) Good responders (2) p value (1 vs. 2)

Mean * SD
Number of patients 23 27 > 0.05
Age 70 £ 8 68 + 9 > 0.05
ETDRS BCVA
Baseline 64 £ 16 54 + 18 = 0.03*
1Y 62 + 14 62 + 16 > 0.05
p value > 0.05 = 0.03*
CMT
Baseline 421 4+ 102 538 £ 185 = 0.02*
1Y 387 £ 105 270 &+ 77 = 0.02*
p value > 0.05 < 0.01*
IRT
Baseline 326 + 76 457 £ 201 = 0.02*
1Y 305 + 74 273 £ 118 > 0.05
p value > 0.05 < 0.01*
ORT
Baseline 82 £ 8 76 £ 11 > 0.05
1Y 82 +9 77 £ 13 > 0.05
p value > 0.05 > 0.05
ELM/EZ status (normal/interrupted/absent)
Baseline 52%/44%/4% 52%/48%/0% > 0.05
1Y 39%/57%/4% 44%/52%/4% > 0.05
p value > 0.05 > 0.05
DRIL
Baseline 5/23 (22%) 8/27 (30%) > 0.05
1Y 8/23 (36%) 5/27 (18%) > 0.05
p value > 0.05 > 0.05
SRF
Baseline 0.11 £ 0.25 0.16 + 0.37 > 0.05
1Y 0£0 0£0 > 0.05
7 value <001* <001*
HF retina
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Table 2 continued

Parameter Good-poor responder sub-analysis
Poor responders (1) Good responders (2) p value (1 vs. 2)
Mean * SD
Baseline 0.79 £+ 043 0.86 + 0.35 > 0.05
1Y 0.86 £ 0.36 0.89 £ 0.32 > 0.05
p value > 0.05 > 0.05
HF choroid
Baseline 0.07 £ 0.27 0.74 + 0.45 < 0.01*
1Y 0.07 £ 0.27 0.63 £ 0.49 < 0.01*
p value > 0.05 > 0.05
CVI
Baseline 0.45 £ 0.15 0.33 £+ 0.12 < 0.01*
1Y 0.48 + 0.14 0.36 + 0.13 < 0.01*
7 value = 0.03* < 001"
CT
Baseline 242 £ 93 246 £ 74 > 0.05
1Y 208 £ 71 222 + 77 > 0.05
7 value <001* < 001"
Additional anti-VEGF treatment (no. of eyes) 8 (35%) 6 (22%) = 0.02*

BCVA best-corrected visual acuity, CMT central macular thickness, DRIL disorganization of inner retinal layers, IRT inner
retinal thickness, ORT outer retinal thickness, SRF subretinal fluid, C7T choroidal thickness, HF hyperreflective foci, ELM

external limiting membrane, EZ ellipsoid zone, CVT choroidal vascularity index

provides information regarding choroidal vessel
status and may be considered a biomarker of
choroidal congestion [20, 21].

In agreement with these previous interpre-
tations of HF and CVI, the presence of a high
number of choroidal HF and low CVI values,
this latter representing intense choroidal con-
gestion, can be interpreted as structural OCT
signs of increased chorioretinal inflammation
[22]. From this perspective, the categorization
of DME eyes according to these structural OCT
biomarkers of inflammation may have a role
when making the proper choice of intravitreal
therapeutic strategy in the DME setting.

In our study, the combined presence of a
high number of choroidal HF and low CVI

values was strongly associated with higher effi-
cacy of the FAc implant.

It is worth noting that a CVI value of 0.4
characterized good and poor responders’ eyes,
thus suggesting this value as a possible cutoff to
be evaluated in future larger prospective studies.

Although CVI was associated with the
response to the FAc implant, it showed no
relationship with CT, thus reinforcing the
hypothesis of a greater specificity of CVI than
CT in evaluating the choroidal inflammatory
status [23].

With respect to HF, our findings showed
that, whereas choroidal HF was subjected to
relevant changes over the follow-up, intrareti-
nal HF was similar between good and poor
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Table 3 Correlation analysis of choroidal biomarkers in the FAc implant

Correlation analysis of choroidal biomarkers

Good responders

Parameter ETDRS BCVA CMT CMT HF choroid HF choroid CVI CVI 1Y
baseline baseline 1Y baseline 1Y baseline
Kendall tau — 0.346 0.318 — 0474 0512 0.4 — 0312 — 0.318
coeff
p value < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Additional treatment

Parameter CMT 1Y
Kendall tau 0.474
coeff

p value < 0.001

BCVA best-corrected visual acuity, CMT central macular thickness, HF hyperreflective foci, CVT choroidal vascularity index

responders’ eyes at baseline, and their values
remained stable over the follow-up. This might
suggest that these lesions are linked to different
pathogenic mechanisms with respect to chor-
oidal HF. Further studies are warranted to better
clarify the clinical meaning of retinal and
choroidal HF.

The other evaluated parameters, namely
DRIL, ELM/EZ status and SRF, were always sim-
ilar between the two DME groups, thus sug-
gesting the leading pathogenic mechanisms
were not linked with the chorioretinal inflam-
matory status.

The additional administration of anti-VEGF
was significantly more frequent in the poor
responder group, and the only parameter rela-
ted with the choice to retreat was the CMT. The
influence of the CMT on the clinical choice to
retreat DME eyes in the FAc implant setting has
been recently highlighted by Cicinelli and col-
leagues and might somehow be expected [15].
To date, the choice to perform additional
treatments is mainly made according to the
ophthalmologist’s discretion, and it has extre-
mely heterogeneous clinical efficacy. This fur-
ther reinforces the need for even more specific
quantitative biomarkers for the prediction of
the need to retreat patients after FAc implant.

We are aware that our study has several
possible limitations. The first may be the lack of
DME eyes treated with other intravitreal drugs
(anti-VEGF and dexamethasone implant). We
made the choice to include only DME eyes
treated with the FAc implant to reduce the
variability related to the different treatment
choices. The inclusion of DME eyes treated with
the FAc implant guaranteed a stable drug con-
centration and then a reliable evaluation of
quantitative biomarker changes over the follow-
up. Furthermore, with respect to the HF quan-
tification, we arbitrarily adopted a cutoff of
HF > 15 in the attempt to make it feasible for
the readers to apply this approach in common
clinical settings. However, we are aware that
further investigations of HF number changes are
warranted to assess the role of this quantitative
biomarker in the evaluation of FAc efficacy in
depth. Although we limited our observations to
1 year, even though the declared FAc duration is
3 years, we believe this follow-up may be con-
sidered enough to assess the inflammatory bio-
marker changes secondary to the FAc implant;
however, our study should just be considered a
first investigation paving the way for future
larger studies. However, we acknowledge that
the low number of eyes and the relatively short
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follow-up make our study just an exploratory
investigation of the role of quantitative OCT
biomarkers of inflammation in the assessment
of the FAc implant’s effect in DME. For this
reason, our findings will benefit from further
validations provided by larger prospective
studies.

CONCLUSION

In conclusion, our study highlighted how the
evaluation of structural OCT biomarkers of
inflammation may be useful to categorize DME
eyes in good and poor responders to FAc
implants, according to the quantitatively mea-
sured chorioretinal inflammatory profile. Inde-
pendently from this kind of stratification, the
FAc implant was found a feasible and useful
treatment for the management of DME. From
the perspective of even more optimized and
personalized treatment strategies, further stud-
ies are warranted to identify specific quantita-
tive cutoff values for treating DME eyes with
anti-VEGF injections or corticosteroid implants.
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